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KEYNOTE ADDRES 

V.K. Bahuguna (lFS) 

Director General 
Indian Council of Forestry Research and Education 

Dehradun 

It gives me great pleasure to deliver the Keynote Addre in the in the National 
Seminar on "Agrofore try: An Evergreen agriculture for Food Security and 
Environmental re ilience" at avsari being organized by A PEE College of 
Horticulture and Forestry Navsari Agriculture Urover ity, Nav ari (Gujarat . 

1 am very happy to note that this Conference i touching upon very important 
thematic areas of today needs viz. agrofore try models under di erent agro-
c logical regions agrofore try management for food and livelihood opportunitie 

agroforestry for mitigating global warming and genetic resource conservation, social 
fore try a way towards greening India clonal propagation tree breeding and 
biotechnoJogical intervention for increa ing farm productivity and ustainable natural 
resource management in agroforestry. 

vergreen agriculture is a form of inten ive farming that integrate tree with 
annual rops, maintaining a green cover on the land throughout the year. on ervation 
Agriculture with Trees (CAWT) is a form of evergreen agriculture that i premi ed on 
strengthening CA principle with agroforestry. Agriculture acquires much larger 
importance in our policy of INCLUSNE GROWTH. The tran formation from a food 
importing nation to a food-exporting nation has not been ea y. It ha been brought 
about by technology interventions, huge inve tment in infra tructure, poli y changes 
encouraging higher productivity and most importantly, the unrelenting hard work of 
million of Indian farmers . 

Land-use option that increa e resilience and reduce vulnerability of 
contemporary ocieties are fundamental to livelihood improvement and adaptation to 
climate change. Agrofore try a a wi e- pread land-u e adaptation may potentially 
support livelihoods improvement through imultaneou production of food, fodder and 
firewood as well as mitigation and adaptation to climate change. 

Livelihood improvement is not just about the po itive change t wards better 
quality of life and human well-being but it take into a count the local and global 
change which determine livelihood. The adver e impact of climate chang may be 
more everely felt by poor people who are m re vulnerable than rich. Appropriate 
policy re pon e combining the agro- co y tern a key a et an tr ngthen 
adaptation and help build the re ilience of communitie and hou ehold to local and 
global change. There i thu , a need for inten ified managern nt and go e~an~e 
efforts to g nerate product and ervice in agro- 0 y tern. Tree gro mg m 
combination to agriculture a well a nurnerou other veg tation managem nt r gim 
in cultural land cape including in fam), ater hed and regional and ape can be 
integrated to take advantage of ervic pro ided by adjacent na~al. emi-natur~l .or 
restored eco tern. rea ing the liveliho d curlt and r du mg the vuln rablllt 

I for ocietal adaptation. Such adaptation ibl wh n cornbm d with 

ASPEE College 0/ Horticulture and Forestry, NAU, Navsari (Gujarat) 
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traditional r ource manabem nt y t m . Agrofor try as a l aI a~a.ptation th refore, 
i a pr mi ing ar a of inter t for ienti t poli y-maker and praCtlbOner.. . . 

Land manag m nt a tion that nhance th uptak f C02 01 leduc Its 
eml Ion ha e the pot ntial to remove a ignificant anlowlt. of CO_ from the 
atmo pher if the tr are harve ted. a ompani~d by reg neratlO? ?f the area and 
eque t red carbon i 10 k d thr ugh non-?e ~ bve (n.on-C02 lruttI~g). use of sucb 

\Vo d. grofore try for arbon qu tr~tIon I attra tl e be ~l1 S : \1) I ~. segue te~ 
arbon in getation and in il dep ndmg on the pre-con r JOn 011 (n) the mOl e 

int n iv u e of th land for agri ultural pradu tion reduces the n ed for lash-and-burn 
or hifting cultivation. iii) the wood product produced under agrofore try er:re as 
ub titut for imilar produ t un u tainably harve ted from the natural forest (IV) to 

th tent that agrofore tr increa e the incom of farmer , it red~ce the incentive for 
furtber e tra tion from the natural for t for income augmentation, and fma lly (v) 
aQTofor try practic may ha e dual mitigation benefit a fodder pecies with high 
n~triti e alu can h lp to inten ify diet of methane-producing ruminants while they 
all al 0 eque ter carbon. 

A winning trategy for con ervation and human welfare can be achieved by 
protecting til larg t po ibI ar a of natural eco ysterns wbile growing food on the 
malle t po ible area to recon ile food production with con ervation. Yet this 
ombination i not alway fea ible. Therefore a trade-off strategy for addressing 

mUltiple function i reguir d. Accordingly agro-forests need to be strengthened by 
irulOvation in t hnolog, dome tication governance and market regime . Future 
re earch i required to eliminate many of the uncertaintie that remain, and al 0 

car full t t the main fun tion attributed to agroforestry against alternative land-use 
option in order to know unequivocally to what extent agrofore try served these 
purpo e . Agrofore try ha the potential to become a model of su tainable agriculture, 
provided \J e ome to a better under tanding of it. The combination of trees and crops 
creat an eco y tern that help pre erve biodiver ity. 

Agrofore try sy tern can be useful in maintaining production during both 
wetter and dncr year . During the drought deep root system of tree are able to explore 
a larger oil olume for water and nutrients which will help during droughts . 
Furthermore, increa ed oil porosity reduced runoff and increased soil cover lead to 
increa ed water infiltration and retention in the oil profile which can reduce moisture 
tre during low rainfall year. Tree-based systems have higher evapotranspiration 

rate and can thus maintain aerated oil conditions by pumping excess water out of the 
oil profile more rapidly than other production ystems. 

The tree-ba ed production sy terns often produce crops of higher value than row 
crop . Thu , di r ifying the production ystem to include a significant tree component 
m~y buffer again t income risks a ociated with climatic variability in synergy with 
cltma~ change mitigation and upport to help vulnerable popUlations adapt to the 
?ega.tlve con equence of climate change. Adaptation to climate cbange is now 
me . ltable. Re earch on agroforestry a an adaptation to climate change and as a buffer 
agam t cl~mate variability i still evolving. Main pathway through which agroforestry 
may qualIfy .a an ~daptation to climate change is through diversifying production 
ystem and ~ncrea m.g the ustainability of smallholder fanning systems. The role of 

agroforestry In reducmg the vulnerability of agro-ecosy terns - and the people that 

ASPEE College of Horticulture and Forestryl NAU
1 
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depend on them to climate change and climate variability needs to be understood more 
clearly. 

I would like to thank the Organizers, ASPEE College of Horticulture and 
Forestry, Navsari Agriculture University Navsari (Gujarat) for giving me this 
opportunity to address issues related agro forestry , Food Security and Environmental 
resilience. 

ASPEE Col/ege 0/ Horticulture and Forestry, NAU, Navsari (Gujaratj 
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orofore try - Balancing food securi ty with environmental resilience 

.K. Sina h 

il'i. ion of amral R our Management 
Indian Council of Agricultural Re ear h 

Kri hi Anll (JJ1dhan Bha1l'an II, Pu. a 
IV, 11' Delhi J IDOL 

-\B TRACT 
"L\gr for tr I a collective nam tor land-u y tems and technoiogie in 

"111Ch \\'oody er~nnlal (tree, hrub, palm, bamboo etc.) are deliberately 
'll1lbioed on the am manag ment unit \ ith herba eou crop and/or animal , either 
III some tonn f parial arrangem nt or temporal equ n . In agrofore try y terns 
here are orh e 0 ogical and ec nomi int ra tion among the different component ". 
r~ it' earl dav. ag~ofore try may have b n i wed a the domain of the 'landcare 
emhu-ia. t'~ Todav. jnt grating tree and hrub into productive farming ystem i seen 
. a core pnn' iple ~f u tainable agriculture from green to e ergreen basis. 

AQTOD r . tTy tor naTUral r ourc management provides the foundati on for an 
lIn~der randing of agrofor tr practice in both high and low rainfall zones acros India. 
It I wan'anted that appropriate xten ion method are r quired for popularizing 
agrof r ' try pra tlce to balance food ecurit with environmental resilience. 

L 'TRODLCTION 
A.grofore try- i now recelVlOO att ntion long overdue, a a resource efficient 

en 'ironmentally po itive, and profitable method of farming. Incorporating trees in 
famllllg and range managem nt can provide many benefits. Continuou production 
from the e . :tem. and the fl xibility of having everal option for management, make 
... yofore try ). em of Immediate and potential value for farmers in the rainfed areas 
of Ind1a Culturally. agrofore try mean many thing to different people. For instance, 
the fanner of north ea t India attach ocial values to agrofore try practice . The 
pnmlIlve 'taul7f?;ya' cultivation i one of it kind. It i often applied to the integration of 
tree typically on p cle grown for timber, with pasture; but it may also include more 
oInplex 'y t m that IOclude tree WIth a variety of crop , both annual and perennial 
peele, and alllmal . 

The detinition de loped by Lundgren and Raintree (1982) is one of the 
imple t and mo t compr hen ive, "Agrofore try is a collective name for land-u e 
y tern and technique where tre are deliberately u ed on the same land management 

umt a agriculturai crop and or/animals either In the arne form of patia arrangement 
or temporal sequence. In agro-forestry y tem there are both ecological and economic 
(and clI/rliral) mteraction between the different component ." 

AD 'ANTAGESOFAGROFORESTRY 
The advantage of agrofore try y terns include the potential for mcrea ed 

reS urce u e effici ncy both above and below ground, with root reaching 10-80 meter 
depth on OIne tree and canopies reaching 5-70 meter high. Tree can draw upon 
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re ources, groundwater, nutrients, etc. that are unavailable to annual plant . Trees are 
ften immune from all but the most evere droughts and can provide emergency fodder 

'or animal when nothing else i available. Adding complexity with tree can al 0 

provide many other benefit , including reduction in pe t problems micro-site 
modification to allow plant witb diverse climatic requirement to be grown in a mall 
area and the production of a diverse variety of products for ub i tence and ale 
including: firewood biofuel timber, food fodder, building material material for tool 
fiber medicil1e, etc. Tree can also provide a number of other benefits including oil 
improvement erosion control hade, windbreak, groundwater management erosion 
control babitat for wildlife and perhaps elenium barve ting. Thi wide range of 
products and purpo es combine with the increased resource base to help minimize ri k 
for the farmer. By spreading out cultural and management requirement over the year 
these systems can also reduce peak workloads and ensure a more table economy. 
These benefits and advantage have become increasingly well known and appreciated 
in recent years although J. R. Smith fir t described them almost ixty year ago 
(Smith, 1929). 

AGROFORESTRY IN RECENT PAST 
Especially during the last 3-5 centurie pectacular improvement have been 

made in tree plantation. The most important agroforestry practice i known from the 
Kangeyam tract of Tamil Nadu where Acacia leucophloea + Cenchnt etigenl in 
silvi-pasture system was perfected. Similarly in ravines of Yamuna and Chambal, 
trees, shrubs and bamboo with grasse were planted for rearing milk-producing 
Jamunapari breed of goats and sheep. Scattered trees in association with bajra jowar 
and chillies were grown in the semi-arid area of Tamil Nadu. Tree plantation continued 
as demarcation and control against wind erosion throughout the country. Plantation of 
khejli (Prosopis Cineraria) trees for valious use on on-farm wa a common practice in 
Rajasthan. 

In coastal area Casuarina equisetifolia and other tr e were grown in 
association with crops on farm lands for cash and to generate mall timb r. Live hedge 
were common as an agrofore try practice in which Lawsonia ;nerm; ,Agave ; alana 
and Euphorbia species were common. In paddy-growing area Pongamia glabra and 
Se bania grandiflora were grown lopped annually and their lea e applied to fi Ids a 
green manure. Application of green manure to paddy field wa common in Madhya 
Pradesh and Uttar Pradesh. In the Western Ghat, Terminalia leave wer harve ted 
spread on land burnt and then paddy ragi and millet were own multi torey 
home teads or home-garden were in exi tence in Kerala Kamataka, Tamil adu 
Tripura A sam and other North Ea tern tates a an important agrofore try practic . 
Thi practice i till followed in these tate . In th north- a tern India, there ha be n a 
consistent hange in the modu operandi of the agrofore try practice (Box 1), from the 
age old taungya to varying hifting agricultural practice including home garden . 
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Box 1. From shifting to permanent cultivation 

Integral tnungva 

In the cla ification of widd n y tem a di tinction i made between "in~e~al" and 
"partial" widden. Partial swidden refl ct "pr dominantly only the conOlDlC mterests 
of it participant (a in orne kind of ca h crop re ettle~~nt and squatter 
agriculture)" wherea integral y tern "t ~ from a ~ore tradltlOna,l ,rear-ro~d 
ommunity id. large1 elf-contained and ntually sanctlOned way of hfe (Conklin, 

1957). By analogy with int gral hifting cultivation the propo d concept of "integral 
taungya" i meant to in oke the idea of a land-u e practice that offers a more complete 
and culturally integrated approach to rural development: not mer~l~ the tem~orary ,u e 
of a piece of land and a po erty-Ie el wage but a chance to partIcIpate eqUItably ill a 
di er ified and u tainable agrofore try economy. 

Enriched fallow 

Th re are two ariant of this approach: economicall enriched fallows which increase 
the economic utility of the fallow vegetation by enrichment with trees valued for cash 
or ub i tence purpo e' and biologically enriched fallows which enhance and 
accelerate the vegetative regeneration of soil fertility and control of weeds. These 
be orne attracti e to fanner somewhere around stages 1-2 and 2-3 respectively in the 
inten ification equence. Long fallow forest shifting cultivators are not likely to be 
intere ted in technique concerning oil fertility and weed control since these are not 
yet mu h of a problem, although they may well respond to opportunities for economic 
benefit from impro ed fallows. 

From the viewpoint of the shifting cultivator the forest phase of the taungya cycle is 
equivalent to he fallow phase of the swidden cycle, To marry the two types of 
production ucces fully the phase lengths must match. Hence, the entry point of 
primary fea ibility for integral taungya would seem to be in stage 1 when fallow 
length are of the arne order of magnitude as the growing period for commercial forest 
tree . However it could possibly be introduced at stage 2 providing that short-rotation 
(Ie than ten years forest pecie are selected or that agricultural practice can be 
inten ified to accommodate the reduction in available fallow land that would 
accompany the planting of longer-duration fore t trees. 

If fruit-trees are planted instead of conventional fore t trees very long "fallow" 
duration may be required to sustain shifting cultivation, since farmers will be reluctant 
to cut down the fruit-trees in the years of their heaviest bearing (which may extend 
from ten to 100 year for orne trees). Indeed the planting of fruit- or other trees -
economically valuable long-lasting and continuously productive - may be the shortest 
route t~ p~nnanent removal of the land from the fallow cycle. This is not necessarily a 
bad tbing If the re ulting land-use mix, including biologically enriched short fallow or 
o.the~ means of meeting the production requirement of preferred field crops, is 
Igl1lficantly more rewarding than the continuation of conventional swidden practice, 
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BALANCING FOOD SECURITY WITH E VlRONME TAL RESILIENCE 
Agrofore try ha the potential to significantly improve the livelihoods, 

economic viability and agricultural production of mall farmer in traditionally 
marginalized area. In addition agroforestry can b u ed a a tool for changing 
attimde toward natural re ource managem nt (NRM). In order to under tand how 
extension can better accommodate natural re ource management through the ucce ful 
introduction of agroforestry and tree planting exten ion agent both public and private, 
must trive to under tand the ocio-economics of agroforestry and of the communitie 
within which they work. While agroforestry ha traditionally been uece sful in humid 
and semi-humid area, it is most needed in dry-land area which are characterized by 
acute climactic challenges and extremely low levels of agricultural production beyond 
technical and biotic constraint. While limits to the adoption of agrofore try are many, 
the ability of extension agent to recognize socio-economic characteri tic of farmer i 
essential in learning how to target potential innovator who can then generate chang 
within their communities. More empha is on the development of participatory 
programs, more efficient targeting and inten ified focus on th traditional 
communication channels will increase the adoptability of agrofore try in dry-land 
communitie . In turn, an implicit understanding that the attitudes of farmer toward 
natural resource management are based on agroforestry ucce e and failure wi II help 
extension to increase the environmental reclamation of degraded land cape, especially 
those in dry, rain-fed agro-eco ystem . Dry-land agricultural area in India face p cifi 
problems that mu t be overcome for both improved agricultural production and 
environmental conservation. Agroforestry can help overcome limited water availability, 
fuel shortages degraded soils and a lack of biodiver ity. When tree are u ed that i 
adapted to water-limited area such a Gliricidia, communitie can realize both 
agricultural and environmental benefit. 

In general, agroforestry produce a multitude of benefit , including increa ed 
income from elling surplu goods, improved en ironment and enhanced biodiver ity, 
increa ed acces to education through income generation helter from har e ting tre 
for building material improved health when medicinal plants are incorporated, a 
greater diversity of food ource, and an increa e in the energy of an agricultural 
system because manure can be u ed for fuel instead of food. pecifically in rain fed 
agro-ecosystems, lik those found in dry-land agricultural area of outhem India, 
uccessful agroforestry project can increase the organic matter in oil improv the 

physical propertie , increase crop yields increa e the availability f nitrog ninth iI, 
increa e the water-holding capacity of oil and reduc oil ero ion. In additi n, th r 
a reduction in pollution becau e of a decrea e in ch mical fertilizer. M t 

environmentally significant the biodiver ity of an agricultural area i enhanc d. . . 
Agroforestry cientific benefit ,how er ha b n well docurnen~ d lthm 

the humid and semi-humid agricultural region and th hall ng for e ten IOn ag nt 
i to succe fully pre ad the e benefit in dry-land area where, traditionally, farm r 
have been mannnalized du to resource limitation (uch a oil-fl rriiity and wat r 
availability). M~ t importantly uch xten ion and edu ati n mu t b . localiz d ~nd 
participatory in nature. In order for training and e?ucation t~ be 10 altzed, exten IOn 
agent mu t under tand the important role of oClO-economl. factor a well a th 
technical a pects of agroforestry and therefore th y rou t begm to fo u ~~re o~ t~ 
o ial and communication on traint of th pecifi illage and ommumtl wlthm 
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which th Y work. Ind ed th foundari n of 'ue i ~. «P~ ipation of ~h p op.le 
for whom th for try programm i int nded". Thi partt IpatlOn of 10 al re ldent w Ill 
h Ip tran fi I1n th e t n ion program from th current 'top down' structure 
pioneer d in "tran Dr of t hnolog 'm thodology to 'bottom up ''parti ipant defi~ d 
prioritie and goal . In thi wa , parti ipant ar mu h mor r~ pon 1: . to th educatIon 
and training ffi r d b e ten ion agent . In fa t th potential partIcIpatory nature of 
agrofore tr program in rural ommuniti can b a u efnl ~ector fOl~ knowledge 
aen ration that in orporate 1 al information and global clenc. VIllager and 
~ommunitie , depending on a number of ariable ar continually gatheri~g knowled~e 
from ari u our e , and exten ion agent hould do les to emphasIze the stnct 
diehotom of al bal ei n e and indig nou know I dge a it can be harmful to the 
adoption rate ~f tree managern nt and agrofor try. Ultimately it is mostl? advoc.ated 
that yn rg in tead of variety of know] dge ources to advocate certam practIces. 

omrnuniti within diy-land region of India have already developed knowledge 
eonc ming tr management; bow ver, the e knowledge y tems are open thereby 
allo\ ing an x hange of information wbich can be mor conducive to innovation than 
nhancing a .. 10 ed tern" through trict juxtapo ition of local knowledge with 

global u tainabl agro- co y tern in dry-land agricultural area and they cannot be 
realized \i ithout appropriate e ten ion and education. For mall landholders' personal 
communi ation with neighbor and ten ion agent are the two modes of 
communi ation and knowl dge baring that are most trongly linked to potential 
adoption and tr e planting. Under tanding tbe constraints will enable exten ion agents 
to enhance capacity building of fanner which will in turn help demonstrate the low 
eonomic ri k of agrofore try a well a hame the environmental benefits and 

impro ment in agricultural yield . Thu the importance of ucce sful agroforestry 
extend beyond ati fying agricultural production and economic goals it is also critical 
in e tabli bing an under tanding of why natural re ource management and 
nvironmental con ervation are important in the ustained productivity of ecosystems. 

Th future of natural re ource management depend on the attitudes of farmers which 
are di tin tly haped by the information they receive from communication channels 
guided by exten ion ervice. On of these nutrient management in soil fertility, is of 
overwhelming importance for cropping y terns. Further examination of nutrient 
management in Indian dry-land agriculture i needed to under tand the future of 
agriculnual producti ity, and the overwhelming importance of agroforestry in degraded 
land cape . Such nov 1 approache aimed at better understanding local conditions and 
farmer capacitie and attitude toward adopting improved land management are also a 
u eful t~ol for anal~zing ?utrient management issue in much of India's degraded dry
land agncultural 011. It 1 often felt that agro-ecological constraints to enhanced food 
production oft~n. are. exacerbated by poor land management practices among resource 
poor farmer 11 vmg ill the e area . Thu ,new oil and cropping systems management 
m~ t be adapt~d to local conditions in order to ensure sustained agricultural production 
wlthout depletmg the exi ting natural resource base. 
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r wino human and liv tock population coupled with urbanization in India 
ha\ ~ exert d in~ n e pre ure n arable land and for t in the country. The in~rea ing 
d mand for fo d. fodd r. fu 1 and ba i liv lihood ne d can b met elth r by 
increa~ ino th fann area or by in rea ing the producti ity of unit piece of land. As 
r gard. i; r a ing the fam1 area i oncerned we ha e almo t reached the frontiers 
th -refor . enhan ing the producti ity of agricultural fi Id by mi ing the crop growth 
with tr ,a agr for try eem to be better option. Agrofore try is con idered to. be 

11 of tb r a onable alternative , that ha got the potential to contain land d gradatIOn 
and recover ite productivity through interaction among trees oil crops, and 
li\ e to k. and thu re tore en ironment and enhance the productivity. Though, 
traditional a!ITofor tr model are w 11 r cognized in India ince ancient times, the 

C> • 

incIu ion of ientific t hnology and proper management plan for better understandmg 
of fundamental dynamic between ocial and economic values of rural community in 
mod 111 agrofor try practice i e ential. 

In order to d ign trategy for pov rty alleviation and adaptation to local and 
global change. land-u e option that increase Ii lihood ecurity and reduce 
vulnerability are to b preferred. Such adaptation are possible when combined with 
traditi nal re ource management y tern. The indigenous agroforestry systems are 
pra ti ally as ible, wherea enhancing th productivity of these systems i yet another 
mile ton to b t. Steeper decline in per capita land availability and shrinking farm 
ize are halleng that the country are facing for food security and livelihood 

opportunity. With mall r land holding the food security and livelihoods opportunities 
would d pend on the performance of mall and marginal farmer. Agrofore try has 
proved to be u tainabl model for the marginal farmers by growing trees and fodder 
crop and in luding fodder tree with vegetable in marginal lands of many part of 
ountry. Moreover, in the hot arid and semi-arid areas tree pecie uch as Prosopis 

Albizia. Zizyphu and Acac ia provide many times more return per unit of land than 
agricultur alone. The Poplar and Eucalyptus ba ed agroforestry models have been 
found more profitable than pure agriculture in Punjab Haryana and Western Uttar 
Prad h. Th w 11 managed home gardens in Kerala, a classical example of 
multi lay red agrofore try y tern utilize the complete pace and time in a unit piece of 
land a~d maxim~ze the productivity and provide the diver e produce, thereby 
generat1J1g extra Income to the farmers. In Himalayan region the Grewia based 
agr?fore try y tem i a boon for the farm r where it provides the fodder during lean 
penod and also upplement the requirement of fuel fiber and fruits. The various 
agrofore try model practiced by the fanners in agrisi lviculture fashion provide the fuel 
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and odder and thereby reduce the biotic pre ur on eXlstmg natural fore t . Tn 
addition the Boundary plantation (tree on boundary + crop) Block plantation (tree 
+ crop) Alley cropping ( hrubs + crop) Agrihorticulture fruit tree + crop) 
Agriborti ilviculture (tree + fruit tree + crop Agri ilvipa ture (tree + crop + 
pa ture / animal) ilvipa ture tree + pa ture/ animal Shelter belt (tre + crop ) 
and Wind break (tree +crop ) are al 0 quite rewarding for the farm community. 

The need for adopting agrofore try ha been mpha i ed with prop r tree crop 
combinations for different agro-climatic regions of the country and ound management 
practice . The agroforestry ystem aim to manage in uch a way that the production of 
preferred commoditie a well a productivity of the land piece may remain tied in 
increa ing trend. Even though the terminology of agrofore try i relatively new it i an 
old et of practice and therefore accepted by the farming community. However there 
i need to include the improved or new environment friendly technologie and 
management option that can be well accepted by the local communitie . Local factor 
are alway important in good management planning. It i therefore nece ary to 
include the local factor in analyzing the exi ting land-u e y tern and re ource 
allocation at the community and hou ehold level . Marketing of produc i a big 
constraint before the rural community· thereby proper market linkage for agrofore try 
commoditie through cooperative and other feasible mean i a viable option. The 
ound knowledge of component interaction (tree-crop i important a it i a comple 

task. Proper ilviculture management for better and compatible growth of the tree that 
help in variou stage of agroforestry practices is important 0 i the agronomical 
operation in case of agricultural crop. Agrofore try with ound management practice 
can help in achieving food ecurity Ii elihood opportunity and en ironrn ntal 
protection. 
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Acrrofol'e tr scenario of Gujarat-past pre ent and future perspectives 
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ABSTRACT 
ial For tr, pe iall aQTo-for try during th la t four de ade in Gujarat 

tat ha_ tremend u impact n ~he tr a I and wood production i~ the no~-f?re t 
area . Th r\VO tr ounting in _003 and 2009 in the non fore t area m tate mdl cate 
that about half a dozen fa t grO\ ing xoti p i introdu d few decad ago, hav 
changed mp ition of tree and the land cape in rural Guja~at. The pre ent trend of 
plantati n in fam1 land fa our timber producing fa t grOWl?g pecl s. Due to non 
availability of th r cat gorie of land the futur of oClal foretry depends on 
advan ement of agro-fore try. in Anand and Kheda model of agro~fore try ?a 
proved beyond doubt that uch practice la ound ological and econ~ml~ fo~datIOn 
for LI tainable d v lopment of the rural area thi model needs replIcatIOn mother 
irrigated ar a ,particularily armada ammond Ar a ,A lonal plantation of the 
t\\'o~ pe ie -Eu alyptu p. and Populu p. ha already changed th~ face of ag?
for try in orne area of the country, imilar te hnological ad ancement 1 n~ce ary 10 

everal other u h agro-for tr pecie, e p cially about a dozen tree specIes planted 
bv the fanner in th tat . Gujarat Fore t Department ha already taken initiative by 
e -tabli bing lanaI and ti ue ulture plant production centre to upply quality 
eedling to bring qualitati e and qualitative change in the agro-fore try but 

d \.elopm nt and e rabli hment of in titution to work on agro-forestry research and 
te hno1 gi al advancem nt i a call of the day. 

• Introduction 
Tree cover out ide fore t (TOF , foundation for u tainable development of the rural 
Tndia. i a backbone of economy and a main ource of rural energy. The contribution of 
TOF, e pe 1 II agro-fore try to the national economy and ecology i ubstantial but it 
ha not be n adequately recogni ed in the planning proce . A per an e timate of the 
Fore t Surv J of India, Dehradun the growing tock of the TOF is 1,599.6 mill ion 
ubic meter in India 1,1. Thi figure peaks about the tree wealth in agro-forestry 

plantation . quantity of wood production and ecological & environmental benefit . 
Recently, the aJue of thi r ource ha al 0 been recognized a a main ource of 
Carbon ink, maintenance f oil health and earth environment. 

Improving tree productivity in agro-forestry plantations is a key is ue to make tree 
crop a an economically viable option. Development of high yielding agricultural crop 
varieti re ulted into manifo ld increa e in agricultural productivity in five to six 
decade but imilar advancement i Jacking in· indigenous tree pecies which are 
preil rred in agro-fore try. The forestry sector has only two major technological 
advanc ment in it credit and both of them are in two fast growing exotic pecie
Eucalyptus p, and Populus sp. There are indigenou fast growing pecie like emal
Bombex ce.iba, . ewan-Gmelina arborea etc but high yielding clones of these specie are 
yet to be Iden.tlfi~d and developed. The hi gh yielding clones of Eucalyptus sp, and 
poplar ha major Impact on national economy, rural income and employment. Similar 
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clone-development of species like teak, S1SS00, khatr, neem, babool ardusa evan 
semal etc may tum agro-forestry an economically viable option. 
Progress of Social Forestry in Gujarat 

In Gujarat, forest cover is relatively low but tree cover in the non forest area i 
the econd amongst the Indian states. Due to the fact that further allocation of land from 
agricultural and other land uses towards forestry purpose being almo t impo sible, there 
was only one alternative for increasing the tree cover and augmenting the upply of 
fore t produce, and that was of organizing and motivating people and with their help 
planting tree in the low productivity wastelands and fannlands. Accordingly the 
government of Gujarat adopted a new approach more than four decades ago and in 
1969-70 Social Forestry was born as a People's Programme for planting tree outside 
the forest lands. Social forestry divisions, first in country, were e tabli hed in the State. 
Thi. programme was implemented from 1969-70 to 1979-80 setting an example 
which was later followed by other States as well. With this initiative the State become 
pioneer in social forestry in the world. 

The results of initiative of the Social Forestry implemented under the state plan 
were encouraging and were appreciated by the international community. The World 
Bank expressed readiness to fund Social Forestry activities in the State. Thus the Fir t 

Phase of the Social Forestry Project commenced from 1980, and the Second Phase from 
1995-86 to 1992-93. Subsequently Social Forestry became a part of the Integrated 
Forestry Development Project (IFDP) in 1996-97. Since the first project in 1980 the 
State Government has implemented three social forestry projects fmanced by the World 
Bank and the Japanese Oversea Bank. The fourth project-the Second Pha e of the 
IFDP financed by the OECF (Overseas Economic Co-operation Fund) Japan i already 
under implementation. These projects as well a plantations under the State Plan have 
made a significant contribution in improving tree cover which i apparent in the report 
of the Forest Survey of India (FSI) Dehradun and also in the reports of tree counting 
in the State2,3,4. 

Social forestry in Gujarat had different model of plantation and it supporting 
activities. Strip plantations (plantation along road railway and canal ide) rai ing 
village woodland or village forest on community lands afforesting and rehabilitating 
wastelands afforesting degraded farm lands farm for try urban fore try 
environmental plantation, raising ocial ecurity plantation, rai ing cultural fore t pond 
plantation and supplying seedling to people under Van Mahotsav were main activitie 
of plantations. Farmer-shibirs or activities related to transfer of technology upplying 
fuelwood saving device, promoting decentralized nur erie (kishan, chool and 
institutional nurserie ) were upporting activitie . The Fore t Department ha tarted 
celebrating Van Mahotsav by creating Cultural Fore t to tr ngthen link betw en 
people and tree. Recently the Department has focu ed on production of high quality 
seedlings to encow"age agro-forestry and al 0 to improve tree producti ity. 
Under the Social Fore try Programmes till the year 2010 plantation wa done in 234 
200 ha of public land . Farm land plantation at the cost of th Government wa tarted 
in 1970 in a small scale which wa caled up in late 19 0 . During the la t two 
decades agro-forestry was a focused programme. Till the year 2010, a total of 23 750 
ha area of private land have been planted by the Go mment. Be ide tbi, a total of 
4810.1 million eedling including herbal plant and omam ntal hrubs ha b en 
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di tribut d among farm r , indi idual and in tituti n during th 

de adc ·. 

la t ti ur and half 

tatu ofTOF 
lth ugh tre c er out id ti r t \ a p or in ujarat in 1970 , it i difficult to 

a ' $ . it ext nt f erag. R p rt f th F I D hradun indi ate that tr e ~ov r ~a 
improved n i. t ntl in ujarat'-:!. tatu of tI ~ in th n n fI r t area , tncl~dl~g 
agr -for tr plantati n a m nit r d through tr e ountin.g in 2003 and agam ~n 
- ounting ab 10m Girth at Brea t Hight (OBH wa done m 

the n n-f I' t area f .., ~arnpl illag in 4 di tri t , out of total 25 di trict (now 
26 di ' tri t ) in Gujarat. The tr e unting \: a di ided in thr group and they w re-\i) 
tr c tn or hard, (ii) tre in th d partm ntal plantation-villag wo~dlot tnp 
planrati 11 et, and (iii) farmlagr -for tI,. carter. d tr es . includmg .?U1nan 
habitati n . Thi e, erci e wa again rep ated m _009 tn 35 dlage covenng all 
di tri t and lall/ka . Ba ed on tree p pulation in ample iIlage th total tree 
p pulatl n \\'a ' proje t d ti r different di trict ' . .t. 

. . 1 .c- 11 3.4 The main finding. of tr ount1l1g In t 1 tat ar as to ow 
• Total numb r of tree in th non fore t area FA ) in 2003 wa 251.03 million 

which increa ed to _6 .69 million in 2009. TIm tree population ha in rea ed by 
I .66 million at th annual rate of _.93 million tre . 

• f total tre growing in the F , about 71.3% wa in private lands-farmland 
and rchard agro-fore try), human habitation and mi celJaneou land and 
_ . % in the d partmental plantation . 

• Tr eden ity in the F ha increa d from 14.1 tree /ha in 2003 to 16.1 tree /ha 
in _009. 

• 

• 

• 

• 

• 

nand di trict ha ma imum tr den ity. There are even district which have 
tr d n ity 0 er 0 tree /ha and they are Anand (68.4 tree fha) Tapi (64.0 
tree /ha). Gandhinagar ( ._ tr e /ha , Mahe ana (5]. tree Iha), Val ad (35.6 
tree ha), urat (35.0 tree /ha) and Kheda (31.0 tree /ha). The e di tricts are in 
high ratnfall area or ha e ub tantial area under irrigation. 

ur ndranagar di trict ha lowe t tree den ity-only 2.9 tree fha. There are six 
di trict in the emi-arid and arid region which have tree density Ie than 10 
tre 1a and they are Sur ndranagar Kachchh, Jamnagar Amreli Ahmedabad 
and Rajkot. 

lthough tree population of Prosopis chilens; ha declined after it cutting for 
charcoal preparation during the 1a t ix year its number is still highest-393.8 
milli n. eem i tate tree and it population (297.8 million) i highest among 
large to medium ize tree . 

Ithough a total of 0 er 405 tree pecie have been recorded in the fore t and 
non-fore t area in Gujarat, only about few dozen are preferred for growing by the 
peopl in their land. T n mo t dominant tree pecie have 76.7 % of total tree 
population in the FA and the re t of over 150 tree pecies cover only 23.3 % of 
total tree . 

Fi exotic peci -Pro.opi chi/en i . Eucalyptu sp., A. tortali, Ca uarina 
equi. et((olia and Leucanea /eucocepha/a which were ab ent or rarely een five 
decade ago, are now dominant pecie , con tituting about 31.7 % of total trees in 
the non-fore t area of the State. If oth r three exotic specie namely 
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Pithecellobium dulce, Ailanthu ex el a and Acacia auricultformi are added the 
eight exotic pecie alone con titute over 36.7 % of the tree population in the non
fore t area of the state. In other word the e exotic pecie have changed 
land cape of the tate and al 0 improved wood production. 

• The TOF in Gujarat State primarilyagro-fore try produce about 3.17 million 
cubic meter of small medi urn and large ti mbers. Thu social fore try generate 
huge employment and makes a ignificant contribution to the economy of the 
State. 

• A total of 35 tree species used in aw mill or domestic timber for different 
purpo e have a total of 166.80 million tree 5. These pecie produce ub tantial 
quantity of timber in the state. 

Tr e cover in the non fore t area (NF A) wa 8 390 q. km. in 2009 which i th 
second largest after Mahara htra2

. Also average tree density in the NFA of Gujarat i 
the econd highest after Kerala among the Indian states and Union Territorie . 
Although a major part of Gujarat is in emi-arid and arid region the tree den ity i 
relatively high. The growing tock in the NFA of Gujarat i 122.83 million cubic 
meter against only 48.28 million cubic meter in the fore t areas in the tate2

. Thi 
indicates about the importance of tree resource availability out ide the fore t land. 
Also Carbon tore in tree outside fore t is much more than the arbon tore in the 
fore t cover in the state. 

A per the FSI Report (2005) 1 40 tree pecie in India con titute 71.3 % of total 
trees of the TOF whereas the re t of the pecies shared remaining population. In the 
TOFs, mango-Magnifera indica ba the maximum contribution both in number (7.11 
%) and volume (10.36 %)1.2. This i followed by coconut/palm-Coco nucifera neem
Azadirachta indica jamun-Syzygium cuminii and mahuda-Madhuca latifolia in term of 
volume. In term of number khair-Acacia catechu (7.49 %) neem-A:.adirachta indica 
(4.05 %) coconut/palm-Coco nucifera (4.99 %) Pinu roxburghii (3. 3) babool
Acacia arabica (3.59 %) and khijada-Pro opi cineraria (2 .58 %) are major pecie 
after Magnifera indica. 

In Gujarat ten mo t dominant tre pecIe in the non fore t area are-Pro opi 
chilen i Azadirachta indica, Acacia nilotica Eucalyptu p., Tectona grandi, 
Mangifera indica, A. tortali , Ca uarina equi eti/olia, Pro opf cineraria and the e 
pecies con titute 76.7 % of total tree population in the NFA, and the re t of 0 er 150 

~ 4 
tree pecies cover only 23.3 % of total tree . 

Agroforestry 
Tree cover in the farmland i high in the high rainfall ar a or in th land 

having canal irrigation. Agro-fore try practie ha e ad ane d in 0 er a half doz n 
district -Anand, Kheda, Mahe ana Gandhinagar eem 
de hi babool and ardu a are the three main tree p ie in th agro-fore try plantation 
in north Gujarat. With upply of good quality eedling ardu a ha beeom a I ad 
peeies due to it in rea ing demand in pa king and plywood indu tri . In ntral 

Gujarat Eucal plu p i main pecie in c mm rial plantati n f agrofore try. long 
with Eu al 'P lu De hi ba al n m and ardu a ar ther p i~ pr fi .rred by fa~ r 
in thi region. Plantation f baru and B ngali babo I ba an m r a mg tr nd m the 
high rainfall area of outh Gujarat alth ugh t ak khair and bamboo are al pr fi IT d 
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bv the fann r, aura htTa and Ka h hh ha r lati Iy 1 
d~ to natur of limate and nditi n f land, haru, n m 
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agro-fore try plantation 
itafal ar pr £ rr d by th 

faml r in thi ' region, in all 
x ept in outh ujarat, n em an~ d hi babool, ar dO~1in,a nt pec~ _ 

of uJ'arat. t PI' ent nine p CI -oe m- :::adlJ'a hla m,dlca de hl babo I 
reglOn ~ A I} T k 
Acacia l1ilol;ca. ilgiri-Eu a~)prll, ' p" a lIar;na p, ardu - 1. en! 111 p. a, -
Tt!CIOllO arandi" ubab 01- L 11 'an a I lIcocephola, Bengah babool- Aca 10 

ollriclI/(fhnni " and bamb are nomi , p ci in agro-for try plantation. Recently 
th F re t Departm nt tarted upplying clonal eedli.ng of i.lgiri and haru, and 
ti " u culture plant f teak t prom t and al 0 to m rea YIeld of a?To-fore try 
plantation . The e _ pe i,' on titut about 54.9 % of t tal tr e. on p~1Vate lands, 

cmal- Bomber c iba and evan-Gm lina arborea are other potentIal pecle for agro-
fore try, 111 ng fruit p ie, mango-Mangtlera indica, argavo-Moringa o~e{fera, 
irafal-Al7110l7a 'quamo a. amla-Embilca officinali. Bordi-Zizyphlf p'} ~amun
y::)giul}l cimil1i and ariyali-Coco l1Z1cefera, chikoo-Acru apofa, and Jamfal-

PsidilllJ7 ouajm ' ar aimportant tr p cie rai ed by fanner, 
F re t Departm nt ' upport a model of farm fore try to encourage mall and 

man!inal farm r to take up plantation on their land, e peciallty degrad d lands. 
Dur;ng the la t dade, on an a rage. about 9,500 ha of the fam1 land are planted 
every ar at th co t of th Go ernment. In addition to thi about 0 million seedling 
were upplied ev ry y ar to people and in titution unde Van Mahot av programme and 
about half of the e eedling wer plant d b the fanner on th if lands. 

Anand district-A modal district in tree farming 
Anand, a non for t di trict in ntral Gujarat ha canal in-igation. After 

commencement of anal irrigation, th di trict ha turned on of th gr en st di trict in 
lndia with highe t d n ity of tre in the non fore t areas. In this di triet the land and 
v. ater are u ed in uch a fa hion that producti ity of the land tand optimum for all 
three ctor -agricultur, animal hu bandry and agro-forestry. Anand top in 
agri ultural. milk and wood production in the countrl. Amul dairy at Anand is known 
aero the globe. AI 0, the di trict i nationally known for ca h crop production, 
e pecially tobacco culti ation. A per the rec nt tree counting, about 20.12 million trees 
grov. with high t den ity f 68.4 tree per hectare which is four times the average tree 
den it in th tate. good number of tre are cut annually to produce sub tantial 
wood, beyond the local need. Earning income from tree plantation ha become one of 
the main economic acti itie for farm r in th di trict. Anandi also famous for NTFP 
a huge quantity of Amla i exported to other tate in India. Orchards of Amla in 
Anand di tri t employ a good number of people in the sea on. Tree density i 
improving fa t after commencement of armada canal in Nadiad and in a few years 
tr e co er in adiad may be in line of Anand. Extent of tree cover in Mabesana and 
G:an~hinag~r in emi-arid zone i also high and these district are now wood surplus 
d~ tr~ct . Tlmb r trade and export of wood to other tate are very interesting in Anand 
?I tnc~. In fact thi di trict is a model di trict in ense of true rural development 
mcludmg agro-forestry. A larg cale timber ba d indu trie in Nadiad and Anand i 
integrat d with timber production in the area. 
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Road map for improving agro-forestry 
Social Forestry especially agro-forestry in Gujarat ha been one of the mo t 

uccessful greening programmes in the world. At present, it needs new initiative 
innovation and technological advancement to increase productivity of farm land 
plantations. Gujarat Forest Department re-examined agro-fore try activitie in the State 
and ha decided to provide new momentum by supplying quality eedlings. 
Succ of agro-forestry, a key area of social fore try, depend on economic return 
from the lands. To increase plantation yield, it has been planned to upply high quality
clonal or tissue culture seedling to farmers. Over a dozen clonal plant production 
centre for Eucalyptu sp and Casuarina sp. have been e tablished in 2011 in different 
districts. A tissue culture lab at Gandhinagar has started producing tis ue culture plant 
of teak. A good quantity of clonal and ti sue culture plants bas been upplied to farmers 
in 2011 and it has been planned to scale up supply to about 12 million plants in 2012. 
North Gujarat already produce quality seedlings of ardusa using seeds from Plus Tree . 
Quality seedlings for other species will be raised by using good quality eed from eed 
orchard eed collection areas and from plus trees. Development of viable model of 
agro-forestry practices including inter cropping acceptable to people may improve tree 
plantation in fann lands. Existing research plantations-clonal mUltiplication plantation 
clonal trial plaantations clonal seed orchards, seed production stands etc of different 
pecies in different parts of the state provide a great opportunity for high quality eed 

production and also for development of good lones of the specie . 
The analysis of tree counting data indicates that the tree density is very high in 

irrigated district . With expan ion of irrigation under Narmada canal y terns tree 
cover is expected to improve in the command area. The Fore t Department ha planned 
to pay attention in these areas for taking up different type of plantation including 
supply of quality seedlings to farmers. Replication of Anand and Kheda model in the 
Narmada command area is a focussed programme of the Government. 

It is expected that improving tree cover in the non fore t area in the State may 
accelerate in near future taking tree population from about 269 million to about 350 
million in the next two five years plan. Gujarat has been a leader in fore t and wildlife 
conservation. Conservation of Asiatic lion and Indian wild ass ha been globally 
acclaimed. Restoration and conservation of mangrove in Gujarat i one of the be t 
conservation stories in the world. Improvement of tree cover in the non fore t area of 
the State is another such successful con ervation story etting an example to convert 
wood deficit tate to wood surplus tate. Development of agro-for try provide another 
opportunities to the state to become global leader in irnoro ing tree cover initiating a 
new approach to addres global warming and al 0 to evolv a model of rural 
development in the line of the dream of Mahatma Gandhi for Gramya Swaraj . 
The main future trategie t advance agro-forestry in Gujarat need following 

trategies. 

• 

• 

Developing clone of nin agro-fore try pecie as di cu ed abo e and 
supply of their quality seedling to farmer for increa ing producti ity. 
Collection of aood quality d of neem and de hi babool-the two 
traditional agro~fore try pecies for rai ing quality eedling and al 0 

e tabli hing their eed produ tion tand. 
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caling up high quality e dling pr du tion of teak, ~amboo Bengali 
babool. and haru for th ir upply to farm r in outh GUJarat and a1 0 to 

d eJop uperi r I ne oftbe pi. . 
uppOIting teak and bamboo plantation w1d l' fam1 fore try cherne ~n 

Dana, a a ari and a1 ad di tri t in u h a mann r that agro-fore try 10 

th ; di t:rict tun a main e onomi a tiviti of the fanner. . 
aling up lonal eedling produ tion of Eu 01 ptu p in cent.ral GUJ a~at 

and al 0 f haru in outh ujarat to m t th demand of hlgb quahty 

dling. 
caling up the quantitai and qualitativ seedling produ tion of ardu a for 

th fam1er of entral and north Gujarat. 
Integrating cultivation of h rbal plant with agro-forestry y terns to 
nhan conomic retWTI to th farmer. 

D eloping new agro-fore try practic by integration tree plantation with 

am ultural and TFP rop . 
;ev loping clone of emal and e an for central and part of sout? Guja~at 
and al 0 to encourag fanner to plant these fa t growing econOffilC speCIes 
a both ofth m ha potential for agro-fore try plantations. 
Rai ing trial of fa t growing agro-fore try exotic pecie like Mahogan i to 
a cop of it plantation in Gujarat. 
De eloping uitable agt'o-fore try practices along with cultivation of NTFP 
for aura htra and Kachcbh r gion. 

Economic and environmental contr ibution of T O F 
In Gujarat, about 26 .7 million trees outside forest area mainly in private lands 

\vith growing tock of 12_.83 million cubic meter produce about 4.43 million cubic of 
timber2.4. On other band, the Gujarat Forest Department has estimated that the TOF 
produc about 3.17 million cubic meter of small and large timber and about 15.0 
million ton of fuel wood3

,5,8 . The e figures provide some idea about the quantity of 
timber firewood fodder NTFP bio-fertilizers that might be used by the people every 
year. With increa ing environmental problem like climate change tree plantation and 
wood con urnption are expected to increase at fast rate in near future. Agro-forestry 
provide an opportunity to improve rural economy and al 0 environment. Economic 
ontribution of TOF in the GDP of the tate in form of timber was about R 40 523 , 

million in 2009 and thi figure might become very high when fuel wood from TOF is 
accounted in thi figure? With increasing tree cover in agricultural land, growing stock 
i expected to increa e reSUlting into increased production of timber, poles fuel wood 

TFP and also the Carbon tore in the TOF. 
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Table-I: Social Forestry Plantations in Gujarat 

Period Category of plantation Total 
Strip Village Farm forestry/ Other 

plantation forest Private land lands 
1969-70 to 1979-80 19,333 17,576 176 0 37,085 
1980-81 to 1984-85 37,590 38,208 2521 461 78780 
1985-86 to 1992-93 21,010 37,945 44,164 2,524 105,643 
1993-94 to 1995-96 3294 13 895 26,651 2,570 46,410 
t 996-97 to 2001-02 12,644 13 567 59894 8,136 94,241 
2002-03 to 2003-04 1,955 2,689 34,285 2,553 41 ,482 
2004-05 to 2010-11 6,648 7,843 71,045 12048 97,584 
Total 102,474 131,723 238,736 28,292 50t,225 

Table-2: Tree population of the main species in the non-forest areas 

Tree species No. of %of Tree species No of 
trees total trees 

(million) trees (Million) 

Prosopis chilensis 39.38 14.7 11. Bordi- ZUphus sp. 4.75 

Neem-Azadirachta indica 29.78 11.1 12. Goras-amli Pithecellobium dulce 4.38 

Deshi baval-A.nilotica 23 .99 8.9 13. Subool- Leucanea leucocephala 3.62 

Eucalyptus sp. 21.73 8.1 14. Jamun-Syzygium cuminii 3.38 

Mango-Mangifera indica 10.79 4.0 ) 5. Kanji-Holoptelia integrifolia 3.19 

Teak-Tech/ona grandis 9.73 3.6 16. Sargavo-Moringa oleofera 3.18 

Israel baval-A. tor/alis 8.75 3.3 17. Khair-A . catechu 3.34 

Casuarina equiselifolia 8.66 3.2 18. Bengali bava1-Casia 2.98 

Khijado- Prosopis cineraria 8.26 3.1 19. Khakharo-Bulea monosperma 2.46 

Antdosa-Ailenthus excelsa 5.49 2.0 20. Karanj-Pongamia pinnata 2.45 

Total 166.56 62.0 Total 33.73 

Grand total 199.29 
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Agroforestry science for achieving an everg.oeen agriculture 

V. P. Singh, D. Nayak and B. Bohra 

ICRAF - olllh A ia. 11' D lhi. India 

EXTENDED ABSTRACT 

grofore tr and E ergr n gri ulture ha e very similar g~al and objectiv s. 
Th both t nd to addr a parti ular challeng faced by agncultur today' t~e 
hall nu of ho\-\' to increa the productivity from d pi ted natural re ource --- soil 

water a~d biodi er it and do 0 in the face of climate cbang . Albeit younger than 
oth r cience in agriculture, agrofor try r earch ba a cientific framework and 
produc ound concept , m thod and practice for de l?ping suo tainable tree based 
fanning y tern . Evergr n Agricultur on the other hand IS emergmg a an affordable 
and ac ~e ible ci n ba ed olution for better land care and increa ing mall bolder 
liv liho d . It combine the be t option of con ervation agriculture and agroforestry to 
increa e fann producti ity while con erving their natural resource ba e and the 
nvironm nt. In ummary, agrofore try re earch produces cientific basis for 

de eloping u tainable tree farming sy tern the evergreen agriculture combines the 
a ailable be t pra tice option for uch an endeavour and puts that in practice. 

Traditional agrofore try farming y terns have been u tainably providing the 
liii upport 0 er c nturie . It i a way of life throughout much of the South Asia and is 
recognized a an optimal multifunctional land use sy tern that provides a variety of 
important benefit a. o. ustainable livelihoods, ound economy and environmental 
~afety. The contribute greatly to the food and nutritional security of the house hold 
and th r b en ure their health. These y tems also offer greater opportunities for the 
landle . women and re ource poor populations than most of the other on-farm and off
fann employm nt pro pect . Such an array of advantages is also the objectives and 
e pected ben fit to be derived from practicing the evergreen agriculture. 

Both the e y tern are ecology pecific and natural resource domain bound, 
and therefore ha e enormous prospects for synergy complementation and drawing 
ben fits from each other. Their application can be throughout in all the ecological 
condition and ocio-economic ettings. However in order to fully realize the 
evergreen agriculture objecti es agroforestry cience scope has to be broadened to 
accommodate in it the practice of agroforestry as a specialized form of agriculture. 
Specialized in the en e wherein multi- trata farming is used as the basi for designing 
the commodity production ystems (not only for economic gains but also for the 
nutritional, health and environmental benefit ), and commensurate to it the natural 
re ource management alternative . 

. -:he agr?f?re try / evergreen agriculture efforts need to focu on the design and 
applJcatlOn of hIgh-value low volume systems", and making the post harvest value 
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addition, packaging and marketing their integral part. Another important consideration 
is the recognition of the fact that the tree component of any fanning system al 0 

provides environmental services and therefore may be one of the ways to mitigate the 
climate change effects. Agroforestry systems are probably the only means for getting 
the desired tree cover, especially in places that have limited area under forests . 
Agroforestry efforts thus, can positively contribute to livelihoods food security and 
environment. 

Such efforts at the national can be implemented through four channels: a) 
overcoming natural resource degradation in intensive irrigated systems b) arresting 
land degradation in smallholder farms in sub humid and semi arid areas c) searching 
for alternatives to slash and burn in tropical humid areas, and d) providing helter belt 
in the coastal areas. The result would be a nationwide Evergreen Agriculture. The 
details of such an implementation mechanism are in the paper. 
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AB TRACT 
Th pr ntation" neti. ~ngin ering toward ~n ~ r~ n Agricu lture,. F~od 

ecurity and 11\ ironm nral R I1len e- Tour De FOIce 111 Bl technology envlsa.oe 
the joume f 8i log int th e citing fi Id of Blot . chnology a a produ t of.Classl~al 
8i I gy, Geolog. Phy ie. h mi try, InformatIOn Tec~noIog~ and B~ophYSICS 
wher in it ha tran form d it elf to an wer th ubtle my tene of hfe operatmg at the 
mol ular lev I and in hllll are man u erable. The theme pi k up the thread from the 
great work from renai anee p riod which initially led to the progre s of traditional 
biolog into what at pre nt i all d the Modem Biology wher all field have merged 
into a~ ingle tate and i cone med with it application in agriculture medicinelhealth 
or environm nt. unique ompilation of thi I ture and it partial apprai a1 i on the 
rele\ anc of the dent of all bran he of biology into one common pool 
(8i technology) and how how the diff! ren t cientific mi sion have accomplished 
their relevance to ociety through their w Ifare potential. Th audience will have a 
chan e to ee the la ical mile tone in th field of Biotechnology which has 
revolutionized the dogma of the modern world and i at the door tep to serve everyone 
\yith their inexplicable power. The pre entation will definitely be a rare acou tic and 
yi ual experience to the minds and oul of the audience. It will reveal the gradual 
pr gre - of cIa ical Life cience vi -a- i Biotechnology through the works of 
innumerable , oble Laureate who have worked even on the molecules of 
con iou ne . Th r elation will be that how man since immemorial has been 
reating weird rop pecie for mill nnia. Fir t he imply elected the ones he liked and 

planted them again. and th n he u ed chemical mutagenesis to speed up mutations and 
arrive at th one that weren t likely to appear anytim oon. Then he discovered that 
radiation mutagen i wa e en more effective. In the la t two decades he invented 
genetic ngineering (GE) to tran fonn the physiological and immunological profiles of 
plant and animals which allowed him to pick trait and splice it in rather than 
di co ering that trait he wa looking for in amongst the rubble of mutated seedling. 
All ha e thi in common: they are biological olutions based on understanding of the 
living organi m they eek to control and of the whole fabric of life to which all the 
organi m belong. Speciali ts repre nting various areas of the va t fie ld of 
b~otechn?logy are contributing - entomologi ts pathologists genetici t physiologists 
?lOcheml t , e~ologi t - all pouring their knowledge and their creative inspirations 
Into the fonnatlOn of a new cience f biotic world which may provide a better life in 
term of food, feed and welfare feeling to all ofu . 
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INTRODUCTION: 
It i more than 200 years since Thoma' Malthus offered hi famously 

pe simistic prediction that the rise in human populations would outrun the growth in 
food upplies. But despite devastating regional famines prognostications of mas 
starvation have not been fulfilled even though the population has risen around ix-fold 
i.nce. ~althus's time. Nonetheless projections for the coming decade are deeply 

dl qUletmg. We are already unduly dependent on farming techniques that have harmful 
environmental impacts. To meet the needs of a growing population with changing 
con umption patterns, productivity must be enbanced, but it must be done 0 

ustainably. This paper report describes how the prudent application of recent and 
prospective biological advances can contribute to the 'sustainable inten ification' of 
agriculture. It argues that a multi-pronged approach is needed. Improvements in 
farming practices and crop management are essential, but modern genetics mu t be 
utilised too. 

Food security is an urgent challenge. It is a global problem that is set to wor en 
with current trend of population, consumption and climate change and resource 
scarcity. The last 50 years have seen remarkable growth in global agricultural 
production but the impact on the environment has been unsu tainable. The benefits of 
this green revolution have also been distributed unevenly as the growth in Asia and 
America has not been matched in Africa. Science can potentially continue to provide 
dramatic improvements to crop production but it must do so u tainabLy. Scienc and 
technology must therefore be understood in their broader social economic and 
environmental contexts. The sustainable intensification of crop production require a 
clear definition of agricultural su tainability. Improvements to food crop production 
should aim to reduce rather than exacerbate global inequalitie if they are to contribute 
to economic development. In the present food crops scenario about two million more 
farmers have planted biotech crops in 2009 to total 12 million farmer globally 
enjoying the advantages from the improved technology. Notably 9 out of 10 or 11 
million of the benefiting farmers were resource-poor farmer .. . ... In fact the number 
of developing countries (12) planting biotech crop urpa ed the number of 
industrialized countries (11) and the growth rate in the developing world wa three 
times that of industrialized nations (21 percent compared to 6 percent) 

The fact is that there is not a shred of any evidenoe of ri k to human health from 
GM crops. Every academy of science repre enting the view of the world leading 
experts - the fudian Chine e Mexican, Brazilian French and Am rican academie a 
well as the Royal Society which ha published four eparate report on th i ue - ha 
confirmed this. fudependent inquiries have found that the ri k from GM crop i no 
greater than that from conventionally grown crop that do not ha e to undergo u h 
testing. In 200 I the research directorate of the ED commi ion reLea d a ummary of 
81 cientific tudies financed by the EU itself - not by private indu try - conduct d 
over a 15-year period to determine wh ther GM product were un afe or in ufficiently 
te ted: none found evidence ofharrn to human or to th environment. 
In the light of the e upervening development in cientifi world the ne t fi y ar 
are likely to see the ushering in a number of tran genic food crop in Indian mark t 

especially the one belonging to the group of herbi id tolerant crop an? to an w r the 
fundamental intricacie to th con umer a well a to th other under lOform d about 
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f '.C'. h to b dir ct d to illuminat all the the nuan c of th M fi od r p, lort a b I 
'tak h Id r to bl0\ about th" fa t of the cr p a well a knowing a out t 1 

cont mp rar global de I pment in th ir r ar h and mark ting. 

CONCLU]O AND RECOMMENDA TIONS: 

Th \yhol pr entation w uld rnak the following recomm ndation with salient 
011 ' lu ~ ion . 

• on urn r n d t b infomled of the pro and on of variou agricultural 
biot hnolog pa kag with r gard to gen tically modifi d food crops and how 
holi ri approa h ha been adopt doer a period of tim to keep a check 
on th dano- r of u ino- un uitable o-ermpla m and further car ha be n tak n 
to a\'oid theC>Io of 10 ~l gemlpla ;; while concomitantly maintaining their ~n 
illl local div r it . Oth r h ck and balance ha eben undertaken to aVOId 

patenting 10 al g rrnpla m and inn ation and that th polic!~ on intellec~a l 

pr perty right ha e been en ur d to avoid any unfair competItIon. ~o e t~bh h 
th if nvironmental ail ty at all co I . field trial have been don mtenslvely 
under 10 al condition ,. To pr nt the monopoly buying of local seed 
ompanie and e ploitation of local consumer and companie by non erious 

COll1lner ial ag n i th pre aution have been compl t ly taken at all level . 

ince many of the [GE] detractor ju tify their anti-biotech tirades by rea oning 
that faml r w1l1 have to buy eed and have turned 'farmer-saved eed' into a 
hoi. mantra, lmo t all tho ewell e perienced in agriculture know that there is 
nothing wor e for fanning tban farmer- aved ed. Yield teadily decrea e 
becau of the 10 of igor, an increa e in di ea e and an often mas ive 
ontaminarion with weed eed. Only the very be t grower are chosen to grow 

certifi d ed, and en they are h avily monjtored by the seed companie , who 
ar Furth r regulated by go emmental authorities. Th growers need to 
en lighten d about thi fact rigorously and all ill founded myths about the same 
rnu t be di pelled 

in e w want to ee mor farmland tran itioned to modern practices and at the 
arne time we Vvant to u e the mo t powerful technologie available to create an 

environmentally friendly su tainable and high-yielding fann we must 
r member that the way in which the introduction of genes from novel pecies 
through breeding revolutionized farmers management of pe ts so can the 
introduction of gene through GE can revolutionize control of diseases 
herbicide tolerance, in ect and nematode for which there is presently no 
organic olution. GE can al 0 greatly increa e our understanding of what is 
going on in plant at a molecular level. 

One of the major drivers of GE agriculture i climate change. How a farm can 
witch from being a climate problem to a climate olution, Some of that 

tran fonnation will come from better practices that enrich oil and p reserve wild 
land,. orne ,from engineered' ecology in the eed" through genetic engineering. 

on Ider mtrou oxide, a greenhouse gas three hundred time worse than carbon 
dioxide that fume up from oil drenched with chemical fertilizer. If the u e of 
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. .(:: '1' db ' J5 -2 ~I & ~ nitrogen lertl lzer went own y a third say a report in New Scien!t$'1 .. ttrat ...... ···· .... ~ 

"would reduce greenhouse emission by more than grounding every ingle 
aircraft in the world." So will new varieties of rice and other crop now bel-n-g"---::"1 
engineered for far more deficient uptake of nitrogen from fertilizer 1 
needed, aving the farner money while reducing almo phere and water 
pollution. 

onsider also the gases that come out of u and our live tock and pet exhaling 
burping and farting; Scientist like Lovelock ays that thi account for 23 
p rcent of all greenhou e-gas emission . Au tralia i on the ca e. One project 
there i engineering lower-lignin gra s that would reduce the methane emitted 
from cows by 20 percent. Another i trying to tran fer the dige tive bug from 
methane-free kangaroo guts to cow guts for hoped-for 15 percent methane 
reduction. One anticipates a climate-friendly pro-biotic yogurt for humans 
called Roo.) 

• Every GE-capable foundation, corporation and government department 
working on drought-tolerant herbicide tolerant and alt-tolerant crops, 
e pecially for climatically fragile and unpredictable Indian ubcontinent mu t be 
encouraged and the entire academic and the infra tructure support may be 
extended to them after completely verifying their antecedent and cientific 
accumenship. Since uch crops are so crucial for adapting to climate change 
and they are ure to come and the ooner the better. But ecologist are rightly 
worried about these crops going feral - weed and invasive - in the dry or alty 
terrain they're designed to thrive in, because there i Ie nati e plant 
competition in uch harsh land. This i a ca e where eriou ecological re earch 
must be done during the field trials to figure out how be t to contain the newly 
talented crops. 

• If environmentalists and other dubiou about genetic engineering had taken thi 
approach from the start in the 1980s cleaving clo e to re earcher out in the 
fields they would have quickly di covered that GE food are afe to at GE 
crops can be ecologically beneficial and corporation are ignificant but not 
necessarily controlling player in the technology. Environmentali t would have 
helped lead the doubly green agricultural revolution in th de loping world 
in tead of delaying it. Two decade of time money people and credibility 
wasted on anti-GE activi m would have been a ed for 01 ing real rather than 
imaginary environmental problem and genetic technology would ha e arri ed 
in the world Green from the ground up. 

We would like to add that it i the time for all of u to have a panoptic i w that 
in India we are at 30-40 per cent produ tivity level and any technology that can pu h 
up the yield ay to 70 per cent, would ha a tremendou impact in tran forming our 
agricultural u tainability. fter ha ing worked in life ci nce for th la t four 
decade I am convinced that only a continued adoption of Biote hnol gy can mak u 

leader in agricultur productivity. . 
A apparent from the pre ntation our farmer ha e cr at dare IUTI n. ~er 

cotton production wa reducing toward in 1990 th Y u e fully doubl d It 

production ince 2001 and have increa ed it producti ity b~ 0 . r 75 %. ~ farmer 
from cotton growing tate have led the way and after doublmg It produ tl n they are 
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read t d mor. Til cr dit thi r lution t their hard ork in th fi Id and 11 of 
h brid non d ith Bt techno! gie whi h th k Y Min i tIie and G netic 
Engineering ppro al ommitt made~a ailabl only in th la t decad. For cotton 
farJ1ler~ , after bollworm in ect which tron ed with Bt te hno logie have help d 
manage. \"e d ar th next big hall nge a rh e ompete with the crop for nutrition 
and I wer til ir producti it . 

With th ucc ful implementati n of our nation employment heme 
farmer are fa ing ' till big chall nge - hortag of agricultural labor when needed for 

\,·ing. w ding and har e ting; high rural labor co t . unpredictabl climate increa e 
\\e d gr wth and diffi ulty t remo weed by hand, bullo k or tractor. Today 
farm r d not have an ea and effe ti e olution to remove weed . Another 
technology to manage weed i approved and u ed by farm rs in cotton, maiz, oya 
bean. and other r p ,in ci ntificall awaken d countrie for over the last 12 year 
and a i ailed h rbi ide tol rant technology('Bollgard II Roundup Ready F lex 
re hnology'). Thi technolog allow fann r to plant th new Bollgard II Roundup 
Read Flex eed and then pra a pe ial Roundup herbicide and through thi , the 
weed g r managed. We under rand that tbi technology has be n eva luated in India for 
rhe la t four year and farmer are very an iou to u e it in their own field at the 
arli t. De pite being pot ntially promi ing it i indeed a pity that everal aspects of 

debar in thi ountr on geneti ally modifi d (GM) crops and food have adopted the 
ad\"er arial approach ratber tban a con en ual one. When will tbe time come when we 
" 'ill have the onfidence that our cientific per onne1 ar our guardians with the ar enal 
of th knO\ Jedg and experti e. can ift the grain througb the chaff and can point out 
\\'hat i rei 'ant to exc ]] nee for our ountry. The need of bour i to accept the GM 
t hnology further. We ha to a e what i rele ant to our land and lab have faith in 
our ientific community and have an innate confidenc that nobody can rob us. 
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Clonal Multiplication and Plantation of Eucalyptus hybrids FRI-S & 14 for higher 
productive gains in Agroforestry models 

INTRODUCTION 

, 

I.D.Arya, S. K.Sharma and Sarita Arya 

Division of Genetics and Tree Breeding 
Arid Forest Research Institute 

Jodhpur-342005, India 

Integration of trees with agriculture crops ha been attempted since time 
immemorial. In recent years efforts have been made to grow fast growing trees with 
agriculture crops so as to get the best returns of their associations. Nowaday' 
agrofore try has become a science of designing and developing integrated elf 
sustainable land management system besides it is an option for carbon mitigation at o. 
Presently people are interested in opting for agroforestry system e pecialJy for 
industrial species like Eucalyptus, Popular Casuarina, Tectona Melia dubia Gmelina 
and more recently Bamboos etc. Emphasis has greatly increased for fa t growing 
clonal materials which can go suitably with the crops. In thi direction eucalyptu and 
popular are the first choice for agroforestry system in northern India. 

Eucalypts are credited with high growth rate and multiple use and are planted 
extensively. Eucalyptus produces some of the heavie t harde t and most durable 
wood, thus making this genus the most valuable source of hardwood in the world. To 
meet the increasing demand for timber in the future fast growing Eucalyptus 
plantations are preferred. Eucalyptus hybrids have been a widely planted pecies in 
India owing to its adaptability in different eco-climatic zone . Hybridization i a 
known process by which the desirable traits of the two parents may be combined in F I 
offspring. It also offers a means to capture the benefits of hybrid vigour (hetero i , 
which is often manifested in certain specific parental species combination in hybrids. 
Promising F L hybrids of Eucalyptus produced at Fore t Research In titute plantation 
have displayed a very high degree of vigour (positive hetro is) both in height diameter 
and wood quality. Development of hybrid , their clonal mUltiplication and po t 
juvenile character studies still remains a serious problem due to variou rea on . 
Forest Research Institute Dehradun ha 13 mature FI hybrid out of these different 
interspecific hybrids developed two hybrid were selected for the pre ent tudy i .. 
FRl-5 and FRl-14. Both these Eucalyptu hybrid FRl-5 and FRl-14 elected for 
present study has shown superior character over their par ntal combination. They ha e 
also displayed a very high degree of hybrid vigour and pro ed 3-5 time uperior in 
growth parameters than the parent combination. However when F2 population 
raised through seeds a lot of segregation wa ob erved which had reduced the 
average yield per unit area per unit time. The e bybrids produced higher bioma than 
the parental progeuie and the My ore Gum (Venkate h and Sharma 1977a b). 

Production of clonal material of eucalyptu FRI-5 & 14 hybrid wer mad 
possible by developing Ti ue cultur technology. Pre ent paper de cribe production 
of clonal material of fast growing eucalyptu FRI hybrid and their ucce ful field 
plantations under different climatic condition. 
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MATERIAL A 0 METHODS 

I odal ho t egm nts ontaining aJ illary bud w re har t d fr?m the two 
narm-al F I h brid of Eu alyptu, that i FRJ-5 (E. call1~/~ulen I Dehn E. 

. . .' ) d FRI-14 (E LOr !liana F. . Mu 11 E. CltrLOdora Hook). The 
reI 11 01111 m an ' 1 d fr h hoots arly in the morning 
xplant wer harv _ ted from n wi d p 

a;ld pr \"ed to be the b t time for e plant ollection. It wa found that the e plant 
colle t d durino III nth of January t Febmary and Augu t t Septemb r were the be t 
for il1 ";11'0 tudie a they howed I a t ph noli e udation and gav 65 - 70% bud 

break r pon a c mpar d to other month . 

RESULTS OF TN VTTRO STUDIES 

ColJection and terilization of Explant 

The nodal hoot egm nt ontaining a illary bud were collected from 30-32 
y ar old matme tre of ElIca~1ptu hyblid FRJ-5 and FRl-14 growing at New Fore t 
xperimental field of F re t Re arch Institute, Dehradun. Axillary bud/nodal 

' egment mea uring 2-3 cm wer cut. Explant treated with bavi tin (1%) and 
antibiotic (Streptom cin and Chloramphenicol) for 3-S minute followed by surface 
~terilization with (0.1 %) HgCI2 (12 min for FRI-S and 10 min for FRI-14) wa 
found to be very effe tiv in controlling 78 - 0% contamination with good survival 

rate of 6 - - ~ %. 

Axillary Shoot Proliferation 

Initiation of a illary bud tarted within 3-S week from the date of inoculation 
of the nodal egment without an intervening callus phase. MS medium (1962) was 
found to be very effective for axilJary bud induction and shoot initiation for both the 
hybrid. odal egment of FRI-5 when cultured on MS medium supplemented with 
1.0 mg/l BAP. gave 0% bud break. In FRI-14 70% bud break response was obtained 
on M T 1.5 mg/l BAP + O.S mg/l AA. 

In vitro hoot multiplication 

Th proliferated axillary hoot were excised and transferred onto the fresh 
MS medium upplemented with different concentrations of BAP alone and in 
combination with AA. Out of different media combinations tested, optimal in vitro 
hoot multiplication occurred on MS+ 1.0 mg/l BAP + 0.1 mg/I IBA in FRl-5 hybrid 

and M + 1.0 mg/1 BAP in ca e of FRI-J 4 (Table 1 & 2). In vitro shoots multiplied in 
5 week in both the hybrids. A regular sub-culturing with 16 hr light (illuminated by 
40 watt fluoresc nt tube 1200 lux) and 8 hours in dark cycle gave healthy shoot 
culture . The culture were regularly transferred into fresh medium in every 5 weeks 
to ch ck the browning of culture. Cultures were incubated at 25 ~ 2°C. 
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Regeneration of roots 

In vitro shoot mea uring 2.S to 3.0 cm were inoculated onto half trength M 
mediwn upplemented with IBA (0.1-2.0 mg/1 alone and in the combination with NAA 
(0.1-2.0 mg/l) for rooting. Nearly 80% rooting was achieved in FRI-S on Y2 M 
supplemented with IBA (1.0 mg/l and 70-80% rooting wa achieved in FRl-14 on Y2 
MS upplemented with IBA (0.5 mg/l (Table 3 & 4). 

Acclimatization, hardening and field transfer 

Micropropagated plantlet were hardened in vitro in liquid Y4 M medium 
having 2% ucrose. Paper bridge or absorbent cotton wa placed in the liquid medium 
for upporting root y tern of in vitro raised plantlet . Plantlets were maintained in 
culture room for 2 weeks. Later these plants were shifted to mi t chamber in polythene 
bags containing a mixture of soil and and manure (1: 1: 1 and covered with perforated 
polythene bags. Again after two weeks the e plants were tran ferred into bigger 
polythene bag and placed in the net hou e. After four week of open hade 
acclimatization the plant were finally tran ferred to the field. 8S - 9S% ucce in field 
urvival rate wa observed in both the hybrid when field planted in SxS pacing and 

watered twice in every lSday . 

FIELD TRIALS 

In the pre ent tudy tissue culture raised cloned plant were planted at three it 
of different climatic conditions of Uttarakhand. An average height of 7.S-9.S m 
were observed with an average diameter of 6.S-8.S em and a urvi al rate of 90-92% at 
the site of Dehradun, while at Pantnagar and Haldwani field a urvi al rate of 6-
90%was recorded after three year of plantation. Total height and collar diamet r taken 
on brea t height (~13 7.0 cm) were recorded after three year and anatlOn wa 
ob erved in height and collar diamet r at differ nt plantation ites (Table S). 
The growth performance and urvival percentage of both Eu alyptu hybrid FRI-S and 
FRl-14 showed their suitability in particular environmental condition. The analy i of 
survival percentage showed that the hybrid a well a the localiti al 0 when 
compared do not differ ignificantly. It indicate that localitie or hybrid ha no fti ct 
on urvivability of plant. 

Eucalyptu i well adopted in agrofore try y tern how r with the upply f 
clonally uperior eucalyptu hybrid planting t ck for agrofore try will incr a e th 
economic gain to the farmer. In the pre ent tudy ffi ctiv and corom r ially iabl 
micropropagation technique wer ucce fully d velop d for rna multiplication of 
two superior Eucalyptu hybrid FRl-S and FRl-14. Preliminary in e tigation aft r 
three year of field plantation at diffi r nt 0- limatic it having aried 
environmental condition howed that Eucalyptu hybrid FRI-S and FRl-14 ar 
promising in term of h ight diameter clear bole length and elf- pruning apability. 
However uitability of hybrid in a particular co-climatic zon an b d t rmin d b 
making continuou ob rvati n rap riod f ab ut -10 year (Rawat et.al.19 4). 
Pre ent finding i ba ed on a period of three year. 
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Summary 

lIcalyptu h brid ar ao important for t tr e pecie under the 0 ial and 
omm rcial for tr programme with a i w to get more yi Id per unit area. The wide 
pr ad appli ation of in vitro propagation on its 0 t- ompetitiven and i 

profitabl only wh n tb r i an a 0 iat d advantage 0 er conventional propagation 
m thod . Til field t ting of the e hybrid re al d their uitability in a particular 
limati z n . loth e r ult had hown th ir p rformance with resp ct to the total 

bio- ma ' production. The h brid iffound uitable en after 7- year (rotation cycle) 
\vith impro d timber and oil produ tion will b of immense value for commercial 
grower of Eucalyptu . 
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Table 1. Effect of cytokinin (BAP) in MS medium on in vitro shoot multiplication 
of FRI-14 (data recorded after 5 weeks) 

BAP(mgfl) Mean shoot number Mean shoot length (cm) Multiplication 
rate 

Control 22.33 ± 1.12 1.07 ± 0.02 5.58 ± 0.28 
0.5 33.50 ± 1.26 2.01 ± 0.12 8.38 ± 0.3 1 
1.0 51.33 ± 2.35 3.03 ± 0.16 11.83 ± 0.16 
1.5 40.80 ± 1.40 2.63 ± 0.05 6.80 ± 0.15 
2.0 30.17 ± 0.91 1.97 ± 0.06 5.20 ± 0.12 
2.5 20.50 ± 0.62 1.46 ± 0.05 3.53 ± 0.1 8 

Significance *** ** * *** 
CD at 5% 4.00 0.26 0.42 

***Significance at 0.1 %. ± values represent the standard error. 

Table 2. Effect of hormonal interaction cytokinin and auxin (RAP + IBA) in MS 
medium on in vitro shoot multiplication of FRI-5 (data recorded after 5 weeks) 

BAP+IBA Mean shoot number Mean shoot length Multiplication 
(mgll) (cm) rate 

Control 10.33 ± 0.42 0.50 ± 0.03 2.07 ± 0.08 
1.0 + 0.1 57.17 ± 1.38 1.51 ± 0.04 11.43 ± 0.28 
1.0 + 0.5 45.83 ± 0.75 1.33 ± 0.08 9.17 ± 0.15 
1.0 + 1.0 37.17 ± 0.83 0.61 ± 0.06 7.43 ± 0.17 
1.0 + 1.5 24.33 ± 1.20 0.44 ± 0.01 4.87 ± 0.24 
1.0 + 2.0 23.80 ± 0.96 1.12 ± 0.07 4.70 ± 0.1 9 

Signjficance *** *** *** 
CD at 5% 2.81 0.16 0.56 

Table 3. Effect of rnA on rooting of in vitro shoot on half strength MS medium of 
FRI-5 (data recorded after 5 weeks). 

rnA (mg/I) Rooting (%) Mean root number Mean root length (em) 
Control 12.5 ± 0.29 0.50 ± 0.22 0.35 ± 0.16 

0.1 20.83 ± 0.48 8.67 ± 0.56 0.73 ± 0.05 
0.5 66.66 ± 0.38 17.17 ± 0.48 1.02 ± 0.03 

1.0 87.50 ± 0.29 20.17 ± 0.60 2.34 ± 0.04 

1.5 70.83 ± 0.48 18.83 ± 0.70 1.47 ± 0.05 

2.0 54.16 ± 0.09 11.33 ± 0.67 1.30 ± 0.03 

Significance *** *** *** 

CD at 5% 1.11 1.62 0.22 
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Table 4. Effect of (BA on rooting of ill • itro shoot on half sta-ength MS medium of 
FRI-l.t (Data recorded after 5 weeks) 

*** 

0.5 
1.0 
I. 
_.0 

*** 
1. I I 

ignifi an eat O. 1°0: ± value repr 

:Mean ,'oot number 
O. 0 ± 0.22 
.67 ± O. 

17.17 ± 0.4 
~0. 1 7 ± O. 0 
I. ± 0.70 
11. ., ± 0.67 

*** 
l. 2 

ntth tandard err r. 

cm) 

*** 
0.22 

Table 5. Field performance after three yea rs of tissue cultured clones of 
Eucalyptll hybrid (FRl-5 and FRJ-14) under different varied climatic conditions 

of Utta rakJland State 

IP lantation iles \' g. heigh I (em) A'-g. collar dia. (em) Avo. clear bole length Volume (m3) 

FRI-S FRJ-I~ Control FRJ-S FRJ-I~ Co ntrol FRJ-S FRJ-14 Control FRI-S FRI-14 Control 

D~hrJJun 695 7 1 -65.96 546.35 693 - .89 ·1.00 174.0 283 .5 133.4 0.011 0.016 0.003 
Pant 'agar 1705

7
6 :"9.02 49362 70-1 16 . 6 _13 .2 I .4 123. 0.011 0.009 0.002 

Haldw3m ·0-119 59-1 .02 -'1.6 7.3" 33 4.05 2 16.6 194.5 129.5 0.011 0.009 0.003 
Igmfi anc~ I .. . •• ... * .... •• NS NS NS 

CD~( 10
0 I I 29J)-I 0.6 17 - -

*** ignificanc at 0.1 %; ** ignifi ance at 1.0 %; * Significance at 5.0%' NS- non 
ignifi 'ant. ote: A erage of 50 plant. 
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Tree improvement for enhancing productivity and carbon sink services of 
Agroforestry Systems 

ABSTRACT 

N. Krishna Kumar and C. Buvaneswaran 

Institute of Forest Genetic and Tree Breeding 
(Indian Council of Forestry Research and Education) 

P.B. No.: 1061, R.S. Puram, 
Coimbatore-641002 (Tamil Nadu) 

Green India Mission (GIM) puts the greening" in the context of climate change 
adaptation and mitigation mainly meant to enhance eco ystem services like carbon 
sequestration and storage in forests and other ecosystems. Among three fold objective 
of the GIM, one objective i to increase the Green House Gases (GHGs removal by 
India's forest to 6.35% of India's annual total GHG emissions by the year 2020 (an 
increase of 1.5% over what it would be in the absence of the Mi sion) .. Out of nine 
sub-missions, which will be implemented under GIM one sub-mi sion is Agro-forestry 
and social forestry (increasing biomass and creating carbon sink) in l.5 m ha. Under 
agro-forestry, 0.80 m ha would involve improved agro-forestrypractice on the exi ting 
lands under agro-forestry and that 0.70 would involve additional land under agro
forestry. The Mission will support a program of nur eries for rai ing quality seedling 
to meet the demands of farmers. GIM would also upport putting in place a y tern for 
certification of seed and genetically improved clonal planting tock or registration of 
clones and nurseries in India. In this context this paper reviews and discu e on effort 
being made at Institute of Forest Genetics and Tree Breeding (IFGTB) Coimbatore in 
conducting tree improvement programmes on industrially important tree species with 
the objectives of a) productivity enhancement, b) ideotyping for agrofore try y t m 
and c) enhancing carbon sink services of agrofore try y tern . The paper also di cus e 
on IFGTB initiatives on domestication and genetic improvement of indigenou pecie 
like Teak Neem Artocarpus Terminalias Ailanthu etc. A brief mention ha al 0 

been made in this paper on National Programmes like FGRM twork and 
Collaborative Industrial Agroforestry relating to tree improvement. 

Keywords: Tree Improvement Agrofore try y tern Producti ity Id otypes, Carbon 
ink ervices 

INTRODUCTION 

Promoting agrofore try i a major oppOrtuIllty to d al with probJ m related to 
land-use and CO2-induced global warming (Albrecht and Kandji, 2003). Ac ordi~g to 
recent projections the area of the world under agrofore try will increa e ub tanhally 
in the near future. Undoubtedly this will ha e a gr at impact on the flux and long-term 
torage of carbon in the terre trial bio ph re (Dixon, 1995). era I tudie ha e h.o~vn 

that the inelu ion of tree in the agricultural land cape oft n improve th produ t1 lty 
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, . ' • 0- ortunttl treat carbon ink (Winj um et al., 1992; 
t _ t In whll pro Idm,? pp . 994' D' 1995 Th am unt f arbon 

Dix n ell al., 1993: Krankllla and DIxon, I , 1, ?,. . h 
' d I I d pends n the tru tur and fun tlOn agrofor try Y t m - Wh1C 

equ ' tere arg d ' . f: ctOJ' Oth r 
~ d . d b en ironm ntal an lO-economlC a . 

ar , to a great ext nt t nnlll , I d tr ecie and 
fa tor influ nino- arb n t rage in agrofor try y t m l~ u e

d 
p b 

_ -t 1~ manag In~nt. Th ignifi ance of agrofore try. wIth r ga~' to car o,n 
y ( doth r CO mitio-atino- ffe t i bing wIde ly r cogmz d. Th re ale 
que

d
- tra ( n an

to 
bell'e 2that aOQTof;r tr an contribute ignifi antly to carbon 

LIn rea no. h' t f 
equ stration. It i. important that r earch att nti n 1 focu ed on t 1 a pec 0 

agr fi re tr, - t In air and air, 200~). .' . ' 
- p r fPee a e m nt on pot ntial of anou optl~n (,~abl~-l) tropIcal 

affore tation and tr pi al agrofl re tr ha a major rol to play 1I1 mttIgatlOn of global 

em( ion of C02. 

Table-I: Potential of various land managemen t activities to mitigate 
olobal emiss ions of C02 by incr easin carbon s.illk oten ti=a.:....I __ --1 
/:) - " 1 

Tropi al affor tation: 15% 
Tropical agrofore try: 6% 
Tropical r g n ration: 18% 

lowing defore tation: 14% 
T mp rat affore tation: 13% 
Temperate agrofore try: 1 % 

gricultural management: 33%, ________ -----' 

In the proce e of cr ating ink in the biosphere fore t plantations could play 
a major role. With refer nce to important plantation pecie in India, Eucalyptus spp. 
Teclolla grandi and Acacia pp. ar the main pecie having larger area under the 
plantation compared to other pecie. Another fast growing, N-fixing tree pecies 
gaining imp rtance and pre ent]y having great market potential i Ca uarina . Other 
commercially viable tree peeie getting popularized and on which some tree 
improvement initiati e have be n done are: a) Neem b) Pungam, c) Bamboos, d) 
Dalhergia i . 00, e) Ailanthus excelsa f) Anthocephalus cadamba, g) Gmelina 
arhorea. h) The pe ia populnea, i) Tamarindu indica j) Calophyllum inophyllum and 
k) .'vIelia dubia. 

TREE Jl\1PROVEMENT FOR PRODUCTIVITY ENHANCEMENT 

A con ervati e e timat on po ible enhancement over current level of 
producti ity for important tr e pecie indicated that two to three fold increases in 
productivity i achievable with tree improvem nt. 

A tudy conducted at IFGTB, Coimbatore to asse s the carbon equestration 
potential of important tree pecie namely Eucalyptus tereticornis and E. 
camaldulensi, Casuarina (Casuarina equietifolia and Cjunghuhniana) Acacias 
(Acacia auriculiformis and A. mangium) and teak under different ages site conditions 
and management sy tern revealed that total dry matter production was 52.0 MT ha-1 

for clonal origin and 32.4 MT ha-1 for eedling origin at the age of 4 years of which 
tern contribution wa 31.0 and 15.5 MT ha- 1 respectively for clonal and eedl ing origin 
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plantati n . In Acacia mangium rai ed under wide-row alley cropping agrofore try 
y tern total dry matter production was 26.8 MT ha-I for clonal origin and 14.5 MT ha

I for eedling origin at the age of 3 year. f which, tern contribution wa 9.4 and 4.4 
MT ha-I re pectively for clonal and seedling origin plantation (Buvene waran 2011). 
Thi tudy clearly indicates that there i greater cope for enhancing productivity 
through tree improvement for all the tree specie of agrofore try y tern . 

Further in Ca uarina Buvaneswaran et al (20 I 0 reported that girth aried 
within an even aged plantation, th difference between the malle t and bigge t tree 
being to an extent of 3 to 4 times. Similar ob ervation of wide variation in growth 
attribute in C. equi elifalia have been reported by Ku halapa (1987) and ugur (19 9). 
Such huge variation within an even-aged plantation bring down producti ity. 
However, there i lot of scope to further enhance productivity and in turn the carbon 
equestration potential of these plantations owing to the fact that at present mo t of the 

C. equisetifolia plantations are being rai ed from unimproved local eed ource which 
showed greater within plantation variation in term of growth the co-efficient of 
variation (CV) in term of girth varied from 16.3 to 43.3 %) and in turn carbon 
seque tering potential. In future the option of clonal plantation in thi pecie i to be 
promoted to maximize carbon sequestration potential in these plantation a r ported in 
China in Hainan province a single clone-Bao 9-comprised over 95% of C. equi elifalia 
plantation during the year 2000 (Zhong et al. 2010). IFGTB aim to increa e the 
productivity of Ca uarina through tree improv ment using econd generation breeding 
population from current yield potential of 100 MT ha-I in 4 year in irrigated land and 
in 6 year under rainfed condition to l30 MT ha-I through eedling and to 200 MT ha-I 

through clonal route. 

IDEOTYPE BREEDING FOR AGROFORESTRY SYSTEMS 

Agroforestry ystem aim to integrate agriculture and fore try crop to generate 
economically productive, ecologically diver e and ocially acceptable u tainable land
use systems. In such integration of agriculture and forestry crop th mo t important 
desirable traits are narrow canopy Ie branche acute branch angl elf-pruning 
ability and deep root production rather than lateral root producti n. The e trait help to 
minimize tree-crop competiti e interaction for light water and nutrj nt . 

A study conducted at IFGTB oirnbatore on dry matter producti ity of 
different bioma compon nt in Eucalyptu plantation rai ed by TAFCORN re al d 
that Clone C-274 produced Ie foliage and branche and on the other hand CIon 
285 produced great r foliage and branch bioma a gi en in Tabi blow. 
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Table 2: Intra-specific variation in dry matter alJocation (MT ha-
t

) in 
Eucalyptus plantation in Tamil Nadu 

Clone Age I Spacing Leaf Branch Bark Bole 

o. I (Years) 

~ _ ~~~3~~~J~.x~1.5~~7~.8-+~6~.8 __ ~5~.O-!_5_6_.91 
C 174 I 3 3x 1.5 3.6 4.6 4.6 52.4 

I Seed I 

~rLgin I 3 3x1.5 5.4 2.8 7.7 30.7 

Thi learl indi at that ther e i t greater cope for electing an ideotype for 
agrofore tr y t m for ha ing I s r foliage and bran h bioma without much 

ompromi eon tem ood producti ity. . . 
IFGTB d elop d Acacia alfriculijormi , A. mangium and the~ hybnd based 

agrofore try y tern . Howe · er, the major i ue wa heavy branchiness of the e 
ph llodenou A acia particuJarly und r wide-row intercropping agroforestry system. 
To addr thi i u lFGTB i carrying out tree improvement programme for 

lecting phenotype of th two pecies and their hybrid for traight stem form wi~h 
Ie branchine a well a ha ing elf-pruning ability. In Acacia auriculiformls 
prov nan e from Papua ew Guinea had the e de ired traits of straight stem form and 
I branchin uitable for wide-row agrofore try system. Candidate Plus Trees 
CPT) ha e been elected and multiplied for field evaluation. Similarly such ideotype 
el ction for wide-row alley cropping y tern is being carried out in Ca uarina 

equi eli/olia as well in IFGTB. Thi i due to fact that intercropping is currently done 
for onl in the first year under Ca uarina. If suitable phenotypes are selected for alley 
cropping y tern, the intercropping may be done up to the harvest of tree components 
that i three to four year . 

Contrary to thi ele tion of tree for wide-row alley cropping ystem suitable 
ideotype for 'Windbreak and Shelterbelt' agroforestry ystem need to have more 
branch and foliage bioma s. The branch angle also needs to be near right angle. 

icod mu et al. (200 I) reported that certain phenotype of Casuarina equisetifolia 
and C. junghuhniana have hown certain branching characteristics which are ideally 
ought for in windbreaks. IFGTB recently initiated efforts to select phenotypes of 

Ca uarina hich are uitable for developing a windbreak agroforestry system. The 
lected phenotype wl11 be u eful to addres the recurrent problem of crop damages 

particularly in plantain growing belt of the Coimbatore district which i caused by 
trong gu ty wind during monsoon period. 21 phenotypes were selected by adopting 

'Point grading method' while giving greater score for higher productivity trees having 
more branche were given additional weighted scores. Theses phenotypes along with 
one productive clone relea ed by IFGTB and seedlings were planted in Clone Bank of 
IFGTB. After a period of ix months all these 24 phenotype were evaluated for branch 
characteri tic and height growth parameter. The results are presented in Table 3. 
lntere tingly the top three clone in terms of height growth viz. IFGTB-WBC 8, 
IFGTB-WBC 17 ~nd IFGTB-WBC 18 recorded greater number of branches, branch 
length a well as WIder branch angle. These clones are under field tests. 
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Table 3: Branch characteristics and height growth of different phenotypes selected 
for windbreak agroforestry systems 

Clone No. Number of Branch Length Branch Heigh t growth 
branches up (cm) Angles (em) 
to 2 m hei2ht (Degee) 

IFGTB-WBC 1 27 31.95 61.20 181.3 

IFGTB-WBC 2 20 36.79 57.98 174.0 

IFGTB-WBC 3 9 16.80 51.63 61.7 

IFGTB-WBC4 33 27.3 58.08 129.0 

lFGTB-WBC 5 40 39.17 64.31 239.0 

IFGTB-WBC 6 39 52.69 69.81 223.3 

IFGTB-WBC 7 48 42.75 65.00 254.3 

IFGTB-WBC 8 54 61.66 61.72 293.7 

IFGTB-WBC9 47 38.63 59.37 242.7 

IFGTB-WBC 10 49 35.91 59.61 204.7 

IFGTB-WBC 11 36 4l.99 59.28 175.0 

IFGTB-WBC 12 39 37.79 55.18 163.7 

IFGTB-WBC 13 37 31.37 48.78 151.3 

IFGTB-WBC 14 43 40.15 50.71 188.0 

IFGTB-WBC 15 37 38.37 65.72 178.7 

IFGTB-WBC 16 27 35.86 56.06 172.7 

IFGTB-WBC 17 42 57.00 78.13 314.3 

IFGTB-WBC 18 43 64.87 67.12 269.7 

IFGTB-WBC 19 11 24.80 45.96 88.3 

IFGTB-WBC 20 23 37.51 47.26 195.3 

IFGTB-WBC 21 28 44.50 70.96 206.0 

CE-Seedlings 30 37.63 66.11 170.7 

CJ -Seedlings 24 29.87 59.82 156.7 

IFGTB-CE 3 16 3l.99 60.81 126.7 
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TREE IMPROVEMENT FOR ENHANCING CARBON SINK ER VICES 

I t' nt Ie eJ of 
/l c /\lative timat on po ibl en 1an emen v r cun 

. d' t d t1 t th xit two to thre fold 
roducti ity fo r imp rtant tr e p i Jl11 a . la . er . . , Tabl -

~ . d ' 't . fi a ibly a hie abl with tre ImprOY ment act! It!e 
Iller a In pro u t.' I I . ,. f 0 f C / hal ar under available 40 .. n, With ayerag Ilnpro d produ 11\ It 0 1 to. Y . . 
million ha f land fo r fo re tr option, n11an d equ st:ratlOn lev 1. can be ~OO rrulhon 
t of per year fr III affore tation progranH~e alon~. Furth r, . IntroductlOn of th 
. d plantl'11CT t ck in the i tinO' plantatIOn durmg replantmg after harye t also 
l/llprov b b " 1 f d . 
has greater ope for enhanc m nt f carbon que tratIon potentia 0 pr uctlOl1 
fore_~ry to the t nt ftwi e or thr1 e the urrent level (Surya Praka h e f aI" 2006). 

Table-4: Carbon sequestration potential of current level and po~sible 
enhancement with tree improvement for important tree species 

PECIES 

ElICa~l'Pl[( 'Pp. 
~ cIano O'rGndi. 
Co uar;'1a eqlfi el[folia 

~ (t of C Iha /year) 
Cur-r-en- t- p- o-tential With TIP 

t 

4-5 
3 - 5 

10- 12 

15 - 20 
10 - ] 5 
20 - 25 

Buvane \ aran (_0 11) e timated that carbon eque tration in plantations of C. 
eqlli. /[(olia n an annua l ba i , amounted to 9.12 MT C ha-' yea( ' at harvest age and 
rhi " great r amount of carbon eque tration regi ter C. equi elifolia as a potential 
pe ie to a t a arbon ink. By con idering the extent of plantation of C. equiseltfolia 

in Tamil adu a 1.37 mill ion ha (DE 200 ) it can b e timated that the plantation of 
C eqlli. eti(u /ia eq ue ter 1.1 5 million MT C yea( ' in Tamil Nadu alone. However, 
th re i lot of cope to further enhance carbon eque tration potential of these 
plantation , owing to th fac t that at pre ent most of the C equisefijolia plantations are 
bing rai ed from unimproved local seed ource which howed greater within 
plantation ariation in term of growth (the co-efficient of variation (CV) in terms of 
girth Yari d from 16.3 to 43.3 %) and in tum carbon sequestering potential. In future 
the option of clonal plantation in thi pecie i to be promoted to maximize carbon 
equ tration pot ntial in the e plantation . 

With regard to management inputs to enhance carbon sequestration potential of 
C equi etl(olia, it can be suggested that i) use of productive clone (or) at the least use 
of impro ed d ource, ii) a li ttle wider pacing than the exi ting 1 x 1 m pacing, iii) 
continuing pruning of branche upto 2 year iv) optimum irrigation and fertilization 
and ) increa ed and proporti on in oil for better nodulation and greater root 
expan ion all of which lead to maximizing carbon seque tration potential of 
plantations of C. equi elifolia, 

If we con ider the extent of eucalyptu plantation as 6.0 million ha in the 
country, annual carbon eque tration potential in the bioma s alone would be 40. 8 
mill ion MT year" when the plantations are raised entirely with productive site 
pecific clone. However deploying ite pecific clone is more important than 
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promoting clonal fore try itself to enhance productivity and in tum carbon 
eque tration potential of these plantation. lonal fore try in teak, Acacia mangi'um 

and A. auriculiformis al 0 need to be promoted to enhance carbon eque tration 
potential of plantation of the e species up to 3 to 5 fold . 

TREE IMPROVEMENT FOR INDIGENOUS TREE SPECIES 

lFGTB had done the pioneering work in teak improvement in India by 
e tabli hing Seed Production Areas identifying Plus Trees and organizing eed 
collection from identified source under Indo-Danish Project on Seed Procurement and 
Tree Improvement (IDPSPTI). International provenance trial of teak was al 0 

coordinated under thi project. IFGTB continued the efforts of IDPSPTl. On of the 
Clonal Seed Orchard of teak established in 1978 at Walayar i being maintained. 
IFGTB ha developed Clonal propagation technology for multiplication of uperior 
teak trees through juvenile coppice shoot . A total of 75 superior tree of teak were 
selected with a selection intensity of 0.3 to 0.5% in different parts of Kerala out of 
which 13 trees howed substantially uperior height and girth. IFGTB aim to promote 
clonal forestry in teak to enhance productivity. 

With regard to Genetic Improvement of Neem, IFOTB elected high fruit 
yielding tree all over Tamil Nadu, multiplied vegetatively through branch cutting and 
as embled in the clone bank. The clone bank i u ed for multiplication of clone for 
establi hing clonal eed orchards. The clones in the clone bank howed early flowering 
and fruiting (first or second year after planting) thus reducing the vegetative pha e of 
the tree. Generally neem tree through eed origin take about 10 year for fruiting. 
Further, a international provenance trial of neem wa e tabli hed under the 
International Neem Network. The 18 provenance repre ented in the trial are from 
India Thailand Laos Myanmar, Nepal and Tanzania. 

IFGTB conducted variation tudies in natural population of Artocarpu 
heterophyllus A. hirsuta and A. lakoocha in Tamil adu and Kerala a well as in the 
cultivated populations. Superior phenotype were elected and a progeny trial of 
selected trees in different populations of A. integrifolia wa rai ed in Kolli hill . A eed 
Production Area (10 ha) of A. hi~ uta was establi bed at Palode (Kerala . Thi P A 
serves a a good ex situ conservation stand a the pecies i an endemic and threatened 
species in Western Ghat . 

Terminalia chebula and T. bellirica are another important indig nou tr 
species of pharmaceutical and trade value. IFGTB ha undertaken a project to con erve 
and utilize available germplasm in Tamil Nadu. In thi effort 5 uperior tree of T. 
chebula and 17 uperior tree of T. bellirica ha e been elected in ariou pIa e in 
Tamil Nadu ba ed on fruit yield. Fruit ample collected from identified tree w re 
creened for medicinally important biochemical compound like total phenol tannin 

gallotannin, free gallic acid and ellagitannin to in tigate the relation hip between 
geographic location and the biochemical content. 

A an another initiative to Genetic Improv m nt on indigenou tre pe Ie , 
Ailanthus excelsa eed ha e been collected from indi idual uperior tre fr m 
different parts of the country and tabli hed a germpla m bank at ~IOTRlM 
Tirupati (Andhra Prade h) and Salem (Tamil Nadu). The germpla m bank WIll rve a 
a ba e population for g netic impr ment of the pe i . 
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IT ' d br dill o prooramm ha b n inibated for prom ring red and 
n ~mdann, II .j. I~ral trategi hav be n tandardized to cultivate 

weet tamann a w a I leu ful tI 't . Id from 
high i Iding lone of tamarjnd in farmland and to get u e rul yl 

tamarind plantati n . 
h 1 be n made t d m ticate om native tree ta a 

Rear h initiati a ea. . t 
u h a lelia dubia, A ilanfhll malabarica. The P ' ia populn a, Pongamza pmn.a a 

Al7fhocephalu cadamba. Callophyllw]1 inophyliu/11, Macaranga p elfata for vanou 

nd u r . . k ' f: fi tr 
[FGTB al ha a trat gy to lowl r pia e th plantmg t c m arm ore~ y 

from eed mat rial orown in local nur rie , whi h ha e problems of.un ven qualIty 
high mortalit, t -) to g netically prov n d ~d plantin~ m~tenal from clonal 
te hnique and through hyblidi at ion. d ance~ blOte h~olog1cal Illput parallel pest 
and di ea ontr I mea ur will a1 0 b drawn In for the llnprov ment programmes. 

ATIO AL PROGRAM1\1ES AND COLLABORATIVE EFFORTS OF IFGTB 
fFGTB recentl workino on ome national programmes like FGRM Network 

11 India Coordinated program~ a w 11 as few collaborati e effort which will in 
rum upport to promot tree cultivation in private lands and outside for st area . 

FGRM ETWORK FOR SUPPORTING TREE IMPROVEMENT 
PROGRAlVlME 

fore t Genetic Re ource (FGR) ar valuable to the country a they are the 
important element warranting ecologl al and economic security. The diminishing rate 
of the e r ource i alanning due to biotic and anthropogenic factors coupled with 
limate chang probl m and therefore demand con ervation both in-situ and ex-situ. 

In thi nario, during to XI five year plan period as a prelude to the e tabli hment of 
ariona] Bureau of Fore t Genetic Re ourc the Mini try of Environment and Forests 

id ntifi d he Indian Council of For try Re earch and Education (ICFRE) as the nodal 
centr for e tabli hing the For t Genetic Resource Management etwork (FGRMN) 
with it two regional station one in the outh at the In titute of Fore t Genetics Tree 
Breeding Coimbatore and the other in the north at Forest Research Institute, Dehra 
Dun. The FGRMN will act a a nodal agency at national level for collection, 
characterization, con ervation documentation and exchange of information on FGR. 
The FGRMN activiti have been initiated identified the collaborating stakeholders 
and pe i to be taken up for con ervation in a pha ed manner (Krishna Kumar et al. , 
201] . Howe er for the ffective and continued progre of the FGRMN it is necessary 
to widen it reach by networking on national and international scale and 
accommodating a large number of takeholders on the lines of National Bureau of Plant 
Genetic Re ource New Delhi (NBPGR). This demands the establishment of a bureau, 
the National Bureau of Forest Genetic Resources a a central organization under 
I FRE Mini try of Environment and Fore t ), stationed at Coimbatore. 

In this context IFGTB aims to have a programme on germplasm collection and 
~ emblag~, with a view to improve the breeding programmes of various tree species, 
aimed at Improved fore t productivity and thus greater carbon eque tration. This 
",:ould be the . fir t tep in the forest genetic resource conservation in respect of 30 
dIffer nt pecles viz., Tectona gran dis, Ornelina arborea, Melia dubia, Casuarina 
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equisetifolia, Eucalyptus camaldulensis, Ailanthus exc;eZsa, EucaZyptu tereticornis, 
Neolamarckia cadamba, Pterocarpus santalinu , Acacia mangium, Acacia 
auricul(formis, Casuarina junghuhniana, Calophyll,£!m inophyllum, Sap indus 
emarginatus, Azhdirachta indica, Tamarindus indica, Dalbergia lati/olia, Dalbergia 
is 00, Artocarpu heterophyllus, Santalum album, Pongamia pinnata AegZe 

marmelo , Pterocarpus marsupium, Ailanthus triphysa, Terminalia chebula, Albizia 
lebbeck, Leucaena leucocephala, Thespesia populnea, Bombax ceiba and Bamboos 
(Anandalakshmi and Krishnakumar, 2011). 

The assemblages of these prioritized species would erve a national germplasm 
collections in re pect of those species. IFGTB will network with variou partners for 
different species and add on more specie for Tree Improvement during the 12th and 
13 th V year plan periods. 

INDUSTRIAL AGROFORESTRY TO CAPTURE THE GAINS FROM TREE 
IMPROVEMENT 

The gap in the raw material supply to indu trie i estimated at 93 million m3 in 
2020. This gap can be met to some extent by technology based plantations managed 
through industry- farmer linkage (Pandey and Rangaraju, 2008). About 50% of the 
plantations raised since 1980 are in agroforestry systems, and the area under the 
industrial agroforestry plantations is also on the rise teadily, mainly due to the 
interventions of a few paper and pulp companies. There i an opportunity to utilize thi 
industries-farmer link to boost the productivity of the plantation fore try ector by 
technological interventions. The technological interventions can be provided by 
involving the forestry research institutes and forging a tripartite relationship of 
industries-farmers-research institutes. Technological intervention like adoption of 
clonal technology in plantations of eucalypts and poplar have hown higher 
productivity ranging from 20 to 60 m3/halyr compared to 3-7 m3/halyr from the 
seedling raised plantations (F AO 2009). Successful model of such arrangement 
exist as in the National Agricultural Innovation Project (NAIP) funded by the World 
Bank wherein in the project A value chain in industrial agroforestry in Tamil adu , 
IFGTB is a partner. Simi1arly, IFGTB wish to take up a project in the near future to 
establish sources of genetically improved planting tock in the form of eeds a well a 
clones both with the farmer and the industries. 

To conclude the present review indicate that ther is greater cope for 
enhancing productivity and in tum carbon eque tering potential by two to three fold 
through tree improvement for all the tree pecie of agrofore try y tern and thi i 
owing to the fact that at pre ent most of the agrofore try plantations are being rai ed 
from unimproved local seed source which showed gr ater within plantation variation in 
tenn of growth. Further it is also ob erved that there exi t greater cope for electing 
an ideotype for agroforestry y tern for having Ie r foliage and branch bioma 
without much compromi e on tern wood producti ity. If uitable phenotype are 
elected for wide-row alley cropping y tern the intercropping may be done up to th 

harvest of tree component , particularly in the bort rotation tree p cie like a uarina 
Eucalyptus and phyllodinou Acacia. Contrary to thi sel tion of tree for wide-row 
alley cropping ystem uitable ideotype for 'Windbreak and h Iterb It' agrofor try 
y terns need to have more branch and foliag bioma . Greater effort ar to be 
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I uohed in for ideotyp br ding for agrofi r try y t m in ur country. National 
po.::> I'k FORM t\ ork 11 India ordinat d Programme a w 11 a few 
prooramm I . . t tr 
oll~borativ effi rt n ed to b pr mot d whi h w!1l In turn s~pport to promo e ee 

. 'd t~ . t a' a In the commg year State Forest ulti ation in PrJ at Jand and out I 01 I . h . 
R I In U'tutl'on Uni r itie will ha e to work toget er m a D partm nt , ear 1 . , . b 

ordinat d manner t enhan pr du ti it of tr pecie out Ide the f~re t area y 
id ntifying appropriate tree p ie . d quate fund upport to uch coordmated e~fort 
n d to be pr ided. Thereb , tr e ul ti ation ill b come a more profitable bus me s 
be~ id ameliorating th en ironm nt by equ tering more carbon. 
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Development of Agroforestry Models for Forest Fringe Communities 

Pawan K. Kau hik 

cientist & Head 
Sh!(th1g ull;vatioll Dil i ion 

Rain For t R ar h [n Mute, Jorhaf 

INTRODUCTION 
For t mantain bio-di er ity. pre erve geneti re ource eque ter carbon and 

pro\'ide man oth r en iron111 ntal r i e . B iog li£ upport y t m th y playa 
rucial rol fI r the fo d and water urity for people dependent on thel~. The ever 

in rea ing anthropogenic pre ure on for t particularly in tropical co~tne ha led 
t depl tion of the eg tation. land d gradation, distortion of h~dro.loglcal cycle and 
on equ nt d rea e in produ ti it of natural eco y tem re ultrng In enhancement ~f 

poverty and mi ery. Problem b come mor acute in forest fringe a~eas where there .IS 

11 ither nOllgh land a ailable for culti ation nor indu tries to proVIde employment ill 

remote area . People till practice primitive ub ist nee agriculture that ha low 
produ ti\ ity and to me t e er increa iog food grain requirement and thu the are 
comp 11 d to opt for unhealthy cultivation practice i.e. hifting cultivation or 
encroa hm nt to new fore t areas that cau e degradation of forest by over 
exploitation of re ourc 

In the pa t, attempt made in th re toration of fringe forests and non
fore tland to nhanc their ynergie io an integrated and sequential manner did not 
ha\ 'e holli tic approa hand thu failed to olve this problem. In the absence of 
operational planning and con ergence d gradation of forests continued which severely 
affect d the u tainability of crop in fore t fringe areas and natural vegetation. 

Fanning i the predominant occupation in India and many types of fanning 
pra ti ha \' evolved 0 er the years. A lot of the e farming practices involve the use 
of tree ither imultaneou Jy or equentially with agricultural crop and are therefore 
agrofore tr by definition. Howe er agroforestry i not commonly practised by the 
fann r in the forest fringe areas, preventing them from exploring the full potential of 
thi land u e y t m. 

Programme with participatory approach like JFM to manage livelihood 
developm nt alongwith ecological curity ha been een a an important innovation 
that benefit for t-fringed communities who otherwise have no fight or limited rights 
over fore t u ufruct or acces to them. Many different u tainable management 
y rem have been put forward a viable solutions to minimize pressure on forests. 

Through it combined economic, environmental and social functions , agrofore try 
model can make a ignificant contribution to ustainable development of the fringe 
village . 

THE FRJ GE COMMU tTIES: STATUS, ISSUES AND CONFLICTS 
The rural papulation in India is vitally dependent on products and services from 

10c~1 eco y tem both for ubsi tence farming and for supplementary harvest of 
vanous . eco ~ t~m p.roducts and ervice. Therefore we face the dual challenge of 
con ervrng bIOdlverslty on the one hand and enhancing the livelihood security of those 
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who rely on biodiver ity on the other. In reference to tbe eco-developrnent the fore t 
fringe village around the Protected Area (PAs) are known to be the mo t critical and 
conte ted areas for management. 

Protected areas a refered here are tbe location which receive protection 
becau e of their recogni ed natural, ecological and/or cultural value. These areas have 
a varied limitation Irestrictions on exploitation of their re ource. A per the 
International Union for Conservation of Nature (ruCN) in its categorization guideline 
for protected area 'it is a clearly defined geographical pace recognized, dedicated 
and managed through legal or other effective mean to achieve the long-term 
con ervation of nature with associated ecosystem ervice and cultural value ' . 

In India about 350 million people in around 200000 village are living in fore t 
fringes areas. A tate can effectively protect forests only by oliciting people 
participation in fore t Management. On the other band, village communitie that are 
fore t u er can take the responsibility for protecting and managing their forest along 
with the fore t department. The current forest and tree cover of the country i e timated 
to have 78.34 million hectares accounting for 23.84% of the geographic area of the 
country (FSI, 2009). Out of this, th forest cover is about 69.09 million hectare which 
con titutes 21.02% of the geographic area of the country. Despite of an increa e in the 
recorded forest area the accelerated pace of population growth ha re ulted in declining 
trend in the per capita availability of forest area ince the 1950 . The per capita 
availability of fore t land declined from 0.124 hectare per capita in1961 to 0.074 
hectares in 200 l. Growth of population i expected to be greater than de ired for 
improvements of fore t cover as well a quality. 

The indirect dependencies of fringe communitie on the protected area mainly 
aim to generate an additional income so that they can meet their day to day exp n e 
for better standard of living. These may include the illicit felling of trees for upply of 
wood charcoal collection of NTFPs and medicinal herb for commercial purpo e 
poaching for sale/use of animal products etc. Such acti itie oilet th rule and 
regulations of the protected area. Thu the indirect dependancie have alway be n a 
cause of conflicts between the forest department and communi tie in the fring area . 

AGROFORESTRY AND EeO-DEVELOPMENT 
Need of community participation in public fore t land management ha been 

increa ingly acknowledged by the planner policy makers forester ocial ci nti t , 
and NGO around the world. An emerging con en u that local inhabitant hould playa 
greater role in management deci ion-making ha al 0 tr ngth n the c nc pt of 
community participation. India ha ignificant population of nati e people who lairn 
forest lands and consider forest to be th ir ance tral domain. 

Ecodeveloprn nt integrate nvironmental and for try a ti itie with ocial 
welfare of local communities around protected area in India. Th includ the 
provision of drinking-water and irrigation facilitie oil and moi ture ~on ervation 
fencing village road-work health car camp and mployrnent g ~ ratlOn f~r I? al 
communitie in the vicinity of P A . Th e a ti itie ha eben r COgnl ed a an mdlr. t 
link to the con ervation a p ct and al 0 id ntifi d much helpful a ntry pomt 
activitie to win 0 er th tru t of the illag r . 

Ecodevel pm nt al 0 i an att mpt to r duc fore t d pendence .and to 
compen ate local cornrnunitie - in ca h and kind a well a thr ugh alt matI off-
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farm in ome-g n rati ng pp rtumtl - for th · 10 t a to r u rce in PAs. The 
appr a h a kn wledge that people Ii ing n ar PA rna have t . bear normou 
opp rtunit co t while d rivi ng fI w tangible b n fit from c n erva~lOn. In fact, ~~ny 
fragment d att mpt d \V re made to r du th d p nd n y of th fnng commumtJe 
but: none f the altemati opp rtuniti te ted 0 far ha g n rated uffi ient benefit 
to di uad fore t-depend nt p opl fro m go ing to the fore t . 

In vi w of abo , agr for tJ ha b n n id r d a one of the viable alternate 
s lution and a dynami natural managem nt y t m whi h diver ifi and u tains 
"mall landowner to in rea ocio-e onomi and en ironmental b n fits. The major 
fun ti n of agrofor try i a ciat d with u ta inability fOT the farmer stability of 
r our e . produ rion and incom and minimization of ri k. National Agricultural 
Polic (2000) ha al recogn ized agrofore try a a prime r qui ite for maintaining 
ecological balan e, fficient nu trient cycling, nitrogen fixation, organic matter addition 
and augm ntation of bioma produ tion in agricultural y tern. 

GV IDELINE FOR DESIGNING AGROFORESTRY MODELS 
D igning an agrofore try model ha alway been a complex while combining 

diffi rent omponent con idering th ir mutual uitability (internal interactions) as well 
a adaptability to the local en ironment without any ri k factor (external interactions) in 
vie\\' f the ite pecifi condition and is ue . The criteria for election of the different 
component and their arrang ment in a model becom more vital when th agrofore try 
mod I i de ign d for th fo re t fri nge communitie nearby protected areas. The 
proce of tting a riteria al 0 invol e multi facet preferences to address the i sues of 
farmer a we]) a wi ldlifl and plant di er ity. The preferences of different 
omponent parti ularly tr e and crops need to be recorded correctly in real terms to 

meet the long tenn ecological and Ii elihood ecurity for both the protected and 
production area re p ctively. 

Proces of Agroforestry Development for fringe communities 
In iew of addre ing both the con ervation a well as production priorities 

together, the riteria may be broadly cJa ified a follows: 
Th pe ie or th alternate pecie to minimize the pressure on the protected 

area . 

. peci . - a). uitable to climate b) . community preferred c). minimizing man 
- al1lmal conflIct d). favourable for other component . e). economically beneficial. 

Identification of problems related with farming in forest fringe: 

• Crop damage incidences due to wild animals. 
• Land availability. 

• Lack of awareness on cultivation management & value addition. 
• Lack of infrastructural facilities. 

• Marketing of product from remote location. 
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Exploring dependencies on the Protected Areas: 

Direct dependency (using products for self consumption): 
The direct dependency may be reduced by - _ 

• Promoting the suitable pecies or the alternate pecies in outside 
forest area to fulfill the basic need for which the communi tie depend on 
nearby forest areas/protected areas to minimize the pressure on protected 
areas. (Ba ic needs may include - food, fuel, fodder con truction 
materials and other product ) 

• Providing possible alternative to uses of forest ba ed products. 

Indirect dependency (using products for income generation): 
The indirect dependency may be reduced through -

• Agroforestry - an eco-friendly alternatives for additional income 
generation 

Criteria for designing an agroforestry model: 
• Should involve farmer's friendly technique. 
• Species must not be susceptible to be damaged by wild animal . 
• Techniques and planting materials must be compatible in local 

conditions and available resources. 
• Easy to transport . 
• Easy in storage . 
• Valuable and demanding in local market. 
• Should give instant and regular income. 

Examples from the fields 
The experiences from the RFRl - Demo Village program and agrofore try 

models under practice are worth sharing a an existing examples from the field. To 
establish Demo trials for development of agroforestry in the forest fringe the Meieng 
Grant village cluster adjacent to the Gibbon Wild Life Sanctuary in 10rhat Di tt. wa 
selected as the project site. The village comprising of three hamlet viz. Bhogpur 
Madhupur and Govindpur has a variety of target groups among 222 hou ehold . 

Demonstration of the agroforestry models through On-farm participatory 
research at Meleng Grant has been a great opportunity to ha e a significant impact on 
the biodiversity conservation and combating the fragmentation of nearby fore t over 
with follwing aims and objective -
• To provide su tainable livelihood alternative through viable agrofore try 

models in the fringe village around the Protected Area Gibbon WL 
Sanctuary). 

• To benefit both science and society through On-farm Participatory Resear h. 
• To create an opportunity for in tant and effl ctiv ext n ion of promi ing 

packages of practice developed On-farm 
• To generate awar ness among differ nt takeholder for biodiv r ity 

conservation. 
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a fir t fae fi r agr fi re l:r pI nning, PRA r i w re conduct d in 
regard to explor inf nnation n their pr fI r n in r f~r IlC to problem with wild 
animal '. The ' erci ~ n 1 i/laae lime lin and r our e tIm tl~end, real that 30 y ar 
ago. ugar ane and th r rop traditionalJy gr wn by th vtl lag r were ver~ oft ~ 
d;mag d b \>vild lephants. er r p 10 led tb farm r . toward hang In th If 
PI' fi r:-en f ropping part m and land u . Pre ntly the vIllag r prefi r. th~ new 
cr p - anI whi h d n t attra t th wild Iep~ant ~n~ monkey. ?n Id n ng the 
ompJaint of I' p damag b \' ild I phant , kll1g chili .. . and ~atchou h Cp'ogo t I~on 

cab/in) wer id ntifi d a alt mat pot ntiaJ crop for addI tIonal In orne by mtroduclllg 
III th int I' pa under Mangium and oth r tr e gard n . Am?ng ~e e crop 
Pat houli. th m di inal and aromati plant, do not attract the ammal e en goats 
becaus of it unpalatabl lea hil th highly valuabl King Chilli it If is very 
ffi tivdy LI ed for keeping a ay th monkey and yen lephants from the cropland 

1Tl me localiti of am. 
The King Chili, known 'Bhut joJokia', is an inter pecifi hybrid grown in the 

:tate' f - am, agaland and Manipur. In 2007 Guinn World Records certified the 
King Chili a - th horte t hili in th orld. 

" nd tIm, th folIo ing agrofor try model wer e tablished in Demo Village 

]\Jangium - King chilli AF Model 
It \va a fact that the farmer had e p rienced difficulties in growing King Chili 

in the pa 1 due its in tant mortality au ed by in ect pe t and other unfavourable 
limatic ondition. Realizing the hug income and high demand in local as well a 

national and int mationa! mark t , it wa planned to promote the crop under tree 
garden with uitable agrofore try management techniques. In thi connection, the 
newl rai d mangium plantation was identified a the upper storey component for the 
agrofore try fi ld trial. Th exi ting tree gardens of Arecanut were also considered for 
introducing King Chili to utilize the inter pace for additional income. The plant were 
al 0 gro\\'n in open condition to compare the performance under the two conditions. An 
On-farm participatory Re earch wa initiated to introduce King chili as an intercrop 
with an aim to utilize the inter pace under Acacia mangium. The survival of hottest 
hili wa ob erved to be 16 time better in comparison to the monoculture ( urvival % 

increa ed from 5% in monoculture to 80% under agroforestry after six months). The 
Pre] iminary data project an income @ Rs. 6 00 000/ per acre at the end of the rotation 
p riod (ba d on current rate R .125.00 per kg, fresh weight). 
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The huge value and demand of the King Chili in national and International 
market has encouraged the farmers to cultivate in large cale the farmers were helple 
to save the plants from the insect pest attack and disea e in previou year. Thi year 
they have witnessed the po itive biophysical interac60n in terms of the 16 time better 
survival percentage under mangium plantation. Potential of this agro fore try practice 
has assured for its wide scope of exten ion. In view of the increa ing market potential 
in national and international trade the model has been identified as a viable one to 
addre sing livelihood issues by generating additional income from the u e of 
interspaces which wa otherwise not being utilized. 

Arecanut - patchouli AF Model: 
Being a conducive environment under the tamul (Arecanut) garden in A am 

the model ha a huge potential for its di semination. In iew of the increa ing market 
potential in national and international trade the model ha been identified a a viable 
one to address livelihood i sue by generating additional income by u ing the 
interspaces which are otherwise not being utilized The ob ervation reveal that th 
farmers get 29 % more income under the agrofore try a compared to it monoculture 
that i also with a minimum capital input in term of fertilizer irrigation required und r 
tree garden. 

The agrofore try practice ha increa ed the interest of the farmer to utiliz the 
inter paces under Tamul garden for an additional income. Th patchouli ha al 0 got 
preference among the other plant in the fringe village n iti to the wild animal 
problems. 

Mangium - patchouli AF Model 
An agrofore try trial on patchouli by inter ropping with three month old 

plantation of Aca fa mangium wa e tabli hed for tandardization of the pra tice. Th 
performance of patchouli wa observed to b 30% better in compari on to the 
monoculture. Th farm r could earn an additional incom from patchouli R . 
35 000/- p r acre. 
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TIl P ed growth of Acacia mang;um plant witnes ed by the farmer in their 
home tead block plantation it elf ha attracted and motivated the neighbour fanner to 
rai e mor blo k plantation in the RFRI Demo Village. The p rformance of patchouli 
QTown und r mana-iulll ha al 0 a ured the farmer for ure to get additional income. o b 

Th mod J ha been identified a a viable one to address livelihood 1 sues by generating 
additional in ome from the u e of inter pace which i otherwise not being utilized. 
Th agro-fore try technique introduced a a new practice in the locality. In view of the 
instant incom generation characteri tic of the practice, the farmers are elf motivated 
to plant more eedling of mangium. Fanners from neighbouring village are also 
demanding the plant material from RFRI Nur ery. 

Arecanut - King Chilli AF Model 
King Chilli wa tried under monoculture but the farmers were unable to get the 

plant urvived. The new intercropping system of cultivating bhoot jalukia under Areca 
nut plantation could be an extensive addition to the source of revenue generation for 
the rural cultivator of the local people. In view of the above, an On-fann Participatory 
Re ear h \ 'as initiated to introduce King chili as an intercrop with Areca nut. The 
urvival of botte t chili was observed to be 18 times better in comparison to the 

monoculture. The farmer could earn an income of Rs. 25 000 from a small area of 5m 
x 7m (Rs. 715/- per sq m @ Rs. 200/- per plant) 

The farmer owning existing Tamul Garden are the prominent beneficiaries of 
tbi agrofore .try practic~. The entrepreneur engaged in export of King Chili to meet 
the demand 111 InternatJOnal market are also the beneficiaries of this agroforestry 
techn ique. 
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The huge value and demand of the King Chiii in national and international 
market has encouraged the fanners to cultivate in large scale the farmer were helple s 
to save the plants from the insect pest attacks and diseases in previous year. This year 
they have witnessed the positive biophysical interaction in terms of tbe 16 times better 
survival percentage under mangium plantation. Potential of this agroforestry practice 
has assured for its wide scope of extension. In view of the increasing market potential 
of the King Chili in national and international trade, the model has been identified as a 
viable one to address livelihood issues by generating additional income from tbe use of 
interspace which was otherwise not being utilized. 

The economics of the one of the most promising AF model is given below -
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Table - J: ECONOMIC OF AGROFORSTRY MODEL 

Name of the Agroforestry Model: King chiIi- mangium - silvipastoral 

model 

Ii P 10 TP T < NAL I 

E\pen e Iha Bcnefils/ha Net Prc cnt 
Benefit/h Valuc 
R J5% 

Tn'!' Crop COl' - Tois l Trec Crop ·· Cow Total 

(King (-S O (King (include 

I 
hilli - '\osJ ha) hilli - 7 Milk 

mo nth. ) months) and 
ow 

dung - 5 

I months) 

I 2]000 '5000 0 10 000 0 -0000 0 7 0000 42000 558260. 696 

I 2000 I 7_-000 15000 92000 0 1125000 95000 12_0000 11 28000 8 29 0.0567 

1
1000 75000 30000 106000 0 1125000 190000 1315000 1209000 794937.125 

/IUOO 5000 JOOOO I 106000 0 112-000 190000 13 15000 1209000 69 1249.6739 

I 't'Jr_- 1
1000 -5000 30000 106000 0 1125000 190000 I I 000 1_09000 60 10 6.673 

I )' 'Jf (I 
I 1 '000 5000 30000 106000 0 11 25000 190000 13 15000 1209000 

I Year- I 1000 7:000 30000 106000 0 1125000 190000 13 15000 1209000 

I" I 20UOUO 7:000 30000 305000 
2-0000 

112 000 190000 3815000 3510000 t:ar, 
0 

I 10 5000 1236000 11 325000 0 

A umptions 
(Ba don ur ting Demo Mod 1 own d by the farmer in Assam) 

Tree 

o. of tree p r ha 
Survi val 
In orne p r tree in the th year 
E pen e per tree 
Crop 
Yield per ha 

urvival 
ale price per kg 

E pen e per ha 
Animal 

o. ofcow - 40 
Be Ratio 
Analysis 

A. Mangillm 

: 1100 (3mx3m) 
: 90 % 
: Rs. 2500 
: Rs. 200 
: King Chilli (for 7 months every year) 
: 6000 plants x 1.5 kg 9000 kg 
: 60 % 
: R . ] 25 per kg 
: 25000 per year 
(Cows) : for five months every year 
: A per the carrying capacity 

et Pre ent Value at 15% Di count Factor 

522684.0635 

454507. 13 

1147425.226 

562308 1.569 
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Participatory evaluation of AF Models 

A case study -
The idea behind developing any agroforestry model after a series of trials i to 

optimize the land use enhance productivity and improve management for sustainable 
livelihood of farming communities. However prior to their extension to the user group' 
input-output, cost-benefits and other qualitative traits need to be quantified preci ely so 
as to establi h their adoptability and sustain ability. In this regard SWOT analy i ba 
been found to be an effective decision making tool for agroforestry exten ion. A 
participatory method to analyze such models based on their SWOT followed by 
quantifying the qualitative data is the Analytic Hierarchy Process (All"?). AHP ha 
been found to be an effective decision making tool for agroforestry extension. The tool 
developed under field conditions has proved to be consistent and reliable by the 
developer and stakeholders as well. Tn view of that finding, the Patchouli-Arecanut 
agroforestry model was subjected to a SWOT analysis in Meleng Grant followed by 
quantification of qualitative traits through AHP to establish its adoptability and 
ustainability . 

The process of participatory evaluation 
The study was carried out in the villages Govindpur Madhupur and Bhogpur of 

the Jorhat district in Assam. Inhabiting farmers were motivated and technical know
how on Patchouli cultivation under exi ting Arecanut plantations was extended through 
training programmes for establishing the demo-plots with farmer partICipation. 
Farmers were supplied with planting material and were provided with the neces ary 
technical support after receiving their assurance for land preparation and execution of 
va110us field activities at their level as per the prescribed schedule. In view of the great 
number of willing farmers, and the large area to be covered requiring much planting 
stock, two nurseries were established on the sites with participation of the local 
fanners. On-farm demonstration plots of Patchouli-Areca nut model were e tabli hed in 
the three villages along with a display of Activity Appraisal Sheet prepared with the 
participation of the fanners. An Activity Calendar was al 0 de eloped with input-output 
details and financial implications. 

In the first phase brainstorming sessions were organized to identify different 
attributes under the four aspects of SWOT explaining its purpose and refre hing detail 
of Patchouli-Areanut agrofore try model to the participating farmer (ee Fig. 1). ome 
new facts and experience were al 0 hared betweenthe farmer and the re earcb team. 
After a detailed discu sion on the pro and cons the SWOT attribute a expre ed by 
the participating fanners were listed under each of the four a pect on a white board to 
be visible to everybody. The atmosphere in thi participatory approach wa further 
improved by encouraging the farmer to expre their view and to add a n w attribut 
at any moment. The final the Ii t were confirmed after creening followed by 
combining the attribute having imilar en e. 
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In the e ond pha e of WOT analy i , set of ix combinations were made 
\\ ithin the four a peet for their paired ompari on. The attributes under the two aspects 
in a pair w re read out loudly 0 that ery participant can make a sense of their 
qualitative wight linflu nee. A diagrammatic cale graduated 0 to 10 either ide 
from th ntre, wa drawn in between the two a pect . Farmers were given ufficient 
time to put their weight ba ed on their a umption or realizations of amount of 
ll1fluen e of one a pect 0 er anoth r. The score a sign d on 10-point cale against the 
a pe t of their choic w re circled keeping in view their influence on adoption of the 
agrofore try model. Form w r collected and the variable were processed for general 
a erage a ' mean value' for each and every pair. The mode values were arranged in a 
Reciprocal Matn . The Reciprocal Matrix was converted into Normalized Matrix' to 
obtain the principal Eigen Vector i.e. u tainability vector for the particular AF model. 
The Principal Eigen Ve tors of the two positive a pect viz. Strength and Opportunity 
were compared with negati a pect viz. Weaknes and Threat to have an idea about 
th I el of u tainability. 

SWOT Analysis - as Decision Making Tool 

During WOT analy i, ore a signed on 10-point scale by the participating 
farmer against the all ix paired combinations of the four aspects of SWOT are 
pre ented in Table -2 . A diagrammatic seal graduated ' 0 to 10 ' either side from the 
centre. wa drawn in between the two a peets. 
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Table-2: Analytic Hierarchie Proce s for SWOT of Patchouli
Arecanut Agroforestry Model 

Farmer Code S - w S - O S - T O - W W -T O -T 
Scale Scale Scale Scale Scale Scale 

PatchAF 1001 8 2 7 8 2 9 
PatchAFI002 7 2 7 8 1 8 
PatchAF 1003 7 1 6 9 2 9 
PatchAF/ ... --- --- --- --- --- ---
PatchAF/025 6 3 7 7 1 6 
Total 183 62 196 204 52 200 
Mean Value 7.32 2.48 7.84 8.16 2.08 8.00 
Reciprocal values 0.14 0.40 0.13 0.12 0.48 0.13 

The mean values arranged in a Reciprocal Matrix were converted into 
Normalized Matrix ' to obtain the principal Eigen Vector i.e. u tainability vector for 

the agrofore try model (Table-3) . 

Table 3: Traingular Reciprocal and Normalized Matrix of SWOT 
Scores 

TRAINGULAR MATRIX 
Criteria S W 0 T 

S 1.00 7.32 0.40 7.84 
W 1.00 0.1 2 2.08 

0 1.00 8.00 

T 1.00 

Sum 3.74 16.96 1.65 18.92 

RECIPROCAL MATRIX 
Criteria S W 0 T 

S 1.00 7.32 0.40 7.84 

W 0.14 1.00 0.1 2 2.08 

0 2.48 8.16 1.00 8.00 

T 0.13 0.48 0.13 1.00 

Sum 3.74 16.96 l.65 18.92 
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NORJ\ fALIZED MATRIX Sum Adoptabili ty Vector 

S 0.266 0.432 0.243 0.414 1.354 33.86% 

",. 0.036 0.059 0.074 0.110 0.280 6.99% 

0 0.664 0.48 1 0.607 0.423 2.175 54 . 3_~% 

T 0.034 O . O~~ 0.076 0.053 0.19 1 4.77% 
1.000 4.000 100.0% Sum 1 000 1. 000 I. 000 

Amax '- 3.74(0.3393) + 16.96(0.0699) + 1.85(0.5430) + 18.92(0 .. 0477) ~.25592 
I C1 = (Amax - n) / (n - I), where 'n i th iz of th~ compans?n matrlx .. 
I R = ClIR l. wh re Rl (Random Con i t ncy Ind ) 1 0.9 for SJze 4 matrix 

I (Saaty. '1980). 
r Lambda max 4.25592 where n 4 
I Cons~tency index (CT) 8.53% 
I ubjective e aluation by the Tf < 10%, th 
I Consistency ratio (CR) 9.48% farmers is consistent 

w 

T 

The abo\' profi l how the core of Opportunitie available for the practice is 
higher ide follow d by that of Strength in term of suitability to the site-specific 
ondition a w II a the local ocio-cultural a pect whereas the negative factors have 

in ignificant ffect over u tainability of the agroforestry model. 

CONCLU JON 

The ca e tudy conclude that the well researched Arecanut - Patchouli 
agrofore try model can be extended a a promi ing model in the forest fringe areas in 
India. The r ult of the analy i and participatory exercise have establi hed the model 
a highly adoptable and u tainable for fore t fringe challenged with the man-animal 
conflict.. 

Pro pective impact of [co-development thr ough Agroforestry 

A witne ed from the RFRI - Demo Village Program the agroforestry models 
ha hown direct and indirect impact on the dependancies of the villagers over the 
Protect d Areas. The official record belonging to the fore t department reveal that the 
incedence of illicit felling of trees and poaching have reduced to 40 percent. The 
impact of awarene generation due to the countinuous vi its and meeting has also to 
be accounted a a contribution toward the above reduction . The impact 0 far and the 
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expectation of the manager of the Protected area from the RFRI - Demo Village 
Program is attached a Annexure . 
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Enhancing the Productivity of Poplar (Populu deltoide Bartr. Ex. Marsh) and 
wheat (Triticum aestvium L) in an Agrisilviculture system 

ABSTRACT: 

Avtar Singh and K. M. Bhargava 

Department a/Forestry and Natural Re ources 
Punjab Agricultural University- Ludhiana 

Agrofore try is now being seen as an alternative paradigm for rural 
development worldwide that is centered on species-rich, low-input agricultural 
techniques including a diverse array of new indigenous tree crops rather than on high
input monoculture with only a small set of staple food crops. This alternative paradigm 
addresses many of the global challenges highlighted by the UN millennium 
development goals and environmental conservation. These challenges are associated 
with defore tation, land degradation, unsustainable cropping practice 10 s of 
biodiversity, increased risks of climate change and rising poverty hunger and 
malnutrition. Almost all agroforestry ystems are being practiced in the India but in 
North West India the most common system being practiced i Agrisilviculture. Poplar 
is one of the most popular amongst the species introduced recently. There are report 
that poplar tree grows better under agroforestry conditions. There are also report that 
poplar tree growth is effected by arable crop intercropping. However information on 
the growth perfonnance of poplar in pure fonn and under agroforestry ystem a well 
as economic viability is still very limited. The crop growth of wheat and performance 
of its various genotypes under poplar is still very limited. The present paper will re iew 
the work done on the Agrisilviculture system having Poplar as tree and wheat a crop 
component and will suggest future strategies for re earch to enhance the Producti ity of 
Poplar (Populus delta ide Bartr. Ex. Marsh) and wheat (Triticum aestvium L). 

INTRODUCTION: 
A major role for agroforestry is now emerging in the domain of environmental 

services such as biodiversity conservation watershed protection and carbon 
sequestration and mitigating climate change effects. The emerging challenge and 
opportunities call for a paradigm shift in the innovation driven agrofore try research to 
connect invention as per the needs of its stakeholder . In the current cenario in which 
global warming and associated impacts have been establi hed the fundamental 
requirement far ensuring and improving livelihoods i to identify the land-u e option 
that increase resilience, adapt to environmental change and reduc vulnerability of 
existing production systems. Agroforestry integrates perennial woody plant annual 
crops and animals together and provide Livelihood upport through im~tan ou 
production of food fodder firewood and timber. It al 0 enhance the r Ihence of 
agriculture to climate change through micro-climate moderation and natural re urce 
con ervation in the short run as well as through carbon eque tration in the long run. 
Thus the pre ent challenge of food nutrition energy and ~ ironment . ec~ty can be 
met through different agrofore try system developed far varlOU agro- itmatlc zone . 
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GROWTH OF POPLAR 

GENOTYPES A 0 E VIRONMENT: . . 
Owin$l to their p cjfi photo-p nodi reqUlrement . oti popladr hhav 0hnly a 

~ .' 1 fi d edm I well an ave own 
limited di tributi n 111 Jndla. The 1a e p r ml 0 0 . ' . f 

d h '. th a I l'nO' north of appro ' imately 28 north latitude 111 the tat s a 
0'00 aro 'v" t III C are l '=' • P d h 
1mm~ and Ka hmir. Punjab. Har ana, Uttar Prade ~ and Hlma hal ~a. : . . 

on idering the imp rtan e f oti poplar Ion fi r th~lr fa t gr~w~h and abilIty to 
pro\ id ub -tantial pr ductioD f \i ad on a . h rt I~otatlOn a ma~OI programm . of 
introdu tion to elect uitabl pecie and th If hybnd /clone / ultlvate ~or varymg 
agro climati ondition in [ndia wa initiated at tho Forest Re earch In. btute (FRI) 
D hradun a early a 1950. Variou clone for different tate of IndIa have been 
r mm nded for J K.(Jamwal 1979, Dutt and Jamwa1l994) Himachal Pra~e h 
(KJlUrana and KllO la 197 ingb and Negi (1996) Punjab (Dhanda (1982), SIdhu 
(1996). Haryana ( ingb(19 _), Dalal and Trigotra (19 3) Toky ef 0/., (1996) Khanna 
el al.. ( 1996). in U.P including ttrakhand (Kamatak et 01., (1994) Burfal et 01., 2001) 

In India about 90 p rcent of th poplar plantation in India ar based on clones 
G--l . D-LI. CIS and G-3. Thi affect the genetic material and its inheritance of 
de ired hara t r in ub equ nt generation. The yield of clone G-3 which once u ed to 
be the mo t popular Ion. i declining du to atta k by leaf blight di ease. 

GRO\\TH OF INTERCROPPED POPLAR: 
Growing agriculture crop with Poplar i highly beneficial to the tree crop. 

Poplar grov..rth enhance up to 40% becall e of regular irrigation weeding hoeing and 
fertiliz r appl ication pro id d during cultivation of crops (Jha and Gupta 1991 FAO 
19 0). 

TREE STAND MANAGEMENT: 

PACING 
Th la ' ical ilvicultural tradeoff however is maxImIzmg individual tree 

growth or total sy tern productivity, or compromi ing one for other. The nature of 
c mpromi e will depend on th objective of Management. The management objective 
often j to optimize the combined production of trees and crop. In case of small farmer, 
in Poplar + Wheat agri il iculture y tern optimum spacing of tree component is 
maintain to achiev minimum reduction in grain yield of wheat with optimum 
production of tree component. Mi hra et of. (201 0) reported that total biomass varied 
from 48.5 to 62.2 m2 ha-l in 6-year old clone planted at 4 x 4 m spacing; it followed 
th order 65/27 > D12l > G4 > G3 > S7Cl. Stem wood accounted for 60.4-68.9% of 
total bioma , followed by coarse roots (12.2-18.9%) branches (12.3-15%), leaves 
(3.02-6.9%) and fine roots (1.5-2.7%). Khan and Chaudhary 2007 reported that crown 
developm nt ha a linear relation hip with tree spacing and increases with the increase 
in spacing. Wood production was higher under clo er spacing of 3.7x 6.1m with a tree 
den ity of 455 tree /ha. While it wa lower under wider spacing 3.7 x 12.1m. It was 
ob erv d that wood volume contribution per tree was 31.4% more in lower density of 
23~ tree fha .. (3.7 x 12.1 m.) a compared to higher density of 455 trees/ha. (3.7x6.1m) 
whtle the dlfference wa only 9.6% under 305 treeslha. Den ity (3.7 x 9.1m.) 
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indicating competition among t trees for below ground re ources (water and nutrient 
at clo er spacing. Misra et al. , (1996) reported that poplar clone D-61 grown with 
mixed crop~ing system under Tarai conditions of U.P. resulted in higher tree Height, 
DBH MAl ill 5 X 5 m and 5 x 3.75 m. Spacing in compari on to other treatments viz. 5 
x 2.5 m 5 x 1.25 m 5x 1 m 10 x 3.75 m (paired row), 10 x 2.5 m paired row), 10 x 
1 m. 

INSECT PEST MANAGEMENT 
Coyle et al., (2002) Chrysomela scripta defoliator resulted in a 50 t073% 

loss of above-ground volume. Defoliation also resulted in increased lateral branching 
and forked terminals on unprotected trees. Natural resistance /susceptibility in Poplar 
clone against Cloesta cupreata (a defoliator) in northern India by Singh and Pandey 
2002 and reported that 7 American clones were among the fir t 12 clone at the 
resistant end. American clone S7C4 seem to be more resistant to this in ect. 
Development of control measures of insects can help to reduce damage. Spray of 
Carbaryl (0.3%) gives good protection against defoliater in Punjab Sangha 1997). 

NUTRIENTS MANAGEMENT: 
Input of nutrients in agri-si1viculture ystem take place by preclpltation 

(Imbach et al., 1989 and Nelson et al., 1982) fertilizers litter fall and nutrient fixation . 
The contribution of N, P, K Ca and Mg through rainfall ha been reported to be 
10,1,46 and 2 kglhalyear, respectively in 7 year poplar (Nelson 1987. Vegetation 
cover may modify the properties of incident precipitation (Switzer et al., 1988). Ralhan 
et al., (1997) reported that maximum nutrient return (39.67 N .19 P 20.06 K and 
24.88 Ca kg/ha was found under four year old plantation. Total leaf litter fall 
amounting to 3432.8 3063.2, 4158.8 and 3530.8 kglha under 2 3 4 and 5 tear old 
plantation respectively. Acro s the plantations the release of NPK and Ca was higher 
under 5 year old plantation. Requirement and removal of nutrient by poplar and wheat 
have been reported by Nelson et al. (1987). 

EFFECT OF SOIL PROPERTIES: 
Singh and Kukal (2005) concluded that the poplar growth on compacted oil 

(Sandy-Loam) was effected negatively due to it effect on moi ture torage total 
porosity and surface aggregation. The best growth of poplar was observed on oil with 
bulk density (1.5 g cm3

). 

CROP PRODUCTIVITY: 
WBEATCROP 

Studies on the performance of wheat in poplar revealed that a the plantation 
age increa ed wheat grain yield decrea ed gradually. Shad tolerance of th ariety 
involved i yet another determinant of productivity of wheat und r Poplar. Tolerant 
varieties are likely to maintain high productivity under incr a ing Ie el of canopy 
closur with age. Under four and ix y ar old plantation wh at yield wa high r. Thi 
may be due to the fact that after third year the poplar plant were subjected to heavy 
pruning allowing more infiltration of sunlight through canopy a well.a the 
requirements of poplar after pruning might have reduced due to reduc ? b~oma 
Mi hra et al. , ., 2010 reported reduction of grain and traw yi Id of wheat 111 dlfferent 
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d 7 I < 3 < D1 21< 5/27 < G4 .. Grain yield of clone' plantati n was in r er: 
3 66 I -I)' 1 crop and de rea d by 15- 0.3% unde!.· different wheat wa l)j,::,he t (. t 1 H1 tb 

4 4 . Til tra'V i Id a1 h wed imilar tr nd. The tudl n e cion s at " m pa mg. . . . 1 993) 
c: f 'heat ari tie 1n i ' y ar old poplar plantatIon (Smgb et a .. 1 

perronnan \\ . .. Id f 425 t h -I d 't a 
r ported that \ heat variety HD-_3_9 produ d lTIaJ nnwn ~e. o. a an 1 w 
-ignificantly b tter than PBW-2 __ (3.7 t ha-I

). Wh a~ van tie P~W-~4 p:~du .ed the 

I . ~ . . Id f 0 t/ha and it r rd d the maXImum r ductton 111 gIalll YIeld of \\ t gram )'Ie -.-
57 per (ent a mpared to pen cultivat10n. 

Panl1U (1996) repOIied that wh at grow~ uu?er ~oplar (clon G-48) p~ced at 
4. J 4. m plant d in F bruary 1990. Hjghe t gram YI ld m PB~ 226 (2 .02 t ha ) over 
dift! r nt dat f wing. although it grain yi ld wa at par WIth WI~;542) HD-2285, 
HD 2"'~9, PBW-I-4 and PBW-_99. Maximum grain yie ld (2.78 t ha ) wa recoI'ded 
\\'h n rop wa own no. . Thereafter grain yield wer~ on i~eI'ably r duced by 
_ .71. 50._9 and 4.6-% on 0 mberl . and D c.3, re pecn ely. Smgh e f al... 2006 
r ported that th th re' r non ignificant effect on diameter .a~d height growth of 
poplar up to one ar age wber wa wheat rop was own and m.-lgated a~er 50, 1 ~o 
and J 0 CPE int rval. Hower effect w r significant on wheat Yleld Ma lmum gram 
vield of wheat und r poplar \: a produced with ilTigation after 50mm CPE. 
- Kaur et al .. (_0 I 0 report d the 25% additional eed rate (125 kg/ha) over 
recomm nded to '01 wheat ignificantly increased 6%) the grain yield of wheat undeI' 
poplar( Clone G-4l) plantation pacing of 5 x 4 m, at the age of 2 3 and 4 years in 
_OO-t :200 __ and 2006, r p ctively. Among different fertilizer levels grain yield of 
wheat \va ignificantly high r (3.93 t/ha at 50% additional N than recommended to 
"ole wh at with recornm od d P i.e. at 1 7. ~ kg and 27 kg Plha. Nand P uptake by 
wheat \\'as higher in 01 wh at than under poplar. Additional application of seed and 
nutrient over the r comm nded level ignificantly increa ed their uptake. Singh et al., 
( 199") ob erved that increa ing seed rate of wheat from 100 to 150 kg/ha increased 
grain and traw yi Id ignificantly which ultimately would have lead to higher uptake 
of nutrient at higher eed rat . 

imiiar trend \va noticed with total uptak by grain and traw. Yadav et al.} 
(2005) report d Im-ver r moval of and P by wheat grain and straw was observed 
under differ nt tree pecies wh n compared with wheat in open condition . Higher 
uptake of . P and K by wh at in op n condition than under 6 year old poplar has been 
ob 'erved by in Punjab. 

ALLELOPATHY I POPLAR & WHEAT AGRISILVICULTURE 
Allelopathy i th inhibition effect of one biological ystem (in this case Poplar) 

on the growth of it under tory (wheat crop). Till i executed by release of allelo 
chemical which are econdary metabolites Rice 1984). Allelo Chemicals in poplar are 
reported to be maximum in leave followed by buds bank and stem (Kohli et al. 1997 

arwal 1994). Tripathi et al., 1996 reported reduction in germination in wheat and 
eedli~g growth. Tiwari 1993 reported leachates of leaf and root mainly contains 

glycosIde (alicin alicortin and tremnloidin) and Polyphenoles. Along poplar 
boundary plantation. inhibitory affection wheat eed germination and seedling growth 
occurred upto 4m dl tance from Poplar tree line. (Chauhan et al., 1995). The yield of 
whe~t .crop can ?e.im~roved in 4 m trip running along boundary by managing this trip 
by glYmg extra IrngatIOn and fertilizer and using higher seed rate. 
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CARBON SEQUESTRATION TN POPLAR PLANTATIONS: 

Agroforestry for carbon equestration i attractive (Mukundi and athye 2004). 
becau e : (i) it sequesters carbon in vegetation and in oils depending on the pre
conver ion oil C (ii) the more intensive use of the land for agricultural production 
reduc s the need for lash-and-burn or shifting cultivation iii) the wood product 
produced under agro forestry serve as substitute for similar product un u tainably 
harvested from the natural fore t (iv) to the extent that agrofore try increase the 
income of fanner it reduces the incentive for further extraction from th natural fore t 
for income augmentation and finally, (v) agroforestry practices may ha e dual 
mitigation benefits as fodder pecies with high nutritive value can help to intensify 
diets of methane-producing ruminants while they can also sequester carbon (Thornton 
and Herreren 2010). Rizvi et al. , 2011 reported that contribution of poplar plantation 
to carbon storage wa found to be 27- 32 t ha- I in boundary system wherea it wa 66-
83 t ha- 1 in agrisilviculture system at a rotation period of 7 year. Poplar-ba ed 
boundary and agrisilviculture systems account for 99- 304 t ha-1 CO2 a similation at the 
rotation period of 7 years in the two districts. One advantage of the e y tern i that 
sequestration does not have to end at wood harvest. C storage can continue well beyond 
if tree tern or branches are converted into furniture poles, hardboards ply board etc. 
Agro forestry trees also improve land cover in agricultural fields in addition to 
providing C input (root biomass, litter and pruning) to the oil. Thu these plantation 
make important contribution towards carbon stock vis-a.-vi atmo pheric C02 

assimilation i.e. tapping of GHGs responsible for global warming. Elevated [C02
] 

accelerated depletion of soil nutrients P Ca and 1(, and total oil carbon declined 
throughout the experiment. Enhancement of above and belowground bioma 
production by elevated [C02

] accelerated carbon cycling through the coppiced ystem 
and did not seque ter additional carbon in the soil (Gregbarron-gafford et ai., 2005). 

Future strategies for research to enhance the productivity of poplar and wheat in 
agrisilvicultural system. 

1. Characterization of Populus deltoide clones on the basis of Abaxial 
Stomatal density, for allelochemical and on the ba i of wat rue 
efficiency in different soils. 

2. Development of New Clones through Hybridization and Creating ariability 
in existing Clones through mutation breeding. 

3. Standardizing Spacing for Maximum Bioma Production (Bio Energy) and 
Optimum Production for Timber. 

4. Selection of naturally re isting clones again t defoliator and oth r in ect 
and development of control mea ure for in ect pe t in pure and 
agroforestry plantations. . . 

5. Studie on nutrient budgeting application of Manure FertIllzer and 
irrigation etc. to increa e the production Ie el of both grain and timber 

production. . . . 
6. Portion of the nutrient from one pool t anoth r pool ill Agn 11 i ultur 

ysteln n ed to be inve tigated. 
7. Requir ment of nutri nt for poplar and wh at need to in tigat for 

different oil typ . 
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Importance of Biodiversit in relation to Homegarden g~ofore try of Tropic 

ABSTRACT 

U. M. Chandrashekara' and K. V. Sankaran 

Kerala Fore t Re earch In titule 
Peechi-680 653, Thri sur, Kerala State, India 

Homegarden agrofore try i one of the most prevalent type of landu e y tern 
in the tropics. A homegarden repre ent the cultivated land el e to the area that rYe 
a a permanent or temporary re idence. ince majority of the b megarden are Ie 
than a hectare in ize farmers opt for inten ive cropping to optimi e the yield. Th ugh 
at a glance th arrangement of crop eem haphazard a cIo er scrutiny would re eal 
that each ensemble occupie a specific niche. In tradition homegardens of Kerala tate, 
the plant canopy area to land area ratio ranged from 210 to 8% indicating the 
optimum utilization of olar energy. In compari on with the ergreen and emi-
evergreen forests located in a given region floristi div rsity in homegarden may be 
low. Howe r wh n sub- pecie and varietie of a given crop p cie are considered 
eparately specie diversity value in the home gardens are often comparable to that in 

the natural fore t . It i also revealed that hom gardens are playing an in ignificant rol 
in conserving wild species diver ity out ide the protected area but they repre ent a 
' genetic backstop' pre erving pecie and varieties that ar n t economic in field 
producti n. In addition homegarden agrofore try a an in titution i often in trumental 
to link heterogeneous communities in the village ecosy tern. However, during th la t 
few decades both number and ize of homegard n are d elining. The hom gard n 
concept i also changing from mixed farming to ulti ation of ingle or fi w 
commercially important pecie. An analy i of the impact of h megard n 
tran formation on pecies diver ity indicated that the plant di er ity index alu 
ranged from 1.02 to 2.97 with igrrificantly (P < 0.05 great r value in mixed- peci 
homegarden than in single- pecies dominant homegard n. b ut 65 - % f total 
numb r of naturally gr wing specie in mixed- pecie hom garden and 2 - 30 % in 
ingle pecie dominant homegarden ar managed. The ratio b tween actual th 

pot ntial u e of pecie in each hom garden wa calculated. Th alue for naturall 
growing pecies was significantly more (P < 0.05) in mi ed- pecie bomegard n than 
in ingle-species dominant homegarden. In thi ont xt the kno 1 dg base on th 
propertie and potential u of naturally growing peci in homegard n ne d to be 
str ngth ned for ustainable conser ation and utili ation f bi di r ity in tropi al 
hom garden. In the pre ent cio-economi ont t within th xi ting fram work f 
borne tead management f h megard n into economically iabl nt rpri whil 
till retaining features f biodiversity ecologi a1 b nefit ocio- ultural a ceptance i 

needed. In the pre ent pap r OIDe of the t:P rom nt p lici in titutional 
mechani IDS research input which are needed for promoting e ologicaUy an OClO
economically u tainable h me tead fanning y tern ar id ntifi d. 
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INTROD CTION 

i a IJ ti nam fi r landu t m and pra ti e wh re 

d . . I a d [l'b rat Iud n th am land manag rn nt y tern a woo y pel nnla r < . . h 
aari ultural rap an r animal, in a patlal r temp ral qu n e, th r b l~g b t 

=- I . I d n mi' int ra ti n b tw n th mpon nt . In a lmo t alJ tropIcal and e gl a n e . . II 
. b . ~ . I z n alIT for tr i r pr nt d b th home t ad farmmg e nba y 
su tIOP! a e :;, I d 11" h 
tii mix d r pping f annu I and perennial rop around the farm r w mg ou.e. 
For in tan in ral. h m t ad fanning r ab ut % of the total ~an~oldIng 
and ab ut.+ 10 0 f th t tal ulti abl ar a f the K rala (KLU8, 19 9) whlle It .ov r 
ab lit 1.+0 0 f th t tal ar a f the ri Lanka ( nanayak et a1. 2009). Depen~Ing on 

nt ~ . mo thorn gard n in th tropic an b cia Iii d a 
n i ting f h rba ou rops, woody p r nnial and 

n r pr nt agri il icultural y tern on i ting only of the 

The a\'erag iz of a homegard n in tropical and ubtropical region i much 
I _ a h tar (F mande and air. 1986; air and r edharan 19 6; Babu et af., 
199_: Kumar I al., 1994; ankar and Chandra hekara 1997) indicating the 
ub i t n e of th pra t1 . It rna b mentioned here that very often uch small sized 
landu ~ y t m with monocrapping ar not iable, particularly in the rural co y tern 
(10 nd hanmugaratnam, 199'). E i tence and th predominanc of homegarden 
agrofore try inc time imm morial in ral tropical countrie i the evidence to 
ho\\' that thi tem of landu i an 01 gical and ocio-economic adaptive y tern. 
1ulti-tiered and multi- p ci tru ture i e entially the major feature identified for it 
o i -e onomi adaptability and tability biological balance and re ilience, and 
u tain d productivit at a low-Ie el equilibrium. Thu in thi paper an attempt ha 

been to plain the linkaa between home tead biodiver ity and ecological and socio-
conomic tr ngth of the y t m. and al 0 a e the potential of th ystem for 

ecode\ lopm nt and rehabilitati n of degraded fore t . 

PECIE COMPO ITIO AND DIVERSITY 

Th homegarden are gloriou e ample of pecie diversity in cultivated and 
managed plant communitie Kumar and air 2004). A ahira and Yazawa (1981) 
reported a total of 200 kind of u eful plant including vegetable e pecially variou 
root veg table. h rb pice, fruit tree fiber crop cultivated in a tropical Asian 
hom garden. appro imately 0.25 acre in ize. Over 170 pecie were recorded 
(Appendi I) from an in ntory made in randomly elected 228 homegarden in Kerala 
( ankar and Chandra h kara. 2002). In en tory of plants in the live fence alone of 60 
~om garden e~abled to r gi ter 68 peeies (Chandrashekara et a1. 1997). Jose (1991) 
h ted I 79 peel from 8 homegardens in a village in Kerala. The e include 71 tree 
peeie . 6 perennial herbaeeou crops 23 annual crop species 18 medicinal p lant and 

61 ornamental plant . During a urvey conducted in a home tead of about Iha in ize in 
th ntral agroclimatie zon of Kerala 124 plant peeie were encountered of which 
60 were tre pecie ( handra hekara 1995). All the e ob ervation indicate that the 
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h megarden r are perpetual experimentor' and con tantly trying and te ting new 
pecics (Ninez 1987). 

!ropical homegarden are important site of high plant diversity and may act a 
re erVOlr of cr p germpla m ( oome and Ban 2004. However the diver ity index 
fi r h megarden of K rala ranged from .251 to 0.739 sugge ting that it flori tic 
diver ity i moderate to 1 w compar d to a alue over .90 for the pecic -ri h 

ergreen fore t KAU 1994. However sub-specie and ari tie of a gi en crop 
pecies are con idered separat ly while m a uring the pecie diver ity value in the 

h megarden often comparable to that in the e ergreen and emi-evergreen fore t 
1 cated in the given agroclimatic z ne Chandrashekara 1995). he den ity-ba ed 

bannon-index of diver ity may vary in re ponse to the iz of the homegarden with 
more value in large home garden (1.119 followed by small (1. 47 and medium 
1.008) hom gardens. This may b attributed to the fact that while the limited pa e 

forc p ople to accommodate many different pecie in relati ely small plot the large 
pa provides the people to try t grow more number of p cie with an intention to 

optimize the crop yield and al 0 obtain diver e variety of crop from large plot. Jo e 
(1991) reported that mall homegardens in a illage in Sou them K rala compared to 
larger ones ha e high tree crop density. Howe er ankar and handrashekara (2 _ 
r ported that th tree d nsity and basal area in mall hornegard os may be les r than 
those recorded in large size hornegarden . They also concluded that homegarden crop 
diver ity and d nsity are detennined by a wide range of putative factor often a a 
product of ecological conditions economic context and pecific ned, ta te, 
knowledge thnicity culture and e perience of the own r. 

In g neral in a homegarden both cultivat d and naturally growing plant can be 
een· most of the naturally growing plant are not manag d by the hom garden r . 

Very often a given naturally growing pecie that i manag d in on bomegard n may 
not be manag d in the other hom garden. ev ral factor are con id red b for 
managing or not managing a giv n naturally growing pecies. For in tanc g nerally 
pecies which are parselyeli tributed with poor den ity and bioma ar not managed. 

On the other hand fanner manage those pecie which ad r ely affect th growth and 
yield of major crop in the garden. Data collected on th manag ment f naturally 
growing peci in homegarden of K rala ( handra hekara and Baiju. 2010 ha 
revealed that about 65% - 3% of total number of uch p ci in rrUxed p i 
homegardens and only 20%-3 % in ingle p cie dominant hom gard n ar 
managed. In addition about 44% to 77% of total number of naturally growing pecie 
i put under orne u e . 

According to Saikia e/ 01. (2012 homegard ns al 0 erve to con rv rar and 
threatened p cie and varieti . Howe er in entory of fl ri tic di r it in 
homegard n in K rala re ealed that gen rally hom garden ar playing n gligibl rol 
in on rving wild specie diver ity. On th oth r hand homegard n ~ the in£ n:na1 

experimental tation for tran fi r trial nd adaptation of dome tlcated pl. 
imilarly the h rn garden r pr nt a 'gen tic ba kst pI pr rving pe i and 

van tl that ar not c nomic in fi Id produ tion and ar plant d in mall al fi r 
rea on of ta t pr fi ren tradition or a ailabilit of planting mat rial. It may b 
worth t m ntion her that of th appro imate]y 30 major eg tabl fa our d t day 
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world over. _00 ar produc d in th hom. gard n , 
'ultivati n ( in z. I 7). u h an anal. I mao al 
tr pi [II hom garden in ord~r t? ap~re lat th Imp 
in ' f1 , erving and utilizing blOdl er It . 

TRUCTURE OF HOMEGAROEN 

Lead Papers 

hil nly 20 ar u d in the fi Id 
b tended p ifically t ther 

rtan e of hom garden agroD re try 

t fir tight, h m garden m t lack tru tur a tree hrub and 
herba 'e u. plant grO\ in a compl mixtur without any lear pattern (BrierJey, 
19 6). H \\' ver. a clo r I ok at th v getati n how that plant do m to be 
organiz -d in diffi rent part rn or I.a er . Thu , he multi- peci hom~gar~ens a~e also 
m~lti-layered on. For in tan e, fi canopy trata h~v been IdentIfied In t~e 
h megarden f K rala. Th fir t lay r Ii within 2 m hIgh from the ground and 1 

n titut d b v getable ,tuber rop, gra e and other herbaceou plant. ~he second 
and third lay r (within _m to 10m high fr m the ground) are almo t contl~uou and 
0\ cr/apping ea h th 1'. ome of the ommon con tituent of th e lay r 1D Kerala 
h In gard n are banana. nutm g papaya, mango cocoa young coconut palm and 
~apling of tree. The upper mo t anopy layer i fOlmed by coconut palm arec~ nut 
palm. t ak. jack fruit tr e, mahogany and other tall tree at about 10m to 25m helg?t. 
However the choi e pecie i detennined by the agroclimatic and farmers' SOClO-

onomic ondition. Analy i of ar a occupied by canopy cover of different 
011 rituent indi at d that in tradition homegarden , which are not Ie than 40-45 

yeear old, the crown t land ratio rang d from 210 to 888% (Sankar and 
handra hekara. _00_). 

ROLE OF WOME r HOMEGARDEN MANAGEMENT 

Women play an important role in introducing many crop particularly in the 
n are [urrounding f hom garden . However in general men have an upper hand 
0\ r \\ ill n in d ci ion making in term of introduction of cash crops and perennial 
tr e . Th role of worn n in homegarden management depend on factors like their 
o llpation, iz of the horn garden, opportunitie for off-farm jobs and socio
economic condition of the family. For in tance Sankar and Chandra hekara (2002) 
r corded that in about 60% of total number of small homegardens «0.4 ha) women 
ontribllte ignificantly for the management of the sy tern. They also reported that onJy 

in _2% and 12% re pe tively of total number of medium sized homegardens (0.41-
O. l_ha) and large homegarden > 1.2ha) the role of women in garden management is 
ignificant. In gen raL worn n contribute more labour to home tead farms than men. It 

i e timated that about 94% of the total female labour day was constituted by family 
labour (10 e 199). Thi 94% of the female labour (family labour) form 41 % of the 
total labour employed in the home tead farm in a year. Since this is unpaid labour, it i 
not given due value, and i not included in any tatistic and thus become invisible. The 
emerging agricultural cenario and the trends in Kerala' cropping pattern - the drastic 
tran ilion from ub i tence to cash crop monoculture - would increasingly marginalize 
women. Women' work would become more burdensome and less socially valued 
(Dunk Iman and David on 1988). The marginalization process would be accelerated 
where th re i a d perate and perva ive need for ca h to meet family needs. If tho e 
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need can only be supplied by .the market ~npaid traditional role would no longer 
evok re pect thereby undercuttmg the authonty of women (Hu ton 1985). 

CONTRIBUTION OF HOMEGARDEN BIODIVERSITY FOR THE 
ECONOMY 

. The homegardens eldom meet the entire ba ic-staple-food need of the family. 
However, they are complementary to other crop land . Thu homegarden are a 
component of the larger farming system of the bou ehold. Indeed if the home garden i 
the only land available to the household food crops such as ca ava will dominate the 
specie compo ition of the garden (Kumar and Nair 2004. It i e timated that about 
50% of the total number of homegarden contribute less than 25% of the total income 
of the household (Sankar and Chandra hekara 2002). On the other hand about 32% 
and 20% of total number of homegardens studied contributed about 25% - 50% and > 
50% of the household income re pectively. However, the contribution of homegarden 
for the tate economy of wood and bamboo is significant. For instance according to 
Krishnankutty (1990) homestead provide 74% to 84% of wood requirements in 
Kerala. Similarly the traditional homegardens constitute a principal source of bio-fuel 
for the rural households. For example 51 % of the fuel-wood collected in variou 
geographical region are derived from homegarden Shanava and Kumar 2003. 
Analysis of supply and demand of bamboo in Kerala State indicated that during the 
year 1993-94 the estimated demand for bamboo was 1 69000 metric tons. Of the total 
supply of bamboo in State, homegardens contributed 63% and fore t the remaining 
37% (Krishnankutty, 1998). Homegardens of Kerala are al 0 recognized as repositorie 
of non-timber product such as medicinal and aromatic plant, ornamental gum , 
resins, chemical extractives and green leaf manure. It may al 0 be mentioned here that 
very often yield of a crop in a given homegarden may be more than the requirement for 
home consumption, and the excess quantity may not be enough to ell in the mark t. In 
such a situation farmers exchange their crop among them el e or offer to tho e who 
do not have such items. In some parts of Kerala it wa al 0 recorded that 
homegardeners who are having bamboo clump in their garden cut branche of 
bamboo during the months of December and January and u e th thorny branche to 
fence their crop lands. They also offer the bamboo branche to their relati e and 
friends for the same purpose. In addition everal crops of homegarden in Kerala are 
often instrumental to link heterogeneou communitie in the village ecosy tern. For 
instance, the bamboo weaving communitie obtain uitable bamboo pole from the 
home gardens and weave items uch as bamboo mat , ba kets, fi h n t etc. While orne 
of these items are offered to those supplied the raw material, re twill b old by the 
weavers. Thus homestead bamboo like many other crop i one lement in a complex 
ystem of rural r 1ationships where human being are th main actor . 

TRADITIONAL KNOWLEDGE AND PRACTICES FOR SUSTAINABLE 
MANAGEMENT OF CROP DIVERSITY 

It i a known fact that many traditional commurutie in the tropi a1 and 
ubtropical countrie hav e eral traditional 1m wledge and practice to con erve 

natural eco y tern and as ociated biodiver ity ( handra hekara and Sankar 199 . 
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. '1 I farmino mmuniti hav f llch Ramakri l10an e/ 01.. _000). Iml ar , man h 
. fI r managing r p di r ity and u ing t e traditi nal kn , I dg and pra tl . h' F · . t 

blOr ~ bl . H m t ad fa1111ing i not an eptlOn ttl. or 111 anc 
f bambo a a rop mp n nt in hom t .ad of K rala ha th tr ng 

I (Y ' I b Ilain traditional pra tl of hom tead bamboo traditional _I a a e. . b 1 I 
cultivati n and th~ ir b n fir t fa rm r ( handra h kara, 199 ) ar !J t d w a 0 

xplain the manag 111 nt f rop p ie di r it in th 

Table 1. T.'aditional practice of home tead bamboo cultivation and their benefits 
to fal"mer based on Chandrashekara 1996) 

13. 

~ . 

Benefits 
in a Fr dom 

bamboo 

il aroLmd 

R du tion of hading to other crop . fonnation of 
long r a illary branche useful for fencin 
L impa t of bamboo on the yield of intercrop . 
crop an be harv t d before the ea on of 
bamboo branch cutting 0 that ri ks of damage 
cau ed to the crop during the bamboo branch 
utling proce . The crop are al 0 uitabl for 

culti ation on rai ed bed , so r du ing root 
competition with bamboo 

Thu the tradItiona l homegarden repre ent a typical example for agrofore try 
• t m" Thi farmi ng y tern no doubt i rich with inherent ecological, ocial, 

economic and ultural trength . In thi context, farming practices a ociated with 
hom gard n could al 0 be adopt d in the joint effort of the fore t department and 
local ommunrti lead ing to eco-development eco y tern rehabilitation and eco ystem 
rec ,'ery, Thi i becau e, tree planting and a ociated activitie alone as the 
rehabilitation ffort in degraded for t near tribal ettlement could not solve the 
problem of tribal in the long run . On the other hand once the multi- pecie multi
crop and multi-tier y tern like that of home tead farming are adopted there is every 
chance to en ure food ecurity of th local tribal community uplift of their economic 
and ocial tatu and al 0 improvement of eco ystem health. Similarly homegarden 
can be regarded a the model in de eloping integrated ocial fore try. By utilizing the 
farmer' kill in managing and u tainable u e of plant diver ity and by u ing 
ecologically. ciall y and cul turall y accepted pecie for planting it i po ible to make 
the oeial for try pr gramme more ucce ful even in the difficult areas. 
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CONCLUSIONS 

From the above discussion it i clear that the traditional homegarden are 
he~ping in conserving cro~ diversity reducing the pres ure on local natural fore t by 
bemg a ource of food, timber, fuel wood fodder medicinal plant etc. A already 
indicated crops derived from homegarden i one element in a complex system of rural 
relationship where human beings are the main actors. However, during the la t few 
year, throughout the tropics a shift in the multiple cropping pattern of home garden 
towards mono-cropping has been ob erved. With radical cbange in time preference 
there i a growing disinterest among farmers to deal with long gestation tree crops. 
There is a ri k due to market instability and unresolved disea e like coconut wilt 
quick wilt of pepper phytophtora of arecanut etc. Vagarie of the monsoonal rain al 0 

have long-term ill-effects . In this context, ilt i al 0 rea onable to expect the 
government's positive actions such as launching of agroforestry extension activitie 
education and training for fanners on agroforestry and supply of quality plant 
propagules and technical know-how for attaining farmers to diver e varietie of crop 
in their homesteads. It may also be pointed out here that our primary and econdary 
and even higher institutions of learning do not have curricula on homegarden 
agroforestry systems. Lack of solid re earch data to highlight the importance of crop 
combination in homestead farming is another con traint in revitalisng traditional 
homegarden agroforestry practices. Auto-ecological and yn-ecological propertie of 
plant components, particularly tree plant-plant interactions, economic of home tead 
farming resource management and utilization and other a pects are yet to be tudied 
systematically. This is possible only when the stress is given for conducting re earch on 
homegardens at the same order of magnitude a that being given to control pe t and 
diseases in cash crops and to breeding new varieties of rice. 
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Appendix 1. List of plant species recorded in the homegardens of Kerala, India 

Species Family Species Family 
Acacia Fabaceae Eugenia Myrtaceae 
auriculiformis malaccensis 
Acalypha hispida Euphorbiaceae Euoodia lunu- Rutaceae 

ankenda 
Achras sapota Sapotaceae Euphorbia Euphorbiaceae 

pu lcherrima 
Adenanthera Mimosaceae Ficus asperrima Moraceae 
pavon ina 
Aegle marmelos Rutaceae Ficus elastica Moraceae 
Ailanthus excelsa Simarubaceae Flacourtia indica Flacourtiaceae 
Albizzia lebbeck Caesalpiniaceae Gardenia Rubiaceae 

jasminoides 
Allamanda Apocynaceae Glyricidia maculata Fabaceae 
cathartica 
Alocasia sp. Araceae Gomphrena Amaranthaceae 

globosa 
Alstonia scholari Apocynaceae Hedychium Zingiberaceae 

coronarium 
Alternanthera Amarantaceae Hevea braziliensi Euphorbia eae 

sessilis 
Amaranthus sp. Amarantaceae Hibiscus esculentus Malvaceae 

Amorphophallus Araceae Hibiscu mutabili Malvaceae 

companulatus 
Anacardium Anacardiaceae Hibi ell 1'0 a- Mal aceae 

occidentale sinensis 

Ananas comosus Bromeliaceae Hydranchea sp. Saxifragaceae 

Annona reticulata Anonaceae Impatien Bal amina ae 

balsam ina 

Anthocephalus Rubiaceae Impatien ultanii Bal aminaceae 

chinensis 
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Aporusa Iindlel'ana Euphorbiaceae Ipomoea balalas Convolvulaceae 

Areca calechu Arecaceae lxora sp. Rubiaceae 

Ari lolochia indi a Ari tIo bia eae Ja mil1l1m OIeaceae 
grandiflorum 

M ra eae Ja 'l71inlim ambac Oleaceae 
Arlo 'mpll, 
heleroph.l" Ius Euphorbiaceae 
ArlocOlplfS hirsullis Moraceae Jatropha curcas 

A rlocOIplfS incisa Moraceae La~enaria ciceraria Cucw'bitaceae 

.4. lepia lepiadacea Lanl1 a Anacardiaceae 

cllrassal'ica coromandelica 

A. paraU [(, Liliacea Lantana camara Verbenaceae 

recel770SlIS 
I Aster sp. Asteraceae Lall'sonia alba Lytbraceae 

I Al' rrohoa bilimbi Oxalidacea L lIcaena Mirno aceae 
leucocephal a 

A:adirachla indica Meliaceae Mirabilis jalapa N yctaginaceae 

Ballhinia re/ll a Cea alpiniaceae Momordica Cucurbitaceae 

I 
charanlfa 

I Begonia sp. Begoniaceae Morinda tinctoria Rubiaceae 

I Benincasa hispida Cucurbitaceae Morin~a oleifera Moringaceae 

I Bomba\ Bomba aceae Morus alba Moraceae 

ma/abarica 
BorasslIs.flabell(ler Arecaeae Murraya koni~iii Rutaceae 

BOlluainvillaea yctaginaceae Mu asp, Musaceae 

specTabilis 
Butea {i-ondosa Papilionaceae Mussaenda sp. Rubiaceae 

Cae a/pinia Cae alpiniaceae Myristica fragrans Myristicaceae 
, pu/cherrima 
I Caladium sp. Araceae Nerium odorum Apocynaceae 

Calo/ropi gigantea A c1epiadaceae Nyctanthe arbor- Oleaceae 
tristis 

Cananga odorata Anonaceae Nympaea stellata N ymphaeaceae 
Canna indica Cannaceae Ocimum sanctum Lamiaceae 
Capsicum annum Solanaceae Oroxylon indicum Bignoniaceae 
Carallia brachaiata Flhizophoraceae Pandanus sp. Pandanaceae 
Careya arborea Lecythidaceae Pedilanthus Euphorbiaceae 

tithymaloides 
Carica papaya Caricaceae Peristeria elata Orchidaceae 
Can ota urens Arecaceae Persea macrantha Lauraceae 
Cassia fis tula Caesa Ipiniaceae Phyllanthus acidus Euphorbiaceae 
Ca uarina Ca uarinaceae Phyllanthus niruri Euphorbiaceae 
equ isetifolia 
Catharanfhus Apocynaceae Piper betle Piperaceae 
roseus 
Celosia cristata Amarantaceae Piper nigrum Piperaceae 
Chrysanthemum Asteraceae Plumeria alba Apocynaceae 
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coronanum 
Cinnamomum Lauraceae Polyalthia Anonaceae 
zeylanicum longifolia 
Citrus aurantium Rutaceae Pongamia pinnata Fabaceae 
Citrus grandis Rutaceae Portulaca oleracea P ortulacaceae 
Citrus limon Rutaceae Prichardia pacifica Arecaceae 
Citrus madraspatna Rutaceae Psidium guajava Myrtaceae 
Coccinia indica Cucurbitaceae Pterocarpus Papilionaceae 

marsupium 
Cocos nuci{era Arecaceae Ricinus communis Euphorbiaceae 
Codeum variegata Euphorbiaceae Rosa indica Rosaceae 
Coffea arabica Rubiaceae Sacharum Poaceae 

officinarum 
Coleus amboinicus Lamiaceae Salvia farinacea Lamiaceae 
Coleus aromaticus Lamiaceae Sanseviera Liliaceae 

roxburghiana 
Colocasia esculenta Araceae Saraca indica Ceasalpiniaceae 
Cordyline Liliaceae Schuman ian thus Marantaceae 
term in a lis virgatus 
Corypha Arecaeae Sida rhombifolia Malvaceae 
um braculifera 
Crossandra Acanthaceae Solanum indicum Solanaceae 
undulaefolia 
Cucumis sativus Cucurbitaceae Solanum mamosum Solanaceae 
Cucurbita Cucurbitaceae Solanum Solanaceae 
moschata melongena 
Curcuma am ada Zingiberaceae Solanum torvum Solanaceae 
Curcuma longa Zingiberaceae Spondias mangifera Anacardiaceae 
Cyclea peltata Menispermaceae Swietenia Meliaceae 

mahogoni 
Dahlia sp. Asteraceae Syzygium Myrtaceae 

aromaticum 
Dalbergia lati{olia Fabaceae Syzygium cumin i Myrtaceae 

Delonix regia Caesalpiniaceae Tabemaemontana Apocynaceae 
coronaria 

Desmodium Fabaceae Tagetus erecta A teraceae 

gangeticum 
D~f{enbechia sp. Araceae Tamarindus indicas Caesalpiniaceae 

Dillenia pentagyna Dilleniaceae Tecoma stans Bignoniaceae 

Dioscorea alata Dioscoreaceae Tectona grandis Verbinaceae 

Dracaena sp. Liliaceae Terminalia catappa Combretaceae 

Dracena sp. Liliaceae Terminalia Combretaceae 
crenu/ata 

Ecbo/ium Acanthaceae Term in alia Combretacea 

linneanum paniculata 

Ec1iJ!Ja alba Asteraceae Theobroma cacao S tercu liaceae 
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Economic, Nutritional and therapeutic significance and, technoiogy of value added 
products from economically important underutilized fruits grown in remote high 

altitude and forest areas ' 

ABSTRACT 

Alok Shah, C. Nanjappa, P.S Raju and A.S. Bawa 

Defence Food Research Laboratory 
Siddarthanagar 
My ore- 570011 

E-mail: alokhhah@yahoo.com 

India is blessed with rich genetic bio-diver ity of non-conventional under
utilised fruit and vegetables which grow in conformity with region- pecific agro
climatic conditions. Many of these minor fruits growing in remote high altitude and 
forest areas have excellent phyto-nutrient compo ition and are ignificantly rich in 
health promoting nutraceutical . A large number of these minor fruit crop are 
traditionally used by tribal inhabitants living in thes inaccessible terrains for their 
therapeutic and nutritional properties. In spite of their economically significant quality 
attributes, many of them have remained beyond the scope of domestication human 
selection and organised farming. Value addition to minor and under-utilized fruit crop 
have received less priority in comparison with more e tablished table arieties. With 
proper post-harve t management and value addition some of the e minor fruit do ha e 
the potential of ecuring the livelihoods of these tribals and poor farmer. Value added 
product from under-exploited horticultural crop have immense cope in pro iding 
food security nutrition health and economic u tainability to local tribe in the e areas. 
Defence Food Research Laboratory (DFRL) Mysore ha worked on many of the e 
minor fruits rich in nutraceutical component with the aim of developing uitable alue 
added products from them u ing appropriate proce sing technology uch as R TS 
health beverages purees nectars, spreads minimally processed product , HT - tabili ed 
products restructured gelled analogues, etc. The minor fruits and plant extract which 
have drawn DFRL's attention include Indain Noni (Morinda itrifolia) Gethi 
(Dio corea rumeunensis) Palmyra fruit (Bora su flabellifer Linn.) Heitup (Meyna 
spinosa) seabucthom (Hypophae rhamnoides) and plant extract of Aloe era (Aloe 
barbedensis Miller). Proces ed products developed from the e minor fruit can be 
described as Functional food' as aside from variety and nutrition to human diet they 
also provide a wide array of biologically active non-nutritive functional ingredient 
referred to as Phytochemicals' that impart health benefit b yond ba i nutrition in 
being anti-diabetic anti-inflammatory anti-cancer immuno-modulator ga tro
protective anti-microbial etc. Such product have immen e cope both in dome tic 
and over eas trade in occupying the growing health- egment pace of th 'Wellne 

indu try. 
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lNTRODU TIO 

fndia i a rrea ure troy of rich Bi -g neri di er ity in t rm of it flora and 

d I · ~ t n fi'0111 th untr di r ity in e ology and agro-climatic zone. fauna. n, t 11 . el .... '1' d fl .. 
. h I I. . 11 h ritag f man IJ1dlCJ nOll mmor and undel uti Ize lUlt. IndIa a a w 1a a no. . . .. . 

TI I . t d al I' known about tll irtu of m111 r, under-ut]hzed frUits In India, lOu~n a gJ ea . 
their ~ ml~er ial ultivation ha r mained a far rand ry fe~ ha e u . ceeded. In 

acquiring th rgani ' d farming pa . Horti ultural cro~, p ta lly th mJ?or frul~ 
pia} a vital r I in r p div r ifi ation and o-.pr t ctl n. ~any of th mlllor .tJ:uts 

h ' e ial ' ifrnifi an e to human b ino in rVIDg a protectIve foods . UnderutIhzed a\ e p e . .. I } d 
frl1it ar haracteriz d b I al imp rtan in t rm of their nutntlOna wort 1 an. a 
niche agro-climati production y tem tol rating har h and adverse .e~ologlc~l 
onditioll . nfortunat I . th g nnpla m llection of minor and under-utilIzed frUIt 

crop~ ha~ re eiv d Ie priority ompar d to ~ Id fruit. cr~p growing in farmer s 
or hard ' and p ri -urban area. The unorgam ed CUltl atlOn of many of the 

on l11i all ignifi ant minor fruit rang from humid tropi to the temperat 
mounta111. r a u h a Ladakh, orthem Himalayan Mountain the North-Ea tern 
tate - and the de iduou fore t of W t m Ghat in India are endowed with and home 

to man. phyt -nutrient rich and commercially un ploited. Underutilized or 
underexploited horticultural rop hav imm n potential in eCUIing the livelihood of 
local tribal farm r b id contributin CJ to food ecurity nutrition health, ecosystem 
u tainabilit (b thwarting or halting ad er e climatic change and pro iding cultural 

identity) . uall '. the tribal people' . lif! tyle and livelihood are intertwined with the 
flora in til vicinity [their abode. A inmate of nature the e tribal meet most of their 
n ed in luding that of nutrition from vegetation in their urrounding. 

thnoc ntri ally, tribal ' ha u ed th e minor fruit througb age to fulfil their need 
for therapeutic cur and a folk m dicine. The th rapeutic and medicinal properties of 
man) of the minor fruit find m ntion in anci nt Indian medical texts sucb as Charak 
amhiw and Su hruth Samhita. Apart from nutritional and medicinal value many of 

the e mlllor fruit are al 0 known for th ir typical characteristic flavour and often 
attractiv culour. Hower, in pite of the e excellent attributes conscious phase of 
dome rication and human lection have omehow eluded them. Many have important 
novel. bio-active functional compound known a nutraceutical , embedded in their 
matri . The e nutraceutical component or phyto-nutrients are known to impart health 
b nefit bond th call of basic nutrition. Value added product developed from some 
of the therapeutic- nch fruit and plant extract are tbe ubject matter of pecial 
attention in thi pap r. Fruit and plant extracts which are covered in this di course 
include Indian oni (Morinda citr(folia) fruit Palmyra fruit (Borassu flabellifer 
Lmn.). eabuckthorn (Hypophae rhamnoids) Heitup (Meyna spinosa) Gethi 
(Dio corea kumeuene, i) and the phyto-nutrient rich gel from Aloe vera (Aloe 
barbedensis Miller). AJ] the minor fruit including Aloe gel extract have immense 
cope in both dome tic and internationa l trade and, in occupying the growing health 
eg.menr pace of th 'wellne ' industry. Lack of proce s amenability and sometime 

their Ie . than .acceptable nsory attri bute have re tricted and impeded their u age 
from commerCIal tandpoint in spite of their health fortifying richness in variou 
pOIy?h no~ic nutraceutical component with well established anti-oxygenic properties . 
At tUlle, ]t become imperative to u e the e minor fruit in conjunction with other 
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flavour-rich. more conventional table va~ieties of fruit to deveiop value added product 
from them 111 order to overcome and CIrcumvent their weaknes in processability and 
ensory trait. Development of consumer acceptable value added product from uch 

underutilized fruits does pose some challenges to any food technologist. 

NON1 AND VALUE ADDED PRODUCTS 
The ripe Nom fruit is valued for its richnes in many poly-phenolic anti

oxygen~c and novel .nutr~c~utical ~omp~nen.ts with anti-ageing and immune-enhancing 
propertIes. The Nom fruIt IS especIally nch 10 proxeronine - a biological precur or for 
xeronine which is a polyphenolic alkaloid compound and reckoned a the ba ic 
building block of our immune ystem. Many clinical studies have e tablished that 
sustained con umption of noni-derived product ha the ability to fortify body' 
immunity and even help in the amelioration of immune compromi ed tate uch a 
liN. However Noni fruit on ripenes exudes a typical rancid butyric smell which 
many consumer sometimes find offensive and unacceptable. Tbi typical butyric men 
of Noni has hindered its ready usage in the development of value added product from 
this fruit (Alok Shah et al. ,2011). Apart from the exceptional alkaloid compound 
xeronine and its biological precur or proxeronine noni fruit and the juice derived from 
it are known to be rich in other phyto-nutrients like some antioxidant , anthraquinone 
flavonoids saponins and scopoletin (Nandhasri et al. ,2005). The beneficial health 
effects of noni or noni juice are best derived when it i ingested on empty stomach a 
pepsin and other acids destroy the proenzyme proxeronine that convert proxeronine 
into xeronine. Xeronine is best activated in the body when noni fruit or noni juice i 
taken without any intake of coffee, tobacco or alcohol a the latter are known to trigger 
release of bile acids in the body that can potentially destroy xeronme. Many vital 
proteins, that act as honnones anti-bodie and enzyme require xeronine for their 
functionality. 

Owing to rather unpleasant taste and unacceptable odour green or white noni 
fruit is seldom used for table consumption. Though mature fruit is edible it i not very 
palatable. Traditionally, the usage of ripe noni fruit ha been known to be limited 
among aboriginal societies in times of distress and famine. Polyne ian provided noni 
fruit to American soldiers during W orId War II to u tain their combat trength in the 
battle field. In conjunction with other flavour and phyto-nutrient rich table fruit and 
plant saps like Alphanso mango Giant Kew pineapple trawberry eabuckthorn, kiwi 
raspberry, papaya lemon ginger extract and aloe gel. Many value added product ha e 
been developed from ripe noni fruit pulp like RTS noni - derived beverag in tetra 
packs and metalhsed thenno- table pouche , noni puree noni powder, fre h queezed 
noni fruit juice noni capsules fermented noni fruit juice etc. with uitable 21 t -

century food technology intervention protocol to suitably temper and moderate the 
otherwise unacceptable ripe noni odour (Alok Shah and Da Gupa 2008). 

VALUE ADDED PRODUCTS FROM PALMYRA 
Palmyra palm or fruit though are rich in many nutritiou component in t rms 

of mineral ugar, carotenoid dietary fibre etc. the pre nc of .bi~er aponin in 
Palmyra fruit pulp often come in the way of their utilization. anngma ~-catalyzed 
enzymatic hydroly i ha been found to reduce bitt me in Palmyra frUIt pulp and 
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palmyra truit. 
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'am'd ut \\ ilh dium alginate and 
pr du t Ir 111 th palmyra fruit. 

ED PROD T FR M 

r r I 
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B KTHORN 

uit ble jam and J IIi 
apple and pumpkin pulp 

n pr par 

ALO G PROD 

Cl'atffP,lpe 

ea I 1. 
lue. 

of 
ill 

id 
high 

with other minor 
ha attra ted 

Th Inter t in \alu add d pr duct from Alo era al 0 t m from it 
th rapt:utl nd nomi importan. any ent rpri ing farm r ha taken to 
roam d f n1l1ng f AI era in om part of their farming land t furth r upplement 

th ir agri ultural Incom. 10 g l. th plant tra trap from I e ra i alued for 
It health r t rati and prot ti properti . AI e era (AI e barbeden i Miller) i a 

phyt which i 1m wn to d elop wat r torag ti ue in it 
u/\ I area of low or errati rainfall uch a de rt region . The 

inn rm t part of th I af i a cl aT. ft mit and lipp ry ti ue that c nit of 
I rg thln-\\ all d p ren hyma ell in which water i held a vi cou mucilage and 

ntain n t nl II wall carb h drate u h a eHulo and h mi-cellulo but al 0 

trag carb h drate like a etylated mannan. Alo gel contain phen lic 
nthraquinon . carboh drate polym rand ariou oth r in rganic and organic 

mp und . Man f the health b n fit f alo are attributed to the p ly accharide 
ntain d in the gel of th lea whi h ar medi inally implicat d in wound healing 

antrfungal a ti it . hyp gJycaemi r anti-diab tic effect anti-inflammat ry anti-
canc r. immun -m dulat ry and ga tro-pr tecti pr pertie. are i taken in Al e 
\ era pr e IIlg t a id ntaminati n of much alued internal fill t (gel) with yell w 
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ap contained in the basal part of the leaf since this yellow sap is known to contain 
bitter-toxic 'aloin ' in its constitution (Alok Shah et ai., 2011). Many value added 
products can b~ derived fr~m. A10e gel in conjunction with fruit juices and pulps from 
other flavour nch table vanetles to answer the cry for niche 'wellness ' product in the 
growing health egment market. 

DEHYDRATED PRODUCTS FROM GETB] AND HEITUP 

Gethi (Dioscorea kumunensis) and Heitup (Meyna spinose are minor fruit 
grown in high altitude areas of Uttaranchal and North Eastern regions respectively. 
Both Gethi and Heitup are relatively hard fruits with good content of fibres. Getbi and 
Heitup are not known much for their nutritional richness in known major and minor 
nutrients and are mostly valued for their fibre and phyto-nutrient composition. DFRL 
has developed many dehydrated value added products from both Gethj and Heitup like 
variously convection dried Gethi chunks and fruit piece and osmo-dehydrated Heitup 
fruit particulates. Cross flow cabinet drying HTST convection drying in conjunction 
with fluidised bed heating and freeze - thaw dehydration were the technique u ed for 
developing various dehydrated value added products from Gethi. 0 mo-dehydratd 
Heitup fruit particulates were found to have very good sensory acceptance among 
subject hedonic panelists. Such value added products from these underutili ed Getru 
and Heitup fruits have immense scope in supplementing the agricultural income of high 
altitude farmers. 

Health consciousness is increa ingly finding its way in well heeled and well 
endowed human societies the world over. The cry for newer value added health 
product from nutraceutical-rich, less exploited minor fruit and plant extracts uch a 
RTS beverages, purees, nectars, health tonic, fruit preads minimally proce ed 
products, hurdle technology products, re tructured analogue etc. have immen e cope 
in securing the livelihood of local farmer and tribals growing them. A the scientific 
knowledge about their nutritional and therapeutic richness preads wide acro the 
commercial significance of these minor fruits is only going to grow both nationally and 
internationally. And this is bound to give a further fillip to their commercial organi ed 
cultivation and utilization. 
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Eco-Restoration planning of land of Sodmal village of Dang district of Gujarat 
through Development of Agriculture and Agroforestry System 

ABSTRACT 

Amaresh Das, *N. N. Chaudhari and V. D. Maheriya 

NAIP-IlI, Division of Soil Science 
Navsari Agricultural University, Navsari-396450 

E-mail: naipnavsari@yahoo.co.in 

The Dang di trict, commonly known as Cherapunji of Gujarat tate fall under 
South Gujarat heavy rainfall agro-climatic zone having average annual rainfall of about 
2300 mm. Tribal farmers of Dang are quite unaware about appropriate utilization of 
land so as to improve their livelihood with simultaneous eco-restoration of their land 
for safe environment and ecological stability. So a tudy wa conducted under ational 
Agricultural Innovation Project-III in operational village Sodmal ituated at latitude and 
longitude of 20° 51 '40"N & 73°37 10' E encompa ing hilly undulating terrain of Dang 
di trict of Gujarat with an objective for eco-re toration planning of land through 
development of agriculture and agro-fore try land use system. The village come under 
hyperthermic temperature regime with a total geographical area of 193.4 ha where a 
lands under cultivation forest and pasture are 98.6 84.4 and 10.3 ha, re pecti ely at 
varying physiographical situation. Fore ts are mainly of deciduou (moi tJdry nature 
interspersed with scrub forest. Apart from Teak Bamboo Au tralian babul as the major 
forest species, other forest species viz., sam baval , gulmabor, raintree pethodia, 
karanj, arjun sadad, subabul, jack fruit mango cashew, sapota tamarind, aonla ber are 
also found in scattered form in the forest zone of the village. Preliminary survey of the 
entire village as well as analysis of soil characteristics in relation to variou crop 
production related constraints like soil texture soil depth oil ero ion percent of 
coarse fragments slope moisture holding capacity drainage etc were carried out to 
classify the land of the village under different land capability cla and unit. The re ult 
revealed that the slope (%) of major soils range from 3 to 10 percent which come 
down between 0 and 3 percent nearby to re idential area while the same at hill top and 
at mid piedmont areas varies from 10 to 25 percent. It wa ob erved that with increa e 
in slope percent, soil erosion increased which varies from sheet ero ion (El) to big 
gully erosion (E4) however major soils come under Rill ero ion (E2). Depth of major 
soil ranges between 0.22 to 0.45 m. However depth < 0.075 m and > 0.90 m were al 0 

encountered. Generally soils ituated at lower elevation were of higher d pth. The land 
of the entire village (including fore t) were categorised under lIe to IIe w ill Ve, 
Illes VIes and VIle ub-classes which were further cIa sified to diffi rent capability 
units. Very gently loping flat « 2%) land and v ry gently loping flat hill top (2 to 
3%) were found marginally uitable (S3) for rainfed rice, fmg r mill t and vari and 
moderately suitable (S2) particularly during kharif rainy ea on for orghum, pig on 
pea and ground nut, vegetables like cabbag tomato french bean pea and ow pe~ 
and horticultural crops like mango cu tard apple gua a and ca hew nut. SoIl 
con ervation mea ures like fi ld bunding oil- tone bunding for higher moi ture 
con ervation and reduction of oil erosion. Very gentle loping (4 to 5%) land oming 
under ill ub-class were placed under marginally uitable (S3) for all the abo e fi ld 
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a, ab \ 'e with half-mo n bunding ar und ~ plant t~ , 
ndulating mod rat I ping t rra ( t I Yo) land ml~g und I '! wa 

'd d~ , 'tabl ( I) fi r all arab I rop and margmall U1tabl (3) for al on ' l er n n SUI C , 

horti ' lJirural plant a. ab v \ ith d lopm nt f half-mo n bundmg ar und ~h plant 
and il-. tone r t n bunding ( t 10 m apart, M drat 1 to tl-ongl I ptng (14 t, 

16°0) and tr ngJy . Ioping (I to _00
0 land ming und r VIe and VIle ub-cla 

. , 11 uitabl ( I) fi r arabI r p and h uld b gr uped for d velopment 0 
\\ Ie n N'l .. Kh . 
, gr fi r . tr , f re t and pa rur v ith in rp r ti n of T ak ubabul, 1 g1Tl. , ~1l 
/(;lal11. Kar~ni. am t , aft r appr priat t n bunding a ro th , lope t~ .ml~lmlz' 
t:ro ion and I~nd lid and al 0 ~ r in m g n ration and ecologIcal tablhzatlOn a 

\n~11. 

KeY''' ord E -r t rati n, Planning, dmal illag Land capability, Agriculture 
tem 

r 'TROD CTIO;\l 
Th Dang di tri t, comm nl known a herapunji of Gujarat tate fall und ' ... 

outh ujarat hea\'. rainfall agro- limatic zon ha ing a erag annual rainfall of abou 
_ 00 mm. Ev n though the ar a r cei e good rainfall, owing to undulating topograph~ 
and hilly t rrain, major p rti n f rain water goe down tream and out of the zone a: 
runoff wat r. Thu , on on hand during mon oon there i problem of management 0 

ex of rain water and on th oth r hand after the cea ation of mon oon right fron 
o ember onward th r i acut arcity of water for ucces ful Agriculture 
M re \' r. ab n of trag m chani m and th decrea ed fore t cover cau ing larg( 
. cal r ion f nutri nt-rich top oil which flow with runoff water and gettinf 
ompl tely wa h d av:a . Th traditional la h and cultivation practice also contribut( 

to the r ion inc ther i little tree canopy to break the inten ity of the heavy rainfall 
Th urfa e oil ontain large amount of gra el and rock fragment. The major cro! 
productIon relat d con traint are poor oil texture, hallow depth of soil sloppy land 
low m i tur r t nti e capacity, medium to poor oil fertility statu and unawarenes 01 

m d m techn logical know-how by the tribal farm r , Becau e of the e decreased soi 
ndition and poor knowledge of the fanner av rage yield of crop are poor and as , 

r , ult. ocio-economic condition ofth farmer i al 0 poor. Thu there i an enormom 
cope for prop r planning of land in regard to eco-re toration through variou lane 
on nation treatm nt along with d elopment of agricultural field crop horticultural 

and fi re t plant in accordance with the ite uitability so a to improve overall yielC 
and ecological tabiljty, Ke ping the abo e point in view a study wa taken up a1 

odmal vi llag of Dang di trict for Eco-Re toration Planning of land througb variom 
land con ervation treatments along with De elopment of Agriculture and Agro-fore try 

y tem 

'1 TERIAL and Method 
An Overview of tudy Area : 

odmal ituat d at latitude and longitude of 20°51 40 'N & 73°37 10"E 
ncompa ing hilly undulating terrain of Dang district of GujaTat. The village comes 
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und r hyperthermic t mper~tur~ r gime with a total geographical area of 193.4 ha, 
where a lands under cultivation forest and pa ture are 98.6 84.4 and 10.3 ha 
respectively preading at varying phy iographical ituation. Fore ts are mainly of 
deciduous (moist/dry) nature intersper ed with crub fore t. Apart from Teak, Bamboo 
Australian babul as the major fore t pecies other fore t pecie viz., saru, baval 
gulmahor raintree spethodia, karanj arjun sadad ubabul jack fruit mango ca hew 
apota tamarind aonla ber are also found in scattered form in the fore t zone of the 

village. More than 98% of the village population is tribal. The soils are re idual type 
derived from the trappean basalt. These are stony in surface and severely eroded. Soil 
of the valley plain are somewhat deeper they are medium in texture (gravelly ilty 
clay), low in water holding capacity and non-calcareous with slightly acidic reaction 
mixed in clay minerals, well drained and highly permeable. The major crop of the area 
are paddy, minor millet tuber crops and pulses (black gram and Dolicho , etc . . The 
oil of the village developed at varying elevation and phy iographic po ition can be 

considered as the catena soils where landscape is repre ented by 5 to 6 di tinct 
geomorphic units namely bill top (cap )/flat hill top, escarpment upper pedimont mid 
pedimont, lower pedimont, and nearly flat land/valley soils. 

Field Survey: 
After collection of preliminary information on the topography geology climate 

and vegetation/crops, a field urvey was undertaken through traversing with village 
cadastral map (1:3960) and also with a ba e map (1:16666) pro ided by BISAG 
Gandhinagar. A traversing wa done through out the village finalizing orne road map 
to cover up the soils at varying physiographic po ition and elevation for flXing up oil 
legend like surface texture range of soil depth range lope and ero ion c1as e etc. 
Inclinometer/ Abney level was used to determine the lope while, depth of soil was 
e timated by using different types of augur . Further altimeter was utilized in order to 
know the elevation of land during traversing. The field data recorded on surface texture 
range of soil depth depth range lope and ero ion clas e etc were digitized on the 
base map of the oil with the help of dentist of BISAG Gandhinagar. D pending 
upon the physiographic position slope depth of oil etc eco-restoration planning of 
land of the village was made with po ible involvement of various land con ervation 
treatments stone bunding soil+stone bunding, field bunding by soil) and making 
outlet through wire waste gully plugging machinery foundation outlet MFO 
including Hydraulic Pump set for drawing water etc) for reducing oil era ion a w 11 
as improving soil moisture and also through development of agricultural field rop, 
horticultural and forest plant in accordance with the site uitability a a to improve 
overall yield and ecological stability.Con idering the limitation and potential f the 
soils, land capability cIa sification was e aluated up to capability un~t Ie 1 ~ .per. the 
procedure given by Klingebiel and Montgomery (1966). The e enty of limitatIOn 
were indicated by 1 2 3 and placed a land capability unit (Dent and Young 19 1 .. 
General suitability of oil for growing different crop in the illage curr ~tly I.n 
practices was evaluated ba ed on the field and laboratory data (not report. d 10 t.hl 
tudy) of oils taking into con ideration all plant growth related can tramt u mg 

criteria gi en by FAO (1976). 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 



E Agriculture for Food Security and Environmental Resilience 
National Seminar on Agroforestry: An vergreen 2 _ 4, February _ 2012 

'11icmc - J : .I1orofore try 'Monds 'Ulufer<Difforelll oro-eco(ogi a(IJ?.fOlOlzs 

RE VLT AND 01 CVS ION: . , 
The land u e patt rn of odmal illaa i de fib d in tabl 1: Th data rela~ d 

(0 di ' tributi n of oil with varying d pth (m), tat . and typ f ro IOn and lope (~) 
f I d at dmal villag i indi at d in table 2 hI h r v aled that the ar a WIth OIl 

d p~~ d I « . - m), d2 (7. ~ -__ . ~ m) d (_2.5-45 em) and d4 (45-90 ~]]) under 
ultivat d + degrad d fi re t ver i _._1, 10 .07 5.3 and.2.25 ha, r pe~t1ve ly and 

I . t'· t laIld I' 1 5 06 25 and 1. 5 ha r peet) ly. The maXlIDum area t 10 C tn Ie· -, . . . . 
(10 .0 ha und r culti at d +degraded fi r t land wa r e rded WIth ~2 (7.5-22.5 m) 
\\'hile in fore t land d_ (7. --_2. ~ m) wa ob er d only in 1. 2 ba. 011 depth d1 «7.5 

. 111) wa found to pr ad anI in 2._1 ha und r ulti at d + d graded fore t and 1. 2 ha 

und r fore t land (table -). . . 
The rea under oil ro i n 1 ( heet ero ion) e2 (RIll era IOn) 3 (Small 

ro ion) and 4 (Gull ero ion) ill ulti ated + d graded fore t cov r i 9.06, 100.21 
(.10 and 0.-+-+ ha. r p ctiv I and tho e in fore t land 45.55 J 3.01 4.25 and. 2.27 ha 
r pe ti\' I . Rill era ion ( _) \ a predominant. (100.21 ha) under cultIvated + 
deQTad d fore t land whil in for t land h et ero IOn (el) wa found to co er major 
are~s (-+ -. - - ha). Thu it i cl arl indicat d that for t cover ha pronounce effect on 
reducing the ro ion ext nt (table 2). 

The degree of oil lope under the cat gori of A= < 1 % B= 1-3% C=3-5% 
D=5-10%. E= 10-1-%, F=15-_5%. G=_5-35% H=>35% in cultivated + degraded fore t 
wa ob ~ rv d .10, .7. 24.17, 63.20, 12.64 5.62 and 3.43 ha respectively and tho e 
in fI r - 1 land \Va 0.10. 0.10. 1.30 3. 5 19.52, 35.79 and 4.41 ha respectively. 
HO\\'ev r. th ar a a r d under minimum lope A <1 %) wa maximum (63.20 ha) 
in ulti\'at d- d graded fore t co er area which indicated their good suitability for field 
crap a \-vell a horticultural crop baving Ie con traint . The ar a coming under the 
lope of E. F, G are not uitabl for field rop b cau e of higher slope coupled with 

higher coar e/rock fragm nt and hallow oil depth. 
The land of th entire illage wa categorized und r land capability classification as per 
the procedure given by Klingebiel and Montgomery (1966). It wa observed that soil 
' ituated at lower elevation weI' of higher depth. The land of the entire village 
(in luding fo e t) belong to II to lie w III Ves HIe VIes and VIles ub-classes 
whi h were further cia ifi d to different capability unit (table 3) for smaller and more 
homogenou group of oiJ that ha e imilar u potential and management 
requirement . 

Th eco-r toration planning through different probable land conservation 
tr atment i. e. B Stone Bunding), SSB (Soil + Stone Bunding) FB (Field Bunding by 
oil), WW (making outlet through wire wa te) OP (Gully plugging) MFO (Masonry 

Foundation Outlet) in luding HP (Hydraulic Pump et for drawing water) was done for 
the odmal village ( urvey no. wi e) ba ed on oil slope ero ion and oil depth data 
and are pr ent d in table: 3. Th table rev aled that even though the lope comes under 
the category A «1 %) the treatment lightly differ from place to place i.e. (1) FB WW 
fi Jd crop (2) FB, MFa field crop, horticultural crops at border' (3) SSB, FB, MFO 
field crop; (4) SSB. SB, MFa field crop (5) SSB FB field crops (6) SSB MFO 
field crop , field crop + horticultural crop . Similarly the land comes under the 
catego.r B 0-3%) lop differ lightly for land con ervation a well a development 
of agn ultu~e and agro fore try i.e. (1) FB WW, fi ld crop (2) FB MFO GS, fie ld 
crop + hortIculture plant at border (3) FB field crop (3) SSB, FB MFO, field crops 
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4) S B WW Field crop (5) B MFO, well, field crop. and horticulture crop at 
border. Likewi e under (3-5%) slope following treatments are planned 1) FB MF 
Ww,' 2) FB, field crop and horticulture crops' 3) SSB FB MFO field crop and 
hortlcul~e crop; 4) SSB FB field crops and hOlticulture crop' 5) SSB field crops 
and hortIculture cr~p . 6) SSB MFO field crops and h~rticulture crop . 7) SB GP 
field crops and hortlculture crop and SSB FB WW field crops and horticulture crop . 
Under D (5-10%) lope the treatments like (1 FB, MFO WW ; (2) FB, Horticultural 
crops' 3) FB MFO, GP ~orticultural crop' (4) SSB FB MFO Horticultural crop' 
(5) SSB SB MFO HortIcultural crop; (6) SSB, FB Horticultural crop' (7) S B 
Horticultural crops' (8) SSB, MFO, Horticultural crops' (9) SSB, MFO' (10) SSB SB' 
(11) SSB, SB, FB Horticultural crops' (12) SSB FB MFO mall check dam 
Horticultural crops; (13) SSB SB Horticultural crops; (14 S B FB MFO Well HP 
Horticultural crops. The land coming under slope E, F G i.e. with lope > 1 0% are not 
at all suitable for aerable crop but suitable for development and/or in ten ification of 
fore t spp. planting either in sole or in appropriate group form along with land 
con ervation treatment under E (1) FB, Horticultural Forest sp' (2) SSB FB Fore t· 
(3) SSB Forest· (4) SSB MFO Forest; (5) SSB FB and (6) SSB Well Fore t, under F 
treatment like (1) SSB FB, MFO Forest spp.· (2) SSB FB Forest pp: (3 SSB SB 
WW, Forest pp and under G Slope treatment (1) SSB FB MFO Fore t pp.; (2) 
SSB FB, Forest spp.;(3) SSB Fore t pp. and SSB FB, WW Fore t pp. table 3 

For the entire village, for eco restoration of land the different type of land 
treatments along with their quantum/volumellength are pre ented in table 4. 1220 mt 
length of stone bunding 19855 mt oil+stone bunding 16800 mt Field Bunding (by 
oil) 14 no. outlet through wire waste 4 no. Gully Plugging 91 no. Ma onry 

Foundation Outlet 1 no. Hydraulic Pump set for drawing water are required to be 
developed as per planning for eco-re toration of land of the illage. Ba ed on the field 
and laboratory data (not reported in thi tudy) of oil taking into con ideration all 
plant growth related con traint using criteria given by F AO (1976) general uitability 
of soils for growing different field crops and/or horticultural crop and/or fore t pp 
prevailing in the village was evaluated. Re ult revealed that ery gently loping flat < 
2%) land and very gently sloping flat hill top (2 to 3%) w re found marginally uitable 
(S3) for field crop like rice, finger millet and vari and moderately uitable ( 2 
particularly during kharif rainy season for orghum, pigeon pea and ground nut 
vegetables like cabbage tomato french bean, pea and cow pea and horticultural crop 
like mango, custard apple guava and ca hew nut along with the land con ervation 
treatments referred under table 4. 

Very gentle loping (3 to 5%) land coming under III ub-cIa were placed 
under marginally suitable (S3) for all the above field crop wher by proper land 
conservation measure a referred under table 4 i a mu t during kharif and moderately 
suitable (S2) for all horticultural plant a above with half-moon bunding around the 
plant to conserve more moisture. Undulating moderately loping land 5 to 10%) 
coming under Ve ub-cIa wa con idered non uitable 1 for all ~able rop and 
marginally suitable (S3) for all horticultural plant with land on ervatlO~ m a ur (7-
10 mt apart) a referred in table 4. H r dev lopm nt of half-moo~ bunding around. the 
horticultural plant would give additional benefit for mOl ~e c n rvatlOn. 
Moderately to trongly sloping (10 to 1 %) uitable for hO~l ultural plant a 
mentioned above along with land con ervation mea ure referred ill table 4. trongly 
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ping j 6 to _0% and ab e land coming und r VI and Vile ub- 1a w re non 
ui table 1) for arable rop at all and hould be gr up d £ r d velopment of 

agr fore tr andlor for t and pa tur with in orporation f Teak Subabul Nilgiri 
Khair. Kalam, Karanj , aru et . aft r appropriat land on rvation mea m e a 
ren IT d under table 4 a r th I P to minimize ro ion and land lid and a1 0 for 
fu tur in ome g neration and n ir nmental tabilization a well. 
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Table 1: Land use pattern of Sod mal Village 

Details Area (ba) 

Total Geographical Area 193.4 

Land under cultivation 98.6 

Land under fore t 84.4 
(i ncluding degraded + shrub) 
Land under pasture 10.3 

Table 2: Distr ibution of soil under va rying depth (em), erosion and slope (%) at 
Sod mal village 

Soil Area (ha) Soil Area (ba) Soil Area (ba) 
depth Culth ated Forest Ero ion Cultivated Forest Slope Cultivated Forest 
(em) + land + land (%) + land 

dearaded degraded degraded 
forest forest forest 

dJ 2.21 1.82 e] 9.06 45.55 A 3.10 0.10 
d2 108.07 53 .06 e2 100.21 13.01 B 5.75 0.10 

d3 5.38 8.25 e3 8.20 4.25 C 24.17 1.30 

d4 2.25 1.95 e4 0.44 2.27 D 63 .20 3.85 

E 12.64 19.52 

F 5.62 35.79 

G 3.43 4.4 1 
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*Cultivated area = 98.60 ha Main forest area= 65.08 ha Degraded 
fore tlsbrub area = 19.32 ha 

dl <7 .S cm 
d2 7.5-22.S cm 
d3 22.S-4S.0 cm 
d4 45-90 cm 

el 
e2 
e3 
e4 

Sheet erosion 
Rill erosion 
Srgall gully 
Big gully 

A=<l%, 
G=2S-3S% 

B= 1-3%, 
H=>3S% 

C=3-S%, D=S-10% E=10-15% , F=1S-2S% 
, 

Table 3: Land capability class, sub-class and units of Sodmal village 

Land capability class Land capability sub- Capability units 
class 

II lIes and llesw IIesls2, IIe2s3 IIels2wl 
IIe2s3wl 

ill IDs rlls2, ills3 
TIles me 1 s2, TIle 1 s3, IIIe2s2, IIIe2s3 

V Yes Vels2, Ve2s2, Ve3s2, Ve3s3 
VI VIes VIe2s2, VIe2s3, VIe3s3 

Subscirpts e ', 'w 's' and 'c' denote main limitations of the hazard of 
erosion wetness or accumulation of water limitations due to soil viz. shallownes 
droughtness or stoniness or gravelliness of the soil and the chief limitation in the 
climate (too cold or too dry) respectively. Severity of limitation were indicated by 1 
2,3. 

Table 4: Eco-Restoration planning of land of Sodmal village of Dang district 

Sr Probable Treatments Area Slope Survey o. 

No. (ba.) 

l. FB, WW, fieLd crop 3.26 AandB 100,8,74/2 

2. FB, MFO, GS field crop 0.50 B 6 

&HorticuLtural Plants 
3. FB MFO WW field crop 0.36 C, D 3,19/2 

&Horticultural Plants 
10347)5,93 92/1,9 4. FB, HorticuLtural PLant Fore t sp. 15.96 B C.O,£, 

Major (E) 2/3 4752_,62,61,7 
4,60.45.1 03,80,96 

5. FB MFO, field crop Horticulture 0.57 A 98,98/4 

Plants at border 
6. FB, MFO, GP, 0.32 D 102 

7. SSB, FB MFO, horti ulture rap 30.84 A,B C,D,FG 63,101 64,49.101 ,28 

major (D) 
,65 10 74 90,77,41,-
5,78 70,92,60,3,9~2 

8. SSB SB,MFO Horticultw'al rap 1.73 0 11 

major (D) 
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0 

,0 

36 
0 6 
0 70, 

B 95 

19 0 9 

20 0 19 

1.05 E 54 

.00 E 3 

1.00 CO 

1.12 F 59 
_. 7 0 25 

1.60 0 4 

Table: ... Detail of treatment required for entire village for eeo-restoration of 
land 

Treatments details Length or No. 
reQuired 

ISB I Stone Bunding 1220 rot 
SSB I Soil Stone Bunding 19855 mt 
FB Field Bunding (by soi l) 16800 mt 

, WW I Making outlet through wire waste 14 No. 
I GP Gully Pluging 4 No. 

MFO Machinery Foundation Outlet 91 No. 
HP Hydraulic Pump set for drawing water 1 No. 
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Assessment of Agroforestry based two -tier-cropping sy tern in mbala district of 
Haryana 

Devender Chahal*, Afzal Ahmad and J. N. Bhatia** 

Kri hi Vigyan Kendra( Vill.Tepla) P.o.Saha,AmbaLa Haryana-133104 
*Email:-devenderchahal rediffmail.com, Fax:-O 171 -2822522 
**Email:-bhatia1960@rediftinail.com,Fax:-01 71-2530526 

ABSTRACT 
In North-Western Indo-Gangetic plains (IGP) Poplar ba ed horti-Agro-Fore try 

model hav been adopted by the farmers. The farmer grow poplar due to it fa t 

growing habit short duration compatibility with the different crop eco-friendly and 
multi-purpo e u es in different industries. Poplar is a deciduous tree and very uitable 
for horti- agro-forestry ystem. It ha no shading effect on various crop rather add to 
soil fertility through its leaf litter. Wheat oat sorghum maize ugarcane ber eem 
turmeric ginger and potato can easily be grown a inter crop. The re ult obtained 
during the cour e of rotation of six years tudy from December 2000 to December 
2006) revealed that yield of all the inter sown crops decrea ed appreciably after two to 
three years of poplar plantation but thi yield 10 often comp n ated by th ale of 
poplar wood at the end of the rotation. 

The re ults of thi ix year study at KVK farm revealed that in ca e of poplar 
plantation the maximum girth size (29.73 inch) wa obtained with T l (Poplar + 
Sugarcane) followed by T2 (Poplar + Turmeric) where the girth ize wa 2 .66 inch, 
and the minimum girth size (25.06 inch) wa with Ts Poplar alone. Similarly the 
maximum timber wood (115.37 t/ha) wa al a obtained with T l followed by T2 (100.46 
t/ha) and the minimum timber wood (54.68 t/ha) wa obtained with T 4 (poplar 
Rainfed Wheat/Lentil). Economic analysi howed that the bighe t net income 
(Rs.64,355 fha/annum) was obtained with Tl followed by T2 R .59,543 fha/annum) 
and the lowest net income (Rs.18 719 /ha /annum) wa obtained with T 4 followed by T
(Rs. 20188/- ha / annum) where a on the ba i of co t of culti ation the a erag net 
return from paddy-wheat rotation which is generally followed in thi region wa ab ut 
Rs. 22970 /ha/annum during that period. Hence the poplar ba ed two-tier cropping 
ystem is more economical than the monocropping of agri ultural crop and to be a 

very good alternative to paddy-wheat rotation in Indo-Gangetic plain . 

Keywords:- Girth size Timber wood Net return 

INTRODUCTION 

In Indo-Gangetic plain of India compri ing mo tly o~-W tern tat lZ. 

Punjab Haryana Uttar Prade h Uttrakhand lower part f Hlmac~al Prad hand 
Jammu and Kashmir commercial culti ation of p plar Poplar deltO/de Bartr.) tr 

ha been adopted by a number of farmer . In thi region ugar an turm ri wheat, 
oil eeds (toria mu tard gobhi ar on) or pul e (1 ntii umm r mo ng gram and urd) 
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. b f tl .c:. n I' a a 1 crop. H w v r becau e of are n\' ntlOnally gr wn mo t 0 1 lat I . . . . 

minimum upp rt pri and better mark ting fa . r/ttl , the ad ptlOn f paddy-wh at 
. (1 qu 11 e i in r a in(1 rapidl and au l11g a lot f pr ur on area co ered croppll1,-, 0 . h .r d 

und r th r p a well a on the fI r -t plantatIOn. Ther .for , to av t e II r~ t an 
aL 0 t maximiz th n t r tum from minimum pi c of agncultmal land by puttmg the 
land in be ' t p ib l U e, the tim ha c m that we hould tend th for t. to 
agn ultural land b d mon trating the appropriate Horti-Agro-For try ba ed croppmg 
n~odel (Deb Ro 1990., Thind _006). . 

II rr e pe ie cann t b grown in u h a mode l caned Hortl-Agro-Fore try 
ompri ing horti-agri ultural r p plu fore t t1' e p ci . The tr . lected for 

thi PUll :hould fulfill me r quir m nt iz. grow fa t, grow tralght, hed .Iea 
dUring \\ inter. hay thin r wn, have de p taproot t m and n t harbour the In ect-
p L ~and bird hal111ful for agricultural rop. Poplar i uch a pecies which fulfill 
man f rh e r quirern nt . 

The famler grow poplar due to it fa t growing habit, hort duration ease of 
I' g neration. g od mark t demand, ompatibility with diffi rent crops eco-friendlyand 
m~ltl-purpO e u e in different indu tri . Poplar i a deciduou tr e and much uitable 
even fo r h rti-agro-fore try ba d multi- tor ropping y tern. Poplar p lantation 
int r ropped 'with agri ultural crop ha e b tter growth than tho e without intercrops 
and gro\\1h of tr i ariab l und r diff! r nt int rcrop . During initial tage it has 
lea t t~ ct on variou crop rather add to oil fertility througb it leaf litter. Wheat 
oat. orghum. maize. ugarcan , ber eem, turmeric, ginger or potato can ea ily be 
grown a an inter rop. Howe er, at arly age poplar cau less adver e effect on und r 
for try rop but at later tag reduc the crop tand due to more production of leaf 
litter. Kohli t a!. (1997) al 0 r ported that allelopathic effect of poplar tree played a 
vital rol in growth ~uppres ion of a ociated crops or under forestry vegetation. 

Thu to make tbe poplar ba d two-tier- ropping system more remunerative in 
di ffi r nt region . th ria need to ele t few mo t uitable intercrop having good 
demand in nearby mark t and al 0 boost up the growth of poplar trees. Keeping thi j 

\ Ie\\,: a tud wa initiated to a e tbe perfonnance of poplar plantation intercropped 
with diff! r nt cr p and to elect the mo t remunerative inter crop for cultivation under 
poplar plantation during th IX year of cropping period. 

lVIA TERIAL AND METHODS 

The tud wa conducted at the demon tration fann of Krishi Vigyan Kendra 
mbala (viII.Tepla), Haryana for the six years cropping period of poplar p lantation 

from December 2000 to December 2006. The fann is situated at 30° 18 '20' N 
26°. ~ 46 ~nd 26 ~n above mean ea level. Annual rainfall during six years cropping 
p nod vaned con Iderably and the maximum rainfall (1100 mm) wa received in 2006-
o , wher a , minimum rainfall (275 mm) wa recorded in 2005-06. 

Th experi~ental oil (0-15cm depth) wa andy loam in texture, normal in pH level 
(7. ). normal In ~C (?21 d. 1m) , low in organic carbon(0.34%) low in available N ( 
206 kglha) , ~ed.1Um ~n a allabl P (P20 S 35 Kg /ha) medium in available K (K

2
0 225 

kg/ha). and nch In mlcr?nutrient (Zn ].4 ppm , Fe 32.04 ppm and Mn 21.60 ppm) . 
ExperIment were carned out by cultivating different crops in combination with 
popular block plantation (plot ize 8x40m) for 6 uccessive year . For poplar plantation 
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(G-4 clone plant to plant spacing of 4m wa kept in both dir ctions (i.e. ea t-we t & 
north- outh) to faciliate the movement of tractor in both direction for easy inter-culture 
operation and to maintain a sufficient tree population (600 treeslba) for good return 
and the poplar apling were planted in the month of February 200l. 

During first year of poplar plantation all the recommended cultural practices 
even gap-filling of dead saplings were carried out uniforriily in all the plot a followed 
in ole poplar crop. In the next five years the application of fertilizer do e at the 
increasing rate of 50 gm NPK in 2: 1: 1 ratio per year per tree and the pruning operations 
were adopted uniformly in all the plot . Thick and vertical branches competing with 
leader shoot or main stern were pruned during the leatles period in second third and 
fourth years of planting. 

The growth parameters viz. girth size clear bole length and weight of timber 
wood of 10 selected trees, having good commercial value in each plot were mea ured 
in December, 2006 and average values were calculated. Observations about number of 
urvived trees up to harvesting stage in each plot were also recorded and con erted into 

the survival percentage of poplar trees under different agro-fore try y tern . 
Girth at breast height (GBH) was measured by measuring tape at the height of 

near about 1.37 In from ground level just before the uprooting of the tree. The clear 
bole length, having commercial value i.e. girth ize> lO inch wa al 0 mea ured with 
measuring tape just after the uprooting of tree. For collecting data on production of 
timber wood by poplar plantations the timber wood logs obtained from 10 selected 
trees in each plot were weighed according to their girth size a well a commercial 
value in local market and the total timber wood production in each plot wa calculated. 
Similarly on the basis of commercial values of different girtb ize logs the gro 
income from poplar plantation under different agro-fore try ystem wa calculated. 

In this study five poplar based crop combinations (inter-crops) were assessed. In 
first combination (poplar + sugarcane), sugarcane crop (cv.CoS-767) wa inter sown 
first time in February 2001 just after the transplanting of poplar sapling and 
subsequently two ratoon crops were also taken during the next two cropping ea on . 
During the fourth year (2004-05) sugarcane crop (cv. CoS-8436) wa again planted 
after the preparatory tillage in the month of February and in the n xt cropping ea on 
(2005-06) ratoon crop was also obtained. So during thi cour e of ix year rotation 
five sugarcane crops were grown succes fully by adopting general recommended 
practice as followed in sole sugarcane crop at KVK farm. In second combination 
(poplar + turmeric) first time the turmeric crop (cv. Rajapuri) wa eeded in March 
2001 and in the next five years four more crops were grown. So during the i year 
cropping period of poplar total five turmeric crops were gro~ u e fully ?y 
adopting general recommendations as followed in sole turmenc crop. In thud 
combination (poplar + wheat/oil eed crop) first time wheat crop .( c . PB~ -299 wa 
sown in late November 2000 before the plantation of poplar aphng and ill the next 
year the same cultivar wa grown. But in the year 2002-03 oil e. d crop tona .T-~ 
was followed by the late sown wheat crop (cv. PBW-373). Dunng th next two rabl
cropping seasons wheat (cv.PBW-373) and gobhi arson (c .GSL-2) crop were gro:vu 
in 2004-05 & 2005-06 re pectiv ly. All the e six crop w re grown by adoptmg 
general recommended package of practice a followed in ~le crop.. . 

In fourth combination (poplar + rainfed wheatll nul), fir t hme ramfi d wh~at 
cultivar (PBW -396) wa own in late No ember 2000 and in th n xt two lIC e 1 
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I It 'var a ' rrro n with earl 0 ember owing. But in th n ,t fur e 
vear t le am U I to • h 1 '1 
-: . ( ar 200 -04 2004- 5 & 2005-0 ) Il1 t ad f w at entl Rabl-cr pplng ea on '. ' .' ., 2 3 
rop (,\,. apna) wa grown with poplar plantatl n. How v f, 111 tbl OI~b~nat~on -
.' applied to wh at at criti al tao of the rop but no lmgatlon wa IrrIgatIon, \V re to 

appli'-'d to I Dtil rop. 
Tn fifth ombination (poplar al n ), ho r, no crop wa gr?wn under Poplar 

pI ntati n but 1110 t f th r om1l1 nded ul tura I pra ti w r carned out a u u~lly 
f 1I0w d in mon ultur plantation f poplar tr . All n e ary plant protectIon 
mea. ur w re al 0 adopted uniformly for controlling di ea e and p t incid nce in 
poplar a \:1,: 1I ather int r own roP. dw-ing thi p riod. . _ 

The net rerum in re pe t of mt r 0\ n crop under poplar plantatl~ns wele 
\\. rked lit on the ba j of ar wi e input 0 t, labor co t inter-culture operatIon co t 
in'io-atJon 0 t. hal e ting 0 t and output price in local mark t. Similarly, net r turns 
frol~ poplar plantation ~ re al ulat d on th ba i of co t of culti ation (year-wi e) 

and mark t value of har -e t d timb r wood. 

RE LT AND DISCUS ION 

Poplar Growth Performance . . . 
The commerciall important poplar growth parameter VIZ. gIrth Ize (GBH), 

CI ar bol length (girth ize > 10 inch), production of good quality timber trees 
( 0 .,ha), un·j al p rentage of timber tree up to harvesting tage and production of 
rImb r v:ood (t/ha) ,ere ignjfi antly influenced by th cultivation of annual or 

a onal rop during the i year of cropping period (Table-I). 
Th maximum girth ize (29.73 inch largest clear bole length (31.44 ft.) and 

high t production of quality timber wood (115.37 t/ha) w re obtained with sugarcane 
u~ti\ ation (TJ) fol1owed by rulmelic culti ation (TJ where girth size 28.66 inch clear 

bol length 2 .J 1 ft. and production of timber wood 110.46 tlha were recorded. The 
minimum girth ize (2 .06 inch wa recorded with control (Ts) wherea , shortest clear 
b Ie (2 A4 ft.) and the lowe t production of timber wood (54.68 t/ba) was recorded 
with rainfi d whea lentil cultivation. Data (Table 1) revealed that ignificantly more 
glTth iz. longer clear bole and higher timber wood production in poplar plantation 
were record d with TJ & T:~ a compared T3 T4 &Ts (control). Thi can be attributed to 
the timely application of inter-culture operations, fertilization and irrigation in inter 
own crop. which al 0 oincided with the active growth period of poplar tree . Gill et 

a!. (200 ) al 0 reported more girth ize and higher plant height of poplar trees when 
inter-cropped with turmeric a compared to wheat crop. 

Other growth param ter iz. production of good quabty timber tree (no. Iha) 
a well a urvi a] perc ntage of timber trees up to the harve ting stage were also 
ignificantly influenced by the cultivation of inter own crops. However the e two 
pa~am ter were a.1 0 ob erved ignificantly higher in poplar ole crop (Ts) as compared 
to mt rcropped WIth wheat/oil eed crop (T4) and rainfed wheat/lentil crop (Ts) and this 
can be attrj~uted to the water fre condition in these plot during the months of 
March,. Apnl and May which coincided with the flu h of new leaves in poplar 
plantatIOn. 
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Sr. 
No. 

T. 

T2 
T 

T4 

Ts 

Table 1: Commercially important Poplar growth parameters influenced by 
intercropping of Various Crop 

Treatment Girth Clear Production of Sur j al 0/ 0 Production 
ize Bole quality age of Tree of Timber 

(inch) Length Timber upto Wood 
(ft.) Tree (No .Iha) Har e ting (t/ha) 

stage 
Poplar + Sugarcane 29.73 3 1.44 557 77.97 115.37 

(92.86)* 
Poplar + Turmeric 28.66 28 .11 542 74.4 1 (90.33) 100.46 
Poplar + Wheat/Oilseed 25.60 26.55 486 64.26 (81.06) 71.21 
Crops 
Poplar + Rainfed 25 .33 25.44 445 59.28 (74.16) 54.68 
WheatILentil 
Poplar alone (control) 25 .06 25 .88 548 76.01 (91.35) 67.07 
SEm± 0.22 0.15 14.64 5.76 2.23 
CD (P=0.05) 0.51 0.34 33.77 13.29 5. 15 

* Ongmal value are glVen m parenthesl 

Economics 
The viability of any horti-agro-forestry system depend upon the economic 

feasibility and the be t treatment or cropping system not fetching appropriate economic 
return as compared to paddy-wheat cropping equence in thi region may not be 
acceptable to the farmers. By keeping in view the economic yield of poplar as well a 
inter- own crops was converted into monetary term. From the pre ent tudy it i 
apparent (Table 2) that inter cropping of poplar plantation with ugarcane (T I) and 
turmeric (T2) crop during the six years of cropping period wa found highly 
economical and resulted in 2-3 times more net returns as compared to poplar ole crop 
(T5) as well as intercropped with wheat/oilseeds/pul e T3 and T4) on the rabi cropping 
ea ons of this period. Further more the highe t net return from poplar plantation wa 

obtained with TI (poplar + sugarcane , wherea the highe t net return from other crop 
was obtained with T2 (poplar + turmeric) during the cour e of ix year cropping 
period. This may be attributed to more adverse effect of increased canopy ize of tree 
on sugarcane as compared to turmeric when grown a inter rop during the econd half 
cropping period of poplar plantation. Intere tingly the a erage n t return obtain d 
with T4 (poplar +rainfed wheat/lentil) wa lower than T5 (control). Thi might be due to 
comparative higher mortality in these plot re ulted in production of Ie number of 
timber trees. 

To find out the economic fea ibility of th e horti-agro-fore try ba ed two-tier 
cropping ystems the average net returnlha/annum wa also ompared e n with 
paddy-wheat cropping equence a commonly followed in thi r gi n. D~ng thi 
period the average net return from paddy-wheat cropping qu nce wa obtamed R . 
22970lha/annum at KVK farm. 
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T BLE 2: Economic of two tie.'-croppin o systems based ~n poplar plantation and 
interc.'opped with various c.'ops for SIX years 

Tr£'almcnt Gross Co t of Net J·etul"O Net r eturn Tota l net Aver·age 
return cultivation from from other· return in net return 
from poplar of poplar poplar crop ix year Ihalannum 
(Rs.lha) (Rs.lhal (R~.Iha) i R s.lhal (Rs.lhal 

~Iar -.- Sll!!arCane 376464 24600 35 1864 34264 386128 64355 
Po~lar Tum~ic 178760 24600 254 160 ]03100 357260 59543 

203184 24600 200784 1678 1 217565 36261 t T. Poplar + 
WhealOilsccd_C!ops 

, T~ Poplar - RalJlied 118800 24600 94200 18116 112316 18719 
l Wheal L~ntil 

Nil 121~ 20188 ~ Poplar alone( control) 1-1-5728 24600 121128 
Padd\ Wheal 137820 22970 I Til I lToeQing scqlleT!£e* 

-- -- -- --

* \. ~rag net retum from Padd -\ heat ropping equence at KVK farm i depict d 
ju't !O c ;npare th e onomi fea ibilit oftwo-ti r-cropping y terns. 

ot :- Gro return from poplar block plantation were calculated on the ba is of 
al market pri e of tirnb r wood for that financial year (2005-06) : 

Over- ize (>24" girth ize) R .3 001 t 
nder iz (1 -24" girth ize R .2600/t 
OKHTA (10-1 ·'girth ize R .1900/t 

Can lu ively. it ha been e tabli hed from the tudy that poplar sugarcane and 
turrn ric ba ed two-tier cropping y tern i highly remunerative and more economical 
than the mono cropping of poplar a well a other horti-agricultural crops and to be a 
very good alt rnative to paddy-wheat rotation in Indo-Gangetic-Plains (lGP). 
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Effect of Different Pruning Intensities on Wood Production and Yield of Late 
Sown Wheat Varieties under D. sissoo based Agrisilviculture 

system of Agroforestry 

L.D. Koshta and S.D. Upadhyaya 

Department of Forestry 
College of Agriculture, JNKVV Jabalpur 

ABSTRACT 

Field experiment wa conducted during rabi ea on of2010-2011 under Al RP 
on Agrofore try Depatment of Forestry JNKVV Jabalpur M.P.). Dalbargia sissoo 
was planted in 5 x 5 m pacing in the year 1988. The treatment combination in olved in 
main plot were four pruning treatment (viz. no pruning 25% pruning 50% pruning 
and 75% pruning) and one open (without tree) in main plot and three late sown wheat 
varieties (viz. M.P.-3020; OW 273 and GW 366 in ub plot. The experiment wa laid 
out in trip plot de ign with four replication. The oil of the experimental area wa 
medium black. Clay sandy loam with pH 6.0 acidic high in organic matter (0.81) 
medium in available nitrogen (288.1 kg ha- I) high in available pho phoru 20.38 kg 
ha-I) and low in available pota h (170 kg ha- I). In inter cropping with D. i 00 three 
late own wheat varieties were own in 20 cm row pacing fertilized ith 
recommended do e of fertilizer i.e. 100:60:40 :P:K kg ha-I.Th re ult re ealed that 
crop under Open condition recorded ignificantly higher plant height (77 .26 cm 
number of effective tillerlMRL (50.53) length of ear head (9.04 cm) number of 
grain lear head (41.46) and 1000 grain weight a compared to no pruning hich 
recorded ignificantly lowe t plant height (72.2 cm) number of tiller /MRL(39. 6) 
length of ear head (8.22 crn) number of grain lear head and 1000 grain wight (27.6 
grm). Grain yield open condition (without tree) recorded ignificantly higher grain 
yield (1892 kg ha- I) at par with 75% pruning (1700 kg ha-I) 50% pruning 165 kg ha
l) and 25% pruning (1633 kg ha- I) but ignificantly uperior to no pruning (R . 1209 ha
l) . The percent reduction in grain yield under no pruning 25% pruning 50% pruning 
and 75% pruning over open condition wa 36.1 , 13.7 10.9 and 10.1 r pecti ely. Grain 
yield of wheat was significantly influenced by different vari tie . Wheat variety GW-
273 recorded ignificantly higher grain yield (177 kg ha-I clo ely followed b MP-
3020 (1617 kg ha-I) and uperior to ariety GW-266 which r corded ignificantly 
lowe t grain yield of 1483 kg ha-I. Variety MP-3020 wa at par with GW-273. The 
percent reduction in grain yield in GW-366 and MP-3020 over GW-273 wa 16.7 and 
9.0 percent re pectively. Agri ilviculture y tern ga e ignificantly high r m netary 
return (R .29003 ha- I) than growing of rop alon (R. 14 17 ha-

I
) or tree alone R . 

14531). Managed agrofore try y tern wheat+ D. i 00 in 25% pruning ga e high r 
monetary return (Rs. 33 580 ha-I) at par with 50% and no pruning but ignificantl 
superior to 75% pruning (Rs.23332 ha-l) crop alone and tr e alon . Among arieti 
GW-273 recorded high monetary r turn (R .27927 ha-

I
) at-par with MP 3020 R 

26 870 ha-I) but ignificantly uperior to GW -366 (R . 23 400 ha-
I
) . 

Keyword:- Agrofore try Agri ilvi ulture y t rn Dalbergia i 00 Mom tory r turn, 

Pruning 
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Ii TROOUCTIO 

It i th g ncral n i n f th fann r that tree in a ciati n with fOp 
in ngr fore tr will c mp t with for light. nutri nt and In i ture 
( h 'ani el ]/. 1990). Thi tr e and rap. increa ed with 

. f t e du t in r thad ). R du tion in yield du 
111 r a Illg age r 
r tr' ,'11 ad rna redu e b manipulation in tr an p~' . Th r ar numbe: of 

il\'i ultural op rati n \ hi h an reduc tre an.opy fa llItat ntry of . ~n~l~ht 
pnming f tree, maxil11iz the pr ducti n of th d Ired produ t throug~ ml~l11mlZtng 
omp ~ition. f r ar wth r our e am ng th tre rop mpon nt. Prunll1g tncrea 

th tl xibili f ~.::>roft r h t m, and nable fann r to balan e their indi idual 
need, f r h'ee c p produ t . Pruning pr id ood bioma for fire, wood le~f 
blOmu, ' and todd r. In pruning. th remo al f ome part of th tree or the crown w~l1 
b\ i u ~ 1 redu th mp titi n ability of tr b au rown management wIll 

fa 'ilitate m re Jiaht t und 111 ath rop and r duce d mand of moi ture and nutrient. 
Th r art: a nu~b r of \Vh at vari ti \: hi b perform good in open field but their 
p rfomlan with the tr i not known. Hen e it i . ry n~ .e . ary to find out the 
' llitabl padd vanetl \ hi h can be pr fened better 111 Agn r1 lcultur y tern too. 
Keepll1g ab \' fa t in mind the pr ent rudy i propo d . 

. \laterial and 1\1ethod 

ite de cription 
Th fi Id , p riment wa conduct d at Du ty a r area, under AICRP on 

gr for try pr ~ t. Departm nt of Fore try Jawaharlal Nehru Kri hi Vishwa 
id}ala a. Jabalpur (M.P.). Jabalpur i ituated at 23 3 North Latitude and 79.5° Ea t 
ngitud \: ith an attitud of 411. meter abo e the mean ea level. It come under 

th agro-climat r gion la itied a Kymor Plat au and Satpura Hill and i broadly 
kno\\'n a Ric -Wheat rop zon of Madhya Prade h. The climate of the region i semi 
and with h t dry ummer and cold dry wint r. Th mean annual rainfall of Jabalpur i 
1_-0 to l-lOO mm, re eived from mid-June to September with oeca ional rain during 
th winter. Ma and Jun ar th hott t month where a December and January i tbe 
olde t. Th total rainfall of 1629.5 mm with 51 rainy days wa received during the 

y ar (2010-20 II) of the experimentation. Out of which 1531.9 mm (94.05%) rainfall 
\\'a r corded in 4 month (Jun 10 to ept. 11). Though there was normal rainfall but 
th di tribution of rainfall wa abnonnal. The average maximum (41.5 °C) and 
minimum temp rature (6.0° ) were recorded in May 10 and Jan 2011 respectively. 
The highe t m an alu f relati e humidity (91 %) wa recorded in Nov. 2010 wherea 
lowe t mean alue (10%) wa in April 2010. The maximum wind velocity (8.0 km/hr ) 
wa ob erved in the month of June ] 0 and minimum (3.0 km/hrs in the month of 
January 20 II. 

Experimental details 

Field xperiment wa conducted during rabi sea on of2010-2011 under AICRP 
on Agrofore. try Department of Fore try JNKVV Jabalpur (M.P.). Dalbargia is 00 

wa planted In 5 5 m pacing in the year 1988. The treatment combination involved in 
main plot were ft ur pruning treatment (viz. no pruning, 25% pruning, 50% pruning 
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and 75% pruning) and one open (without tree) in main plot ?l1d three late own wheat 
varieties (viz. M.P.-3020· OW 273 and OW 366) in sub plot. The experiment was laid 
out in strip plot design with four replications. The soi l of the experimental area wa 
medium black. Clay sandy loam with pH 6.0 (acidic), bigh in organic matter (0.81), 
medium in available nitrogen (288.1 kg ha-I

) , high in aVglilable phosphorus (20.38 kg 
ha-I

) and low in available potash (170 kg ha-I
). In inter cropping with D. sissoo. 

three late sown wheat varieties were own in 20 cm row spacing fertilized with 
recommended dose of fertilizer i.e. 100:60:40 N:P:K kg ha-I

. 

The source of nitrogen phosphorus and potash were urea single uper 
phosphate and murate of potash. Nitrogen was given in two time ie. half amount at the 
time of sowing as basal and remaining balf one month after sowing as top dressing. The 
growth observations viz. plant height, numbers of effective tiller per meter length of 
ear head, number of grains per year-head thousand grain weight and grain yield were 
recorded at the time of harvesting. Before sowing of crop pruning operation in tree 
were done as per treatment, and tree growth characters viz tree height diameter at 
breast height, canopy spread in both N-S and E-W direction pruned bioma . 
Cylindrical volume, stand biomass and economics were workout. All the parameters of 
crop and tree were analysed statistically using analysis of variance for trip plot design. 
The significance was te ted for all the parameters at 0.05% level. 

Table- 1: Effect of different pruning intensities and late sown wheat vari,eti,es on yield attributes 
and yields of crop under Agrisilviculture ystem 

Treatment Plat No of Length No of 1000 Grain % 
height effective of ear grains/ grain yield reduction 
(ems) tillers/MRL head earhead height (kglha-I

) in yield 
(em) (gms) 

Pruning intensities 
Po = No pruning 72.2 39.86 8.22 34.8 27.68 1209 36.09 
P25 = 25% pruning 73.5 41.6 8.44 36.88 28.15 1633 13.6 
Pso = 50% pruning 75.73 43 .33 8.62 38.06 29.41 1685 10.9 
P75 - 75% pruning 76.2 46.46 8.78 39.4 30.72 1700 II 
Open condition 77.26 50.53 9.04 41.46 3l.73 1892 -
SEM ± 1.02 2.21 0.17 0.55 0.35 108 

CD at 0.05% 3.08 6.67 0.51 1.66 1.05 326 

Wheat varieties 
V I - MP-3020 76.12 44.96 9.3 39.32 24.14 161 7 

V 2 GW-273 75.08 44.32 9.26 41.44 24.36 1778 

V 3 GW-366 73.76 43.8 7.3 33.6 40 .07 1483 

SEM + 0.94 1.22 0.15 0.41 0.15 87.4 

CD at 0.05% NS NS 0.42 1.17 0.42 249 

Result 
Pruning intensities 
Yield attributing characters 

All the yield attributing character of wheat rop viz' plant he~ght n~ber of 
tillerlMRL length of ear head number of grain lear head and 1000 grams weIght wer 
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' i!!11ifi anll ffe ted by differ nt pruninto int n iti . p n nditi n re rd d 
it~niJj ~a ntl higher plant h ight (77.- m), numb r f ffi ti till r/MR~ ( .~3), 

:::0 0 I) b f I'al'n I ar h ad 41.4 ) and 1 0 gram weIght I nglh f car h ad (9. "+ m, num r to . 
3 .' ~ mpared t n pruning whi h r rd d ignifi anti I w t plant h Igh.t (72.2 cm) 
nUI11bcrof tiller / MRL(~ 9. 6).1 ngth f arh . ad .22 m.) n~llTlb r.~fgral~ /earh.ad 
and 1000 grain \\' ight (_7. grm).Am ng dtffi r nt prunmo mt n Itle , 75 Yo prumng 
r ord d .'knifi antI. tall r plant (76._ 111) at par \J ith th r pruning tr atment ?ut 
siglliticantl,~ ' uperi r t n pruning. imilar tr nd wa .. f~un.d in number f effi ctl e 
tillers 1RL.ln I ngth f arh ad, 7 % pruning reoI'd d IgDlfi antly I ng t ar h .ad 
«. " 111) I I I fall wed b ~Ooo ( .62 and 25%.( .4~ m). ~ut i~ni~cantly up. nor 
t n pruning (.__ 111). 1110no diffi rent prunmg mt n Itl Ign~ficantly higher 
number of QTall1. ar h ad wa r cord d in 75% pruning ( 9.4) at par wIth 50% (38.06) 
and ~'o ° p~ning '6. but ignifi antly up ri r to n prlUling (34. ). 75% pruning 
re rded ignifi antly higher te t, ight (30.7_ gm) I Iy fall wed by 50% pruning 
(- 9.4) but ignifi antI uperi r t _ °'0 and no pruning (27.6 which were at par. 

Grain ~ ield 
rain i ld of \\'h at a ignifi antI fD ct d b differ nt pruning iot n itie 

pen c nditi 11 r ordcd ignificantl high r grain yi Id (1 92 kg ha'l) at par with 75% 
pruning ( I 00 kg ha 'i .50°'0 pruning ( I 5 kg ha 'l ) and 25% pruning (1633 kg ha ' l) but 
igniti antly upenor to n pruning (R . L09 ha'I ). The percent reduction in grain 

Yield under n pruning _,,0 ° pruning, 50% pruning and 75% prunmg ov r op n 
conditi n wa 6. L I .. 10. and 10.1 r pe ti el . 

'''heat Varieties 

Yield attributing characters 

DI ffi rent wh at varietie 0\ n under late own condition howed no 
Ignifi antly t ffect of plant height and number of till r IMRL. Varietie revealed 
ignifi antI, ftect on I ngth of earb ad. Variety MP·3020 recorded ignificantly 

long r ear I ngth (9. m) 10 ely fallowed by GW-273 but ignificantly superior to GW
~66 ( ."' m). Ignificantly higher number of grain lear head wa record d in variety 
GW-_ 3 and 'va ignificantly uperior to MP·3020 (39.32 em). Variety GW-366 
record d th lowe t number of grain per head (34.8 cm). Wheat variety GW -366 
re orded ignificantly higher t t weight (40.07 and wa ignificantly uperior to 
variety GW·_ 3 (_4.36grm) and MP-3020 (24.14 gm) which were at par. 

Grain Yield 

Grain yield of wh at wa ignificantly influenced by different varieties. Wheat 
\ariet GW·_"' re ord d ignificantly higher grain yield (1778 kg ha" ) clo ely 
follow d b Mp·3020 (1617 kg ha'l ) and uperior to ariety GW-366 which recorded 
ignificantly lowe t grain yield of 14 3 kg ha'i. Variety MP-3020 was at par with GW-

2 . The percent r duction in grain yield in OW -266 and MP-3020 over GW -273 wa 
16.7 and 9.0 percent re pectively. 
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103 . 

Morphological growth character of tree 

Pruning intensity 

Tree height of D. Si 00 wa not ignificantly influenced by different pruning 
inten itie .. however p~ing i.nte~ ity howed i~nificant effect on dbh canopy pread 
pruned blomas (kg ha ) cyhndncal volume (m ha-1 

, Stand bioma (kg ha-1 A the 
pruning inten ity increa ed dbh canopy spread (N-S & (E-W) direction, cylindrical 
volume, and stand bioma increa ed ignificantly. Hence 25% pruning recorded 
ignificantly higher dbh (19.91 crn cylindrical volume (124.12 m3 ha_1 and tree tand 

biomass (95571 kg ha-
1
) where a 75 % pruning recorded the lowe t dbh (14.21 em) 

canopy pread in both (N-S) & (E-W) direction cylindrical volume (60 m3 ha_1) and 
stand biorna (46861 kg ha-I 

. 

Varieties 
Tree when grown with different varie6e (Agri ilviculture system and without 

crop ie. tree alone showed no significant difference in height dbh canopy pread in 
both (N-S) & (E-W) recorded ignificantly lowest cylindrical volume (79-5 m3 ha-' 
and tand biomas (61240 kg ha-I

) as compared tree grown with diffi rent arietie. 
Under tree but canopy spread in N-S (5.82m) E-W (6.23m) 

Net Profit (Rs. ha-1
) 

Table-2 : Net Profit of different wheat varieties grown without D. sissoo with D. 
sissoo (Agrisilviculture system) in different pruning intensities and in open 

condition 

I~ 
MP-3020 GW-273 GW- Mean 

366 
Pruning 
intensities/s 
No pruning 28595 29876 29934 29468 
25% pruning 33687 36195 30859 33580 -h 
50% pruning 31278 32850 24767 29632 [=--29003 
75% pruning 26184 24374 19440 23332 -
Open- crop alone 14610 16340 12001 14317 
Mean 26870 27927 23400 

Treatment SEM CD at 0.05% 
Pruning inten itie 1994 6001 
Varietie 1599 4477 

Agri ilviculture y tern gav ignificantl~ higher monetary return R . 29003 
ha-I ) than growing of rop alone (R. 14317 ha-) or.tr e alon .CR. 14531). Manag d 
agrofore try y tern wheat+ D. i 00 in 25% ~runmg g~ ~ high r mon t.ar retu~ 
(R . 33,580 ha-I ) at par with 50% and no prumng but 19n1fi~a~tly up nor to 75 Yo 
pruning (R .23332 ha-1) rop alone and tre alone. Among an tie W-27 r ord d 
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high m !letar r tum (R .27,927 ha·1
) at-par _~itb MP 020 R 2 70 ha-1) but 

ionifi anti up ri r to GW- 6 (R . 2 ,400 ha) . . 
Me> h I o j al QfOwth hara t rand bioma pr du bon of D. 1 00 a 

rp 0,:, t:> • '1 ' 1 t 
influen ed by 

pruning inten iti and b at ad ti und r Agn- 1 lCU ture y m. 

Treatment Heiobt DBH Canopy Pruned Cylindrical Stand 
m em spread (m) biomass volume biomass 

N-S E-W kg ha- I (m3 ha-I
) kg ha- I 

Prunin!! intensity 
89716 Po -No pruning: 9.16 19.81 i39 7.29 - 1 L6.43 

25°0 pruning 9.88 19.9 1 5]-2 6.23 189 124.12 95571 p" 
17.53 5.38 5.65 675 97.31 74861 P Sll -50°'0 prunino 9.78 

P'5 -750
0 pruning 8.23 14.21 3.39 4.09 825 60.65 46861 

SEM 0.83 0.8 0.38 0.35 48 3.16 5884 
CD at 0.050

0 NS 2.46 1.21 1.09 165 9.78 18302 
Late sown wheat variety 
VI MP 3020 9.51 19.40 5.71 6.72 734 115.06 90829 
V, GW273 9.10 f8.33 5.43 5.85 720 99.12 76314 
V3 GW 366 9.31 fS.26 5.44 5.33 786 ] 01.18 77950 
Tree . No crop 9.23 15.41 5.57 5.41 761 79.5 61240 
SEM 0.47 1.33 0.45 0.34 60 5.34 4111 
CD at 0.05% NS NS NS NS NS 17.06 13137 

Di eu ion: 
Cr p grown op n condition (without tree) recorded significantly higher yield 

attributing character iz plant h ight number of effective tillerlMRL Length of 
earhead number of grain per earhead, 1000 grain weight and grain yield as compared 
to grov.'l1 with tree und r different pruning intensities. In open condition more light was 
found and it help in photo ynthe i mUltiplication of cells as a result it gives higher 
value of ield attribute which contribute more yield. Ram ewaj et al. (2001) 
ob TV d that grain yield ah a po itive correlation with number of panicle/m2 length of 
panic) , number of grian /panicle and te t height. Solar radiation appeared to be the 
mo t important factor for growth and yield of inter crops (Suresh and Rao, 1999; 
Tomar et a!. 2000 and Reynold et al 2007. Among pruning 75% pruning recorded 
higher yield a compared to other pruning treatments. The probable reason might be 
due to more a ailability fin 75% pruning a compared other pruning & no pruning. 
Cylindrical volume in ultimate product of height & dbh of tree. 25% pruning recorded 
higher dbh (19-91 cm) and height (9.88m) re ult ignificantly more cylindrical volume 
wa recorded. In tudy managed agrofore try ystem (pruning) gave higher return (Rs. 
29003 ha-

I
) a compare to crop alone (Rs. 14317 ha-I

) and tree alone (Rs. 14531 ha-I ) . 

Th probable reason of higher return in managed agroforestry system is that sufficient 
return obtained from both tree and crop component where as in tree alone or crop alone, 
return obtained from only one component either from tree or crop. Suggest that 
agroforestry i more profitable than only agriculture or Forestry (Chandra 1986 and 
Patel 198 . 
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Conclu ion 

lud ugg _ t d that had f tr ad r el affi ct gr wth yi Id of rop but 
ilvi ultural operati n \ hi h an r duce tre anopy, fa ilitated entry of Wllight 

pruning i on of th m_ Pruning han becam an e ntial pra ti e for redu ing both 
ab \' and b low ~round mpetiti n with a ociat drop - In pr ent tudy out of 4 
plllning int n It I (no pruning. _ %, 50% and 7 % pruning) 75% ~runing recor~ed 
higher i Id nd yi Jd attribut on c mpar to 0% and 25% plUl1lng. No prUI1111g 
rc ord d 1 \\' t ield. 

gri ilvi ulrur t m ga e ignifi antly higher monetary retum (R . 29003 
ha -I )thangrowing f ropa]on (R. 14 17ha-1 ortr alone(R.145 1). Managed 
a~rofore tr rem, \ heat+ D. i 00 in _ -% pruning ga e higher monetary retums 
(l~. s . 3". 0 ha-I) at par with ~O% and n pruning but ignificantly uperior to 75% 
pruning (R._ ., _ ha-I) crop al ne and tr e alone. Among varietie GW -273 recorded 
high m nerar return (R ._7.9_ ha-I) at-par with MP 020(R 26 70 ha-1) but 
ignificantl_ uperior t GW-366 (R .23,400 ha-1

) 
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Correlation and regression studies of paddy-weed eco y tern under agrofore try 
practices in guava ochards 

ABSTRACT 

K. K. Jain and H. L. Sharma 

Department of Fore try and Mathematics & StaLi lics 
Jawaharlal Nehru Kri hi Vishwa Vidyalaya 

Jabalpur 482 004 (M P.) 

The tudy was initiated to know the a ociation of growth and yield attributing 
character of paddy under guava ba ed agri-horticulture practice of agrofore try during 
the year 2008-09 in 15 years old guava plantation in Randomized Block De ign with 
three replications. The investigation was carried out at the Fore try Re earch Farm, 
lawaharlal Nehru Kri hi Vishwa Vidyalaya labalpur (M. P .. The oil of the 
experimental field was clay in texture and almo t neutral in reaction. The a ailable 
nitrogen phosphorus and potash in the oil were 262 (low) 24 medium) and 253 
(medium) kg/ha, re pectively. The fruit tree which can be grown either in 
combination with agricultural crop or on separate land u ually not fit for agriCUlture 
offer opportunity and providing nutritional security to fanner family. Further, tree 
have capacity and growing under condition and in areas where it may not be po ible 
to grow conventional agricultural crops. 

The ability of trees to tap water from deep underground layer and to with tand 
drought i another important advantage enjoyed by them 0 er agricultural crop . 
Control of weeds is an important cultural operation In culti ation of paddy crop for 
good harvest which is beneficial for proper growth development and yield for thi 
crop. 

The correlation coefficient amongst different growth charact r of paddy on 
eed yield had ignificant po itive correlation with the crop- hoot bioma O. 11 . 

Amongst the different growth and yield character ignjficantly highe t po itive 
correlation (0.999 **) wa noted between plant population at initial tage (30 Day 
After Sowing) and at harvest. Similarly the crop- hoot bioma al 0 had ignifi ant 
po itive as ociation (0.934 **) with number of tiller per met r ro length. Th te t 
weight and number of grains per panicle al 0 bad ignjficant po iti e correlation ith 
plant population at initial tage and barve t. 

The regres ion analy i revealed that wight of grain per pani Ie wa the rno t 
important character toward the eed yield per hectar . Th increa e in weight of grain 
per panicle by one gram may result an incr a e in ed yield by 161.115 kglha. Oth r 
mo t important character wa the number of ffecti till r / m ro len~h and 
increa ed yield could be predicted by 9 .423 kg/ha with th incr a of one hiler per 

meter row length. . . 
Similarly the other important character w re the te t wight plant po~ulat1on 

per meter row I ngth at initial (30 DAS and at harve t. The incre~ . In e d ~I ld Iha 
could b predicted by 78. 71 39.461 and 3 . 01 kg with Unlt .In r a 10 th e 
re pective character. Thu the e hara t r houJd b on ld red for futur 

improvement of thi rop by the plant bre der. 
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. th abo aoina findin a it ma b concluded that among t the dift! rent 
10m 0 0 0 . 

cr p growth and sink paramet r, w. i.ght of grain /pani!e a the rn t Imp rtant 

I d I ad th I
· """I'fi ant po It 1 ffl t on e d Yl Id foIl w d by number of 

lara t r an 1 5 u . 

ffi ctiv till r p r met r ro length. Th plant type may be taJ1or~d t . produce more 
wight of th grain p r panicl and b .ar more n~ber of effi tl e tIller per pJant 
throu)l g n ti ngin ring or b Ultable breeding programrn tmder haded 

onditi n ~ of gua a plantati n. 

Key words: Padd , COlT lati n, Regr IOn 

J TRODUCTION 
Gua a i an important fruit in the tropical and ub-tropical region of ~e 

ountry. De pit it adaptability to aried agro climatic ondition. Monoculture bemg 
ri k pro , uitabl crop combination in tll inter pace of guava orchard. ~an 
aenerate tra in orne, impro produ ri ity p r unit area a a re ult of effIcIent 
~tilizati n of natural re ourc and input whi h ameliorate and improve ecological 
ituation. This I ad to the thinking of a di er ified cropping sy tem between the inter 

pa e of guava or hard . 
The agri -horticultre y tem help in con ervation of vegetation soil and 

nutrient con ervation and provid fruit and food grains on a u tainable basis. 
pland ri field fa or growth of semi aquatic weeds. Some of the rice field 

get inf ted with obno iou weeds uch a Echinochloa and Cyperus pecies. These 
w ed po e erou thr at in upland rice fields. Rice i reported to be the most ensitive 
rap to weed competition ranging from 43.5 to 55.5 % (Choudhary' et a1. 1995). 

Farmer generally keep the ric crop unwedded due to scarcity of laborers. 
H av rain do not pennit timely weeding which is very e ential to get higher 
production (Kjng, 1974). The knowledge on behavior of emergence of kharif weeds in 
paddy crop under guava orchard i almost lacking which is very essential for 
de eloping effective and cheape t control mea ure. The information on the extent of 
reduction in ~ i Id of paddy crop due to different weed species associated in paddy weed 
eco y tern are n t available. The extent of reduction in kharif crop due to weeds is also 
reported by Jain and Tiwari (1993) and Agrawal et a1. 1995). Hence with the views 

pre ent tudy was undertaken. 

MA TE RIAL S AND METHODS 
The field experiment wa conducted at the Forestry Research Farm, Jawaharlal 

Nehru Kri hi Vi hwa Vidyalaya Jabalpur (M. P.) during the rainy season of 2008-09 in 
I ~ year old gua a orchards planted at a distance of 5 ill X 5 m. The soil of the 
experimental field wa c1ay in texture and almost neutral in reaction, the available 
nitrogen, pho phoru and potash in the soil were 262 (low) 24 (medium) and 253 
(medium) kg/ha re pecti ely. The crop was irrigated as and when there was moisture 
tres by u jng dairy waste water during the crop growth period. Jabalpur is situated at 

23 0 3" North latitude and 79.5 0 5 East Longitude with an altitude of 411.78 meters 
above the mean ea level. It comes under the agro c1imatic region classified as Kymore 
Plateau and Satpura Hill and i broadly known a Rice-Wheat crop zone of Madhya 
P~ade h. The clImate of the region is sub-tropical with the hot dry summer and cold dry 
winter. The mean annual rainfall of Jabalpur i 1250 to 1400 rom mostly received 
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between mid of June to September with occasional rains during the winter. The mean 
monthly temperature goes down to the limit of 4 C during winter while the maximum 
tempera~e reaches as high as 45 C during summer. Paddy variety Kranti was grown 
under dlfferent weed control treatments. The treatment combinations were comprised 
viz., fenoxaprop - p- ethyl (75 100,125 g ai /ha) fenoxaprop - p- ethyl + 24-D 
(100+500 g ai /ha) 24-D (500 g ai /ha), Hand Weeding (twice 20 & 40 DAS) 
Butachlor + Hand Weeding (200 g ai /ba + 20 DAS) and weedy check. The herbicides 
were used as post-emergence. 

The yield attributing characters crop shoot biomass and yield of paddy crop 
were recorded at harvest. With the advances in computer programming, multivariate 
techniques increasingly being used in the analysis of biological data. It is necessary to 
have the linear relationship amongst the different growth and sink character and 
quantified information on how the growth characters affect the yield. 

The correlation coefficient (r) was calculated a suggested by Snedecor and 
Cochran (1967) with the following formula. 

Correlation coefficient-r = 

RESUL TS AND DISCUSSION 
Correlation analysis; 

n 

The ~orrelation coefficient amongst the different growth character of paddy on 
seed yield had significant positive correlation with the crop-shoot bioma (0.811). 
Amongst the different growth and yield characters significantly highest po itive 
correlation (0.999 **) was noted between plant population at initial stage (30 Day 
After sowing) and at harvest. Similarly crop-shoot bioma s also had significant 
positive association (0.931 **) with number of tillers per meter row length. The test 
weight and number of grains per panicle also had significant positive correlation with 
plant population at initial stage and harvest (Table 1). 
Regression analysis: 

The regression analysis revealed that the weight of grains per panicle wa the · 
most important character towards the eed yield per hectare. The increa e in weight of 
grains per panicle by one gram may result an increase in eed yield by 161.115 kglha. 
Other most important character was number of effective tillers/ m row length and the 
increased yield could be predicted by 98.423 kglha with the increa e of one tiller/m row 
length (Table 2). 

Similarly the other important character were te t weight plant population! m 
row length at initial (30 DAS) and at harvest. The inc rea e in seed yield per hectare 
could be predicted by 78.871 39.461 and 38.301 kg with unit increa e in the .e 
characters. Thus these characters should be con id red for future improvement of thl 
crop by the plant breeder. 
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CONCLU 10 
From the abo e going finding it rna b n luded that among t the dif er nt 

crop growth param t r . \ ight of grain p r panic1 wa th mo t important character 
and had th ignifi ant po iri ffi t on ed yield follow d by number of ffective 
till r / plant. Thu . the plant typ ma b tailored to produ e mor wight of grain and 
b ar rn r numb r of till r / plant und r th haded ondition of gua a plantation. 

REFERENCES 
Agrawal. . K .. K. K. Agrawal and K. K. Jain ] 995). Crop w ed a ociation and 

intenelation hip in ybean. World 11 d 2: 69- 75. 
houdhary, . .. U. C. harma and A. K. Khan (1995). Effect of weed management 

pra ti on nutrient 10 and yield of ric in agaland. Indian J Agron. 40: 

19 -197. 
Jain. K. K. and Ti ari 1. P. (1993). Correlation and regre ion analysi of soybean-

we d co y t ID. Indian 1. Weed Sci .. 25: 77-80. 
King, L. J. 19 4). Weed of th World: Biology and Control. In: Polwnin (Ed.) Plant 

cience agaland Wi) Ea t m Pri at Limited New Delhi 
nedecor, G. W. and Co hran (1967). Stali tical Method Oxford & IBH Publi hing 

Co. Bomba. 

Table 1: Correlation matrix indicating interrelationship of seed yield with growth and 
Sink parameters 

I S. No. Xl X3 ~ Xs X6 X7 Xs X9 XIO Y 

XI 
Xl 
XJ 
X~ 

Xs 
X6 
X7 

Xs 
X9 
X10 

I 0.999** 0.502 0.779 * 0.680 0.608 0.799* 0.552 0.800* 0.625 0.428 
- 0.505 0.976* 0.667 0.612 0.784* 0.529 0.795* 0.638 0.451 
- - 0.381 0.109 0.963 0.472 0.780* 0.763 0.174 0.051 
- - - 0.625 0.451 0.438 0.161 0.752* 0.934** 0.649 
- - - - 0.170 0.579 0.311 0.686 0.644 0.665 
- - - - - 0.575 0.727 0.641 0.194 0.072 
- - - - - - 0.724 0.529 0.341 0.446 
- - - - - - - 0.654 0.071 0.190 
- - - - - - - - 0.675 0.498 
- - - - - - 0.811 * - - -

* ignificant at 0.05 level of significance * * Significant at 0.01 level of significance 

Xl = Plant population/m 
Row length (30 DAS) 

X2 = Plant population/m 
Row length (at harvest) 

X5 = No. of effective tillers/ ill 
row length 

X6 = Lengtb of panicle 
at barYe t 

X9 = Test weight 

XI0 = Crop-shoot 
biomass (kglba) 
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111~~~ --.: 

X3 = Plant height at barYe t X7 = No. of grain Ipanicle Y = Seed yield 
(Kg I ha) 

X4 = No. of tiller 1m 
Row length 

X8 = Weight of grain Ipanicle 

Table 2. Regression analysis of different growth and sink parameter with seed 
yield (kgl ha) 

Sr. No. Variable 1\ Mean±SE 
y= a + b x (Independent Variable) 

1 Xl 271.428 + 39.461 Xl 34.34 + 1.08 
2 X2 326.915 + 38.301 X2 33.93 + 1.08 
3 X3 1427.051 + 3.314X3 60.17 + 1.54 

4 X4 65.547 + 15.551 X4 100.37 + 4. 11 

5 X5 - 5159.384 + 98.423 X5 68.94 + 0.67 

6 X6 1092.125 + 28.875 X6 18.51 + 0.25 

7 X7 653.077 + 7.276 X7 133.78 + 6.08 
8 X8 1263.082 + 161.115 X8 2.13 + 0.12 
9 X9 - 54.687 + 78.871 X9 21.32 + 0.63 
10 X10 - 400.405 + 0.792 X10 2559.98 + 101. 80 

XI = Plant population/m 
Row length (30 DAS) 

Xs = No. of effective tillersl m 
row length 

X 2 = Plant population/m 
Row length (at harvest) 

X3 = Plant height at harvest 

~ = No. of tiller 1m 
Row length 

X6 = Length of panicle 
at harve t 

X7 = No. of grain Ipanicle 

x = Weight of grain Ipanicle 

R2 

0.183 
0.172 
0.003 

0.421 

0.442 

0.005 

0.199 
0.036 
0.248 
0.658 

X9 = Te t weight 

X10 = Crop- hoot 
bioma (kg/ha) 

Y = Seed yield 
Kg I ha) 
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Evaluation of different tree species in Si lviculture system of Agroforestry 

D. B. Lad~ C. J. onawane, N. A. Jadhav and S.A. Anar-ase 

. B TRACT 

A//lndia O-Ol·dinat d R e ar" Pro} t 011 Aarofor tr), 
1017a1177 1 Plude Kri hi I'id.l ap Ih, Rahuri-413 7 __ 

gr fore tr i a pecializ d land u tem in whi h perennial trees are 
int nt nalY grown \vith crop on th ame land manag. m nt W1it . wl~i h ultimately I ad 
10 fa vourabJ e ologi al and economic interactIOn. In i1v]culture ystem of 

grot! r try field experim nt wa c ndu t d in haUo oil to as e the growth 
p ~'fol1nan e of even diffi r nt tree peci under Rahuri . location i~ We tern 
Mahara htra. The xp riment wa plant d during Augu t, 1996 ill a randolTIlzed block 
d" ign (RBD) with thr e r pli ation . Th performan e of differ nt tr p ci viz,. 
TeCl~l7a al'andi . A::adfra hla indica, Hard11 'icki binata, Acacia nilotica Melia 
a::adfra h. Zi::ipu. mauri/fana and ElfCa~)lptu wa a e ed for tr h ight collar 
diamet r. diamet r at br a t height bol hight, and bole volume of fix d amples on 
twelve year plantation . Among v n tr atm nt Eucalyptu wa found promising and 
, h \.\'ed "uperior re ult followed by Acacia ni/otiea var. cupre iformi . The 
di fferen e among tree pecie in re p t of all the growth attribute were stati tically 
ignifi ant. Eu alyptu recorded ignificantly high t plant height (J 1. 76m) and bole 

h ight (.12m) r pe tivel . While, Ramkathi babul (Aeada nilotica var. 
Clfpric(formi ) recorded ignificant ly highe t collar diameter (21.74cm) and DBH 
(I . 0 m fI Ilowed b Anjan ov r re t of th tree pecie . The pooled results indicated 
that u alyptu rec rded ignifi antly highest plant height (9.88m) and bole height 
(6.~2m) wherea ignificantJy highe t ollar diameter (16.l9cm) and DBH (13.99 cm) 
were ob en'ed in Ramkathi babuI. Among the variou treatments highe t gro 
mOllltory rerum (R .2.32, - _2/-) net monitory return (Rs.2] 5,278/-) and B:C ratio 
( R . LA , -) \\ recorded by Eucalyptu [oHowed by Ramkathi babul (R . 8.10). 

INTRODUCTIO 

grofore try i often heralded a a promi ing land use option with con iderable 
potential for comrn rcial timber production (Kumar 2005). Coincidentally, timber 
pecie abound on fannland or a a boundry planted tree (Kumar et aI, 1994). The 

prime concern in Agrofor try tudi s ha been optimization of various tree species for 
maximizmg tree growth ubject to th condition of minimum reduction in crop yield 
0\: r. ole . rop (Hegde, 1990). In Agrofor try y tern, tree are intentionally u ed 
WIthIn agncultur y tern which can be advantageou over conventional agriculture and 
for t production method through increa ed productivity economic benefit, social 
outcome and ecological good and ervices provided. Hence pre ent investigation was 
u.nd~rtaken to valuat th performance of different timber producing tree pecies in 

11 lculture. y tern of Agrofore try in hallow soil for sugge ting best tree species for 
hallow 011 and the ffeet of various tree specie on growth attributes under rahuri 

condition in w t rn Mahara htra. 
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MATERJAL AND METHODS 
. Th pre ent inve ti~ation wa undertaken at Al RP on Agrofore try MPKV 

Rahun located at an el vatlOn of 500 m above mean sea level. It i ituated between 
L9° 47' N latitude and 74°81' E longitude and having ub tropical emiarid climatic 
condition with mean annual rain fall 500-700 mm. Me t of the rainfall i received 
during mon oon eason (Augu t-October). Mean maximum temperature range from 
41 ° (May to 22° (FeblUary) and mean minimum temperature varie from 28° to 
7° (February) the experiment wa planted during July 1996. The oil of experimental 
area i hallow and light with a general fertility level of low organic carbon nitrogen 
phosphorus and high pota sium. 

Experiment was laid in a randomized block de ign with three replication. And 
tree were planted at 3 x 3 m pacing in each replication. One year old eedling of 
Tectona grandis Azadirachta indica Hardwicki binata Acacia nilotica Melia 
azadira h, Zizipu mauritiana and Eucalyptus were planted in pits of 0.60 x 0.60 x 0.60 
m filled with top oil and decompo ed FYM. Tree were pruned 50 % of total height in 
July-August every year taiting from third year onwards. The data on tree growth 
attribute viz., tree height collar girth at breast height (GBH) bole height, and bole 
volume of fixed ample tree was recorded at the end of 12th year. Data obtained for 
various character is analyzed a per procedure gi en by Pan e and ukbatme (1967 . 

RESUL TS AND DISCUSSION 
Observation on the various growth attributes recorded under variou treatment 

at the age of 12 year are presented in Table l.The difference among tree pecie in 
re pect of all the growth attribute were stati tically ignificant. Significantly up rior 
plant height collar girth girth at brea t height and bole olume wa obtained in 
Eucalyptus. Rai et. al. al 0 reported maximum bole bioma in eucalyptu in growth 
and biomas production study of multipurpo e tree pecie . ignificant diffi r ntial 
response in plant height and DBH wa also obs rved in variou tree pecie. The tree 
specie Eucalyptus recorded ignificantly highe t plant heigbt (l1.76m) and bole height 
(7.12m) re pectively. While Acacia nilotica var. Cupriciformi (Ramkathi babul) 
recorded ignificantly highest collar diameter (21.74cm) and DBH 1 . Ocm followed 
by Hardwika binata (Anjan) over rest of the tree pecie a compared with Tectona 
grandi, Azadirachta indica E. camandulen i ,Melia azadirach and Zi::ipu 
muaritiana (Ber) tree pecies. The beneficial effect of tr ncbing felling or both in 
Agrofore try a sociation have been demonstrated in Eucalyptu by ingh and Da al 
(1974) Dadbwal et al (1984) Verinurnbe and Okali (1985) and hakaranarayan (19 6) 

and Ka ole et. a/.(1999). 
The pooled re ult indicated that Eucalyptu r corded ignificantly high . t plant 

height (9.8 m) and bole height (6.22m) wh reas ignifi antly high t ollar ~l~m t .r 
(16.19cm) and DBH (13.99 cm) were ob erved in A aGia niloli a ar. ClIpricifonm 
(Ramkathi babul).Growth p rfonnance of Acacia niloti a ha b n al 0 r port d b 

Giri Rao et. al (2003) 
Among the variou treatm nt highe t gro monitory return R .2,32522/-) a 

well a net monitory r tum (R.2 15 27 1-) and B:C ratio (R .12.4 I~) a r rd d b 
Eucal plu followed by Aca ia nilolica ar. Lpri iformi (Ramkat?l. babul (R. .10). 
Gr wth performance of Acacia nilotica ha be n al 0 r ported by GIn Rao tal (2003). 
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n th ba i f p I d r ult it i to r mm nd that plantati n f u alyp~1 . in 
hall \\' :oil of car it z n f We tern Mahara htra i r mm nd d fI r btaInmg 

high"r limb r i Id and n t monitor r turn at th age ftw I y ar . 
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Table 1 : Growth observations of different tree specie 

Sr. Treatments 2010-2011 
No. Plant ht. Coli. DBH Bole 

(m) dia. (cm) ht. (m) 
(cm) 

1 Neem ( Azadirachta indica) 6.69 15.09 11.80 2.35 
2 Eucalyptu (E.camaldulensis) 11.76 18.36 14.59 7.12 
3 Bakan (Melia azadirach) 6.54 14.25 12.59 3.08 
4 Teak (Tectona grandi ) 6.26 14.01 10.12 3.33 
5 Anjan ( Hardwiclda binnata) 8.77 20.65 16.93 4.86 
6 R. Babul (Acacia nilotica) 11.36 21.74 18.80 4.24 
7 Ber (Ziziphus mauritiana) 3.15 8.66 6.40 1.34 

G. mean 6.80 14.09 11.40 3.26 
SE± 0.50 0.98 1.17 0.31 
CD at 5% 1.52 2.97 3.56 0.94 
C.V.% 12.79 12.04 17.81 16.45 

Table 2 : Growth observations of different tree pecie 

Sr. Treatments Pooled mean (12 years) Bole Bole Timber 
No. voI.ltree vol.!ha. (t/ha) 

Plant ht. Coil. dia. DBH Bole 
(m3

) (m1 

(m) (em) (em) ht. (m) 

1 Neem 5.51 12.68 10.05 2.32 0.034 37.75 22.213 
2 Eucalyptu 9.88 14.99 11.84 6.22 0.273 304.01 178.863 
3 Bakan 5.45 11.94 9.87 3.01 0.052 57.72 33. 23 
4 Teak 4.88 11.09 7.65 3.15 0.039 42 . 3 25.197 

5 Anjan 6.46 13.97 11.54 4.57 0.134 149.50 7.960 

6 R. Babul 8.47 16.19 13.99 3. 9 0.137 153.11 90.077 

7 Ber 2.41 7.08 2.08 1.00 0.006 6.72 3.95 

G. mean 6.15 12.56 9.57 3.45 0.096 107.38 63 .15 

SE± 0.39 0.77 0.71 0.16 0.020 22.06 12.96 

D at 5% 1.12 2.16 2.00 0.46 0.061 6 .01 36.96 

C.Y.% 7.17 6.72 .20 9.42 35.57 35.59 35.56 
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Table 3; Gros monitory returns cost of cuJtivation, net monitory returns and B:C 
,-atio of different treatments 

Sr. reatments Cost I I No. 

G.-o s 
monitory 
returns 

(Rs.) 

of cultivation 
(Rs.) 

Net 
monitory 
returns 

B:C 
ratio 
(Rs.) 

I 

5 
6 

I .-1~ordiracll indica (N em) 
I £IICa(l'jJllI comal1du/en i 
.lfelia a~ ldira h (Bakan) 
Tectona grandi. (Teak) 
Hanhl'ickia biJ1llala (Anjan) 
.-I cocio ni/orieo (R. BabuJ) 
Zi::ip/7lf. mauri/iana (Ber) 

G. mean 

I E= 
CD at - 00 

c. V.oo 

"99 4.00 
232522.00 
60 1.00 
100786.00 

1 3_ 
J _1 .00 
40444.00 

11361 7.90 
_0163 . 
62149.16 

30.74 

17799.00 
17244.00 
17799.00 
19466.00 
17799.00 
17799.00 
18355.00 

(Rs.) 

22185.00 
215278.00 
43082.00 

1320.00 
140529.00 
144339.00 
22089.00 

95581.00 
20163 .62 
62148.46 

36.54 

1.25 
12.48 
2.42 
4.17 
7. 9 

.10 
1.19 

5.36 
1.14 
3.52 

36.90 

* The pri of timber for Euca lyphl R .1300/mt Teak @ R .4000/mt and 
R-. I 00 mt fo r oth r timber. 
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INCOME FROM VARIOUS POPLAR BASED AGROFORESTRY MODELS: 

ABSTRACT 

HARYANA EXPERIENCE 

Jagdish Chander 

Chief Conservator of Forest (Research) 
Panchkula, Haryana 

Ochander845@gmail.com) Mobile: 9467473690 

Poplar (pop Ius delta ides) - a hort rotation woody tree wa introduced in 
Yamunanagar district of Haryana State in 1978 for growing a an agrofore try crop. 
Because of its ability to grow and mature quickly, it fitted very well into the 
commercial agrofore try system of Haryana. At pre ent it i grown in northern part of 
the State mainly in seven districts. During three decade of its cultivation under variou 
agrofore try patterns, it has become the part and parcel of farming y tern of Haryana. 
Cooperation extended by the Government of Haryana through non-impo ition of any 
restrictions on its harve ting transport and sale has encouraged farmer to take up 
Poplar Based Agroforestry (PBAF) in a big way. Yamunanagar town of Haryana i the 
big hub for post-harvest Poplar activity in terms of wood ale u e and value addition 
mainly in the form of veneer and plywood manufacture and 0 to ay that Poplar ha 
now become a full fledged industry in itself in the state. It ha brought pro perity to the 
tate has improved the environment by equestering carbon at fa ter rate and ha 

helped in saving the natural fore t wildlife and their biodiver ity. It ba contributed a 
lot in making Haryana a timber surplus state. Poplar grower in Haryana ba e turned 
their fields into laboratory and are experimenting with various model of it fanning 
combining with horticulture olericulture poultry fi h farming and agriculture 
depending upon the choice of crop they want to grow. They ha e now come out ith 
various model of its farming and are adopting the one that gi e them th bighe t 
economic returns. Some of the finally refined PBAF model in practice at pre nt in 
the state are: Poplar+ Wheat+ Sorghum Poplar+ Sugarcane+ Wheat + Sorghum, 
Poplar+ Wheat+ Turmeric+ Sorghum and Poplar+ Sugarcane+ Turmeri . The net 
benefits from these PBAF models have been computed eparately und r Haryana 

conditions. 

Keywords: Poplar, PBAF Haryana Yamunanagar 

INTRODUCTION: 

Poplar was introduced in Yamunanagar di tri t of Haryana in 197 w~th th 
active support of WIMCO as a viable alternative to Eucalyptu a latter wa facmg lot 
of criticism. However very oon it wa reali ed that Poplar and Eucalypm. are n t 
competitor rather they are complem ntary to eacb otb r a for a the qUI . \ ood 
production and quick return ar oncerned. Poplar ha found a eparat.e mc~e a?d 
although it did not ucceed in fore t yet it ad~pted ery w 11 to OInp.aruon h~p With 
the agricultural crop. It did not compete WIth Eucalyptu be au It ba dlffi r nt 
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rcquir mcnt and ha limited zone. Dw-ing m r than thr of P ~ I ar 
introduction in Har. ana, Poplar ha ' witn d man up and down. here wa a tIm 
ill late nin lic. \Vh n p plar price in th mark t ha ra h d t b ttom I ~w . Tb wood 
f t h d pri e ju -t ninety rupe a quintal almo t equal to fo~d r ~n Bar e m 
(Tri/o/illlll a/e.ron irinlflJ1) preval nt at that tim . But r ~on It r . 1 ed and today 
P plar wo d i being ' ld in the market .1000 rupe per ~wnta1. Yamunanagar town 
ofHar ana ha 111 rg d as ia' bigg t tImber mark t malllly du to Poplar wood .. 

- t pre nt ther ar 679 poplar d ba ed indu tri in Haryan~, out of whIch 
:: 0 arc in Yamunanagar alon . Th re i alue adclition t the wo d 111 th form .of 
mainl plV\,vood, pI bard and fruit pa king a and more than thre doz n u e of It 
wood -haY- me up. Poplar wood worih one rore and alue add d good worth thre 
erer . ar traded e ry da in amunanagar Timber Mark t gen rating huge 
mployment in on farm and f fa nn a tivitie . .. 

Initiall Ion numb r G-, -4. Ie, and TI21 wer mtroduced m the tate 
In art ightie . The ta d on till earl nin tie. But in arly ninetie G-3 was wiped 
out du to it pr nene t th P st and n w lone UDAl S7 ] 5, S7 8, L-34 and 
T 1 ~ 1 \\' rc introdu ed. The cl ne belonging to " "wer not liked by th farmer and 

JIldu trie du to olour of th 0 d and they were wiped out. L-34 did not adapt well 
under Haryana ondition . Th twent fir t ntury witn ed th introduction of few 
more Jon in t11 fonTI f Ion namely UDAl, WSL-22 WSL-32 W-39. G-48 has 
r entl b come little ntrover ial a it i being blamed for the erious problem of 
pt . How ver. in pite of all odd G-4 i taying though it i likely to be replaced by 
clone no. 10 introduced in Haryana r cently by WIMCO. 

Witne ed by the fanner them el Poplar ha become the undisputed player 
of agrofore try in Haryana in it zone and ov r the year lot of permutations and 
c mbination of Poplar Ba d grofor try (PBAF) have emerged. It respond to the 
input applied and agri ultural operation done for growing agriculture crop. Crops like 
tunneric lo\' to grow under poplar hade a it provid much needed shade and shelter 
to tunneric. It i planted on boundarie of the field in rows or in the field as block 
plantation. much 0 that multiti r or multiple cropping pattern combining Poplar 
with horticultur crop, food crop, fodder crop and medicinal plant has emerged. So, it 
i planted with \\ heat, ugarcane, on boundary mixed with other tree pecie on the 
boundary of the fi h and poultry fann to provide hade particularly to poultry birds 
during the period of hot wind . It i plated with crop like Okra (Abelmoschus 
e, clflenfll ), Mentha, chillie . Cherry, Bajra and Maize (grown a fodder crop) oat , 
unflow rand trawb rry. So profitable i Poplar busines that the farmers grow poplar 

nur ery und r Poplar. A r gards preference to the crops, mo t preferred is wheat, 
followed by ugarcan . bar eem maize lowar and Bajra grown as fodder crop. Wheat 
and ugarcane are the preferred crop till fir t three years. Sunflower can be grown only 
upto fir t two year. Oat a Rabi crop can be grown throughout. However, as the trees 
attain a rotation age the combination of Poplar with turmeric is mo t profitable a 
Poplar act a nur crop for turmeric. 

Veneer ma~ing j the main u e of Poplar. Mo t of the iDdu trie using Poplar 
~ood . for ply makmg u wood which ha girth more than 90 cm . Poplar attain thi 
gIrth In about 6 to 7 year. Therefore, rotation age for Poplar has been fixed at 6 to 7 
year. 0 docum Ilted infonnation for the returns from various Poplar Based 
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Agrofore try (PBAF) y tern under Haryana condition i avaibble. Hence thi tudy 
wa conducted in the year 2011 in Yamunanagar and Kuruk betra di trict . 

OBJECTIVES OF THE STUDY: 

1. To tudy variou Poplar Ba ed Agrofore try model prevalent in Haryana 
2. To compute income from variou Poplar Ba ed Agrofore try model prevalent 

in Haryana 
3. To uggest the be t model ofPBAF under Haryana condition 

MATERIALS AND METHODS: 

The tudy on the afore aid objective wa conducted on farmer field in 
Yamunanagar and Kuruk hetra district of Haryana in the year 201l. For each model 
five farmer were elected. A minimum distance of five kilometre wa en ured 
between two ample. As regard the area a minimum area of one acre wa con idered 
for the purpose of study. The di cussion were held with the owner and other farmer 
adopting PBAF. The rates for the ale of Poplar wood were coll cted from 
Yamunanagar Timber Market. The prices for grains and ugarcane were collect d from 
grain market and Sugar Mill respectively. Calculation were done based on th pre ent 
market rates u ing 7% discounting factor. Accordingly the re ult were comput d. For 
sugge ting best model for PBAF in Haryana the di counted figure for net benefit 
obtained from different model were compared and accordingly ranking wa done. 

RESULT AND DISCUSSION: 

The re ults of the above study can be discu ed under the following head: 
1. Poplar based agroforestry model prevalent in Haryana 
2. Cost- Benefit analy i of practical and widely adopted model 
3. Comparison of return obtain d from different model and fmal 

recommendation 
As regard Poplar based agrofore try model prevalent in Haryana, the de cripti n 
of various PBAF model found during the cour e of tudy i gi n a und r: 
• Poplar + Wheat + Sunflower+ Sorghum: In thi model wheat i own during 
first week of November and thereafter poplar i planted during fir t eek of 
February. Upon harvest of wheat during March unflower i own. It i follow d 
by owing of orghum in July. Thi pattern i followed for two year and ther aft r 
growing of unflower i di continued a it i not able to grow due to the h~d 
effect of poplar Plant . Third year onward wheat during Rabi and orghum dun~g 
Kharif ea on are grown. Thi model wa popular with th fam~er but lat~r on thl 
model nearly vani hed from the field a farmer did not g t de Ired eed YIeld from 
unflower due to Ie growing period a ailabl to it. At pr ent only . ry few 

farmer ar continuing with thi mod l. A thi mod I wa not found practical co t 

benefit analysi wa not done. 

• Poplar + Barseem + Sorghum: Thi mod 1 i folIo 
th ir hou ehold 

d by th farm r t me t 
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nt of f dder dlrring the Rabi and Kharif a n . It i pra t1 ed on mall 
t b n fi t ana] i wa not d n . 

• Poplar + Mu tard + orghum: Thi mod I i folio ed by the farm r to me t 

their hou h Id 
requir m nt f mu tard oi l and fodd r. It i pra ti ed on mall ca l and henc the 

o. t ben fit anal i \ ant d ne. 

d TI ' d a fiOUlld in home tead of poor and • Poplar in homestea s: 11 mo 
landl lab ur r 

\\'ho gr \V Ie. than t n popla r tr e a the urc of am income. ~he poor 
pc pl~ grow garli . onion, fenugr k and fenn I et . under poplar. A thl model i 
pra ti ed on v r mall pie e ofland, no co t benefit analy I wa done. 

• Poplar as shelter/ ornamental tree: Thi model i practiced in fi h and poultry 

farming \ ith . 
the purpo e of pr viding r Ii f particul arly to poul~ bir~ from the heat ~unng 
ummer. reat a th tic alu and a] a to hav additlOnal m ome by the optimum 

lI ~ e of land. thi mod I i practiced by the afore aid fanner who are not many in 
number. the a t b nefit anal i wa not don . 

• Poplar + Banana: Thi model wa introduced j u t recently but ha failed due to 

non 
ompatibility. 

• Poplar in multitier (Agri- Silvi- Horticu lture) system: In this ystem Poplar, 

fruit and 
agri 1Iiture crop are grown as top middle and ground torey re pectively. As 
regard fruit crop. it can be Kinnow Litchi Pear Guava and Mango. Agriculture 
crop can be Bar eem and Wheat during Rabi and Sorghum or Maize during Kharif 
ea on a fi dder crop. Tunn ric is introduced during third year and thereafter no 

agriculture crop can be grown. Thi model although looks very impressive, yet it 
ha lot of shortcoming. The main fau lt lie with the fruit crop. It occupies very 
large pace and doe not allow agriculture crop to grow on the ground due to shade 
fii 1. Turm ric though can grow but very less space is available for its cultivation. 

Oth r crop like Wheat and Sorghum fai l to grow during the later stages of fruit 
crop and poplar. Ev n fruit crop too do not perfonn well due to the shade effect of 
poplar tr e . Growing poplar is discontinued after harvest and the horticulture is 

ntinued. Even at that tage agriculture crop do not yield de ired results. Hence 
thi model i not being encouraged a it is not a long term sustaining agroforestry 
model. Mor over, it i not practical and even the overall return a per the farmers, 
ar not high compared to other models . Hence, no cost calculation were done. 

• Poplar+ Wheat+ Sorghum: In thi model wheat is sown during November and 
poplar i 

planted during fir t week of February. Wheat i harve ted during first week of April 
and then there i no crop under poplar upto la t week of June. Thi is active period 
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of growth and Poplar plants need irrigation atleast at fortnightly interval and 
application of fertilizer once in a month. Sorghum i grown during rainy season a 
fodder crop. This i practical model and is followed by large number of fanner in 
Haryana. The cost benefit analysis for this model has been given in Model-l . 
• Poplar+ Sugarcane+ Wheat + Sorghum: In thi model poplar and sugarcane 

are planted 
imultaneously in first week of February. No other crop can be grown during first 

year a sugarcane remains in the field for about a year. Thereafter ratooning i 
practiced in sugarcane during econd year. The ratoon crop matures early in 
November and Late Wheat varieties are sown by the end of November. Thereafter 
Sorghum and Wheat are grown regularly during Kharif and Rabi ea on 
re pectively upto the harvest of poplar tree. Poplar pLants are maintained in the 
same way as discussed in Model-I. Thi i practical model and i followed by large 
number of farmers in Haryana. The cost benefit analysis for this model ha been 
given in model-2. 

121 . 

• Poplar+ Wheat+ Turmeric+ Sorghum: In this model Wheat and Sorghum are 
grown for two 

years in Kharif and Rabi easons respectively and thereafter turmeric i introduced 
and is grown upto the harvest of poplar trees. Poplar plant are maintained in the 
same way as discussed in Model-I. This is a1 0 practical model and i followed by 
large number of farmers in Haryana. The cost benefit analy i for thi model ha 
been given in model-3. 
• Poplar+ Sugarcane+ Turmeric: In this model only sugarcane is grown during 

first two years 
and thereafter tunneric is grown upto the harvest of poplar tree . Poplar plant are 
maintained ·in the same way as discussed in Model-I. Thi is al 0 practical model 
and is followed by large number of farmers in Haryana. The cost benefit analy i 
for this model has been given in model-4. 
For Cost- Benefit analysis of practical and widely adopted models the calculation 
were first done for undiscounted figures. Thereafter the Net Pre ent alue (NPV) 
was calculated at 7% Discounting Factor. The cost benefit analy i for four widely 
adopted and practical models is given as under: 

Model: Poplar+ Wheat+ Sorghum (Model-I) 
C d°ti lOt d on I on: rn~a e 

Year Costs Per Ha. (In Rupees) Benefits Per Acre (In Rupee) ~et 

Benefit 
Per Acre 

(RH 
Poplar Sorghum Wheat Total Poplar Sorghum Wheat Total 

1 5000 3000 10000 18000 0 10000 22000 32000 14000 
2 2336 2804 9346 14486 0 9346 20561 ')990" 1.5421 

3 1922 2620 8734 13276 0 J734 I n l §. "'"'950 1-4674 

4 1796 2449 8163 12408 0 8163 17959 261"" Irl4 

5 1678 2289 7629 11596 0 7629 16784 2+t13 I 12817 

1569 2139 7130 10837 0 7130 15686 "'..2S l() 11978 6 
1466Q I 4S4+t: 4+t3 12 1466 1999 6663 10128 433122 6663 7 

126864 61 -{15" 526920 Total 15767 17300 57665 90732 433122 57665 
1053840 Net Present Value at 7 % Di counted Annual Incom at NPV= R . 1, -0550/-

Factor 

ASPEE College of Horticulture and Forestry, NAU, Navsafl (Gujarat) 



E en Agriculture for Food Security and Environmental Resilience 
National Seminar on Agroforestry: An vergre 2 _ 4, February - 2012 

-T1if tnl' _ _ : jlgroforestry '.Mallagemellt for -Food" am! Li1'cfilio d" Opportlillil ie. 

P plar 
• pa ing f Poplar: 411 4m . 
• o.Oftre p rare: _ 0 + 100 tr on boundar at m ' m. paclIlg 
• E. penditure: Y 1= R . 5000/- t of plant , plan~ing and malllt nanc ) 

• 

• 
• 
• 

Cr P': 

y _ T nward = t of fi e ilTigati n from Apnl to Jun plu 0 t of 
app li ati n ffi rtilizer and p ti ide 
Rotati n of P plar- 7 ar 
Total umb r f tree a ailabl at harve t: 300 
In me p r tr : bout _1 70 rup c 

• \\ heat j grown in all ~even ar fr m 0 emb r to April. 
• ofQ:hull1 i gr wn fr 111 July to eptemb r. 
• Co t and b I~ fit for rop ha b en calculated at pre ent rates of input 

ield and gra in/fodder rat in the market. 

ModeI-2 
Model: PopIar+ Sugarcane+ Wheat + Sorghum 

Condition : Irrigated 

I ' ear I Co t Per ere (In Rupee) Benefits Per Acre. (In Rupee) et 
Benefits 

Per 

I I 
Acre 

I (Rs.) 

I Poplar Sugarcane Wheat Total Poplar Sugarcane Wheat Total 

I ISorghum /Sorghum 
1 5000 33000 0 38000 0 90000 0 90000 52000 
:2 I 2336 112/5 9346 22897 0 40499 20561 61060 38163 
3 I In? 2620 8734 13276 0 8734 19216 27950 14674 
4 I 1796 2449 8163 12408 0 8163 17959 26122 13714 

I : I 1678 2289 7629 11596 0 7629 16784 24413 12817 
6 I 1569 2139 7130 10837 0 7130 15686 22816 11978 

I 7 I 1466 1999 6663 10128 433122 6663 14660 454445 444317 
Tota l I 15767 557/1 47665 119143 433122 168819 104864 706805 587662 
1\)et Present Value at 7 ° '0 Di counted Per year incom at NPV= R . 167903/- 1175324 

I Factor 

Poplar: Conditions same as for modeI-l 
Crops: 

• 
• 
• 

• 

• 

ugarcane 1 planted alongwith poplar in February in fir t year. 
During second year ratooning of ugarcane i done. 
Wheat i grown from cond year onward from November to April as ratoon 
crop of ugarcane i harve ted in OctoberlNovember. 

orghurn i grown from July to September after two year as ugarcane doe 
not grow ther after. 

C.o t and b nefits for crop have been calculated at pres",nts rates of inputs, 
Yie ld and grain/fodder rate in the mark t. 
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Model-3 
Model: Poplar+ Wheat+ Turmeric+ Sorghum 

Condition: Irrigated 

Costs Per Acre (In Rupee) Benefit Per Acre (1n Rupees) Net 
Benefit 

Per 
cre 

(Rs.) 
Poplar Sorghum Wheat Total Poplar Sorghum Wheat Total 

ITurmeric /Turmeric 

5000 3000 10000 18000 0 10000 22000 32000 14000 
2336 2804 9346 14486 0 9346 20561 29907 15421 
1922 30570 0 32492 0 109180 0 109180 76688 
1796 28570 0 30366 0 102037 0 102037 71671 
1678 26701 0 28380 0 95362 0 95362 66982 
1569 24955 0 26523 0 89123 0 89123 62600 
]466 23322 0 24788 433122 83293 0 516415 491627 

15767 139922 19346 175035 433122 498341 42561 974024 798989 
Net Present Value at 7 % Discounted Per year income at NPV= R .228280/- ]597978 
Factor 
Poplar: Conditions same as for model-l 

Crops: 

Year 

J 
2 
3 
4 
5 
6 
7 

Total 

• Wheat is grown during fust two years from November to April. 
• Sorghum is grown from July to September for two years. 
• TW1neric is introduced after two years and is grown upto the harve t of 

poplar. 
• Cost and benefits for crops have been calculated at pre ents rates of input , 

yield and grain/fodder rates in the market. 

Poplar 
5000 
2336 
1922 
1796 
1678 
1569 
1466 

15767 

Model-4 
Poplar+ Sugarcane+ Turmeric 

Condition: Irrigated 

Costs Per Acre. (In Rupees) Benefit Per Ha. (In Rupee ) 

Turmeric SUl!:arcanc Total Poplar Turmeric -Su!!:arcane 

0 33000 38000 0 0 90000 

0 ] 1215 13551 0 0 37383 

30570 0 32492 0 109180 0 

28570 0 30366 0 102037 0 

26701 0 28380 0 95362 0 

24955 0 26523 0 89123 0 

23322 0 24788 433122 83293 0 

134119 44215 194100 433122 478995 127383 

Total 
90000 
37383 
109180 
102037 
95362 
89123 

516415 

1039501 

Net Present Value at 7 % Discounted Annual Income atNPV Rs. 2 71320/-

Factor 
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Net 
Benefit 

Per ere. 
(Rs.) 

52000 
23832 
76688 
71671 
66982 
62600 

491627 

1690801 

1899259 
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PopJar: Conditions 

• 
• 
• 

ear ugar ane i grown. 
fter tv 0 ar ttJTI11 ri i gr wn upt the har t of Poplar. 

Co t and b nefit for rop have be n aJ ulated at pre ent rate of input, 
yi Id and grainlti dd r rate in th mark t. 

r gard uga ting th be t model of PBAP under Haryana conditions the 
ummary of ne~ ben fit for differ nt practical mod 1 i given in the Table-l 

below: 

Table-l 
Comparison of all four models of PBAF 

Model PBAF Income per acre Ranking Best Model 
No. per year at NPV 

(Rs.) 
I Poplar+ Wheat+ Sorghum 1,50550 4th -
2 Poplar+ Sugarcan + Wheat 167903 3rd -

+ Sorghum 
3 Poplar Wbeat+ Tunneric+ 2,28290 2nd -

Sorghum 
4 Poplar+ Sugarcane+ 271320 1st Poplar+ 

Tunneric Sugarcane+ 
Turmeric 

It i evident from the table-l that model- 4 and model-l give the highest the 
lowe t r tum repecti ely and Model-2 and Model-3 found second and third place in 
ranking the practical model . Poplar+ Sugarcane+ Tunneric combination has been the 
be t a for the highe t returns are concerned and hence should be adopted. 

CO eLUSIONS: 

Though the zone for growing poplar in Haryana is limited yet it is very 
important pillar of ucce ful agrofore try in Haryana. Multitier system of PBAF 
combining poplar with fruit and agriculture crop is not successful. A combination of 
poplar ugarcane and turmeric i the be t combination. Infact poplar acts as nurse crop 
for tunneric and it flouri he well under poplar than growing in open. This is the best 
PBAF model for Haryana conditions and should be adopted on large scale for 
maximi ing the returns. 

ASPEE College of Horticulture and Forestryl NAU
1 

Navsari (Gujarat) 

124 



National Seminar on Agroforestry: An Evergreen Agriculture for Food Security and Environmental Resilience 

, 2 - 4, February - 2012 
'11ieme - 2 : j/,groforestry 9Ytolloeemerlt for 'Fooa antf f..wearlCoa Opportullities 

ACKNOWLEDGEMENTS: 

The author is thankful to Dr. Sanjeev K Chauhan As ociate 
Profes or Forestry, Department of Forestry and Natural Resources & Punjab 
Agricultural University Ludhiana 14] 004 India & Coordinator ruFRO Short Rotation 
Fore try for guiding me on conducting the study. Thanks are also due to Dr. T.P. Singh, 
IFS, Haryana and Harikant Shanna, Range Forest Officer Research Range Pinjore for 
belping in giving final shape to the data. 

REFERENCES: 

Populus deltoides (Poplar). Paper presented in National Seminar on Poplar at FRl 
Dehradun. Nov. 25-27 1999. 

Chandra, J.P. 2001. Scope of poplar cultivation. Indian Forester. 127 (1): 51-60. 
Dhillon, A.; Sangwan, V.; Malik, D.P. and Luhach, M.S. 2001. An economic analy is 

of poplar cultivation. Indian Forester. 127 (1): 86-90. 
Dhiman, Ramesh Chander: Evolution of Poplar Based Agroforestry (PBAF) in India. 

WIMCO seedlings, Kasbipur Road, Rudrapur, Uttrakband. 
Jain S.K. and Singh, P. 2005:Economic analysis of industrial agroforestry: poplar 

(Populus deltoides) in Uttar Pradesh (India): Agroforestry Sy tems, 49 (3 255-
273. 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujaratj 



· . A f stry' An Evergreen Agriculture for Food Security and Environmental Resilience 
National Seminar ongro ore . 2 _ 4, February - 2012 

'TIil!1llc - 2 : }Ioroforc Ity ' taT/tlOC/IICl/t for 'Fllll/f olld Lillcfifiooa PPOltllllities 

Plantation of Harar in Morni Hills; A good source of an additiona l income 
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B.R.Sha.-ma 

*Krj. hi nf!1'al1 IG ndra. Kalfl (HGI ana) 
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B TRACT; d' 
H rar (J', rmil7a/i I hebu/a, family Combreta eae i found throughout In la 

and ub-Himala an tra t a c nding upto an altitude of 1 00 m. A urvey wa conducted 
JI1 Momi hill. in Panchkula district f Haryana tate dwing 2009-10. It was observed 
[hat in M mi hill ther \ er 000 plant of Harar ranging from 10-200 year old on 
the fi Id f 200 fanner whi h were planted b forest department or some w re 
natural! grown. nd 1200 graft d plant of Harar in the field f 20 farmer ranging 
from 2-~ year old. Th farmer eam mor yield and mon y from the grafted ~lant ~s 
ompared to th naturally grown plant f Harar. The graft d plant . tart b~a~mg fruIt 

in thret: _ ear a_ ompared to lOy ar taken by th plant of edlmg ongm grown 
naturally or plant d by fore t department. 

Key" ord : Harar. Ititude. Momi 

IJ\'TRODUCTION; 
Harar (Termina/ia chebula. fami ly Combretaceae) pecie is found naturally in 

fore t a well a fanner fi ld and i rarely under cu1tivation. It is di tributed 
throughout the great r part of India except arid zon . A moderate ized tree spreading 
bran h : bark dark-brown, often longitudinally cracked; leav ovate or elliptic with 
th pair of large gland at the top of th petiole; flower yellowi h white tenninal 
pik : fruit !lip oidaL -ribbed on drying' eed hard pale yellow. Flowers occur 

during April-Jun and fruit ripen during 0 ember-March. The fruit is extensively 
u_ed for treatment of diarrhoea, dy entery. heartburn, flatulence dy pep ia and liver as 
\vell a pleen di order. It i of the main constituents of trifla which is a known 
panacea for tomach di order . In addition to medicinal propertie harar fruit is used in 
tanning and dy ing indu trie . The tree i lopped for fodder in some areas during lean 
p riod and provide good quality durable timber. The pecies is frost hardy and can 
grow under aried nvironm ntal condition. 

VI TERIAL AND METHODS: 
Morni Hill i a hill tation in the Panchkula di trict of the northern state of 

Haryana, and is ituated at a height of 1220 meters above sea level. The Morni Hills are 
off hoot of the hi alik mountain range of the mighty Himalayan range on the north . 

. orni Hill i known for a large variety of flora and fauna. The hilltop are covered by 
pme tre and lope are covered by jamun hi ham, jacaranda, ritha, harar, neem 
mango. pipal and al tree. A progres i fanner, Sh. Tikka Singh (+919416668168) is 
a ~ yll ad fanner for the area who started the cultivation of harar plantation under the 
gUIdance of Kri hi Yigyan Kendra scienti t and horticulture department. The grafted 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 



National Seminar on Agroforestry: An Evergreen Agriculture for Food Security and Environmental Resilience 

• 2 - 4, February - 2012 
'TTieme - 2 : flgroforestry !Managel/lC/lL for 'Fooa alia LJvefiliooa OpportUIIILJCS 

plant were taken from regional horticultural re earch tation Jachh Nurpur (HP). 
The e plant were planted at the farmer field in morni area. In Morni hill in Panchkula 
di trict of Haryana tate there were 3000 plants of Harar ranging from 10-200 year old 
on the field of 200 farmer which were planted by fore t department and orne were 
naturally grown. And 1200 grafted plant of Harar in the field of 20 farmer ranging 
from 2-8 years old. The performance wa ob erved by the fruit bearing tage and yield 
per plant. 

RESULTS AND DISCUSSIONS: 
The fanners earn more yield and money from the grafted plant a compared to 

the naturaJly grown plants of Harar. The grafted plant tart bearing fruit in two year 
(Table3.) a compared to 10 year taken by the plant of eedling origin (Table2. 
grown naturally or planted by forest department. The grafted plant start bearing fruit in 
three year a compared to 8 years taken by plants of eedling origin Thakur et a/. 
2011). 

Tablel. Total plants of harar in Morni hill in Haryana 

Plant type of harar No. of plants No. of farmers 
Seedling origin 3000 200 

Grafted 1200 20 

Table2. Yield performance of harar grown by seedling origin 

Fruit bearing stage Yield (kg./plant) Total income ( Rs.20/kg.) 
(Years) 

10 5 100 
20 100 2000 
30 200 4000 

50-100 250 5000 
100-200 250 5000 

Table3. Yield performance of harar in Morni hill in Haryana 

Fruit bearing stage Yield (kg./plant) Total income 
(years) ((a)~s . 20/kg.) 

2 I 20 

4 5 100 

8 50 1000 
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Hortipa ture y tern fo.' rnitioating pl'Oblern of food, fodder' and re ource 
. eon ervation und .. fraoile eeo y tern 

L.R.Meena 

Gm. land and Fora a Agronom lion 
en/ral h ep al7d 1 001 R ar h In tilut 

Al'ikana aI', Raj 1 117017-304 1 
Email:lrm"ena63 am if. om 

\ a t ar a f th untr (l -7 million ha) i under variou e tent of land 

d atl' n f al'abl rap I onomi ally not iable. limate gradation, wh r 
hane in th la t de adc , with in r a in av rag t mperature and lTatic rainfall 

~ in arid and mi-arid region mar chall nging. Li e tack 
lih ad alt mati in th area i facing threat for 

f grazing r ourc . In th pr ent ituation 
ital r Ie to mitigate th hortag of dry and green 

to k population a w 11 a to provid nutritiou food 
u tainabl mann r. The tudie deal with fruit 

t m, whi h ha found more uitabl altemati 
to land. mong th fruit tr e Ber (Zizyphu mauriana) and Aonla 

(£lI1hlica offlcin IIi ar pr tI rr d du to th ir hardine and profitability under har h 
daphi and limati ndition and limited external input. The re ult revealed that 

fmit plant an be planted ucc fully with agricultural crop under variou 
hortipa toral tern. oil fi rtility a impro d. Soil organic carbon content wa 
In r a cd b 39. 2 00 mar r initial tatu. Bulk den ity oil pH were reduced and 
a\ailabilit of nutri nt ( , P and K) r increa ed ignificantly. In general the 
fi rtilit~ tatu of oil in term of organic carbon available nitrogen pho phoru and 
pota h ~ere improv d du to intercropping of gra and legume under aonla based 
honipa tur -) tern. B id , il pH wa de rea ed lightly a compared to initial oil 
ant nt. Furth r. int grated nutrient upply to pa ture pecie wa found to be 
ignifi ant owing to hange in the phy iochemical propertie of oil under 

hortipa tur y t m aft rIO year of tudy carry out at the arne ite. The highest net 
r tum of ~ 309 7lha and ben fit co t ratio]: 2.2 wa observed under cowpea and 
Cechru. own und rneath of aonla plant in hortipasture ystem. 

Hortipa toral y t m i one which in 01 e integration of fruit tree with 
pa tur . Thi i ne of the be t economic alternati e for dryland to en ure supply of 
pr tective food (fruit) for human bing and fodder for animal. Thi al 0 helps in 
bridging the wid gap b twe n the upply and demand of fruit a well a fodder. 

gri ultur in India i ext n i ely rainfi d where 70% of the cropped land depend on 
rain", ater for their urvival. Dryland agriculture upport more than 60 % of the total 
cat~le h ad in India. Farmer in the area are mall marginal and re ource poor. 
An~mal hu bandry ba ed conomy i mo t common in the e area. The fruit plant 
whIch ar rna t common to grow in horti-pa ture y tern viz. Aonla (Embli a officinali 

aerton), Bael ( Aegle marmeols corr. , u tard apple (Annona quamo a.), Karonda 
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(Carrisa carandas L.), Ber (Zizyphus mauritiana L.) Mulberry (Moru spp.) Date 
palm (Phoenix dactyiifera L.) Pomegranate (Punica granatum L.) Guava (Psidium 
guajava L.) Jamun (Syzygium cumini), Piyar / Chironji (Buchanania lanzan), La odal 
Gonda(Cordia myxa Roxb) etc. can grow successfully in rainfed lands. These fruit tree 
are hardy, deep rooted and can tolerate aberration in monsoon like early or late onset 
intennittent dry spell early withdrawal etc. These tree al 0 yield at lea t something in 
drought year when seasonal crops totally fail. Therefore, hortipa toral system may be 
one of the best alternative systems for rainfed! dry land areas. 
Keywords: Aonla, Arid, Ber Degraded land, Dicanthium annu/alum Hortipa toral 

sy tern Semi arid, Zizyphus rotundifoLia 
Restoring ecological balance 

Hortipastoral system restore ecological balance by greening rainfed!dryland 
areas through mixture of fruit trees and pasture (grass and legumes) for the per istence 
and productivity under shaded or low radiation situation. This system also prevents 
further land degradation, improves the carrying capacity of native grassland and 
conserves the soil and water etc. 
Selection of fruit trees 

The fruit tree species should be chosen according to their complementary or les 
competitive nature with under story-grown crops for limiting resources uch as 
moisture, nutrients space and light. The fruit tree species like Ber Aonla Tamarind 
Wood apple, Lahsoda, Date palm, Jamun and Bael are highly suitable for dryland area 
and their package of practices are given in Table1. 

Tablel.Suitable hardy fruit plants along with general cultural operations in them 

Particular Ber Custard apple Bael Aonla Guava Pomegranate 
Varieties Gola Seb, Balangar, Atemoya, Mizapuri, Banarasi, Lucknow Gane h. 

Umran Red, Seeta phal Kaghji. Kri hna 49 Mu kat 
Mundia, Mammoth, Island Gonda, Kanchan, Allahabad Dholaka 
Banara i, gem Ba ti Chakkaiya, Safeda Paper hall, 
Kadada, AtmoyaxBalanagar, Selection Hathi lhul Cbittidar Kandari 
Sanaur Red Seetapbal Pond N.A.6 Red fle hed, Safed Jam, 
Kaithli, apple, Chance A-7, Kohir Safed 

Elachi seedling Francis 

Propagation 'T' and Seed 'T' budding Seed Seed, [narching. Cuttrng, air 

ring patch 'T,'patch ttol and ground 

budding budding budding Layering layering 

Planting time July- July- August July- Iuly- J uly- August July- Augu t 

August August September 

Spacing 6x6 6x6 8x8 8x8 6x6 4x4 

(metre) 
625 

Number of 256 256 156 156 256 

plants /ha 
No. of year 5 5 7-8 5-7 5 4 

required for 
optimum 
production 

60-80 50-60 1--20 
A verage yield 30-40 20-30 300 500 

( kg! tree) fruit/tree 
15000 

20000 20,000 35000 30,000 
Approximate 25000 
profit 
( ~ Iba) 

= 
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Management of fruit trees in hortipas toral sy tem 

The su c fa hortipa toral mod I d p nd larg lyon effi i nt management 
ro give optimum perfo rman e. Major fa tor fI I' u of fruit r p in hortipa toral 
model are felat d t e tabli hment of oung plant th ir prop r training and pruning, 
optimum nutrition, pI' tection from ad I' e agI'o limatic ondition , di a and 
III p -L' . Protecti n from wat r tr , inten radiation and damage by pe t , 
di en e. and anima l . in r ae lIC rat in tabli hm nt of th . yoU?g plant. 
Planting f fruit apl ing i d n in pit . hi h ar fi ll ed with ma.nunal mlXture ~d 
in e ti ide to pr t t fr 111 t nnit . D pending on location p l ant~tlOo can b done III 

c nt UL terra e , tren he. and gullie or at loy er end of ml fO catchments for 
~ffecti accumulation f runoff t pro ide mOL ture ondition in the root sy tern. 

\.: . . 
hading ma be requi r d t protect from int n e radiation. In north IndJa protectJ.on 

fr m ;Id during winter i important. Th hard nature of ome of the fruit tree and 
lh ir adaptation to ha llow oil can be e ploited by ombining with .suitable pa~tu~e 
pc i .. a int rcrop fo r dryland . p cial care. palticularly protectIOn from bIOtlC 

fact rand v.at ring at the dling tabli hment tage of these plant hould be 
tak n. It may in rea e th urvivabilit of the tree to 100 % and at th arne time 
enhan e the grov,rth rat a com par d to under no watering dw-ing the period of initial 
t\.v y ar . .Tal akati _0 g Iplant ha been found to reduce the moisture depletion and 
pron~ote plant growth. H n , JaJ akati can be a practical and economic solution for 
l110i rur c nervation for high alue plant . 

Agri-horticultural systems 
mong "arioll land u y tern, agri-horti system is the most important in 

t rm f e onomi r turn a w 11 a farmer preference. Among the various 
agrofor _ try tern evaluated. agri-horticulture wa found to be most profitable is 
giving C: B rati of I :5.5 fo llowed by ilvipa ture and agri ilviculture. In sub 
mountain region of Dehradun. peach ba ed agri-horti system recorded higher return 
0\ r Ie tree In emi arid region of central and outhem India many agri 
horti ultural y te have been evaluated and found more profitable than arable crops 
and fruit tree grovm alone. The combination of fruit trees+ grasses + legumes were 
found to achie e maximum productivity and more return from a piece of land besides 
improving the dietary quality of marginal farm r . Thi sy tern would al 0 strive to 
pre erv the nahlral eco y tern for 10ng-tenn benefits of land use. At CRIDA, 
Hyderabad. the hortipa toral y tern with Cechru I Stylo in rainfed condition with 
guava and cu tard apple, Cechru yielded 7 tlha of dry forage during the first year 
while tylo record d .6 tJha of dry fodder during the second year of plantation. In Ber 
ba ed agri-horti y tern Pear] millet + pigeonpea (Solapur) Pigeonpea + blackgram 
(~ewa). Ca. tore Dantiwada) and Iu terbean (Hyderabad) showed promi ing result in 
rall1fed en Ironment. Ber on an average gave 40 kg fruit /tree along with the 100 kg of 
hor egram and 4 ~O kg of cowpea cul tivated in inter paces. The integrated fanning 
y tem model with Agri-horti-s ilvi-duckery-fishery system studies in North-ea t India 
ho~'ed that multi-ent rpri e model compri ing cereal crop pul e , oil seed 

hortIcultural crop (uch a mango and pineapple) vegetables and livestock 
component (duckery, piggery) and fi hery with harve ting tructure in one hectare of 
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land gave 5 time more profit than traditional mono rice crop cultivation which gave 
maximum production of I t/ha of rice ( ~ 5000-6000/ha/year). 
Hortipastoral system 

Hortipa toral sy tern i one of the agroforestry y tern, wruch involve 
integration of fruit tree with pa ture. Thi y tern act ' a one of the be t economic 
alternative for dry land and en ure upply f protective food (fruit) for human being 
and fodder for animals. This also help in bridging the wide gap between upply and 
d mand of fruit and fodder. Empha is on the inclu ion of multi purpo e tree pecie in 
pasture y tern to maintain a viable input-output ratio of energy ha been increa ing for 
the la t 10-12 year . Trees like ber (Zizyphus pp. and aonla (Emblica officinali ) in 
agri horticultural ystem were te ted for their performance and productivity in 
combination of grain and fodder crops respectively. The fruit plant which are rno t 
commonly grown in hortipa ture system like Aonla (Emblica officinali Gaerton). Bael 
(Aegle marmeols Corr.) Cu tard apple(Annona quamo a L.) Karonda (Carrisa 
caranda L.) Ber (Zizyphu mauritiana L. Mulberry (Monls pp.) Date palm 
(Phoenix dactyiifera L.) Pomegranate ( Punica granatum L.) Guava P idium 
guajava L.) Jamun (Syzygium cumini Skeels) Piyar I Chironji (Buchanania Lanzan 
La oda IGonda (Cordia mixa Roxb.) etc. can grow ucces fully in rainfed land . The e 
trees are hardy deep rooted and can tolerate aberration in monsoon like early or late 
ons t intermittent dry spell early withdrawal etc. These tree also yield at lea t 
something in drought year when seasonal crop totally fail. Cultivation of foodl fodder 
crops i alway at risk in arid and semi -arid area due to unpredictable mea ure and 
erratic di tribution of rainfall. Fruit crops which are permanent e tablisbrnent not only 
reduce the climatic risk but also give remunerative return. Fruit tree planted along with 
perennial gras e act a a good soil and water con ervation mea ure particularly on 
sloppy degraded and ero ion prone land due to clo e and packed anchoring of oil. 
Prominent fruit tree of the dry area are Aonla (Emblica officinali and Ber Zizyphu 
mauritania) which can be planted in the configuration of 8x 8 m2 for aonla and 6 6 rn2 

(for ber) in Agri horti pa ture sy tern. Perennial gras e viz. Anjan (Cenchnl ciliari . 
Dhaman (Cenchru setigerus) and Sewan (La iurus sindicu ) can be tak n in Agri 
Horti pasture system in dry area . Such sy tern fulfill the fodder need of farm r along 
with cash return in the form of fruit (Meena el al. 2008). Horti pa toral y tern with a 
combination of fruit trees and pa ture or legume is ideal land u option for d graded 
lands. Spacing between tree al 0 affect the producti ity. Importan of pacing 
between tree i evident from the re ult of r ear h on Guava ba ed hortipa toral 
system at eRIDA Hyderabad where yield reduction of tylo wa Ie und.er ~id~ly 
paced trees (8xS m) a compared to that in ca e of clo er pacing (5xSm mdlcat10g 

the nece ity of wider pacing of fruit tree . In ca e of wider pa ing, bufti I .gra out 
yielded with tylo and took Ie time for tabli hment wh n gro n WIth ~10. 
Pro opis cineraria and Zizyphu nummularia are another imp?rtant ~op feed pe Ie . 
Even in drought year when the crop fail the top feed of thl pe 1 ?m to th 
re cue of farmer' animal. In recent pa t, int n i e u e of tra tor ha WIP d out ~he 
deep rooted bu he from farmer' fi Id. The re ult of mor. than ight ~ear tudl 
(Sharma and Va hi hta 19 5 in andy rangel~nd a~ an:dri (we tern R~Ja ~han) ha 
shown that plantation of two jujube p CI VIZ. Zl=yphll rotundif.olta and Z. 

I · h 'th three d n l'tl'e l' 2 0 140 and 70 plant I ha WIth Cenchru nllmmu ana ea WI . . . 
ciliari as pa ture gra ga forage yi Id arying from 24 kg to 44 kg /ha 10 
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diff rent treatm nt., Different population den iti f Jujub in the pa tme wa found 
t have n i!miti ant ffe t on th i Id f pa ture, indi ating that ev n 2 0 tre /ha 
can afc! be °planted. Z 11111J1111aria tart d top £ d and bru h w od produ tion after 4 
y ar.. hanna and Diwakar ( I 7) ~ork d out.th .conom~ of hortipa t?ral y tern 
and found th r tum to b r muneratl e e n With higher dl count rat of mtere t (20 
0 0 ) and in rea. ed inve tment t (_5 %). In a ontinuou grazing y tern Cu tard 
appl i an id al opti n, a Ii to k d e not brow e it. Fruit tree Jik B r can be 
!Zr wn er \V II in ombinati n \ ith pa M , a it foliage i very nutritiou and 
palatabl . Th Ber produ e good amount f foliage dming I an period of Apri l-May. 
\ herea in wat rlogged and alkaline oil anoIa i the b t uited. 

Ber ba ed horti pa ture ystem 
B r (Zi=.\phu rOlllndifolia) i an important flUit tree of the arid r gion . It 

!ITO\\' naturall at th fa rm r ' fi ld and doe not compet with the crops. However 
budded ber (Z maurifiana) ha al 0 been found uitable to grow well under arid 
c ndition \\'h n planted eith r with wat r harv ting y ,t m or with supplemental 
ilTigation . Three y ar old plantation of brat a d n ity of 400 plant / ha in a ociation 
\\'ith gr en!Zfam perfonn d well with asonal rainfall of 210 mm on ly. Intercropped 
gr engram yielded nl 160 kg/ha a again t 620 kg Iha from pure crop. The fruit yield 
from the intercropped y t m wa increa ed in tenn of net profit to ~ 2886 Iba. Thi 
how that thi t mig n rally recommended for area where rainfall greater than 

~ -0- ""00 mm. In many ar a , aonla (Emblica officinalis) and pomegranate can be 
planted under thi y tern. Ber (Zi_ 'Phil mallritiana) can be adopted for hortipastoral 
or agri-horti - tern . Cenchru bajra, moong under rainfed condition and Lucerne 
and b r eem under irrigated condition can b successfully grown with ensured 
fI rtili zer application. In c real and gra e 40 kg Nand 40 kg P20 S and in legwnes 25 
kg Iha and 40 kg P :! O- /ha hould be applied for higher biomass and fruit yield from 
ea h plant. 

Aonla ba ed ho tipa toral sys tem 

Aonla i a ri h ur e of vi tamin C and ha e proce ing value. It is one of the mo t 
~jtable fruit tree for emi-arid and arid region of the country. It is planted at a 

dl tan e of to 10 metre. The inter space of fruit trees can be effectively utilized for 
growing many intercrop for ustainable productivity. Aonla i a drought hardy fruit 
tr e. ~arad gra (Dicanthh1711 annulatum) can be grown in the interspace during 

tabh hrnent pha e of the aonla. Aonla exhibited teady growth in terms of height and 
collar d!ameter d~~ing the e tablishment of fir t three years (Table 2). The average fruit 
productIon after 6 year of planting wa 7.5 t Iha (Kumar et al. 2002). 
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Table 2. Forage production under aonla ba ed cropping system 

Year Hortipasture Pure pasture 
Fruit yield Pasture (t DMfha) 

(t/ha) production (t -
DMlha) 

1 - l.60 1.20 
2 - 3.25 2.95 
3 - 4.01 3.65 
4 - 5.69 5.05 
5 2.64 5.63 5.33 
6 7.50 4.97 4.61 

Supply of leafy fodder and fuel wood 
Hortipa toral sy tern can upply fodder to farmers by both way . Some of the 

fruit tree , apart from fruit yield they also supplied valuable leaf. The e leave are 
nutritive fodder for cattle for example ber leave contain 16 % lahsodal gonad 12.5-
15.2 % sahtoot 15-22 % crude protein and are sold at high price e pecially during 
drought years. In the same way bael aonla piyar/ chironji pomegranate etc. pro ide 
palatable fodder to animals. Pasture crop grown in combination and underbeneath fruit 
tree supply fodder to animals. In ca e of energy crisi fruit tree al 0 pro ide fuel 
wood from pruning. 

Supply of protective food (fruits) 
The fruit is good source of protective food rich in nutrient particularly 

vitamins and minerals in human diet. According to dietary tandard, an Indian mu t 
consume 85 g fruit/ day but availability i only 46g /day which i one of the low t in 
the world. To bridge thi gap of demand and supply production will ha e to be rai ed 
through growing hardy fruit in rainfed / dry land . Since good irrigated land ar 
already being used for rai ing high yielding cereal ca h crop egetable crop and 
for industries and housing the only hope for future Ii with emi-arid area hich 
occupy 70 % of the total cultivated land . 

Soil fertility buildup 
The organic carbon content wa increa ed ignificantly due to int rcropping of 

crops in hortipa tur sy tern. However it wa the maximum wh n legume proportion 
higher than cereal (0.30%) and minimum (0.27%) wh re cereal proportion higher than 
legume (1:2). But pH and Be of the oil were de rea ed with 2:1 row ratio 7.77 and 
0.176) followed by 1: lrow ratio (7.86 and 0.228). Be ide 1 ctrical conducti it \: a 
the highe t with 1:2 row ratio (0.240). The available N P and K were in rea ed 
ignificantly with different intercropping row ratio. Whil th rna ' imum a increa ed 

in available N P and K ob erved with 2: 1 row ratio a compared to initial oil ont nt 
(Meena et al.20 11). The increa e in a ailable nutrient w r . xtended up. to 9.17 -I. .4~ 
% higher in N 2l.1 -34.35 % in P and 45.26 - 70. 4 % m K, re pe tl ely. DWl . dt 
and Kumar (199 ) al 0 conclud d that produ ti i~ of . . 1 ~ ba ed. cr ppmg 

quence increa e due to effecti and cono~D1. utlhz~t1~n of re l~ual ~nd 
cumulative can)'-over nuh'ient and moi tur . Thu It I lear mdIcat d that m lu IOn 

ASPEE College 0/ Horticulture and Forestry, NAU, Navsari (Gujarat) 



· f F d S urity and Environmental Resilience 
National Seminar on Agroforestry: An Evergreen AgrICulture or 00 ec 2 _ 4, February _ 2012 

'71iellle _ 2 : )r!l1Vfo~ try J,101l00/!III/Jllt for rFoon dlln £rvcfifiooa 'Pportlll/if1'c 

f I gum in int rer pping t m impro th oil fI rtility tatu after hal e t of the 
crop a report d b ing/; and 111gh _005. Kumar and hukl~ (20 11 r~port d ~at 
l1utriti nal build up f oil in a ciation v ith tr wa better 10 all the 1 peet VlZ. 

oraani arbon a ailable nitrog n, pho phoru and pota h a compared to ole pa ture 
r;p. H we r: d1e mm imum availabl arbon 20.3%), (1 .5%) P .(4.09%) ~d K 

(- .-l % ) 'a 11 ti d in ombinati n f aonla + .hamala, S.hamata 1 a 1 gummou 
pa tur pecie having nitrogen fi ing ability through nitrogen fi ation. 

Economic stability 
Arid and mi- arid land make up 0 r 40 % of the arth' urfac on which 

ov r 11 billion p opl depend for their Ii liho d . Be id , th e land are home to 
the world' p or rand mo t marginaliz d people. Th e area. hav the l~~ t 
dev lopm nt indicator and the highe t incidence of poverty. Contmuou ly declimng 
ratio of Ii e to k to human population, drought conflict and hou ehold food 
in ecurity ar common featur . Man d lopment analy t have argu d in the pa t 
that pa toral production j not onomi ally rational whil nomadic livestock 
manag ment tern ar n ironm ntal1 de tru ti e, yet that is the main livelihood 
trateg in the e area . Pri ate farm r culti ate 40 % of irrigated land for horticulture 

and port ori nted rop. In orne generating activitie are more developed in the emi 
arid di tri t . To u tain fruit tree in the dry land horticulture or horti-pastoral y tem8 
it need generation of adequate income and gainful mployment from marginal and 
d graded lands. Hortipa toral y tern in 01 e integration of fruit tree with pa ture, 
nablin a lopping of tre and grazing under tor y 0 a to en ure supply of quality 

fodder round the year. Ber ba ed hortipa ture y t m howed that pruning intensities 
and under torey pa ture combination influenced the benefit: cost ratio of 10 year -old 
b r plantation (Kumar and Ram, 2009).The rna imum B: C ratio 0 er four years of 
xperimentation wa re orded wh n tree were pruned medium (1 :3.99) followed by 

light (I :3.69) and e r Iy pruned tree (l :2.65). Among under torey pasture 
ombination , Guinea gra with tylo gave maximum B: C ratio (1: 1.99) followed by 

Guin a!lfa + Dhaman gra + tylo (l: 1.66), Dinanath +8tyl0 (1: 1.19) and natural 
v getation (1: 1.1 O).Thi y tern in 01 e integration of hardy fruit trees with pasture. 

Co t of re eeding an from ~ 3500-4000/ ha with a return of ~ 1000 to 2000 Iba 
in fir t year but higher return in ub equent year with little inputs make the reseeding 
practice co t effecti e (Table3). 

Table 3. Benefit: cost ratio of pasture in arid zone of Rajasthan 

E tabli hment Co t ( ~ / Returns (~ Iba) B:C ratio 
year ha) 

1 year 5050 1250 1:0.25 
2 year 2000 2600 1: 1.3 
3 year 2000 5250 ] :2.63 
4 year 2000 6250 1:3.13 
5 year 2000 6250 1 :3.] 3 
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Over a period of five years, benefit: cost ratio increa es to as high a 1 :3.31 
(Gajja 2000). It wa found that the pasture production with aonla tree wa beneficial as 
compared to pure pasture. Aonla with natural vegetation and nitrogen application to 
pasture resulted in increased production and net profit. (Newaj et al. 2006) also 
reported that at the age of 13 years, the B: C ratio from aonla +blackgram was 1 :3.28 
and pure crop of blackgram was 1: 1.23 and pure aonla wa 1: 1.97. The high value fruit 
component provides incentive to the farmer and at the same time provide fodder 
through tree leaves and understorey pasture. Farmer of these regions can get su tained 
and table income by growing of fruit trees which also reduce large-scale migration 
from rural areas to already congested cities and towns 

Future prospects 
• The main emphasis should be given on local plant specie for the development 

of gras and pasturelands through hortipa toral sy tern. 
• Effective utilization of land resources should be made by growing drought 

hardy top feed fruit species with grasses as per the suitability of the region. 
• Identification of suitable fruit plant species for different agro ecological zones 

keeping in view their leaf fodder palatability and availability during carcity 
period. 

• Introduction of new plant species from iso-climatic region of the country may 
also be given due emphasis. 

• Integrated approaches should be adopted to achieve higher crop yield through 
hortipasture cropping systems in arid region. 
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Essentiality of Agro-forestry Based Farming Systems in Dang District of Gujarat 
for Livelihood Security of Tribal Farmers and Environmental Resilience - An 

Experience with six villages 

ABSTRACT 

Amaresh Das 

NAIP-III, Division of Soil Science 
Navsari Agricultural University 

Navsari-396450 (Gujarat) 

E-mail: naipnavsari@yahoo.co. in 

Study on the sustainability of livelihood of tribal farmers including some 
activities on environment resilience are being carried out under National Agricultural 
Project-III in six operational villages of Dang District namely, Sarvar, Sodmal 
Kalamkhet, Chikhalda, Motidabdar and Daguoiya situated at hilly undulating Terrain 
of Dangs district of Gujarat. The average annual rainfall of the villages i about 2500 
mm .The total geographical area area under cultivation, forest and pa ture land of 
Sarvar village are 460, 332 120.5 and 7.5 ha respectively, while those value for 
Sodma1 village are 193.4, 98.6 84.4 and 10.3 ha respectively, for Kalamkhet are 
212.1 114.1, 90.5 and7.5 respectively, for Chikhalda are 105.6 34.9 45.5 and 26.0 ha 
respectively, for Motidabdar are 738.7 309.5, 357.6 and 2.9 ha respectively and for 
Daguniya values are 871.5 , 255.8 557.6 and 21.3 ha respectively. The village consist 
of foothills between the flat alluvial plains and the high mountain of ahyadrie . >98% 
population is tribal in these villages. Villages are trea ure of fore t resources with 
exceptionally rich flora and fauna which are considered its trength while it weakne 
is its remoteness backwardness technological gap education and demography of the 
area resulting in poor crop yield (mainly mono-crop) and poor socia-economic tatu. 
There is very little scope for horizontal expansion of land. Thu to improve the 
livelihood of increasing population of tribal farmer empha i mu t be gi en 00 agro
forestry based farming systems wi~h natural re OUIce management keeping in pace 
with environment. The study revealed that soil texture oil depth oil ero ion percent 
of coarse/ rock fragments, land lope moisture holding capacity and drainage are 
major crop production related constraints. While slope (%) of the e village arie 
from < 2% to 25 percent ero ion of surface oil varie from heet ero ion (EI) to big 
gully erosion (E4) and depth of major oil range between < 0.075 m and> 0.90 m. 
Major soils are suffering from Rill ero ion (E2). Soil of low r ele atioo w re of higher 
depth and comparatively more productive. Land and moi ture can ervation through 
making field buncling oi1+ stone bunding and tone bunding rain water harve ting 
and arresting through ch ck- dam and repairing of water tank con tru ting mall farm 
pond and irrigation through prinkler proved to be ben ficial .So far a land capability 
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' I . tlat hi ll t p ( t 0/0) ar tI und marginal! uitabl ) tI r ram n e mg r 
~pmg d . d - d rat I uitabl _) parti ularl during kharif rainy a n for 

mill tan , an an m . fr n h bean 
rghum. pig n ea and gr und nut, g tabl hk , abbag , t m t , 

pt.:a~ and \\' p a and h rti ultural r p lik , m ngo u tard appl , .gua . a and a h w 

n I
· ntl' fi dal'r, g at r , p ultrv and fi h n ll11ultan u ly nut. H"'r . a ti\'iti ~ . J 

. . I I found r mun rati and ould 
\\ )th rai ' ing aQ:n ultural and h rtl u tufa r p f 
f"t h additi~nal in' m t th triba l farm r t , ard Ii elih d mity. Though all the 
ab ,. field r p ar marginall uitabl ( ) in er g ntl I ping to. 5% I~I ub-

la ' ) land .pr p r land and wat r n rvation m a ur lik , fi ld bun.dmg 011- t?n 
or t n bunding during khari( pr d to b mu h b nefi ial in t rm hLgh r rop YIeld 
nd en' ir nm mal tabilizati n. H we r ,all horticultural plant a abo e w r found 

to be m d rat I uitabl (_ h re and rai ing fi ld rop lik pigeon - p a and 
gr und nut during kharif in nj un ti n ith il on rvation m a ure not only 
r mUll rati, but al h lpfu l fi r n ironm ntal tabilization a well. Undulating 

m d "rat I} loping t rrace 5 to 100'0, V ub-cla wa found non- uitabl 1) for 
all arabi rap and marginall uitabl for all h rti ultural plant with 
de' elopment of n rvation m a ure for go d yield and tability of land .Acti it yon 

th d \ lopm nt of gro fore try, for t and pa tur hould be int n 1fi d 10 

mod rat I (l0 to 1 - 0'0 t trongly loping 15 to 20% VIe and VIle ub-
la )Iand un r j int for t manag m nt programme with incorporation of Teak 

ubabul, ilglri, Khair, Kalam Karanj Saru t . and appropriate con ervation 
m a ur for g n ration of additional income of tribal farmers with imultaneou 

11\ ir nm ntal r ilien . 
Keyword grOD r tr , Farming y tern, Li elibood, Tribal Farmer Environmental 

Re iii nc 

L TROD TIO 
Fore t remain the primary ourc of fodder fu I wood timber and non-wood fore t 

pradu t to the fore t dwell r and viUag communitie living in and around forest 

area. ut f 0.6 million illage in India around 0.2 million Wage with a population 

of about 350 milli n are dependent for u tenance directly or indirectly on the fore t . 
The Dang di trict of Gujarat tate compri ed of 311 village and fall under South 

Gujarat hea y rainfall agro-climatic zone having a erage annual rainfall of about 2500 

mm. illag of thi di trict are ituated at undulating terrain . About 33% area i 
COy red by fore t in thi di trict. Fore t resource with exceptionally rich flora and 

fauna ar con idered trength of thi di trict while it weakne s remain in remotene , 

backwardne technological gap education and demography of area r ulting in poor 

crop yi ld and poor ocio-economic tatu of tribal farmer . Due to lack of knowledge 
of ci ntific animal hu ban dry, goatery income from uch activitie a a mean of 
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livelihood upport i low. High undulating terrain coupled with inadequate torage 
facility of rainwater old/damaged dams and reservoir and decreased fore teo er not 
only causing huge los of rainwater a runoff from the zone but also causing large cale 
erosion of nutrient-rich top soil with runoff water and getting completely wa hed away 
from the zone. Major farming community belongs to marginal & small fanner and 
there is continuous decline in the per capita availability of land day by day because of 
fragmentation and ubdivision of land and increase in population. The income from 
seasonal field crops alone from small and marginal farm i hardly ufficient now to 
sustain the farmers' family. Tribal women population have very important role in the 
agriculture -cum- fore t-based economics in this di trict. To en ure women' productive 
and effective participation in the development, intensive and ustained training on an 
on-going basi would be required for them in opening the windows of Ii elihood 
opportunities. To meet the ever growing need of increasing population there i very 
little scope for horizontal expansion of land for cultivation becau e of decline in the per 
capita availability of land .The only alternative is to use and manage land and water 

resources judiciously for sustainability and shift toward ertical expan ion and 
diversification of farm enterprises which have less demand on space and time 

particularly for small and marginal farmers with very limited resource in rainfed area 

of Dang district. The only option left is vertical expansion of natural resource 0 er the 

availab1e land area where two or more component may overlap each other. Thu in 
order to improve / secure livelihood of tribal farmer in Dang di trict ocio- pecific 

agro-forestry based farming system(s)in interaction with animal enterprise (like 
dairy api-CUlture, fishery poultry etc.) which include natural resource management 

on should be practiced keeping in pace with environmental tability 0 a to en ure 

better utilization of available resources and employment to the farm-family during off 

season. A study was under taken in the above line since 2008 under National 

Agricultural Project-III in ix operational village of Dang Di trict namely Sarvar 

Sodmal, Kalamkhet, Chikhalda Motidabdar and Daguniya ituated at hilly undulating 

Tenain of Dangs district of Gujarat. 

MATERIALS AND METHODS: 

OVERVIEW OF SITES 
Research activitie with an objective to impro e the 0 eral1 livelihood of tribal 
domicile are being carried out ince April 200 under National Agricultural Project

III in ix operational village of Dang Di trict namely, arvar, Sodmal Kalamkhet 

Chikhalda Motidabdar and Daguniya ituated at hilly undulating Terrain of Dang 

di trict of Gujarat keeping in pace with environmental resilience. Sarvar,. odmal , 
Kalamkhet, Chikhalda Motidabdar and Dagunjya village ituated at latItude and 

longitude of 200 50' 55" N & 730 36 55"E 200 51 40'N & 730 37' lO"E 200 

51 '55"N & 730 36'39 E 200 41 7'N & 730 35'50 E 200 42 33 ' & 7 0 35 5 E 
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ulti\ ati n. for t and 

re pe ti I. arvar, 
M ti Dabdar. Daguni a and hikhalda illag 

.7, 309.5 357.6 
557.6 and 21.3 ha 

arvar III t r while 

hikhalda lu t r. The 
under a\ rage annual rainfall f th villag 

hyperthenni t mperatur regim with an 1I ti moi tur r giro . ~ore t~an 9 ~ 
p pulati n f tll villag i tribal with ommunitie belonging to B~l Warh Ko~ 
and Gamit trib . Tb natura l g tation on i t of de idllou fore t tnt r per ed wIth 
erub fi r t whi h include T ak (T ctona grandi ) Bamboo (Dendrocalamus stLictu ) 

and u tralian babul ( acia auri uliformi and Cat b tree/ Kbair (Acacia catechu) 
et . Other for t peei iz. aru, ba al gulmahor raintr e, p thodia karanj arjun 
~adad. ubabu1. ja k fruit, mango. ca hew, apota tamarind aonla ber are a] 0 fo und in 

eatt r d form in the for t zone of the e iUage . The land u e con ist of Paddy and 
minor mill r a th major rop fonowed by Bla kgram, Groundnut Vari TUT, Niger 

ete. during kharif and Groundnut, Gram and V getable are grown during rabi ea on. 

oil t tur. oil depth, oil ero ion oar e / rock fragments land slope moi ture 

holding capacit and drainage are major crop production related constraints. Average 

rap pradu tion i low to medium and a a re ult farmer are ocio-economically poor. 

o far a heavy rainfall i oncerned, on one hand there i problem of management of 
ov "",.,," rainfall during mon oon and on the other hand after the ce sation of mOD oon 

right from 0 ember-January onward , illage uffer from acute carcity of water to 

meet th de and of tri bal farmer for their liv lihood and for ucce ful use in 

agri ulture. High undulating terrain coupled with inadequate storage facility of 

rainwater. old/damaged dam and re ervoir and decreased forest cover not only 

cau ing huge 10 of rainwater a runoff from the zone but al 0 causing large scale 

ero ion of nutrient-ricb top oil with runoff water and getting completely wa hed away 

from the zone. In area nearby to ri er or nala or farmer having well or bore water 
facility go for rabi crop . 

Geologically iIlage corne und r trappean ba alt with litho-units Basalt which is hard 

in natur. iIlage ha e fair climatic conditions with well defined easons exhibiting 

ummer rainy and wint r. Soils of the e village are hil1y undulating highly di ected 

piedmont plateau and e carpment lope are hallow with exce ive reli ef. The oils are 

re idual type derived from tb trappean ba alts. Soils of the vall ey plains are somewhat 

deeper' they are medium in texture (gravelly iIty clay). In general soils are stony/ 

gra elly in urfac and everely eroded non-ca1careou with low in water holding 

capacity and lightly acidic in reaction mixed in clay minerals, well drained and 

moderately high to high ly permeable. Major oil have developed with a lithic contact 
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at higher physiographic position except in nearly flat land and in valley . The olls of 
the village developed at varying elevation and physiographic position can be 
con idered a the catena soils where landscape i repre ented by 5 to 6 disti nct 
geomorphic units namely hill top (cap )/flat hill top escarpment upper pedimont, mid 
pedimont lower pedimont, and nearly flat land/valley oils. As land physiography and 
crop -related soil constraints vary widely in all the six villages from upper hill top! hill 
plateau to nearly flat to flat land, suitability of soil to different crop would obviously 
differ at different physiographic position. Tribal farmers are quite unaware of modern I 
scientific know-how of land use and are utilizing land somewhat arbitrarily and non
judiciously for different crops for their livelihood. 

The reason for essentiality of agro-forestry based farming systems including 
natural resource management 
In fact agro-forestry based farming systems would play very effective role in the 

utilization of the natural resources in a most effective manner for sustainable crop 

production and socio-economic upliftment with livelihood & health ecurity and 

employment & income generation. The major farming community of these village 

belongs to marginal & small farmers, where there is continuou decline in the per 

capita availability of land day by day because of fragmentation and subdivision of land 

and increase in population. The income from easonal field crop alone from small and 

marginal farm is hardly sufficient now to sustain the farmer' family becau e of 

undulating land shallow soil depth, high amount of gravel I rock fragment in oil 

low moisture holding capacity of oils and above all poor awarene of modem agro

technology and allied subjects. Moreover, tribal women population ha e ery important 

role in the agriculture -cum- forest-based economics in till , eli trict. To en ure women' 

productive and effective participation in the development, intensive and u tained 

training on an on-going basis would be required for them in opening the window of 

livelihood opportunities. Thus, to meet the ever growing need of increa ing population 

there is very little scope for horizontal expansion of land for cultivation becau e of 

decline in the per capita availability of land. The only alternative i to u e and manage 

land and water resources judiciou 1y for u tainability and hift toward vertical 

expansion and diver ification of farm enterpri e which ha e Ie demand on pace and 

time particularly for small and marginal farmer with very limited re ource in rainfed 

area of Dang dt. trict. The only option left i vertical expan ion of natural re our e 

over the available land area where two or more component may 0 erlap each other. 

FIELD SURVEY AND SOIL ILAND SUITABILITY: 
After collection of preliminary information on the topography geology limat and 

vegetation/crops a field survey wa undertak n in all the IX illage through 

traver jng with village cada tral map (1 :3960) and also with a ba map (1: 16~66) 
provid d by BISAG Gandhinagar. In all the illage om road map wa finalized 
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tbrouO'h tra ring to r Up the i1 at ar ing phy iographi po ition and levation 

01
'] I g nd II'k, urfa e te tur rang f oil, depth rang Jope and 

for fi ing up ~ 
t . In linom t r/ Abn y 1 el a u d to determine the lope whil 

d pth of oil a timat d b u ing dift! rent typ o~ augur . F~rth r, a1timet r wa 

utilized in ord r to kno\l th 1 at] n f land durIng tra r mg. Th field data 
r rded n urfa e t ' tur range of oil depth depth range, lop and ero ion clas e 

et w r di~tized on th ba e map of th oil with the b Ip of cienti t of BISAG 

Gandhinagar. Con id ring the limitation and pot ntial of th oil land capability 

la ~ ifi ati n wa aluated up to apability wlit Ie 1 a per the procedure given by 

Kling biel and Montgomery (196 ). The erity of limitation were indicat d by 1 2, 

and pIa d land capability unit (D nt and Young ]9 1). General uitability of 

oil for QTowing dift! r nt field rop and horticultural plant in the village was 

e aluated ba ed on th fi Id and laboratory data (not reported in thi tudy) of oil 

taking into on id ration all plant growth related constraint u ing criteria given by 

F 0 (1976). 

ACTfVITIES 0 PROMOTION OF IMPROVED/ ruGH YIELDING 
VARJETIES FOR IDGHER PROFITABILITY 

d replacement acti itie were done in all the ix illage with improved / high 

yielding arietie of eed for increasing profitability of tribal farmers. Some new crop 

w al 0 introduced. Crop like were taken under crop diversification activities. 12 

low-co t greenbou e were con tructed invol ing 12 farmers. All these activities were 

taken up as a part of li elihood improvement. 

CROP DIVERSIFICATIO AS PART OF LIVELIHOOD IMPROVE.MENT 
Crop like, (\ bean orghum ground nut okra water melon elephant foot, ginger & 
turmeric w re own under crop diver IDcation activity during 2008-09 in Chikhalda 

illage, 2009-10 in Chikhalda Sarvar Daguniya and Sodmal village and during 2010-

11 in Chikhalda arvar Daguniya and Sodmal village as a part of livelihood 

improvement of tribal farmers. 

EED PRODUCTIO 

eed production actj ity wa taken up during 2010-11 in Chikhalda Moti Dabdar and 

arvar village in a area of 2.5 ha with Ground nut crop (Var. TAG 37) involving 25 
tribal fanner. 

LOW COST POLY! GREEN HOUSE FOR INCOME GENERATION AND AS 
PART OF LIVELIHOOD IMPROVEMENT 

.. Total 12 no. of low coast green house were constructed and various vegetables 

(chilli , Tamato coriander etc. and horticultural crop eedlings were raised as source 
for income generation. 
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SCIENTIFIC ANIMAL HUSBANDRY 
The activity was taken up in collaboration with BAIF for increasing milk production of 
Buffalo, Goat etc. through related works includin..g heaLthcare camps trainings and 
supply of nutrient rich animal feed. Poultry activity was also promoted (BAIF being the 
main partner) a a source of income generation. 

WATERSHED INTERVENTION 
Activities like, conservation of soil and soil moisture through construction of field 
bunds(soil) Soil +stone bunds, Stone bunds etc. across slopes in Moti dabdar village ( 
as per planning stated above) rain water harvesting through digging out of small farm 
ponds (at Sarvar villge), increasing the capacity of old water storage tank(Chikhalda) 
creation of surface irrigation facility by installation of pipeline through gravity flow 
(Chikbalda& Moti Dabdar) ,repairing of old damaged check- dams (Motidabdar 
Chikhalda Sarvar, Sodmal) arresting rainwater at nala through development of 
temporary check-dame Sarvar, Sodmal Kalamkhet Motidabdar Chikhalda and 
Daguniya) 

VERMICOMPOSTI COMPOST PREPARATION AS A PART OF 
LIVELmOOD IMPROVEMENT 

Tribal farmers were involved in all the six villages for the preparation of 
vennicompost/ compost from waste/ natural resource as a part of bvelihood 

improvement. 

MICRO IRRIGATION SYSTEM 
Micro irrigation system (sprinkler) were in talled in collaboration GGRC on 25 no. of 
farmers plot at moti dabdar village 2 no. of farmer plot at chikhalda village with a 
total area of 27 ha in order to increase crop yield area under irrigation and higher 
income while Drip irrigation set was installed on 5 farmer plot (BAIF) with a total 
area of 2.90 ha at Chikhalda village to en ure higher crop yield and water use efficiency 

and thereby higher income. 

EMPLOYMENT THROUGH VARIOUS PROJECT ACTIVITIES 
The farmer were given the opportunity for earning their livelihood through variou 

activities of the project. 

VOCATIONAL TRAINING 
Tribal farmers and farm women fanner' on and daughter were imparted various 

vocational training a a part of kill in1pro ement and for earning . 
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EXPO RE VISIT & TRAINING .. 
J . d .r. m n farm r' on and daught r Imparted an ou Tnbal fan11 r an laml . 
o ati nal training and a1 p s d t ariou rear h tation. farm of ucce sful 

[anTI r for ki II and len \ I dge impr m 11t. 

eTn ITIE 0 DAIRY POULTRY ETC. .". 
. . " d .ry aI1d P u·ltry in llaborati n with BAIF and organizatIon of anImal 

tl\,ltl n al . 

h alth are camp in ollab rati n with anbandhu V terinary ollage, NAU Nav an 

upplying nutri nt ri h ti ed for animal wer don a a part of grofore try ba ed 

KILL J iPROYEME T THRO UGH TRAINING AND EXPOSURE VISI T 
Trainino- on pa kao-e of practi e of major crop with their uitability under different 

o 0 

land ph iographic po ition. ci ntific animal bu bandry including goat ry were taken 

up for impro ing kill of tribal fanner and fanl1 women. 
Thu . t impro e th a erall Ii lihood of increa ing population of tribal farm rs of this 

di tr1 t, empha i mu t be giv n on natural re ource management Scientific animal 

hu bandry upled, ith agro-for try ba d farming y t III keeping in pace with 

en irorun nt. Th anI option left i vertical pansion of natural re ource over the 

available land ar a where two or more component may overlap each other. 

RE VL TS AND DISCUSSIO S: 

Land capability classification and land suitability for various crops 

The rudy re ealed that oil texture, oil depth oil ero ion percent of coarse/ rock 

fragm nt. land lope, moi ture holding capacity and drainage are major crop 

production related con traint . Slope %) of the e vjllage varies from < 2% to 25 

percent, ero ion of urface oil aries from sheet erosion (El) to big gully erosion (E4) 

and depth of major oil range between < 0.075 m and> 0.90 m. Major oils are 

uffering from Rill ero ion (E2). Soil of lower elevation were of higher depth and 

comparati ely more producti e. Tribal faITIlers because of their unawareness, are not 

judiciou ly utilizing the land for different crop based on their uitability so as to get 

higher income and al a t u tain ecological tability. The land of these village 

(including fore t belong to IIe to TIe w Ills Ve , IlIe VIes and VIles sub-classe 

which were further cla ified to different capability unit (Table 1) for smaller and 

more homogenou group of oil that have imilar u e potential and management 
r quirernent . 

a ba ed on field data laboratory data (not reported here) of soil taking into 

con id ration an plant growth related constraint using criteria given by FAO (1976), 

general uitability of oil for growing different field crops and/or horticultural crops 
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and/or fore t p. Prevailing in the village wa evaluated in order to utilize land 
properly/ judiciously for higher income and environmental tability. 

Result revealed that very gently sloping flat « 2%) land and very gently lop ing flat 
hill top (2 to 3%) were found marginally suitable (S3) for field crop like rice finger 
millet and vari and moderately suitable (S2) particularly during kharif rainy sea on, for 
sorghum pigeon pea and ground nut, vegetables like, cabbage tomato french bean 
pea and cow pea and horticultural crops like, mango cu tard apple guava and cashew 
nut along with the land conservation treatment . 

Very gentle sloping (3 to 5%) land coming under Ills ub-c1a s were placed under 
marginally suitable (S3 for all the above field crops whereby proper land con ervation 
measures is a must during kharif and moderately suitable (S2) for all horticultural 
plants a above with half-moon bunding around the plants to con erve more moi ture. 
Undulating moderately sloping land (5 to 10%) coming under Ve ub-cla wa 
considered non suitable (N1) for all arable crops and marginally uitable (S3) for all 
horticultural plants with land conservation mea ure (7-10 mt apart) a referred in table 
4. Here development of half-moon bunding around the horticultural plant would gi e 
additional benefit for moi ture conservation. 

Moderately to strongly sloping (10 to 16%) were found uitable for horticultural plant 
along with land conservation measure. Strongly loping (16 to 20% and above) land 
coming under VIe and VIles sub-c1a se were non uitable 1) for arable crop at all 
and should be grouped olely for development of agrofore try and/or fore t and pa ture 
with incorporation of Teak Subabul Nilgiri Khair Kalam Karanj Saru etc. after 
appropriate land con ervation measures acro the lope to minimize ero ion and land 

slide and also for future income generation and environmental tabilization a w 11. 

Promotion of High Yielding/ improved Varieties for higher profitability 
Promotion of high Yielding! improved Varietie for higher profitability of tribal 
farmers is presented in Table 2. Nine prevailing crop with impro ed arietie were 
taken up under tudy in six approved village (Figure IA & B). The high t percent 

increase in crop productivity and net income per ha were recorded under groundnut 
(var.GG-2/J-ll) in two c1u ter followed by Paddy chick p a ig r Wheat, Black 
gram, Nagli Pigeon pea Vari in respect of perc nt increa e in yi ld due to intervention. 

Though the tribal farmer prefer to ow paddy (depicted 2nd highe tin P rcent incr a e 
in crop productivity) and nagli a their taple food in large area the re ult c1 arly 
revealed that they hould grow groundnut in certain ar a along with paddy and nagli 

during kharif and chick pea (under con erve moi ture and under irrigation fa ility).in 
larue area during rabi for hiaher productivity a well a profitability. 10 py land wlth 
00. 

high percent of gravel / ton fragment medium to hallow d pth and 10 . to m dlUm 
moi ture holding capacity of these oil ar the major rop productlOn related 

con traint . 
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Crop Divel' ification a part of livelihood improvem n~ .. '. 
The r ult n rop eli r ification a ti it a a part. f l~v. h~ood lmpJO ~ment are 

. fi . 2 & B while the in om wIder tbl a !lVlty 1 pre en ted ill Table 3 
pr el1t d 111 19u1 • . & 
r p lik , b an. orghum, gr und ~ut, o~a, w~t~r melon ~lephant fo~t gmger . 

. 'I1 WJder rop di er lfi anon actl Ity. Th hlghe tnt mcom wa turm fI weI' 0\\ 

obtain d under garlic (var. Lal Gojra) followed by okra ( ar. Hy-152) and groundnut 
(var. T G- 7) r p ti el . T generat mor incom tribal farmer sh~uld go ~or cr0~ 
di er ifi ation itb okra and groundnut in rna ' imum po ible area durmg kharif and If 
po ibl ith garli in c rtaill ar a if affordable by them becau e of it high input cost. 

Seed Production 
nd reed production a ti 'ty (Tabl 4) with groundllut ( ar. TAG -37) the percent 

in rea in yield 0 r normal crop i presented il) figure 3 Thi activity gave additional 

income ofRs.2 30/- per ba a ompare to local crop (maize and Nag]i). 

Low co t Poly/ Green house 
Low 0 t gr 'n hou e LCGH) acti ity (Table 5) has pro ed to be a successful venture 

for higher rop profitability [R 9500-17000/unjt (50 sq. mt.)/annum] through raising 
eedling of ariou eg table crop like metbi amaranthus chilli tomato brinja1 

coriand r, cabbage, etc depending upon the type of crop and management. This 
acti ity can improve th income of tribal farmer in a large if they can afford the initial 

e p nditure on tabli hment of LCGH. 

Scientific Animal husbandry 
ctivitie on cientific animal hu bandry (health care camps AI nutrient-rich-feed) 

were performed which increa ed avg. milk yield/animal/year from 400.25 to 608.90 lit. 

( J39.~5%) in buffaloe, from 250.23 to 308.51 lit. (35%) in goat (figure 4A & B). 

During the period of la t three year total population of cow goat and buffaloes 

increa ed 62.02, 57.69 and 203.59% respectively over baseline. Higher total milk yield 

and higher popUlation fetched higher income to the tribal farmers towards improving 

Ii elihood. Thu cientific animal husbandry proved to be an essential component of 

Ii elihood which can go imultaneou ly with agriculture in these tribal villages. 

Acti ity on poultry (figure 5 with selected farmers had shown its huge scope for 

promotion a there wa an average income increa e/ farmer/annum was Rs.1 913/ - with 

an increa e in egg production of 33.33%. Similarly goatry activity had also shown 

huge pro pects as there wa an increase in avg. income/farmer/annum was Rs. 2238/
with an inc rea e in milk production of 42.85%. 

Activities on fishery 

Acti ity carried out 2009-10 on fishery in both the clusters proved highly beneficial. 

Small fi he worth Rs.2400/- wa purcha ed from office of the fisheries, Valsad and 
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after making a group of 12 fanners in each clusters fishes were di tributed in two 
group . Fishes were allowed to grow up for about four and half months in tagnated 
rain water in both the cluster. The major fishes were recovered at grown up stage and 
farmers could harve t about 360 kg of fishes (worth Rs.21 600/-, Rs.60/- per kg) for 
their own consumption as well as for selling in nearby market. 
Watershed intervention 
Land leveling activity (Table 6 ) was carried out in 32.5 ha involving 175 farmers of 
Chikha1da and Sarvar cluster. The result reveled that increa e in average crop 
productivity was to the tune of 18.5% due to this activity. 
Soil conservation activities (Stone bunding soil + stone bun ding field (earth) bunding 
etc.) out of sloppy land of 847.27 ha suitable for this activity were carried out in 528 
(65.31 %) ha of land (Table 7) to check soil erosion enhance soil moisture storage 
higher crop production and possible alteration of cropping pattern. The results indicated 
an increase in crop productivity to the tune of 19-20%. Through thi crucial activity soil 
moisture storage was found to increase to about 17-22% with reduction in erosion to 
about 55-60% and thereby made certain areas possible for other I high value crop 
cultivation (Table 7). 

Water harvesting structures 
Rain water harvesting and arresting activities through development Iconstruction work 
of small farm pond, temporary check dam (TCD) Jalkund repairing of check dams and 
water storing tank, open well digging being most essential components of arre ting 
rain water for hilly sloppy and highly rainfall area of this terrain, were covered up for 
the benefit of 138 farmers in Chikhalda and 34 farmers in Sarvar clu ter (Table 8). The 
result reveled that owing to these activities access of soil moi ture and water to crop 
increased which resulted in increased area under crop cultivation in 15 ha and 16 ha 
respectively at Chikhalda and Sarvar cluster with and a erage increa e in crop 

production by around 210 kg/ha. 

Vermicompostl Compost 
Vermicomposting and composting activity not only proved to be a ery good natural 
resource management venture for the e village but al 0 contributed to the 
improvement of livelihood of tribal people through generation of income of R . 

4183/unit lannum (Table 9). 

Micro Irrigation System 
MIS Activity in the approved village particularly in Chikhalda cluster pro ed to be 
highly payoff intervention jn term of increa e in avg. area (7.65 ha) and avg .. net 
income of Rs.45861- per ha. Thi activity i of imm n e importance for the e tnbal 
villages in respect to water aving higher wat rue efficiency and higher rop 

production (Table 10). 
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Surface irrigation 
The effe t of urface ilTigation on increa e in crop yield and income are 

d · T bl II Th mface irrigation facility increa ed th a erage crop yield to pre ent III a. . 
th tun of _6% w re a th per nt in rea in income compare to that under con erve 

moi ture a betw en _ and _5%. 
Employment through variou project activities .. 

bout 10 000 man-day wer creat d Ii r the tribal farmer and women III carrymg out 
difD rent acti itie f the proj t like Reno arion of check dams repairing of motor 
foundation tructme, digging of farm pond , making of variou type of field bunding 
in tallation of irrigation pipe line work during camps hibir demonstration etc. up to 
March- 2011 and th remuneration recei ed by farmer through employment helped in 

improving their Ii elihood. 

Vocational training . 
nd r 0 ational Training 46 tribal girl were trained on ewing works and 20 sewing 

rna hine were pro ided from the project at nominal charge ba i for their earnings. 
Training on "Repair and maintenance & field operation' and' Ba ic wood work" were 
given eparately to ten tribal boy at Bilirnora ITI campus. Another training on 
"land caping and gardening' were imparted to 10 tribal boys for six months at NAU, 
main campu. a ari as a part of skill development and for income generation. 

Exposure visit 

1725 numbers of fanner /farm women were benefited through exposure-cum-Iearning 
i it organized at different center of NAU including KVK Waghai and other places 

up to March - 2011 of which 157 numbers of farmers/farm women were especially 
expo ed to Krushi Mela held at NAU campus, Navsari for three days during 2009 & 
2010. 

On and off campus training 

857 number of farmer were educated on package of practices and technologies on 
different a pects related to Agriculture Horticulture and Animal Husbandry through on 

campu training while 1228 number of farmers were involved in off campus training. 

Essentiality of agro-forestry based farming systems 

Agro-forestry based farming systems in integration with other income generating 

components like dairy fisheries , goatery poultry, etc. generally play very effective role 
in the utilization of the natural re ources in a most effective manner for sustainable crop 
production and ocio-economic upliftment with livelihood & health security and 

employment & income generation. The results obtained and discu sed above indicated 
that all the activities on natural resource management of the six districts have increased 
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the income the tribal fanners of the six district contributing to certain extent towards 
livelihood security of tribal fanners with simultaneous stabilization of environment. 
Because of undulating land and crop production related many constraints field crops 
alone unable to improved the livelihood to the desired level. It was observed that in the 
land coming less than 5% slope somehow be allowed for field crops with soil 
conservation measures, but between 5% to lO% slope have been found not suitable for 
field crop alone where horticulture plant like Mango Cashew nut would be better 
option along with land conservation measures for higher income generation and 
environmental stability. As animal husbandry activities (Dairy goatery and poultry) 
and fisheries had shown a good income generating activities in these villages all these 
income generating components should be practiced along with field crop and 
horticultural crop as per the land suitability in an integrated manner for livelihood 
security and environmental resilience of these villages of Dang districts. 
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Table 1: Land capability class sub-class and units of six villages 

Land capability Land capability sub
Capability units 

class 
II w 

III 

ub irpt 'e' , 'w' ' and " denote main limitation of the bazard ofero ion wetness 

or accumulation of \ ater, limitation due to oil viz. shallownes drougbtnes or 
tonine or gra Hine of th oil and the hief limitation in the climate (too cold or 

roo dry), re p cti ely. ritie of lim itati OIl were indicated by 1 2 3. 

Table 2 : Promotion of High Yielding/ improved Varieties for higher 
profitability 

Na me oftbe Name of Area of Total o of Area Total Baselin Ave. 

crop and the the o of Farmer co ered Input e Av. Yield 

"arietie clu ter crop in fa rmers co ered ha (also cost Yield after 

the cultivat (also in in %) 
(Rs/ha) (kg/ha) interve 

clu ter ing the %) ntioo 
(ha) crop in (kg/ha) 

the 
cluster 

Paddy 
499 198.98 

(GR- 'TR-
Chikhalda I] 8. 1 I 310 (160.96) (168.47) 2520 1200 1683 

2 ) 
663 278 

Sarvar 243 320 (207.18) (1 14.40) 2520 1200 1650 

129 26.58 
agli 

(G -4 G -
Chikhalda 97.61 230 (56.08) (0.27) 1804 596 660 

5) 
Sarvar 

259 17.5 
84 266 (97.36) (20.83) 1804 596 620 

5.72 
ari Chikhalda 10.27 140 63 (45) (55 .69) 817 600 580 

(GV-2) 57 9.99 
Sarvar 20 135 (42.22) (49.95) 817 600 580 

11.3 
Blackgram Chikhalda 57.06 250 225 (90) (19 .80) 1475 600 644 

(GG-I ) 245 10.8 
Sarvar 56 290 (84.48) (19.28) 1475 600 644 

Pigeonpea 15 

(Val hali/ 
Chikhalda 47.07 40 98 (245) (31.86) ]945 350 362 -

I 1 ) 
Sarvar 

339 18.42 
19 75 (452) (96.94) 1945 350 362 
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locre 
ase in 
Yield 

40.25 

37.50 

10.74 

4.03 
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7.33 
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6 
hickpea 49 

Chikhalda 8.4 140 380 (271.42) (583.33) 2210 950 1200 26.31 (O02! 
72 Vijay) 

Sarvar 5.75 75 388 (517.33) (1252.17) 2450 820 1080 31.70 
Niger 39 

7 (NRS-96- 1 Chikhalda 28 56 79 (\41.07) 1139.28) 1107 1000 1250 25.00 
& Guj-N- I) Sarvar 32 60 144 (240.001 2.5(7.81) 1107 1000 1250 25.00 

14.8 
8 

G'out Chikhalda 2.6 38 80 (210.5~ (569.2:n 5800 1250 1825 46.00 (002 ! J 11) 
Sarvar l.0 6 14 (233.33) 31300) 5800 1250 1780 42.40 

1l.5 
9 

Wheat Cbikhalda 1 12 42 (350.0Ql (115Ql 1330 1364 1525 11 .80 (Lok- 1) 
Sarvar 0.4 3 10 (333.331 4.1 (1025) 1330 1277 1490 16.67 

Table 3: Income under crop diversification in operational villages under NAIP-ID 

Incomefh Additional Additional 

a from income a incomefha as 
No. of 

C rop with 
Area Gr os Cost of et 

traditiona compared compared to r 
Year ViUage farme covered income cultivation incom to local crop local crop (eg. No 

rs 
variety 

(ba) (Rs.) (Rs.) e (Rs.) I crop 
(eg. maize maize, nagJi, variety 
oagli, vari vari etc) Rs. (Rs.) 

etc) Rs. 
Vegetables & 

72738 40738 32000 10700 21300 
7607 I 2008-09 Chikbalda 

7 Groundnut 
2.8 

Vegetables & 
96563 74940 23080 51860 

10169 2 2009-10 Chikbalda 5.1 171502.5 
13 Groundnut 

G'out, Vegetable, 
30579 14743 

3 2009-10 Sarvar Sorghum, 15.3 597322.5 29 1532.5 
0 

80218 225572 
37 Soybean 

Soybean, 
18434 

123390 
11425 

4 2009-\0 Daguniya Groundnut, 10.8 389631 205291 
0 

60950 
3J Vegetable 

G'out Vegetable, 31300 -3733 
9951 

5 2009- 10 Sodmal 5.4 188986 103913 85033 
27 So!&hum 

Average additional income! ha (2009-10) 11572 

Vegetables & 66430 
10629 

6 20 10- 11 Cb.ikbalda 6.25 214700.5 11 651 96050 29620 
19 Grouodnut 

G'out, Vegetable, 48845 363 05 
1 789 

7 2010-11 Sarvar Sorghum, 24.6 958617 470167 
0 

124645 

54 Soybean 
Garlic, 
Grouodnut 495317.62 44750 310990 

1193 
Daguniya Vegetable. 26.05 942817.3 136510 8 2010-11 5 0 

Sorghum, 
61 Soybean 

13289 25532 G'nut, Vegetable, 14 524303.7 26983.75 69277 I 6043 9 20l0- 11 Sodmal 0 42 ~o~hum 
Average additional incomel ba (20l0-ll) 12661 

3 yea r 's Average additional iocomefhafviUage 10613 
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Table 4: eed production activity for good quality eed and income generation 

dditionsl 
Income income liS 

o. or rop rca Gro o tor ct from 
ecd compllrcd 

r rarmer " ith covered incomc culti alio income general 
stage to locsl crop , ar Villa e n (Rs.) (Rs.) eed crop 

j 0 variety (hs) (R .) (eg. maize, s (R .) 

I 

I 

.; 

, 

nllgli etc.) 

5 6 7 8 9 10 II 12 
~ J 4 

groundn 
30 40 7_00 40 971 TF 14340 

hltJ18lada 6 ut var. 0.6 -2010-1 I 
TAG 37 

2010-11 gr undn 
10 00 4070 I 95 TF 20570 

\louD3bdaf 9 ut \"lIf 0.9 44 70 
TAG37 

2010·11 groundn 
14357 TF 24415 

arvar 10 ut var I -141 - 12000 394 15 

TAGJ7 

Totnl 2.5 J26825 30000 96825 36723 59325 

Table 5: Low co t Poly/ Green house activity for income generation 

Sr. I C1u ter Village Cumulati rea Acti ity Co tof A. 
1" o. e No.of co ered input per Income 

1 

2 

Pol /Gre under poly/green generated 
en hou e pol house per 

hou e (Rs)* poly/green 
( qrn) hou e (Rs) 

Chtkhal Chikhalda ] 50 Rai ing of eediing of 6500 9500 
da Moti dadar 3 150 ariou vegetable and 6500 8500 

Daguniya 2 100 horticultural crop like 6500 17000 
ar\'ar Sarvar 4 200 Amranthu hilli 6500 16500 

Sodmal 1 50 Tomato, Paiak, Methl 6500 13200 
Kalamkhet 1 50 coriander and Subabul 6500 14500 
Total 12 

eedling al 0 -- -

*Out of 12 gr en hou e, the yield are presented from 6 green houses which are 
operational ince 2009-10 
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Table 6: Effect of Land leveling activity on increase in average crop productivity 
and cuJtivated area in two clusters 

Type Cluster Total Total Area Avg. Increa ed Area 
of area o.of covered, ha co t/ba in avg. increase 

Work suitable farmers (also in Crop under 
for percentage) productivi cultivation 

watershe ty (%) due to 
d interventio 

interventi n (ha) 
on (ba) 

Chikhald 
30 168 

a 
30 (100%) 2000 18.1 30 

Land 
levelin Sarvar 5 7 2.5 (50%) 2000 18.9 2.5 

g 
32.5 

Total 35 175 
(92.86%) 

2000 18.5 32.5 

Table 7 : Effect of land conservation measures (farm bunding Soil + Stone 
bunding and Stone bunding) on average crop productivity in two clusters 

Type of Cluster Total Total Area Avg. Increase Area 

Work & area No. of covered (ha) costlha in avg. increased 

viUage suitable farmers Crop under 

for covered 
(R .) 

prodoctivi culti ation 

waters be ty (%) due to 

d intervention 

interventi (ba) 

on (ba) 

Farm Chikhal 
444.16 237 293 (66%) 11500 18.8 to 20 14.00 

Bunding da 

, + soil 
Sarvar 403.11 343 235 (58%) 11500 19.2 to 20 13.74 

tone 

bUDding 
and 528 

11500 19 to 20 27.14 
Total 847.27 591 

Stone (65.31%) 

bunding 
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Table 8: Effect of rain water harvesting and arresting (TCl? . Small farm ponds, 
Jalk'lJnd, Water tank .·epairing Open well, Chek dam repaumg etc.) on average 

crop production in Chikhalda and Sarvar cluster 

Increase in 
Sr C/U ter Variou No. of Crop nrea Crop area Area 

under under under avg. Crop 
No. activitie farmer 

covered cultivation culti ation benefit production 
before after (Ita) (kglba) 

inter ention intervention 
(ha) (ha) 

A : 4 no. 
no. 

I Chikhalda 
0 : I no. 13 600.21 615.21 ]5.00 218 
E: I no. 

F: JO no. 
G: I no. 

A : 16 no. 

- an'ar B : 1- no. 34 544.73 560.73 16.00 202 
C : 3 no. 

ote: = o. oftemporary check dam (TCD) con tructed (co t R 3000/unit) B= No. of small 
fann pond (co t R 12000/unit) dugout, C= o. of Jalkund develolped (co t Rs ] SOOO/unit) , D 
= o. of water tank repaired and it capa ity increa ed (co t R 16S00/unit) E= No. of open 
well digging (co t R 120000/unit), F = Renovation of check dam (co t Rs 4S000/unit) G = 
Motor foundation tructure repaired (co t Rs 2S000/unit) Avg cost! structure: Rs.23,806/- (for 
Chikhalda c1u ter). R .. 029/- (for Sarvar clu ter) 

Table 9: Income generation through preparation ofVermicompost 

Sr. Cluster & No. of Total Income Income 
viUage units quantity generated generated 

o. established produced (Rs) per 
(kg) Unit/Year 

(Rs.) 

I Chikhalda 12 16100 50700 4225 

2 Sarvar 14 17950 58050 4146 

Total 26 34050 108750 4183 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujaratj 



Sr. 
ViUage 

No. 

1. Moti 
Dabdar 

2. Chikbalda 

3. Chikhalda 

Total 
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Table 10: Effect of micro irrigation (Sprinkler and Drip) on various crops for 
increasing income 

Total 
Total area Total Total net 

Potential Area Previous Area brought income income increa e 
o. of area for covered 

Crop 
irrigated Increased under prior to after in 

farmer MJ underMI area after irrigation adoption adoption income 
(ha) (ha) (ha) MI inel. orMI orM! after 

MI (ba) (Rs.) (Rs.) MI 

25 27 25 Chickpea, 27 6.50 
fRs.) 

33.50 386890 495803 108913 
(Sprinkler) Groundnut ( prinkler) 

& Paddy 
(partial) 

2 2.30 2 Chickpea, 2.30 0.60 2.90 33650 43376 9726 
(Sprinkler) Groundnut. ( prinkler) 

water 
melon & 

Paddy 

5 2.90 2 Mango, 2.90 0.s5 3.45 28775 43119 14344 
(Drip) Ca hew & (Drip) 

BringaJ 

32.20 29.00 32.20 7.65 73.35 836205.00 1078101 132983 

Table 11: Effect of surface irrigation on increase in crop yield and income 

Sr. Name of No. of Name of Total Increase Percentage 
No village farmers crops cultivated in increase in 
. area average income over 

under crop conserve 
irrigation yield moisture 

(ba) 

1. Chikhalda 30 Wheat 27 26% 23 -25 % 
Gram & 
Vegetabl 

e crop 

* Surface irrigation facility created througb gravitational flow of water from water 
reserves at elevated point during 2009-10 through installation of PVC pipeline in 27ha 

(Rs.-7400/ba) 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 

net 
increase in 
income! ha 
after M1 

(Rs.) 

4357 
( prinkler) 

4863 
( prinkler) 

7172 
(Drip) 

4586 



2000 T 

" 
I~OO t 

Cl 1000 .. ~ 

;; 500 .f 
:;.. 

0 

10.~ . 

~'I' 

. 000 T 

, ~ 1500 J 

'" CI 
1000 i :L 

<: 500 .. ;::: 

, 
'O~ . 

~~ 

L 

Fiuure lA e 

,t 
"'" 

~ 
,... ~. 

... ~~" ,,0:> *-q <i.'~ ~ 
Crop 

Figure IB 

:\, ~, ~. ~' ~~ v.,(. 
,~~ ~') " i.~ ~ ~') ~~" , ~~ ~~" .l 

~ .. ~ 

Crop 

Figure 2A 

So~ bl'an Soqlhm Grollnd nut Okf1l Water 1elillephant fool 
Crop I Ba e Yield (kg/ha) 

Figure 2B 

IBn eYirld 
(kg/hn) 

I Base Yield 
~g/hn) 

. ' VO" ifld 
(kg/lla) 



National Seminar on Agroforestry: An Evergreen Agriculture for Food Security and Environmental Resilience 

2 - 4, February - 2012 
71ieme - 2 : }J.grojorestry !Management for 'FOOD aruf [,wefrliOOD OpportUnitus 

'2 
.c 

g 
"C 
~ 
s:: 

"':' g 
5 
;; 
.s 
c 
c: 
'0 
<l 
;;;: 

omparision of avg. ield after inten ention over baseline 

5000 

mo 
3000 

2000 

1000 

0 • Sanal BaSt .. 

soybean Sorghm Ground nul Okrn \ atel Melon • Sarvar .. 

Crop 

Figure 3 

Increase in yield through eed production in Chikhalda and 

,...., 1600 
~ fo 1200 

e 800 -w 

Qi 400 

r-------~an~ru~~~------

• Base) leld (kg ha) 

Avg Yield of seed crop 
~ 0-'----------__ 

Base Yield (ke- 11a) Avg Yield of eed crop 

Figure 4A 

800 

600 

.. 00 

200 
• Baseline 0 
D\lresent 

Cow Rug}lIoes Gilat 

Figure 4B 



.. 
National Seminar on Agroforestry: An Evergreen Agriculture for Food Security and Environmental Resilience 

2 - 4, February - 2012 

'TIicme _ 2 :)1 roforcsi ry i,l1/anemo/l t for !Food a /ld £i-(lofifioOd Opport II /Litles 

I 
I 
I 

60 ... 

50 of 

30 .. 

20 .." 

10 .j 

o 

110 

lOll 

o 

60 -

~o 

10 J 

o 

A\' " ;lge milk, mal y ie ld/goa yem' 

~------------------~'~~------------

III (~J 

• ..\"2 .• rtfIk~'t'ld ~on( .,.fIU· (Uf.) 8un llUt milk ytcltl 

• \'".u.. lnU1;;:):1 tld 2out~· tllrtU'.) Pr·~'tul milk- yic-Ill 

.\ \ st.,milk yldd gOllt ':o"f'1l.1 (Uf. ) (10 0 ulo"en t in mW.c 

Fioure 5 

Clustel 

- .. H·g. Egg or bird salt 'Jtar Bast lim egg )itld 

aAyg,Eg" orbird salt ytar Prt tIlf tgg yidd 

"g, g,gorbird sale'Year 00 ino'east in tggpl'oduction 

-Ayg, Eggorbird e "tar 00 u' 10'-S· I fb , __ 'n __ ' ___ t _o~u~'~d~p~t~" ~Y~tru~' ____________ J 



National Seminar on Agroforestry: An Evergreen Agriculture for Food Security and Environmental Resilience 

, 2 - 4, February - 2012 
'l1ieme - 2 : }lgroforestry 9Yia1Ul£]emcnt for 'Foot! ant! Lrvtfifiootf Opportunitres 

Influence of various vegetable crops under Agri-Horticulture ystem in generation 
of extra income 

ABSTRACT: 

H. C. Patel, K. P. Kikani, K. S. Patel and K. A. Patel 

Department of Horticulture, B. A. College of Agriculture 
Anand Agricultural Univer. ity 

Anand, 388 110, Gujarat 

. A .field experiment w~s conducted to see the effect of various vegetable 
mtercropplOg on growth and YIeld of sapota during the years 1998-1999 to 2000-2001 
at Horticulture Research Farm, B. A. College of Agriculture Anand Agricultural 
University Anand. The experiment wa laid out in Randomized Block Design (RBD 
with four treatments. All treatments were replicated four times and each treatment 
having 2 plants of Sapota. The pooled data of three year on growth parameter how 
that only plant girth (0.323 m) was found ignificantly higher in the treatment T)- i.e. 
Kharif cluster bean followed by Rabi potato. 

In individual year gro income was received significantly higher (Rs. 1,02.383/-) in treatment 
T4- (Clu ter bean followed by Cabbage) a compared to re t of the treatment during 2000-2001. Three 
year pooLed data howed that gro s income wa found non- ignificant, however treatment T4 had gi en 
maximum gross income (R . 80,906/-) net realization (Rs. 62,3751-), CBR (Rs. 4.39/-) and et CBR I : 
3.39 in young sapota. 

Keywords: Sapota, Inter cropping Vegetable , Income 

INTRODUCTION 
Farming is the main source of livelihood for the people in rural A ian 

population. Trees on farmlands or in forests form an integral part of farming y tern. 
Both farmlands and forests are important for su taining human habitation by pro iding 
food for nutrition and timber for construction and firewood a a form of energy be ide 
providing fodder grass and bedding material for live tock. Tree are al 0 important 
for the protection of environment and con ervation of biodiver ity (Gilmour et a1. 
1991a; Grimble et al. 1994). None the Ie the food, fuel and fodder requirement of 
continuously increasing human and live tock population ha e generated enormou 
pressure on forest and arable land leading to depletion of natural re ource thereby 
affecting natural and human environment (MPFS 1991). Thu there i a limited cop 
to increa e the area ill1der culti ation for making the increa ing demand of food, fodder, 
timber and fuel wood. The net re ult of thi ph nom non i enormou car ity of 
firewood (77%) timber (55%) green fodder (77%) and dry fodder to th tun of 51 % 
(Roy 1999). . 

Agroforestry is the only viabl alternative which i capabl of me~tIDg ~e 
present challenge of hortage. It i an integrated land u e approach l? ludmg 
cultivation of woody perennial in a ociation ith annual crop and h?lds unme.n 
potential to en ure tability and u tainability in production and to pro l~e COIOgl al 
and economic ecurity a compared to con entional y t m of mono- roppmg. (Toky f 

al. 1989· Gilmour et al. 1991a· Gilmour tat. 1991b; Thapa et at. 1995· harm a et a1. 

1995· Singh et at. 1997). 
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MA TERJALS AND METHODS 
n xp rim nt wa arri d out at the Horticulture R arch Farm, Department of 

H0l1icuitur ,B C, U, nand during year ] 99 -99 1999-2000 and 2000-0 l. 
Th experim Ilt wa laid out in Randomiz d Block De ign (RBD) wi~ four treatment. 

11 tr atment w r r pli at d four tim and ea h tr atment havmg two plants of 
apota. 0 tai I of tr arm nt are mentioned below. T I: Kharif Okra followed by Rabi 

potato, T_: Khartfokra followed by Rabi cabbage T : Kharif lu ter bean followed by 
Rabi potat and T4 : Khartf lu t r bean followed by Rabi cabbage. 

RESULT AND DISCUSSION 
In pool d data of thr year on growth parameter show non- ignificant 

re ult with re pect to plant height and plant pread. While in tern girth was 
ignificantly rna imwn (0.323 m) a compared to re t of the treatments. 

In individual year treatment T 4- (c1u ter bean followed by cabbage) gave 
ignificantl maximum gro income ofR . 102383/- in year 2000-01. (Table-2). While 

in three year pooled data it bow d DOD- ignificant difference. 
Thr year pooled data aJ 0 ho that gros income wa found non-significant 

howe r treatment T4 had gi en rna imum gro income (Rs . 80797). Gross cost of 
culti ation wa found minimum (R. 17807) in treatment T 2 followed by T 4 (Rs. 
I 422). Maximum net realization Co t benefit ratio and Net CBR were associated witb 
treatment T4 (62375 4.39 and 1 : 3.39 re pectively). The present tudy supports the 
fact that there i an iocr a e in the level of farm income when the agroforestry system 
i adapted as upported by other workers in this field (Jain et a1. 1999). Similar results 
were reported by Majumdar (1991) and Kareemulla et aZ. (2002) who reported higher 
gro and net return from agri- i1viculture system over sole crop system. Reddy and 
Korwar (19 5 and Pathak (1991) also used benefit - cost ratio for evaluating the 
comparative economic of crops and silvopastoraI systems under dry land conditions. 
The re ult of tbi tudy provided circumstantial evidence in favour of adopting agro
fore try over ole plantation. 

Table- 1 : Effect of different intercropping treatments on growth parameters 
in sapota cv. Kalipatti (pooled mean of three years) 

Treatments Plant height (m) Plant spread (m2
) Stem girth (m) 

T J 2.73 8.79 0.248 

Tz 2.50 8.64 0.286 

T3 2.79 9.84 0.323 

T4 2.73 8.34 0.235 

.Em.± 0.165 1.001 0.021 

C.D. at 5% S NS 0.07 

C.V.% 20.59 39.89 24.72 
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Table- 2 : Effect of different intercropping treatments on gros Income in 
sapota cv. Kalipatti 

Treatment Gross income (Kharif + Rabi) 
1998-99 1999-2000 2000-01 Pooled 

T, 63957 63962 60957 62958 
T2 82851 36897 70334 63271 
T3 66454 69969 81845 72756 
T4 87906 52103 102383 80797 

S.Em.± 6796 3405 3470 8678 
C.D. at 5% NS 10893 11100 NS 

C.V.% 18.07 12.12 08.80 13.79 

Table- 3 : Effect of different intercropping treatments on CBR in 
sapota cv. Kalipatti 

Gross income Gross cost of 
Treatments per ha cultivation 

Net realization Co t benefit 

(Pooled) (Rs.) (Rs.) (R .) ratio 
etCBR 

T t 62958 31567 31391 1.99 1 : 0.99 
T2 63271 17807 45464 3.55 1 : 2.55 
T3 72756 32151 40605 2.26 1 : 1.26 
T4 80797 18422 62375 4.39 1 : 3.39 

S.Em.± 8678 - - - -
C.D. at 5% NS - - - -

C.V.% 13 .79 - - - -
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Economics of Drumstick (Moringa oelifera Linn.) based Agri-horticulture system: 
Implications for enhanced returns and environmental security in Central Gujarat 

V. C. Pandet, A. K. Vishwakarmat, Go~l Kumar', H. B. Singhi, and 
S. P. Tiwari2 

Central Soil and Water Conservation Research and Training In ti/ute. Re earch 
Centre, Vasad-3883 06, 

District - Anand, Gujarat. 
e-mail : vcpande2000@yahoo.com.akvih16@rediffmail.com. 

gkcswcrti@gmail.com. hb ingh@yahoo.com 
fax: 02692-274806 

2 Central Soil and Water Conservation Re earch and Training In titufe, Research 
Centre, Dalia, Madhya Pradesh 

e-mail: spliwarioils@yahoo.co.in 
fax: 07522-290229 

ABSTRACT 

The Drumstick and drumstick ba ed cropping system have not only been found 
to be more remunerative than other crop but al 0 thi agri-horti y tern pro ide 
environmental services in terms of soil carbon built up and nutrient aving in the oil. 
This holds promise for agro-ecosystem of central Gujarat which ha predominant 
tobacco mono cropping system that is averse to soil con ervation. Be ide a ing in 
irrigation water the cropping sy terns enhances return over ariable co t by 46% 
saving in soil nutrients valued at ' 621 ha-I and sustained soil carbon built up alued at ' 
27720 ha-I

. This environmental service provided by drum tick ba ed agri horti y tern 
is an economic benefit to society against the tradjtional tobacco crop in the region, with 
implications for resource conservation and environmental ecurity. Thi not only 
suggests the scope of an alternative cropping y tern to tobacco mono cropping y tern 
for tobacco growing farmer but also make it legitimate effort in view of the national 
action framework to fmd alternative crop after ignjng the Framework on ention on 
Tobacco Control of World Health Organization. 

Keywords : Economics, Return over ariable co t Re ource on ervation 
Environmental ecurity 

INTRODUCTION 

Deci ion to include agro-for try/ agri-horticultur in rop programme world 
over i n cessitated by variou dynamic and u tainability fa tor u . h a ~il heal~, 
soil degradation and nutrient 10 pre ntion (Reddy et aI, 20?9). Indlan . agn ulture I 

pre-occupi d with econd generation problem d .b~te inclu.rung lowenng o~ water
table nutrient imbalance oil degradati n, ahmty n lfonm ntal pollutIOn and 
decline in farm profit. Shifting from mono cropping sy tern t~ tre ba ed . y t.em hoI? 
lot of promi e in alleviating the e problem apart from fulfillmg other object e (GIll 
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d hI .. 00) In fact rop di r jfi ation now fOlm an effl tive trat gy for 
an awa" -' , . C C d ' 

f t1 mai r ai lm nt of d 10pillO" untry u h a Indla lor 100 ecunty, 
man)' 0 1 ~ . .::> . bl . ul 1 d 1 t d 
PO\ ' Ii alleviation, mpl yment gen ration, u tama agn tura e opmen an 
environm ntal impro m nt (H gde I al .. 2003). 

T ba 0 i main rop of entral Gujarat. Th y tern of long fallow during 
int n i\'e p riod of rainfall and befor taking of toba co i a prominent practice in the 
rcaion. Thi tern ntribute to roil ro ion a pIa hand ce runoff from 
ba~ oil r ult in 10 of il organi matter and nutri nts (Singh 2006). The ann~al 
rainfall pattern of the region furtb r ugge t furth r d laying to~acco tran plantatlOn 
beyond _I th Julian da \ hi h ould further put apr ure on 011 health (patel et aI, 
20-10). To r du oil ero ion, increa ropping iuten ity and crop productivity kharif 
leQUrne are ntial for d loping any di r ifi d cropping system for the region. A 
'ub titute p r nnial horticultural rop, which do not require frequ nt primary and 

condary tillag operation lik fi Id pr paration and interculture for optimum 
produ tion an b tried for enhanced return and re our e con er ation in thi part of 
the Gujarat tat. In thi ont t, introdu tion of drumstick (Moringa oelifera Linn.) 
plant along with kharif legume tn th i tlog cropping y tern i a better and promising 
option a ompared to cropping tern Iik pearl millet - fallow peal millet - wheat 
paddy - \Vb at, maiz - wheat and orghum (fodd r)- wheat in tenns of resource 
con ervation. The glory of gre n revolution i under tress as the cereal-cereal cropping 
y. tem have al 0 I d t.o e eral new chall nge like decline in factor productivity 

d gradation of land and ater resource dimini hing biodiversity depletion of ground 
water table, increa e in en ironrnental pollution and re ultant climatic change (Sharma 
el al.. 2003). Moreo er. continuol! ly growing of arne crops on same land with 
unbalanc d driven fertilizer practice ha not only resulted into mining of macro 
nutrient but ha al 0 led to the multi micronutrient deficiencie . 

While re our e con ervation particularly in the marginal lands susceptible to 
degradation 'uuld al 0 be a ignificant factor for hiftmg to resource conserving 
cropping y tem con idering the water footprint of crops efforts to study this aspect 
ha been few (Reddy el aI, 2009). In thi perspective water saving in rainfed areas 
ould be a trong rea on for crop diversification. Crop like tobacco with total water 

footprint of2925 m
3

( ' doe not tand a chance against vegetables with a water footprint 
of 322 m3r' (Mekonnen el aI, 201 I . 

There i • therefore a need for of mono cropping system like tobacco to a 
potential cropping y tern uch a drum tick ba ed agri horticulture so that the system is 
comparatively mor beneficial in term of profitability employment generation, lesser 
water u e, balanced cropping sy tern improved soil health and ecosystem takes care of 
re o~rce u tainabijity. The change suggested hould essentially be technologically 
fea IbJ~ and . economically viable. The co t and net return (Rehman et al., 2007), and 
lab~r . mten Iven (De Graaff et aZ., 2008) are orne of the factors affecting the 
deCISIOn of farmer . ~or diversification and adoption of such technologie . Farmers, 
n~verth~le are wlllmg to adopt any new technology if the technology is compatible 
With their local condition (Wejnert 2002' De Graaff e/ aZ., 2008). 
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K~eping the~e in view an att~mpt was m~de to identify an alternative cropping 
system wlth potential of not only hIgh productlOn but also resource conservation in 
central Gujarat. Further Gujarat govt. is planning to release Narmada water for limited 
irrigation for the crops of lo:v water . requirement in the ravine zone IV, under which 
about 1 36,709 ha of gullied lands are oovered in Anand Baroda, Kheda and 
Panchmahals district. Development and management of such fragile land with 
sustainable production system is a big challenge. Therefore, the present research on 
crop diversification with introduction of drumstick and spice crops of cumin and fennel 
in the cropping system for productivity and ustainability in central Gujarat was taken 
up at the research fann of Central Soil & Water Conservation Research & Training 
In titute, Research Centre, Vasad. Drumstick is very good vegetable and medicinal 
crop perennial in nature, grown by raising nursery and transplanting 25 days seedling . 
It starts flowering and fruiting after 4-5 months of transplanting. 

MATERIALS AND METHODS 
An experiment was conducted for four years (2003 -2007) at Research farm of 

Central Soil & Water Conservation Research Institute, Research Centre Vasad under 
irrigated conditions. Six treatments (i) tobacco (control), ii pure drumstick (block 
plantation) (iii) pure Aonla (block plantation) (iv) Drumstick + green gram - cumin 
(first two years) and green gram - fennel (sub equent years) (v) Aonla + green gram
cumin (first two years) & green gram - fennel (subsequent year) (vi) green gram
cumin (first two years) and green grarn- fennel (subsequent years) were tudied in 
completely randomized block design with five replications with plot size of 21m x Om. 
The experimental soil was sandy loam and alluvial in nature ery deep well drained 
with 0.36% organic carbon, 42 kg ha- I available phosphoru 230 kg ha-l available 
potassium and having pH 7.8 and EC 0.18 dSm -\. In first year, after iropo ing Jay out 
plan, crops were sown according to the treatments. 

Drumstick (Moringa oeli/era Linn.) CV -Multiplex and grafted Aonla (Emblica 
officinalis Gaertn.) CV-NA-7 seedlings were transplanted in the tandard ize pit dug 
at 3m x 4m and 7 m x 8m distance respectively a block plantation and a alley 
cropping system in green gram-cumin Ifennel cropping as agrofore try y tern . After 
Kharif green gram (phaseolus radiatus L.) CV K-852 Rabi cumin (Cuminum cyminum 
Linn.) CV G-l wa taken during fir t two years and fennel (Foeniculum vulgare !Viill.) 
CV G F-I during two years of second rotation as agroforestry ystem with drum tick 
and Aonla. The cropping sy tern of green gram - cumin (I t rotation) and greengrarn -
fennel (20d rotation) was followed as cumin did not succeed. 

Plantation crops were raised on pit of 75cm x 75cm x 75cm ize, dug at 4m X 
4m spacing Transplanting of seedling wa done in the m~ntb of July after good 
soaking rains and aturation of oil profile. 100 gm ammoDl~ sulphate + 200 gm 
single super pho pbate + lOO gm potassium ulpha~e wa appl~ed annually per tr e 
during mid of July every year after fir t year of plantmg. Drum tIck:va pruned eery 
year up to the height of 1.75 m in the middle of June and had httl~ hade. ffect 
especially on Kharif crop of green gram. Fennel (Foeniculum vulgare MIll) Cultl ar G 
F -1 was grown a an alley cropping y t m in between two ro~ of drum tICk. Twenty 
to twenty-five day old seedlings wer transplanted at row pacmg of70 to?5 cm apart. 
20 kg Nitrogen + 30 kg P20 s + 20 kg K20. a. a ?asal do e and 20 kg NItrogen were 
applied as top dre ing in two plit. Four lITIgatIon each of 40 to 45 mrn depth are 
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eedl·[lg and oil working ar done at 20 and 40 day after 
r quir d. Two . d · 1 t . . II th pur and all y roppin2: Y tern wa rat e In a po lze owing/tran planttng. ~ 

of 20m 1 111. 

For compari on Bidi toba coicotiana tabacum L.) ~ . A-l.19 wa gro~ a 
prevailing major crop of th r glon. Recommend d rat of fernhzer I.e. 1 0 kg ha N 

wa appli d in toba 0 rop. . . 
reen p d of Drum tick, grain yield of gre n gra~, cwrun fi ~ I.and cured 1 af YIeld 

f t ba 0 and wei<7ht of drum tick pruned mat nal w re penodically recorded. The 
~r2:anj carbon a ~ timat d u ing Walkley and Black wet digestion method (Jack ?n 
1967) to knO\ th organic matt r build up in the oil after completion. of each croppmg 
y t m (P:!Os and K20). Drum tick rown wa P?lln d and dry welght of tern and 

branche were r cord d. tandard packag of practices was followed for tobacco green 
gram. cumin. fennel, Drum tick and Aonla culti ation und r irrigated conditiou. 

The input - output data on Drum tick, Aonla and crop were analyzed based on 
lh prevailing market price of the year 2011 to work out the economic of the pure 

crop and agrofore try y t m . 

RES L TS ND DISCUSSION 

I Crop production and plant growth parameters 

Green gram -Cumin cropping system in rotation I 

The data recorded in rotation I with cumin is presented in Table I. It is revealed 
that gre n gram yield from drum tick + green gram - cumin cropping system was 
higher than the treatment Aonla + green - cumin. It could be ascribed to build up of 
higher oil organic matter content (Table l) and higher biological nitrogen fixation and 
pho phorou Iubilization because drum tick i a legume crop. The drumstick, with 
deep rooting ystern, doe not compete with crop. During that period the soil moisture 
i not a limi6ng factor for growth and development. Cumin crop, however, was badly 
affected by bact rial blight and failed during both the years. This was, therefore, 
replaced with fennel crop in the ubsequent year. 

Green gram -Fennel cropping system in rotation IT 
Tn second crop rotation with fennel crop imilar type of yield trend was 

ob erved. More grain yield in green gram was recorded from Drumstick +green gram
fennel cropping y tern than that of pure crop of green gram - fennel. Because aonla 
cannot be pruned like drum tick and it provided shed to the green gram and the grain 
yield wa adversely affected. The fennel crop wa successfully grown during first and 
second year of econd crop rotation and high yields were recorded from pure green 
gram - fennel and drumstick+green gram - fennel cropping systems. During rabi 
ea on the shed and root effect might be limiting factor for the marginal reduction in the 

yield of fennel crop. 
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Plant growth parameters 
. . The growth param~ter of hortic~lture crops, aonla and drwn tick i presented 
10 FIgure 1 ~eveal .that whlle the collar ~lameter ~nd canopy of aonla in pure plantation 
has shown mcreasmg trend, the same in drumstlck has achieved a plateau. Thi has 
implication for shade effect of horticulture plant on companion crop. in fact drumstick 
pLant does not interfere with companion crop for hade effect. Similarly the number of 
branches are comparatively much higher in drumstick plant a compared to aonla. Thi 
has an added advantage of fuel and fodder production. 

n Returns from crop production 
Net return over fixed cost realized under different cropping y tern 

revealed that green gram - cumin realized a return of Rs 14545 ha-1 where as 
drumstick + green gram-cumin and aonla + green - cumin gave returns of Rs 29378 
ha-1 and Rs. 1705 ha- respectively. Pure drumstick plantation is mo t profitable 
system with a net return of R . 53953 ha-1 followed by drumstick + green gram -
fennel with a net return of Rs. 52928 ha-I

. The green gram - fennel cropping y tern 
yielded a net return ofRs. 33453 ha-I

. On the other hand tobacco gave a net return of 
Rs. 36231 ha- 1

. Only drumstick and drumstick + green gram - fennel fared better 
than tobacco in terms of profitability (Figure 2). 

III Saving in Irrigation Water 
Drumstick is a rain fed horticultural crops and does not require additional 

irrigation water for normal growth and development. It thrive well under middle 
Gujarat region without irrigation. Growing of Drumstick a alternate crop for 
tobacco in the region may save 100 % irrigation water and may be u ed for growing 
of other irrigated crops. In this way area under irrigation can be increa ed. Further 
green gram a cover crop grown in kharif being rain fed reduces the ri k of oil 
erosion. Fennel crop (100 days) requires four irrigation of 45 rom each where a 
tobacco (180 days) required eight irrigation of 75 rom for maturity (600rom). 
Growing of green gram- fennel saves about 70 per cent water which may be made 
available for other crops in the region. 

IV Resource sustainability and its valuation 
It was revealed that against the traditional cropping ystem of tobacco a soil 

carbon built up of 0.18% and nutrient saving of 18 kg ba-
1 

P20 5 and 31 kg ba-
I 

K20 
was observed in drumstick against tobacco (Table 2). Thi not only a e oil 
nutrients valued at ' 621 ha- 1 but al 0 ustains oil carbon valued at 27720 ha-

I
. 

This environmental service provided by drum tick ba ed agri horti y tern i an 
economic benefit to ociety which i not provided by the traditional tobacco crop in 

the region. 

DISCUSSION 
The World Health Organization Fram work Convention on Toba~co .Control 

(WHO FCTC) negotiated under the au pice of the World ~ealt~ Orga~lZatlOn wa 
developed in re pon e to the globalization of the tobac 0 epldeml . Articl 1 of the 
FCTe requires that the parties to the convention among other m~a ure , r duce ~b 
production of tobacco in their countrie . Th FCT therefor reqUIre that alternatl e 
crop to tobacco be re earched upon 0 that th farmer who dep nd on tobacco for 
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1 . I' J'b d 11a altemati e ow- e of io orne. India ratified th convention 
tlelf 1 e 1 00, an . fi 

F b 004 and hen e i bOUIld by th onv ntlon. Tb framework or 
11 e roar , - . . Ind' . 

. J t ' 0\/ 1' age finclin CT an alt matI e rop to tobacco. Tobacco m 1a a III nabona a 100 0 . 

th oUIltrl'e vi ld hiah r net return p r umt of land than rno t other cash many 0 er c , J' 0 . 

. and ub taotiall more tban food crop (FAO, 2003). Yet followlJ1g the 
ClOp, . 1 M' . f 
• ' ]CT 11 alth concern about tobacco on urnptton the centra InIStry 0 mcrea II 0 • 

. ultur ba not launch d an de lopment cherne for the crop mce the 
co~pletion f til eotb Fi -Year Plan (19 5-90). l!nder thi. circumstance 
re ar h \ ork i n eded on a wid r cale to fmd alternatIve croppmg y tern for 
roba co growing fann r . On farm re arch ugg t profitability of uch alternative 
y t m . Hower, fIort ar n eded to replicate the e atte~pts at farmers field level 

before finn r ommendation can be made about them. It 1 apprehended that hould 
tobac 0 farmer di er ifie ioto other crops, they are likely to uffer economic 
hard hip. The re earch ffort at re earch farm Va ad nullify thi and ugge t cope of 
an alternative cropping y tem based on drum tick. 

CONCLUSION 
The Drum tick and drum tick ba ed cropping sy tern have not only been 

found to be more remunerati than tobacco but a1 0 this agri-horti ystem provides 
eo ironmental ervice in term of oil carbon built up and nutrient aving in the soil. 
Thi hold prorni e for agro-eco y tern of central Gujarat which has predominant 
tobacco mono cropping y tern that is averse to resource con ervation. This not only 
ugge t the cope of an alternative cropping system to tobacco mono cropping system 

for tobacco growing fanner but al 0 make it legitimate effort in view of the national 
action framework to find alternati e crop after signing the Framework Convention on 
Tobacco Control of World Health Organization. 
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Table-I: Yield of crops (kg ba-1
) under different cropping systems with cumin and 

fennel (rotations I & II) 
(Average of 2003-04 and 2008-09) 

Treatment Green Cumin Fennel Tobacco Drum tick Yield Aonla Yield 
gram 

Green Fuel Green Green Fuel Green 
Pod fodder Pod fodder 

Period of tudy 2003-04 2003- 2005- 2003-04 2003-04 to 2008-09 2003-04 to 2008-10 
to 2008- 04 to 06 to to 2008-
09 2004- 2008- 09 

05 09 
Rotation 1 (With cumin} 

1. Green gram-Cumin 706 52 - - - - - -

2. Aonla +Green gram- 776 12 - - - - - * 
cumin 

3. Drumstick +Green 776 22 - - 1450 1339 4499 -
gram - Cumin 

Rotation 0 (With 
fennel) 
l.Greengram-Fennel 408 606 - - - - -
2.Aonla +Green gram - 355 545 - - - - 335 
Fennel 
3.Drumstick +Green 430 596 - 1578 1077 2287 -
gram Fennel 
4. Aonla - - - - - - 1064 

5. Drumstick - - - 5272 4491 7640 -
6. Tobacco - - 1476 - - - -

* Plants did not bear fruit, fruiting started during 2006-07 

Table 2: Soil Organic Carbon (%), P2 Os and K20 content under different 
treatments after four cropping cycles (2003-07) 

Treatment Organic P20S K 20 

Carbon (%) (kg/ba) (kglha) 

I.Green gram-CurninlFennel 0.40 74 234 

2. Aonla O. 32 49 277 

3. Aonla +Green gram -CurninlFennel 0.39 68 259 

4.Pure Drum tick 0.59 80 285 

5.Drum stick + Green gram- 0.49 83 283 

CuminlFennel 
6. Tobacco 0.41 62 254 

- -

* * 

- -

- -
626 -

- -

1119 -
- -
- -
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Figure 1: Plant growth parameters of Aonla and Drumstick 
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Figure 2: Cultivation cost and gross returns from different cropping systems 
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. f' de~oliatin (1 in ect pe t in economically important fore t tree 
InCIdence 0 major I' e 

pecie of Dang 

u hil Kumar. Chavan achin Kabade Kaila hand V.M. Prajapati 

D ~parlJl1 nlo EnfOl17olofTI'. PEE 011 0- of H orl i ullllr and For Ir 
J avo ari Ao-r; lIltliral nh r if)" a l ari (Gujarat) 396450 

Email: a'( na 11 hiL003 r d(ffmail. om 

AB T RACT 

ujarat fIi r a vari t f agro-ecol gical r gi~n ar~ing from arid, Kut~h to 
tr pi al uth Gujarat. In outh Gujarat. growth f troplcal declduou fore t 1 typified 
b) t ak. i ham. hed. adad, khair and khakra or Pal a in t11 di trict of Dang. Th 
ro\ ina un' ba d n in id n e f d foliating in t-pe t on 1 a e (newly emerged 

:::> 
and m tur ) \Va arri d in ortb ( ubir. ar ar and Ahwa) and South (Chichinagavtba 

hamgahan and Gal und) Dang at fortnightly int rval during 2010-11. Lowe t leaf 
damage in t ak . °0 \Va ob rv d in Dang north during econd fortnight of 
Dec ~b r. \\'h r a it r main d high t 7 .33 % during fir t fortnight of S ptember at 
th ame location. In i ham. it wa low t (5.00 % in frr t fortnight June in Dang 
n rth. whil it remain d high t ( .67 % in Dang outh during frr t fortnight of 

ept mb r. In H d, th leaf damage wa low t 1.67 %) in fir t fortnight of January in 
Dang north. whil it r main d high t (60.00 % in the ame region during first 
fortnight f ugu t. Foliag p t on adad indi ated lowe t leaf damage (3 .33 %) in 
Dang north and outh during econd fortnight of March and January re pectively 
whil it r mained highe t 76.33%) in Dang north during first fortnight of Augu t. In 
Khalr. low t leaf damao 1.67%) wa notic d during fir t fortnight of June in Dang 
outh. whIle it r main d highe t (36 .67%) during fir t fortnight of Augu t in Dang 
'orth. In K da or Khakhro or Pala , low t leaf damage (1.33%) wa observed in 

Dang north and outh during econd fortnight of May and fir t fortnight of April 
re pecti I wherea it wa highe t 70.33 %) in Dang north during econd fortnight 
of ugu t. 
Keyword: Teak. i ham Hed, adad Khair Pala Foliage Pest 

I 'TROD CTIO 
Gujarat offer a ariety of agro- cological region ranging from arid area of 

Kut h to th tropical fore t region of outh Gujarat. It has about 19.66 lakh hectares of 
land und r for t. A large part of the fore t co er which i economically exploitable is 
di tribut d in th di trict of Dang Panchmahal Bharuch Surat Valsad Junagadh 
Sabarkantha and Banaskantha. Dangs Surat Val sad armada and Bharuch the 
outhern di trict of the tate ha e an area of 5041 q. kIn under forest. The South 
ujarat region of the tate upports the growth of a tropical deciduou fore t typified by 

t ak Hed Terminalia tomenlo a Red Khair, etc for which the district of Dangs is well 
kno:-,n. The e fore t are of decidiou type and shed their leave during March and 

pnl.. Teak Tectona grandi ) i an important timber pecie which drops its leave 
only III th~ cold weather in localitie which are relatively dry or cold, but is almost 
e ergreen In the moi test part of it di tribution . 
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. ~he other import~nt tre.e crops belonging to Group "A' from commercial point 
f view m Dangs are mamly Slsbam (Dalbergia sissoo , Hed (Adina cordifolia) Sadad 

(Terminalia tomentosa), Khair (Acacia catechu) and Khakra or Ke uda or Pala Butea 
mono perma) and Mahuva (Madhuca sp.). 

All these tree ~pecies at one time ?r another are host of variety of insect-pest. 
Amongst them, defohator, leaf keletomzer tern borers in Teak S1 ham and Red 
cause huge economic losses. Some of them have been identified on the ba i of some 
preliminary survey work carried out by the Forest department of the Gujarat tate, 
however by and large majority of them are unexplored, unidentified and no y tematic 
study has ever been carried out by any agency particularly in South Gujarat with 
pecial reference to Dangs district with special emphasis on geographical distribution 

and seasonal abundance. 
Arguedas et al (2004) reported twenty specie of insect (48%) 18 specie of 

pathogen (43.9%), two pecies of vertebrates (4.9%) and one species of mi tletoe 
(2.4%) (Lorathaceae Family) on teak wood wherea Ali and Chaturvedi (1996) 
recorded bark borer (Indarbela quadrinotata) teak defoliator/ keletonizer Hyblaea 
puera and Eutectona macahaerali ) sissoo defoliator (Plecoptera rejlexa), Karanj leaf 
miner (Lithocolletis virgulata) on teak wood (Tectona grandi) si ham (Dalbergia 
si soo and D. lati/olia), and Gmelina arborea. It is estimated that they cau e annual 
losses of about R 100 per square mile of workable forests in India (total bout Rs 12.5 
million) (Mathur 1977). Similarly, Chey Vun Khen (2000) a es ed the los e to the 
tune of 44 % in terms of wood volume growth. 

Majority of these forest insect-pests are highly host pecific howe er teak 
defoliator (Hyblaea puera) has also been recorded on Fountain tree Spalhodea 
campanulata) (Amin and Upadhaya 1976) and cotton (Chakravartby and 
Puttarangappa 2003). Roychoudhury (1999) similarly recorded incidence of H. puera 
on 15 trees sp. of Bignoniaceae, 13 p. of Verbenaceae and one each of Juglandaceae 
and Oleaceae. Observations revealed that all these host plant erve as food for H. 
puera during population outbreak. 

The outbreaks of the teak defoliator H. puera are generally observed with early 
seasonal rainfall which confmn positive correlation between defoliator incidence and 
rainfall (Bhowmick and Vaishyampayan 1986) and (Loganathan and Da id 1999. 
They further indicated that that delay in rainfall led to delay in defoliator incidence. 
Wind velocity wa al 0 found to have orne degree of po iti correlation with 
incidence of the pest. Me bram et al. (1990) studied ea onal incidence of lOin ect
pests of forest tree viz; defoliator (Hyblaea puera) skeletonizer (Eutectona 
machaeralis), white root grub (Holotrichia errata) on teak. . 

Looking to the regular occurrence of insect-pe t of vaned gr~up and the 
economic losse they cause on valuable tree pecie iz; Teak W?o~ S~ ham. Red 
Pala , Sadad and Khair investigation ba ed on occurrence and di tnbutlOn of the e 
pe ts in Dang tropical fore t eco y tern has been carried out 0 a to know the tatu of 

these pests. 

Materials and Methods . 
Roving urvey were carried out on teak ~ ham~ hed adad khalT an.d ke uda 

or palas or khakhro tre in two di tin t for t r glOn VIZ; Dang orth (Sub1r Sat . ar 
and Ahwa) and Dang South (Chichinagavtha Shamgahan and Gal und repre entmg 
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I I ation at fi rtnigbtl int rval fr ill April 2010 to Mar h ar a of high rand w r 
_OIL 

For r cording ob I ation fi 
n a 'h tre , fi ur twig r pre nting 

damag of d foliating in t-p t. On a h twig 
of th total .1 a counted hi h er lat r 
abundan of in ct-p t d. 

w r lect d randomJy. 
ti n were n ider d for a e ing 
total numb r of damag d lea e' out 
ateg riz d apr cent damage thu 

Re utt and di cus ion 
un' illan f in idenc of important in t-p t of Ie ted tree pies viz; 

teak hi ham. b d, adad, khair and k uda w r ani.ed out in Dang di tri t at 
fo~ightl interval. mong t th in ect-p t in id nce of foliage p~ t defoliator and 
k letolllz r) \ as ob rved in ar ing inten itie at ix lected locatIOns. 

In t ak. in idell of foliag pe t d foliator Hybla a puera and keletoruzer 
Ell! clona ll7a ha rali wa lowe t 3.33 % leaf damage in Dang north during econd 
fortnight of De mber. wb r a it remained highe t 73.33 %) during fIf t fortnight of 
epte~b r at the ame location. 0 erall Dang north had high r incidence (29.53 %) 

than outh (_ .14 °' 0 , thougb it did not differ ignificantly. July - October wa the peak 
damaging p riod (Table I). 

In i ham I af damage by foliag pe t (defoliator Plecopfera rejlexa) wa 
low t ( .00 %) during fir t fortnight of June in Dang north whi le it wa highest 
( 3. %) in Dang outb during fir t fortnight of September. Overall tbere wa no 
ignificant differ nee in both the region . July to ovember wa the main active period 

ofth p t Tab] 1). 
In hed damage by foliage pe t wa lowe t 1.67 % leaf damage) during first 

fortnight of January in Dang north willI it remained highest (60.00) in the same 
region during fir t fortnight of Augu t. Average incidences in both the region were 
1 . 2 and 1] . 6 per ent re pectively' however it was significantly not different. July 
to o\' mber wa acti p riod of the pe t Table 1). 

u eptibility of Sadad towards foliage pests was lowe t (3.33 % leaf damage) 
in Dang nonh and outb during econd fortnight of March and January respectively 
while it remained highe t 76.33 %) in Dangs north during first fortnight of August. 
The a erag incid nce in both the region was 24.53 and 20.53 per cent respectively 
though they did not differ ignificantly. Major activity of the e pests was noticed from 
June to 0 ember (Table 1 . 

Foliage in ect-pe t on Khair howed lowest (l.67 % leaf damage) incidence 
during fir t fortnight of June in Dangs south. On the other hand it remained highest 
(36.67 %) during fir t fortnight of Augu tin Dangs orth. Average leaf damage was 
12.32 and] .60 per cent in re pective region though they remained significantly at 
par. Major activity period of the pe twa Augu t - September (Table 1). 
. In Ke uda or Pala incidence of foliage pe t wa lowest (l.33 % leaf damage) 
III Dang north and outh during econd fortnight of May and first fortnight of April in 
Dang outh whil~ it . wa hi~hest (70.33 in Dang north during second fortnight of 
Augu t: Averag~ mClden e III respective region wa 29.49 and 24.49 per cent 
re ~ectJvely, whIch wa at par with each other. Major activity period of the pest wa 
dunng July - Decemb r (Table 1). 
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Arguedas et al (2004) reported twenty pecies of insect (48%) on teak wood 
whereas Ali and Chaturvedi (1996) recorded teak defoliator/ keletonizer (Hyblaea 
puera and Eutectona macahaeralis), si soo defoliator Plecoptera rejlexa) on teak 
wood (Tectona grandis), sisham (Dalbergia sissoo and D. [atifolia . 

Majority of these fore t insect-pests are . highly host speciflc, however teak 
defoliator (Hyblaea puera) has also been recorded primarily on teak wood (Amin and 
Upadhaya, 1976). Roychoudhury (1999) recorded incidence of H. puera on 15 tree sp . 
of Bignoniaceae, 13 sp. of Verbenaceae and one each of Juglandaceae and Oleaceae. 
Observations revealed that all these host plants serve as food for H. puera during 
population outbreak. 

The outbreaks of the teak defoliator H. puera are generally observed with early 
seasonal rainfall which confIrms positive correlation between defoliator incidence and 
rainfall (Bhowmick and Vaishyampayan, 1986) and (Loganathan and David 1999). 
They further indicated that that delay in rainfall led to delay in defoliator incidence. 
Wind velocity was also found to have some degree of positive correlation with 
incidence of the pest. Meshram et al. (1990) studied the seasonal incidence of 10 
insect-pests of forest trees viz; defoliator (Hyblaea puera) skeletonizer (Eutectona 
machaeralis) on teak. 

In most of the above reports incidence of defoliating insect-pe t of teak 
isham have been reported. Bhowmick and Vaishyampayan (1986) and Loganathan 

and David (1999) have indicated higher activity of H. puera during the period of early 
rainfall. In the present investigation incidence of foliage pe t (defoliator and 
skeletonizer) was high during ftrst fortnight of September which witne ed withdrawal 
of monsoon and period of high humidity so results of the present inve tigation are in 
close agreement with the above reports. Whereas with regard to in ect-pe t of other 
tree specie included in the investigation no appreciable research work ha been 
reported. 
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Table 1: Surveillance of foliage pests in important tree species (Roving urvey) 

Month and 
Per cent leaf damaJ?;e/tree 

Fortnight Teak Sisham Hed Sadad Khair K~uda ~ 

DN DS ON DS DN OS ON DS ON DS ON OS 
April ~ I 1.67 2.33 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 10.00 1.67 
April- IJ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 1.33 
May- l 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
May-n 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 1.67 
June- J 17.67 13.33 5.00 0.00 5.00 6.67 15.00 26.67 5.00 1.67 15.00 7.00 
June-lJ 33.33 19.67 15.33 13.33 15.00 26.67 41.67 44.67 11.00 3.33 23 .33 16.67 
July- I 44.00 38.33 33.33 30.00 31.67 34.33 54.33 68.33 23.33 9.67 38.33 31.67 
July- IJ 51.67 46.67 59.00 53.33 40.00 45 .00 75.33 72.67 30.00 19.67 51 .67 30.00 
AUJ?;ust-1 67 .00 63.33 61.67 68.33 60.00 48.33 76.33 68.33 36.67 32.67 60.00 51 .67 
August- D 68.00 68.33 66.67 71.67 53 .33 59.33 71.00 63.33 26.67 35.67 70.33 60.00 
September-
1 73 .33 72.67 72.67 73 .67 55 .00 54.67 64.33 6l.00 23.33 20.00 69.33 66.00 
September-
II 68.33 66.67 70.33 67.33 60.00 54.67 55.00 58.33 25.00 21.67 60.00 51.67 

October- J 50.00 65.00 55.00 61.67 46.00 55.00 51.00 63.33 23.67 25.00 61.67 51.67 

October-II 40.00 58.33 43.33 53 .33 35.00 46.67 45 .67 51.67 17.67 25.67 63 .33 45.67 

November- I 28.33 43.33 35 .00 52.67 29.33 39.00 41.67 42.33 15.67 18.33 55.33 4333 
November-
n 20.67 25 .00 21.67 43 .33 22.00 28.67 38.33 28.67 11.67 13.33 44.33 33.33 

December- I 10.00 18.33 15.00 31.00 14.33 27.33 25.67 21.33 8.33 8.33 33.33 21.67 

December-II 3.33 6.67 8.33 16.67 6.67 21.67 19.33 18.33 3.33 4.33 15.00 19.33 

January-I 0.00 5.00 0.00 9.33 1.67 16.00 11.00 11.00 0.00 0.00 8.33 11.67 

January-II 0.00 0.00 0.00 l.67 0.00 8.33 5.00 3.33 0.00 0.00 8.33 10.00 

February-I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 10.00 

February- II 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 

March-I 0.00 0.00 1.67 l.67 1.67 0.00 0.00 0.00 0.00 0.00 5.00 8.33 

March-D 0.00 1.67 6.67 6.67 5.00 3.33 3.33 1.67 0.00 0.00 5.00 6.67 

Mean 29.53 25.14 24.58 24.96 15.72 11.76 24.53 20.53 12.32 18.60 29.49 24.49 

SD 31.98 28.84 26.36 26.94 17.95 14.52 25.47 24.31 15.47 20.16 25.96 21.08 

TTest 
0.47 (probability) 0.87 0.66 0.53 0.95 0.79 

T'Table 
value at 0.05 2.074 
Significance 

NS NS NS NS 
at 0.05 NS NS 

DN : Dangs North DS :Dangs South 
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AB TRACT 
Th pre nt in e tigation wa arri d out to know the impact of water hed 

d v J pment w rk n th food and Ii elihood opportuniti of the villager in the 
M dak divi ion of northern dry zone f Andhra Prade h. In thi divi ion three fore t 
rang \\' re el ted and fonn a h rang two Vana almak hana Samithi (VSSs) were 
ele ted to a c rtain tbe impact of water hed development. Mo t of the villages 
ampled fall under dry zone with an a rage annual rainfall below 580 rnm. The oil 

and moi ture c n rvation ( MC) work , were imp 1 mented in the tudy area under 
variou cherne pi:;.. JBIC RIDF, APCFM, APPTDF FDA, IWLDP DP ADP 
Hariyalli - II and MG REGA. Percolation tanks and continuou contour trenches are 
rna t common M tructure followed by check dam and rock filled dams etc. in the 
ampl d ar a . [mplementation of SMC work had better impact on water ource with 

higher water i Id and thu increa ed the irrigation potential of bore wells from 1-1.5 to 
1. -3 . inebe in th amp led VSS . Thi has lead to a moderate increase in farming 
in 0111 of the illager due to increa e in the agricultural activity in terms of area and 
numb r of cr p grown/year. Increase in cropping area fodder availability increase in 
tre d n it and natural r generation were al 0 noticed in the sampled areas after the 
implementation of MC work . The po itive impact of SMC works had directly 
r ulted in iner a e in hou ehold income employment generation cope for allied 
agricultural acti itie etc. There i a decline in number of BPL families in villages. In 
alma t all illage ampled before the implementation of SMC works villagers had to 
tra el to a di tanee of 0.5-1.5 km to fetch drinking water but now the drinking water 
problem i ompl tely 01 ed due to ufficient recharging of ground water resources. 
Th r fore impact i more i ible in terms of large quantity of water harvest and 
enriched gre nery around the tructures built. 

Keyword : SMC work, watershed development water augmentation cropping pattern 
and V 
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INTRODUCTION 
The conventional soil conservation approaches and technologie in India were 

tarted in the form of public works to controL the soil ero ion for minirrrizing the 
siltation of multipurpo e reservoir . Most of the benefits accrued to down tream 
people through canal irrigation. Many tate Government enacted Soil Con ervation 
Acts/Land Improvement Acts and armed themselves with measures to implement oil 
and water conservation effectively. Water is one oftbe requirement for both economic 
development and quality of life yet, water scarcity is becoming epidemic. Con ervation 
of water in the agricultural and forestry sectors is es ential a water i nece ary for the 
growth of crops and plants. Depleting water table and rise in salinity due to 0 er 
exploitation of ground water and over u e of chemical fertilizers and pe ticide i a 
common scenario in India. Soil and Moi ture Conservation (SMC i crucial in 
succe sful implementation of all forestry related programme and in forming y tern 
especially in drier zones. Sustainable productivity is dependent on oil and mOl ture 
conservation activities. Drastic reduction in rainfall and erratic rains both with respect 
to intensity and frequency prolonged dry pells denudation of the tree co er evere 
swruner coupled with decrease in annual average number of rainy day and decline in 
ground water table are the compelling factors which have led to major empha i to 
SMC works in the afforestation programme as well. SMC measure are executed to 
prevent the unchecked flow of rain water which causes soil erosion. The rain water i 
divided into overland flow, surface flow and sub urface flow. The surface and ub 
surface flow increases the availability of ground water in different geological 
formations. SMC measures are needed to increase availability of ground water. 

In India, it is estimated that almost 1.5 m ha of land is being out of culti ated 
area every year due to faulty land and water management practice . If thi i allowed to 
continue, it would lead to tremendou problems of depletion and degradation of 
resources like soil water and plant nutrients through run off and oil ero ion re ulting 
in silting up of major reservoirs and causing floods. According to the late t e timate 
about 187.8 m ha (57% of land area) has been degraded in the country. Soil era ion 
accounts for 87 % of the total degraded land in India. The indi criminate and 
unscientific soil and water management ha rendered a major portion of land ero ion 
prone. The undulating topography with high inten ity of rainfall have cau d high rate 
of soil erosion resulting in the edimentation of river bank iltation of drainage 
chamlels and irrigation channels around reservoir . 

Many states have taken-up development of d graded area under th . wat r h d 
approach. A shift in the approach to water hed development took pla~e ill 19?5-~6 
with the adoption of new guideline formulated by Government o~ ~.dia. The n e ill 

population growing indu trialization and increa ing agriculture actIVlt1e ha e pu h d 
up the demand for water over the year. Effort have been mad to meet thi demand.by 
con tructing dam , reservoirs and digging well . The i~ea of gr~und .wat r recha:~g 
by harvesting rain water has gained momentum partIcularly ill arId and. ~-ar~d 
regions of India. Over the years SMC t chnique have be n de el~ped pnmanly 10 

agriculture land, however of late adopti~n of S~C mea . ur 1 made part of 
affore tation programme e pecially after ~troductl~n of Jomt. Fore t ~anagement 
(JFM) concept. During the earlier plan p nod major e~pha 1 . .wa . gl n ~o C1tre~ 
planting by contour trenche for water on rvation and 011 tabllizatlOn. Durlllo 9 
and 10m five-year plan importance ha been gi en for Me a a parat compon nt 



· IS' A of ores try' An Evergreen Agriculture for Food Security and EnvIronmental Resilience 
Nat.ona emmar on gr . 2 _ 4, February _ 2012 

'Ilitrrne - 2: j/orof0rcstry fa IIaoe/flIl11 I for 'Food alld £roefi/ioo{{ OpportuTlitie 

LInd r tat. C ntral and t mally aided h m by fi jug p rentage of the t tal 

all tion d plantati not. 
In oId r to a hi ve th obje ti of d elopm nt in illage people' 

parri ipati n i e ential. It i r quir d t in 01 t11 ~ a ti ely in proj ct activitie by 
r p cting th if traditional len wI dg and p ne~ e. ':- a oon equence, JFM 
pr gramme ha be n imp] mented from 199 nward ill vanou tat~. Villag Fo~e t 

ornmitt ar ngaged in r g n ration of degraded for t ennchment plantmg 
ultural op rati n, oil and moi tur con er ation work rai ing of multi-purpo e 

plantation etc in JFM areas. In ndbra Prade h SMC work wa introduced and 
irnplem nted for th fir t time in affor tation project by Andhra Prade h Forest 
o elopm Dt C rporation APFDC). Since 1993 after implementation of JFM, SMC 
work ha b n imp I m nted in d grad d fore t area treated on ridge to valley 
on pt. 

M m a ure ba e been carri d out and are a1 0 in progres under variou 
ch m / proj cts lik ODA, IDA AP, JBTC and APCFM etc. under the Ninth plan 

mid t lID apprai al b Planning ommi ion (R port of the Technical Committee on 
DPAP and DDP. Mini try of Rural D elopment 1994) on impact of water hed 
de elopm nt programme indi ated beneficial ffeet uch a increa e in cropping 
int n ity. crop produ ti ity change in ropping pattern and increase in ground water 
recbarge a a r ult of con ervation mea ur. Reduction in soil ero ion and run-off 
10 e, Ie r iltation effe t and reduction in edimentation at water hed level were 
ob erv d. Hene the pre ent in e tigation wa carried out to know actual the impact of 
wat r hed d elopment work on the food and livelihood opportunitie of the villagers 
in the Medak di i ion of northern dry zone of Andhra Pradesh 

METHODOLOGY 

The pr ent tudy was undertaken in orthern part of Andhra Pradesh State 
during _00 -09 to a e the impact of watershed development works implemented 
b ario~ L ne ~epartment on. rural water augmentation and their livelihood security 
of the 11lager In the fore t fringe areas of Medak district of northern dry zone of 
Andbra Prade b. From tbi Di trict three forest Ranges were selected and from each 
Range two illage \ ere cho en (Table -1) and the data were collected as per the pre-
tructured chedule. 
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~able-l: Details of.sampled sites for the study on watershed development for 
Impact assessment In selected watershed villages of Medak division northern 

Andhra Pradesh 

Division Range N arne of the VFC / 
Scheme VSS 

Medak Venkatpur RIDF APCFM, IWDP 
Medak RIDF MGNREGA Shetpally 

DP ADP, APPTDP 

Kondapur JBlC, FDA APCFM 
Narsapur 

, 
APPTDP 

Nallavalley JBlC, APCFM 

Teumkumta JBIC APCFM 
Zaheerabad MGNREGA, DPADP 

Picharagad thanda APCFM, Hariyalli - n 

RIDF - Rural Infrastructure Development Fund, APCFM - Andhra Prade h 
Community Forest Management· IWLDP- Integrated Wasteland Development 
Programme; MGNREGA - Mahatma Gandhi National Rural Employment Guarantee 
Assurance Scheme; DP ADP- Drought Prone Area Development Programme· FDA -
Forest Development Agency; APPTDP - Andhra Pradesh Participatory Tribal 
Development Project; JBIC - Japanese Bank for International Co-operation. 

Location and climatic conditions 
Location and general information of sampled sites selected for the re earch 

study in Northern part of Andhra Pradesh are presented in (Table-2 . 

RESULTS AND DISCUSSION 

SMC works carried out under different schemes 
In Medak division, SMC works were implemented under APCFM RIDF 

LWLDP, NREGA, DPADP APPTDP, FDA, and HARIYALLI cherne. Percolation 
tanks (PTs) followed by checkdams (CDs) are the mo t common SMC tructures in the 
sampled VSSs. The main watershed development programmes are: Drought Prone Area 
Development Programme (DPADP) funded by central and tate on 50:50 basis with an 
objective of drought proofing by taking up of oil and moi ture con ervation water 
harvesting structures afforestation and horticulture programmes on a comprehen i e 
micro watershed basis. The other scheme are Employment A urance Scheme (EAS) 
and Integrated watershed Development Programme (IWDP). 

SMC structures 
In Medak division Percolation tank and continuou contour trenche ar mo t 

common SMC structures followed by check darn and rock filled dam etc. in the 
sampled areas. Checkdam have been con tlU,cted with ~aight droP. pill way a~ the 
bottom of down hill to avoid the ero ion 10 es. The e tralght drop plllw~y are Ither 
had a concrete ba ement or filled with tone. Details of SMC work came~ ou~ ~der 
different chemes in selected fore t fringe village are given in Table-3. In thl diVI IOn 
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. ' I m nted under RIDF AP FM rwDP MGNREGA APPTDP 
M work w r unp 'fr 30 h 

ADP t m Th iz f at hment ar a appro Imately rang d om a to 
and DP 1 , , h ' , 

, t f the ti r t fringe village , Howe er m re ent year more emp all -00 ha m m , d '. 
. I ~ tank irr p ti e of the cherne. Thl wa one to mCIea e Q1ven t pro allon " . k 

om loym nt fi r the 10 al illag r by ill 01 mg th m und r can trucnon war s, as 
co: tru tion of PT requir I kill d manpow r compared to CD. These fmdmg 
ree iv upport from lanardhana t al (_006) wher they reported water hed 
d elopment programm through ridge to alley con ept by catchment area treatment 
u ino rno t ommon SM tru ture uch a gully plug ro k fill dam contour 
tr n;hing and bunding, he k dam p r olation tanks and sub urface dams. 

Impact of SMC works 

Ecological Impact ,.' , 
Th detail of impact of SMC works earned out m elected fore t frmge VIllages 

of Andhra Prade h on anou cological paramet r are given in Tables-4 & 5. 

a) Water sources ' 
Th r wa in rea e in the number of borewells and their water yield after the 

initiation of SMC work in alma t all the ampled VSS of Medak division. The water 
yi Id of bore well wa increa ed on an a erage range from 1.5-3.5 inches. Presently 
ther ar no such tudie conducted on impact of watershed development works on the 
Ii elihood ecurity of the illagers in the Medak division of northern dry zone of 
Andhra Prade h. Thus, the e findings receive upport from Agarwal and Narain (1997) 
where they reported rainwater harvesting by runoff conservation structures (gully plug 
rockfill dam, heck dam and bench trenching) is basically intended to slow or stop the 
running water ( ontour trenching and ubswface dams) and to infiltrate into the 
underground. Be ide tbi they ob erved in drought prone areas rainwater harvesting is 
undertaken to addres the eriou problems of drought and water scarcity, Water 
con ervation In a ure in Wagarwadi watershed, Maharastra are responsible for raising 
the water table by about 2 m in the wells located within 200 m on the down stream side 
of nala i,e. tream) bunds and in other wells located adjacent to the water conservation 
tructures. Water con ervation tructures of Wagmwadi watershed are responsible for 

groundwater recharge e timated at 6 ha m per year and a rise of 0,5 to 2.5 m of the 
water table at different locations (Gore et al. 1995). 

b) Increase in wetlands 

There wa an increase in the area of wetlands of sampled VSSs in Medak 
di i ion. The increa e was directly attributed to increase in the number of borewells 
with sufficient water yield. After increa e in water yield villagers relied more on 
borewell a ufficient quantity of water was available following SMC works in these 
village . However in some of the VSS due to lack of power supply during summer no 
crop wa taken even though there was sufficient quantity of water available in 
borewell ,Among the sampled VSSs, the major impact was in Venkatpur and Shetpally 
of Medak range which had only 50 ha and 35 ha wetlands before the initiation of SMC 
works', now the villa.ge has 110 ha and 80 ha of area under wetlands and cultivating two 
crops 10 a year. Thl may be due to either increase in the number of open wells or 
borewells coupled with increase in water yield by implementing SMC works. 
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c) Change in cropping pattern and fodder availability 
The change in cropping pattern number of crops in a year and crop yields in 

selected forest fringe villages as an impact of SMC works is given in Table-6. There 
was an. increase in the area under cultivation of agricultural crops following SMC 
wor~ In all the sampled VSSs and also there was an increase in the number of crops 
cultivated per year from an average of 1 crop to 2 crops in a year depending upon the 
intensity of rainfall during monsoon season. However, there was no significant change 
in the type of crop cultivated by following SMC works. The only notable change was 
in the substitution of paddy vegetables and sugarcane crop in place of dry crop like 
lowar and red gram in Teumkumta and Picharagad thanda VSSs of Zaheerabad range 
and Kondapur of Narsapur range. On the other hand, there was marginal increase in 
the crop yields due to increase in irrigation facilities. Besides this there is an increase in 
the fodder availability in the VSSs and that can be attributed to increased area under 
cultivation and also to the increase in the number of crops in a year. 

d) Increase in tree density and eco-restoration 
A marginal increase in tree density in the reserve forest areas of sampled VSSs 

was observed due to the impact of SMC works. The increase was a minimum of 15% in 
Koudapur VSSs ofNarsapur range. The increase wa a maximum of 25% in Shetpally 
of Medak range and Teumkumta and Picharagad thanda VSSs of Zaheerabad range 
(Table- 5). The villagers attributed that the increase in tree density to decrease in 
dependency on forest. Moreover there was also an increa e in the natural regeneration 
and improvement in green cover wherever SMC structures are built. SMC tructures 
(runoff conservation structures) such as gully plug rock fill dams contour trenching 
bunding check dams, percolation tanks and ubsurface dams and structures will 
enables the slow or stop the running water and infiltrate into the underground and this 
results into increase in the number of borewells and their water yield area under 
cultivation of agricultural crops (wetlands and dryland) number of crops cultivated per 
year crop yields, fodder availability and tree density after the initiation of SMC works 
in almost all the sampled VSSs of Medak division was ob erved due to the impact of 
SMC works. These fmding receives support from lanardhana et al (2006) where they 
reported watershed development programmes through ridge to valley concep~ .by 
catchment area treatment in the Swarnamukhi River basin. They reported po Ih e 
changes on various ecological parameters such as ground water recharge and l~d 
productivity. 

Impact on livelihood of the villagers. . 
The details of impact on various SOClQ-eCOnOmiC parameter due to SMC w?rk 

at selected forest fringe villages of Medak division northern Andhra Pradesh are gI en 
in Table-7. 

a) Increase in household income . . . (1 • (1 

There wa a moderate increase in the fanuly mcome o~ fore t frino.e vIllaoe~ 
after the implementation of SMC work. Thi increa e was mamly d~e to mcrease m 
the agricultural activity in term of area and number of crop grown m a. year .. There 
was also significant dec1 ine in the number of BPL familie in the forest fringe 111age 

of sampled divi ion. 
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b) Employment oeneration 
During I 97 to _000, th urr n of n e uti drouoht lead t migrat i n 

f man f tl~ illag r parti ularl ung r g n rati ~ to iti.e 1n. e~ch of job and 
Ii\' lih d. Howev -r, larg ection ung r g n ratIOo oar In h ItatlOn to f tum to 
illag and tak up agri ultu~ . Till ha b me a wonymg fa t: th illage eld f. 

But. after the impl m otatlOn of M work and oth r lUa~ dev lopm nt 
. ther \ a an in rea dint r t in th yOlmg r generatIon toward the pr g1 anU11 . '.c . 1 

a<Tri ultural a tiviri that in turn re ult d in mpl ym nt generatlOn loor agn u ture 
lab ill r . H wever. in M dak rang . apart fr m agri ultur labour there was al 0 better 
incom gen ration through TFP parti ularI olle tion and lling of S thaphal 
(Anl7ona qllamo a) fruit and Buteo mono p rma 1 a e (Table-7 . 

c) Live tock and dairy 
The detail f Ii tock popuJarion and maj r ource of in orne in the elected 

for t mng illag b for and aft r the MC ork i gi n in Table- . B fore the 
Me \V rk were undertak n agricultur i th primary occupation of villager in the 

for t fring i Ilag of enkatpur and betpall V S of Medak range Picharagad 
of Zab rabad rang . Howe r, frequent 0 curren e of drought in th e ranges 

I ad to Ie - or no agri uitural a ti ity and ub equently migration of villager to cities. 
Wher a , in ar apur range, agricultur and TFP are the major source of income for 
the illager. Before the Me mea ure were undertak n in the range of Medak 
divi ion. villager had old out many of their attl and heep due to drought fodder 
hortage and water problem. But e en though there is sufficient fodder and water 

availability now aft r th implementation of SMC works there is no significant rise in 
live tock population due to increa ed awarene about the ill effect of grazing a a 
on qu nc of JFM programme. The population of cow and buffaloe are just 
uffi ient to meet th r quirement of a hou ehold. On the other hand there was a 

de lin in the population of he p due to non-availability of hepherds. 

d) Drinking water availability 

Befor e implementation of the SMC work there was a severe problem of 
drinking ater availability in om of the village tudied. In the sampled forest fringe 
village of thi di i ion, illager bad to tray I to a di tance of 0.5 to 1.5 km to fetch 
drinking water before the implementation of SMC works. Now, the drinking water 
problem ha been compl tely 01 ed in all the fore t fringe village due to recharging of 
th bore w 11 and open wel1 after the implementation of the SMC works. Presently 
th re are no uch tudie conducted on impact of watershed development works to 
c?~~at rural water augmentation for food and livelihood opportunities in medak 
dl ) lOn of northern dry zon of Andhra Prade h. Thu these findings receive support 
from ucce toyie of rainwater harvesting reported by Mi bra et 01. (1980)' 
Dhru anara ana and a try (] 986); Mittal et 01. (1986) Grewal et 01. 1989); Samra et 
al. (199 ~ and ikka ef 0/. (1996 . 

e) Any other observation 

Mo t of the MC ~t~cture built were 2-3 km away from the villages and 
therefore there wa no . Ignrficant man-animal conflict in the sampled village. 
Howe er, there were few III tance of crop damage by wild boar bear wolf, rabbit etc. 
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CONCULSJON 
bnplementation of SMC works had better impact on water sources with higher 

water yield and thus increa ed the irrigation potential in fore t fringe village ofMedak 
divi ion ~f northern ct:rY zone of. Andhra Pradesh. This ha lead to change in cropping 
pattern lUgher crop Ylelds and hlgher return to the farmers. Increa e in cropping area, 
fodder availability increase in tree den ity and natural regeneration were al 0 noticed. 
The po itive impact of SMC works had directly resulted in increase in hou ehold 
income, employment generation, scope for allied agricultural activitie etc. There i a 
decline in number of BPL familie in forest fringe villages. In almo t all village 
sampled, the drinking water problem is almost solved due to ufficient recharging of 
ground water resources. Therefore impact is more visible in term of large quanti ty of 
water harvest and enriched greenery around the structures built. 
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Table _ 2: Location general information, climatic conditions of sampled sites 
under impact study in Medak division, Northern Andhra Pradesh 

188 

Temperature Monsoon 

Range 

~fedak 

Narsapur 

I Zcehrabad 

I 

Range 

No. of T pe of A erage 
arne oftbe land oil type rainfall Rainy S-W 

Max Min 
S treated Y ar (mm) Days Mon 0011 

CC) CC) Mooths 

Mi -ture 

Re erve 
of Red & 

nkatpur Block 5 0 70 40 24 June-Sept 
Fore t 

~oil ith 
loamy 

Shetpally - do - - do - 580 70 40 24 June-Sept 

Kondapur - do- - do - 580 70 40 24 June-Sept 

Nallavalley - do- - do- 580 70 40 24 June-Sept 

Block 
Teumkumta - do- oil with 580 70 40 24 June-Sept 

Loamy 
Pi haragad - do- - do- 5 0 
thanda 

70 40 24 June-Sept 

Table-3: Different SMC works carried out for rainwater harvesting and 
watershed development in selected forest fringe villages of Medak division, 

Andhra Pradesh 

SMC structures built 

I arne of 
Catcbme 

tile \ ' 
cherne ot area Dimension 

(ha) Type (ht x length) 
Nos. Cost Year 

RIDF 270 PT 2m x 36m 2 90,000 2004-05 

Venkatpur 
IWLDP 270 CD l.5rn x 18m 2 60,000 2004-05 

3000 APCFM 60 CCT 3mxlmxlOm 1,50,000 ] 999-00 
cU.m 

RlDF 225 PT 1.7m x 22m 1 1,00,000 2002-03 
RIDF 150 CD 1.5m x9m 1 50,000 1999-00 

RlDF 60 CCT 1m x l.5m x 
1,80,000 - ] 999-00 

Medak 2.5m 
Stagger 

hetpally NREGA 30 
ed IrnxO.lrox 21.42 

trenche 2.5m cU.m 
1,50,000 2007-08 

s 
DPADP 500 PT 2mx 17m 1 85,000 1995-96 
RJDF 228 CD Imx 12m 1 45 ,000 1998-99 

APPTD 
P - ORT - 1 1 50,000 1989-90 

N-I 
Monsoon 
Months 

Sept-Nov 

Sept-Nov 
Sept-Nov 
Sept-Nov 

Sept-Nov 

Sept-Nov 

Approxima 
te volume 
of water 

harvested! 
year (m3) 

2,560 
1,822 

18,000 

4,114 
405 

54000 

1,125 

2,890 
360 

-



Range 

Medak 

Narsapur 
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Contd ... Table-3: Different SMC works carried out for rainwater harvesting and 
watershed developm.ent in selected forest fringe villages of Medak 
division, Andhra Pradesh 

SMC structures built 

Name Catchm 
of the Scheme ent area Dimension 
VSS (ha) Type 

(ht x lengtb) os. Co t Year 

Venkatp 
APPTDP - ORT - 1 1,00000 2000-01 ur 

10 CCT 0.5mx 10m 
428 

30,000 2005-06 FDA eU.m 
110 CD 2.5m x 14m 2 85,000 2000-01 

Kondap APCFM 225 PT 2m x 12m 4 80,000 1999-00 
ur 

APPTDP 
- ORT - 1 4,00,000 1999-00 

80 PT 2.5m x 18m 1 2,00,000 1980-81 

APCFM 15O CCT 
ImxO.5mx 6642 

465,000 2004-05 
NallavaL 10m eU.m 

Ley FDA 310 CD J.75m x 25m 1 300,000 2001-02 
APCFM 210 PT 2m x20m 2 141,000 2005-06 

Approxjmat 
e volume of 

water 
barye ted! 
year (ml) 

-

3000 

2 100 
8,160 
40000 

(Capacity of 
OHT) 
40,000 

45,000 

5,760 
36000 

Contd ... Table-3: Different SMC works carried out for rainwater harvesting and 
watershed development in selected forest fringe villages of Medak division, 

Andhra Pradesh 

SMC structures built 
Catchm Approxima 

te olume Name of ent 
Range 

the VSS 
Scheme Type 

Dimension 
Nos. Cost Year of water area 

(ha) 
(ht x length) harvested/ 

year (mJ) 

CCT O.5m x 10m 
4285 

3,00,000 2005-06 7,500 NREGA 290 eU.ID 

DPADP 500 CD 2mx20m 1 1,00,000 2003-04 162 

FDA -230 RFD 2mx 12m 2 27019 1996-97 6,835 

APCFM 251 PT 2m x 18m 1 22,500 2004-05 6120 

FDA 260 CD 1.5 x 10m 3 1,50631 1997-98 1,420 

Zeehrab Teumku 0.5m x 10m 
3482 12,040 1996-97 17,4)0 

FDA 220 CCT 
ad mta eU.m 

0.5m x 10m 
1689 5,246 1999-00 ,445 

FDA 240 CT eU.m 

0.5m x 10m 
1724 5,600 2000-01 620 

FDA 270 CCT eU.D1 

0.5m x lOm 
1296 32,536 2002-03 46480 

FDA 280 CCT eU.m 



I 

Range 

Zeehrabad 
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ontd ... Table-3: Different SMC works carried out for rainwater harvesting and 
watershed development in selected forest fringe villages of Medak division, 

Andhra Pradesh 

SMC structures built 

Name atchme 
Approxima 

Dimension te volume 
of th e cherne ot area 

T.pe (bt x No. Co t Year of water 
V (ba) 

lengtb) barvested/ 
year (m3) 

DPADP 500 PT 5m x 35m I 50,000 1980-81 30625 

APF - Op n - 4 2,00,000 1996-97 
well 

-

APCFM 559 PT 2m x 12m ]0 67,515 1999-00 20400 
Pi ham APCFM 250 CD 2m x 10m J 40,000 2000-01 600 

gad 
Hariya lli -lhanda -00 CD 2m 12m 2 30,00000 2006-07 720 

II 
APCFM 220 PT 2m x 25m 4 3,20000 2007-08 816 

APCFM _55 CCT O. -mx 10m 360 
25000 2007-08 7,500 

cu.m 

PT- Percolation Tank ·CD- Checkdam ·CCT-Continuou Contour Trench· RED- Rock 
Fi lled Dam; ORT - Over Read Tank 
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Table-4: Impact of SMC works on water resources in selected forest fringe 
villages of Medak division, Andhra Pradesh 

Before SMC works 

Range Name of the VSS No. of Water Depth No. of I Water Depth 
Bore yield digging open level digging 
wells (inch) (ft) wells (ft) (ft) 

Venkatpur 40 1.5 250 - - -Medak 
Shetpally 15 1.0 250 - - -
Kondapur 15 1.0 250 - - -Narsapur 
Nallavalley 35 1.0 250 - - -
Teurokumta 30 2.0 225-350 2 8-10 110 Zeehrabad 
Picharagad thanda 15 2.0 350 17 10 100-120 

After SMC works 
Nameofthe No. of Water 

Depth digging 
No. of Water Depth Range VSS Bore yield open level diggin 

wells (inch) (ft) 
wells (ft) l! (ft) 

Medak Venkatpur 60 2.0 220 - - -
Shetpally 35 1.5 220 - - -

Narsapur Kondapur 30 1.5-2.0 150-200 - - -
Nallavalley 70 2.0-2.5 150-200 - - -

Zeehrabad Teumkumta 70 3.0-3.5 200 14 15-20 90 
Picbaragad 25 3.0-3.5 250-300 30 \5-20 75-80 
thanda 
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Table--5: Impact of SMC works on various ecological parameters in selected forest 
fringe villages of Medak division Andhra Pradesh 

Before SMC works 

Ranae 
No. of Dry Wet 
wells lands Name ofthe VS 

recharaed 

Medak 
70.00 

175.00 35.00 40.00 

43.75 14.58 4.17 

141.75 40.50 8.10 

Zeehrabad Temnkumta 43.33 6.07 6.07 

Picharagad thanda 200.00 250.00 50.00 

After SMC works 

Range 
arne of the No. of No. of Water Depth 

V Bore 
Depth digging 

well 
(ft) 

open diggin 
wells ft 

eokatpur 5 110.00 100.00 5 
15 

125.00 
(5) 

80.00 95.00 25 15 (5) 

5 33.33 33.33 16.67 15 5 
3 121.50 81.00 20.25 20 3 

Zeehrabad Teumkumta 5 24.32 25.47 13.32 25 5 
Pi haragad 
thanda 3 142.00 300.00 100.00 25 3 
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Table- 6: Change in cropping pattern in selected forest fringe villages of Medak 
division, Northern Andhra Pradesh due to rainwater harvesting & watershed 

development 

Name of the Before SMC works 
Range 

VSS Area Crops Yield (kglha) No. of crops 
/ year 

Medak Venkatpur 170.00 Paddy 3500 One or two 
Ground nut 3,500 

Shetpally 250.00 Maize 2500 One 
Paddy 4,000 

Narsapur Kondapur 62.50 Jowar 3,000 One 
Ground nut 3,500 
Sunflower 800 

Nallavalley 190.35 Maize 5000 One 
Paddy 3000 

Zeehrabad Teumkumta 55.47 Jowar 3000 One or two 
Red gram 2,500 

Picharagad 500.00 Jowar 3,200 One 
thanda Red gram 2,500 

After SMC works 
Range Name of the VSS 

Crops Yield 
No. 

Area of crops I year 
Medak Venkatpur 240.04 Paddy 3500 Two 

Sugarcane 8200 
Maize 1000 

Shetpally 300.00 Maize 3,500 Two 
Paddy 4,200 

Narsapur Kondapur 83.33 Paddy 4000 Two or three 
Vegetables 2400 
Maize 6,000 

Nallavalley 222.75 Maize 6000 Two 
Paddy 4500 

Zeehrabad Teumkumta 63.11 Sugarcane 8500 Two 
Wheat 5,000 
Paddy 6000 

Picharagad thanda 542.00 Sugarcane 8500 One or two 

Wheat 4000 
Jowar 4000 
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Table-7: Impact on livelihood of the viUagers due to SMC works in selected forest 
fringe villages of Medak division Andhra Pradesh 

Range Name of the Before SMC works 
VFC Family BPL Employment Drinking water 

income house generation problems 
(Rs.) holds 

enkatpur 10 000 70 
Agricultural Ye 

Medak 
work (1.5 Ian) 

hetpal1y 10 000 700 
Agricultural Ye (1.0 

work Ian) 

Kondapur 15 000 30 
Agricultural Ye (1.0 

work Ian) 
ar apur 

aJla aile 1 ,000 100 
Agricultural Ye (0.75 

work km) 

T umkumta 20 000 30 
Agricultural Yes (0.5 

Zeehrabad 
NTFP km) 

Pi haragad 
_0 000 50 Agriculture 

Yes (1 
thanda km) 

Range Name of the After SMC works 
VFC FamHy BPL house Employment Drinking 

income -holds generation water 
(Rs.) problems 

Venkatpur 35 000 30 
Agriculture & 

No 
Medak NTFP 

ShetpaUy 35 000 400 Agri. Income 
No & SMC work 

Kondapur 30000 20 Agri. Income 
No 

ar apur & SMC work 

allavalley 25000 35 Agri. Income 
No &NTFP 

Teumkurnta 38000 
Agri. income, 

Zeehrabad 
15 NTFP& SMC No 

work 
Picbaragad 

35,000 Agri. Income 
thanda 25 No &SMCwork 
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Table-8: Impact of SMC works on livestock population and allied enterprises 
(major source of income) in selected forest fringe villages of Medak djvision 

Andhra Pradesh 

B-efore SM C works 

Range 
Name of the 

Goat! Major source 
VSS Cows Buffaloes 

Sbeeps Total of 
income 

Venkatpur 500 800 450 1750 Agriculture 
Medak 

Shetpally 50 90 500 640 Agriculture 

Kondapur 500 250 1000 1750 Agriculture & 
NTFP Narsapur 

Agriculture & Nallavalley 300 500 1000 1800 
NTFP 

Teumkumta 200 (1) 70 500 770 Agriculture & 
NTFP Zeehrabad 

Picharagad 
70 80 400 550 Agriculture 

thanda 

Name oftbe 
After SMC works 

Range 
VSS Cows Buffaloes 

Goat! 
Total 

Major source of 
Sheeps income 

Venkatpur 300 11,000 1,1 60 12460 Agriculture, 
Dairy &NTFP 

Medak Agriculture 
Shetpally 50 90 100 230 NTFP& SMC 

work 
Agriculture 

Kondapur 300 150 250 700 TFP&SMC 

Narsapur work 

Nallavalley 150 200 500 850 
Agriculture & 

NTFP 

100 
Agriculture, 

Teumkumta 60 300 460 TFP & SMC 

Zeehrabad 
(20) work 

Picharagad 50 60 200 310 Agriculture 
thanda 

.. 
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. ·D Matter Deoradation and Methane Gas Production from Three 
hw~ ry e G 

T . I Gra pecies usino Inoculum from Cattle Sheep and oats rop.lca e 

T ah, O. A. Aderinboye R.Y., Adebowale, A.M. Adeyemo T.A. and 
delekan J.A. 

Animal utrition Departm n( Univer. if) of Agriculture, Abeokuta Nigeria. 
buklo isah@~ al1oo. com 

T TTRODUCTION 

The green hou e ga elTIJ IOn from agricultural ~ctor a counts for 
about2 . % of total global anthropogenic emi ion. Methane lone of the most 
important green hou ega ( j ian el al., 201] ' EPA, 19~9) . Meth~ne i an important gas 
among ga e produ ed by ruminant at ferm ntatlOn an? It ha been rep?rted 
(Baba emi and Bamikole, _006) to be an energy los to the ammal and when em1tted, 
it contribut to the d ruction of Ozone layer. E cretioD of methane from rumen of 
live tock (Cattle. buffalo, heep goat camel etc. ) can repre ent a loss of up to 15% 
of the dige tible energy of tb fe d con umed depending od the type of diet. This 
impa t on th profitability of Ii e tock production through reduced fedd conversion 

ffi ciency. Methane wh n excreted contribut to approximately 30 - 40% unit of total 
methane produc d from agricultural ource (Mo et a1. 2000). Although reductions in 
green hou e ga emi ion from Ii e tock industrie are een a high priorities, strategie 
for redu ing emi ion bonld not r duce the economic viability of the enterpri es. 
Merhane reduction trategie include nutrtional manipulations feed processing, 
addition of growth promot r , ionophores and organic acids in feeds animal 
management tc. Dietary manipulation result in methane reduction by decreasing 
fermentation of organic matter in the rumen and hifting the site of digestion from the 
rumen to the \0\ er gut diverting hydrogen away from methane production during 
rumina! fenne'1 tation. inhibiting methanogene i by ruminal bacteria or by optimising 
rumen fenn ntation and thereby decreasing methane emi sion per unit organic matter 
dige ted(Bencbaar et aJ. 2001 ). Understanding the relationship of diets to enteric 
methane production i e ential to identify viable reduction strategies. Panicum 
maximum Andropogon and Brachiaria are common tropical grasses consumed by 
cattle beep and goats in Nigeria.The objective of this study therefore is to compare the 
in itro dry matter degradation and methane production by cattle, sheep and goats when 
fed the three tropical grasse and sugge t ways of reducing methane production without 
having negative impact on the productivity of livestock. 

MA TERIALS AND METHODS 

50~ mg sam~les were weighed into 125 ml Erlenmeyer flasks. The samples 
were the~ ~ncubated I? a buffered medium containing rumen liquor (40ml). Dry matter 
de~adabJ l.lty was e tlmated after 24 and 48 hour incubation treating the content of the 
synnge With neutral detergent olution according to the procedure of van Soest and 
Robertson (19 5) to obtain NDF. The determination of dry matter degradability was 
calcula~ed thu : % ?MD = 100 - neutral detergent residue. Methane production was 
deterrmned accordmg to the method of Fievez et al., (2005). The dry matter 
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degradation characteristics was described with the equation: mL gas gDM-1 = a + b (I
e oct), where: a = intercept, b = potential gas production and c = rate of ga production 

RESUL TS AND DISCUSSION 

Figures 1 and 2 show the re ult of the dry matter degradation (DMD)of the 
three grass species at 24 and 48hr of incubation using inoculum from cattle, sheep and 
goats. DMD result at 24hr showed that Panicum maxima had the highest DMD value 
irrespective of inoculum ource. Intermediate value was recorded for Bracbiaria while 
Andropogon had the least value. Also, least value of DMD from Panicum and 
Brachiaria was observed with inoculum from sheep at 24hr incubation. At 48hr 
incubation period, while Panicum still had tbe higbest DMD value irrespective of the 
source of inoculum, inoculum from sheep performed better when compared to 
inoculum from goats. This result implies that when inoculum from goats wa used for 
incubation most of the nutrients were rapidly degraded within 24 hours. However 
when inoculum from sheep was used for incubation the rate of degradation was low 
during 24hr period but by the end of 48hr incubation, more of the nutrient were 
fermented. Inoculum from cattle had the highest ability to degrade all the gras e 
considered compared to inoculum from other animals. This might probably be due to 
the type and concentration of microbes present in each of the inoculum. According to 
Getachew et aI, (2004), the rate and extent at which different chemical constituent are 
is a reflection of microbial growth and accessibility of feed to microbial enyme . 

Significant observations (p<0.05) were recorded for b fraction and rate of 
fermentation; c of the different grasses using inoculum from different source (Table 1 . 
Lowest values of b (17.06%) and c (0.024h- l

) were observed when inoculum from 
goats was used in the incubation of Brachiaria while highest value of band c were 
recorded when inoculum from cattle was used in the incubation of Panicum (21.10% 
and 0.048h-1respectively). This results indicate that the rate and extent of fermentaton 
of Panicum was fastest and highest with inoculum from cattle but least rate and extent 
of fermentation was recorded when Brachiaria was incubated using inoculum from 
goats. This results showed similar trend with the observation recorded in DMD re ult . 

Results of methane production from the different forage when incubated with 
inoculum from different ruminants (Figures 3 and 4) re ealed that Panicum a a for.age 
produced the highe t volume of methane gas irrespective of the inoculum ource. At 
24 and 48 hr incubation periods, inoculum from sheep and goat yielded imilar 
volumes of methane. Different trend was observed when cattle wa the ource of 
inoculum for incubation . at 24 hr incubation volume of methane production from the 
three forages differ while at 48 hr incubation, Andropogon and Bra maria produced 
similar quantity of methane. However throughout the incubation period ~anicum r~te.d 
highest in the quantity of methane produced. Ba ed on the re ult of thl tudy It 1 

suggested that in order to reduce methane production from enteric fermentation, more 
attention should be given to cattle and probably other large ruminant . It i al 0 

suggested that where live tock production is based on Panicum a the main fo~age 
source, trategies for methane reduction should be ploited such a feed proce . mg 
use of feed additves, restricted feeding and other and other feed manag ment pra tlce . 
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Table 1: In vitro dry matter degradation characteristics of three tropical grasses 
u ing inoculum from cattle, sheep and goats 

Forage 
Panicum 

ndropogon 

Brachiaria 

Inoculum source 
Cattle 
Sheep 
Goat 

Cattle 
Sheep 
Goat 

Cattle 
Sheep 
Goat 

b (%) c (Hr- I) 

21.20a 0.048a 
20.42ab 0.042abc 
19.72ab 0.046ab 

20.l1ab 0.030bcd 
19.86ab 0.028bcd 
18.50ab 0.028bcd 

18.85ab 0.028bcd 
18.84ab 0.026cd 
17.60b 0.024d 
0.35 0.00 

(P<O.O ) 
along the arne row with different uperscript are significantly different 

b = in oluble but degradable fraction, c = rate of degradation. 
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Figure 1: Dry matter degradation of of three tropical grasses using inoculum from 
cattle, sheep and goats at 24 hour incubation period 
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Figure 2: Dry matter degradation of of three tropical grasses using inoculum from 
cattle, sheep and goats at 48 hour incubation period 
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Figure 3: Methane uas production of three tropical grasses using inoculum from 
cattle, heep and goats at 24 hour incubation period 
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Figure 4: Methane gas production of three tropical grasses using inoculum from 
cattle sheep and goats at 48 hour incubation period 
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Improvement in livelihoods and benefits of small and marginal farmers through 
Agroforestry interventions with carbon finance 

J. R. Manmohan*, L. K Dashora, S. R. Maloo and Deepak Sarolia 

ABSTRACT 

College of Horticulture and Forestry, (MPUAT) 
Jhalawar (Rajasthan) 

*email-manmohandobriyal@gmail.com 

Palanakhurd-Nurda-Bhimal grid area of 5000 ha falls in Long.73° 51 -73° 57'E 
and Lat.24° 45'-24° 49' N, Mavali block of Udaipur district of Rajastban. Tbe pre ent 
study was undertaken in NAlP project on carbon fmance from 2009-1011 to validate a 
SMART CDM for different carbon sequestration and emission reduction measures 
througb different tree crop and energy interventions and to calculate CER in the grid 
area. For the benefit share mechanism a cooperative society of tbe 2000 famers 
beneficiaries were made as Gramyajaan Sahakari Paryavaran Vikas Samiti which 
coordinate all the activities of interventions by farmers , validation and marketing of the 
carbon credits. Most of farmers are tribal traditionally dependent on ea onal rainfed 
cropping and herding of livestock. The important approved CDM agroforestry 
interventions made as agri-horticulture agri-silviculture, industrial wood block 
plantation, road and canal plantation and other wasteland plantations with pecie like 
citrus, mango, sapota, guava, pomegranate teak jamun, neem oobabool bamboo etc. 
Among crop interventions vegetables cultivation improved crop seeds and carbon 
assimilation tillage and crop residue utilization practice followed. In pa ture and 
wasteland babool, churel thor, neem mahua khirni etc. planted along with gra e. 
The potential of agroforestry interventions in grid area calculated more than 30000 
CERs and with existing two year intervention 5000 CERs were a similated for which 
validation process is in progress. Pre ently only afforestationlrefore tat ion and energy 
interventions are carried out but there is scope of validation of other agricultural 
measures in successive stages to get additional CERs. CDM project will provide an 
additional annual income from carbon finance other than product and environment 
benefits to these small and marginal farmer . The aim of the study to develop a 
protocol for a mall grid in arid-semiarid ecological zone for SMART CDM and to 
improve the livelihoods of mall and marginal farmer without changing their current 
agricultural practices but ju t to augment and refme the ext ring practice mainly 
through tree interventions in terms of produce elf uffi iency and income for better 
benefits. 

Keywords: Grid CER SMART -CDM Raja than 

INTRODUCTION: 
Global climate change has e idently emerged a eriou challenge for urvi al 

and ustainability of mankind. It i certain beyond doubt that the climate i cbanging 
very fast. Climate ha al 0 been changing in the past but it rate of change ha be .n 
unprecedented in the last 15 - 20 year. A number of debate ha e reached thl 
conc1u ion that no one could top the climate from hanging but could do a lot for 
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f ' ffi t and d i / r ate adaptation rn chani ms to it. 
mitigating rn 0 It e th " d of th 

iall th mall hold r produc r ha been at e r ,cel Illg n 
~i ultur~. ffi t r ulting into not only in the fluctuatmg and lID table 

cillnate ang f ' Ire and on equ I1t Ii elihood but al 0 to their bar 
Pr du ti ity 10 0 natura re ou , 

, ' h ;-; I Iyaft! tin<1 the Ii eliho d y tern and are creatmg urvlval. u h ange are n oaL1 \ 0 

un rtainri in I king for alt mati e ' " 
f th cau \ hi bare attribut d to ontnbute to the clImate 

mong man , d ' 
h <1a emi ion ar not d to be on top of the list. Re ucmg 

hange . gre n ou e 0 h' <1' <1 
, '-, ~ d equ tel'I'n<1 arbon are th u<1ht to b the best an wer to t 1 naogmo 

1111 ' I n an ::> 0, 

bl n c., tr tor ha a <1ood pot nnal to eque ter carbon, However, pro el11, le J 01 eo" ' 
, t, I C.or t al n for maximizin<1 arbon eque tratton will comproml e rnanag1l1g 11a Ula 11 0" h 

th ' tl - ec010<1j a1 fun tion , H n . the n ed for productIOn fore try WhiC means 
elr 0 1 r ::> ' ' d d 

an plantation ani d out outsid the ~atural ,fore t are~ for meetmg vanou eman s 
f the countr ' Production fore try III Indla can bndge not only the constantly 

~n rea ing gap betw n the d mand and upply of indu trial timber bu~ al ,0 he~p the 
nation enhance carbon que tration, In addition, it can help conserve blO-dlver lty by 
reducin a large- cal r mo a1 of fu I-wood from natural forests and al 0 create much 
11 ded ~mpl~ymel1t opportuniti in rural area , which can curtail poverty driven fore t 

d gradation, 

There i a va t lit ratur a ailab1e on the ubject much of which has been 
ynthe ized in ariou report of th Int rgo ernmental Panel on Climate Change 

(!Pee. :WOO. 2001 and 2007), United ation Framework Convention on Climate 
Change FCCC. 2000 and 2001 and in FAO report on A sessing carbon stocks 
and modeling of carbon eque tration through land use changes (F AO 2004). Having 
gone through tlu rna iv literature this propo al additionally review only more 
recent information . till to date, 

Th general land u e pattern in India i characterized by agricultural land 
reduction on account of real e tate d velopment leading to high input high energy use 
production ' tern to keep pace with the food production' and agricultural expansion 
into fore t margin which are carbon poor nutrient impoverished and bio-diversity 
thr atened land cape for their survival. One of the greate t challenges in India is to 
pre rYe natural re ource in the context of ri ing agricultural production needs and, to 
reduce pov rty (Singh, 2009 , The rise in agricultural production especially with high 
input , including energy, will most likely ha e a negative effect on natural resources, It 
will accelerate land degradation increa e the threats from climate change and 
compromi e u tainable development. This will mean promoting production systems 
that are not only efficient but al 0 re pectful to the environment. A more pres ing 
challenge i how to con ert agricultural landscape to more u tainable production 
y tern without cau ing livelihood - en ironment conflict. 

The challenge i to implement policie and programs that can respond to 
development priori tie which at the same time help to reduce vulnerability to poverty 
and climate change limit emi ion and increa e carbon sinks (Garrity, 2009). One of 
th~ p~od~ction technologie that is affordable and reasonably meets these important 
cn, ter~a I land u e practice based on agrofore try and conservation agriculture 
pnnclple , Although agrofore try systems in providing multiple benefits are widely 
re~ognized the pecifics of how the e ystems can be t be implemented are generally 
ml under tood or inappropriately applied in many ambitiou investment projects , The 
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fact that bringjng trees on agricultural landscape can create a net carbon sink (both in 
biomass and oils) means generation of additional income benefit as carbon emission 
offset , as part of emerging emission trading sy terns and carbon markets that aim at 
green house gas mitigation. A recent UNFCC report (UNFCC, 2008) has concluded 
that the carbon sequestration in grassland and agroforestry plantation have ignificant 
potential for C reductions from the agricUlture sector at non-prohibitive costs' . Beyond 
mitigating climate change the other benefits of having trees on the landscape include 
the maintenance and improvement of soil productivity biodiver ity and ecosystem 
ervices many of which are highly correlated with the carbon stocks in oil and 

bioma s. Most importantly, agroforestry practices can serve a viable carbon ink 
because they capture and store carbon in soils and biota, reduce deforestation produce 
low-carbon bio-solids that serve as sub titutes for high carbon fos i1 fuels , and they 
reduce carbon losses through erosion. Another important feature of this is the fast 
growth nature of trees which could enable the practice to ea ily respond to climate 
change. 

The Kyoto protocol which recognizes inks and ource attributable to 
afforestation, reforestation and deforestation (ARD to be counted in achieving carbon 
emission reductions, has been receiving increased attention since 1997. The IPCC and 
the Kyoto protocol, both recognize agroforestry as a potential carbon ink. The 
estimated potential runs to a minimal of 3.1 t per ha per year when an unproductive 
cropland and a grassland is converted to agrofore try (Verchot, 2007). Additionally 
half a ton of carbon can be gained on each ha by simply better management of tree on 
the croplands (IPCC, 2000). Once established tree on agricultural land cape 
(agroforestry) also provide buffer against the climate vagarie and enhance the natural 
resources and their in-situ conservation mainly the land water and oil nutrient 
further enhancing the productivity potential and enhanced carbon eque tration (Singh 
2008). Farmers are known to be the most efficient producers of eque tered carbon 
stored in trees grown for fruit timber and other tree products, as well a reduced 
emissions by adopting the conservation agricultural (CA) practice in the farming 
(Verchot 2009 and Singh 2009). These are approximately 1.5 billion ha of arabI 
farmlands in the developing countrie that are uitable for conver ion to highly 
productive carbon rich agroforestry landscape that can at the arne-time contribute to 
food security, income generation and yet seque ter sub tantial amount of carbon in 
sinks (Garrity, 2009- Garrity et al 2008). So i the ca e for India throughout it all 
ecological conditions, for the farmlands as well a for the waste marginal and degraded 
lands. 

In recent month the need for and potential of carbon eque tration ithin 
such chemes has been re-emphasized (UNFCC 200 IF AP 2008). The e author 
have also highlighted the need for impro ed approache to climate change mitigation to 
be een within tbe context of adaptation plan the Convention on Biodi r ity and the 
UN Convention on Combating Desertification. The e de elopment are ery 
encouraging with respect to the propo ed SMART -CDM protocol which ha a lot .of 
similarities and overlap with the variou other ugge tion uch a th~ ~arher 
mentioned "Reformed-CDM" and th converaen e of REDD and AFOLU wlthin the o . 
Kyoto protocol. According to the Finance Times carbon trad~g i the fa te t . g:owmg 
commodity market in the world today and that ha the pot nnal to gen rat tnilton of 
dollar annually over the ne t half decade. Howe er, thro~lgh thi opportunity and 
within the exi ting CDM ba ed market only large companl , orporat bou e t 
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and mall bold r wh do equ t r ha e b n able to a 'n1 
arbon and al" r du IOn u ually b n left i lat d mal y 

b au e the d n t ha apa ity t mpl ith th rigid and pen i e market 
. t Th ar in m tan t rganiz d a a group which further I" qUlI" m n . . 

pI" lude th ir parti ipati n ( r hot 2007). Thi fa t i. of norm u Imp0r:tanc to 
th Indian mall h Id r . an alt mati olution to thl . problem a n w gnd ba . d 

h h been dIp d and alidat d b th Int matlOnal ntre for Re earch In appr a a . .. d 
grofore try I RAF), and a d tail d t 01 b , fI r 1 apphcahon ha been pr par 

( r hot. _00 ). 
Th K t Proto I a adopted at the onference of Partie ( OP) of the 

ork on ention on limat hange ( F ) in Kyoto in 
lop d ountrie al ngwith om countrie falling under 

n01111 n" (EIT), categoriz d a Anne - I countrie w r required to 
I"edu e th ir mi ion b an a rage of 5% relati to 1990 1 vel by the year 2012. For 
thi , carbon eque tration i on id r d a on of th important trat gi~ through ~nk 
enhanc ment. The K oto Protocol potentially offi r an opportumty for capital 
im'e tment and t lmol g tran fer for omm rcial fore try under the affore tation / 
r fore tation activitie of the lean D lopm nt Mechani m ( DM). In carbon 
equ trati n through ink enhancement by way of growing more tree the 

mdu trialized countri ,through CDM option are allowed to buy carbon credits that 
are gen rat d b arbon eque tration project in developing countrie . It gives the 
mdu tri , targ t d for emitting GHG the f1 ibility to continue u ing fo il fuel for 
orne tim. which will a t a a buffer in the proce of witching over to more efficient 
nero. ource, if th y in e t in eque tering carbon. 

B way of in tment from de eloped countrie the CDM projects could also 
lead to a larg po iti e impa t on program which are aimed at fore t con ervation and 
r gen ration, through affore tation / refore tation reclamation of degraded land and 
o lo-economi de elopment of rural communi tie , in addition to the global 
n ironmental b nefit. ow thi i being looked upon a a major benefit with market 

in trumen fi voring the a tive involvement of indu try in the mechanism. The 
pot ntial for OM relat d project i quite high in India. Although it i not mandatory 
for Indian indu trie to meet any ort of target under Kyoto protocol they prefer to 
favor thi phenom non a it trengthen their claim for using the wa tel and for this 
purpo e in the country. India ha the bigge t cope for generating Certified Emission 
Reduction (CERs. The ountry currently has the largest number of CDM projects but 

hina i large t in term of carbon tonnage. The Government of India has et up a 
ational De ignated Authority (NDA) to deal with the CDM project in the country. 

The malI holder , who do eque ter carbon and al 0 reduce emission , individually a 
well . a colIectively, and qualify for the minimum tradable carbon amount are usually 
I ft I olated from thi opportunity mainly becau e they do not have the capacity to 
comply with the rigid and expensive requirement of the carbon market schemes 
e pecialIy the DM protocol. Moreover in mo t case, they are also not organized in 
group. which further preclude their participation in such ventures. This fact is of 
enormou importance to the Indian mall holder who comprise the majority of 
farm r collectively contribute to a ub tantial load of carbon equestration and yet 
ar~ u~able to be~efit from uch opportunitie and are left wandering alone. The 
clentlfic COrrunUlllty has al 0 not been able to a 1st them in this issue so far. A large 

number of COM project developed 0 far globally are related to energy sector and 
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industrial processes with high global warming potentiaL In agriculture the number of 
projects registered is only 6.08 % of total projects developed 0 far. Moreover a 
majority of these projects are actually related to manure management in large-sc~le 
live toc1d animal production units, and are not related to core agriculture involving 
small bolders. Similarly, so far tbe number of projects in Afforestation / Reforestation 
(AIR) ector is also only 0.07 %. A recent review of all sucb application in India 
indicates that of the 1253 applications filed 394 reached the registry stage. Oftbis 235 
were related to energy sector (producing electricity from agricultural residue energy 
efficiency and generation), 112 projects were related to hydro and wind power and 
none from agriculture sector, or afforestation and reforestation, which relates to carbon 
sequestration (UNEP, 2009). None of these applications are from the mall holders. 
Projects, related to agriculture and NR will ensure greater participation of farming 
communities in the emission reduction activities, resulting in su tainable development 
benefits. Appropriately designed CDM projects in these two sectors can provide useful 
additional revenue to rural communities, which will be in addition to the existing 
streams of revenue from either agriCUlture or plantations. However to realize uch 
additional revenue, concerted efforts are required from various organizations and new 
methodologies need to be developed to suit the situation specific context oflndia. 

The carbon trade market is essentially a Euro market, wherein CDM i a 
baseline credit system means what level of carbon be without the CDM mecbanism. 
This market is largely controlled by Euro oil and oil prices as it has no definite 
structure. The CDM is a very small proportion of the carbon market the largest one is 
under EU regulations, wherein the identified companies are to reduce carbon emi sions 
and they trade among themselves. The CDM supplies only 25% as primary CERs· the 
buyers can trade it again as secondary CERs, so in reality the primary CER volume is 
smaller than the secondary CERs. The lower primary CER volume i al 0 becau e it i 
difficult to buy them as they have to come from a developing country, which may have 
poor and unknown credit rating. In view of the unstable livelihoods in the face of e er 
changing climate, and the complexities in the carbon trade markets which 0 far bave 
totally excluded the agriculture sector from it, an alternative protocol called SMART
CDM" (Specific, Measurable Achievable Realistic and Tangible) ha been 
developed by ICRAF. The new protocol emphasizes on taking into con ideration the 
below ground carbon sequestration (carbon addition in the oil carbon pool) a a better 
way of sequestering carbon and promote farming practices which are adaptable to 
and are in harmony with the existing CDM rule. The protocol neither contradict , 
bypasses, nor proposes any conflicting procedures, or hortcut to the carbon trading 
rules in the Kyoto compliance carbon markets such as the CDM. It i not . a 
modification of any fiduciary regulation of the CDM and voluntary market as well. 
In general this protocol advocate a gradual tran ition and tran formation of field 
crop agriculture' based livelihood y tern to agrofore try ba ed li e~ih?od y teI? 
including the field crop and promotes the adoption of the eml SlOn reducmg 
intervention in the farming- house hold operations. The agrofore try based ystem 
have been documented to provide an insulation effect from limati agarie to the 
farming and at the same time equester significant amount of carbon both in the abo e 
and the below ground biomas . 
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TVDY AREA & METHODOLOGY: 

Th IUd i lmd Itak n in ALP proj t it at Palanakhurd- urda-Bhimal grid 
ar a of 10 Jan 5 Icm 000 ha.) fall Long.73° 51 -73° 57'E and Lat.24° 4.5'-24° 49' 

. Ma ali blo k f Udaipur di tri t of Raja than from 2009-1011 Whl hallow 
, I~na th minirnwn tradabl olum r quirem nt of the carbon mark t. For the 

me ..., fi' . 
b n tjt~ hare me hani m a oop rati e ociety of the 2000 famer b n 1 lane w re 
made a 'Gram ajaan ahakari Parya aran Vika amiti .which coordinate all ~he 
a ti iti of interv ntion b farmer, alidation and mark tmg of tbe carbon credIt . 

in e it i ommunity ba d approa h, it do addre the ocial and gender concem in 
the u tainabl de eloprn nt pathwa . Tb r could be a number of land u e units! 

t m and a number of mall holder operating tho units: in this approach farmer 
are allow d to ontinue doing th ir normal farming practice but are encouraged to 
incorporate arbon eque tering and! or mi ion reducing practices, Carbon tock are 
mea ured in a h of the major land u e unit at th beginning of the project and after a 
ertain tim int rval, hich i decided on the ba i of land use and the prevai ling 

ecological condition of the el ct d area. Through the time sequence carbon analysis 
an po iti e carbon balance ould be put up for tradlilg in the market and the accrued 
benefit could b proportionaUy bared by the community in the grid, The po ible 
int rv ntion are to be carried out in th grid area under CDM approved methodologies 

a. Tree based interventions: wood plantation in private holdings; horticulture in 
pri ate land; conun rcial timber; agrofore try" road side plantation ! avenue 
plantation ; ilvi pa tur intervention in common land 

b. Aariculture based interventions: Utilizing crop re idue (cotton! sunflower etc.) 
in tead of burning' Zero tillage maize after paddy fallows (reduction in tillage 
operation , reduction in number of irrigation )" SRl Paddy and aerobic rice as an 
alternative to flooded rice under bore-well' Venni-compost sUbstituting commercial 
fertilizer 

c. Energy based interventions: 3 . Electricity Consumption reduction l) Promotion of 
olar appliance at illage level like solar lighting, cooking treet lighting etc. 2) 

Capacitor for water lifting de ice (irrigation pump) 
b. ~Iectricity! heat gen ration 1) bioga and power generation ( calf rearing units dung 
, blOga ) 2)blOma briquette ! pellets 

d. House hold level : Replacement of Edi on bulb with florescent lights (CFL) " Fuel 
wood with bioga . Smokeles chulha ' 

. The imp?rta.nt. approved CDM agroforestry interventions made as agri
hortlcu.lture, agn SIlVIculture industrial wood block plantation, road and canal 
plantatIOn and other wa teland plantations with species like citrus, mango, sapota 
~a a ~omegranate teak jamun, neem subabool bamboo etc. Among crop 
I~terv ntlOns vegetable cultivation. improved crop seeds and carbon assimilation 
tillage and crop re idue utilization practice followed. In pasture and wasteland babool 
churel, thor neem mahua, khimi etc. planted along with grasses. 

. . The approach allows mee.ting all the qualifying criteria at up for carbon trading 
In dIfferent carbon market as It does not contradict, or bypass any of the essential 
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qualifications of the Kyoto compliance and the vohmtary carbon trade markets. In 
order to operationalize such a new protocol a detailed step by step frame work and a 
methodological tool box on how to proceed in this venture has been developed at 
ICRAF. The proposed project is based on the above approach and has ix main 
components. They are the following: Scaling up best practices, including the adoption 
of agroforestry and emission reducing interventions; Carbon as es ment; Carbon 
finance· Institutions; Capacity building and Impact. Best Practices: Apply a number of 
carbon sequestration (agroforestry) and emission reducing interventions for generating! 
enhancing multiple treams of livelihoods and better environmental impact for small 
holder farmers at the community level, through targeting, farmer testing and out 
scaling of the profitable portfolios. Carbon Assessment: Test and apply trategie 
tools and methods for measuring and monitoring baseline and carbon equestration 
from above and below ground biomass as well as emission reduction, beginning from 
the initiation of the project activities on farm and on the landscape around the project 
site. Carbon Finance: Develop carbon financing mechanisms by working with the 
existing conditional mechanisms for carbon incentives that facilitate recognize and 
reward small holders for establishing and managing tree at farm and at the landscape 
level for carbon sequestration and for reducing emis ions through other practices ba ed 
on acceptable standards and voluntary carbon markets. Institutions: Establi h a viable 
Special Purpose Vebicle (platform) for small holders to access emerging carbon fmance 
markets through building support linkages with appropriate in titutions for managing 
transactions, negotiations and harmonization of capacities. This body would al 0 be 
able to provide forward and backward linkages between the community and the carbon 
finance markets. The body will be operated by professional but controlled and 
managed by the community. 

In general this protocol advocates a gradual transition and transformation of 
"field crop agriculture" based livelihood system to agroforestry based livelihood 
systems, including the field crops and promotes the adoption of the emis ion reducing 
interventions in the farming- house hold operations. The agrofore try based y tern 
have been documented to provide an in ulation effect from climatic vagaries to the 
farming and at the same time sequester ignificant amount of carbon both in the above 
and the below ground biomas . 

Table 1. Summary of grid area for physical social and agricultural details 

Total geographical area 5000 ha. Open well source 70% 
Total agricultural land 3900 ha. Tube well source 20% 
Total area under rainfed 3500 ha. Small 10% 

tanks/streams 
Total area under irrigation 400 ha. No. of households 2100 
Total area under 2000 ha. No. of hamlet 60 
horticultural crops 
Total area under 700 ba. No.Village 3 total and 2 
forests/wasteland Panchyat partially 
Total fallow land avilable 300 ha. Population of !!Tid 11000 
A verage land holding 1-2 acre Social status 80% tribals 
Major agricultural crop Wheat, Maiz , Occupation Agricultur , 

lawar, Bajara poultry, animal 
Mu tard, Taramira, hu bandry 

Til vegetables 
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DlSCU 10 : 
Th ugh th in t n r nti n in tb grid ar a tarted. from Jun 2009 and aft~r two 

. tI e hanO"e in oil arbon I el in inter ntion ar a] under rudy but the e tllnates 
~;al r:ified E:" i ion R du tion ( ER ) are ba d on the v rified methodologi s ~nd 

-a tic whi h \ ill be carried out in total grid area a per land u e pattern. The major 
rr:terv ntion i tre ba d i. _ agrofore try and ommunity fore try ba ed which will 

que t r about / rd CERs (190 .3 ER . and fro.m ener~y mea ure (6345 CERs) 
from the grid area. Th agricultural lilt J ntlOn ar III adoptIOn bll~ th r e timates y t 
t b d ne, which wi ll further increa at lea t 6000 CER for the grId. 

Th pra ti e ha to b abdated in the arid- emiarid ecol?gie to d~velop .a 
MART CDM whi h can b com adoptable protocol in other reglOn of IndIa. Tbl 

typ of ommunity ba ed CDM proj ct ar in practi e in other part . of co~tinent e.g. 
frica among mall holder . In tbi grid area al 0 a farm r cooperative oClety named 

'Gramayjan ahkari Parya aran vika amiti " ha been formed to impl ment the 
int rvention and d elop a benefi t hare me hanism a per the intervention carried 
out b th indi idual farm r . Th kind of proj ct not only promote the agroforestry in 
th r gion but al 0 pro ide an additional livelihood and benefits to the small and 
marginal fanner a they wi ll ell th if carbon credits . The indirect benefit village 
nvironment amelioration. oi l and water con ervation and food ecurity will further 
trengthen the communitie . The proj ct ba wider cope for implementation in other 

area with the upport fi'om lCAR, SAD or other ucb agencies in formulation and 
initiation of uch project for the benefit of the farmers. 

In the ca e of AIR projects tbe tran action co t are high and returns are low. 
om of the e co t are al 0 to be met much before the approval of the project, whereas 

the return will b realized mucb later only after the issuance of Certification of 
Emi ion Reduction (CER). Many of the exi ting methodologies as such are not 
appli able in the Indian ituatioD , particularly in AIR and agriculture sectors. This is 
mainly becau e that th land holding in India are small fragmented and scattered. 
Mo t agricultural land in India i primarily for livelihood upport system and a few as a 
venture for commercial business. Hence any CDM methodology should take 
cognizan of such realitie and come up with the procedures that provide opportunities 
for additional re enue to mall fanner without irnpo ing any additional costs on them 
or adver ely impacting their liveliboods, including land use patterns. Non existence of 
u h a methodology to comply with the CDM mechanism and to support plantation 

activitie on mall and marginal farmer / common land could be one of the reasons 
for not materializing of the expected CDM projects in India with the involvement of 
comrnunitie . Preventing defore tation decrea jng logging and preventing the drainage 
of wet-land or peat land are orne of the noted practices that decrease emissions. In 
contr~t, gro~ing tree minimizing, or avoiding agricultural tillage, or changing 
croppmg practIce and re-e tablishing gra land sequester carbon. 
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Table: 2. Possible generic CDM intervention taken up in AlP Mavali grid area, 
Udaipur 

r. Kind of intervention Exi ting Potential CERs Remarks 
No units (nol area 

area, etc.) (ha) 
(in ha) 

(A) Tree based interventions (Agroforestry) 
Private land u ed for agri 20% of the total area planted 

1 horticulture (e.g. Citru 100 ha. 3900 ha. 6436 (mean annual bioma 
Sapota Guava pomegranate) production=5 t/ha) 
Private land u ed for 10% of the total area Planted at 

2 
commercial timber (e.g. teak 

50 ha. 3900 ha. 348 2 m di tance making 500 plants 
on the bunds/ border )- Agri- in aha: MABP =1.08 
Isilviculture kg/tree/year 
Private land u ed for 
' indu trial wood (e.g. 10% of the total area planted. 

3 Eucalyptu I Leucaena etc,) 50 ha. 3900 ha. 4017 IA verage annual dry matter 
and fuel wood in degraded production i 10.3 t/ha 
lands 

Tree planting on roadside (e.g. 100% of the potential area 
4 with eem) 5km 40km 92 IPlanted at pacing of 4 m' per 

yearbioma =2.7 kg! tree 

Tree planting along the canal 1 00% of the potential area 
5 ibanks, and water holding 3 km 20krn 46 planted at pacing of 4; per year 

Istructures etc .( e.g. Neem) biomass = 2.78 kg! Tree 
Tree planting on degraded 

100 % of the available area 
6 land including the gra slands 50 ha 7 10 ha. 8094 

\planted 
and JFM lands 

Subtotal (A) 19033 

(B) Energy based interventions 
En rgy efficient to e will 
reduce the erru ions to the 

7 Energy efficient tove 100 2500 5575 lextent of 2.23 tons of C02 I 

lYear. 

~' . 5 HP, 7hr Iday. 220 

500 450 
day lannum. U ing capacitor 

8 ICapacitor for agricultural u e 50 Isa e 35 % energy. Emi ion 
reduction 0.9 t C02 /capacitor) 

!All hou ehold on an a rage 
lusing 2 di on bulb of 60W 

5000 220 
for 6 hr/day. Bulb replac d in 

9 CFL 500 the clu t r 1 about 2000. 
Carbon redit for a h bulb 
lequals 0.11 t CO2 

200 100 
ISolar Lantern 3 W for 5 hr/day 

10 Solar lantern - Icredit 0.5 t CO2 

Subtotal (B) 6345 

Total (A+B) 25378 
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CONCLUSION: 
nlik th indu tr ,th emi i n redu tion in agriculture and AIR ctor at an 

individual faml Ie 1 ar quit mall and by thi limitation th mall hol~er are 
d pri\'ed of a e ing th b nefit from th arbon l11.ark t. Henc ,th. aggregatIon of a 

b r Of famler ba b com in itabl for pr panng a CDM proJect. However the num . f .. 
aggr gation of a larg number of mall. farm unjt . and mall quantIty 0 eml .slOn 
r duction at a h unit de pit of tb IT good eqUIty alu make th~ e proJ ec~ 
' om mer iall unviable for project developer . The proce of DM project cycle IS 

ai ' lenQtb and omplieat d, in 01 ing a large nwnber of organization and endies Iy 
debarab~ thorn fi ature like pro ing of the additionality etc. 

t pre ent. local rear h in titution ha e limited capa ity to acquire and ~un 
n wand emenrin a te hniqu and to und rtak mea urement for productIve 
under tandin a of a~bon que tration at th national and ub-national (regional) level 

loth re i ~n inadequa about the knowledge of carbon finance market and trading 
prolo 01 . bond th i ting CDM me hani m . Thu th re i a need to build the 
capacity of the re earcher to tudy the impact of climate change on carbon dynamic , 
arbon a ment proto 01 and carbon financ market, e pecially in view of carbon 

trading in the m rging market. The mall cale project on carbon finance through grid 
approach and oop rative oeietie can make an impact on tbeir livelihoods and 
amelioration of their mral environrn nt. 
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Carbon eque tration potential of Tectolla qrandi L . under agroforestry systems 
in Tamil Nadu 

ABSTRACT 

C. Buvaneswaran, R. Ve'umani and R.S.C. Jayaraj 

Fore In'. Land U:. and Chma! Chana Divi ion 
In fifl~l of For I G n Ii and Tree Breeding 

PB. 0.1061. R . . Puram 
Coimbalor - 641002 

Tamil adu 

Teclona arandi L. a long rotation pecie i cultivated a block p lantation in 
farmland of Ta~il adu. Under agrofore try the tree are grown in bund or in wide 
ro\ of m \" idth. Within row pacing nonnaHy arie from].5 to 2 m. In the present 
rudy, t ak plantation of age from to 1 ere amp led in farm field both under 

blo k planting t maw 11 a under bund planting or wide-row p lanting. The total 
numb r of plantation ampled wa 30. Mean tern wood biomass produced was 85.5 
MT ha" under blo k plantation with m an age of 13 year and it was 9.3 MT ha'l under 
boundary planting tern at mean ag of 11 year . Corre pondingly MAl of stem 
wood bioma produ tion wa 6.6 MT ha-' year" under block plantation and 0. 85 MT 
ha" year'l und r boundary planting. The total biornas accumulated wa 180 and 22.8 
IT ha" re pecti ly under block and boundary planting. With reference to litter 

accumulation, it varied from 250 to 900 g m'2 and amount to mean litter accumulation 
of .7 MT ha' l. Ho\! e er there wa no litter accumulation ob erved under boundary 
planting, a the litter produc d i ploughed in during field preparation for annual crops. 
The re ult on carbon eque tration potential (MT C ha- l ) of Tectono grandis 
plantation in Tamil adu re ealed that greater amount of total carbon in biomass was 
eque tered under block plantation by regi tering 90.1 MT C ha'l at an average age of 

I ar . The amount of carbon in bioma eque tered under boundary planting was 
") .3 MT ha' at an a erage age of 11 year. There was additional contribution from 
litter amounting to 2.9 MT C ha'l under block plantation. SOC was varying due to 
variou land management practices. Data al 0 revealed that in teak, thinning is a good 
practice for timber production but minimizes the total carbon sequestration potential of 
the tand. 

Keywords: Carbon eque tration potential Tectona grandis, Agroforestry systems 

[ TRODUCTJO 

The concentration of CO2 and other greenhou e gases (GRGs) in the 
atmo phere ha con id rably increased over the last century and i set to rise further. 
Carbon i accumulating in the atmo phere at a rate of 3.5 Pg (Pg = 10 J5 g or billion 
ton per annum the largest proportion of which i reSUlting from the burning of fossil 
fuel and the conversion of tropical forests to agricultural production (paustian et aZ., 
2000). The target of. reducing the level of CO2 could be achieved through two major 
proce e: (1) reducmg anthropogenic emissions of CO2; an (2) creating and/or 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujaratj 
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enhancing carbon inks in the biosphere. Tree in plantations and in agrofore try 
ystem play an important role as carbon inks. 

With reference to important plantation species in India, Casuarina Eucalyptu 
spp., Tectona grandis and Acacia pp. are the main specie having larger area under the 
plantations compared to other species. On a gloQal basis the total area under teak 
plantation extends to 2253 540 ha of which 44% is grown in India (Pandey and 
Brown 2000). Carbon dynamics in such plantation ecosystems i very relevant for 
issues related to global change, especially its relation to the greenhouse effect. Thi 
issue has heightened interest in estimating the biomass which in tum provide 
e timates of carbon pools. Consequently biomass represents the amount of carbon that 
can be added to the atmosphere as C02 when the forest/plantations are cleared and/or 
burned. Further, changes in the cover use and management of forest plantation 
produce sources and sinks of C02. To estimate the magnitude of these sources and 
sinks requires reliable estimate of the carbon contents in biomass of the 
forests/plantation (Brown, 1986). Further, the significance of agroforestry with regard 
to carbon sequestration and other CO2 mitigating effect is being widely recognized 
but there is still paucity of quantitative data on pecific systems. There are ound 
reasons to believe that agroforestry can contribute significantly to carbon eque tration. 
It is important that research attention is focused on this aspect of agroforestry y tem 
(Nair and Nair, 2002). The study on carbon seque tration gains importance in recent 
days also in the context of carbon credit sy terns as afforestation and reforestation were 
added as eligible activities under the Clean Development Mechani m of Kyoto protocol 
(Kant and Katwal, 2003). With this backdrop, the present study was conducted to 
assess the carbon sequestration potential of teak (Tectona grandis L.) under different 
ages, site conditions and management systems including agroforestry y tern in bund 
planting. 

MATERIALS AND METHODS 
Teak plantations were perambulated across the state in diver e growing condition 

depicting a range of soil types and rainfall pattern and plantation of age from 5 to 1 
were sampled in farm fields. In the present study block plantation with different 
management regimes as well as in bund planting wa compared. In the elected 
plantations, sample plots were laid out and girth of aU the tree in the ample plot were 
measured. The mean trees in each plantations were felled for bioma and carbon pool 
estimation. 

The sample trees were cut at the ground Ie el with the help of a bow aw and total 
height was recorded. All the branches and twig were remo ed from the main t~m . 
Leaves were also separated from the twig . Green weight of main tern branche , twlg 
and needles were recorded eparately in the field. Repre entati e ample from each 
component were taken and fresh weight of sample of all the omponent ~a 
measured in the field itself. The ample were tran ported to laboratory for dry weight 
e tirnation and carbon analy is. The main bole wa cut into billet to. make. n:ore 

accurate estimation of dry matter production in tern by minimizing the axIal anahon 
in stem from stump to canopy height. A 5 cm thi k di c wa taken frOID. the ut nd ?f 
each billet. The bark and wood of th di c w r eparated and fresh weIght r corded ill 
the field. All the di c and bark were packed in paper bag and taken to laboratory for 
dry weight e timation and carbon analy i . All the amples were brought to th 
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n ..I··I·ed at 60° till on tant eight i r orded. Dry weight of 
laborator and w . h f h 

al ulat d n th ba i of fr h and dry welg tot different mpon nt \ a d' 
. ample. DI \ eiO'ht of wood and bark of each bill twa timate u mg 

repre ntadll. b'k ho oft 0 u~ce i e eli . Th dry wight of ach bjllet wa added m an wo . al rall . 
eparat I t obtain th dry ight f bark and wood of the .mam bole.. . 

In all the plantati n tudi d for arbon equ. tratlOn compo. lte 011. ample 
w r olle t d up to 0 ill d pth for timation of II. carbon. The ~11 organIC carbon 
, nt nt in th 0._ mm ie ed oil ampl a tLmated followmg Walkley and 
Bla k' w to idati n m thod Ja k on, 1962). 

oil ampl er anal zeq ~or bul~ d n ity orgaJ~ic carbOl~ ~d texture. Soi~ 
0' . arbon t ck Qi (M 0' m '-) 111 a 011 layer or amphng Ie el 1 WIth a depth of EI 

r o a111 0 1 ., (M . ') d th 
(m) d pend on the arbon content . i .g C g' ), bulk den l~ DI g m an on e 
volum fra tion of oar element GI g:J n th fOffimia (Batj 1996). 

Wher. 

Qi = Ci Di Ei (1- Gi) 

Qi - oil organic carbon tock (Mg m'2) 
Ei - D pth (m) 
Ci - Carbon content (g C g'l) 
Di - Bulk Den ity (Mg m'3) 
Gi - Coar e fragment . 

RESUL T AND DISCUSSIONS 

Dry matter production: Out of 30 plantations ampled for carbon sequestration 
tudie . 10 were block plantation with an e pacement of 2 x 2 m except one plantation 

wi th 2 x 4 m pacing. Remaining 20 plantation were rai ed as boundary planting in the 
fa nnland in ingle row with 2 m spacing between tree within the row excepting one 
where th pacing betw en tree was 4 m. The age of sampled plantations ranged from 

to I yea s under block plantation and from 5 to 18 years under boundary planting. 
Mean tern \, od bioma produced wa 5.5 MT ha'l under block plantation with 
mean ag of I year and it was 9.3 MT ha'i under boundary planting system at mean 
ag of 11 year . Corre pondingly MAl of tern wood biomass production was 6.6 MT 
ha'l yea(1 under block plantation and 0.85 MT ha'i year" under boundary planting. 
Total bioma accumulated wa 180 and 22.8 MT ha' l respectively under block and 
boundary planting Tabl 1 and 2). With reference to litter accumulation, it varied from 
2 0 to 900 g m '2 and amounts to mean litter accumulation of 5.75 MT ha'1. However 
there was no litter accumulation observed under boundary planting, as the litter 
produced is ploughed in during field preparation for annual crops. 

Plantation number PI. 0.2 and 3 are the adjoining plots, PI. No.2 has spacing of 
22m without thinning operation and PI. No. 3 has 2 x 4 m with one mechanical 
thinning done at 10 year age. After 5 years of thinning operation, there was greater 
difference in total dry matter production as well a stem wood production in these two 
plots. Total dry matter produced wa 183 MT ha'i in un-thinned plot and it was 136.0 
MT ha'i in thinned plot. Total tern production was also higher in un-thinned plot 
(100.1 MT ha'l ) than in thinned plot (69 MT ha'I). However on per tree basis, greater 
amount of dry matter accumulated in tern wood (55.2 kg per tree) in thinned plot, 
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when compared to that of in un-thinned plot (40.0 kg per tree) . Tn term of commercial 
olume it was 0.104 m3 per tree (3.67 cft per tree) in thinned plot and 0.051 m3 per tree 

(1.81 cft per tree) in un-thinned plot, illustrating the benefits of thinning. 

Table 1: Dry matter production (MT ha- t
) of djfferent biomass components of 

Tectona grandis in block plantation in farmland of Tamil Nadu 

PI. Planting Tree Age Leaf Branch Stem Bark AGB BGB 
No. configuration den ity (year) 

per ha 

1. 1736 8 3.9 13.9 72.1 11.6 101 .6 20.3 -
2. 2500 15 3.7 32.9 100.1 16.5 153. 1 30.6 
3. 1250 15 3.9 29.9 69.0 10.6 113.3 22.7 
4. 2500 12 9.8 30.8 30.2 9.9 80.7 16.1 

I---
5. Block 2500 18 10.1 166.2 311.3 33 .8 521.4 104.3 -
6. plantation 2500 13 9.6 29.1 30.2 9.9 78 .8 15 .8 -
7. 2500 13 6.2 33.2 52.0 11 .5 103.0 20.6 
8. 2500 12 13 .5 48 .2 48.1 8.2 118.1 23 .6 
9. 2500 11 12.3 34.6 72.4 12.1 131.4 26.3 -
10. 2500 10 2.5 15.8 69.4 12.7 100.4 20.1 

Mean 2299 13 7.6 43.5 85.5 13.7 150.2 30.0 

Mean stem wood biomas produced was 85.5 MT ba-I under block plantation 
with mean age of 13 years and it amounted to 9.3 MT ha-I under boundary planting 
system at mean age of 11 years, which on an average accounts for 57% of AGB. Mean 
annual productivity (MT ha-I yea{l) of total and stem wood bioma for four important 
tree pecies is presented in Fig 1 for comparison. 

20 • Total biomass _ Stem wood 

15 

10 

5 

o 

Fig 1: Mean annual dry matter producti ity (MT ha-I year-I of total and tern wood 
bioma s of the four important tree pecie ompared ( ource: Bu ane waran 2011) 
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Table 2- Dry matter production (MT ha-1
) of different biomass c~mpon nts of 

- Te~tol1a grandi in boundary planting in farmlands of Tamil Nadu 

PI. Planting Tree Age Leaf Branch Stem Bark AGB BGB 

o. cOllfigUl'ntion den ity ( ear) 
~er lin 

1. 200 5 0.1 0.8 1.4 0-2 2.5 0.5 
r--:-- 200 14 0.6 2. 1 4.3 0.9 7.9 1.6 _. 
r-- 200 ]0 0.9 3.1 2.8 0.6 7.5 1.5 

4. _00 12 1.2 3 .~ 5.5 1.0 11.4 2.3 
t--- 200 12 1.3 1.5 4.6 0.8 13 1.7 

~ 200 ]3 0.5 2.5 3.1 1.9 8.0 1.6 
r---=-- 200 8 0.6 2.3 9.3 4.7 16.9 3.4 
<--

200 12 1.4 181 10.9 1.8 32.5 6.5 
~ 200 ]2 0.7 7.8 9.4 21 20.7 4.1 9. 
r----

Boundary 200 11 0.3 1.6 5.7 1.2 1·7 1.7 10. 
t--

plantinu 200 10 0.5 0.9 2.6 1.5 5.5 1.1 II. 
t---

200 14 1.1 7.6 5.5 1.9 16.0 3.2 1_. 
'--

I" . 200 15 1.9 6.1 4.9 1.8 14.7 2.9 
t---

200 12 0.5 1.5 5.5 1.9 9.3 1.9 J 4. 
j----

J 5. 100 5 0.1 0.3 1.4 0.5 2.4 0.5 
j----

16. 200 9 1.4 7.3 7.4 4.3 20.3 4.1 
r--

200 12 3.9 13.4 86.1 50.4 153.8 30.8 ] . 
<--

1 200 18 0.8 5.8 11.1 2.5 20.2 4.0 -
19. 200 12 1.1 4.5 0.8 0.3 6.7 1.3 

r----
_0. 200 7 0.2 1.3 3.9 0.9 6.3 1.3 

Mean 195 11 0.9 4.6 9.3 4.1 19.0 3.8 

Carbon sequestration potential (MT C ha -I) in plantations of Teak 

The re ult on carbon eque tration potential (MT C ha-J
) of Tectona grandis 

plantation in Tamil adu are presented in Table 3. The plantations fall in two 
categorie namely i) block plantation and ii) boundary planting both in farmlands with 
upporti e irrigation. Greater amount of total carbon in bioma s wa sequestered under 

block plantation by regi tering 90.1 MT C ha-J at an average age of 13 years. The 
amount of carbon in bioma equestered under boundary planting was 33.3 MT C ha-J 

at an average age of 11 year . There was additional contribution from litter amounting 
to 2.9 MT C ha-

I 
under block plantation. SOC was varying due to various land 

management practice . 
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Table 3: Carbon sequestration potential (MT C ha-1) of Tectona grandis 
plantations in Tamil Nadu 

Carbon Pool Block plantation Boundary planting 

Above ground 75.1 ± 20.9 9.5 ± 3.6 

Below ground 15.0 ± 4.2 1.9 ± 0.75 

Litter 2.9 ± 1.6 i 1 

SOC 16.4±2.1 21.9 ±4.0 
Total Carbon 109.4 33.3 

The CO2 absorption rate is directly proportional to the growth rate. Mo t 
researchers estimate carbon torage by assuming the carbon content of dry biomass to 
the con tant 50 per cent by weight Brown (1986)' Montagini and Porras 1998)' Jha et 
al. (2003)' Singh et al. (2006); and Chauhan et al. (2009). This method was followed in 
the present study as well to estimate carbon stock value in bioma s component . 

Different research worker reported carbon stock in different eco ystern and 
plantations which ranged from 31.07 MT C ha-l (Dadbwal and ayak 1993) to 61.06 
MT C ha-1 (Chhabra et al., 2002). A 10-year-old Poplar plantation in China 
equestered 72 MT C ha-I at the density of 1111 stern ha-1 (Fang et al. 2007). Similar 

result wa reported for 8-year-old Populu de Ito ide plantations in Tarai central 
Himalaya by Singh and Lodbiyal (2009). Mean above ground tree biomas carbon for 
Shorea robusta Albizzia lebbecl~ Tectona grandis and Artocarpu integrifolia were 
estimated to 5.22, 6.26, 7.97 and 7.28 MT C ha- I respectively at 6 year age lana et al. 
2009). To conclude, in teak, a observed in the present study a) while comparing block 
plantation and boundary planting greater amount of total carbon in bioma wa 
sequestered under block plantation than under boundary planting- b) when thinned and 
un-thinned blocks of a plantation were compared total tern production was also higher 
in un-thinned blocks than in thinned plot. However on per tree ba i greater amount of 
dry matter accumulated in tern wood in thinned block when compared to that of in un
thinned block suggesting that thinning i a good practice for timber production, but 
minimizes the total carbon sequestration potential of the tand. 
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Role of Agroforestry Systems in Climate Change 

D.B. Jadeja, Jayesh Pathak, Bhagiratbsingh Meena, M.B. Tandel and 
M. R. Parmar 

ABSTRACT 

Department of Silviculture and Agroforestry 
ASPEE college of Horticulture and Forestry 

Navsari Agricultural University 
Navsari 396450 

Agroforestry system can be better climate change mitigation option than ocean 
and other terrestrial option because of the secondary environmental benefits such as 
food ecurity and secured land tenure increa ing farm income re toring and 
maintaining above ground biodiversity ,watershed bydrology and oil conservation. 
Approximately 1.2 billion people (24% of the wor1d population) depend directly on 
agroforestry products and services in rural and urban areas of developing countrie 
(Leakey and Sanchez 1997). Indian National Forest Policy (1988) empha ize that at 
lea t 33% of total geographical area should be under forests. But India designated 
forest land constitutes over 23.41 % of total land area of the country. Defore tation 0 er 
the period 1980-1990 reached 8.2% of total forest area in Asia 6.1 % in Latin America 
and 4.8% in Africa. In India loss of nearly 4.5 million ha ince 1950 mainly for 
agriculture and diversion for development projects (anonymou 2006a). Hence 
agroforestry will be playing a key role to enhance the green cover a well a MAD 
(Mitigation Adaptation and Development) challenges. 

INTRODUCTION: 
• Rising levels of greenhouse gase are already changing the climate. According 

to the Intergovernmental Panel on Climate Change (IPCC Working Group r 
(WGn Fourth Assessment Report from 1850 to 2005 the average global 
temperature increa ed by about 0.76°C and global mean sea level rise by 12 to 
22 cm during the last century. These change are affecting the entire world 
from low-lying islands in the tropics to the va t Polar region IPCC-2007 

• Climate change predictions are not encouraging· according to the IPCC WGr 
Fourth Assessment Report a further increase in temperatures of 1.4°C to 
S.8°C by 2100 is projected. 

• C02 plays a leading role. It contribute to 50% of total green hou e ffe t. In 
1988 an e timated 6 Giga tonne of CO _ wa relea ed into th atmo phere from 
anthropogenic source and tropical defore tation. 

• About two-thirds of the global terre trial carbon e lu ive of that eque tered 
in rocks and sediment i sequestered in tb tanding fore ts. Thi include fore t 

under storey plant leaf and for st debri and fore t oil. There are . orne non 
natural tock in form of long lived wood produ t wa te dump. Till fi rm of 
carbon tock i gaining importance with increa ed global timber har e t and 
manufactured wood products over the pa t era! decad . 
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d in a nwnber of The probl m of in r a ing atm ph rio 0 _. an b addr 
\ a , gr for try i on of th pot nbal optlOn . 

gr fore tr ha b en defined in ario~ way. ~he World Agrofore try Centre 
(\\'\\'w.icraf. giar.org) defin it a "a dynaml , cologlcally ba d natural r ?UfCe 

t t In that throuab th inteo-ration of tree on farm and m the manag men '0 0 . ... . d . 1 
. I I I d ap dI· r l·fi and u tam productIOn for mcrea e OCla aoncu rura an , .. .c: 

o . and n ir nm ntal b n fi for land u er at all Ie el . 'Th A OClatIOn lor onom! . . 1 d 
T t O.c:ore tr FTA (wwwaftawbo[adfineitaanmtenlvean-empera gr II .. /:) . .. . 

0- nt t m that optimize th benefit from the bIOlogl al mteractIon cr ated 
lTIanaoem .. d/ 1· k ' 
when tr e and/or hrub ar delib rately combmed Wlth crop an or Ivestoc . 

ev ral other d finition are at 0 a ailable air 1993). In e ence they all refer to the 
practi of til purpo fu1 growing of tree ru:d rop.' and/or animals in interacting 
combination. for a an ty of ben fit and ervlce arr et al. 2008 2009a). 

Role of Agroforestry in adapting and Mitigation to climate change 

1. Agrofor tr 
2. grofore try 
3. grofore tr 

water. 

playa critical rol in moderating the microclimate. 
are highly effective in oil and water con ervation. 
ha e the capacity to enhance the u e efficiency of rain 

4. Agrofore tr y tern provide economi ally viable and environmentally friendly 
mean to improve oil fertility. 
Agrofor try y tern ha the potential to limit carbon emissions and sequester 
arbon. 

6. Agrofore tr y terns offi r a major pathway for ustainab1e diver ification of 
agri ultural y tern and income . 

Agroforestry Systems as Carbon Sinks 
Agr fore tr for carbon equestration i attractive because : (i) it sequesters 

carbon in vegetation and in oil depending on the pre-conversion oil C, (ii) the more 
inten i e u e of the land for agricultural production reduces the need for slash-and-burn 
or hifting culti ation (iii) the wood product produced under agroforestry serve as 
ub titute for imilar products unsustainably harvested from the natural forest, (iv) to 

the xtent that agrofore try increa es the income of farmers it reduces the incentive for 
furtb retraction from tbe natural forest for income augmentation and finally, (v) 
agrofore try practice may have dual mitigation benefits as fodder species with high 
nuh·jtive alue can belp to intensify diet of methane-producing ruminants while they 
can al 0 eque ter carbon. 

tanding Bioma 

Plants fix atmo pberic carbon in cell tissues as they grow thereby transforming 
carbon from the atmo phere to the biotic y tern. A a matter of fact drawing CO2 out 
of the air and eque tering it into biomass is the only known practical way to remove 
larg~ volume. of thi green hou e ga form the atmosphere. Yadava (2011) reported 
maxlmum blOma carbon stocked in sy tern Populous deltoids + wheat block 
plantation (31. 6 tha-

1
) and minimum was found in ystem Populous deltoid + lemon 
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gras block plantation (30.97 tha-I
): He al 0 ob erved the maximum 2 mitigation in 

th~ . arne . y tern Populou deltold + Wheat block plantation (116.92 tha-I and 
m.InlmUm In y t~rn Populou deltoid + Lemon gras block plantation (1l3.15 tha-I ). 

BlOma productlOn and carbon seque tration by tree component wa maximum 
recorded in the Populou deltoid (2.06 tha-I

) of Populou deltoid + Wheat block 
plantation y tern and (1.96 tba-I

) in ystem Populou deltoid + Lemon gra block 
plantation (Table 1). 

Table- 1. Biomass carbon stock (tha-l) under different agroforestry y tern 

Above ground tree bioma Total 

carbon stock (tba 
- 1) abo e 

ground 0 
eQ 

.c 

'" tree ... .... 0 -c bioma 
0 = '" ~ 

c: .c .... 
'" .c 0 

S S .c - 1) ... .... - 0 .... (oJ ... (tha - 10. 
~ e '" .... = c .... ~ Q. '" ~ 

'" ~ ~ = = t:: 0 ~ (oJ 
>. ~ ..... ... ~ ;J U :.. 

~ 00 r'-J = ,.J e" 

0 

~ 
.c ... 
'-' 

c;: ... 
0 .... 
"0 

= c; 
:.. 
e" 

Populou deltoids + wheat S 21.38 0.92 
I 

0.73 0.20 23.23 2. 0 - 5.83 31. 6 
block plantation 

Eucalyptus hybrid + wheat S 3.65 0.06 0.03 0.02 3.76 2.71 - 0.71 7.1 
boundary plantation 

2 

Populou deltoid + wheat S 5.19 0.17 0.13 0.14 5.63 2.92 - 1.3 9.93 
boundary plantation 

3 

Populou deltoids + lemon S 20.63 0.68 0.53 0.20 22.04 - 3.45 504 30.97 
grass block plantation 

4 

Dalbergia I 00 + wheat S 10.76 l.82 O. 7 0.06 13.51 2. 3 - 2. 0 
block plantation 

5 

Dalbergia issoo + lemon S 10.76 1.79 O. 3 0.06 13.42 - 3.38 2.82 
grass block plantation 

6 

*Source Yadava (2011) 

A summary of aboveground CS rat in orne major AFS around the world 
(Table 2) presented by Nair et al. (2009a) how that the e timate of C Pin AF are 
highly variable ranging from 0.29 to 15.21 Mg ha_l yr_ l. A can be expect d, tbe e 
values are a direct manife tation of the cologlcal production potential of tb y t m 
depending on a number of factor including ite characteri tic land-u typ pecie 
involved stand age and management practice . Mor 0 er bioma production- ba d 
upon which these data eem to ha been derived- may not repre nt th UNFC C
stipulated measure of CS secure torage in long-Ii ed pool ). otwith tanding th 
above limitation in general AFS on the arid erniarid and degr d d ite ba a 
lower CSP than tho e on fertile humid it . and th t rnperate AFS ha 
relatively lower CSP compared with tropi al y tern . 

19.14 

19.62 
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R t d values of carbon sequestration in the vegetation (aboveground) of 
Table 2 epor e t 

some agroforestry s vs ems 
Mean 

groforestrylla nd-u e ge ( '~.') vegetation C References 
• I) Y tem and location (Mgha~ YI'-

Fodder bank, Segou, 
ali. \ e t fri an 

Takimoto el al. 
abel (Gliricidia epilllll (Ja q.) 7.5 0.29 (2008a) 

Kunth ex Walp .. Pterocarpli 
Illcell Willd. and P. erina ell 

Poir.} 
Tree-ba ed intercroppino , 

Canada: hybrid poplar + barle 13 O. 3 Peichl et 01. (2005) 

(Hordeum nt/gore L.) 
Takimoto el ai. Parkland, Segou, Mali, 35 1.09 (2008a,b) 

We~t A frican ~hel 

Agrofore 1, We temOregon, 
1.11 

Sharrow and 
[P elldol uga mel1=ie ii (Mirb) \I I mail (2004) 
Fran 0 + Trifolium IIbterraneum L.] 

AorisiJviculture, 1.26 
Swamy and Puri 

'" Chhatti garh. C ntral Indja 
5 (2004) 

ISilvopa ture, Kerala, India 5 6.55 
Kumar ef 01. 

(1998a,1998b) 

23 .2 4.29 
Kirby and Potvin 

Home and outfield garden (2007) 

I Shaded coffee, outhwe tern Togo 13 6.31 Do sa ef 01. (2007) 

8.00 
Ro hetko et 01. 

Indone ian homegarden , umatra 13 .4 
(2002) 

Cacao (Theobroma cacao L.) 
26 5.85 

Duguma ef 01. 

~ofor~ts. Mekoe, Cameroon (2001) 

Ca ao agrofore t • Turrialba, o ta llica 5 10.34 Beer et al. (1990) 

Cacao agroforests, 10 11 .08 Beer et 01. D 990) 
Turrialba, Co ta Ri a Woodlots Puerto 

4 12.04 Parrotta (1999) Rico 

Source Adapted from r.; DJf e / a 1. (~009a I. COp)nghl \viley IntcrSc .... cc 

SOME STUDIES AT NA VSARI AGRICULTURAL UNIVERSITY 
At av an agricultural University Carbon sequestration potential and 

Stand level Carbon Sequestration of different species of trees has been studied. The 
re ult of bioma accumulation throw light on carbon (C) sequestration potential 
among different pecies. Considering 50% of biomass on dry weight basis as a fair 
e timate of elemental carbon content, the mean tree C sequestration potential of Albizia 
procera wa found to be maximum (169.58) which was at par with Casuriana 
equisetifolia (165.94) followed by Eucalyptus tereticornis (l02.l1kg). The least carbon 
eque tration wa recorded in Gmelina arborea (17.18Kg) (Table 10). Out of the 

169.58Kg carbon sequestration in Albizia pro cera 134.32,29.33,3.13 2.80 Kg carbon 
was sequestrated by tern, branch twig and leaves respectively. In case of Casuriana 
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equisetifolia the contribution accounts to 126.93 27.84, 6.18 4.99 Kg respectively. 
Eucalyptu tereticornis sequestered 78.21, 17.49, 4.47 1.93 Kg in its stem, branch, 
twig and leave respectively while the carbon sequestration in various components of 
Gmelina arborea was 11.27, 4.41 1.22, 0.29 Kg respectively. (Table 3). Carbon 
sequestration on stand basis also was consistent with that of mean tree carbon 
sequestration. It showed considerable variation, which ranged from 189.93 Mglha in 
Albizia procera to 19.25 Mglha in Gmelina arborea. Albizia procera stored maximum 
carbon (189.93 Mg/ha) which was at par with Casuriana equisetifolia (185.85 Mglha) 
closely followed by Eucalyptus tereticomis (114.36 Mglha). (Table 4) 

Table 3: Mean tree carbon sequestration potential of MPTs at Instruction farm, 
NAU 

S~ecies Stem~) Per tree (Kg) 
Albizia procera 134.317 169.577 
Casuriana e!luiseti/olia 126.931 165.939 
EucalJpJus tereticornis 78.214 102.112 
Gmelina arborea 11.269 17.l84 

*Sreedevi (2010) 

Table 4: Stand level Carbon sequestration potential of 20 year old MPTs at 
Instructional farm, NAU 

Species Stem (Mg/ha) Per ba (Mg/ha) 
Albizia procera 150.43 189.928 
Casuriana equiseti/olia 142.27 185.852 
Eucalyptus tereticornis 87.60 114.363 
Gmelina arborea 12.62 19.246 . *SreedeVi (2010) 

Soil Carbon 
• Introducing trees in Agricultural fann may be u eful technique to increa e the 

soil carbon status because the presence of trees. 
• Various interacting factor which influences carbon tock in the oil under 

agroforestry are addition of:-
a). Litter 
b). Maintenance of higher soil moisture content 
c). Reduced surface soil temperature 
d). Proliferated root system. 
e). Enhanced biological activities. 
t). Decreased risk of soil erosion. 

• In this system tree specie are widely accepted by falmer which have minimum 
interaction with agriculture crops. . . . 

• Cultivation of fast growing tree with arable crop under . agn- 11~lc~lture 
systems help in improving S.O.C. and equestering carbon partIcularly ill highly 

degraded barren lands . 
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• Th literature on oil carb n eque tration (SC ) potential of AFS i canty 
although rath r plentiful report are a ailabl on the pot ntial rol of 
agricultura l oil to eque ter C. R i wing the availabl information on SCS in 
AF world ide ummarized in Table 3 Nair t a1. (2009a) reported that the 

timate ari d gr atly a ro y tern ecological region and oil types. The 
tud re aled a g n ral tr nd of in rea iog CS in agrofore try compared to 

other land-u e pra ti (with th e ception of fore t ). o vera 11 , the land-u e 
re rank d in t rm of th ir 0° content in the order: fore ts > 

agrofore t > tree plantation > arabI rop. [Agrofore t are complex 
multi trata tern imiJar to homegarden in tru tural comple ity but larger 

air et a1. 2009a.J The author noted that the estimated value of SCS 
aried greatly and were a refl ction of everal factors including 

biophy i al and 0 ioeconomie haracteri tics of th ystem parameters as well 
a th la k ofunifonnity in rudy pro dmes.(Table 7) 

• Kamal Da and Itnal el al. (1995) at Central Soil Salinity Research Institute 
tudied the OC content after i year of plantation with different land u e 
y tern at differ nt depth of oil i.e ' 15 em and 30 em and found that 

agrofore try practice tore more SOC in oil a compared to sole cropping. 
(Table ) 

• imilarly Liyanage and D anayaka (1993) tudied the effect of mixed cropping 
on oil organic carbon at 15 em depth and found that mixed fanning system has 
more OC than mixed cropping compared to mixed cropping and monoculture 
y tern. (Table 6). 

Table 5: SOC contents after six years of plantation with different land use-systems 

Land used systems Organic carbon 
(g kg -1) in 

0.15crn O.30cm 
Sole cropping 4.2 3.9 
Agro forestry 7.1 7.2 
Agri-horticulture 7.3 7.3 
Agri - il viculture 3.8 4.7 

Central Soil Salinity Research Institute, Kamal Das and Itnal et al., (1995) 
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Table 6: Effect of mixed cropping on soil organic carbon in 0-15 cm depth 

Copping system Soil organic C 
-1 

(2 ke ) 
Mixed cropping system . 

8.6 
Coconut only 14.2 
Coconut + Cocoa 13.6 
Coconut + Coffee 12.7 
Coconut + Pepper 12.0 
Coconut + Clone 14.6 
Coconut + Cinmamon 
B) Mixed fanning system 16.3 
C) Monoculture system 6.6 

Table 7: orne reported value of soil organic carbon ( oq stock in agroforestry sy tern 

Agroforestry system/species Location Age Soil depth Soil C References 
(vear) [(em) (M2 ha-I

) 

Mixed stands, Puerto Rico 4 0-40 61.9 56.6, Parrotta (1999) 
Eucalyptus + Casuarina (Q and 61.7 
C + Leucaena (L), 
Eucalyptus + L 

Agroforest [Pseudotsuga menziesii Western II 0-45 95.89 Sbarrowand 
(Mirb) Franco + Trifolium Oregon, Ismail 
subterraneum L.] USA (2004) 

Agrisilviculture (Gmelina arborea Chbattisgarh 5 0-60 27.4 Swamyand 
Roxb. + eight field crops) Central India POO 

(2005) 

Tree-based intercropping: hybrid Ontario 13 0-20 78.5 Peichl et at. 
poplar + barley Canada (2005) 

Silvopastoral sy tem: Acacia Pocora, 10-16 0-100 173 Amezquita et 
mangium WiUd. + Arachis Atlantic 0/. 
pintof coast Costa (2005) 
Krapov. & W. C. Gregg Rica 

AlLey cropping Leucaena- 4 m wide Western 5 0-10 13.6 Lai (2005) 

Rows Nigeria 

Alley cropping: hybrid Southern 13 0-40 125 OelberQlann et 

poplar + wheat, oybean and Canada 01.(2006) 

maize rotation 
Alley cropping system: Erythrfna Costa Rica 19 0-40 162 Oelbermann et 

poeppigfana (Walp.) O. F. 01.(2006) 

Cook + maize and bean 
(Phaseolus vulgaris L.) 

Gliricidia sepium + maize Zomba, Malawi 10 0-200 123 Makumba et 
01. (2007) 

Agroforest (home and outfield Ipeti-Embera 0-40 45.0 Kirby and 

I Kardens) Panama Potvin(2007) 

Shaded coffee, Co/lea robu 10 L. Soutbwe tern 13 0-40 97.27 Do a et al. 

Linden + Albizia pp. Togo (200 ) 

Sivopa lure: lash pine (Pinu Florida, USA 8-40 0-125 6.9-24.2 Haile et al. 

elliotlii Engelm.) + bahiagra s (200 ) 

(Pa palum notalum Fliigge) 
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226 . 

0-100 33 .3 Takimolo e l 
Segou Mali 35 

Faidherbia albida (Delile) A. a/. 

C!1I?1'. Parklalld 
(2008a) 

Segou, Mali 8 0-100 24 Takimoto e f 

Lil'e fe li ce (Acacia l1 ilori a (L. ) 01. 

Willd . Acacia en ga l (L.) (200 a) 

Willtl .. 8 0uhinia mle cell L .. 

Loll' o l1 ia inermi L .. Gnd 

Zi::ip1111 lIIouririall a Lam.) Takimoto e f 
Segou Mali 6-9 0-100 33.4 

Fodder hank 01. 

r ee Table _ lor p cie Ii I) (2008a) 

HO /ll egardell 
K rala, India r + 0-100 101-1 26 Saha el 01. 

(2009) 

Dehesa sl's rem Centra l Spain 30+ 0-100 27-50 Howlett (2009) 

/Shaded ca ao .r [em Bahia. Braz il 30 0-100 302 Gama-
Pyodrigues e l 

af. (20101 

Carbon storage under agroforestry systems . ' . 
Rai el af. (2001 regi ter d maximum total C torag m A. mlotlea + 

e tabli hed pa {lire (19.7 t Clba) ba ed Silvi-pa toral sy t m (age 5 year) which has 
rna imurn fo11O\ ed b D. i 00 + e labli hed pa lure (17 .2 t C/ha) and H. binata + 
e tabli hed pa lllre 17.0 t /ha).(Tabl - 8) 

Kaur et al. (2002) tat d that total C storage maXimum 
AcacialDalberf!ialPro opi + De mo laeya (6.8-1 .5 t e /ha) ba ed Silvi-pastoral 
y tern (age 6 year which followed by AcacialDalbergialPro opi + Sporobolus (1.5-

12.3 t Clba). (Table - 9) 
ingh and Dhaliwal (2005) recorded maximum total C storage Embliea 

officinali Tigna radiata (1 2.7-13 .0 t C/ha) ba ed Agri- ilvicultural system (age 8 
ear ) a compare to Hardwickia binata + Vigna radiata (8.6- 8.8 t Clba) and 

Colopho pennum mopane + Vigna radiata (4.7- 5.3 t C/ha). (Table - 10) 
nonymou (2006) analysised the total C storage under three agroforestry 

y t m and found that Sil i-pa toral ystem obtained the highest (2.17 t Clba) total c 
torage which wa followed by Agri-horti-pa toral (1.15 t C/ha) and Horti-pastoral (1.08 

t elba) y tern. (Table - 11 ) 
Dbayni ef af. 2009) ob erved potential C storage for Agroforestry systems in 

different eco-region of the world and stated that highest C was recorded in Silvi
pa tural System 133-154 (Mg C/ha ) as compare to Agri-silvicultural System 112-128 
Mg /ha). (Table - 12) 

Table 8: Total C storage under agroforestry systems 

Agroforestry system and components 

Acacia nilotiea + natural pasture 

A. nilotica + e tablished pasture 

Total C storage 
(t C/ha) 

9.5-17.0 

19.7 
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DaLbergia sis 00 + natural pasture 12.4 

D. issoo + established pasture 17.2 

Hardwickia binata + natural pasture 16.2 

H. binata + established pasture 17.0 

Rai et a l. (2001) 

Table 9: Total C storage under agroforestry systems 

Agroforestry system and components Total C sto 
(t elba) 

rage 

Silvipastoral system (age 6 years) 

Acacia/DalbergialProsopis + Desmostacya 6.8-18. 5 

AcacialDalbergialProsopis + Sporobolus l.5-12. 3 

Kaur eta L. (1992) 

Table 10: Total C storage under agroforestry systems 

Agroforestry system and components Total C stora ge 
(t elba) 

Agri-silvicultural system (age 8 years) 

Emblica officinalis + Vigna radiate 12.7-13.0 

Hardwickia binata + Vigna radiate 8.6- 8.8 

Colophospermum mopane + Vigna radiate 4.7- 5.3 

Smgb (2005) 

Table 11: Total C storage under agroforestry systems 

Agroforestry system and Total C storage 
components (t elba) 

Silvi-pastoral system 2.17 

Agri-horti-pastoral l.15 

Horti -pastoral 1.08 

Anonymous(2006) 
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TABLE 12: Potential C torage for Agroforestry sy terns in different eeo-regions 
of the wodd 

COUNTRY Eco region ystem MgC/ha 

Humid tropic high 
I 

~ 
29-53 fri a 

Humid tropi low 39-102 uth Alneri a 
E--< 

Dry 10 land S~ 39-195 

~~ Humid tropi al 112-128 outh East ia ~dr/.l o :>-< 
DIY low land 

<Cr/.lr/.l 68-81 

u tralia Humid tropic low 28-51 

orth Allleri a Humid tropic high 133-154 
,..::j 

Humid tropic low ~~ 104-198 
,~~ 

Dry low land -E-<E-< 90-175 >r/.lr/.l 

d<c>-
1 orthem la Humid tropical low r/.lo..r/.l 15-18 

Dhyani et aL (2009) 

FARlVl FORE TRY 
• It in olv the growth and management of trees on private farm land for the 

purpo e of upply of wood and non-wood products provides a balanced mix of 
conomic, cial and n ironmental outcomes. 

• Of tb 80% pot ntial that the tropic po ess to con erve and sequester carbon, 
fore tation and agro fore try/farm fore try account for 50%. 

• Farm forestry compare favorably to reforestation or afforestation activities not 
onl in term of utilizing ubstantlal amount of atmospheric carbon but costs. 

• Unlike traditional carbon seque tration techniques farm forestry has the 
potential of being presented by policy maker as a primary instrument for 
people' welfare and indu trial growth. 

ingh ef al; (2000) at TERl ew Delhi tudied the total carbon sequestrated under 
farm fore try in UP during the period 1979-94 and found that Farm Forestry 
practice in eque tering of carbon at tremendous amount. (Table 13) 
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Table 13:Total carbon sequestered under farm Forestry in UP during the period 
1979-94 

Year Number Numbers Trees Volume of Quantity of 
of tress of trees @ converted wood carbon 
planted 80% to ba. @ produced sequestered 

(in survival lS00/ba per ba/year 0.5 
Million) (in (m3) tonnes per 

million) M3 of wood 
(in tonnes) 

1979-80 16.3 13.04 8693 
1980-81 66.7 53.36 35773 53889 26949 
1981-82 146.8 117.44 78293 141904 70952 
1982-83 254.0 203.20 135467 302064 151032 
1983-84 252.3 201.84 134560 812859 406429.3 
1984-85 355.0 284.00 189333 1701531 850765.3 
1985-86 151.5 121.20 80800 2685872 1342936 
1986-87 144.8 115.84 77227 4023888 2011944 
1987-88 136.8 109.44 72960 4525920 2262960 
1988-89 142.2 113.76 75840 4832432 2416216 
1989-90 110.3 88.24 58827 4726923 2363461 
1990-91 62.6 50.08 33387 4627520 2313760 
1991-92 32.2 25.76 17173 4280773 2140387 
1992-93 18.4 14.72 9813 3780784 1890392 
1993-94 16.9 13.52 9013 3093413 1546707 

1906.8 1525.44 1016960 39589781 19794891 

Singh et al. (2000) 
Wood products in carbon locking 

• When forest are cut wood is converted to different products, which decay at 
different rates and release the locked carbon back into the atmo phere. 

• Due to agroforestry fanners will use wood product made of their own farm 
wood and which will reduce pressure on natural Forest. 

• It is recognized that if durable wood is used for con truction furniture wood 
based panels paper board al 0 called a non-emitting ource then the e 
products retain carbon during their lifetime and act a carbon ink. 

• Conversion of trees into durable products or non-durable wood into durable 
wood will extend their carbon equestration. 

• Thus post-harvest approach that reduce waste and put mo t of the wood into 
long-lived products by applying variou preservati e i an effective trategy to 
reduce global atmospheric carbon dioxide. 

• Only 0.8% remain locked in wood product at the end of 100 year . 
• Kumar (1998) reported that wood pre ervative treatment would be cau ing an 

increase of3.6 times more life a compared to untreated wood. (Table 14) 
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tj. treatment on life cycle of wood under different Table 14: Influence of pre er a ve 
use 

Product I Quantity Expected life 

u e used 
(MilJion Expected life Expected life I ncreases 

mJ
) 

3 Y rsl j Y rsl Va-sl Total M Total M 
unit unit uni t yr yrs 

(million) J miJlion) 

1.0 5 ~.O 15 15.0 3.0 Plywood 
3.0 Other 0.5 5 2. 15 280.0 

I panels 
Housing 7.0 10 70.0 40 30.0 4.0 

Mines 3.0 2 6.0 10 - 5.0 
Furniture 0.2 15 l·O 30 17.5 3.0 
Packaging lJ. 2 7.0 5 15.0 2.6 
CooJinu 1.0 3 3.0 15 10.0 5.0 
to\ver 
!\1arine 1.0 2 2.0 10 10.0 5.0 

Tlmber De elopment A OClatIOn. Kumar (1998) 

Afforestation and reforestation 
• ffore tarion have tr mendou 

abo e ground carbon bioma 
d pth . 

potential for carbon seque tration not only in 
but al 0 root carbon biomass in deeper soil 

• Refore tation of 75 million ha mo t degraded land with suitable trees and 
gra s Icrop may eque ter about 4Pg of carbon. 

• If 10 million ha area i ref ore ted per year, 400xl06 ha of new forest will be 
created by the year 2040.By the time the new forest mature(40-100 year after 
plantation) 25 to SOGt of CO2 will have been eque tered from the atmosphere. 

• Rai jng tree on degraded land in arid areas irrigating with saline water al 0 

rna help in C sequestration to a greater extent. 

• We have about 175.00 million ha degraded land 22.00 million ha under special 
problematic area. Thu the e area have high potential for afforestation. 

• W have 19.44 million ha under barren & unculturable land, 11.04 million ha 
under pa ture or grazing land 3.62 million ha under miscellaneous tree crops 
and groves. 13.82 million ha culturable wastelands and 24.90 million ha under 
old and current fallow. It means total 72.82 million ha can be brought under 
affore tation or orne kind of agrofore try ystems. (Hand Book of Agriculture). 
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If this. entire lan~ is und~r silvi-past.oral y tern con istinf of orne gras es and 
~re~F hke Prosopl .or Acala, we get bIOmass of 2Mglha-1yr- for tree and 4 Mglha
yr for the grass ill cycle of 7 years (Gupta and Rao 1994 ) along with dramatic 

increase in oil carbon. 

Agroforestry is the best option for MAD chaUenges 
From the above discussion its clear that agrofore try systems have carbon 

sequestration potential but today with enormou increa e in population we have other 
challenges like Food security, Poverty alleviation health and nutrition conserving 
biological diversity etc. In this situation agroforestry suits best option a despite of 
sequestering carbon it provide food security helping in poverty alleviation, providing 
nutrition and conserving biological diversity which eems one cap ule for all di eases. 

Agroforestry and food security 
Fannland in the developing world generally suffer from the continuou 

depletion of nutrient as fanner 's harvest without fertilizing adequately or fallowing the 
land. Nowhere is this truer than in Africa. Small - cale farmers have removed large 
quantities of nutrients from their soil without using sufficient amount of manure or 
fertilizer to replenish fertility. This has result in high annual nutrient depletion rate of 
22 kg nitrogen 2.5 kg phosphorus, and 15 kg potassium per hectare of culti ated land 
over the past 30 year in African countrie - an annual 10 equivalent to $ 4 billion 
worth of fertilizer (Sanchez 2002).After year of experimentation with a wide range of 
soil fertility replenishment practices three types of simple, practical fertilizer tree 
systems have been developed that are now achieving wide pre ad adoption. The e are 
(1) improved fallows using tree and shrubs such a e bania (Sebania se ban) or 
tephrosia (Tephrosia Vogelii) (2) mixed intercropping with wild unflower (Tithonia 
diversifolia) or Gliricidia (Place et al. 2002 ). They provide 50 to 200 kg ha-I to the 
associated cereal crops. Yield increa es are typically two - to- three time that with 
current farmer's practices. Roughly one quarter of the farmland in the developing world 
has been degraded. Agricultural reform must addre s the ri ks of land degradation due 
to over - cultivation desertification declining water upplie and los of biodi er ity. 
The potential of agroforestry to rehabilitate degraded land and to con erve oil and 
water on the working lands of the tropic has long been recognized (Young 1997). 
Tree - based oil con ervation systems have real promi e in thi regard. 

Agroforestry and poverty alleviation 
Nearly three - quarters of the poor people who live on Ie than 1 a day are 

found in the rural areas 0 developing countrie (Dixon et a1. 2001). Increa ingly we ee 
the science of agroforestry a means to advance the bu ine of mallholder 
agroforestry. A 1% yield increase i a ociates with a 1% drop in the number of people 
living on les than $ la day. A new approach is needed: a re earch and de elopm~nt 
strategy to reduce dependency on plimary agricultural commoditie .and to. e ~bh h 
production of added - value product ba ed on raw agricultural m~ten~l , .wlth l~ to 
growing and emerging market. Small hold r timber productIOn 1 illcrea rngl~ 
appreciated a an important ource of many countrie woo~ uppli . In Bangla~e h It 
i estimated that 90% of the wood u ed i produced on agncultural land. In India half 
of the timber now emanate from private farmland. Tree crop played a critical role a a 
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, ' ..... t.. J'n outhea t A ia during th pa t three decade " board t r eCODorm gr \.yw f'C. 
PJ m~ 994 ) lnd d tr cr p u h a a ao (Theobroma a ao) co lee 
(CTO~JC I a) I. a

l 
d t a '(Cam ~/;a il1 n i ) ha al 0 been main tay of th economi 

( o.l.Iea pp" n , 
f a number f fri an and Tndia , 

Aorofore try for health and nutrition , , ' 
dva~ in agr for try ha e many !i,nk with, Im~ro mg the h alth and 

, , f tl '111'al poor Th e pan ion of fruIt tre cult! anon 011 fann can have a nutrItIon 1 1 U ' , h 
' ' fi t ffi t on tile quality of child nutrition, In Africa for example more t an ' I !!Il I 1 an e , , 
00'0 of the population d p nd on m dicinal plant for theu' medical ne d , Two -

third fthe pe i fr m whi h medicinal are tr e, 

Aarofore trY for con er ing biological diversity 
QTO~ re try impinge on biodi er ity in working land- pace in at least three 

way . Fir-:t ,th int n ification of agrofore ~ ~ tem can reduced. exploitation of 
n arb or ev n di tant prot t d area Munuatl et al. 2001 . GarrIty et al. 2003). 

econd , the e pan ion of aQTofore try y t m can increa e biodiver ity in working 
land cape . nd third, agrofore try de elopment may increa the specie and within -
pe ie diver ity of tr in fanning y tern. Agrofore try will playa major role in the 

two ke dim n ion of cIimat change: mitigation of greenbou e ga emis ion and 
adaptation to changing nvironmental condition . 

CO CLU 10 

Agrofore try practice play an important role to influence biomass level carbon 
torage a C01 mitigation potential. It i evident from the foregoing that different 

agrofore try y tern can eque ter more carbon a compared to ole agricultural land 
u e y tern. Tree component in agrofore try y tern can be significant inks of 
atlno pheric carbon due to their fa t growth and high productivity. Area specific 
agrofor try model bould be promoted a mea ure for mitigating climate change 
through higher C eque tration in addition to other benefits like improved SOCIO

economic condition and u tainable management of the land resources. 
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: ' llr%n. ·try/or~1('tl9atmll ro6a{'rJlanninO Oliff genetic ~ollrCf onselT'ation 

pr'oduction and arbo~ eque tl'3tion i~ different 
hort rotation tree pecle on shallow soli 

H. Y. Patil. . M. Mutanal and S. J. Patil 

AI RP on Aororor IIJ ', niv r if) of Aari ultural ience, 
. Dhal1\'Qd. arnataka 

I bal waJmin o and limat hang ar important en ironmental i ue 
affe tino human Ii °and y t m f plan t arth and ha captured the world' 
an nti I~ durino th re nt pa t. Mu h of th in r a in global average temperatur 
ince th mid ~ _Olh ntury i du to th in rea e in the concentration of greenbou e 

ga e (GHG). arbon dio ' ide (C02) i the mo t important anthr?pogen~c GHG: In 
natur . plant , through the pro of photo ynthe i fi atrno ph ftC CO2 mto vanou 
part and r tum a part of that carbon to the atmo ph ere y~rougl~ respiration. ~arb~n 

qu tration in agrofore try y tern can be broadly di Id d mto eque tratlOn 10 

above ground and in b 10\ ground plant part . Th carbon eque tered in each part 
differ gr atl d pending on ariou factor iz., agro climatic region the type of 
y t m, ' it quality. pr iou land u tc .. The practice of e tabli hing woodlot has 

be n e ' panding du to the hortag of fuel wood, pulp wood indu trial wood and al 0 

du £0 the enhanced demand for pol . Woodlot are being rai ed mo tly on large farm 
du to th high labour co t , Ie income from crop and high risk in growing field 
rop under rain fed condition where rop failure i a common phenomenon. 

Her an att rnpt i mad to mea ure carbon eque tration rate and assesse the 
btOma producti ity in ten elect d tre pecie. The e ten trees specie are rai ed in 
m diUm oil at Main Agricultural Re earch Station Univer ity of Agricultural 

in . Dbarwad. T n tree pecie are 1. Casuarina equi elifolia 2. Eucalyptu 
tereticorni Tectona grandi 4. Dalbergia i 00 5. Anogeissus latifolia 6. 
A/bi:ia /ebbeck 7. Gre i//ea robu ta . Hardwickia binnata 9. Acacia nilitica 10. 
A:adiraclua indica in were planted at 2 x 2 m with three replication in randomised 
block de ign. Ob rvation on height dbh and crown pread were recorded every year 
during the p riod ] 990 to 2010. The bioma wa worked out by extracting selected 
numb r of tree . The finding re ealed that bioma productivity wa in the order of 
ElIca~)'ptli {ereticorni >Da/bergia i a > Albizzia lebbeck >Anogeis us lati/olia > 
Gre1.'ilIea robu ta > Ca urina equei et[(o/ia> Hardwickia binnata > Acacia niloitica > 
Tec/ona gral1di > Azadirachta indica. The carbon content in the different tree specie 
wa in the order of Anogei us latifolia Dalbergia latifolia > Albizzia lebbeck > 
Da/bergia si 00 > Grevillea robu ta > Ca urina equeisetifolia > Hardwickia binnata 
> Acacia ni/oitica > Tectona grandi , 

Keyword: arbon eque tration Bioma Woodlots Productivity 
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INTRODUCTION 

Global warming and climate change are important environmental i ues 
affecting human lives and ystems of planet earth and has captured the world' 
attention during the recent past. Much of the increase in global average temperature 
since the mid - 20th century is due to the increa e in the concentration of greenhouse 
gases (GHGs). Carbon dioxide (C02) is the mo t important anthropogenic GHG. Its 
annual emissions grew by about 80% between 1970 and 2004. global increase in C02 
concentration are primarily due to fossil fuel use with land - u e change providing 
another significant but smaller contribution. Global GHG emis ion will continued to 
grow over the next few decades with the climate change mitigation policie and related 
ustainable development practices currently in place. Active ab orption of atmo pheric 

carbon dioxide (C02) from the atmosphere through photosynthesis and it ub equent 
storage in the biomass of growing tree or plants is referred a carbon seque tration 
(Baes et al. 1977). Carbon dioxide (C02) is a dominant greenbou e gas. lncrea ed 
atrno pheric CO2 is attributable mo tly to fossilfuel combustion and defore tation world 
wide (Hamburg et al. 1997). Tree act as a ink for C02 by fixing carbon during 
photosynthesis and storing excess carbon as bioma s. The net long term CO2 ource / 
sink dynamics of forests change through time as trees grow, die and decay. The rate of 
carbon storage increase in young stands but then declines a the stand age . The rate of 
carbon storage begins to decline at approximately age 20 and is clo e to zero by age 
100 (Veld and Plantinga 2005). 

Increa ing the atmospheric CO2 concentration stimulate the photo ynthetic rate 
of trees and can result in increased growth rate and bioma s production. Scientific 
evidence suggests that increased atmospheric CO2 could have po iti e effect uch a 
improved plant productivity. (Keutgen and Chen 2001) A. tudy reported by Warran 
and Patwardhan on carbon sequestration potential of tree that the tanding bioma in 
India is estimated to be 8375 million tons (Mt) for the year 1986 of which the carbon 
storage would be 4178 Mt. The total carbon stored in fore t including oil i e timat d 
to be 9578 Mt (Warran and Patwardhan 2008). 

In view of the dwindling forest cover agrofore try i widely considered a a 
potential way and low cast method to eque ter atmo pheric carbon and recognized a 
one of the strategy for climate change mitigation (Ala alapati and air, 2001). 
Different agroforestry systems may sequester varying amount of carbon depending on 
tree species, growing condition and management practice . Further allocation of 
sequestered carbon in different tree component may al 0 ery. Nirmal Kumar et at. 
(2009) wherein the carbon content reportedly varied from 37. % in SterrclIlia oren to 
46.6% ub A. nilotica. The carbon content of B. mono perma wa reported to be 3 .6% 
to 41.42%. 

Hence the study wa under taken to a e carbon seque tration rate and abov 
ground biomas productivity of hOli rotation tree pecle . 

MA TERlAL AND METHODS 

An experiment involving t n tree pecial viz. 1. Ca uarina eqlli ettfo/ia. 2. 
Eucalyptzl tereticorni 3. Tectona grandi 4. Dalbergia i 00 5. Anoael U 

lati/olia 6. Albizia lebbeck 7. Grevillea robu ta . Hardl ickia binnata 9. Acacia 

ASPEE College of Horticulture and Forestry, NAU, Novsari (Gujaratj 



• 
. It e for Food Security and Environmental Resilience 

Nat ional Seminar on Agroforestry: An Evergreen Agncu ur 2 - 4, February - 2012 

• . J;.. 10 g,f"tI'Ol1tlllrl r.(o6a('liVanlliIl8 aI/a gelletic ~sOllrce OllScroa t ioll 
Theme - . ;1groJ vf/!SIIY r I lJ ~ 

. I . d ' and wer plant d on r d gravelly oil at Main 
'f' 10 A-odll'oc Ito /11 I 0 d d 

/11 o f /CO . - . U' it of gri ultural ience Dharwa un er 
. In al R ar h tanon, nt r . . h H f 

~n U 1r ., The oil of the tud area b long ot d graded red soil WIt P 0 

raJl1fi d condltl n . 1 6 d 164 7 ka / ha re pe ti ely. Th g neral limat of the area 
6 4 d ·P·KI 7- . . an . I::> • ' f: il 
. ' an . 1' [ .' . north m tran itiooal zon of Kamataka. Dunng the mon 000 ram a 
I _ trOpl I a I . m. 00 mm whi h i r ei d in 42 rainy days. The mean annual 

~~a t~~u~lca:~~;p~rature rai d from 36. _ ° to 2 .62 °c and annual minimum 
. . d f1 4 0 t 14 1 ° t the en of 20 year ample tree were 

temperature an r m -_. .' . d 
fe ll d and bioma pI' du ti ity io diffi r nt part of tree p Cles wa a e ed an 

pre ented in table. 

Carbon content in the above ground biomass 

The arbon cootent of different bioma u h a tern branche and leave 
ample \V re e timated b taken ample . A certain amount of biomass s~ple have 

been colle t d from the particular t m, branche and leave and after bemg properly 
dried at 0 0 for about 7 da to a con tant weight the dried sample were powdered 
Carbon nt nt in all th ample were e timated by dry a bing method and carbon 

content ha been tirnated a per the formula viz., 

Carbon = Bioma carbon % 
From the total dry bioma total carbon content and amount of C02 

eque trated in tr wa calculated. For calculating C02 equivalent total carbon was 
multiplied with a factor of 3.6663 which ha th ba is of atomic weight ratio of C02 to 
C. For alculating CO:! que tration rate of individual tree pecies, total C02 wa 
di ided by age of the tree (20 year) and are pre ented in the table: 3. 

RESULT AND DISCUSSION: 

Growth and biomass of trees: 
The plant height wa ignificantly higher in Eucalyptus tereticornis, Casurina 

equi efifolia and Grevillea robusta and was followed by Tectona grandis as compared 
to other tree pecie . imilarJy Eucalyptus tereticonrnis had higher dbh (24.50 cm) 
follm ed by Albizzia lebbeck (22.08 cm Casurina equisetifolia (20.8) and Hardwickia 
binnala (19.46 m) and the lea twa in Anogeissu lati/ olia (14.39 cm). Crown area was 
ignificantly higher in Albizzia lebbeck (1 5.26 m2/pl) a compared to other tree species. 

The crown area wa lowe t in Azadirachta indica (6.56 m2/pl). and Dalbergia sissoo 
(6.64 m:! / pI) (Table 1). 

Bioma productivity differed significantly among the different tree species. 
tern bioma was ignificantly higher in E. tereticornis fo llowed by Casurina 

equisetifolia a compared to other tree species. The lowest stem biomass was observed 
in A. indica and D. i sao. Bioma s in small branche was significantly was higher in 
Albizzia lebbeck, Ca urina equisetifolia and wa followed by E.tereticornis. The lowest 
mall tern bioma wa observed in A. indica H. binnata and T. grandis. Leaf and 

twig bioma wa ignificantly higher in A. indica and Casurina equisetifolia as 
compared to other trees pecie the lowest twig and leaf biomass was also observed in 
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A. indica and T. grandi thi may be due to genetic variation in growth of tree pecie 
and their re ponse to the ite condition . Similar variations in growth and productivity 
of tree pecies were reported by Mishra and Bhat. (2003 

Carbon content of trees: 

The di tribution of carbon content in the different parts in pre ented in Table 2. 
The carbon content varied significantly among the tree pecie as well a different parts 
of the tree. The highe t C' content wa found in the stem wood of E. tereticorni 
(47.86 %) and lowest wa in the stem of A. indica (44.58 %). Among the mall 
branches of tree pecies. Significantly highest carbon content wa recorded in A. 
lebbeck (49.60%), E. tereticornis (48.20%) and lowe t wa in C. equi eli/o/ia 
(45.86%). The carbon content wa highest in foliage of A. lebbeck (50.60 % followed 
by A. nilotica (49.32%) and lowest wa in E. tereticorni (45.63%). Irre pecti e of tree 
component on average maximum carbon content wa ob erved in A. lebbeck 
(48.98%) followed by E. tereticornis (47.75) and lowe t was in C. equi eli/olio 
(45.59%). 

The total dry biomass, carbon content equivalent CO2 and CO2 eque trated rate 
were highe t in E. tereticorni , A. lebbeck and D. issoo and lowe t was in A. nilotica 
and A. indica and T. grandis. The significantly variation in 'C' content in elected tree 
pecies may be due their genetic make up crown architecture and chemical and 

anatomical uniqueness of each kind of wood. (Lamlon and Savidge 2003 Ford 19 5). 
The difference in carbon allocation among tree component might be due to comple 
phenomenon working between carbon organ (Leave ) and carbon ink organic (Stern, 
branches etc) of a tree (Genard et of. 2008). The fmding of the pre ent tudy the 
foliage and branches have maximum capacity to capture carbon are in conformity with 
of Hiquera and Martinez (2006). Among all the tree pecie E. {ereticorni , A. lebbeck 
and D. is 00 appears to be the mo t efficient in capturing carbon and removing CO2 

from atrno ph ere while Azadirachta indica and T. grandi are the lea t. Till may be 
due to the difference in the growth habit and the crown tructure etc. 

Carbon (c) in relation to tree growth 

The carbon content in tree increa ed with in rea e in mean tre height and 
diameter at breast height. The growth attribute are key rate in biomas producti ity 
and carbon content. The higher amount carbon i tored in wood compon nt (pol / 
tern). Both A lebbeck and E. tereticorni are to be mo t effi i nt in capturing C and 

removing CO2 from atmo phere. 

REFERENCE: 
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Table 1: Height, DBH, Crown area and Biomass production of different tree 
species 

Tree pedes Height DBH Crown Timber / Small Leaf & Tota1 
(m) (em) area Pole branche h ig Biomas 

(m2/pl) ~tree) (kg/tree) (kg/tree) (kg/tree) 
1. Casuriana equisetifoLia 13.84 20.80 7.50 85.6 17.80 12.86 116.26 
2. Eucalyptus tereticornis 15.62 24.50 7.70 132.6 16.86 12.36 161.82 
3. Tectona grandis 10.24 15.06 7.14 40.86 22.31 10.21 73.38 
4. Dalbergia sissoo 9.08 15.05 6.64 88.4 32.2 15.26 135.86 
5. Anogeissus latifolia 9.85 14.39 7.43 66.8 30.64 17.36 114.80 
6. Albizia lebbeck 9.44 22.08 15.26 82.6 34.80 16.31 133.71 
7. Grevillea robusta 12.46 18.67 7.45 88.7 18.2 11.62 118.52 
8. Hardwickia binnata 9.85 19.46 6.63 60.4 21.6 13.4 95.4 
9. Acacia nilitica 7.75 15.58 12.10 45.8 28.6 10.40 84.80 
10. Azadirachta indica 7.64 15.61 6.56 40.6 20.6 9.60 70.80 

SEm± 0.21 1.28 1.58 2.25 1.41 0.74 3.23 
CD 5% 0.62 3.82 4.72 6.68 4.19 2.19 9.57 

Table 2: Carbon content (0/0) in different components of tree species 

Tree species Timber/pole Small Foliage Mean 
stem branches (leaf & (%) 

(%) (%) twigs (%) 

1. Casuarina equisetifolia 44.84 45.86 46.12 45.60 

2. Eucalyptus tereticornis 47.86 48.20 45.63 47.23 

3. Tectona grandis 44.86 47.93 44.32 45.70 

4. Dalbergia sissoo 46.21 47.45 46.18 46.61 

5. Anogeissus latifolia 45.67 46.80 48.62 47.03 

6. Albizia lebbeck 46.75 49.60 50.60 48.98 

7. Grevillea robusta 46.82 47.76 48.32 41.63 

8. Hardwickia binnata 45.8 46.88 49.26 47.31 

9. Acacia nilitica 46.72 47.28 49.32 47.77 

10. Azadirachta indica 44.58 46.82 46.65 46.01 

SEm± 0.99 1.06 1.23 0.88 

CD 5% 2.95 3.16 3.67 2.63 
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Table 3: Total dry biomass carbon eque floated equivalent CO2 and C02 
eque tr°ation 

Tree pecie TotaJCarbon Equival CO2 removed from 
eque floatioD ent atmosphere 

(kCT/tree) CO2 

(kg/tree/year) (tons/ha./year) 

I. Caslfarina equiselilolia 53.00 194.31 9.71 19.42 

2. Eueahpllfs lere/;eornis 76.43 280.21 14.01 28.02 

3. Teetona grandis 33.53 122.93 6.15 11.07 

4. Dalbergia sissoo 63.32 232.15 11.61 23.22 

5. Anogeisslis latilolia 53.99 197.94 919 17.80 

6. Albi=ia lebheek 65.49 240.10 12.00 21.60 
7. Grel'illea roblfsra 56.45 206.96 10.35 17.60 
. Hardll'iekia bil1J7afa 45.13 165.46 8.27 14.06 

9. Acacia ni/ifiea 40.51 148.52 7.42 11.87 
10 .. -Ladirachta indica 32.57 119.41 5.97 8.96 

SEm ± 2.93 8.52 1.22 1.43 
CD5% 8.72 25.31 3.63 4.26 
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Status of rain,,:ater harvesting a~d ~atershed development: a tool for mitigating 
global warmmg for food and livebbood opportunitie in Gulbarga di trict of 

Nothern dry zone of Karnataka 

M. Sankanur l N. V. Saresh t, Sukesh Dhu~pel Archana Verma I and 
Aalok G Yewale 

1. Dept. of Tree Improvement and Genetic Resource College of Fore try, DR. Y.S 
Parmar Univer, ity of Horticulture and Fore try, Nauni- Solan- 173 230, H.P. 

2. Dept. of Silviculture and Agro-forestry, College of Forestry, DR. Y.S Parmar 
University of Horticulture and Forestry, Nauni- Solan- 173 230 H.P. 

Email-papusankanur@gmail.com 

ABSTRACT 
The present study was conducted in forest fringe areas of northern dry zone of 

Gulbarga divi ion, Karnataka to know the impact of rainwater harvesting and 
watershed development for food and livelihood opportunities of the villagers. A total of 
six villages which represent three ranges from Gulbarga divi ion Karnataka were 
sampled viz., Bedsur and Sugur from Chitapur range Soudgar thanda and B. . thanda 
from Yadagir range and Sheribiknalli Jawaharnagar thanda from Chincholi range were 
selected for the impact as essrnent of rainwater harvesting and water hed development 
works. Most of the villages viz., sampled have semi arid to arid climate with an average 
annual rainfall below 580 mm and soil type in sampled area varied from red to black 
soil with loamy. The oil and moi ture conservation (SMC) work were implemented in 
the study area under various schemes viz. JBIC DP ADP and KSFMBC. The SMC 
structures uch as percolation tanks farm ponds gokata check dams boulder checks 
and guUey checks etc. were built in the ampled area. In all the sampled village 
catchment areas ranges from 70 to 500 ha. Implementation of SMC works had better 
impact on water sources (borewell and open wells are the major ource of irrigation 
for agriculture) with higher water yield and thu increased the irrigation potential in 
villages. Thi has lead to change in cropping pattern higher crop yield and higher 
returns to the farmers. Increase in cropping area fodder availability increa e in tree 
density and natural regeneration were also noticed. The positive impact of MC work 
had directly re ulted in increase in household income employment generation cop 
for allied agricultural activities etc. There i a decline in number of BPL familie in 
villages. In almost all village sampled the drinking water problem i aLmo t 01 ed 
due to sufficient recharging of ground water re ource . Therefore impact i more 
visible in term of large quantity of water harv st and enriched greenery around the 
tructure built. 

Keywords: SMC works Rainwater Harve ting Wat r hed Development Catchment 
Area Livelihood Opportunitie Scheme 
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Introduction 

n' n of n1at r in th aQri ultmaI and fore try e t r i e ntia l a on , a 0 v, 0 ' J d ' ' 
. .t:: t1 QTowth of crop and plant, Depl tmg water tab an n e m 

v,rakr 1 nece ar lor 1 0 ' 1 fi 'I' 
I
" d f I r expl itati n of QTound water and ov r u of hemlca rtl lzer 

amIty u \ . 0"" ' " I ' 
d 

" d ' 0 mllon enario m Indla, OIl MOl ture on rvatlOn 1 clUCla m an pc tl I I a I , , . 

'uce ful implem ntation fall fI re tr . r late,dyr gramme ~ clally In ~er zone. 
il and moi till on rvation 1 a cntlcal component m any fru:mmg ~ .t~m. 

t ' abl produ tivit i d pendent on oil and moi ture con ervatlOn actlVltl u am . . d 
Dra tic redu tion in rainfall and erratic rain, both with re p ct to mten lty an 
fr qu n pr longed dr p 11 . denudation ?f the tr cov r. e ,ere wnmer coupled 
with decrea e in annual a erage 11lunb r oframy day and d chne ill grOlmd water table 
ar the comp lIing fa tor whi h ha led to major empha j to SMC work in the 

affor ~ tation programm a well. ,. ' 
In rndia. it i e timat d that almo t 1. ~m ha of land 1 bemg out of cultlVated 

ar a every ear du to faulty land and ater management practice . If thi i allowed to 
ootinue. it would I ad to trem ndou problems of depletion and degradation of 

re ouree like oiL water and plant nutrient through run off and oil erosion re ulting 
in ilting up of major re r oir and cau ing flood. According to the latest e timates 
about 1 . ill ha (57% of land area) ha b n degraded in the country. Soil erosion 
a count for 7% of the total degraded land in India. The indiscriminate and 
un ientific oil and ater managem nt ha rendered a major portion of land erosion 
prone. The undulating topography with high inten ity of rainfall have caused high rate 
of oil ero ion, re ulting in tb edimentation of river bank siltation of drainage 
channel and irrigation channel around re ervoir . 

Many tate ha taken-up development of degraded area under the watershed 
approach. A hift in the approach to water hed development took place in 1995-96 
with the adoption of new guidelin formulat d by Government of India. 

The ri e in population growing indu trialization and increasing agriculture 
acti iti ha 'e pu hed up the demand for water over the years. Efforts have been made 
to meet thi d mand by con tructing dam re ervoir and digging well , The idea of 
ground wat r recharging by harve ting rain water ha gained momentum particularly in 
arid and emi-arid region of India, 

Over the year. SMC technique ha e been developed primarily in agriculture 
land, howe er of lat adoption of SMC mea ure is made part of afforestation 
programme , e pecially after introduction of JFM concept. During the earlier plan 
period, major empha i wa given to tree planting by contour trenches for water 
con ervation and oil tabilization. During 9th and loth five-year plans, importance ha 
been gi en for MC a a eparate component under State, Central and externally aided 
scheme by fi ing percentage of the total sanctioned plantation cost. 

.. In, or~er to achieve the objective of development in villages people's 
partlcJ~abon 1 e ential. It i required to involve them actively in project activities by 
respectmg their traditional knowledge and experience. As a consequence, JFM 
progral:nme ha been implemented from 1993 onward in variou tates, Village Forest 
Commlttee ar~ enga~ed in reg~neration of degraded forests, enrichment planting 
cultura! operat~on 011 and mOl ture con ervation work raising of multi purpose 
plantatlOn etc 10 JFM area. 
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. The Nintl~ plan mid tenn apprai al by Planning ommi ion (Report of the 
Techrucal CormTIlttee on DPAP and DDP Mini. try of Rural Development 1994 on 
impact of watershed development programme indicated beneficial effect uch a 
increase in cropping intensity, crop productivity cbange in cropping pattern and 
increase in ground water recharge as a result of con ervation mea ure. Reduction in oil 
ero ion and run-off losse lesser siltation effect and reduction in edimentation at 
watershed level were observed. These projects have also generated employment and 
increase in family income. 

Soil erosion by run-off i the principle cause of land degradation. The 
con equences of land degradation are further more di astrou in arid area where the 
eco-system is very fragile and in such jtuations rain fall i the only ource which help 
in u taining the entire ecosystem. Thus Gulbarga i one such di trict in northern dry 
zone of Karnataka where in addition to successive drought erratic rain ha e led to 
major empba i on SMC works. In Karnataka, SMC mea ure have been carried out 
and are also in progress under various scheme / projects like IWDP DPADP lNP, 
JEIC FDA, AlA-IS, NHM and Hariyalli-I etc., These mea ure have exerted an 
influence on the oil water regime improvements in availability of water olving 
drinking water problems of local people and livestock ocio-economic condition of 
villagers in forest fringe areas, but there are no studie yet to asse the impact of 
rainwater harvesting and watershed development for food and Ii elihood opportunitie 
of the villagers. Hence the present tudy wa conducted in fore t fringe area of 
northern dry zone of Gulbarga division, Kamataka to know the impact of rainwater 
harvesting and watershed development for food and livelihood opportunitie of the 
villagers 

METHODOLOGY 

The present study was undertaken in Gulbarga district Northern part of 
Kamataka State during 2008-09 to assess the impact of rainwater harve ting and 
watershed development works implemented by variou Line Department on water 
augmentation livelihood of the villager in the fore t fringe area and change in 
cropping pattern in Northern Karnataka State. 

Representative Divi ion and location were selected for th tudy in water hed 
areas / village (Table-I). In northern part of Kamataka Gulbarga Di trict ha been 
chosen for the sampling, data collection and field survey. From thi Di trict three 
forest Ranges were elected and from each Range two village w re cho n and the 
data were collected a per the pre- tructured chedule viz., Bed ur and Sugur from 
Chitapur range Soudgar thanda and B. . thanda from Yadagir range and heribiknalli 
Iawahamagar thanda from Chincholi range w re elected for the impact a e ment of 
rainwater harvesting and water hed de elopment work .. The data collection on impa t 
asses ment due to various water hed work implemented by ariou Lin Department 
such a Water hed Department Fore t Departrn nt Zilla Panchayat N~O and ot~er 
agencies. The tudy invol ed vi iting the office of different water hed .lmplementmg 
agencie departm nt cherne, NGO in re pe ti Di trict and c~ll tl~n ofrel ant 
infonnation from the office record . Bide el cting fi w project Ite for fi ld 
evaluation vi iting the elected villag coming under proj t area, int raction with 
th villager group di Cll i n etc. 
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, 'd 'tes for the study on tatu of J'ainwater harvesting 
Table-I: Detahddodf am, Pp:en: in the fore t fringe areas of Gulbarga division and water's e eve 0 

northern Karnataka 

Di"i ion / Nam of the VFC / 
Scheme Ranae VSS District 

Chitaptrr Bedsur IDIC, DPADP 
Sugur JBIC, DPADP 

Gulbarga Yadgir Soudaga r thanda JBIC, DPADP 
B.N. thanda JBIC DPADP, MGNREGA 

Chin h Ii Sheribi kna lli KSFMBC, DP ADP 
Jawaharnagar thanda KSFMBC, DP ADP 

JBIC- Japan Bank for Int mational Co-operation' DPADP- Drought Prone 
Area 0 " lopm nt Programme; KSFMBC- Kamataka Su tainable ~ore t ~anagement 
Biodi er ity Can ervation; MGNREGA - Mahatma Gandhl NatIOnal Rural 
Employment Guarantee A uran cherne; , 

The d tail d ob ervation made in acb divi ion are pre ented In ubsequent 
hading . 

Location and climatic conditions 
L cation and general information of ampled ite elected for tbe research 

tud in ortb m part of Gulbarga Di trict, Kamataka having black oil which receives 
an ov rail average rain fall of > 5 0 mm p r year. 

lHC "orks carried out under different schemes 
In thi di i ion . orne of the oil and water con ervation works were carried out 

under \'arioll cherne are JBIC, KSFMBC DP ADP and MGNRAGA. 

MC tructu re 

The MC uch as percolation tanks (179 0 s) fann ponds (35 
0' . check dam (45 0 boulder checks (946.74 cubic meter) continuous counter 

trenche (4 00 cubic meter ) guUey check (25 0) and gokata (l No) etc. were 
built in tb ampled area. Under JBlC and DPADP cherne more numbers of 
p rcolation and cbeck dam were can tru ted. In all the sampled forest fringe villages 
catchment area range between 70-500 ha (Table-2). 

Impact of S IC work 

Ecological Impact 

a) Water sources 

A a re ul t of effective water con ervation measures the borewell in the down 
tream ha e been recharged ufficiently. The implementation of SMC work resulted in 

. ignificant .barve t of the run off water which in tum increased the irrigation potential 
ID fore t fringe iJ1age. Prior to MC works the level of the water table was les but 
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soon after construction of the SMC structures, water table increa ed and the riparian 
bore wells and open wens got recharged. Thus water level in well increa ed and water 
yield in borewells increased by 1.0 - 2.0 inches to 1.5 - 4.0 inches. Borewells and open 
wells are the major source of irrigation for agriculture in Gulbarga division. After the 
implementation of SMC works there is considerable increase in the number of bore 
wells and open wells. In Bedsur VFC (Chitapur Range), the number of open wells 
increased from 35 to 80. Wherea in other villages sampled, the number of open wen 
and borewells increased irrespectively. In general about 2 to 50 borewell have been 
added in all the villages sampled following the implementation of SMC works (Table-
3). 

These finding are in conformity with Khan (1992) were they reported the 
reduction of surface runoff by constructing suitable structure or by change in land 
management. Further this reduction of surface runoff was increased the infiltration and 
helped in water conservation. Beside this they observed appropriate tructure were 
needed to avoid excessive runoff help in flood control in lower catchment improving 
soil moisture availability and this has increa ed the water table in the water hed. 

Gaur et aL. (1994) conducted study on variou soil and water conservation 
measures on an area of 564 ha in Puma catchment in Parbani district where they 
reported the improved underground water storage and helped in raising the water table 
from 0.3 m to 2.5 m in wells at different locations. 

b) Increase in wetlands 
The increase in wetlands is attributed to the increa e in irrigation potential due 

to the increase in level of water table and water yield. In all the selected VFC the 
number of bore wells increased and subsequently the extent of wetland i also increa ed 
from 2.02 ha to 121.5 ha in some of the VFCs studied. Maximum increa e of about 
121.5 ha in wetland is noticed in Bedsur VFC of Chitapur range Gulbarga di ision 
(Table-4). 

c) Change in cropping pattern and fodder availability 
In some of the villages fanners have hifted from the cultivation of dryland 

crops like redgram jowar greemam and bengalgram etc. to wheat sugarcane, and 
paddy. Earlier in most of the selected VFCs they were taking only one crop p r .year 
during monsoon season. After the implementation of SMC work they are taking two 
crops per year and there is al 0 an increa e in the crop yield . The a erage increa e in 
yield of redgram is from 2000 kg to 3200 kg / ha in Bed ur VFC of Chitapur range. 
There was also an increase in the fodder availability in all the fore t fringe village due 
to increase in the cultivated area and number of crop cultivated in a ar (Table-5). 

d) Increase in tree density and eco-restoration . ' 
After the implementation of SMC work and water con ervat1~n mea. ure ill 

fore t area the stunted native rootstocks have got r ju enated and there 1 con Iderable 
increase in natural regeneration and the getation. The increa e wa a. min~um of 
15% in Soudagar thanda ofYadagir range and Jawaharnagar thanda ofC~m hoh range. 
While maximum of about 25% in r as in tree den ity wa ob r ed m B d ~ an~ 
Sugur of Chitapur range and B. . thanda of Yadagir and Sh ribiknalli of ChlChoh 

range (Table-4). 
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Jmpact on Ih'elihood .ofthe villaue.r . 
The detail. f IIn pa t n an ou 0 I ~ 

al ' kcted fore t fring ifl ag of ulbarga dl 

noml param t r du to M work 
ion ar gl n in (Table-6 . 

a) 'ncrea e in hou ehold income . 
. I'n area und r w tland and crop yield The hang in r ppmg pan m mcrea 
f h '11 Th difti r neb twe n former and pre ent han: in rea d th ineom t I ag r . 

income p r annum p r huh Id i n .arl rang .betw n R.4 000/- to R .16,600 in 
'ampkd fore t fring villag after th ImplementatIOn of SM work. 

b) Employment Generation 
E~rlier in oudagar thanda and B. . thanda of Yadagri range~ villager w~re 

migrating to neighb ri no di tri t in arch of labour work . But after ImplementatIOn 
of ~ 1C ~\'ork the are in olved in agricultural acti iti . In all the village sampled 

MC \\'ork have gen rat d mploym nt in the field of a~iculture and allied activitie 
du to hang in th ropping part m and con tru non of SM tructure and 
plantation \\'o~k have g n rat d employment of appro imat ly 600 man day in forest 

fring villag (Table-6). 

c) Live tock and dairy 
B fi re the initiation of JFM acti ity agriculture wa the main occupation and 

al th major oure of in orne in all th illage . But after initiation of JFM 
programme coupl d with Me work the increa ed irrigation potential encouraged 
\'illager [0 change the cropping pattern and to grow fodder specie. A a re ult of 
in r a ed fodd r a ailability h lped p ople to rear milch animal (cro bred cows) thus 
dairy ha become the major ource of income. Earlier there wa higher number of 
h ep goat. ow a con equence of JFM programme there i an increa ed awareness 

about ill effect grazing which I d to reduction in number of heep /goat and on the 
oth r hand mcrea d the number of milch animal ' re ult of increased fodder 
a ailability people tarted practicing taU feeding for milch animals thus dairy has 
becom the major ource of income. Wherea the number of buffaloes remained more 
or I am in orne of illage e cept Bedsur and Sugur VFCs of Chitpur range 
(Table-7 ). 

d) Drinking water availability 
Before the implementation of SMC work there wa insufficient supply of drinking 

water in the fore t fringe illage. Later after the implementation of SMC works, there 
i ufficient availabi lity of drinking water in all the fore t fringe villages (Table-6). 
Pre ntly, th re are no uch tudie conducted on impact of rainwater harvesting and 
~at. ~ h d de elopment fo r rural li velihood ecurity of villager in the Gulbarga 
d,VI Ion, Kamataka. Thu the e findings receive upport from succe tories of 
rainwater .harve ting reported by Mishra ef al. (1980) ' Dhruvanarayana and Sa try 
(1986); Mlttal et al. (19 6) Grewal et al. (1989) ' Samra et al. (1995) and Sikka et al. 
( 1996). 
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e) Any other observation 
There was less scope for the man-animal conflict in the ampled village . 

Secau e mo t of the MC tructures built were 3-4 k.rn away from the village . 
However, there were few instances of crop damage by wild boar. 

CONCLUSION 
Implementation of SMC works had better impact on water ource with higher 

water yield and thus increased the irrigation potential in fore t fringe village of 
Gulbarga division Karnataka. This has lead to change in cropping pattern, higher crop 
yields and higher returns to the farmers. Increase in cropping area fodder availability 
increase in tree density and natural regeneration were also noticed. The positive impact 
of SMC works had directly resulted in increase in household income employment 
generation, scope for aBied agricultural activities etc. There i a decline in number of 
BPL families in forest fringe villages. In almo t all village sampled the drinking water 
problem is almost solved due to ufficient recharging of ground water resource . 
Therefore impact is more visible in terms of large quantity of water harve t and 
enriched greenery around the structures built. 
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Tab' 2: Differ'ent 1\1 ,ork carried out for rainwater harvesting and 
water hed development in elected fo.-est fringe village of Gulbat'ga division, 

Karnataka 

, I I tructurc built 

atchm Approxima 

I 
i\a me 
of the ch('me ent area Dimension 

te olume 

\ ·'S (ha) Type (ht x length) 
0 , ost Year of \ a ter , harve ted/ 

year (ml) 

JBIC 150 CO 2m x 10m 2 1,87.000 1999-00 1,200 

OPAOP 500 Gokata 0.5m x 35m I 3.35,000 2000-01 1,3 12.50 

Bt:dgur Boulder 
238. 

JBI 
0 ehe k 

0.7 m . ITm I 1,27,300 200 -06 1, 190.90 
eU.m 

370 PT 1.5m x 8m 100 10,39,400 2006-07 28,800 

OPADP 
500 PT 1.5m x 15m 15 4,50,000 1995-96 15, 187.50 
500 PT I III x 10m 2 29,000 1990-00 600 

I 0 C T 
Imx 1.5m . 4800 

1.25.000 2000-01 24,000 ugur 181 10m eU.m 
200 CD 15m x 6m 1 38,000 2000-02 16,200 

<'I,REGA I '0 FP 2. -m . 10m 10 I, 0.000 2002-03 7,500 

OPADP 
500 FP 2.5m x 10m 10 40.000 1999-00 7,500 

oudaga I 500 CD 2.0m'( 12m 6 1,80,000 1999-00 4,320 

rthanda 
200 PT 2m x 10m 34 72, 100 2006-07 20,400 

JBIC 
170 

Boulder 2 1 
I checks 

0.75 01 x 5001 
Rmt 

27,000 2006-07 1,087.99 
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Contd ... Table-2: Different SMC works carried out for rainwater barve tiog and 
watersbed development in selected forest fringe villages of Gulbarga 
division, Karnataka 

SMC structures built 
Catch 

ameof 
cherne 

ment 
Dimen ion the VSS area Type o . Co t Year 

(ha) (ht x length) 

IDT 180 
Boulder 

0.75m x 45 m 475 
26,900 2004-05 checks cU.m 

DPADP 500 CD 0.75m x 6m 40 2,00,000 2006-07 B.N. NREGA 150 FP 2.5m x 10m 15 2,25000 2006-07 thanda 
Boulder 160.56 

130 0.75 x 55m 36,000 2006-07 IDlC checks cU.m 
180 PT Im x8m 26 2,55000 2006-07 

KSFMB 220 
Gulley 

0.70m x 4m 25 46000 2001-02 check 
Sheribikna 150 PT 1.75m x 12m 1 30,000 2003-04 

IIi JBIC 
170 

Boulder 
0.50m x 2.0m 

52 
27,800 2005-06 

checks cU.m 
DPADP 500 CD 1.75m x 15m 1 55,000 1999-00 

KSFMBC 158 PT Urn x 20m 1 49,000 2001-02 
lawahama 

IDIC 157 
Gulley 

0.70m x 4m 2 3,680 2004-05 
garthanda check 

DPADP 500 CD 1.75m x 12m 1 30,000 1999-00 

PT- Percolation Tank' FP- Farm Pond' CD- Checkdarn 

Appro im 
ate volume 

of water 
har e ted! 
year (m)) 

1,425 

3.240 
11,250 

4 1.6 

4,992 

40 

756 

156 

945 
1,350 

6.720 

540 
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Table-3: Impact of Me work on water resources in selected forest fringe 
"illaoe of Gulbarga divi ion, Karnataka 

I I Before SMC works 

'iarnc oflh No. of Wa ter D pth No. of Water Depth 
Range \' Bore ield diguino open level digging (ft) 

" ells (inch) (ft) wells (ft) 

CllIIaplIr Bedgur 10 1.5 250 30 2.5 20 

Sugur 8 2.0 300 15 2 to 3 30 

) adaglr Soudagarthanda 20 2.0 300 2 4 30 

B.N. Thanda -l 2.0 250-300 6 6 40-45 

I ChIn h It Sheribiknalli 4 1.0 350 2 3 25 

I 
Ja\\'ahnmagar I 2.0 3 50 2 5 35 

thanda 

I I ;\'ame of the 
After SMC works 

Ranoe 
No. of Water Depth No. of W ater Depth 

\' Bore yield diggino open level digging 

I wells (inch) (ft) wells (ft) ift) 
I Chttapur Bedgur 30 2.5 200 80 3.5 15 

I Sugur 25 3-4 200-250 50 3-4 20-25 
I Yadaglr Soudagartha 40 2.5-3.0 250 6 5 25 

nda 

I B.N. Thanda 15 2-3.5 200 8 10 35 
Chmcholi Sheribiknall i 12 1.5 300 16 5 20 

Ja\\ahamaga 12 3.0 "'00 4 6 30 
rthanda 
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Table-4: Impact of SMC works on various ecological parameters in selected forest 
fringe villages of Gulbarga division, Karnataka 

Before SMC works 

Range Name of the VSS No. of 
Dry lands Wet land Agro-

wells 
(ba) (ba) fore try 

recharged (ha) 
Bedsur - 698.62 50.62 60.75 Chitapur 
Sugur - 1490.40 32.40 16.20 
Soundagarthanda - 26.32 12.15 6.07 YadgjJ 
B.N. ThaDda - 9.72 6.07 3.64 
Sheribikhalli - 10.12 6.07 4.05 Chincholi 
Jawahamagar thanda 97.20 Ni l 4.05 -

After SMC works 

Range Name of the VSS No. of Dry Wet Agro- Increase in 
wells lands lands forestry tree density 

recharged (ba) (ba) (ha) (%) 
Bedsur 5 648.00 182.25 182.25 25 

Chitapur 
Sugur 10 1506.60 64.80 48.60 25 
Soundagar tbanda - 30.37 20.25 10.12 15 

Yadgjr 
B.N. ThaDda - 12.15 10.12 5.67 25 
SheribikhaUi - 12.15 10.12 5.26 25 

Cbincholi 
Jawabarnagar thanda 109.35 6.07 6.07 15 -

ASPEE College 0/ Horticulture and Forestry, NAU, Navsari (Gujaratj 
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Table- 5: Change in cropping pattern in selected forest fringe villages of Gulbarga 
divi ion. Northern Karnataka due to rainwater harvesting & watershed 

development 

Before SMC works 

Range Na me of the VS Yield 
No.of 

Area Crop crops / 
(kg/ba) year 

8 dgur 10.00 
Redgram 2,000 One 

Jowar 3,000 
hitapllr 

llgur 1539.00 
R dgram 2,000 One 

Jowar 3,000 

udagarthanda 40. 0 
R dgram 2100 One 

Green.gram 1, 100 
Yadgir 

8. . thanda 19.44 
Growldnut 3200 
Sunflower 700 

One 

Chin h Ii heribiknaLl i 20.25 
Bengalgram 1400 

One 
Jowar 3,000 

Jawahamagar thanda 101.25 
lowar 2800 

Redgram 2000 
One 

After SMC works 

Range arne of the VSS 
Area Crops Yield 

No.of crops / 
year 

Sugarcane 2500 
Bedgur 1012.50 Redgrarn 3,200 Two 

Chirapur Sunflower 800 

ugur J 620.00 
Wheat 2400 

Sugarcane 3,100 
Two 

oudagarthanda 50.62 
Groundnut 3400 

Yadgir 
Paddy 4,500 

Two 

B .. thanda 27.94 
Paddy 4200 

Redgram 2,200 
Two 

Chincholi 
heribiknalli 27.54 

Blackgram 1,500 
Wheat 2,800 

Two 

Jawaharnagarthanda 121.50 
Redgram 2,200 

lowar 3,000 
Two 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 
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Table-6: Impact on livelihood of the villagers due to SMC works in selected forest 
fringe villages of Gulbarga division Karnataka 

Before SMC works 

Range 
Name of the Family 

BPL house Employment Drinking 
VFC income water 

~~ 
holds generation 

problems 

Bedsur 18400 150 Agriculture & Ye 
Dairy (3 .5 km) Chitapur 

Ye Sugur 16000 50 Agriculture 
(1.5 km) 

Soundagar 
14,000 60 Agriculture Ye 

thanda (1 km) 
Yadgir 

Yes B .N. Thanda 12,000 75 Agriculture 
(3 krn) 

10 
Agriculture & Ye 

Sheribikballi 10,000 
NTFP (3 km) 

Chinchoh 
Jawaharnagar 6,000 to Agriculture & Ye 

thanda 10,000 
80 

Agri. Labour (2 km) 

After SMC works 

Range 
Name oftbe Family 

BPL bouse Employment 
Drinking 

VFC income water 

JRsJ 
-holds generation 

~roblems 

Bedsur 35000 50 
Agriculture & 

No 
Dairy 

Chitapur 
250 

Agriculture & 
Sugur 25 ,000 Dairy 

0 

Soundagar 
20000 25 

Agriculture & 
0 

thanda SMC work 
Yadgir 

35 
Agriculture & No B.N. Thanda 20,000 SMC work 

Agriculture 

Sheribikhalli 17,000 5 NTFP&SMC 0 

Chincholi work 

Jawaharnagar 10000 to Agriculture & No 
40 Contract labour sufficient thanda 15,000 

ASPEE College 0/ Horticulture and Forestry, NAU, Navsari (Gujarat) 
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Tab le-7: Live tock population and a llied enterprises (major SOUl"ce of income) in 
elected fore t fr inge villages of G ulbaroa division Karnataka 

I Before SMC works 

RanO'e Name of th VS Goat / 
Major 

Cow Buffa loe Sheeps 
Total source of 

income 

Bedsur -00 00 4 0 1,750 Agric ullur 
Chiwpur 

ugur 100 (2) 1 I 1,500 1,7 19 Agriculture 

oudagar dlanda 70 ( 10) 12 375 457 Agriculture 

Yadgir 60 
B. l , thanda (8) 

12 385 452 Agriculture 

Chlflcholi 
heribiknalli 40 13 250 303 Agriculture 

Jawahamagar thanda 
45 
(5) 

560 613 Agri cu I lure 

~ame of the 
After SMC works 

RanO'e 
V Goat / Major source of Cow Buffa loes Total 

Sbeeps income 

Bed ur 300 11.000 1. 160 Agriculture, Dairy 12,460 
Chitapur & SMC work 

ugur 
1 ~ 0 

900 Agriculture, Dairy 
(10) 800 1 850 

&SMCwork 
Soudagar 30 1 ~ Agricultur & 

thanda (20) 175 220 
Yadgir SMC work 

B, , thanda 30 
10 Agriculture, NTFP 

(I 5) 180 220 
&SMCwork 

Chmcholi 
heribiknal1i 35 20 250 205 Agriculture, NTFP 

&SMCwork 
Jawahamagar 40 

9 Agriculture & 
thanda (12) 275 324 

Labour 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 
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Role of social factors in adoption of Bomegarden-based agroforestry practices in 
Western Himalaya 

Kamal Kisbor Sood 

Division of Agroforestry 
and 

Visbal Mabajan, KVK, Pooncbb 

Sher-e-kashmir University of Agricultural Sciences and Technology 
Main Campus-Chatha 
Jammu, J & K (India) 

ABSTRACT 

The role of social factors in adoption of agroforestry practices specifically the 
homegarden, has been ignored until recently. There is meagrely any study to indentify 
the role of social factors in adoption of home-garden agroforestry. Thus the current 
study was carried out in Mandi district of Himachal Pradesb to identify the social 
factors influencing tbe adoption of home garden agroforestry. The study reveals that the 
caste, family size and mobility of the household head, eacb individually, significantly 
influenced the adoption of home-garden agroforestry. Binary logistic regression 
analysis also reveals that in addition to these variables, number of non-resident 
members also influenced the adoption of homegarden agroforestry practice. Based on 
logistic regression, the higher caste households and farmers with higher mobility bad 
the higher likelihood of adoption of borne-garden based agroforestry. However the 
family size and number of non-residents had significant but negative influence on 
adoption of the home-garden based agroforestry practice. 

INTRODUCTION 
There are many agroforestry practices across the world (Chundawat and 

Gautam, 1993). Most are site specific and vary from one place to other even within the 
same country or region (Nair 1993). Homegardens is a very old tradition which might 
have evolved over a long time when the hunter/gatherer deliberately or accidentally 
dispersed seeds of high value species in the vicinity of their camp-site, starting with 
ancient civilisations possibly as early as 7000 B.c. and continuing to modem time 
(Soemarwoto, 1987). These homegardens are not static but are adaptable to new 
bipophysical and socio-economic conditions. Trees in homegarden play an important 
role in the livelihoods of the rural people. The homegardens fulfill the livelihood 
objectives (Sood, 2003): secure provision of food and essential ub i tence goods, ca h 
for purchase of outside goods and services savings (re ource accumulated to meet 
future planned needs and emergencies) social ecurity ( ecure acce to sub i tence 
goods and productive resources) and reduce vulnerability (reducing critical ri k 
factors). For example, in Java (Indonesia), 60% of all food come from borne-garden 
(Hoskins, 1990). The homegardens of Kerala (India) (Chundamannil et al., 1993· Nair 
and Krishnankutty 1985; Soemarwoto, 1987 , Bangladesh (Leuschner and Kbaleque 
1989) Java (Cbristanty and Iskandar, ; oemarwoto 1987) and Kandyan gardens 
of Sri Lanka (Jacob and Alles 1989- " arwoto 1987) are well documented and play 
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important ral in th Ii lih od f th P pi and redu ing the pr ur on xi ting 
f !'t; ' I. fi r tree produ t . Th ' i t n of hom gard n ba d agrofor try y t m ha 
I be 11 d ument d in Himala an r gion (Mugbal f 01., 2000' Nautiyal f 01. 199 ; 

a i;l~h ' ( II .. 199). on ith tanding th ir r I in impro m nt of the Ii lihood of the 
p ~ ~I and en ironmental am lior~tion, t11 c m~r h n i mpiri al work on fa tor 
'nnu ~n ina h i h m oard n I alma t Ja kmo 0 d 200 ). Th ref ore urr nt 
I '" 0 

cmpiri al work on r Ie of 0 ial fa t r in adoption of hom garden ba ed agrofore t~y 
'Y tem ' wa ~ tak n in Mandi di tri t ofJndian pro in e of Himac11al Prad 11 located III 

Wc "tem Himala a. 

D METHODOLOGY 
Th ,tud wa arri d out in Mandi di trict of Hima hal Prade h wh re the 

agrofor try tern are e i t nt. Data w r colle ted u ing a pre tru tured cbedul 
and per nal interview with the head of th hou ehold. Multi tage ampling wa u ed 
to ele thou hold. Out fi for t di i ion two for t di i ion Joginder Nagar and 

uk t. were ltd to obtain reali t:i r pr entation of hou hold from different 
agro Illnati zon. Ii t of illag 10 at d in the hill and foothill wa prepared 
which were furth r ub ategori ed into programme and non-programme. Two villages 
from each ubcat gory (programme and non-programm ) for hill and foothill villages 
wer cho n in a h ejected fore t divi ion u ing imple random ampling with 
r pia m nt m thod. In thi \ ay, ther were eight ample illages in each of elected 
fore t divi ion and 16 illage in total. A Ii t of hou ehold in each of tb elected 
village wa prepared. A Ii t of larg (> Iha) and mall «lha) farmers from each 

leet d illage \ a prepar d. Among t large and "mall farmers 1I3rd of hou ehold 
wer cho en for large a ell mall farmer u ing imple random amp ling in each 

leet d villag . Farner itb no tree were dropped from tbe sample. In this way 349 
fann r wer elected which w re di ided into two categories: homegarden adopter 
and non-adopter . A chi- quare te t of a ociation wa used to test the a ociation 
ben\'e n ad ption of home-garden ba ed agrofore try and each independent variable at 
0.0 Ie I of ignificance. To identify key factor influencing agrofore try binary 
logi tic regre ion analy i wa u ed. The model pecification for binary 10gi tic 
regre JOn I a: 

Logit i defined a natural log of odds and the model was specified as: 

Logi t = Ln (P / 1-P) = Po+ P I X I + P2X2+ P3X3+----------+ PkXk = Z --------------------------1 

Where 

Pi the probability of home garden adoption 
] -P i the probability of non-adoption 
Po i the intercept term 

PI, P2 P3 and Pk are the coefficients a ociated with independent variable 
X I X2. X3 and Xk are the predictors in the equation 

. Table 1. how the ~bbreviati~n and coding scheme for the independent 
vanable u d 111 the regre Ion analy 1 . The model was validated u ing model Chi
quare and Ho mer and Lame how goodne -of-fit test and cases correctly classified. 
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tandardised regre sion coefficients depicted the importance of the predictor in the 
model. 

Table 1. Variables in the Model 

Variable Name Abbreviation and Variable oding Unit Mean Standard 
Scheme Deviation 

Age AGE Year 52.33 14.03 
Family ize S[ZE Number 5.00 2.38 

asle AST (Lower ca te-reference = I , Score 1.67 0.47 
Upper Caste =2) 

Number of non- NNR Number 0.63 1.50 
re ident member 
Primary Occupation of PO (Fanning-reference = 1, Non- Score 1.49 0.50 
Head farming =2) 
Family Literacy LI Score 1.49 1.08 
(Literacy index) 
Mobility MOB Scale 4.67 2.89 

RESULTS 
Caste, family size and mobility of household head each individually 

significantly influenced the adoption of home garden based agroforestry system Table 
2). It was found that 59.1 % of the households in upper ca te adopted homegarden 
compared to 46.5% in the lower caste. Amongst the medium ized hou eholds 60.4% 
adopted homegardens compared to 56.5% in small ized household. The lowe t 
adoption (26.7%) was amongst the large ized households. With increase in mobility 
the adoption gradually increased from immobile (22.7%) to lightly mobile (45.8%) 
moderately mobile (63.5%) and highly mobile (63.8%). Age of hou ehead family 
literacy primary occupation and number of non-re idents did not influence the 
adoption of home garden based agroforestry practices. 

Table 2. Association between choice of homegarden-based agroforestry and social 
factors 

Count Age Caste Family ize I Non-resident 

% of Row 
% of Col Young Middle Old Lower Upper 1-3 4-7 8 I No ., Ye 

(23-40) aged (61 or ca te ca te (Small) (Mediu and 

(41-60) above) m) abov 
e 

(Lar 
i ge) 

Non- 24 77 56 61 96 40 84 33 110 47 

49.0 35.7 3 .9 61.1 25 .5 53.5 21.0 70.1 29.9 

I 
I 

adopter 15.3 
33.8 46.7 46.9 53.5 40.9 43.5 39.6 73.3 43.3 I 49.5 I 

Adopter 47 88 57 53 139 52 128 12 144 48 

24.5 45 . 45. 27 .6 72.4 27.1 66.7 6.3 - .0 25.0 

66.2 53.3 50.4 46.5 59.1 56.5 60.4 26.7 6.7 50.5 
I 

X-=17.160, d.f.=2, X-- 1.062 I X~=4.730 d.f.=2, p<O.094, X-=4.969, d.f.= I, 

FLF=O p<O.02 p<O.OOO I, CFLF=O d.f.= J, p< 

CFLF=O 0.303, CFLF=O I 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 



· Iture for Food Security and Environmental Resilience 
National Seminar on Agroforestry: An Evergreen Agrrcu 2 _ 4, February - 2012 258 ~ 

rrr/ClTt~ - 4 : ocia{ 'Forestry)l 'Way 'fcrwarrfs q~lmillO Inara 

unt 

--r--
Primary Mobility acy 

Occoupation 
T Famil Liter 

0 0 of Ro\ 
°0 of 01 

~ Lo\ I Medium Hig 
(I. 

.5 

-
h ery Fanning Non- Immob Slightly Mod Highly 

00-

adoptcr. 

doplcrs 

I (0. I - 1-

I (0.00 I . 0) 0) 

j O. =0) I 

~-61 46 
_1.0 29. 3 

.0 40. 47. 4 

27 1 9 51 
14. I 46.4 26. 6 

6 

High 
Lit ra 

y 
(2.51-
6.0) 

~ - I-
87 

10. 55.4 
40.5 49.2 

1-
25 90 

13.0 46.9 
59.5 50.8 

farm ile mobile erat Mobile 

109 (0) (1-3) ely (7-9) 
mob 
ile 
(4-
6) 

70 17 17 38 38 

44.6 10.8 10.8 24.2 24.2 

40.7 77.3 54.2 36.5 36.2 

102 5 54 66 67 

53 .1 2.6 28.1 34.4 34.9 

59.3 22.7 45.8 63.5 63 .8 

, CFLF=O ~520, ;(= ]9.628, d.f.=2 p<O.OOOI , CFLF=O 
I 4-.U 59.3 52. 

i=4. I 40, d.f. =3, p<0.247 
d.f.= l , p<0.112 

_1 CFLF=O 

Binary logi tic regre ion model ba been given in Table 3. 

Table 3. Variables in the model and their significance 

Step Variable Coefficien EXP (~) Improvement D.F. Significance Standardised 

In : (P) in -2LL of change coefficients 
(Chi-square) (P) 

I CAST 0.496 1.642 15.098 I <0.0001 0.496 
? SIZE -0. 153 0.858 5.797 1 <0.016 -0 .352 

3 NR -0. 196 0.822 4 .643 I <0.031 -0.278 
4 MOB 0.103 1.109 4 .068 1 <0.040 0.307 

Constant 0.285 <0.064 

The model provided a good fit as Hosmer and Lameshow test (Chi-square= 
6.177 p< 0.627) wa non- ignificant (Table 4). Further the model was significant in 
prediction the adoption of home-garden based agroforestry practice (Model Chi-square 
= 29.606 P < 0.0001)· Table 4). The model predicted 62.8% of the observations 
correctly (Table 5). Based on thi model, the higher caste households and farmers with 
higher mobility had the bigher likelihood of adoption of home-garden based agro 
fore try y terns (Table 3). However tbe farmers with larger families and higher 
number of non-residents were less likely to adopt borne-garden based agro forestry 
y t m (Table 3). Based on this model tbe caste was the most important factor 

affecting adoption of homegarden agroforestry practice followed by family SIze, 
mobility and number of non-resident members respectively (Table 3). 
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Table 4. Model Summary 

Statistic Value D.F. p 
Initial 2LL 255.248 - -
Model 2LL 225.642 - -
Model Chi-square 29.606 4 <0.0001 
Hosmer and Lameshow Chi-square 6.177 8 <0.627 
Nagelkerke R.l 0.110 - -
N 349 - -

Table 5. Classification accuracy of different models 

Type household Nwnber of Predicted membership Overall 
observations Adopter Non-adopter prediction 

Adopter 192 143 (74.5%) 49 (25.5%) 
Non-adopter 157 81 (51.6%) 76 (48.4%) 62.8% 

CONCLUSIONS 
The study implies that social factors play an important role in adoption of 

homegarden agroforestry. In the current study caste family size mobility number of 
non-resident members respectively were the important factors influencing the choice of 
homegarden agroforestry practices. Higher caste household and hou eholds with 
higher mobility of the head formed the potential adopters. The con traint of lower caste 
households and households with lower mobility needs to be identified so that they can 
also be encouraged to adopt these agroforestry practices. 
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Experience gained by the Safed Musti growers about its cultivati.on 

G.G. Chauhan\ R.M. Naik\ H.V. Pandya3 and C.G.lntwala4 

ABSTRACT 

Agriculture Polylechnique 
Navsari Agricultural University, 

Waghai, Dist: Dangs-394 730 (Gujarat) 
e-mail: chauhangg@yahoo.com 

The entire Dang district is full of number of plant pecies baving medicinal 
value. These valuable plants have not received due attention of the common rural 
people and a handful of knowledgeable persons have exploited the e specie for their 
own benefits Nowadays world has developed a new sense and interest for Ayurvedic 
medicine. Safed Musli is common medicinal plant cultivated on a srnaiJ area by rno t of 
the tribal farmers and getting good income in compari on to tbeir traditional crop. 
Therefore, an investigation was carried out to know Experience gained by tbe Safed 
Musli growers about its cultivation. 
For attaining the objective the present investigation was carried out in Dang district of 
Gujarat state. Fifteen villages from the district and ten Safed Mu Ii growers from each 
village were selected. The study was confined to total 145 re pondent . Keeping in 
view the objectives of the study interview schedule was prepared and the respondent 
were interviewed. Distribution of respondents according to their experience (in year 
of the cultivation of Safed Musli and Feedback based on experience of tribal farmer 
pertaining to cultivation of Safed Mush was worked out. 

Major Finding 
1. The great majority of the respondent bad experience of 4 to 6 year of 

Safed Musli cultivation. 
2. Equal number of po itive and negative experience tbey expres ed a the 

feedback. Regarding positive experiences they aid that the cultivation of 
Safed Musli is (i) easy in cultivation (ii) high valu of the produc and (iii) 
remW1erative production from the mall area (iv) mor profitable crop: 

Key words: Respondents tribal farmers remunerative. 

INTRODUCTION 
The entire Dang di trict is full of number of plant specie having medicinal 

value. These valuable plants have not received due attention of the common rural 
people and a handful of knowledgeable person have exploited the e pecie for the.ir 
own benefits Nowadays world ha developed a new sen e and intere t for Ayurvedlc 
medicine. Safed Mu Ii i common medicinal plant ulti ated on a mall area by rno t of 
the tribal farmers and getting good income in comparison to th ir traditional crop. 
Therefore an investigation wa carried out to know Experi nce ~ained by th~ Safed 
Musli growers about its cultivation. The A iatic flora inclu~e tropical, ~b-troplcal ~nd 
temperate specie in the several region . Many of t~e cultl. ated and wl1d plant )'leld 
product are used in modem medicine and in aroma mdustrle (Haq 1 95). 
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.\IA TERI AL AND METI-!0I? 
F r attaining the bJe tI th pr ent in tigation wa carried out in Dang 

dL tri ,[ of Gujarat tate. Fift n illag from th di tri t and ten afed Mu Ii grower 
onfin d to total 145 re pondent , from ea h village \\' r ' el t d. Th rudy wa 

. . .' - tl b' tl' e of the tud interview chedul wa prepared and tb K ep1ll0 111 \ Ie 1 0 ~ . h . 
re o polld~nL \vere int rviewed. Oi tribution of re pon?ent accordmg to t elf 

. (. ear) f the ulti ation of Safed Mu h and Feedback ba ed on 
~'\pen nee 111 . • • 
c\peri n e of tribal fa lmer pertaining to cultl atlOn of afed Mu II wa worked out. 

RE LJL TS ND 01 US ION 
Experience of farmer regarding Safed Musli cultivation 

Experiell c count e rywh reo E perience help the farmer .not o.nly to make 
them perti ct but al 0 incr a e their in ome and ~ v 1 of ~t1SfactlOn. Hence 
.:\peri n ~ain d b afed Mu Ii gro~er. v:ere .gIven due Importance in the 
que~ tionllair and a ord ingly th informatIOn I gIven m th table 1. 

Table: 1 Oi tribution of respondents according to their experience (in years) of 
the cultivation of Safed Musli (N=14S) 

r. No. of 
Percentage 

~o 
No. of years of experience 

Res ondents 
08 5.52 

') 4 29 20.00} 
3 56 38.62 82.07 

-+ 6 34 23.45 

18 ] 2.41 
Total 145 100.00 

le\\ mg the above data in table I It I clear that great majority (82.07 per cent) 
re pond nt had expenence of 4 to 6 year of Safed Mush cultivation. A good number 
( .62 per nt) of the re pondent had experience of five year while 23.45 per cent 
r pondent had ix year ' experience. A very small part (5.52 per cent) of the 
re pondent had three year ' experi ence. The higbe t experience of seven years' was 
with the J _AI per c nt of the re pondent . 

Feedback based on experience of tribal farmers pertaining to cultivation of Safed 
Muli 

The re pondent wer asked to give their feedback based on their experience 
regarding cultivation of Safed Musli . The response received are depicted in table 2. 
They expre ed po itive a well as negati ve experiences about Safed Mu Ii cultivation. 

The table hows equal number of po itive and negative experience they 
expre ed a the feedback. Regarding positive experiences they said that the cultivation 
of afed Mu Ii i (i) ea y in culti vation (72.41 per cent) (ii) high value of the produce 
(6 J.3 per cent) (iii) remunerative production from the small area (49.66 per cent) (iv) 
more profitable crop (46.21 per cent) (v) hort duration crop (35.17 per cent) (vi) low 
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expendiru:e compared to high market price (2 .28 per cent) and (vii) uitable to the 
type of oIl and atmo phere of Dang di trict (24.14 per cent) . 

. Li~~wi e negative experience mentioned by them in it magnitude are (i 
unavailabIlity of table market (82.07 per cent) ii financial difficultie to increa e 

d I " area 
un er cu tlvatlOn 75.17 per cent) (iii) Delay in payment by the middlemen (47 59 
cent! (iv) high fluctuation in prices of the product 26.90 per cent (v torage i n~t e~er 
at vlll~~ level (21.38 per. cent) vi) more ri k a no ecurity of price (17.93 per cen; 
and (Vll) proces of prepanng Safed Musli for market i cumber orne 13 .10 per cent). 

Table: 2 Feedback ba ed on experience of tribal farmer pertaining to culti ation of 
Safed Mu Ii = 145) 

Sr. F eedback+ve Feedback based on experience o. of Per 
No. or -ve Respondents cent 
1 -ve Unavailability of stable market 119 82.07 
2 -ve Financial difficulties to increa e area 109 75.17 

under cultivation 
3 +ve Easy cultivation 105 72.41 
4 +ve High value to the produce 89 61.38 
5 +ve Remunerative production from the 72 49.66 

small area 
6 -ve Delay in payment by the middlemen 69 47.59 
7 +ve More profitable crop 67 46.21 
8 +ve Short duration crop 51 35.17 
9 +ve Low expenditure compared to high 41 28.28 

market price 
10 -ve High fluctuation in prices of the product 39 26.90 

11 +ve Suitable to the oil and climate of Dang 35 24.14 
district 

12 -ve Storage is not easy at village level 31 21.38 

13 -ve More risk as no security of price 26 17.93 

14 -ve Proce s of preparing Safed Mu li for 19 13.10 

market is cumbersome 

If we divide the feedback e peri nee into two group ba ed of the fr quencyof 
re pondent or the percentage receiving more than 50 per c nt were n more important 
feedback and (II) less important feedback. Cutting line at 50 per c nt than we an 
form the table that only fir t four feedback can be aid a the mor important t! edba k 
ba ed on the experience of farmer about Safed Mu Ii culti arion. Furth r it i 
surpri ing that out of the e four more important t! edback two ar n gati and two are 
positive. The negative two feedback are (i) una ailability of table market ( 2.07 per 
c nt) and (ii) fmancial difficultie (75.17 p r cent) whil th po iti two t! dback are 
(i) ea y in cultivation of Sat! d Mu Ii crop mention d by 72.4 1 per nt of the 
respondents and (ii) th high valu of the produc of afed Mu Ii rec i ing 61.3 per 

cent weightag . . . 
Among the other group of feedback (i.e. Ie important t! dback r el mg 

frequency I than 50 p r cent) ther are e eral con id rabl feedba k hi h lik ly 
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n 3cd to bring to til n tice of the new ntrant in th~ culti arion of Safed Mu Ii crop. 
Tho 'e are (i) rel11un rati, 'e pr ducti n f afi d Mu II rop fr m th mall ar a (49.66 
per ~cn l) (ji) Dela in paym nt f the produ b th middlem n (47.59 per cent) and 

(iii) more profitable rop (46. _1 per nt) . 
F cdback ree iving v ry lov fr quencie hould not be ignored. Last th.ree 

feedback (r. . 1_. 13 and J 4 in the table _) I' ei ing frequenci Ie than 25.00 p er 
ent \\'ere nc.:gativ in natural and ar (i) torag problem 21.3 per cent) (ii) no 

' ccmity of pri e f produce (J .9 pre nt) and (iii) proc dur of preparing the Safed 

1usli for marketing (1 . J 0 per cent) . 
Tlli experi nee will help and guide the fanner wheth r to tart new cultivation 

of afed 1u ' li or otherv,i . 
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Ignoring element of farmers experience/preference: A cause for non-adoption of 
agroforestry models in eastern plains zone of Eastern Uttar Prade b 

Amita Sharma 

SMS (AgroJorestry) 
KVK, Bajatta Farm, Taloon 

Badwani (MP)-451551 

ABSTRACT 

' 265 

. Shisham (Dalbergia sissoo) planted by farmers as agroforestry tree on large 
scale m eastern Uttar pradesh has of late shown high mortality. Farmers explored Teak 
(Tectona grandis Linn.f.) as an alternative to hisham. However con idering the evere 
fuel wood problem in the region and edapho-c1imatic limitations for teak cientist of 
AICRP on Agroforestry Centre at the ND University of Agri. & Tech. Faizabad 
developed C. equisetifolia based agri-silvi system which farmers are not willing to 
adopt as they sti ll have a preference for teak followed by shisham. A study conducted 
on three different farmers' fields on II-year old farmer planted teak on the boundary of 
wheat fields as an agroforestry tree a also sole teak plantation in sodic soil (pH>8.5) 
of Faizabad district (mean annual rainfall of 1200mm) showed ignificantly (p<O.05) 
better teak growth in agroforestry than in its sole plantation. While in agrofore try 
system values for tree height, bole height, crown length, crown width and diameter at 
breast height were 9.67m 3.96m 3.6Im, 2.42m and 22.09cm, re pectively. the 
corresponding values in ole teak plantations were 8.42m 2.72m 2.51m 2.53m and 
20.I5cm. The number of leaves/ branch was al 0 ignificantly higher (39.1) under 
agroforestry than in sole plantation (19.4) system. It i ignificant to note that de pite 
the edapho-climatic conditions of Faizabad being considered a limiting for teak, tree 
height of 8.42m attained in sole plantation, though lower than that in agrofore try 
system, was comparable to that of 4.13 and 8.83m respectively for 7.5 and 13.5 year 
old trees, attained in sole plantation at Seoni in Madhya Prade ... h with a imilar mean 
annual rainfall of I228.6rnm. Thus, farm rs of ea tern plain zone are adopting teak a 
agroforestry tree for meeting their small timber and fuel requirement and rejecting C. 
equisetifolia de pite its high energy value. Another po sible rea on for non-adoption of 
C. equisetifolia based agri-silvi system could be the lack of an indu try in the region for 
processing of C. equisetifolia and thereby depriving farmers from better economic 
returns . It is thus obviou that ignoring farmer experience/preference will re ult in 
non-adoption of agroforestry model and thereby create hindrance in promoting 
agroforestry in a state like Uttar Pradesh where tree cover ha been reduced dra tically 
to 4.46% after creation ofUttaranchal (now Uttarakhand) tate. 

Keywords: Tectona grandi , C. equi elifolia Sodic soil 

INTRODUCTION 
The forest cover in India at pre ent i pegged at about _1 % of the 

g ographical area and through variou programmes effort are being mad to achi ve 
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'nO ordin a to _0 J I rep rt of the F r t ur y f India howev r the 
the targ~( ~f -'- 0 ., 1 d '" lined by 67 q km b tw en 2007 and 2009 (A nonymou , 
country tore. t \ er 13 . b ., tJ t th al 
2012). - -Ithough the figure may n t In a.larm rng ut It I co~ 'ary ° ~ gen r 

tha'{ artior > tation and on I atlOn programme. pU.L u d .on lalge . c.ale 
impr ,'sion I t 
(hroughout (he ountry ar yielding p itiv re u lt. W Ith !Il rea mg popu . a lon 

- d d d fio r fu I. fi dder, fruit and oth r tImber and non-tunber pre ·sure. in rea ' e eman 
d 1 , I'C 'ulted in ruthle e ' ploitation of fore t . Fwt hennor , in qu t for 

pro lIct 13 . ' . 1 
. . If Llf"C:1 I'ell in fo d aram n t nly th area for growrng tIees a 0 e 

"1I lallllng , e II '" . . . . . . 

~13ntatio~ ha been d lining c.o nti n~ou I but al 0 ral mg of hIgh ly l ~put-l11t n Ive 
HY\ 's i' re ' ulting in degradatIOn ot nawral rc our e . D.nder tho e c lrcumstanc. ' 
adopting agrofor try with multitude of b n ~t through It . erv l e. and pro~uctJ ve 
function i ' one of the mo t important optIon . Th major servIce functIOn of 
agrofor try i it ' ro le in "oi l re ili en e and management includi ng control of erosion 
a~d maint -nanc and improv ment of oil health tlu'ough physica l chemical and 
biolotTical fi rtilitie f "oil. Th produ ti ve function i to obtain tree products from the 
fannl~nd which include fuel wood, fodder and fruit along with con tru tion wood 
' mall timb rand c\' ra l other produ t uch a gum , resin and medi inal products 
tc. The produ t · obta in d erv to di l' ify th output from fann land providing a 

broader e onomi ba for better Ii elihood and food ecurity. A dditionally 
enhanc m nt of biodiver ity and pot ntlal to eque ter carbon to mitigate the effect of 

limate change are oth r major conui bution of agrofore try. Thu agroforestry wi ll be 
helpful in me ting increa ing requirem ot of fuel , fodder fruit medicinal plant and 
timber etc. on on hand, and en uring food ecurity a well as environment 
cOI1.ervation and ecological e uri ty on the other. This i all the more relevant in the 
·tate of Uttar Prade h wh r fo re teo er wa reduc d by 40% a are u lt of carving out 
th tate f ttarakhand (the then Uttaranchal) in the year 2000. Con equently the 
fore t CO\'er in ttar Prade h ti ll conti nue to be quit low which in November 2009 
has been reported to be only 14341 q km con tituting mere 5.95% of the geographical 
area (World Fore U' Day _OIl) a ompared w ith the de ired 33% . Within the tate 
benetits of grofore try ha e long b n realized by farmers of we tern Uttar Pradesh 
\\ h r they have ucce sfu lly incorporated poplar (Populus deltoide ) as an 
agrofore rry tn: 'vvhich ha exten i ly been planted in their farmland and area under 
It i increa ing with the pa age of time. The eastern Uttar Prade h (popularly called as 
"Purvanchal) ho\\ evcr, ha lagged beh ind in adopting agroforestry although fanner 
had earli r planted hi ham (Delbergia is 00) on a large scale which oflate has shown 
high mortality for rea on not yet known. K eeping these points in view scientists 
working und r AICRP on grofore try Centre at D University of Agriculture & 
Technology, Faizabad ha e developed 3 different agroforestry models especially for 
ea tern plain zone of eastern Uttar Prade h. The e model included: D. sissoo, 
Emh!ica ojJic;,w!i ba ed agri- ilvi-horti y tern, C. equisetifolia ba ed agri-silvi 
y tcm and C. equi eli/alia ba ed silvi-horti ystem . C. equiset(/olia based model 

\\ ere prefelTed by the ci nti t becau of wide spread fuel wood problem in the region 
(Anonymou , 2004) and de pite fanners first choice for teak followed by hi ham 
d~\'clo'pm~n~ o~ teak ba . ed models wa not con idered due to unfavourable edapho
clJmatlc limitation for It growth. However, re ults pre ented herein from the study 
conduct~d on fanner 'field on teak pl anted by them shows that their first preference 
for teak I based on their ound exp ri ence. 
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MATERIALS AND METHODS 
The study on growth of teak planted a agrofore try component with wheat and 

as .a sole p.lan~ation. was conducted over a period of 3 years in nearby village of 
Falzabad dlstnct wIth a mean annual rainfall of 1200mm. Soil of the area are 
characterized a sodic in nature having pH >8 ~5 and ESP>15. The field of nine 
different farmers were selected with 3 plots each of 4, 6 and 8 year aged teak plant d a 
agroforestry component on boundary of wheat field along with it sole plantation a 
well. as that of sole wheat crop with no trees on the boundary. The data presented herein 
are those collected on 8-year old plantations at the end of 3-year tudy period that i 
when plantation had attained the age of 11 years. Ten randomly elected and earmarked 
trees in each plot were used for recording observations on the morphological growth 
parameters of teak. These included tree height, bole height, diameter at brea t height 
(DBH), crown length, crown width and number of leave per branch. Some yield 
attributing characters and yield of wheat as sole crop and with teak as agrofore try 
component on boundary of wheat fields were also recorded. Teak growth 
measurements were made using tape graduated bamboo pole height mea uring 
multi meter caliper and scale. Sampling for measurements on wheat crop wa done by 
means of quadrat of 1.0m2 placed randomly at ten place in each plot. Fi e plant were 
randomly elected from within each of ten quadrat in a plot for recording ob rvation 
on plant height ear length and number of grain per ear. Grain yield howe er, wa 
recorded on the basis of harvest from net plot area of the entire plot. For the purpo e of 
test weight, 1000 grains were randomly selected from the produce obtained from the 
net plot. 

RESULTS AND DISCUSSION 
As the purpose here i to demonstrate that in spite of edapho-climatic 

conditions being characterized a unfavourable teak grow relati ely well in the odic 
soils of the region only relevant data on the growth of teak i being presented herein. 
The growth parameters of teak viz. tree height bole height, diameter at brea t height 
(DB H) , number of leaves per branch and crown length howed ignificantly (p<O.OS) 
higher values indicating ther by better teak growth in wheat based agroforestry y tern 
as compared to its sole plantation (Table 1). There were however no difference in the 
crown width under ole and agroforestry plantation. The tree height in agrofore try 
system was 9.67m while in ole plantation it wa only .42m. Thi finding i in 
confonnity with result reported by Buvane waran et al. (200]) who ob erved that te~k 
in a 20 year old forest (sole) plantation attained the height of only 14m wherea m 
farmers' fields 13m height wa attained at the age of 12 year. The tree height of 9.67m 
attained under agroforestry system in a odic oil (pH>8.S) in the pre ent tudy wa 
comparable with that of ] 0.84m reported for 9 year old teak in agrofor.e try . y tern 
elsewhere Wlder favourable condition in an irrigated ilty clay loam 011 havmg pH 
value of 7.83 (Anonymous 2007). It i of interest to note that the tree height of .42~ 
under sole plantation , though les than that recorded under agrofore try ~ t m 1 

comparable to that reported for ole teak plantation (4.1~ and . 3m r pecttvely fo: 
7.S and 13.S year old tree) under imilar mean annual rainfall of 122 .6mm at She ill 

in Madhya Prade h (Shukla 2009). 
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The bolt: h ightand DBH ft ak recorded a' .96m and. 22.09 m re pectively 
. . . I ~t t 'Oll were al 0 i!lllifi antly (p<0.05) hIgh r than 2.72m and 
III agrotore. tr y p an a I . t:: . 
'1() I - ob en d in ' Ie plantation. IlnIlar r ult wer lep rt d by Btl aneswarn t 

,:/ . . (~~~~) \vl1o fund higher DBH value of . 1, 15.06 ~nd 27.70 m at the age of 5 9 
1_ vear Id T, C/0110 orandi in farmer, ' field wherea . It wa only 18cm at the age of 
20 'v ars a_ for t ( ole) plantation . Tb DBH . f 20.IScm recorded for ole teak 

I 
-r t ' 'n the pr ent ~ tud wa on id rabl hIgh r than that of 13.6cm reported for p an a I n I . . . 1 . H 

9 vear old t ak in agr fi re tr tern und r mor fa 'ourable o.l l condlnon lavmg p 
\';Iue of 7. (l1onymou. _007). imilar r ult wer obtamed by Mutanal et ~J. 
(200 I) ",herein t ak ' h \\' d higher value a an agrofore try component wl~h 
groundnut and orghum rop. H que and 0 man (1993) mea ured beight and DBH m 
:6 year old plantation in pur t ak and i~l mixedylantation .. It wa f~und that teak ? ad 
iCTnificantlv!IT ater diameter and height m th mIxed p lantatIOn than Ifl ole pLantatIOn. 

In~ rhe pre ~~I~ inv tigation. number of I a e / branch was also ignific~nt~y h igher 
(39. 1) under agrofor tr than in 01 plantation (19.4) ystem. The re ults mdlc~te that 
teak in agrofore tr y rem had ignificantly (p<O.OS) better growth than ill sole 
plantation. Th better teak growth in farmer ' land could be attrib~ted t? th~ ~act ~hat 
the tree ' har the ben fit of inten i e ~and manag ment practice like ImgatlOn 
fertilizer and other cultural operation while the h'ee in sole plantation do not receive 
uch benefit in e they are grown under natural rain fed condition . 

Data n am of the soil phy ical and chemical propertie (Table 2) revealed 
that teak a agrofore ' try component improved quality of sodic oil by lowering bulk 
d n ity. oil pH and electrical conductivity and increasing poro ity, organic carbon a 
\\' II a available nitrogen. pho phoms and pota h a compared with it sole plantation. 

From the re ult of PI' nt rudy it i quite obviou that despite edapho-climatic 
condition - bing can id red a limiting, teak hows relatively good growth as an 
agrofor try component in odic oil of ea tern plains zone of eastern Uttar Pradesh 
and al 0 bring about an impro ement of oil health. Even as sole plantation, its growth 
i omparable with other ite like at Seoni in Madhya Pradesh with a more favourab le 
oil pH of / 7 and a imilar mean almual rainfall of 1228.6mm. It is for these reason 

that fanner in the region prefer teak among timber species a first choice for meeting 
their requirement of mall timber/pole and fuel rather than C. equisetifolia despite its 
high energy value. Furth rmore there i no industry in that region for processing C. 
eqlli etifolia which offer conomic return to the fanners whereas there is a 
can iderable d mand fo r teak everywhere. Same holds true for hisham (D. sissoo) 
whi h i the econd choice of farmer after teak. Thus farmers are reluctant to adopt C. 
equi etffolio based agri- ilvi model. 

Quicker and high r adoption rate of agroforestry models by farm ers will 
~ncrea e the fo re t/ tree cover in an area at a faster pace. Therefore, it is important to 
mco.rporate f~nner experience and choice while developing agrofore try models for a 
particular region. AI 0 th models need to be market oriented so that the end user gets 
better economic return. For this purpo e proximity to the industry utilizing products 
of agrofore. t~ tree i nece sary. Thu development of agrofore try mode ls using 
fanner pa~Jclpato~ approach with participant deftned priorities and goals will be of 
great help m extendmg the agrofore try to the new areas. This "bottom up" approach of 
tran fer of technology will make participants much more responsive to w hatever is 
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offered to them by extension agent in terms of education and training (Glendinning el 
ai., 2001). 
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Table J. Morphological orowth parameters of l1-ye~r old teak (!ecton~a gr?ndis 
Linn. f.) with agrofore try and sole plantation systems an sodlc sods of 
ea tem plain zone of ea tern Uttar Pradesh 

I .\grofore tr.'· y tern Tree Bole DBH Number Crown Crown 

Hcioht Height (cm) of leaves length width 

(m) (m) per (m) (m) 

branch 

Tccton 7 grandis + 9.6 J 3.96 3 22.09 a 39. lO a 3.61 a 2.42 

",heat 

Te fOlia arandi 
~ 

8.42b 2.72 b 20. I 5 b 19.40 b 2.51 b 2.53 

(sole) 
S. Em . .± O. 0 0.04 0.4 0.76 0.83 0.14 

CD (p<O.O ~) O. 0.12 1.20 2.18 0.23 0.41 

C\' (00) 14. 6 -.90 8.46 9.95 10.66 23.69 

ab Oi imilar uper cript shows significant difference 

Table 2. oil properties under agroforestry and sole plantations of ll-year old 
Teak (Tectona arandi Linn. F .) in sodie soils of eastern plains zone of 
ea tern ttar Prade h 

Sr. Soil properties Tectona grandis Tectona grandis 
No. + wheat (Sole) 

A Physical 
I Bulk density (g cm3) 1.33 1.39 
2. Porosity (%) 49.42 47.14 
B Chemical 
I Organic carbon (%) 0.27 0.24 
2. pH 8.54 8.74 
3 EC (d Sm-l) 0.36 0.38 

.t ESP 24.20 23.61 

5 Available N (Kg ha-l) 180.4 176.8 

6 vailable P205 (Kg ha-l) 11.13 9.36 

7 Available K20 (Kg ha-l) 207.3 203.6 
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Greenscaping with Trees in Urban Vicinity 

Alka Singh and B. K. Dhaduk 

Department o/Floriculture and Landscape Architecture 
ACHF, Navsari Agricultural Univer fty 

Nav ari - 396 450 (Gujarat) 

INTRODUCTION: 

Con tant truggle for urvival in tbi hi-tech world i drifting u far away from 
the wonderful nature as the pace of urban-development i being tran fanned from the 

eco-friendly human being to machine-friendly. Our natural Ie ource depleting by 
deforestation, ripping of hills and exposing them to ero ion pollution of river tream 

and lakes with little under tanding of the natural environment which upport human 

life. Life in urban areas is constantly becoming difficult with the exploding problem of 

atmo pheric pollution and massive population explo ion producing a di a trous effect 
on our daily life style and health. 

The understanding and need of maintairung biodi er ity and ecological 

balance have given thru t to green scaping with vital beautiful tree pecie for different 

landscape purpo e . P ychologi t have found that acce to plant and green pace 

provides a sense of re t and allows workers to be more efficient. Interaction with tree 

and natural space offers a variety of mental pbysical and ocial benefit for human , 

ranging from stre reduction quicker healing and mitigation of Attention Deficit 

Di order in children to decrea ing crime and curbing air pollution. The application of 

the art and technique of landscaping with proper election of tree can peU magic to 

our surroundings enhancing ae thetic beauty be ides impro ing and con erving 

environment. Be ide trees provide ource of natural beauty con er e natural 

re ource , reduce maintenance co t pre erve biological diver ity, check oil ero ion 

and prevent specie extinction along with olving many en ironmental problem . ity

wide the placement and quality of tre in term of canopy, t ture flowering habit. 

etc influence both biological and phy ical urban en ironment . trategy of y temati 

and thematic tree plantation with po t plantation car can offer 'A Li e Green 

Technology with a potential of becoming a key part of the urban infra tru ture. 

BENEFITS OF LANDSCAPING WITH TREES 
An orderly and 11 maintained planting chern of both tre and a ory 

vegetation produce highe t vi ual quality rating for urban tr et. hopping ar a , 
parking area a w 11 a for city quare (KathIe n 2006). Tree are an e ntial featur 

of land cape gard n, for road ide planting public park along railway lin in hool 

and college , government building and bank hi torical and religiou pia e and 

pri ate horn compound. The benefit of gre n aping with tree around ducational 
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d 
. ' . I ate man alue in th Qf ing hild r n in luding impr II1g bUlldJl1g, gar el1lng meu :::>,.. 

- b'i '! dc\' lopina qu t fi r natural ph n m n n, r atIOn f lal wellb mg 
crcall\'\~ a I I . C' • • 

d 
. I ne . and r tor almn in m ntal b ha lor (Rl hard, 2005). Park , 

an sparta a\\ ar . ' 
!!ardcn ' pa 'c ' , street tr e , and land ap d traffi 1 land pr l ~ mO.r than a .pr tty 
- tliectivel I' du ina th tre f ur dai ly Ii by 111 klI1g a fi hng of panorama,:::> . 
tranquillity{J nnifer, _006). Tnteracti n ith tr and natural pa ftl I' a artety of 
menral a ' well ial b n fit for human, bide n ironm ntal m deration a 

illu ' trated b I w: 

E I\ ' IRO rENTAL MODERATION 
Gr en aping with tre inc I' a th a aren toward nature d eloped eco-

fiiendly n pt and up urg the fe ling of re pon ibility toward plan t birds and 

animal. It al help 111 oil-moi ture r t nti n' pre ent ero ion modifying air 
I mperatur. reating micro limate and remo al of noi and du t pollution. It al 0 

pro\ ide habitat for bird and animal. landform d oid of egetation how erosive 
rat of around :00 t n m2/ ar. A green belt planting of around 1 3m can reduce 
3lrb m parti ulatc matter by a much a 75 p rcent. An acre of gr n area reduce 12-
_ t ne f du t. I. ~ ton of O2 and r I a e 2.5 ton of O2, One fu lly d veloped large 

tr in a land cap an change the microclimate and bring down th temperatur by 2 
to -oC (Bo tho ] 99). tudy in Chicago d termined that the city ' tree fi ltered 234 

ron f parti ulate pollution and clean ed the air of 9 ton of nitrogen dioxide, 93 ton 

f ulfur dioxid . and 17 ton of carbon mono id (Barton,2009).Tre al 0 play major 

rol in temp ratur r gu lation. egetated area pecially with tree also provide reli f 

fr m th 'heat i land ffi ct' ca ued by the heat trappin quality of concrete and buildin , 

Ir under a tr ' anopy can be a much a 5-10oF cooler compared to barren location 

(Kaltbee , 199 ), The average temperature of concrete urban area devoid of green belt 

i high r compared to a thickly egetated area. For eg microclimate ofNa an city V. 
a" an gricultural ni er ity campu , where the former i cooler. Well planned 

land ape around building or re id nce adjoin ae thetic value to it a well a affix real 
tate value of about 30%. 

EFFECT 0 MJ D 

Plea ant lew of gre nery and flower timulate creativity and has oothing 

ffect on body, mind and ouI. Studie have indicated that expo ure of green space 

reduc in tance of aggre ion and iolence (lame 2001). Flowers are known to have 

emotional tre bu ting effect in human .Scienti t a ert that green spaces increa e 

our ability to concentrate, both on the ta k at hand and on our ubcon ciou ly-viewed 

urrounding. tudi ha e hown that tre sed individual feel better after expo ure to 
natural cene with hu tree plantation and flower . 

EFFECT 0 BODY HEALTH 
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itie with high number of park (trees are the main component) battle 
obe ity and diabete well. Even relatively pas ive contact with nature uch a viewing it 
from a window- lower blood pre ure and anxiety level (Kaltheen, 199 2006 . 

Road ide avenue offer a desired de tination that prompt people to walk there and 
motivate people to explore once there. Flower and garden view provide more rapid 

healing according to some tudie in bo pital. Some tree provide herbal medicine e. 
g. Neem, Ginko Moringa Madhuka indica Murraya koeingi , Kadam etc. 

EFFECTS ON SOCIETY 
Maintained green scapes play important role in improving ocial culture by 

increasing workplace productivity driving safety reducing crime and pro perity. In the 

bu ine environment green spaces improve productivity and morale among worker. 

Studies how that desk worker with a view of nature--either out a window or around 

them in the form of indoor plant feel more relaxed overall and tho e ith no vi ibility 

of plant uffer the most stre s and anxiety. A study of 98 egetated and un-vegetated 

apartment building in Chicago, US (2009) howed that vegetated pace cut crime by 

half in addition to in piring pride for surrounding that tran lated into Ie litter and 

Ie s graffiti (Barton 2009). Vegetated landscape invite more people to u e them 

en uring more eyes on the watch to prevent crime in outdoor pace. Road ide 

vegetation or avenue also erve a social benefit by reducing fatigue anger, aggre ion, 

fru tration and stress of automobile driver. Well de igned land cape and treet and 

shopping area foster a community' en e of place and rai e opinion about the 

quality of goods and ervice offered. Further face valu and economic value of any 

building in well maintained land cape area may be 10-25% higher than the on without 

it (Kaltheen 2006). 

EFFECTS ON CHILDREN 
Richard Louv (2009) in hi book La t Child in the Wood ha truly re iewed 

the benefits plants offer to the child. View of tree from the horn impro e If

di cipline among inner city girl including enhanced concentration inhibition of 

impUlsive behavior and delay of gratification. After creati e play in erdant etting, 

children overall demonstrate increa ed ability to concentrate, ompl t ta k and 

follow direction. 

FUNCTIONAL AND ARCIDTECTURAL APPLICATION OF TREE 

PLANTATION 
Selection placement and grouping of tr e can greatly influenc their fun tional 

a well a architectural u e Booth 19 5). Functional appli ation oftr plantati n rna 

include: 
1. Creation of pac or outd or room blo k un ightly le tabilize 

teep lope direct th mo ement through th land ~pe, i uall unify a 
group of building and modify po ur to un and wl_n_d_. __ 
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n ir nmental mod ration: lean jng t11 air, retain moisture in the oil 

pr vent r ion and 10 
animal. 

of oil and pro ide habitat for bird and 

ontribution in in rea ing real tat valu of building and th ir ites. 

Tre all be archit ctma ll u d in the land cape which fun tion a tructural 

component like c iling , wall, windo\ . door t and for reation of varied degree of 

space like emi pen ~ pa e ( with on ide with taller tr e and doth r id p lanted 

\\ 'ith small plant ' ). canopied pace an be obtained b growing rna of shade tree with 

a den ' e canop ,and vel1ical pac an b cr ated by u ing tall narrow tre which are 

\ enical in ori ntation and open to k . It give upward movement. Tree can al 0 be 

u ed to e tabli h interlink d equenc ' of pa e . Tree may al 0 be u d to complete 

_ patial definition and organization that ha been ugge t d by d ign elements. Trees 

an be \'cr_ \Veil u d to r en unattracti e or unwanted obj ct . Dep nding on 

objecti\'e . a vegetative reen may b compi t Iy opaque to totally creen a view or it 

may have ome of tran par ncy to provid partial creening. Tree plantation cherne 

an b \ ery w II u ed for en uring privacy control. It i the t hnique of ncircling a 

well defined ar a " ith tree that view from out ide i prevented. The purpo e is to 

i olate the pace from its urrounding and for recreational activitie for the family. 

Criteria for election of tree pecies for gr en caping in urban vicinity is 

mainl ba ed on foliage den ity and hade effect vmiation duration and 

ynchronization in flow r colour, canopy-fom1, ele ation, texture abiotic stress 

tolerance. pollution tolerance. etc. Vi ual characteri tic like size, canopy form flower 

colour and texture affect the overall ae thetic quality that is displayed with tree 
plantation eh me. 

ELECTION CRITERIA FOR TREE SPECIES IN URBAN LANDSCAPE 
Criteria for election of tree specie for urban land cape can be ba ed on their use 

a di eu ed b lov,,: 

i. hade and dense foliage 

vergreen tree with den e foliage provide hade through out year in landscape. 

Summ r ea on i very hot and the e tree erve as cool and hady resting place during 

hot unny day in ummer. Example of such trees are Albizzia lebbeck, Alstonia 
cholaris. Azadirechta indica, FiclIs spp, Peltophorum pterocarpu, Eugenia 

opercu/ala, Eugenia jambolana, Mangifera indica, Samanea aman, Mimusops elengi, 

PO~\'G/lhia /ongifo/ia, Grevillea robusta, Thespesia populnea, Pongamia glabra. 

Ballhinia purpurea, lxora panJijlora, Calophyllum inophyllum, Parkia roxburghii, 
Kigellia pinnata, Saraca indica, Sterculia alata, Pterospermum acerifolium, Grewia 

cO/11m naris. Tamarindus indica, Filicium decipiens, Putranjiva roxburghii, Santalum 
album. Swietenia mahagoni, etc. 
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ii. Flower colour: 

An appropriate choice of the flowering tree peCle and different flower colour 
combinations would en ure plea ing colour all around in our garden avenue and 

country ide. Flower of tropical tree are very rich in coLour on can ha e all different 
kind of colour combination from the available tree pecie throughout year. 

Red: Poinciana regia, Butea mono penna, Bombax ceiba, £f) thrina indica. 
Spathodea campanulata, Saraca indica, Cordia sebestena, Amher lia nobilis. 
Callistemon ian colatus, Colvil/ea racemosa, Firmiana coloratea etc. 

Pink: Cassia renigera, C marginata, Cgrandi, Cnodo a, Javanica, Kleinhova 

hospita, Gliricidia maculata, Bauhinia purpurea. Bauhinia variegate. 
Lagerstroemia jlos-reginae, L.thorelii, Tabebuia avalandi. T.heterophylla. 
rro ea, Couroupita guianensis, Chori ia speciosa, etc. 

Yellow: Peltophorum pterocarpum, Cas ia fi tula, Csiamea, c.spectabili , Tabebllia 
pectabilis, Tecoma argentea, Tecomella undulata. Cochlospermum go ypiul17, 

Markhamia platycalyx, Heterophrama pp., The pe ia popuinea. tc. 

Blue: Jacaranda mimosaefolia Solanum macranthu , Miiletia ovalifolia, Ciiloria 
arborea Guaiacum offiCinal etc. 

White: Millingronia horten is, Plumeria Spp. , yctanthe arbor-tri ti, Mimll op 

elengi, Azadirachta indica, Melia azedirach, Erythrina alba, Crala a religio a, 

Gu tavia augusta, Bauhinia variegata Val' candida, Dillenia indica. lxora 
parviflora, Alstonia scholari, Ptero oprmum acerifolium, alophyllllm 

inophyllum, Wrightia tinctoria, Holarrhena anlid) enferica. Anlhocephalll 
cadamba, Citharexylum quadrangulare etc. Mo t of th hit flow r d p i 
are cented one. 

Different schemes of trees for year round flowering 

Sr. Months Scheme of planting of Tree Species Flower colour 
No. scheme 

1 May - Jun Gulmohar + Amalta + Pink Ca la Red + Y How + 
Pink 

2 July - Augu t Mau + Pink + 
ia Y How 

3 S pt mber + Pink + Red + 
Octob r Golden How 
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BOllhillia l'CII'i 0010 + Bauhinia 
plllplll' a 

Whit + Light 

Mau e + D ep 
Mau 

~----------~~~----------~--~-----rY~el~lo=w~+~L~i~gh~t~PD;j~nk~ .:' 1 J, nuary . 

Fcbruar 

6 Fcbruar 

March -

iii. Height: Height f tr e i important a it dire tlyaffi t th al and proportion 
dep nding up n the urr unding I ation, road id or building. 

a. Laroe tree : Hight of larg tre i around 15-22 mt. Eg. Adan onia 
clioitolo. Am/roc phalli cadamba. A:;adirachla indica, Al fonia cholari, 
Ficils p.. CO 'llarina eqlli et((olia. ollroupila guinen i, Peltophorum 
plero WPIlIJ1. PO(l'lIhia long((olia, Samanea aman, fercu/ia fo etida, 
Tenninalia alfapa, Tlibebliia ro eo, T arjuna, Ca ia p., Aca ia 
ouri 1IIifonni,. Teak etc. Th are dominant vi ual lem nt on a landform. 

lou ed a focal point and for r ning cold wind and hot un . 

b. Intermediate Tree : int nnediate tre hav 12-15 m height. The e are 
u ed for reening old wi nd and hot un. They are al 0 used to develop 
enclo d area. om xample are Butea mono perma, Ca/ophy llum 
/l7ophyllul17,Delonix reoia, Kigellia pinnata, Jacaranda Mimu op elengi, 
Markhemia. Tecorna argenlia, Spathodia campanulata, Thuja actinophylla 
The pe ia populnea, Madhllca indica. Dalbergia isoo Mangifera indica, 
r1:;adirecta indica Ballhinia purpurea, Ca ia fi tula, Ca sia nodo a, C. 
roni era. C iamea etc. 

c. mall tree and Ornamentals : Height of mall tree i 5-8 m. Eg. Brassica 
aClil1oph.l'lIa. Coch/o permum go ypium, Calophyllum inophyllum 
Plumeria alba. P. rubra, Cytha rex;/on, Erythrina blackeii, Gliricidia, 
Large troemia indica, yctanthu arbortritis, Saraca indica, ixora 
pan'ijlora. Tubebuia ava/andi etc. They are useful in creating edged for 
complete enclo UTe and al 0 work a c iling. They can also be al 0 planted 
on both Ide of path. 

iv. Canopy form: 

The form of an indi vi dual plant or group of plant i the overall shape and 
gro~1h habit. Different canopy form are given below. 

1. Fa tigiate or Oval : Thi type i upright narrow and tapers to a point at its top. 
Example: Thuja, Middle aged Eucalyptu and Ca uanna. 

2. Column~r : Thi i arne a fa tigiate form but has rounded top. Example: 
asunna equi et[folia, Polyallhia longijolia, Eucalyptus sp. etc. 
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3. Spre~ding: This p~ant form is at lea t a bload as it i tall with generally 
honzontal hablt. . xample: Samanea aman, Poinciana regia, 
Anthocep~alu cadamba, Bombax cieba, Terminalia calapa Palm etc. 

4. Round: ThIS form ha rounded or pherical canopy. Example: Mimu op. 
elengl, Azadirchta indica, Mango, Anthocephalu cadamba etc. 

5. Pyramidal or conical: It ha cone like appearance. xample: bristma tree, 
Deodar, Juniperus etc. 

6. Weeping: A weeping plant form has predominantly pendulou or downward 
arching branche. xample: Cali temon chinen i, Weeping willow. 
Calli temon Ian ceo latus, Salix babylonica, Pongamia glabra, Flcu nitida 

7. Picturesque: It may be irregular, windblown and ha unique culptural hape. 
Example: Butea mOl7osperma. 

8. Umbrella: The canopy ha umbrella hape. Example: Samanea aman, 
Albizzia lebbeck, gulmohar, etc. Shrub: Cas ia biflora, Calliandra, etc 

v. Foliage type 
It include the form of the foliage and type of the growth and can be cia ified 

as: 

1. Evergreen: Leave remain on plant throughout the year. The e ar grouped at 
various locations throughout the design which visually break up compo ition and 
if clustered together they unify compo ition. Evergreen dark foliage i al 0 u ed 
as background for light green foliage or for deciduou plant . They are u ed to 
screen objectionable views cold wind and hot sun. 

2. Deciduous: These 100 e their vegetation in late winter ummer and regain in 
mon oon. This empha i the sea on a they ha e different appearance in all 
seasons. These can be utilized to create mobility in garden. Deciduou tree ha e 
typical structure of branches. The habit and pattern of bare branche them I 
create a unique design. Generally type of foliage influence ea onal inter t, 
visibility and unity of a de ign. They al 0 relate illr ctly to the te ture. 

vi. Plant texture: It is the i ual roughne and moothne of plant. It i 
influenced by leaf ize twig and bark ize bark configuration, the 0 rail 
habit of growth and the di tance at whi h the plant i iewed. Te ture 
affect a number of factor in a planting compo ition, including unity and 
variety perception of di tanc colour tone i ual int re t and mood of a 
design. It ha following cla e: 

a. Coarse texture: Coar e te tur i created by large lea e thi k rna ive 
branches and 100 e open habit of growth. E ampl ar Kig Ilia pinnata, Bulea 
mono perma, Canoph lIum inoph) Ilum, Madhuca indica, ~ c~ona orandi, 
Anthocephalu cadamba, et . It i highly i ibl bold and aggre 1 e 0 u ed. a 
a focal point. Becau of it trength it cau th of 'movmg 
toward" and make a outer pace feelling mailer. 

b. Medium texture: Medium te ture re ult from m dium ized lea d ; branbch . 
and moderately d n habit of growth. Th y ar 1 tran par nt an lorm a 1C 
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t ,(UI" 
fad sign. ling tran iti nal oar and fi n 

I d · 11lllala. Tecoma ara nlia, araca indica 
( xture .. \ ampl : pallO /Q camp 

\ filiI/cap. t!/ellgi. 
c. fine te~tu re : It i 

and a tight, den 

1I •• i 1 Ii lilIa, t. 
pr duO d b man , tiny, t~ in br.an he and twig 
rrrowth habit. The ar ft and d h at m app arance. It 

incr a di tan dU to it tru tur and al 0 a t a a n ll tral background to 

pro\ ide refined. m th urfa e hara t r. 'ampl: a ia eam a. D lonix 

regia. ia oranda. Pink a ia, P Ilop!7omm, 'a uarina, amania aman , etc. 

,ii. Fruit bcarino avenue tree: 
om tre hav b autifu l can p a \ II a baring edibl fiuit . The e tr e 

'an be incorp rat in land ap gardening of r ad id a enll a w 11 a home 
compound '. g.£lIaenia jombolana, E. op rculata, Mangifera indi a, Moru alba, 

CO( II ' I1l1ci(era. Al ' rr!7oa carambola. Phyllanthu emblica, Tamarindus indica, Aonla, 

Bad. .-lrlOc mpll. h ' rerop17yllum, Punica granalllm, Citm pp. Annona reliclilafa, A . 

WllWII10.W. Date Palm. reca nut etc 

,iii. Pollution tolerance: 
II tr purify ai r and can b rightl tenned a 'oxygen bank ' for human 

bell1g . HO\\'e\ er. with high level of pollutant in air en the growth of plant become 
runted and be ome difficult for urvi a1. om tree pecie are highly tolerant to air 

pollutIOn. u h tree an fun tion a biological filter . They filter contaminant from air 
and clean th atmo ph r. ome of th tropical tree pecies like Albizzia lebbeck, 

AI.\fOll/Q . cholari. . hlltea mono perma, Ficll benjamina, Madhuca indica, Pongamia 

r{lobro. Lewer troemia flo -reainae. Ficli religio a, Peltophorul11 pterocarpul11, and 

Terl11l11alia Gljuna an be planted in indu trial area ince they are tolerant to du t and 
m k. . For noi e r duction J\tfangifera indica, Butea mono perma, Madhuca indica, 

Terminalia OIJlll1a. AI Ionia scholari and A=adirachta indica are very uitable. 

ix. pecial land cape effects: 
orne tree change the colour of I once a year like Schleichera oleosa, 

Laaer. rroemia 170. -reainae. Terminalia catappa, Ficu religio a. etc. and provide 
m bility t the garden. ome pecie po e very unusual character like Adansonia 

digirara ha large trunk, Kigellia pinnala ha long pendulant flower and fruits, 
Corollpila guinene. i ha peculiar fl ower ( hape and fragrant) and fruit Aurocaria 

cookie ha pyramidal canopy and beautiful branching arran gem nt and leaves suit

able pecimen tree in the lawn. Pod of Peltophorum pterocarpum Lager troemia p. 

and Kleinhovia hospila are ornamental. Santaium album wood is fragrant while 
branche and trunk of orne tree are coloured like Terminalia crenulata (B lackish 

trunk). feslla lerraej Redi h brown) and Wrightia tinctoria (ivory white) etc. Some 

tree ha important m dici nal value Like Azadirachta indica (Diabete wound 
haling, Fever). as ia fis tula (con tipation) Terminalia arjuna (Blood purifier & 
Heart di ea e). Fyzillm pp. (urinary problem ) Moringa oleifera (Arthritis) , Ficus 
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re/igiosa a gargle in alivation) Punfranjiva roxburghii (repeated mi carriage ). 
Hydnocarpu /aurifo/ia (Lepro y) Holarrhina antide enferica (dy entery) etc. 

x. Tolerance to Abiotic stress: 
Tr e like Dalbergia sis 00, Butea monosperma, Cochlospermum go sypium, 

Cralaeva religio a, Albizzia lebbek, Tecomella undulata, Azadirachta indica, 
Tamarindus indica, Ficu spp., Cassia fi tula, C. siamea can be grown in a ery dry 
localities. Some pecie are suitable for wetland e.g. Dillenia indica, Barringafonia 
pp, Ficu elastica, Syzygium spp. Pongamia, Michella champaca, Termina/ia mjuna, 

Holoplelia integrifolia, The pesia populnea, Acasia nilotica etc. Few pecie of the 
tree are alt tolerant like Peltophorum, pterocarpum, The pe ia populnea, Ficlls pp., 

Coca nucifera, Aca ia auriculiformis, EucalyplLl pp., Ca uarina equiselifo/ia, 

Salvadora per ica, Prosopis cineraria, P. juliflora, etc. Some of the tree are fire proof 

ince the bark is thick enough to ignore the hotte t blaze e.g. Tecomella undulafa, 

Tectona gran dis, Terminalia crenulata, etc. Some of the tree pecie are highly 

efficient in soi l con ervation. e.g. Gliricidia is highly efficient for nitrogen fixation in 
soil. 

It is apparent from above that tropical tree can meet the major requirement of 

landscape gardening in the urban vicinity. A uch they pro ide a rich ource of taxa 

fumi hing sky line to land cape back ground to magnifying architecture and creen for 

privacy: from road traffic. Beside the e green friend be tow u with hade protection 

against aggressive winds and a trong component of garden de ign in home compound 

and complement office building wherea orne pecie are ourc of cut flower 

timber fruits and product of minor use . Tree erve human life on thi planet, be id , 

meeting all different requirement of landscape gardening in India. Tree are a rich 

ource of taxa furni hing ky line to land cape, back ground to magnifying architecture, 

screens for privacy and a mod to add change and colour in life. The are our tru 

green friend be towing us with infinite benefit. Thu , careful eco-friendl plantation 

of these beautiful tree ha the potential to play magi on tm mechanized arth 

tran forming it into a beautiful colorful a piring green- cape. 
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Bulletin-137 Univer ity of Delaware USA. 
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Recent threats of insect and disea e infestation to eucalypt culture in orth India: 
R&D efforts at WlMCO to minimize their impact 

R. C. Dhiman and J. N. Gandhi 

Wimco Seedlings Divi ion (WfMCO Ltd.) 
R&D Centre, Bagwala 

Rudrapur, U. S. Nagar (Uttarakhand) 
Gandhi.JN@wimco.in 

India leads in eucalypt culture with approximately 4 million ha plantation area. 
Eucalypts i al 0 the leading tree being planted on farmland in numerou region acro 
the country including North India. The tree i well known for it rapid growth, geneti 
diver ity ease to vegetative propagation coppice regeneration and uitability for 
numerou u es. The demand for it wood i increa ing ince it being now a main ra 
material for paper pulp panel indu try and ho t of other dome tic and indu trial u e . It 
is al 0 a favorite tree for growing in agroforestry in North India and i being 
extensively planted on farm boundarie and in blocks. 

Of recent the eucalypts culture in North India including many other part of the 
country is adversely affected due to three major insect and disea e infe tation in it 
nur erie and field plantations viz. infe tation of gall in ect (Lep/ocybe inva a gen. 
little leaf (Mycopla rna like organi ms-MLO ) and Cylindrocaladium leaf blight- CLB 
(CyLindrocladium quinqueseptatum). The infe tation of all the three agent both in 
nursery plant and field planted trees ha been very heavy in the recent year rendering 
a erious et back to its plantation activitie . A a re ult it wood availability ha 
harply declined prices gone up and the indu try i left with little option a to import 

eucalypts and other tree s wood in appreciably quantity from many other countrie to 
meet their production needs. We at Wimco ha e been fir t to initiate eucalypt 
research (out ide Government in titution ) in early 19 0' and ha e been foll0 ing 
these development very closely. The objective of pr ent tudy was to overcome the e 
three major challenges through re earch and de elopm nt mean in luding de eloping 
new clone having fa t growth and high degree of re i tance again t the e di ea e and 
in ect infestation. Our re earch initiative ha e led to de eloping and creening of 
many clones two of which W-14 WllvICO-14) and W-15(WIM 0-1 ) ha e hown a 
very high degree of re istance to infection of CLB gall wa p and littl I af both in 
nur ery as well a in field condition . Till present e cellent opportuniti for di a e 
and insect avoidance on thi specie and u taining it cultur in futur . 

Keywords: Eucalypt culture Gall wa p CLB MLO , Ion 

INTRODUCTION 

Eucalypts i one ofth main planted fore t tree a ro many regi n in the ountry. 
It is very fa t grown mo tly grown for a hort ro~ation of 4-? y ar , r.ep a.t dly harve ~e~ 
from coppice rigin without making fre h plantatlOn eery hm and I Ultable .fo~ b tnt) 

grown by farmer with littl po t planting ar a a a h crop t~ upplern. nt their m om 
from limited land r ource. It i increa ingly grown £ r m tmg th dl er u from 
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industnal ra\\ material to d me Ii n ed Ii I' ~all, timb, rand fi rewo d, Th tr i al 0 

I d f re t land in man tate , It plantmg I maml promot d by pap r and pu lp 
f ante: on d ' ho have 
indu 'trial units, man. -tat for t d partm~nl " an, pn at, ~ur ry gr wei: ' , 
t 1 -d ,rr Willa its nul' rie a bu in ptl n 1Il I of n mg d mand for It plantmg 

. ar,t.: I:::-d ' :::r11 ' I't 1 -B6 Mha plantation ar a I' pr nt 22% of the global plant d • t oc 1'. , n I a \ \ I - , - , 

, ' al\Tlts' "nd th l' fore I ad in it ultur (W\\ ,glt.for try,com), tat of r t Report 
eLIC, " . U , h' h 
'009 're ord - 10 .4 milli n u alypt tre a ToF (tTe out Id for t ) w IC repre nt 
1,9:°0 of the toral tree t k Ii und n n n Ii r t area in th country (F I 200~), C?frec nt, 
the US<H?:e and 'hare f eu -a lypL wo d ha ignificantly in r a d due to I t In rea~ed 
U\ aJlabllirv fr m fannland ' and al 0 a a re ult pap I' and pulp indu try largely replacmg 
with it the'tradiri nal raw mat rial lik bamb 0 that wa earli r btain d from govenunent 
fore:t , Th role f thi . tre in m cting the dome ti and indu trial demand very 
'ignJ1icant in \'iew oh\ id ning gap b tween it d mand and upply c nario, 

Eu alypt i a \ ry imp rtant ra\ mat rial for wood ba ed indu try in North India, 
Olllc: r on tituted \\'0 d ba ed indu trial unit which ha e been r cently allow d to 

c tabli . h in rtrakhand wer gi n pe ial permi ion ba d on the u e of only eucalypt 
and poplar \\ood gr \\'n n th fann land, Many of the reconstituted wood ba d industrial 
unit , \\ hi h \\ re functioning \\'ith ut r gi tration in thi region for quit om tim wer 
regulariz d with quantification of the raw material a ailability from eucalypt, poplar and a 
f \\ orh r rre grown n th farm land in each tat . Wood ba ed indu try located in North 
Indian plain \'iz" Punjab, Haryana, We t m P and part of Uttrakhand pre entty 
conume - approximat I 15,000 tone ucalypt wood per day (with around 5000 tone 
around Rudrapur. rtrakhand alone) for paper pulp, veneer and particle board 
manufacturing in addition to orne oth r dome tic and indu trial u e , The indu try has 
£10\\' tarted xperien ing hortage in it wood a ailability a the demand for it wood 
lIddenl_ in rea ed n e tabli hing new unit, wood a ailability declined on fa t and early 

ha1'\ etmg , and the pace of e tabli hing new plantation eriou ly aft! cted a the large 
.cale infe_ tati n of th e in ect and di ea di rupt d the production of h althy planting 
rock, Th l ap r pr nt the re earch and developm nt effort undertaken at WIMCO for 

facing th -e hall nge and aloin developing re i tance clone for u taining eucalypt 
cultur in th regi n. 

W':\lCO in eucal. pt R&D and its culture 

1M CO Ltd" e tabli hed in 1923, i one of a very few old wood ba ed indu trial 
tabli hment , that i till operating after year of exi tence. The company wa the fir t, 

aLIt ide gO\ emment ector to tart fore try R&D and field operation during 1970' , The 
company i well known for it poplar program in North India and Kadam program for 
ea tern tate and al 0 for introduction and promotion of root trainer technology (Dhiman 
20 II) , The company wa a pioneer to tart y tematic R&D on eucalypt (in corporate 
ector) through it ub idiary Wimco Seedlings Ltd, established in 1984 which was latter 
o~ m rged with WIM Ltd, in 2007. Eucalypt improvement programme wa tarted 
with the aim to produc improved eucalypt clone for pulp & paper indu try timber panel 
fire~ood etc, The work include pecie and provenance trials' hybridization election of 
candidate plu tr~e: centralization f elected candidate plus trees at R&D Centr , 
Bag~ala : egetatlve p,ropagation ~echnique including budding, grafting rooting etc; and 
plantmg tock production of eedlmg and clonal origin, Wimco wa fir t in India to report 
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rooting of cutting. of ele~ted euclaypt clone ( handra and Yada 19 6). Around a 
?ozen clone were Included In the routine production y tem. lonal planting tock of the e 
Improved clon~ ?as been . regula~ly uppl ied to the farmer government department, 
re earch orgamzatlOn and mdu tne . Upgraded seed obtained from the e elected clonal 
eucalypt plantations i regularly collected and upplied to the paper mill , state fore t 
department , and farmer . 

Eucalypts improvement programme wa tarted with the election of candidate plu 
tree from Uttar Pradesh. An eight digit code wa designed for keeping track of the elected 
candidate plus tree. Trials indicated that patch budding i better option for c10nally 
a sembling the mother trees wben compared with the cleft grafting a lateral technique 
invariably resulted in mortality of grafted hoots. In 1986 all the elected mother plant 
were clonally assembled at R&D Centre Initial rooting varied widely from 0-63% which 
was significantly improved with rejuvenation by serial propagation and application of 
10000 ppm IBA formulation. Result of 120 month old trial of25 provenance compri ing 
of ix eucalypts species namely E. grandis E. saLinga E. camaldulen i E. lIrophylla, E. 
brassiana and Mysore gum as control established in 1985 indicated that provenance 13022 
NW of Caboolture and 12970 SFR 194 Herberton Range Qld. of E. grandi and 13026 
NW of South of Calliope Qld. of E. alinga yielded higber wood volume than r t of the 
provenances (Chandra et. al 1998). A provenance trial of 31 eed ource procured from 
Australia confmned that E. grandis grows much better in Tarai Region than many other 
species. At 20 year age, a candidate plus tree of E. grandi (CSIRO o. 120 1) produced 
timber volume of 1.339 cum(ob) with a height of 25 m and girth of 162 cm (Ohiman and 
Gandhi 2005) 

Open pollinated eed were collected from the elected candidate plu tre during 
May-June 1985 and seedlings were raised. A population of 115000 eedljng compri jng of 
97 half sib families (81 My ore gum 7 E. tereticorni 3 E. camaldlilen i & 6 from th Fl 
hybrid of E. tereticornis X E. camaldulen i) 3 control and on clonal ucalypt 
population were planted during 1986 at 4.0m X 1.25m pacing in compartment umber 4 
& 85 of Pipal Parao Range of Central Tarai Fore t Di i ion Haldwani. nnual 
measurements of 100 plant of each progeny were recorded for h igbt & diam ter growth 
and re i tance to di ea e & insect. III candidate plu tree v ere elected from th e 
families during the year 1991. The e III CPT were centralized at R&D Center by patch 
budding on eedlings for furth r experimentation and impro ment v ork. i ty co~trol 
crosses among different pecie & provenance w re tried in 19 7 and ucc obtaIn d 
wa 62 percent. A trial of 476 eedling produced from eed of 29 cro e. and op n 
pollinated collected wer field planted in 19 8. Similarly 6 cro wer~ n~a?e m 19 9 and 
their trial was e tabli hed at R&D Centre. Out of the e cro e, two mdlvldual (cro 
between My ore hybrid parent of two land rac ) ha eben reened. ba d on h~ight & 
diameter growth of over 24 m & 24 cm r pectiv ly at year ag. Fir t clonal tnal 0: 
clones (2 of E. camaldulen i and 6 that of M; ore own) jth ~ ontrol Of. eedlIng 
population of My ore gum wa e tabli hed at R&D Cent r Chand am Farm dunng 19 9. 
The re ult obtained at 4 month ag indicated b tter growth of two ~y ore. gum cJo~ 
and one E. camaldlilen i lone h n compared with other clone In luding e?lmg 
population of My ore gum. Out of th e trial around a d .zen Ion were routm I 
introduction in production y t m and for upply of clonal plantIng tock to the gro',: r . 
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Fig.-1. Candidat plu tree e lected from 9-_1 year old plantation and centra lly 
a ~cmbled at R&D C nter during 19 6 (l ft) and union of budded candidate tree on 
' eedlmg (right) . II th e old tree wer found gall infected in 2008. 

Three threats to eucalypts culture in Nort h Indian plains 

Of recent, th uca lypt uJture in orth India including many other parts of the 
'oul1try. j ad er ely affected due to three in ect and di ea e infestation to nur ery planting 
_ t ck and field tr viz.. infe tation of gall insect (Leptocybe invasa gen.) 
Cylindrocladium I af blight- CLB (Cylindrocladiurn quinque eptaturn) and little leaf 
( fycopla ma like organi m -MLO ). The infe tation of all the e agents has been very 
s \ er in th rec nt ar rendering a eriou et back to eucalypt cultur. A a result 
eulcaypt wood availability ha harply declined, price gone up and its nursery production 
I ad\ er ely affected. Th major nur ery tock produced so far was of seedling origin 
v. hich xhibit a very high degr e of u ceptibility to all of these infestation om widely 
accepted clone lik BCM 3, BCM 7, and BCM 10 and WIMCO eries clones viz., W-36, 
W -104 and \ -T 10 have de eloped a very high d gree of usceptibility to these agents, 
mo t of the e clon have now been taken out of production system and search for new 
one hav eame tl tarted to u tain eucalypt culture in the region. Threat of these agents 
to eucalypt culture and R&D ffort mad thereto are di cussed below. 

Gall wa p infestation 

all infe tation by Leplocybe invasa gen . & p . n. on eucalypts i of recent on gm 
III It growing location in India. In a very short period of around 10 years of b eing first 
recorded in Mandya Oi trict Kamataka during 2001 it has now pread to almost all the 
eucalypt growing location in the country. In North India the in ect appears to have 
entered with the planting tock imported from South India. Gall on eucalypts were first 
noticed on clone BCM-316 during 2007 in U ttrakhand and thereafter a field survey 
. o~duc:ed in part of orth Indian plains during Dec. 2008 confirmed its wide spread 
II1fe ta tlOn over all the 30 urveyed locations in Punjab Haryana, Uttrakhand and Uttar 
Prade h (Dhiman et al 2010). It has al 0 been confirmed from Haryana (Jagdish Chander 
2011), adjoining tate of Gujarat (Shive h Kumar et al 2007) and has also been recorded by 
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the enior author in Bihar and We t Bengal Nur ery eedl' b th . . " . . mg 0 m government and 
pnvate ect~r are no~ ~nously gettl~g mfested with gall a a re ult their a ailability for 
field plantatlOn ha Igmficantly declmed The increa ed t'b' l' f . u cep I I Ity 0 even many of 
th bran~ed and accepted ~Ione from IT and WIM 0 ha restricted clonal choice to a 
few ~elattvely Ie su .ceptlble clone viz B M 4 J 3, B M 411 K.25 B M 2045 etc. for 
plantmg stock productIOn. Many trader are importing planting tock from . t . . S h d ' . . pn a e nur ene 
In out In la and supplymg It to the growers in North India Mo t of hi' k . . uc p antmg toc 
deve~op gal~ m. due cours~ and the productivity of field plantation i eriou Iy affected. 
The mfe tatlOn I . more enou to nursery ee~ling young plantation and coppice hoot, 
even .old plantation have al~o been found mfe ted with the gall (Dhiman et al 2010). 

opplce shoot of even relatively re i tance clone al 0 bow a ry high degr f 11 
f: . , d'f"f: 1 . ee 0 ga 
10rmatlOn m 1 lerent ocatlOns. 

Fig.-II. Heavy infestation of gall wasp on eucalypts hoot 

Number of field and nursery trial conducted for monitoring gall wa p infe tation 
for developing resi tance clone atWIMCO ha started yielding u eful re ult . Wid 
variation has been noticed for gall infection in relation to age of tre ,peci Ion and 
locations. The screening of ramet of PT a embled at R&D entre for th gall 
infestation during 2008 indicated that the in e t ha infe ted e en 24 y ar old tre which 
recorded gall infe tation to varying degree. In a trial of clone tabli hed during 2009. 
clone No. BCM 2135 recorded minimum gall formation in compari on to oth r lone iz .. 
BCM 411 BCM 413 B M 316 BCM 2045 BCM 2070 K25 and rograndi when 
observed during the month of Sept mber and No emb r 2010. In anoth r trial f 14 
clone clone No. EO 11 EOl2 EO 13 EG14 and E 15 regi t r d a high d gr e of 
r i tance to gall in compari on to K23 K25 Urograndi B M 16, BCM 411, B M 41 . 
B M 2045, B M 2135 B M 2070. In another fi Id trial of _2 pro nan e of 9 p cie 
viz. E. urophylla, E. pellila, E. amaldulen i ,E. itridora, E. alba, E. molu cana, E. 
longiro tata, E. grandi, E. ter ti omi . Four pro nan iz., E. citridora ~ l355? ' E. 
alba (17833) E. longiro tata (20464) and E. citridora(19 61) hay hown n 10£ ctlon to 
gall wa p wh rea other ha e hown orne d gr e of gall inti tation. 
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Data pre. entcd in Tabl -1 for gall fI rmation and fr h inti ction of in ect on 
planting lOck f u alypt peci r ea led ignifi ant ariation in the m an value of 
number f galls /! af and numb r f fr h inti ction pot in top I ave n all the tl1r e 
month f data re ording. Planting to k of E. t r Ii am; regi t red ignificantly higher 
nlllllbt;r f gal! I !eaf and numb r of fr h infecti n p t in top 1 a e when c mpared with 
planting ' to k f E. oll7oldul 17 i , H brid of E. urophy //a E. grandi (Urograndi), 
Hybrid of E. lerefi ami £. cama/dlll 11 i and E. arandi . Among clonal planting tock 
of different p cie. , Maximum number of gall Ileaf w re recorded on hybrid of E. 
ren! ficomi. X £. camoldlf/ 11 i , \Vh r a, minimum number of gall Ileaf and number of 
iT . h inti cti 11 pot in top lea ewer noti d on clonal planting to k of E. arandi . 

Table-I. Gall infe tation on different eucalypts species during different months 

Gall Infestation 

pecie 1 o. of gall Ileaf No. of fre h Infection spots/ top leaf 

ug. ept. Oct. Aug. ept. Oct. 

IE. collloldlllen:ns (3 clones) 2 .~1 2.02 1.14 7.77 0.001 0.25 

E raericon/IS (I clone) 3.97 3.58 2.33 4.29 8.83 1.33 

1£ llrophylla ,r £. grandi (2 
1('lones) 

1.03 0.79 O. 1 6.91 5.31 1.79 

1£. rereliCOnlL X E. 
4.49 5. 12 

'omaldlilellsls (_ clones) 
4.67 6. 3 0.42 0.46 

E grandi (2 lone) 0.001 0.001 0.001 0.001 0.001 0.001 

!Seedlings of E. rerelicorni 11.45 15.43 12.63 11 .26 19.12 10.12 

\l 'un 3. 13 3.49 2.72 5.94 3.94 1.64 

SE Dlft 0.9'" 0.73 0.68 0.84 O. 6 0.36 

CD 3t 0 0: 2.14 1.6 1.57 1.94 1.98 0.83 

CD at 0 0 1 3. 12 2.45 2.2 2.82 2.88 1.21 

. .., laximum number of gall I leaf have been regi tered during the month of September 
~e . ~...l9 gall ' leaf foll~wed by that in during Augu t and October with an average 3.13 and 
- . - gall leaf r. pectl\'ely. Whereas maximum number of fresh infection pot in top 
lea~e \-\ere regl t r d d~ring .the month of Augu t i.e. 5.94 fresh infection pots in top 
lea\ e . fol1~\Ved by t~at m dunng eptember and October with an average 3.94 and 1.64 
fr h mfectlOn pot In top leave re pectively. 
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Table-2. Gall infestation on different clones during different months 

Gall infestation 
Clone 

o. of gall /leaf No. of fresh Infection pot I top 
leaf 

Aug, Sept. 
, 

Oct. Aug, Sept. Oct. 
lTC BCM 413 0,001 0,001 0.001 8.29 0.001 0.001 
fTC B M 411 7,23 6.09 3.45 9.12 0.001 0.001 
ITCBCM 316 3.97 3.58 2.33 4.29 8.83 1.33 
lTC BCM 2045 4.79 6.30 5.56 6.49 0.001 0.33 
IT B M 2135 1.08 1.00 0.62 6.33 3.45 1.08 

K-25 0.001 0.00] 0.00) 7.12 0.001 0.75 
fTC BCM2070 4.19 3.91 3.78 7 .71 0.83 0.17 
Unnamed 0.98 0.58 0.001 7.50 7.16 2.50 
W-14 0.001 0.001 0.001 0.001 0.001 0.001 
W-15 0.001 0.001 0.001 0.001 0.001 0.001 
Seedlings 11.45 15.43 12.63 11 .26 19.12 10.12 
Mean 3.06 3.35 2.58 6.21 3.58 1.48 

SE Diff. 1.15 0.89 0.99 1.03 1.67 0.65 
CD at 0.05 2.40 1.86 2.06 2.15 3.49 1.35 

CD at 0.01 3.27 2.53 2.82 2.93 4.75 1.85 

Data presented in Table-IT for gall infe tation indicates ignificant variation for 
number of galls/leaf and number of fresh infection spots in top leave among different 
clones under study. Maximum fresh infection of gall was noticed on clone BCM 411 i. . 
9.1 followed by that in BCM 413 with an average 8.3 fresh infection spots in top lea e 
during August clone BCM 316 i.e. 8.8 fre h infection pots in top leave followed by 
BCM urograndis with an average 7.2 fresh infection spot in top leave during September 
2011 whereas clone BCM urograndis i.e. 2.5 fresh infection pot in top leave foUo ed by 
BCM 316 with an average 1.3 fresh infection spots in top leave during October 2011 
.Observations reveals that clone W-14 W-15 BCM 413 K-25 had regi tered ignificantly 
lower number of galls/leaf during the date of observations when compared with that in 
seedling population of E. tereticornis (control) and also with clone BCM 411 BCM 316, 
BCM 2045 and BCM 2070. Clone BCM 411 of E. eamaldulen i pecie had recorded 
maximum number of gaBs/leaf during the month of August where a clone BCM 2045 of 
E. tereticornis X E. camaldulensi hybrid had regi tered high t number of gall /Ieaf 
during the month of September and October. No gall formation wa record d on clone W-
14 and W -15 though fresh infection of wasp on the midrib of leave wa recorded which 
failed to develop gall in the e two clone . Clone BCM 316 of E. tereticorni had 
regi tered lower number of gall /leaf and fre h Infection pot on top lea e when 
compared with edling population of E. teretiearni . In E. camaldulen i P ie, lone 
BCM-411 registered higher number of gall /leaf and number offr h in£ tion pot on top 
leave when compared with clone BCM-413 and clon K-25. CIon BCM 2070 of E. 
tereticorni X E. camaldulen i hybrid had regi tered lower number of gall /leaf and fr h 
infection spot on op lea e in compari on to BCM 2045 lone of am pe ie . 

Screening of 24 clone belonging to three ucalypt pe ie along with. eedling. of 
E. teretiearn; & E. grandi a a control at nur ery tage for infi tation of gallm ect durmg 
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. b 200 led to inter- and intra- p ie ru'iation in all th tudied 
~ptembel c ' V m r . . ' d b 1 f 
t.: • I . f E f r Ii omi r ord d hioh I' gaU mtl tatlOn follow y c on 0 param ~[el ~ . one a , 0 " ..' d 45 

I ~ / '. and uroQTaodis eedlillO" populatlOo of E. t r {lcorl7l reg1 ter 
E. coma (/t ~'~.' tation wh ore dlino p p~lati n of E. orand; r gi tered 28 perc nt gall 
~1efir e~t ga piin t ' to k of W-3 °W_104 W-TlO lone of E. tereti orni specie 
111 eet) n. an 1I1g " , . d 

' d 100 P l' 11t uall inti tati n wherea cion B M 2135 of urogrruldi reglstere reO) tere ° 
I ;t infe tati n of gall in e t i.e. ani 4 p rcent. 

A trial involving eedling of 1 pro enanc ompri ing 10 of E. urophylla 2 each 
of £. pellila & E. ilriodora, 1 ea h f E. a~1O/dulen i , E. alba -!. mol~c~ana & E. 
/ol7oiroslata along with eedling of four pecle namely E. grandl E. cl/rlOdora, E. 
cumaldl/len. i & E. t r Ii 'omi a a control produc d at R &, D Center Bag~ala 
Rudrapur. . , agar during Augu t 2009 and k pt und r two env~ronm l~tal ~ondlhons 
viz, under poly hou e and under open condition indicates that dlmgs mall1tall1ed. und r 
poly hOli e c ndition regi tered lower infe tation of gall in ct when compared WIth the 
' edling maintained und r open condition. Pro nance o. 17 41 of E. urop~ylla & 
K nned river prov nance of E. amaldulensi were moderat Iy affected seedlmgs of 

nrrol plot E. lerelicorni" E. camaldulen i & E. grandis were highly affected with 
inti tation of gall in ect. wh rea , other pro enance including seedlings of E. citridora 
(control plot) under tud were compl t ly resi tant against gall induction. Maximum 
infe tation of gall in ect wa noticed during June 2010 whereas maximum infection .of 
CLB di ea e wa re ord d during Augu t. Seedling of all these 18 provenances along With 

dling of four pe ie namely E. qrandis. E. citridora, E. camaldulensi & E. 
lereficornis are bing monitored for gall infection in a field trial planted at 4m X 3m 
pacing during July 2010. 

fi Id trial of 14 clones compTi ing 5 of E. grandis 4 of E. camaldulensis, 2 of 
urograndi , 2 that E. lereticorni X E. camaldulensis hybrid and I of E. tereticornis 
monitored for infestation of gall insect at 90 days age revealed that clone W-II , W-12, W-
13, W -1 4 & W -1 were re i tant to galJ in ect and only fresh infection of gall were 
recorded on clone BCM 316 of E. tereticornis clone BCM 411 BCM 413 K-23 & K-25 
of E. camaldulensis , Unnamed clone & BCM 2135 of urograndis, whereas gall formation 
v,'ere recorded on clone BCM 2045 & BCM 2070 of E. tereticornis X E. camaldulensis 
hybrid. 

Two para itoid viz. Quadrastichu mendeli and Megastigmus sp. were introduced 
from the Director of Biological Control Bangaluru Kamataka and released in the nurseries 
and plantation in U N, ttrakhand during the first week of June 2010. These parasitoids 
are r ported to feed on the young one of the gall wa p and check its popUlation. However 
the gall infe tation ha now pread to new location and these para itoids have appeared to 
have little impact 0 far on the pread of gall wasp. A number of insects and ants have 
?een recor~ed on hoot howing fre h infe tation of the gall. The visiting of so many 
m ec~ ~ mamly hou e wa p ant and many other in ect appear to have developing 
para l~l m for the gall wa p and it i hoped that they may check its population if found 
effectIve. The ob,ser:ation on the number of gall formation on young nursery plant 
around the year mdlcat that there wa no gall formation d ring the months between 
Decemb I' 2009 to June 2010. Maximum 1.96 galls/plant were recorded during tb month 
of November 2010 followed by September 2010. 
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Cylindrocladium leaf blight 

Cylindrocladium leaf blight caused by Cylindrocaladium quinque eplafum and 
commonly called a CLB i most erious and wide pread di ea e of eucalypt nurserie and 
field grown tree reported from many eucalypt grown location in India. Thi di ea e 
develops in wa~m and humid condition and it high incidence is recorded during rainy 
ea on. Accordmg to Whyte (1993 , CLB is becoming recognized a a greate t threat to 

eucalypt culture during monsoon in South Ea t A ia. The di ea e ha been found to attain 
ignificant proportions during some years in North India and in many other part of 

country. The disea e has been extensively tudied in Kerala where it repeatedly infect 
eucalypts plants (Sharma et. aZ. 1984) and invariably reported from Punjab in orth India 
Rattan and Dhanda 1985). Severe infection of CLB is repeatedly being noticed in Tarai 
Region and surrounding locations and wa monitored during 2008 Dhiman and Gandhi 
2012) and again during 2010 and 2011 when warm and humid climatic condition created 
predi posing factors for widespread infestation of the di ease. During 2008 a total rainfall 
of 2382 mm and over 400 mm rainfall occurred during July, September October and 
November month and CBL was observed to occur on wide cale. Similarly during the late 
rainfall for extended period during 2010 and 2011 CLB caused heavy mortality to nur ery 
eedlings and also to multiplication garden maintained for cloning purpo e . CLB begin 

to appear on leaves of lower branche near the ground and pread upward to leave of 
upper branches and sub equently it increase manifold which lead to the mortality of 
nursery tock. 

A detailed monitoring of CLB on eucalypt nur ery tock at WIMCO ' R&D 
Center indicate planting stock of different specie howing varying degree of it infection. 
The disease rating is assessed as per the method sugge ted by Kolte (19 5). Ob ervation 
have been recorded on percent mortality, number of leave completely infected, numb r of 
leave partially infected, number of leaves without infection di ea e rating (0 eraIl and 
each for upper middle lower portion ) height and collar diameter of plant 

Data recorded revealed that planting tock of E. tereticorni recorded maximum 
CLB infection and higher overall di ease rating than that r corded in E. camaldulen i , E. 
uraphylla X E. grandis, E. tereticorni X E. eamaldulensi and eedling population . of E. 
teretiearni . Some progenies of E. grandi recorded no infection of CLB. MaxlffiUffi 
number of completely infected lea e Iplant and 0 erall di ea e rating.. ~ high~r on 
hybrid of E. urophylla X E. grandi (urograndi) followed by E. teretiearn! . Ma unum 
number of completely infected leave Iplant were regi tered during th month of Augu t, 
where a maximum overall di ea rating was recorded during th month of ept mb r. 

Di ea e infection and rating was noticed more during Septemb r 200 than ?~ing ugu t 
2008 month . Planting tock of pecie E. citridora grown .ometim . on a IImJt d cal ein 
Uttar Prade hand Uttrakhand how heavy infection and ratmg for thJ di ea 
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Tablc-3. pecie -wi e infection of CLB during different months 

Infection of CLB 

pecie 0 , of completely Ove.'all disease 
infected leaves rating 

Aug. S, pt. Aug. Sept. 

1£ (alllo/dll/el1.l11 (' cl IH.:S) ."0 0.7 1.92 2.30 

£ fcrCflcomis (I 111) .+. 3 1.92 2.11 2. 

IE IImp/ll1/a.r £. gralldi.\ e Ion ' ) 3. 7 3._1 2.14 3.75 
£ l{'l'eltComi\.r £. call1a/du/en. i.\ 3.0 
(" Llone ) 

l.2 1.95 2.62 

£. grandl (2 1011 ~ ) 0.00 0.00 0.00 0.00 

ISceJllllg f £. fereflcomi' .16 _.99 1.9 4.0 

fM\.: (ln - . 0 1.53 1.61 2.40 

Is Oiff. 0.37 0.19 0._3 0.17 
If" 0 at 0.0"- O. 1 0.41 0.50 0.37 
ICO at 0.01 1.13 0.58 0.70 0.52 

Anoth r monitoring of CLB during _0] 1 indicate ignificant intra- pecies 
\arintion ill the mean valu f numb r of I a e complet ly infect d and di ea e rating 
re ordc.::d on both dat of b ervation i .. I \ week of Augu t and September 2011. 
L'nnamed cI ne of urograndi r gi tered rna imum number of completely infected leave 
\\ her a ' lone W -1.+ 'W -1 ha recorded lea t number of completely infected leave on 
both the dat of ob ervation. The mean alue for number of completely infected leav 
recorded during 1'1 we k of Augu t wa ignificantly higher in clonal planting tock of 
unnamed urograndi cI ne when compared with clone W -14 W -15. Wherea the 
ob 'crvatl on. r cord d during the 1 I week of eptember indicate that unnamed urograndi 
cion re rdcd ignificantly higher number of completely infect d leave than all other 
cIon und r tud . Clone BCM 413 recorded maximum 0 erall di ea e rating during 1 '1 

\\t: k of ugu t wher a . unnamed urograndis clone regi tered maximum disea e rating 
during 1.

1 
we k of ptemb r. CIon W-14 & W-15 recorded no di ea e on both the date 

of ob elTation . The mean alue for 0 erall di ea e rating recorded during 1 '\ week of 
ugu t wa ignificantl high r in clone B M 413 when compared with clone W -14 W

I ~ and K-2 at 0.05 CD lev I. Wherea the data recorded during 1 SI week of September 
indi ate that 0 erall di ea e rating of unnamed clon of urograndi wa ignificantly 
hIgher than all other clone under tudyexcept eedling population of E. feret;corn; . 
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Another experimentation with 18 provenances compri ing 10 of E. urophylla, 2 
each of E. pellila & E. citridora 1 each of E. camaldulen is, E. alba E. mo/uccana & E. 
longirostata along with seedlings of four pecie namely E. grandi E. citridora, E. 
camaldulen i & E. tereticorni as a control at R&D Center Bagwala Rudrapur, 
Nagar during August 2009 by keeping seedling under two environmental condition viz. 
under poly houses and under open condition and monthly ob ervation for growth, where 
CLB infection were recorded at monthly interval from September 2009 to Augu t 2010, 
indicates that eedlings maintained under poly hou e condition reg; tered low r di ea e 
infection when compared with that of eedling maintained under open condition . 
Maximum infection of CLB di ease was recorded during Augu t. 

Table-4. CLB infection on different clones and during different months. 

Infection of CLB 
Clone No. of completely Overall 

infected leaves disease rating 
Aug. Sept. Aug. Sept. 

BCM 413 3.42 0.33 2.30 2.04 
BCM 411 3.50 2.16 1.97 2.81 
!RCM 316 4.33 1.92 2.11 2.83 

!RCM 2045 2.66 1.42 1.74 _.74 

BCM 2135 3.41 2.08 2.25 3.17 
K-25 3.00 0.25 1.50 2.05 
BCM 2070 3.50 1.08 2.08 2.50 
Urograndis clone 4.50 4.33 2.02 4.33 

W-14 0.00 0.00 0.00 0.00 

W-15 0.00 0.00 0.00 0.00 

Seedlings 3.16 2.99 1.98 4.08 

Mean 2.86 1.50 1.63 2.41 

SE Diff. 0.66 0.11 0.31 0.16 

CD at 0.05 1.34 0.22 0.63 0.32 

ICD at 0.01 1.82 0.30 0.85 0.44 
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Little leaf Di ea e 

Little I af di a m rging a ri u thr at to u alypt cultill in many r gi n 
)f [he ountr , rt ha b en r ord d n E. t ,. Ii omi , E. globulu , E, grandi and ha be n 
reported ro b au d b M opla ma lik organi m ~L (Raj an, 1 7 T wari 1992) 
\\ hi ' h r"du es th ph to ynth ti ar a f I a and ultunat Iy r duc th growth rate of 
plant:, ~ I LO: parti ularl afti t t~ ju enile I a of . u a~yp plant . The ymptom of 
dl. c:a 'i hara terized b tuntmg of plant, r du tIOn m growth of afti cted plant 
\dlo\\ inl} and redu tion in leaf ize \ ith i proliti ration of au iliary hoot. - ~ 

Bala -undaran el, 01 .. 19 r port d that littl I af which occur on 4 and 5 year old 
plantati n i graft tran ' mi ibl. Littl I af of ucalypt now i in th epidemic form in th 
nur rva. well a in fie ld plantation. It \Va noti ed on ma i cale during the year 2008 
(Kulk;mi _0 I 0). dult and nymph f thrip uck ap from growing tip and leave and 
a't a arner of rh di ea , Th damage cau ed to young and fre h growth of eucalypts 
hooL' r ult- in ' runt d growth of th plant with greatly redu d leave pale narrow 

lamina and axilary bud ar timulat d to gi e a bu hy fonn to the tree finally I ading to 
dl -torti n. \\ i1ting of foliag , mo tl at the tip followed by J af fall. R lative re i tance to 
the little leaf di ea \\'a al 0 r port d ith certain g notyp /popuJation, 

Little leaf on eu al pt nur ry and field plant d young tr e in North India is being 
rc ord d m la t y ar i.e, _0 I O. It wa fir t record d on clone B M 316 and urograndi 
lone during ptember _0 I 0 at ur R&D Cent r. The center did not import eucalypt 

plant III [h r cent pa t and th ource of thi inti ction is not known. It i likely that 
10 ality may have receiv d clonal to k from aIr ady infected location and the ame might 
h<1\ b n tran mitted b th thrip in our center. It ha rapidly pread to many locations 
and tart d afti ting eucalypt culture in a big way. The disease is being mainly recorded 
dunng umm r and rainy ea on hen ucalypt grow fa t and get sub idized in po t 
mon-oon ea on, though in om cIon ymptom per i t even during winters. A detailed 
monitoring of the di ea eat WIMCO R&D C nter revealed wide variation among species 
and Ion ~ to thi merging thr at. Ob rvation ha e been recorded on eucalypt nur ery 
of e d and clonal origin grown and maintain d at R&D center. 

Fig,-IV. Little leaf di ease on eucalypts fast spreading in North India 
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Table-5. Little leaf disease recorded on different species during different months 

Species Infection of little leaf 

No. of little lea e /plant 
Aug. Sept. Oct. E.eamaldulensis (3 clones) 8.72 0.22 0.54 E. leretieorn~ 11 clone) 23.34 16.9 3~7 1£. urophylla X E. grandis (2 clones) 15.9 1 9.06 6.58 IE. {ere/jeorni X E. eamaldulensis 
7.52 0.12 1(2 clones) 0.62 

E. grandi (2 clones) 0.001 0.001 0.001 
Seedling of E. teretieornis 25.07 24.71 13.48 
Mean 11 .27 6.04 3.28 
SE Diff. 2.78 2.80 0.81 
CD at 0.05 6.41 6.46 1.87 
CD at 0.01 9.33 9.39 2.72 

Data recorded for the occurrence of little leaf di ea e on the planting tock of 
eucalypt during August, September and October 2011 pre ented in Table-V reveal inter 
species difference in the mean value of number of leave infected per plant. Planting tock 
of E. tereticornis regi tered maximum number of little leave /plant on all the three date of 
observation followed by planting tock of hybrid of E. urophylla X E. grandi , E. 
camaldulensis, hybrid of E. tereticornis X E. camaldulensi and E. grandi . Planting to k 
of E. tereticorni regi tered ignificantly higher number of little leave /plant wh n 
compared with planting stock of other speci under study. Maximum number of little 
leaves /plant were registered during the month of Augu t i.e. 11 .27 littl lea e /plant 
followed by that in during September and October with an averag 6.04 and 3.2 little 
leaves/plant respectivel y. 

Table-6. Little leaf disease 00 different clones during different month 

Clone Infection of little leaf 
No. of little leaves/plant 

Aug. Sept. Oct. 
ITC BCM413 11.91 0.25 0.001 

ITC BCM 411 9.91 0.42 0.001 

ITCBCM 316 23.34 16.9 3.87 

ITC BCM 2045 9.62 0.001 0.92 

ITCB M2135 12.9 1 4.27 3. 5 

K-25 4.33 0.001 1.67 

ITC BCM2070 5.42 0.25 034 

Unnamed 18.9 1 13.85 9.91 

W-14 0.00 1 0.001 0.001 

W-IS 0.001 0.001 0.001 

ISeed lings 25.07 24.7 1 13.48 
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.\1 ca n II.O~ 5.51 3.00 

/S£ Di ff. 3.6~ 3.32 1.1 7 

IC D a t 0.05 7.60 6.92 2.44 

C D at 0.01 10.35 9.45 3.33 

dling p pulation f E. I ,. Ii omi ha r gi t r d ma imum infl ct d number of 
lea \~. pCI' plant with litt l I af di a fo il ed b Ion B M I on ~11 t~e thre d~t of 
{ b 'en ation . The m an \'alue f numb r f infe ted lea per plant WIth bttl I af dl ea 
ree rded during 1'( \\' k f ugu t wa ignificantl I w r in clone W- 14 & W-.15 when 
'ol11par"d \\ ith that in dling p pulati n f E. I ,. Ii orni (control) and al 0 ~Ith tho 

clone B 1204:. B M 4 11, B M -ll . B M _ I unnam d lone ofurograndls & BCM 
310 and mean \'alu f numb r of in fe t d I a e per plant with littl leaf di a recorded 
dUring 1'( \\' k of ept mb r wa ign ifi antI 10 r in Ion W-14 W-15 , K-25 B M 
_ O-l5.~ BCM 20 O. B M -l l . B M -ll I & B M 2 1 hen compared with that in eedling 
populatIon f E. I relicorni (ontr I) and al 0 , ith tho lone B ~ 3 ~ 6 and u~amed 
lone of ur grandi. wherea nllmb r of infect d I a e per plant WIth httle 1 af dl ea e 

re orded during I [ we k of 0 tob r'.: a ignificantly lower in cIon W-]4 W-15 BCM 
-l l I . BC 1 ~ 13 when compared \ ith that in e dling popUlation of E. ler elicorni 
( ontrol) and al 0 with tho cIon B M _04 , BCM 2 135 unnam d clone of urograndi 
K-~- ' BCM ]6. 

Conclu ion 

Ba ed on our re earch endea or and fi ld observation at WIMCO on gall 
inti tati n. CLB and little I af di ea e in orth India the following conclusion are made: 

Gall wa p 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Gall in ct ha in aded almo t all euca lypt growing locations in orth India . We 
ha\ c . et to find a report of it not occurrence from any of eucalypt growing 
location. 

It ha I11fe ted all p cie planted in the fie ld except E. citridora which is planted on 
a limited cale in orne part in Uttrakhand and Uttar Pradesh. 

Gall formation varie widely among the tree existing in any locality some trees 
hov. h a\ y infe tation while other almo t with no gall fonnation 

Gall infe tation decrea e wi th increa e in age and tree of old age appears to have 
Ie impact of gall infe tation than the young eedlings and aplings .. 
Heavy infe tation of gall Occur on coppice shoot even of relatively re i tance 
cion . 

lot of in ect including ant wa p , lady bugs etc have been een on hoots 
ha\! ing fre h gall in ect infection. 

!he i~pact of introduced para itoid ha vi ibly not helped in checking the 
111t1 tatlOn of gall in ect even after 1.5 year of their introduction in the region. 
Gall infection OCcur on leaf midrib and/or petiole and/or shoots and it varie with 
cion and pecie . 

In ect inf~ction OCcur on ly on tender and j uvenile top leaves and the fre h growth 
of hoot 1 adver ely affected with heavy infection. 
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• 
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• 
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CLB 

• 
• 
• 
• 

• 
• 
• 

• 
• 
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Idn eclt infectio~ occur in foliage of orne newly developed clone but gall 
eve opment fall to occur 

h 
hemicaldc?ntftirol ~ith variou chemical applied to control the in ect infe tation 
a prove me ectlve. 

Maximu~ gall ~ormation i recorded during'September to November period. 
Dev~lopmg ~e Istant ?r nearly resi tance clone i the only option available f, 
findmg olutlOn to thIS problem. or 

No fresh infection is recorded during winter month 

CLB occurs during humid and warm eason. 
Specie and clonal variation occurs for CLB infection 
The infestation is very heavy under prolonged rainy ea on. 
Plants of different ages are affected by CLB though damage 
plant than in old trees 

more in young 

Large cale mortality is recorded in clonal and eedling stock in the nur erie . 
Tall plants are less affected than the mall one 

Crowded population of seedlings are more affected than tho e kept in well aerat d 
places. 

Plants maintained in polythene bag are more affected than in root trainer 
Plant maintained in large ized root cavitie (root trainer) are Ie affected than 
those maintained in mall cavities. 

Little leaf disease 

• The di ea e is recorded in orth India since the year 2010 
• It i fast preading to new eucalypt growing location 
• Wide variation is reported for it infection on different pecie and clone 
• Its occurrence recorded on nur ery eedling and field planted tree 
• It i mainly recorded during summer and rainy ea on 
• Infected plants are not preferred by the grower 
• It is recorded on the fresh growing hoot 

Gall infe tation and little leaf infe tation are rec nt phenomenon wher a , CLB 
infe tation on eucalypt nur ery eedlings and plantation tr e ha been reported for om 
time now in North India. The fir t two are now e tabli hed threat wh rea th third on i 
climate en itive and impa t euc1aypt culture during v arm and humid ea on and 
location . The e three together ha po ed a eriou thr at to ucalypt ulture a numerou 
nur ery growers raising eucalypt with traditional mode of eedling production ha e no 
almost abandoned nur erie re ulting th reby a large acuum in it cultur a ro many 
tat in North India. Kulkarni (200 ) e timated that the economical 10 du to gall wa p 

in outh alone i 100 ing productivity at th rate of 25% which amount to around R . 1000 
million per annum wberea th 10 i e timat d to appro imately Rs. 2 0 million in the 
tate of Haryana alon (Jagdi h hander 2011). The 10 ha now incr a ed many fold 
ince the pe t and the e two additional di a e ha e pr ad to n location on a wid 
cale. There ian ed to de elop clone howing higher d gr of r i tanc to th threat 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 



p 
. . een A riculture for Food Security and Environmental Resilience 

National Seminar on Agroforestry. An Evergr g 2 _ 4, February - 2012 

. ....-: " 13 dill] dlldl1310ICclillofo,[]ICO( Illteltlelliioll for IlIcr.:asillO 'Fanll fProdilClitlily 
'T/irm •. _ . ( ((!Ildl .PropagatwlI. J rc. ' rc 

d to t-,(yllt aaain t tb e hall ng in u alypt ulture. Th two n wly de~el ped 
I n or er :;;; <:> • b k ' I ' th' t t1 t me lone, viz., W-l-l and -I at W[M uld help 1/1 c mg t 11 [a a ea In 

the 'e new lone ould be found uitable for fi ld planting. 
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Forest Biotechnology: current status and future perspective 
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Forest has played an indispen able part in the ri e of human civilization. Fore t 
tree have unquestionably entered the genomic era. Biotechnological tool viz., 
Tran genic technology, RNA interference, Functional genomic, Marker A i ted 
Selection etc. has paved road for successful exploitation and integration of cientific 
fields with an increa ed sen e of urgency for delivery of cutting edge re earch in tree 
biotechnology both in academia and industry, Next generation equencing platform ha 
revolutionize our level of intellect by generating whole genome and tran criptome 
databa e within hort time span, which was merely a dream year ago. The whole 
genome equencing data of Populu ,Eucalyptus Spruce Pine Acacia etc. ubmitted 
by several group worldwide fueling a multitude of inter-di ciplinary tudie and 
applications in ustainable fore t production and conservation. Engineering tree for 
manipulation of various characters viz. Lignin bio ynthe i , abiotic and biotic tr 
tolerance herbicide re istance has been done ucce sfully by the variou group around 
the world. Rational use of biotechnology will ynergi tically facilitate the u tainable 
growth of fore t and people. The ocial di cu ion about ri k v. benefit of GMO 
must move from a generic consideration of GMO to the m rit of modifying tree with 
pecific trait to be used in specific environment. The credible i ue center i on which 

gene can be effectively u ed to modify which trait for whi h n ironment. 

Keyword: Forest biotechnology, Transgenic tree RNAi. 

Introduction: 
Re earch on genetically engin red tree i bing CUff ntly carried out in a 

number of countries. Field trial with tran genic tree (often call d genetically modified 
or GM tree ) have been carried out for more than 20 year . Te t have bee? condu t d 
in several countries including Au tralia, Belgium Brazil, anada China, Franc , 
Finland, Germany Italy Japan New Zealand Norway Portugal, Spain w~den, The 
Netherland UK and USA (Vi wanath et al. 2011). WRM (World Ram Fore t 
Movement) ha produced information heet on the countri where ?~ tree r . arch' 
in many ca e including field trial - i taking place. The h t co~tam mformatlOn on 
the specie being manipulated and with what aim on tho carrymg out the re earch 
and tho e who upport it on the r gulatory framework for re ar hand fi Id trial and 
on the organization acti ely oppo ing thi acti ity at the national Ie el 
(www.wrm.org). More than 700 field trial -: G~ tr ~ w r recently reported from a 

arch of publicly acce ible databa e . A Wide dl r lty of ~urce .of tran gen and 
regulatory element and intend d trait . ~ave b~en te ted l~cludmg pr ion of 
reporter gene . in e t di ea and herblcld re 1 tance; modified ood prop rti ; 
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. " J' . d d ifi d gr wth rate and tatur ll10ditied fl wenng and tertI Ity. an 111 
i wanath et al. 

2011 ). 

" 'hole Genome cquencing projects: . ' . 

O 
~ pr l it~ t in 1110 t In del and om non-mod 1 orgal1l m beg1l1 wIth a 
110 Ill\.: J '"' .' fu d' 

t' 0111 quen e Thi ha n t be n true 111 fore t tre oWlI1g to n lllg 
rc eren e gen· . ., d . h 1 
I
. . . ~ d tl1e larae ize f 0 many tr aenom . Thl ltuatlon change WIt t 1 Illlltatl ns an:::- I:> • 

. a ot- rhe a n me of black ottonwood (Populu trichocarpa). Thl tree wa 
'cquencln_ - . (JG 
"hoscn [0; equen ing b the u D partl11 nt of en rgy .!oi~t Genome In htut 
be ause fit r Jativel mall genom ize and.it pot ntlal lI11pOlianc a a feed tock 
f r blofuel. qu Ileing wa d n u ing th whole-g nom hotgun approa ~ (WGS 
approa -h) and con" nti nal anger equ ncing. With thi :quenc now ervmg a. a 
refer nee. additional Populus p cie are being equ nced u mg NGS ext g neratlOn 
equeneing) platfOlm. equ ncing of the ElIcal)ptu grandi ?enome i al 0 underway 

at the ./01. and a preliminar draft 0 erag wa relea d 111 2010 (EucalyptusDB). 
Likewi e. equen ing of the m rican che tnut ha recently b gu~ (Fagace~e 
Oenomi Web). Referen genome quenc for the handful of major economIC 
pe ie ' \"ill h Ip u to b tter under tand g n function and diver ity in these species, 

bur, pot ntially mor importantly the equen will serve a references for the 
eventual queneing of the thou and of pecies of non-economic but significant 
eeol gical value. Rec ot report of the anger equencing of Picea glauca and Pinus 
foe ta SAC cion and hort-read quencing of P. taeda genomic DNA howed the 
pre ence of both known and novel con ervati repeat. These repeats constitute only a 
mall portion of the genome; thi implie that much of the repetitive fraction of conifer 

gnome i unci nt and diverged, thu implifying a embly of the genome through de 
1701 '0 g nom equen ing. Recently, wedi h and US funding agencie announced 
funding for equ ncing of the Picea abie and P. taeda genomes respectively and 
many more will ur ly follow in hort order (Neale and Kremer 2011). 

" 'hole Tran criptome profiling: 
Tran criptome profiling in fore t tree viz., Poplu Pinus, Picea, Eucalyptus, 

QuerCl/S, Co tuneo u lng various micro array technologies for group of trait (growth 
wood propertie ,abiotic tre and biotic tre s) to which expression tudies have been 
applied. Me t acti ity has occurred in Populus clearly owing to its having a reference 
equenc and well-developed gene expre ion array from various sources. There are a 
urpri ingly large number of tudie in Pinu and Picea, the conifers with the most 

abundant E T collection ( al and Kremer 2011). de novo assembly and analysis of 
tran criptome from mature neem (Azadirachta indica) fruit with equencing by 
ynthe i method u ing Sol xaJTIlumina GAIIx ha been done by Krishnan et a1. 

(2011). Annotated tran cript for the neem fruit wh n compared with those for the other 
pecie , yielded the be t overlap with Ricinu communis (3.79) Vilis vinifera (3 .35) and 

Cilrus sinensis (2.06). The lowe t overlap indice were observed for the mo es: 
Ph), 'comifrella palens and Selaginella moellendorfii (0.15). Despite the great effOlts of 
many re earch r . an under tanding of the complexity of the expression of genes in 
fore t tr e i till in it earlie t day . The main constraints and limitations are the 
re ource and time demand of monitoring gene expression across different ecological 
c.ontexts and along the different d velopmental tages that trees undergo during thei r 
II ve . There are many technical challenges as ociated with accurate transcriptome 
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profiling in all organism, and these challenge are magnified for tree pecie that lack 
reference equence and have large genome potentially with many uncharacterized 
paralo~es. Even the. Popufu .genome i not fully annotated making inference and 
companson challengmg. Studle to date highlight the difference among ti ue , 
developmental state and inductive condition in pecie. imilaritie and difference in 
expre ion are een, a expected but no pattern unique to tree emerge. Likewi e 
comparative tudies with A. thaliana have been done in a few ca e for both Populu. 
and Piceall and here again· intere ting but no definitive pattern emerge. With the 
recent development of RNA sequencing (RNA- eq) technology u ing NG there 
should be a rapid advance in the depth and breadth of tran criptome profiling 
experiments in fore t tree (Neale and Kremer,2011). 

Transgenic Approaches in Forest trees: 
Procedures for genetic transformation of fore t trees differ little from tho e for 

other plant species and are mainly confined to the use of Agrobacterium, with a few 
report on particle bombardment-mediated tran formation. Differentiation of 
transformed cells is a prerequisite to obtaining transgenic plant and two y tern are 
being u ed in forest trees: organogenesi and embryo gene i . Such tran formation 
procedure including the use of electable markers and creening method , are well 
established. The major obstacle to efficient production of tran genic tree are: (i) 
difficulties in plant regeneration from Agrobacterium-infected or particle-bombarded 
explants; (ii) incomplete development beyond the in vitro tage of rooted plant for 
establishing field trials· and (iii) tran gene in tability during the long life pan of fore t 
trees including transgene ilencing and omaclonal variation (Harfouche el af. 2011). 

Abiotic stress resistance: 

Drought which is often a sociated with 0 motic or salinity tre , I a major 
factor involved in decreases in forest producti ity. Enhancing drought and alinity 
tolerance is of particular importance when refore ting marginal arid and mi-arid 
areas which are prone to degradation. Molecular control of plant re pon e to abiotic 
tre is complex u ually involving coordinated expres ion of everal gene. The u e of 

known abiotic-stres -a ociated gene from other pecie to enhance tolerance in fore t 
trees has been limited. However recent tudie in genomic , tran criptomic and 
proteomic in everal fore t tree pecie a well a relea e of the draft ~u alYP.tu 
grandis genomic sequence (www. ucagen.org) ha e provided new too~ for Impro 109 
abiotic tre tolerance in trees (Harfouch et af. 2011) 0 erexpre Ion of a pepper 
ERF/AP2 transcription factor, CaPFI in a tern whit pin re ult d in a ignificant 
increase in toleranc to droucrht freezing and alt tre (Tang el af. 2007). The 
increased tolerance wa a 0 ociated with polyamin bio ynthe i . Mo~ 0 e~, 
overexpre ion of the cbolin oxida e (codA) gen from Arthrobact r globlfonru 
re ulted in increa ed tol rance to NaCI in everal lin of Eucalyptu globule (Yu el 

af. 2009). 

Biotic stress resistance: 11 b neficI·aJ . . t b n I·rorun nta Genetically ngine r d 111 ect re IS ance can . . . 
becau e of th reduced n d for yntheti in ti ide. Hybnd tnpioid poplar 
[(populu Tomento a X P. bolleana) X P. tom nlo aJ tran form d with a owp a 
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, ' h 'b" ( pTI) xhibited r i tan to thre def! liating in e t : fore t tent lryp ' Ill JO I ItOI 0 n ' , 
ca!crpillar (Ala"; 0 ol7la eli 'tria), gyp moth (L 'mal1tria di par) and ~lllow moth 
( filpnofia candida) (Zhang I al. _005). Fore t ~. play ho ~ to a WI~ rang of 

h' I b terial and iral pathooen , Tre ngm red for di ea e r I tance can JIlga. a I:> .' h 
, ~ de both envir nmental and omm rial ben fit . Enhan ed dl ea e r 1 tance as 

pI \ I .' .' , h 
b h'e d u ' I'no a ariet f oen d n ed from p lant and mlcroOIgam m WIt cell ac I I:> .::> 

• ' CT deor e f ue ,For , amp! , Chine whit poplar (P. tomentosa) 
\ a rYIn..., I:> • hib ' d . d 

-'e ~I' no a chitina e oene from Beau ria ba iana (Bb h It I e Ite mcrea e 
'<PI.::> I:> .' 

resi lanc to a pathog nie fungu (C)'la :pora chI) osperma) ~la f af. 201?). Te~tlDg 
for di ca -e re i ranee in a natural etting j imp rative and multI-year fie ld tnals WIlJ be 
n eded to verif the durabilit of r i tan again t ev r-evolving pathogen 

population, 

Wood propert~y manipulation: . . 
Tr mendou effort ha e b n de oted to d eloping g nehcally engmeered 

rre . with th empha i on reducing lignin quantity to improve wood-pulp production 
effi i ncy. How ver. lignin hemical reacti ity al 0 i a critical barrier to wood-pu lp 
producti n, becau lignin remo al from wood is either initiated by chemical 
deQ"fadation or. in mo t a e , accompli hed entirely through chemical reactions. Thus, 
rh ~ cUlTent tr e biotechnology empha i on low lignin quantity must be expanded to 
includ greater lignin r acti ity and ultimately, a combination of low and reactive 
lignin trait. Lignin quantity and r activity [willch i a ociated with its 
yring. L guaiacy1 ( /G) con tituent ratio) are two major barriers to wood-pulp 

production, To rify our contention that the e traits are regulated by distinct 
m nolignol bio ynth i gene , encoding 4-coumarate- CoA ligase (4CL) and 
coniferaldehyde ~ -hydro yla e (CAJdSH), we used Agrobacterium to cotransfer 
antI en e 4CL and en e CAld5H gene into a pen (Populus tremulaide ). Tree 
xpre ing ach one and both of the tran gene were produced with high efficiency. 

Lignlll reduction by a much a 40% with 14% cellulose augmentation was achieved in 
antI en 4CL plant; _ G-ratio increa e a much as 3-fold were observed without 
lignin quantJty chang in en e CAld5H plant. Consi tent with our contention, these 
effect were independ nt but additi e, with plant expre ing both transgene having up 
to -2% Ie lignin, a 64% higber S/G ratio and 30% more cellulose, An S/G-ratio 
increa e al a accelerated cell maturation in tern econdary xylem, pointing to a role for 
yringyl lignin moietie in coordinating xylem secondary wall biosynthesis. The results 
ugge t that thi multigene cotran fer sy tem should be broadly useful for p lant genetic 

engin ering and functional genomic eLi et af. 2003), The antisense 4CL (4-coumarate: 
CoA liga e) gene wa tran formed into triploid Chinese white poplar (Populus 
lomen/osa) mediated by Agrobacterium tumefaciens. PCR and Southern blot analysis 
md.icated tha.t anti en e 4CL gene had been integrated into the genome of the transgenic 

hme e whIte poplar and found repression of 4CL expression could re ult in 
remarkable reduction of lignin content in transgenic poplars, with most reduction of 
~ 1.73% compared with that of wild type (Caihong et al., 2004), 

RNAi nterferance: 

. R A interference (RNAi) is a post-transcriptional gene regulatory mechani m 
by whIch a double- tranded RNA (dsRNA induce equence-specific gene silencing 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 
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[1]. ~he RNAi pathway consi~ts ofmul.tiple steps, inciuding the clea age of the d RNA 
?y D.lcer t~ form a 19~nucleotlde short. mterfering RNA ( iRNA) with 3 overhangs the 
lOcOlporahon 0-: ~he slRNA molecule mto the RNAinduced si lencing complex (RISC) 
~nd the recogmtIOn of ~he target gene transcript(s) by the R[SC-siRNA complex to 
mduc~ mRNA d~gradatIOn or .transl~tional repression. In mammals and many other 
orgalllsms, chemIcally syntbesIzed slRNA molecules can be introduced into cell to 
~ockdown the expr~ssio~ of a spe~ific gene. Because of the simplicity and low co t 
slRNA~based gene sllencmg has qUIckly become an important technique in functional 
~enomlcs.(Wang ~t al., 2~10). Tb~ efficiency and stability of RNA interference (RNAi) 
10 perenmal species partlcularly 10 natural environments, i poorly under tood. Li el 

at. (2008) studied 56 independent poplar RNAi transgenic event in tbe field over 2 
years. A resident BAR trans gene was targeted with two different types of RNAi 
constructs: a 475-bp IR of the promoter sequence and a 275-bp IR of the coding 
sequence each witb and witbout tbe presence of flanking matrix attachment region 
(MARs). RNAi directed at the coding sequence was a strong inducer of gene silencing' 
80% of the transgenic events showed more than 90% uppression . In contra t RNAi 
targeting the promoter resulted in only 6% of transgenic events howing more than 
90% suppression. Results suggest that RNAi can be highly effective for functional 
genomics and biotechnology of perennial plants. 

Marker Assisted Selection and QTL mapping: 
The primary goal of tree breeding i to increase the quantity and quality of 

wood products from plantations. Major gains have been achieved u ing recurrent 
selection in genetically diverse breeding populations to capture additive ariation. 
However, the long generation times of trees together with poor juvenile-mature trait 
correlations have promoted interest in marker-a is ted selection (MAS) to accelerate 
breeding through early selection. MAS relies on identifying DNA markers which 
explain a high proportion of variation in phenotypic trait. Genetic linkage map have 
been developed for most commercial tree pecies and the e can be u ed to locate 
chromosomal regions where DNA markers co-segregate with quantitative trait 
(quantitative trait loci, QTL). MAS ba ed on QTL is mo t likely to be u ed for within
family selection in a limited number of elite families that can be clonally propagated. 
Limitations of the approach include the low resolution of marker-trait a ociation the 
small proportion of phenotypic variatioo explained by QTL and the low uece rat in 
validating QTL in different genetic background and environm nt . Thi ba led to a 
change in research focus towards as ociation mapping to identify variati?n in tbe D. A 
sequence of genes directly controlling phenotypic variation (g ne-a 1 .ted sel~ct!on 
GAS). The main advantages of GAS are the high re olution of ma~ker-tra~t a ~clatIOn 
and the ability to transfer markers across familie and even pecle (C!wmarae . et al. 
2007). QTL mapping in forest trees has been applie.d to n~erou .pecle and traIt for 
more than 20 years. The trait that have been mo t mten 1 ely tudied ar co~plex and 
are usually related to the time s of tree. Regardle of pecie the~ f~ll mto ~o~ 
categories: growth and bioma apical bud phenology re 1 tance to bIOtlc or abIOtIc 

stresses, and wood propertie (Neale and Kremer 2011 . 

Future directions for forest tree genomics research: 
All forest biology research (g netic , ecology phy iology entomol?gy ~nd 

ak d f 'd ad anc 1' 0 -omiC pathology) i well positioned to tea antage 0 rap I 

ASPEE College oj Horticulture and Forestry, NAU, Navsari (Gujarat) 
--------~--------~~ 



..... -------------
. . An Evergreen Agriculture for Food Security and Environmental Resilience 

National Seminar on Agroforestry. 2 _ 4, February _ 2012 

( ,'T<. 8r.'cdin'Q otl({/BlI1tccliltofoo,ca( Iltt~n;elltioll for III ,easillO (Foml rp, tfllctivity Tl,.'m.' - -' lima 'Pmj','ga tWit, I ret: • c 

g nom t; r many g nera of tree 
. TI " n that a ily ac ompli h d in th 

/~r J fu'tur~~ Th In I ular ba t; r bi ti int ra ti n betw en tre and th ir 
a sociated , p i (fungi, in t and bird) r main larg ly unkn wn. It i our hop that 
te hnol gi al advan "ill hang thi ituati n rapidly. N t hnologie hould b 
u d t; r a ing adapti differ ntiati n and pe ie . div .rgence . i~ natural 
p pulati n . a~ utlin d pr i u I , th tra king. f populatIo~ dIffer n tJ~t lon at the 

1 I ular Ie I remain an important hall ng 10 th populatIOn genomIc of tree. 
;re gen ti ngin ring pro id an opp rtunity for u tainahl produ tion of fore~ 
pr du t . H we r. the d lopm nt f M tre could be hin.dered by r gulato.ry an 
o ial hurdl . R pon ibl 11 and d lopm nt, a well a 1 n e-ba dover Ight of 

GM tr t hn logi . ar ntial for r gulat ry and public acceptan e. on umer 
a f and \ illingne to eat food containing GM deri ed products wa 
dep ndent on plaining th r a on for th modification and other non- cientific 
fa tor. u h a knowl dg and trust. Gi en thi , greater tran parency and outreach 
ould I ad t gr at r publi acc ptanc of GM tr de tined for pulp and bioenergy 

produ tion. thu r ducing impa t on nati e fore t . 
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Growth pe,'formance of twelve euca lyptus clone in outh Gujarat 

B TRACT 

anto h . Hu e. D. B. Jadeja R. . Rajpoot and Vikas Kumar 

A PEE ol/eo of Horli lIlllIl' and For II . 

. Vul '.wri ..!.ariclflfllral l7il ' r it)'. a ori-3964 0, india 
£-1110;/: sol7l0 hl7lI > )'ohoo. o. uk 

rc:ear h rrial mpri ing f tw I Eu alyptu lone initially creen d for 
gall re ·1. tan 'C \\'a tabli hed at a pacing f 1 In 1 m. at the Departm nt of Fore try 
nUL cr). PE lIeg f H rti ultur an? Fr. tr, .A. '. a an , ?ujarat. Data 
\\" ~rc record d n th gr \\'th paramet r IZ; heIght, ollar dlam ter, gIrth at br a t 
hel!!ht. \ olum pr du ti n. I af ar a and I af \vat r pot ntial to kn w more about clonal 
re pon e t high den ity and their producti n p tentia1. 

laxlIllum height (9. 0 m) wa ob rv d in lone no. BCM 2253 followed by 
'Ionc P .t 11 (9.00 m) and P 41'" ( . -0 m). Clone BCM 2253 wa record d for 
ma\IInUlll ba 'a l diameter ( _. 0 mm) followed by P 411 (7 1.50 mm) and JKSC 08 
(6->.:0 mm). \\ her a lone P .tIl ha~ hown ma imum girth (58.75 mm) at brea t 
heIght fi 1I0w db Ion n . BCM __ -3 (57.50 mm) and clone BCM 271 (55.50 mm). 
\ 'olum produ tion wa ob en'ed ma imum (13066. 1 cc) in Clone no. BCM 2253 
fo II 0\\ ed by cion P.t 11 (L03 .35 cc). The clone er a1 0 tudied for the leaf and 
leaf \\ at r potential. Maximum I af ar a wa ob erved in the clone E. lorellino (54.26 
:,q em) followed by cJ ne P.tl3 (43.02 q cm). Pre dawn water potential ('I'pd) wa 
ma\lmum 111 I ne E. pellila (11.40 Bar) followed by Clone BCM 2153 ( .83 Bar). 

ThL' data 011 cted ga e a clear idea of clonal perfonnance under high den ity 
plantation and rna b u ed to elect clone for further studie . 

Key" ord : Eucalyptu , Clonal E aluation Growth Parameter Leaf Water Potential 
(\}lpd ) 

I~TROD 'CTION: 

Th tate f Gujarat i on of the fa te t growing tates of India e pecially in 
mdu tnal ector. Th demand for wood and wood products i increasing with the 
increa ing indu trialtzation and population. There i net difference of 1 lakbs metric 
tonne f pulp wood in demand and uppl y in Gujarat. Bamboos Eucalyptus and 
Ca uanna pole are aloin good demand e pecially for construction industry. This 
demand i ati fied mainly by importing the wood from other states like Andhra 
Prade h. Kamataka and Tamilnadu. On other hand the climatic conditions prevailing in 

outh GUJarat are quite favorab le for Eucalyptu and Casuarina cultivation. Hence a 
compreh n i e tr e improvement programme ha been initiated at Navsari Agricultural 

mver ity, a ari for de elopment of high quality planting material of Fast growing 
tree pecle. e pecially ucalyptu and Ca uanna. Several high yielding clones were 
collected and deployed in ariou trials for clonal evaluation with the objective of 
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screening cLo~es fo~ better adaptability and yield under south Gujarat conditions. The 
c~ent ~xpe~lffie~t IS one part of the tree improvement project of the Univer ity and 
alms at IdentdicatIOn of clones for short rotation forestry under high density conditions. 

Materials and Methods: 

The trial was e~tablished during October 2010 at Department of Forestry 
ASPEE College of Horticulture and Fore try, Navsari Agricultural University, Navsari 
(20

0
55.334'N, 072°54.456' E and 13.72 m above msl). The trial wa comprised of 

twelve Eucalyptus clones collected from three different sources viz. lTC, 
Bhadrachalam, Andhra Pradesh JK paper Mills, Songadh, Gujarat and Pragati Biotech 
Ludhiana, Punjab. The ramets of twelve clones were planted in the trial a per the RBD 
design with three replications and with planting distance of 1 m X I m. The complete 
trial was surrounded by a guard row of local eucalyptus clone. Two rows of the same 
Local clone were also raised in between three replications. The data on growth 
parameters was rec.orded during June 2011 ie. nine month after planting. 

The height of the shoots was recorded from the ground level to the apex of the 
leading shoot by using measuring scale. Basal shoot diameter of the plants in the trial 
was measured with the help of digital calliper at collar region (5 cm above ground 
level). In same way the stem diameter was recorded at breast height (1.37 m). Volume 
for ramets of each clone was calculated by using formula suggested by Rowan and 
Peter (2001): (n.?H)/3 where 1t: 3.14, r: half of the collar diameter (radiu ) H: height 
of the plant. 

Twenty fully expanded leaves per ramet were selected for e timation of leaf 
area. The leaves were randomly detached from different ramets and collected in 
envelopes. These leaves were brought to the laboratory and the leaf area wa 
determined using portable leaf area meter (CI-203, INC. USA). Each leaf wa placed 
under arm of the leaf area meter and ther after scanned to detennine the leaf area 
digitally. Same procedure was repeated for rest of the sample. Leaf area is expre ed 
. 2 
mcm. 

Leaf water potential ('l' pd) was measured u ing a scholander pre ure chamber 
(Model 1000 Pressure Chamber, PMS Instrument Company, USA). The leave were 
enclosed in a plastic bag just before detachment from the plant. The leave were 
subjected to pressurization immediately after detachment. A~ least fi e lea e were 
sampled starting from predawn to dusk. All the precauhons were followed a 
recommended by Turner (1988) while sampling the leave. 

The data obtained for natural variation were ubje ted to tati tical analy i 
using Randomized Block Design a described by Pan e and Sukh~tme (1967) and 
Chandel (1984). The stati tical analysi for each parameter wa carned out on mean 

values. 

Results and Discussions: 

The observation on variou parameter were recorded .befor~ on t. of mon ~on 
of 2011 i.e. nine month after planting. The reason for electm~ till partl~ular penod 
was to compare the clones when there i no rainfall and water 1 lea t a~allabl. to the 
plants. Mea urement of beight (H) Basal diameter, Volum Brea t h 19ht diameter, 
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Leaf area and L af water potential CI'pd ) ar pr nted in Tabl : l and are d pi t d in 

Fig. 1-6, 

Th ana l i ' f va rianc attribut d highly ignifi ant diff; r n for a~l ~1 
. . d ' ·:nO' a lara an10unt of ariation am nO' 12 Eu alyptu clone. VanatlOl1 tra It. IT1 I a".:;, c.:;, .:;, . 

",ith re peet t th e hara t r among the Ion were plant heJght (4.50- 9.S0 .m) 
ba, al diamet r ( _.00-7_.50 mm ), olum (I-OS .76-13

1
066.16 cm), Brea t heIght 

diam ter (2 -.00-5 . mm), 1 af ar a ( 1.7S-54._6 m-) and Pre dawn leaf water 
pot ntial \f' pd (-: ._ ) - (- I 1.40 Bar) (Tabl : I) . 

The h iaht (m) war r corded ma imum (9.50) for th clone B M 2253. Clone P 
-ll I (9.00). 1 0 1~ P -+ I (.50) and cion BCM 2153 .40) w reo tat! ti~alJy at par with 
the BCM 2_53. Control c lone JK 0 howed 7.60 In height whIch IS Igl1lficantly Ie 
than the abO\'c mention d te t clone . LOve t height wa ob erv d in cIon P 11ita 
(-+.50). Data f r Ba al diam ter (mm) wa r ord d on 12 clone out of which BCM 
::!::!: 3 'ho\\ cd the maximum (7_.50) ba al diameter. Clone P 4] 1(71.50), BCM 271 
(6 ._:) and th ontro check clon JK 08 (67.S0) outperfOlmed other and were 
, ta ti ti ally at par with th BCM 2_S3 . A in ca of height clone P llita was again 
regi tered for I we t ba al diam ter growth. too . Since the volume production is based 
011- th h ight and diarn te l' of the plant, th clon exhibiting higher height and 
diameter ~ ell d in volume produ tion too. Maximum volume 13066.16 cm3

) was 
recorded on clone BCM _253. whi h wa tati tically at par with the volume of clone P 
4 J I (120 9."5 m3

). Th ch ck clone JK 08 could produc 9060.86 cm3
. Lowest 

volum \Va produ d by Pe ll ita ( 1205 .76 m \ Maximum leaf area (cm2
) was 

ob rved in cion Tor ll ina (54.26). which wa ignificantly higher than all other 
lone. Lowe t I af area wa ob erved in clone BCM 2153(21.75). Significantly lower 

predav;n leaf water pot ntial ('-£I pd) wa ob erved for clone Pellita (-11.40 Bar). The 
maximum valu for If'pd wa recorded for the clone BCM 411 (- 5.27 Bar). Other clones 
which "howed lower 'P pd were BCM 2153 (-8.83 bar) Torellina (-7.0 bar) . 

The pot ntial benefit of producing clonal planting stock for reforestation are 
many and well documented (Brix and Drie che 1977' Libby 1983' Zobel and Talbert 
19 4). ome fore t tree pecie are clonally propagated with little difficulty. 
Experience ha hown that cloned propagules do not duplicate faithfully the growth 
and development of tree from wh ich they were derived. In such cases, the utilization 
of veg tative propagule in production plantations may re ult in various degree of 
reduction in potentia l benefit of cloning. Thus well plamled fieJd testing of vegetative 
propagule i nece ary in order to knowledgeably as ess the real benefits of utilizing 
clonal planting stock. 

The variation in the character can al 0 be a cribed to the genetic makeup of 
t~e cI.ane . Ba ica l/y. all difference among trees are the result of three thing: the 
dlffenng envir?nment. in which the tree are grow ing, the genetic differences among the 
tre and the interaction between th tree genotyp s and the environment in which 
they grow. orne gen tic var iation are pr dictable and useful whereas other type are 
rando~n and are more difficult to u e. Genetic variability is complex but if its type and 
magnitude are known and if it i well u ed it can be manipulated to obtain good gains. 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujaratj 
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Amrinder Kaur and Saxena (2002) have studit'd variou clones of EucaJyptu 
developed by ITC and TERI. They observed difference in height diameter and clear 
bole height ~n different clones of Eucalyptu . Further they report'that the ITC clone 
were better m performance than other test clones. Sidhu and Singh (2001) had under 
taken a study of 137 Eucalyptus seed sources in Punjab. They have recorded growth 
performance of the e clones in field trials at the age of nine month and have ob erved 
significant differences for height but not for collar diameter. Kulkarni (2004) reported 
that the lTC, Bhadrachalam has established seven Clonal testing area as multi location 
trials. The girth at breast height at one year age ranged from 11.24 cm to 15.92 cm. 
whereas the height ranged from 3.80 m to 6.0 m. The performance of BCM 2253 BCM 
2153, P 411 , JK 08 and BCM 271 in our trial at Navsari is uperior to the ITC Trial for 
both GBH and height. 

The variation in height, collar diameter and other morphological character in 
different Poplar clones were reported by Riemenschneider et al. (1992) and Auclair and 
Bouvarel (1992). Christersson (1998) opined that it is more effective for a tand to have 
many small leaves rather than fewer larger ones, even if the total leaf area is the arne. 
Interestingly the top four good growing clones in our trial have hown lower individual 
leaf area with more number of leaves. In consonance with our finding Hu e e l at (2008) 
also found significant variation in leaf area recorded on 23 clone of willow at 
establishment year. 

Leucaena lucocephala (subabool) is one another fast growing tree pecie . The 
area under subabool cultivation is increasing trem ndously in Andhra and Tamilnadu. 
Kulkarni (2004) have under taken an experiment on subabool to study the pacing 
effect. He reported that at the spacing of 1 rn X 1 m and at 1 year age the average girth 
of subabool wa 9.2 em and height 4.3 m. It gives idea that the performance of 
eucalyptus in our trial is better and it can produce good yield in South Gujarat. 

The water status of plants and how to measure it ha received much attention in 
recent years and for good reason. Plant moisture stre e or plant water potential, 
indicates the demand for water within a plant. Plant water potential integrate the soi I 
moisture tension in the rooting zone (the water upply), the re i tanc to water 
movement within the plant and the demand for tran piration impo ed by the 
environment (heat load humidity wind etc.). Plant water potential mea urement 
indicates the water status of a plant from the "plant' point of view". Water potential 
also tells how the environment affects the plant. Thi infonnation can b II ed to 
evaluate how much need the plant has for water or how well it i adapt d to it 
environment. The predawn water potential can indicate the o!l water potenti.a} acce ed 
by the root system (Crombie et al. 1988.) Water potentla1 more. ~eclfically t~e 
predawn leaf/stem water potential is expre a ('Ppd) and the umt 1S Bar. and 1 

expressed in negative value, Cleary et al. (2009). In our tudy th ob e~ation. ~n ~pd 
were recorded during June 2011 when there wa no rain and only re tn ~ed 1r~ga~on 
was provided to the plant. The ob ervation recorded on L clone under m e tJgatLOn 
hows that the values ranaed from -11.40 bar to -5.27 bar. Up to -5.00 bar th plant are 

con idered to be tmder n~ severe tre (Kallara kal t al 200 ). Up to 10.00 bar ry 
mild and beyond -10.00 bar the plant icon idered to be und r tre . It wa found that 

. I a compare to other clone . It wa peJ I ita clone expenenced the stre more evere . ' 
clearly reveaJed by it growth and de elopment. But more mtere tJngly th better 
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perfonnmg c1 ne' B M _I and B M 2_ aLa h w d littt tre a compared to 
[he n.:~t ones. Thi. finding \Va of gr at imp rtan t und r tand the irri gation need of 
Ih . ~ g od pCrf0 I111 ing ' lone and it m n Iud d that if th clone w r w II 
1rl1!Zared the. might hay p rf 1111 d m r , 11 ntl a mpar t th ir pre ent 

growth. 

Concl u ion: 

a, cd n th finding, it ma b on luded that th clone nam ly B M 2253 
P .+ I I and B 1 2 I are m b tter perfonning lon than th r t ne. Th ontrol 
cion J K Oc i. al an g din \ ith good growth. B M 2 15 and B M 2253 may 
produ t: hIgher yie ld if thei r irrigati n requir m nt j quantifi d w 11 and if they are 
tfl.;ated that \\ ay. H n an in-d pth tudy hibhlighti ng th irrigation requir rnent (water 
pot mial: \.f'pd) f u alypnl cion i pr r qui it to mo e forward with tree 

impro\ m nt pI' gramme. 

Ackno\\ ledgement: incer thank ar du to the En ironm nt project for providing 
th pr~ sure hamber In trument u d in tb r earch work. 

Table I. \ 'ariation in different morphological and leaf parameters studied on 
Eucalyptus clones 

Clone Heioht I Ba al Volume Breast Leaf 

(m) Diameter (CC) Height Area Leaf Water 

(mm) Diameter (Sq. Potential ('I' pd) 

(mm) em) Bar) 

JKO (control) I 7.60 67.-0 9060.86 54.00 30.51 5.97 

BCM _ I 7.90 6 .25 941 8.53 55.50 33.19 5.30 

P:26 7.20 I 48.00 4340.74 39.00 34.37 5.68 

8C\I.+13 . -0 I -7.00 6376.16 46.75 28 .78 6.17 
--

I 7. "0 I 6.07 ROl6 62.50 7461 .59 53.25 41.17 

BCj\1215~ 8.-+0 62.-0 8585.94 53.00 21.75 8.83 

P41~ 8.-0 I 59.00 7742.32 5 1.00 43.02 6.10 

BCM 22:'" 9. -0 I 72.50 13066.16 57.50 29.51 6.27 

E. pelh!a .+ . -0 32.00 1205.76 25.00 39.52 11 .40 

BC 1.+ 11 .90 66.00 9004.58 54.00 2l.91 5.27 

P411 9.00 71.50 12039.35 58.75 26.49 5.93 

£ !orellllw I 6.30 -1.00 4287.75 40.00 54.26 7.00 

SF(m) I 0.426 3.009 923.974 2.201 1.903 0 .336 

CD I I.r9 8.883 2727.410 6.496 5,6 19 -0.991 
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Plate I: Five month old ramet of lone B M 2253 and P4 1 Tria l View. 

Clone No. P411 Trial Vi w (at 5 month age) 

Fig.]: Variation in 12 Eucalyptu clone for Height (rn) Ba al Diameter, Volume. Brea t h ight 
diameter, leaf area and leaf water pot ntial. 
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Perspective vision of genetically modified crops in European Union in general and 
U.K in particular 

Prof (Dr.) I. S. Dua 

-
Professor Plant Molecular Physiology 

Former Chairman 
Department of Botany 

Panjab University 
Chandigarh (India) 

By in large the European Union (EU) governments academia and the 
conscientious members of the public hold the considered conviction that in a reali tic 
vision of the planet approximately a billion people go hungry every day and by mid
century the global population is projected to reach 9 billion. The world by then will 
need 50 per cent more food and it will have to grow it in an increa ingly difficult 
drought prone environment. They are hearing like the re t of the world an echo of 
wartime and all its constituents governments are worried about food ecurity. Lately, 
the ED citizens have also started to realize that OM crops will not go away. The e will 
come because they are must. In U.K. the Liberal- Con ervative coalition has decided 
to approve a field trial of OM potatoes last month and its new environment ecretary 
Caroline Spelman has exphcitly remarked that promoting biotechnology will be one of 
the priority areas of the present regime. She welcomed and applauded all the new 
trials on OM crops and called these a indispensible tools by announcing that 
, Developments in crop breeding and precision agriculture that might have been viewed 
as science fiction are now clearly science fact' . Her further remark that it wa not 
science that has kept the Bt crops out rather it wa politic that has barred the fruit of 
science to reach to a common man are highly acclamatory. Hitherto, much of racket 
against OM crop in Europe has been kicked by the organic lobby - proud provider of 
fme if expensive food and shamele s self-mythologiser. It i the only lobby that 
claims it could feed the world on its own. Conventional agriculture doesn t clam thi . 
nor does OM. 

This much hyped organic is faith-based agriculture and 10 ing at the reality 
front. A fact not dwelt upon by its own adherent is that organic farmer do well to 
harvest 4.5 tonnes of wheat from a hectare and ometime manage only three. 
Conventional farmers get more than 9 and sometimes better than 10. Simple arithmetic 
says that in an organic future we would need at least twice as mu h land to maintain 
our current yield never mind increa ing it by half. Even that fail to take ac ount ofthe 
fallow years needed in organic rotation y terns. Every od of culti able earth wo~Lld 
have to be ploughed up releasing gale of carbon dioxide into the atmo phere guzzlrng 
water and reducing wild places to ecological pauperism. On t~ other h.and 
conventional agriculture too would be hard-pre ed to. fill the ~anane . Huge Ylel~
gains over the pa t 50 year ha e come from ele hve breedmg but ~h graph 1 

leveling off. Plant breeding is a low unpr di table proce that ha IIttl hop of 
feeding every mouth by 2050. . 
And it's not ju t a que tion of yield. Ther has to? an nd to w~ teo Thl m~an 
defeating pest and weed while imultaneou ly cuttmg back on fertll er , hemlcal 
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d ' d hrinking th farm indu tr ' hug arbon fi tpriJlt. 0 how can it b 
an ~atr.an ~ . fB " l ' 'fi 
don? arli r putting th ir fo t agajn t traIl geni a mall tlOn 0 ntl 1 ~tentl IC 

lobb. p inl d out that M r p ar g~' ". n ~n. Ion I .4% of th world agnc~ltural 
land, but n gle t t m nti n that thl 1 n mg rapl~l ~nd that by 2009 It wa 
a unring for 70 0 f th world' a (mu h of Whl h I U .d to fi d European 
Ii, ' tock), almo t half f th ott n mor than a quart r of th maIZe and a fifth of th 
oil ecd rape. In _00 . 14m fann r in 2 ul1tri . gt' 134m h ctare ,of OM. crop. 
LookinO" at thi ubtle data and realiri Eur p In gen ral and U.K. lQ partlcular ha 

\,. k n ~p and ha made GM rop a . f bot~i al r arch. in th la t 5 
\'ear. Th a ad mia at th ni r ity f Le d I arrymg a war agalll t potato cy t 
;lcmatode in e th feel it i fight worth winning ince every year the nematode hit 

K P tat fa rm r for around £6 m in rop I e and pe ticide co t. Worldwide 
nematode damag total me £60 billion. The Le d group led by Profe ors Howard 

tkin on and P ter Urwin from the Uni er ity' Centre for Plant Science took a 
prot in that 0 cur naturall in rice and maize. and put it in the root of potato plant. 
Th protein impair the \: onn ' dige tion 0 th Y langui h and can t breed effectively. 
In gla h u trial anoth r gene ha tripp d the nematod of it ability to detect the 
pla~t dour that attract it to fi ed. Fantastic Results: fi wer nematodes find the roots 
and rho e that do fail to thri e, Up go the crop. Down goe the ne d for pe ticide. Up 
0" e the cience. 
~ 

The implication of the abo project are extended further elsewhere e.g. in 
anther re ear h proj t currentl underway on banana plants. The e are not the 
qua hy yellow upermarket fa ourite . They ar green cooking banana and plantain 

- one of tb taple food of Africa. Their root too warm with nematode costing 6 
m tone of fruit a ear which i why th Leed group i partnering a team in Uganda to 
repeat the work th ha done with potatoe, 'We 11 te t here in the glasshouse 
foIlov.- d by it apprai al and field-trial in Uganda. says Profe or Atkin on. 

~ h thad intere ted the contemporary cienti t in UK i the potential of the 
GM crop to influence th oil. For thi rea on they mea ure the effects of the OM crop 
on all n mat de , including th friendly one that eat bacteria. ''What we howed ' say 

tkin on. "} that our OM potatoe had Ie influence on oil communities than 
conventional oil eed rap. ' Work in another UK lab John Inne Centre cnC) at 

orwich wh re Prof Cahie Martin i trying to convince the world that OM is the way 
forward whil working on tomato and hi de crie has become a talk of EU scientific 
fraternity. The BT tomatoes are identical to every tomato but are deep imperial purple. 
The colour import d from napdragon and tomatoe extend the live of cancerous 
mice by a full 30% hile adding two week to their own helflife. 

. i.n yet anoth~r. mile tone achievement in Europe and will be of real consequence 
I . on nitrogen fertilizer which 0 er the year ha proved to be an environmental 
mghtmare. The manufacture tran port and application of it account for at lea t a third -
some ay ~alf-of agricu lture' carbon footprint. A farming worldwide i the second 
I~rge t emitter of gre nhou e ga e after power generation and heating. It make 
l1Jtrogen a powerful dri er of climate hange. Even that may not be the wor t of it. 
~o t cr~p pla~t take up only half th fertilizer fed to them lea ing th re t to 1 ach 
II1to aqUifers, nver and th ea. hi i an authentic di a ter. Acc rding to th by 
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2004 the ocea~s contained some 150 "dead zones' where over-enrichment by fertilizer 
and ewage tnggered vast algal bloom that ucked all the oxygen out the water and 
suffocated the fish. One zone in the Gulf of Mexico wa twice the ize of Wales. 
According to Robert Diaz Professor of marine science at the Univer ity of Maryland 
these dead zones would become a worse threat to fi sh tock than overfishing. Thu it 
happens bizarrely, that the future of fish may lie in the hands of plant cienti ts. 
LogicaUy one of the best ways they can help is by creating heavier crops. The recent 
bulging harvest of American maize show why. Through better plant breeding and oil 
science, and with no increase in the application rate of fertilizer yields shot up from 1.5 
tons per hectare in the 1920s to a record 11 tons in 2009. The data between 1975 and 
2005 show the amount of nitrogen needed to grow a tone of com fell by 30%. ot 
much of this was due to biotechnology - GM maize has been grown only ince 1996 -
but the me sage is clear. Heavier harvests mean less fertilizer per kilo of food. 
However the dream is a crop that fixes its own nitrogen and needs no feeding at all. 
This is the long and difficult road on which European scienti ts are embarking through 
biotechnological means. In the short term, biotech companies are trying to make plants 
at least use nitrogen more efficiently, and so need less of it. This ha already been done 
experimentally with rice and oilseed rape. Whatever happens, food in future will owe 
as much to cience as to husbandry. The question is: which cience? It s not a choice 
between organics and GM ' say British scientists. It's a choice between feeding the 
world through chemistry or through biology. 

Unfortunately in the earlier years Europe's addiction to chemicals wa not be 
easy to break e.g. worldwide potato late blight i a 3.5 billion problem and farmer in 
Britain spend SOm a year on chemical controls praying 12 to 1 time a year. ' In the 
wet summer of 2007 "says Professor Jone of the Sainsbury Lab. «Europe actually ran 
out of chemicals to control late blight. Farmer had been praying from helicopter 
because the ground wa too muddy for tractors. Some organic farmers had their entire 
crops wiped out. 

The good news i that a GM solution now exist . and the EU' own European 
Food Safety Authority had declared the GM potatoes safe the bad i that no European 
farmers can get their hands on it instantly because of the political wire. The mo t recent 
completed trial of blight-resi tant potatoes in Britain wa two year ago and the 
world s largest chemical company. BASF last year upended it re earch. The rea on 
was the political shut-out in Brus el . Although the EU own European Food Safety 
Authority had declared the GM potatoe afe there wa no way t~ough ~e political 
wire. As the academic means reali tic and the truth ha to pre all there 1 en e of 
urgency to break thi political pau e. It i ri~ht1y urru:noned up by Meurtg Raymond 
deputy president of the National Farmer Uruon and hun elf a potato grower who la t 
month remarked that Farmers need acce to e ery tool in the bo . t? be able to 
produce more and impact Ie on the n iro~ent. We o.eed new anehe that. ~a e 
better re i tance to pest and di ea e and WIll be Ie reli~t on pray and fe:lize.r. 
What we need now i the applied re earch and field tnal that;:un the enehc 
discoverie and mart breeding technique into crop famers an grow. 
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A~ILA (Emblica officinali)- J A (Hardwickia binata) ba ed aarofore try 
sy tern 

. J. Pa til . . M. Mutana l and H. Y. Patil 

Al RP 0 17 Auroror 1I:1 , nil r;1) of Agr; lillI/rat ; I1C 

. D hal1\'ad. K arnalaka 

AB TRACT 

ti Id exp rim nt n amla + anjan ba ed agrofore tr t m wa ondu ted at 
Main Q'fi ultura l Re ar h tation. , Dharwad n red oil during 2002. Th Amla 

ur ~ iz, I. mla (bud d) _. Kanchan. -7 4. Kri hna and 5. Amla (local) wer 
plant d at :. x - m and njan a plant d in between two amla plaT~t . amum wa 
err \\'n in all \' f mla njan . Th r omm nded package of practIce for Se amum 
;nd il\'i ul~ral pra tic for amla and anjan follow d by prop r growth and 
d ~\ el pm nt. amum i Id \Va laver in amla local/buded) + Anjan a compared to 

th r treatm nt. mla i Id wer low r in impro ed . ari tie iz Kanchan NA-7 and 
Kn hna. The net return and S.c. ratio wa ignificantly high r in A-7 + Anjan + FC 
(R . .f (ha yr and 1:0: 1 r p ti I) folIo ed by Kri hna + Anjn + F 
(R A.fO-l ha vr and 1.6 : 1 r pecti ely) a compared to oth r ourc tried. Anjan i 
onL of tht,; i~portant ~ dd r and hart rotation tr e and it tmi in a dry climate and i 
apabl of e tabli hing it elf and gro ing on dry hallow oil and rocky ground where 

m t other pe i would uccumb. Thi i du partly to the arly dev lopment of the 
taproot and the ability to p netrate hard oil and fi ure in solid rock (th tern u ually 
dY1l1g ba k annually during development of the taproot) and partly to it ability to 
\\ ith tand mutilation. H nce mla ar A-7 / kri hna and Anjan i u tainable 
agro~ r try y tem for d grad d oil . 
K ~ , .. ord : grofor try. mla. Anjan. K.ri hna, Vitamin -

I ~TRODlCTION : 

mla I on of the important fruit indigenou to Indian Sub continent and find 
a prom1l1ent plac in an i nt Indian criptur uch a Ramayana Kadambari as Amrit 
Phal' b au e of it ignificant medicinal and nutritional value. The fruit ha high 
antioxidant alue a It contain a chemical ha high antioxidant value known as gallic 
acid which refer to the oxidation of itamin C. Fruit i rich ource of vitamin C in 
fr h a ,,\ell a dried or proce ed farm. It can be cultivated on commercial cale in 
problematic oil. It can b culti ated on alt affected wa teland which offer good 
cope to increa e fruit production in the country (Tewari et al. 2004) and amla ha now 

become an Important fruit in the pre ent ituation. (Pathak and Pathak 2001) It can be 
grov. n ucce fully with hart legume viz. Moth, Guar and Cowpea, Black gram 
( ingh 2006). There i n ed of integration of anoia in agri - horticulture sy tem to 
u tain producti ity ( ingh et al 2005). The legume crops have beneficial effect in the 
y tem in term of oi l fertil ity bulld up and re idual effect on plant (Pathak 2000). The 

amla b~ ed agro - horti cul tural y tem ha hown quite encouraging re ult in th farm 
of multIple output with a ured income generation ( sman 2003). 
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Amla genotypes available in this region have relatively high content of vitami.n 
. and .tot~l phen?ls. It c~n be ~ated that the natural wealth of Amla available ha great 

dIverSIty m physlOchemlcal fruItS. Which offer unique scope of further improvement of 
Arnla through selection of superior genotypes. The e genotype have immen e 
potential to be used either for clonal multiplicatio!l, further evaluation and selection as a 
commercial variety or as superior gene source for further hybridization programme for 
combining useful traits. 

Hardwickia binata is a moderate- ized to large tree up to 24-30 m tall, girth 
1.8-3 m with a clean cylindrical bole up to 12-15 m; graceful drooping slender 
branches' crown conical in early life becoming broader later. Bark of apling almost 
silvery white and smooth, gradually changing a the tree gets older to dark grey and 
rough with irregular vertical cracks, 1.2-2.5 cm thick, exfoliating in narrow flakes. In 
isolated situations or on poor soils the tree tend to branch low down and produce a 
short bole, but when grown in a fairly crowded crop on favourable soil it produce a 
long straight cylindrical bole with an elevated crown. Leave small 2-6 cm long by 2-
3 cm wide alternate pinnate, alrno t kidney shaped and greyi h-green. Flower small, 
pale yellowish-green in axillary and terminal lax panicled racemes. The pod flat and 
samaroid, 5-7.6 x 1-1.5 em, oblong lanceolate, coriaceous, narrowed at both ends with 
parallel longitudinal veins containing 1 seed near the apex .. The tree j di tributed in 
isolated patches, varying in extent in the drier parts of the Indian Penin ula. 0 erlying 
soil does not have to be deep since the taproot ha a capacity for growing through 
fissures in solid rock. H. binata thrives in a dry climate characterized by a long drought, 
scanty to moderate rainfall, and intense heat during the hot season. In the cold sea on, 
frosts, generally mild, occur only in certain portion of its area of di tribution, 
particularly in low-lying areas. 

Hence an experiment wa conducted the uitability of Amla clone with Anjan 
under rainfed conditions. 

MATERIAL AND METHOD: 

A field experiment wa initiated from 1999 to known performance amla with 
Anjan at Main Agricultural Research Station, VAS Dharwad ~der rain fed condition 
from 2002. The experiment consisted of five arnla ource VIZ. 1. Arnla buded) 2. 
Kanchan 3. NA - 7 4. Kri hna 5. Amla (local) and eedling were plant d at 5 m 
5m apart. In between two plants of amla anjan wa plante~ along ~lley. The oil of 
experimental site was red oil with having P~I of 6. .and aV~llable mtro~en of 16 .2 
Kg ha- I available phosphorus of 16.32 kglha and hIgh avatlable pota SlUm 235.6 kg 
ha- l . The annual rainfall of 782 mm wa received in 56 rainy day. The mea~ month~y 
maximum temperature is 36.3 DC and mean monthly minimum. temperature. I 14.1 . C 
in the months of April and December re pectiveJy. The e penment wa laId out WIth 
four replication in randomized block de ign. The field crop e amum wa grown for 

five year in between alleys of amla + anjan. . . 
The fruit yield wa started aft r 6th year and the frUIt )'leld were coIl cted 

from e~ch tree. The data on h ight dbh and pread of amla and. anjan ere collect d 
and present in tabl . At the end of experiment alue of IlJan ~ wa a e ed 
ba ed on pole and bioma s. The income from fi ld crop an~ frUIt of am.la were 
worked out based on prevailing mark t rate. Th co t of each mput , plantahon co t 
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and maint nane c t w rk d out. Th on mi analy i wa mad ba ed on co t and 

return . 
The fi Id rop amum ( ar. D - 1) wa of wn in all y . Th re ommen~ed 

pa kage of pra ti e \ r follow d for rop. S ed w r - I own at ~O 0 cm p~Cl~g 
and appJi d the fertilizer d of 40:25:25 PK kg ha ~ pectl~el y. The urufol m 
ih-ieulrural op ration vi:: il working around tree, prnmng of Id branche were 

done during J\.hari( The fertilizer 50 : ] 00 : 0 PK gm planf
l 

wa app lied to arnla 
!O all th treatm ~r ~ for tir t thr year. All the plant were maintain d under unifonn 
ulnJral operation during the p riod throughout e prim ntation. 

RE VL T AND 01 CUSSIO S 

Growth parameters of Amla : 
There w ignifi ant difference among growth parameters. The height of amla 

(10 a1) wa igniti antI higher follow d by amla (buded a compared to otb r source. 
Girth of amla wa high r -_.6 m) in local followed by local (buded) and lowest in 

(_ .0 em). imilarly rown area w re ignificantly higher in Amla (local) and 
Amla ((bud d) a compared to Kanchan NA - 7 Kri bna. 

The better gro~1h amla (10 al) and amla (budded) are to th ources were 
ac limatized with local ituation and thereby higher productivity of th se source to the 
local condition. Hower Amla Kanchan NA - 7 and Krishna have attained p oor 
gro\v1h. Thi may be due to th e clone / OUTC have brought from out ide its local 
habitant, h nc have took more time to adopt to new ite conditions. 

Amla Fruit yield : 
The fruit i ld \ a ignificantly higher with Arnla (budded) followed by Amla 

(10 a1) a compar d to other ource. Average fruit yield were higher local sources 
compared improved one in degraded oil. Fruit yield were lower, but their size, these 
fa t fetched higher price than local one. Similar observation were recorded by 
Kumar el al (2002) 

Grain Yield esamum: 

Cropping have ignificantly effected by growth parameters of anoIa. Sesamum 
grain yield was ignificantly higher in Kanchan, NA - 7 and Krishna sources and was 
lowe t in the mla (local) and Amla (budded). 

imilarly ingh (1997) reported positive correction of ground storey crops on 
over the toraged component Amla) Similar results were reported by Saroj a et aZ. 
(200 ) and Korwar et al. (2006) in anoia ba ed agri - horticulture and Shukla et al. 
(200 ) in case of ber ba ed agri - horticulture system. 

Growth of Anjan 

. Height girth. a~d crown area of Anjan were significantly higher when grown 
wIth Amla local vanetles Kanchan NA - 7 and Krishna wa more compared to Amla 
(Io~al) and Amla (budded). As the slow growth of the e sources favoured the growth of 
AnJan. 
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Economic analysis 

GTO s returns was ignificantly higher in Amla NA-7 + Anjan + Fe a 
compared t.o other agroforestry combinations. The average net returns were higher in 
Amla + aIlJan + Sesamum (Rs.8676/halyr) followed by Krishna + Anjan + Sesamum 
(Rs.8202lhalyr) as compared to other treatment ombination. et return and Benefit 
Cost ~atio were higher i~ NA-7 + Anjan + Sesamum (Rs.4878Ibalyr) and 1.80: 1 
respect~vely followed by krishna (amla) + anjan + Sesamum (Rs.4403/halyr) and 1.68:1 
respectlvely.NA-7 and Krishna with Anjan are sustainable agroforestry y tern.Similar 
results were reported by Nandal and Ravikumar (2010). 
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Table 1: Growth and yield parameters of amla a influenced by agroforestry 
sy terns 

. grofore try Y t 01 ' 
Amla Anjan 

Girth CA 
Height Girth Fruit ield Height 

(01) (COl) (012 / pi) (kg/pI! r) (m (cm) (m2/pl) 

I 
~ 

-\Illl:l (budded .... Anjan + FC 6~83 52.6 11.33 32.6 6,9 44.30 2.96 
I I 

2 K,lnchn + Anlan + FC 3.75 28.0 10.13 12.6 5,7 55 .6 2.51 

r.' '\ -\ - - ~-\nlan - FC 3.80 "0.0 9.83 13.8 6.7 51 .30 3.23 

-I Krishna - Anj:m "T FC 3.76 "27.2 9.28 14.2 6.3 41.60 2.99 

....-:- \mla (local).,.. -\nlan - FC 7.36 61.6 1_]3 28.6 6.7 3730 2.73 

- 1.86 -3.64 1.38 4.58 NS 2.26 1.08 
CD (005) 

Table 2: Se. alllulIl grain yield (kg/ha) of a influenced by different agroforestry 
system 

\ gro fore t l") . ~ tem 2002-03 2003-04 2004-05 2005-06 A verage grain ield 
k2/ha) 

2006-07 2007-08 

lAmia (buded + Anjun ) 200 180 165 150 130 165 

:2 Kanchn - allian - FC 220 230 :no 190 185 207 

3 '\' -\ - ., .... Anjan - FC I 225 23 5 215 200 180 211 

-I KfI::-hna - -\njan - FC I 200 21 0 205 190 180 197 

:. AIllla (local) + Anlan - FC 190 160 150 130 120 150 

Sf \\ - CD (0.05) 12.32 14.7 10.8 11.6 10.20 11 .80 

Table 3, Economic e aluation of Amla + Anjan based Agroforestry systems 

Agrofore (I] :» tem I A\" rag Discounted @ 12% interest 

Gro " verage Average A verage BC:R 

Return Co t et Gro verage Average 
(R b<llyr) ( /hCiJ yr Return Return Co t Net 

(Rs/ha/yr) (Rs/ha/yr) R /ha/yr) Return 
(R Iha/yr 

) 
I Amla (budded) 7910 3799 4111 3748 2302 1446 1.62 
Anpn - FC 

") Kanchan.,.. Anian 8110 3799 4310 3908 2302 1606 1.69 
3 '-.'A 7 Anjan Fe 8676 3799 4878 4145 2302 1843 1.80 
4 KrIShna AnJan T FC 8202 3799 4403 3889 2302 1587 1.68 
5 Amla (local) -

I 
6853 3799 3054 3275 2302 973 1.42 

AnJan - FC 
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ABSTRACT 
India is having 3.67 m ha of ravine lands which con titute 1.12% of total 

geographical area of the country. Rehabilitation of degraded ravine land with ariou 
kinds of vegetation i immensely important to increa ing the desired level (33%) of 
forest cover, to counter impacts of climate change and to con erve land & water 
re ources for ustaining and improving the production and productivity of the e 
degrade ravine lands. Bamboo i one of the fa test growing plant having e ten i e 
fibrous root system connected rhizome ystem den e foliage, the leaf litter produced 
on the oil urface etc. are some the important aluable characteri tic feature of 
bamboo for controlling soil ero ion in degraded ravine lands. A re earch and 
development project entitled 'Hydrologic and economic evaluation of bamboo 
plantations in gullied lands under major ravine ystem (Mahi, hambal, Yamuna) of 
India' has been implementing in 2008-12 with financial a i tance by ational 
Bamboo Mission, Mini try of Agriculture Govt. of India. A part of thi project 
experiments was conducted to tudy the effect of bamboo ba ed intervention for 
su tainable natural resource management in degraded gully land. The e periment data 
reveal that higher survival percentage and plant growth were recorded in bamboo 
plantation with supportive staggered trenche . Lowe t runoff wa occurred in bamboo 
plantation with small earthen check dam . The bamboo plantation ba ed intervention 
absorb more than 80% of rainfall that i either utilized by the plant or percolated deep, 
to recharge the ground water. At 2010-11 price a net income ofR .29,400 ha-

I 
yea( 

Ican be realized during 7th to loth year. Thi increa e to Rs.41 400 R.4 000 ha-1 
yr-I 

from 111h 20th year onward respective!r T~~ net pro ent orth of 20 year ba~boo 
plantation works out to be R .5197 ha year (% dl count rate) at 2010-11 pnce . 
Similarly the benefit co t ratio work out to be 1.66 at % di count rate. 
Keywords: Bamboo Gully Land Runoff. Soil Lo Economic 

INTRODUCTION 
Ravine are the network of gulli . India i having 3.67 m ha of ra ine land 

which con titute 1.12% of total geographical area of 32 m ha A, 1976). ry 
exten ive degradation of land ha occurred along orne of the major ri er te~ of.the 
country in variou tate in th form of deep gullie : ~bere i hardly any hI toncal 
record to how when the deterioration tarted but It 1 r a onable to a urn th~t 
indi criminate u e of land leading to di turban e of eco y tern ha been one of the mam 
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cau, e' r r f nnati n f ra in (harma tal. I 0). Errati ~ rt-dur tion and high 
. . ' t' II I' dibl nature of 11 \i ak CY olog of allu lum, t ep 1 pe and 

Il1ren Iry IaIl1 n , " . ~ . . b d 
.. ' t-ault arrr'i ultural pra tl e dII It curtmg of tr e and bu an unev n tell a 111. 5 ' · .,.. . 

venrrazing hav mbin d to aggra at th ItuatIOn, Nat! nal ormm 100 on 
Agri~lIlrur ' (19 6) timated that . 7 milli n hectar of land are damag d by th e 
relvin ~. rough timat ugge t that ab ut ,000 ha i adde~ to th ra m 
annuall ( hanna t al.. I 0). ut f . 7 million h tare f fa III land in India 
_. "6 million h tar (4°10) are pr ad 0 f in th tat of Uttar Prad h Madhya 
Prade h. Bihar. Raja than and Gujarat (Dhru anarayana, 1993) (Table 1). There ,are 4 
major area of ev r ra in era i n on th map of India (Fig., 1 , The larg t 1 th 
Yamuna- hambal Ra in Zone. Th fa ine flank the Yamuna flver for nearly 250 km 
and in gra and Etawah attain a depth f mor than 0 m. Nearly 3 9 000 ha are 
affected along the Yamuna in uthem ttar Prade h. The Chambal ravine flank th 
ri,'cr hambal in a lOkm \,: id b It, whi h tend outhward from th Yamuna 
~onflu nc to 4 0 km t th town of Kota in Raja than. Ravine al 0 affect basin of 

veral Chambal tributari ,e.g., M j, Morel. Kali indh et , Altogether about 5 000 
k111 2 area i affect d. In Gujarat, ravin b It co er 500 000 ha and extend from the 
:. uthem bank fthe Tapti. bank of the annada Watrak Sabamlati and Mahi ba ins, 
B ide the e river ba in . ra ine are al 0 found in Chhota Nagpur Bihar Mahanadi 
and upp r one all . Indo-Gangetic plain Siwaliks and Bhabar tract and We tern 
H imala a v n up to the Ka hrnir Vall y (Dhru anarayana 1993). 

The ational Corruni ion on Agriculture has repeatedly indicated that gulIied 
land not oni cr at problem where th y exi t, but are al 0 the root causes for 
d gradation f adjacent arable land affecting production potential in a major way 
(Figure.2.), Mo t of th gullied and ra ine land are not inferior in their capabilitie but 
ar abandoned du to ariou other rea on , Being alluvial in nature and located nearby 
river the ravine ar highly u ceptible to era ion and quite often face consequences of 
e\ere flood. Ra ine ha e a variety of a gully net works and combination with 

varying condition of gully b d , gully id lope and gully inten ities due to which 
no unifonn and co t effecti e land development package can be made available or 
impl men ted till now and the problem r mains as uch. Rehabilitation of ravine lands 
with ariou kind of vegetation i immen ely important to increasing the desired level 
(3 "%) of fore t 0 er a targeted in National Fore t Policy, Government of India. The 
increase in vegetation in degraded ravine land enhance the flora and fauna and 
thereby r toring natural eco y tern to counter impacts of climate change and to 
con erve land & water re ources for ustain and improve the production and 
productivity of d graded ravine land, 

India ha one of the riche t bamboo resources in the World second only to 
hina in bamboo production. According to Fore t Survey of India (FSI) in India 

bamboo grow in 8,96 million ha of fore t area which con titute about 12.8% of total 
fore t area of the country. Of thi nearly 28% occur in the North Eastern State , 
followed by 20.3% in Madhya Prade h 9.90% in Mahara htra 8.7% in Orissa, 7.4% in 
Andhra Prade h, 5.5% in Kamataka and the balance i spread over in other state. 
Bamboo ha alway been known a an enduring versatile and renewable re ource. 
Th,ere are m.ore than 100 vital pecie of bamboo in India, which grow naturally at 
height r~nglDg from ea I vel to over 3 500 meters in varied habitats (Tewari 1992). 
Bamboo .l known to be one of the fa test growing plants in the world with a growth 
rat rangmg from 30 to IDem per day in growing ea on. It can grow to a height of 36 
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m with diameter of 1-30 cm (United Nation 1972). A culm can reach it full height in 
ma~er of two to three. month. onsidering the above characteri tic it i ea y to 
beheve that bamboo IS the fa test growing. Highest yielding renewable natural 
resour~es (Le ard ~nd Chouinard 1980). There i a growing realization that the 
potentIal of bamboo In the country ha not been tapped to it fulle t hence wider and 
alternative utilities of Bamboo is being 'rediscovered' in India with increa ed attribute 
and potential towards ecological and soil con ervation uti1itie . 

. Researchers have clearly established the importance of bamboo plant a an 
effect1ve means for natural resource con ervation. Certain studies (Simon & Colli on 
2002) on runoff mechanism on riparian land have revealed that the concentration of 
runoff in topograpbically defmed linear featw'es like valley bottoms is an important 
proces when considering off-site damages from soil erosion. Various other re earch 
finding have reported po itive utility of bamboo plantation for enhancing natural 
resource conservation (Lawler, 1993' YanHui et al. 1995). The utility of Bamboo 
plantation as effective soil & water conservation mea ure has been ucce fully 
demonstrated in Mahi ravine (Sharma et al., 1980' Kurothe & Nambiar 2001 . They 
reported that Bamboo based vegetation wa ob erved to be quite promi iug both in 
terms of controlling runoff and soil loss and economic returns. From 7th year onward a 
net income of Rs 8000 - 10000 was obtained. Zhou et al. (2005) reported that oil 
erosion wa low in bamboo plot (178.15 kglha or 117.13%) a against other forest 
plantation type . Average ranges of annual interception and tern flow in bamboo 
plantations have been reported as 13 - 15% and 4 - 6% respectively which (Lu SY et 
al. 2007) looks a bit higher than those under natural hard-wood fore ts due to pecial 
canopy characteristics. Deng and his team studied five different conversion model to 
compare the soil conservation efficiency (Deng et. al. 2003 . Out of the fi e model, 
bamboo grooves intercropped with fodder grass was mo t in soil ero ion. Exten i e 
fibrous root system connected rhizome system it comparatively den e foliage the 
leaf litter produced on the soil surface etc. are some the important valuable 
characteristic features of bamboo for controlling soil ero ion. The comparati ely den e 
foliage protects against beating rains and its habit of producing new culm from 
underground rhizome allows harvesting without di turbing the oil (Ben-zhi et.a!., 
2005). In India different bamboo ba ed agrofore try model uch a bamboo + gin~er 
(Jha & Lalnumawia,2004), bamboo + soyabean (Sheshadri 1985 bamboo + ~enc, 
bamboo + Pigeon pea (Shanmughareland Franci 2001 were ucces fully e tabh bed 
in managing the different type of degraded land . Sole bamboo plan~tion .ha e al 0 

been used to rehabilitate the land in different parts of the world Chri tamty ef. al., 
1996) for illu tration in India Dendrocalamu strictu show po iti eland 

rehabilitating and restoring ability. . 
Because of dense surface root bamboo have va t potential a a egetahve 

mea ure to conserve soil and thus provide good protection again t heet an? gully 
erosion. Scientific literature on thi a peet i rarely available a mo t of the :udl deal 
with production and management a pect . Bamboo which i a fast gr~wmg wo~dy 
gras species, has been used traditionally a a gully plug to .control deepenmg of guH~e . 
It is well e tabli hed that tagger d plantation of bamboo ill gully bed p~ay an act! e 

role ill· controlling ero ion by regulating hydrological flow and . 011 m em. n.t. 
..' fti' r t d AI 0 It 1 However available quantIfied mforrnatl n on uch e t 1 ery lID I . . 

not known a to what may be the altemat utilization pattern of bamboo . p .1 fr?m 
conservation point of view on degraded gullie and ra in . Such informatIOn 1 of ltal 
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urr nt enario h n bambo i being e tab Ii bed a 011 of th 
f er atile utillt for natural r OUIce on rvation and for alue 

imp rtall e ill th 
maJ r getati 11 

addition 
Man untri and reg] 11 have initiated ffort to hame th.e pot ntial of 

bambo plantation fr m n ironm ntal point of i~w. In India the NatIOnal Ban:boo 

M · · h - I arl mpha ized on th on rvatlOn alu of bamboo plantatIOn . 
I ~ Ion a . . 11 d d d 

Looking into thi_ ' enari , re ar b and de lopm nt tudy 1 ntla y nee e an 
rna pr~vid valuabl data to ientifi all e tabli h on ervation alue o~ bam~oo f?r 
feh~bilitation of ' e r I degraded land or ra ine . K ping the con ~deratlOn . 111 

vie'" a re arch and de lopment pr ~e t entitl d "Hydrologic and econOlDlC e aiuatlOn 
f bamboo plantation in gullied land under major ravin ystem .(Mahi. Chambal , 
amuna) of India" ha been implantlng in 200 -12, with finan~lal a SI tance ~y 
ational Bamboo Mi ion, Mini tt of Agriculture, Govt. f India. A part of thlS 

pr jecr. experiment v a conduct d t tudy the effect of bamboo ba ed interventions 
for u-tainable natural r OUIce management in degrad d gully land of Mahi ravine 

y tem in Gujarat. 

l\ IATERIALS & METHODS 
TUDY AREA: 

Thi tud wa conducted to aluat th production and con rvation potential of 
bamboo in d graded ra ine land . Tbi tudy i calTied out in highly degraded ravine 
land of Mahi ravin y tern located at Khorwad village of Anand Taluka of Anand 
di trier. Gujarat (Fig.2). Mahi ravine tern i the one of three major ravine systems of 
India. Khorwad illage ha an tabli hed Tree Grow r Cooperative Society (TGeS) 
\\'ith 21 he tare of highly degraded land compri ing various categorie of 
gullie , ravine whi h ar ultimately draining into adjacent Mahi River. The natural 
tret h of hallow, medium, and deep gullie are a ailable for various treatment. It 

compri e of two hamlet namely Khorwad and Navapura and is inhabited by 355 
hou ehold (population about 3094). In TGCS land a natural watershed (10 ha) which 
i denuded and ha an e ten ive gully network ha been elected for thi study. Thougb 
th r i WIde patial variation of oil propertie within and between the top, slope and 
bed oil but bed oil i poor in terms of texture (Sandy), saturated hydraulic 
conductivity (2 7 mmJday), organic matter (0.1 %). pH and Be of all soil samples are 
within normal range but relati ely lower pH (6.9) of top/hump clearly reflects higher 
ba removal by rain . lITe pective of the patial distribution Soil is overall very poor in 
organic carbon with relatively higher content on lope (0.20) followed by top (0.16) 
and minimum in the bed area (0.10). 

METHODOLOGY: 
in gullied water hed was e lected in the highly degraded ravine lands of 

Kho~ad. In .thi ~ater hed four micro water hed having similar morphological 
condltlOn , od, ralllfall and other weather parameters were identified and these were 
delineated b.y using Differential Geographical Po itioning System (DGPS) and Google 
a~h. In thl study three treatment namely (i) Bamboo plantation (Dendrocalamus 

S~:ICIZlS) at 4 x 4 m 'pac~ng with upportive taggered trenches in degraded gully beds, 
(II) Bamboo plantat]~n In taggered fa hion with close spaced rOWS & close spaced 
plant (at 2x2 m pacmg) to act as live check dam (iii) Treating gully beds with mall 
earthen check dams (mad of sand bags etc) and bamboo plantation (2 row one each at 
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up tream and downstream edge at 2 X 2 m spacing) were imposed. The control wa 
kept without any plantation and soil and water con ervation measure. Four micro 
water heds were elected and named as WI, W2 W3, & W4. Treatment Tl T2 T3 
were impo ed in Wl,W2,W3 water heds and W4 wa kept as control. Under 
treatment- 1.' B~mboo (Dendroealamus strictu) wa,s planted in taggered fa hion at 4 m 
x 4 m spacmg m gully beds ofWl watershed. For each plant, a taggered trench of size 
2 m length, 0.5 m width and 0.5 m depth was con tructed at nearer to the plant. Under 
treatment-2' Bamboo (Dendroealamu trietu) were planted in staggered fashion with 
c10 e paced rows & c10 e spaced plants (at 2x2 m pacing) at W2 Water hed to act a 
live check dam. Total 10 live check dams were planted along the gully bed. Under 
treatmellt-3; 11 earthen check dams made of gunny bag (bori bund) were con tructed 
along the gully bed in W3 watershed. For each earthen check dam two row (on each 
at upstream and downstream edge at 2X 2 m pacing) of bamboo were planted. W4 
watershed kept as control without any plantation and conservation mea ure . 

SURVIVAL PERCENTAGE AND GROWTH PARAMETERS OF BAMBOO 
The growth parameters uch as number of plant survi ed bamboo clump 

diameter at ground level Culm height and the collar diameter were collected from the 
bamboo plantations site at Khorwad and Vas ad of Mahi Ravine y tem and the e were 
analyzed. 

RUNOFF & SOIL LOSS 
The treated and control micro water bed at Khorwad ite of Mahi Ra me 

system were individually gauged at their outlets by utilizing regular brick rna onry 
hydraulic control structure with mechanical water stage level recorder . The rainfall 
data were collected by for each treatment event ba ed rainfall (depth duration and 
intensities), runoff (depth, duration and rates) oil & nutrient 10 e. Periodic change 
in gully bed profile gully cros sections and gully h ad ad ancernent (before and after 
monsoon) were collected and analyzed. 

BAMBOO YIELD & ECONOMICS 
The present study i confined to fmancial analy i a aga~ t the econo~i 

analysis which encompasses a broader per pective of economy o.r ~c~ ty. The fin.a~~lal 
analysis attempt to identify and quantify co t and benefit to mdiVldual. by utl.ltzmg 
resources over a specified time period (Gittenger 1982). It d pend o,n pnc of mpu~ 
and outputs in local market. The methodology of di counted (0 er hme) c~h flo\: . 1 

used with a focu on calculating net benefit and return to the actual eql~lty capItal 
invested in the technology. In the ca e of bamboo thi ~ of analy 1 c~n,. for 
example be u ed where th objecti i to maximize onOmIC output per Ulllt tIm . 

The criteria for evaluation i a under 

Benefit-Cost Ratio Thi i imply the total of the pre ent worth f xpe te~ ben.efits 
divided by the total of the present worth o~ ex~ected co t . Only technologle WIth a 
ratio of great r than 1 ar conomically ffi 1 nt III term of r our e u e. 
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. ,,, d to a Net Present Vallie) 
'Vel Presellt W()rth (. ometl/lle reJerre rth f tl pe t d ben fits Ie 
. . . I d ' fil ren b tw n the PI' nt 1 .. 

Thl IS t le I . t d t It t hn 1 oj whi h re ult in a po Itlve n t 
the pre ent \\'olth of the p c e c . '. 0 

pre ' nt w rth are ec n mi all ffi lent 111 t rm f re our u . 

Il1Iemal Rate of Return . d fr 
Thi i d tined a the a rag eammg pow r ofth ~lu ofre ource u om 

hn I . th t mv a rate of return higher 
the application of th t 1m I gy. nly t ogl a o· 

than rhe exi ting market int r t rat ar re our e ffi ient. 
The formal mathemati al tat ment of th e rit ria ar giv n below: 

" IB,(l + r I 

Ben fit- 0 t ratio = -!.:'::.!...I ___ _ 

I C, (I r) ' 
1=1 

t Pre en! Worth = 

t eB, -C,) 

" h h , =1 (1+r)' = 0 Internal rat of return i that di count rate r uc t at 
where. 

Bt = benefit in ea h year, t = 1,2 .... n 
C = 0 t in ea hear. t = 1 2, .... n. 
n = number f year. 
r = intere t (di count) rate. 

RE UL T & DISCUSSION 
Th data on urvival percentage growth parameters of bamboo in various 

gullie rainfall. runoff and oil 10 ediment data economic were analyzed and 
pr ent d in the following ection . 

URVIVAL PERCENT GE AND GROWTH PARAMETERS OF BAMBOO 
Th annual mean urvi al and growth parameters of bamboo at Mahi ravines 

are pre ent d in table 2. From the table it i revealed that mean survival at the two sites 
varie between 72 to 0 per cent. It is further observed that the bamboo saplings planted 
during 200 attained a height of 131 em and] 15.9 em in two years at Re eareb Fann, 
Va ad and Khorwad community land respectively. Similarly the average clump 
diameter a ob rved to be 9.4 em and 46.8 em at Vasad fann and Khorwad 
community land, re pecti Iy. The average collar diameter was about similar 0.87 em 
and 0.90 em during 2011 at Khorwad and Va ad farm respectively. Number of culm 
were ob erved to be lightly higher 8 Nos.) at Vasad farm a against 6 Nos at 
Khorwad. 

RU OFF & SOIL LOSS 
The averag annual rainfall of the Khorwad i 870 mm. The total rainfall of 

Khorwad for the year 20 10 i 980 mm. Total rainy day are 28. The 

ASPEE College of Horticulture and ForestryJ NAU, Navsari (Gujarat) 



National Seminar on Agroforestry: An Evergreen Agriculture for Food Security and Environmental Resilience 

2 - 4, February - 2012 
'11ieme - 6; Sustllina6fe Iltura(lRJ.source 9rlllllagement m)fgroforestry 

treatment/watershed wise runoff & SOli los is presented in Fig.3. rom the figure 3 it i 
ob erved that lowest runoff (8%) and soil 10 5.25 tlha) i recorded in W3 water bed 
i.e. treatment T3 (Bamboo plantation witb earthen check dam made of and bag 
followed by Wl water hed (runoff 13 %, & oil 10 9.95 t/ha) i.e. treatment TI 
Bamboo plantation with staggered trenches) in compari on to control water hed W4 

(runoff 29 %, & oil loss 15.57 tlha). The phy iographic condition of the e water hed 
are more are less similar and these imply that the varying runoff and oillo beha ior 
of watersheds is mainly due to conservation mea ure . The water hed treated with 
earthen check dams made of sand bags (bori bunds) having more runoff retention 
capacity than tbe watershed treated witb staggered trenches due to that lowest runoff & 
soil loss wa occurred in that watershed. 

BAMBOO YIELD & ECONOMICS 
Kurothe & Nambiar (2001) reported that Bamboo based vegetation was 

observed to be quite promising in terms of economic returns. From 7th year onward a 
net income ofRs 8000 - 10000 was obtained at the base year price of 2001. Ba ed on 
the growth behaviour of bamboo in degraded ravine lands at CSWCRTI RC re earch 
farm, Vasad (FigA) it is estimated that 400 c1umps with 3000 to 4000 old and 1000 to 
1500 new culms are available in one hectare. From the bamboo plantation in ravine 30 
per cent of old culms (1000 old culms/ha/year) can be barve ted from a seven year old 
plantation. The cost items of cultivating bamboo plantation in ra ine are pread 0 er a 
period of five years. Since a major portion of costs accrue in the initial four year and a 
little in the fifth year, only these co ts are considered (Table 3). After that expenditure 
only on cleaning of bamboo clump is done. The total co t over a period of fi e year 
works out to be Rs. 1 01 167 ha- I out of which Rs. 46428 ha-I is pent in the fir t year 
(Table 3). Harvesting commences from 7th year onwards. On an average 3 to 4 good 
culms per clump of bamboo are harve ted from i h year. Con idering ale price per 
piece of green bamboo a Rs. 35/- a net income of RE. 29400 ha-I can be realiz d 
during i h to loth year (Table 4). This increase to R .41 400 48000 ha-I 

yr-I from 11 th, 
20th year onwards respectively. The net pre ent worth of a 20 year bamboo production 
cycle works out to be Rs.5197 ha-1yea{1 (8% di count rat ). Similarly the benefit co t 
ratio works out to be 1.66 at 8% discount rate. The int mal rate of return re eal that 
bamboo performance in Mahi ravines generate an internal rat of return to the tune of 
16.7% which is substantially higher than the discount rate con idered in the analy i 

CONCLUSION 
Rehabilitation of ravine land with variou kind of v getation i immen el 

important to increa ing the de ired level (33%) of fore t co r to counter impa t of 
climate change and to conserve land & water re ource for u tain and. impro e th 
production and productivity of the e d graded ravine land. Bamboo.1 one of tb 
faste t growing plant ha ing ext n ive fibrou root y t m onn ct d rhlzo~e tern, 
dense foliage the leaf litt r produced on the oil urface etc. ~r 0n:e t~e Important 
valuabl characteri tic features of barnb for controlling 011 er JOn ill d grad d 
ravine land . The tudy conducted on bamboo ba ed interv ntion in ra ine r. lamation 
proved to be quite pr mi ing b th in term of ~ontrolling . runoff and 011 10 and 
economic return. Experim nt data real that hlgher ur 1 al per entag and plant 
growth wer recorded in banlboo plantation with upporti tagg r d tr nch . Lo~ t 
runoff wa generated in bamb 0 plantati n with mall arth n ch k dam . Th 
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Fig.1 Extent of ravine lands in India 
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Figure 2. Degraded ravine lands along the Mahi River affecting the adjacent 
cultivated lands in Gujarat 
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Figure 3. Runoff and soil loss behavior under various treatments in degraded ravine 

Figure 4. Growth of bamboo in degraded Mahi ravines in Gujarat 

Table 1. State wise area under degraded ravine lands 

State Ravine area (million ha) 
Uttar Pradesh ] .230 
Madh ya Pradesh 0.683 
Bihar 0.600 
Rajasthan 0.452 
Gujarat 0.400 
Maharastra 0.020 
Punjab 0.015 
Tamil Nadu 0.060 
West Bengal 0.104 
Total 3.669 

( ource: V.V.Dhruvanarayana ) 993) 
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Table 2 : Growth parameters of bamboo at Research Farm Vasad and Khorwad 
community land 

an a Ion a e - ULY 
s. Research farm Khorwad 

PI t f d t J 1 2009 

No. Parameters 2010 2011 2010 2011 
1 Survival pereentaAe (%) 80 80 74 72 
2 Av. Height clum~(eml 115.4 131 .0 10~.5 115.9 
3 Av. clump diameter (em) 14.5 79.4 14.5 46.8 
4 Av. Collar dia (em) 0.9 1.2 0.87 1.1 
5 Ratio of eulms to clump 4.6 8 4.6 6 

Table 3: Unit cost for cultivating 1 ha bamboo plantation in ravine land (2010-11 
prices), Mahi Ravines 

Sr. 
Items 1 Units I year 

II year III rv 
No year year V ear Total 

Material 
1 Planting material including 20% 800 80 80 960 

mortality replacement in second and 
third year 

2 Manure and fertilizer Lum urn 95 9' 

3 Plant protection Lum um 600 600 

4 Irrigation 12 No . R . 800/ 9600 9600 9600 6400 35200 
irrigation 

Sub total 11095 9680 9680 6400 36855 
Labour Mandays 

1 Land preparation LUll1sum 6650 6650 
Digging of trench 

2 refilling @ R 45 per 400 No 18000 1 000 
trench 

3 Planting and staking 400 Nos 6000 600 600 7200 

4 
Soil working and 3600 
others 

3600 3600 600 14400 

5 Watch &ward Lumsum 3000 3000 3000 3000 3000 15000 

Sub total 33650 7200 7200 6600 6600 61250 

Contingency 5% 1@3 432 432 330 330 3062 

Grand total 4642~ 17312 173 12 13330 6930 101162 

Table 4: Yield and Income of bamboo plantations Mahi Ravine 

Year Yield (Poles No ha-J
) Net Income(R~ ha -1) 

VII to X 1200 322,400 

XI to XIX 1600 44,400 

XX 1600 48 ,000 
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Inteurated nutrient manauement in a tor' under Ponuammia based agrisilvi 
b s~~m 

. HemaJatba, K. Indudhar Reddy G. Jayasree and B. Jo eph 

ABSTRACT 

DeparfJJl 111 of For "y. Call a of A ari ullure 
Raj ndranaaar. H) d rabad 

Email id:limalalhaillf£alla@gmail.om 

n of the need ba d alternative land u e y tem replacing the traditional 
farming -y tem i a tret: ba d - tem of r pping i.e. agro fore try which act ~ 
,' lIstain;ble land managem nt tern p ially in dry land ar a , Pongamia pinnata IS 

a multipurpo tre and i a good nitrog n fixing tre a1 o. This tr pecie i uitable 
for uQTofor tr t m b au of it fa t growth and nitrog n fixation. It i th best 
'uited tr e for ~n -rgy or biofu 1 plantation and a tor being an important oil ed crop 
for ' outhern Telangana r gi n, field experiment w re conducted during A harif 2010 
and 20 II in and loam oil at Hyderabad to tudy the influence of integrated nutrient 
managem nt in a tor grown und r e arne. Th treatments mainly comprise of 
'ombination f organi neem cake and farmyard manure) and inorganic(urea) 
nItrogenou fI rtiliz r in differ nt proportion applied to ca tor crop grown in the alleys 
of Pongamia( four ear old).Th re wa ignificant respon e to the lNM treatment over 
control in all th param t r during both the years. Higher seed yield talk yield 
nItrogen ont nt, J ,Pand K up rake from the oil wer reported in the treatment wherein 

~ 0'0 r ommended nitrogen wa applied through urea and 12.5 % nitrogen through 
organic ource neem ake and 1_.5 % through farm yard manure but imilar results 
\\'ere ob erved in 100 % recommended nitrogen applied in the form of urea. The 
milu nce of M on 011 content was found non ignificant. Hence it can be concluded 
that ~ ub tJtution of inorganic nitrogenou fertilizer with organic sources to an extent 
of 25 0 0 wa found better for uccce ful growing of ca tor in Pongamia plantation in 
andy loam oil of outhern Telangana region of Andhra Pradesh. 

Keyword: Agti ilvi t rn, Biofuel , Integrated Nutrient Management 

INTRODUCTION: 

One of the need ba ed alternative land u e system replacing the traditional 
fanning y tern i a tree ba ed ystem of cropping i.e. , agroforestry which acts as 
u tainable land managem nt ystem e pecially in dry land areas. 

. ~ongamia pinna/a i a multipurpo e tree species (MPTS) and it is a good 
nItrogen fi~mg tree al o. Thi tree specie is u tainable for agroforestry fanning 
becau ~ of It fa t growth and nitrogen fixation. It is the be t suited tree for energy 
plantation . 

Since the ge~tation period i high in Pongamia and because of wider spacing 
b ~een the tree. the mt~rspace can be effectively u ed for intercropp ing. Castor 
(R1Ctnu communi L.) bel?g one of th~ important non edible oil eed crop of the 
country and tate a well IS largely cultivated under rainfed condition. Castor i the 
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e ond mo t important oilseed crop of Andhra Pradesh in term of acreage and 
ec~nomy a~er groundnut. The average yiel? ofth crop were 1346 kg ha-1 and 51 kg 
ha for IndIa and Andhra Prade h re pectlv ly ( MIE, 2010 which was r garded a 
very low though occupying first rank in area in the country_ or impro ed production 
of ca tor application of required quantitie of fertilizer i imperative through u tained 
oil. health. Soil fertility build up through agroforestry and practice of integrated 
nutne~t m~nagement were uggested as potential mean to increa the oil fertility 
especIally In dry land (Reddy et aZ. 1991). For efficient production and management of 
ca tor in dry lands it i nece sary to eek alternate practice like integrated nutrient 
management and soil and moisture conservation. 

Keeping the e fact in view a comprehen i e tudy i therefore planned in 
which different combination of organic manure and inorganic fertilizer were applied 
to Pongamia + Castor agri-si1vi ystem. 

MATERIAL AND METHODS 

The experiments were conducted during Kharif2009-10 and 2010-11 in andy 
loam oils at students farm, College of Agriculture Rajendranagar Hyderabad. The 
soil was red sandy loam in texture and neutral in soil reaction low in organic carbon 
and available nitrogen and medium in available pho phorou and pota ium. The 
experiment was laid out in Randomized block de ign with three replication and nine 
treatments viz. TI-Control· T2-100% Recommended Do e of itrogen RDN 
(Inorganic);T3-75% RDN (Inorganic)· T4-75% RD (Inorganic + 25% RD (FYM: 
T5-75% RDN (Inorganic) + 25% RD eem cake)· T6-75% RD Inorganic + 
12.5% RDN (FYM) +12.5% RDN (Neem cake)· T7-50% RD (Inorganic 25% 
RDN (FYM); T8-50% RDN (Inorganic) + 25% RD eem cake)· T9-50% RD 
(Inorganic) + 12.5% RDN (FYM) +12.5% RD eem cake) and the requi ite amount 
of nitrogen was applied through urea a per the treatment based on th recommended 
dose i.e. 60 kg N ha-1

• The nitrogen wa applied in three equal plit fir t do a ba a1 
and the remaining do e at 30 and 60 day after owing DA . Wherea uniform do e 
of 40 kg P20S and 30 kg K20 per hectare were appli d through ingle uperpho phate 
and muriate of potash r pectively a ba al do e to all the e prim ntal plot. Th 
amount of rainfall received during crop growth period wa adequate for nonnal growth 
of crop. The vegetative tage of crop wa healthy du to uniform di tribution of rain 
but the inces ant rains received during crop growth coin ided with flow ring and 
cap ule formation tage and contributed to e er incidenc of a tor emilooper. and 
Botryti ,thi in turn affected the e d yield of ca tor dra ti ally and h n low YIeld 
were recorded in the econd year of the xperiment. Initially oil ample w r drawn 
at random from 0-30 cm depth of th xperimental fi ld and the compo it oil amp! 
was analy ed for different phy ico-chemical propertie and the re ult are pr nted ill 

Table 3.1. 
Th re ult of pby ico-ch mical analy i r a1 d that th Oil. wa r. d and. loam 

in textur and n utral in oil r acti n 1 w in organic carbon low III a allabi mtrog n 
(139 kg ha-1) and high in a ailabl pho phorou (49 kg ba-

1
) and m dium in a ailabl 

pota ium (144 kg ha-1
). 
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RE ULT ND DISC 10 S 

eed yield. talk yieJd and oil content . . . 
. 1110ng the tr atment, ignificantl hIgh reed YIeld and talk YIeld wa 

ded with th appli ati n f 7 % RD thr ugh ur a and 12.5% RD through FYM 
r d rIO. RD throuah 11 em calc , but wa on par with 100% RDN through urea and 
an _. 0 I:> ul 
roo RD through urea and 2-% RD thr ugh n em a1ce(Tabl 1). Th e r ~ were 
In agTC ment witb th finding f R dd t a1. (1993) and Rao et al. (2000). NItrogen 
cont~nt and ,Po uptak wa higher with 75% RDN through urea and 12.5% RDN 
thr ugh FYM and 1_. % RD through neem cake over antral, and it wa followed by 
1 OO%~ RD throuah ur a. Wh r a th influ nc of INM on oil content wa found non 
Ignificant. Ragh: aiah and Babu ( 000) a1 a report d imilar re ults . Significant 

in~ r a in th need i Id and talk ield wa recorded in th INM tr atment over the 
ontrol (Table ). Howe er. har e t inde as not influ n d by INM treatments. The 

mtlu n of INM on th oil cant nt of ca tor wa found non ignificant. Similar results 
\\' re al ob erv d b Baby and R ddy 199). But the oil yield per hectare was 
ignifi antI.. high r v itb the applicati n of 75% RD through urea and 12.5% RDN 

thr ugh FYM and 1_.5% RD through ne m ake over all the other treatment. Effect 
of int~grat d nutri nt management tr arment on the tr e parameter of Pongamia was 
found n n ignificant (Tabl 4. The ffect may be een over a long run. 

Initial and Final Nutrient tudies 
Int grated nutrient managem nt practice have brought about ignificant 

differen in th a ailable nitrogen content in the oil after harvest over control. 
Available cant nt in the oil aft r harvest wa analy ed stati tically and presented in 
th Tab1 _. Th a ailable nitrog n ant nt wa significantly higher in T6 (75% RDN
Inorganic - 1 . -% RD -FYM +12.5% RD - eem cake) and it was on par with T4 
( ~ ~o RD -Inorganic + 25% RDN-FYM), Ts (75% RDN-Inorganic + 25% RDN-Neem 
cak ) and T9 (-0% RD -Inorganic + 12.5% RDN-FYM + 12.5% RDN-Neem cake). 
The available content in oil after the harve t of crop ranged from 138.77 to 173.62 

kg ha-I
. A ailabl was notably higher under all INM treatments including control 

than that of initial alue. Thi may be attributed to low dry matter produced due to 
heavy rain and al a due to the addition of leaf litter to the soil. Being a legume tree, 
Pongamia ha ability to fix N hence a ailable content further increased during both 
the ear. imilar re ult were obtained by Rao (2005) and Vani (1995) in Hardwickia 
binafa and Faidherbia albida ba ed agri-silvi sy tern respectively. 
. The higher available content was also attributed to the use of organic manures 

lIke FYM and neem cake which low down the mineralisation of organic matter and 
thu increa ed the a ailability of nutrients. The e results were in accordance with 
Mathukia and Modhwadia (1995) and Devi et al. (2002). 

Plant Uptake of ,P and K at Harvest 
. ptake o~ nitroge~ pho phoru and potassium by castor crop was significantly 
mf1~e~c d by dIfferent mtegrated nutrient management treatments. It was analysed 
tatL tlcalJy and pre ented in Table 2. 

ignificantly higher nitrogen uptake by the ca tor crop was recorded in the T 
(75% RD -Inorganic + 12.5% RDN-FYM +12.5% RDN-Neem cake) (46.51 kg ha-1) 

o er T2 (100 % RD -Inorganic) (39.57 kg ha-I
) during both the years. Significantly 
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lower nitrogen uptake was recorded in the T I (control) (24.05 kg ha-I . The higher 
uptake of nitrogen in T 6 treatment wa attributed to high dry matter production in that 
treatment and al 0 due to ynergi tic effect of FYM and neem cake where FYM on 
decomposition produce acid which played vital role in mineralization of nitrogen. 
Similar findings were recorded by Rao and Venkateshwarlu (1998) Reddy et al. 1993) 
and Pooran Chand et al. (2004). Application of fertilizers might have belped in 
maintenance of nutrient at optimum level in the plant enabling quick establi hment of 
plant with good root development. 

Maximum phosphorus and potassium uptake by the castor crop was recorded in T 6 

(75% RDN-Inorganic + 12.5% RDN-FYM + 12.5% RDN-Neem cake) (8 .03 kg ha-I & 
4l.54 kg ha-I respectively) and it was on par with all the INM treatments except with T3 
and control. The higher phosphoru uptake in T6 (75% RDN-Inorganic + 12.5% RD -
FYM +12.5% RDN-Neem cake) was mainly attributed to the high drymatter 
production in that treatment and also due to the application of organic source like 
FYM and neem cake. The minimum phosphoru uptake wa recorded in the T I 
(control) (5.27 kg ha- I & 27.43 kg ha-I respectively during both the years. 
Hence it can be concluded that for improving the yield and quality of ca tor with the 
sustained soil productivity combined usage of organic manure and chemical fertilizer 
in the Pongamia based alleycropping was found to be beneficial. 
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ca tor h brid Rieillll ommlll1i L.). Journal of Oil ed R ar h. 17 (1): 

J 00-] 0 . 
Ra ,M.M. . ., Bh maiah, and ubrahmanyam, M.V.R. 2000. Growth and yield of 

rainfed gr undnut (Araehi. hl'pooa a) alley ropp d with AINzia I bbe A under 
int grat d nutrient manag m nt. indian Journal of Agricultural 8 ience . 70 

(1 J): 7 6-790. 
R dd. .., enkat hwarlu. Band ankar, G.R.M. 1993. Effect of dift! rent organic 

material ource f nitrog 11 on growth and yield of ca tor. Journal of 
Oil e d R ar h. 10 (1): 151-152. 

ani. K.P. J 99 . R pon e of a tor to 1 el ofnitrog n intercropped with Faidherbia 
albida und r dift! r nt tr e pacing of dryland . M Sc (Ag.) The i . Andhra 
Prad h Agri ultural ni er ity Hyderabad. 

Table.l Seed yield stalk yield and oil content of castor as influenced by INM 
treatments 

Treatments Seed yield kg/ha Stalk yield k2/ha Oil content 
I vear n year Ivear II year I year II year 

Tl-ConlTol 136.10 120.1 ° 589.20 586.66 52.11 52.37 1 
T1-100 01J Re ommended 349.72 319.60 1402.00 1361.73 50.26 50.63 
Do e of itrogen (RD ) 
( Inorganic) 
T3-75% RDN (fnorganic) 183.67 153.80 682.36 656.14 51.38 52.53 
T4-7 .~ o·o RON (inorganic) + 228. -0 208.00 911.50 883.23 51.99 50.96 
25% RDN (FYM) 
r-To,o RDN (inorganic) + 35020 324.17 1363.40 1347.3 1 50.87 50.78 
25% RON (Neem cake) 
T6~5°o RDN (Inorganic) + 367.16 346.30 1455.50 1423.93 52.22 52.43 
1_. % RD . (F'{M) ~ 1_.5% 

RDN (Neem cake) 
T7-~0% RDN (Inorganic) + 196.00 166.00 752.60 732.89 51.76 51.64 
25% RDN (FYM) 
T8-50% RDN (Inorgani ) + 213.20 182.20 797.80 771.38 52.08 51.98 
25% RON (Neem cake) 
T9~50% RDN (Inorganic) + 231.00 194.00 837.00 804.31 52.26 52.07 
1_.5% RD (FYM) +12.5% 
RON (Neem cake) 
S.Em.± 14.74 10.19 39.22 34.66 0.80 1.64 
CD (P 0.05) 42.60 30.82 112.2 86.75 NS NS 
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Table.2 Nutrient content in soil and plant uptake of castor as influ enced by INM 
treatments 

Treatments N uptake kg/ha Puptake Kg/h3 K uptake A ailable 
kg/ha nitrogen content 

kg/ha after 
harvest 

T year II year I year 11 year I year IT year I year II year 
T1-Control 27.32 24.05 6.42 5.27 28.42 27.43 142.22 138.77 
T2-100% Recommended 41.26 39.57 8.63 7.43 42.96 41.15 156.24 153.25 
Do e of Nitrogen (RDN) 
(Inorganic) 
T3-75% RDN (Inorganic) 32.98 30.16 6.88 5.97 29.66 27.86 151.63 147.66 
T4-75% RDN (Inorganic) 34.66 32.57 8.96 7.07 38.67 37.25 174.10 170.01 
+ 25% RDN (FYM) 
T5-75% RDN (Inorganic) 36.01 34.73 8.34 7.48 38.58 37.43 174.11 170.45 
+ 25% RDN (Neem cake) 
T6-75% RDN (Inorganic) 48.27 46.51 8.88 8.03 43 .3 1 41.54 176.23 173.62 
+ 12.5% RDN (FYM) 
+12.5% RDN (Neem 
cake) 
T7-50% RDN (Inorganic) 35.01 33. 12 9.16 7.13 40.11 38.41 158.11 154.46 
+ 25% RDN (FYM) 
T8-50% RDN (Inorganic) 36.89 35.79 8.22 7.62 39.22 37.47 159.09 157.39 
+ 25% RDN (Neem cake) 
T9-50% RDN (Inorganic) 38.92 37.56 8.87 7.59 38.67 37.21 167.27 164.57 
+ 12.5% RD (FYM) 
+ 12.5% RDN (Neem 
cake) 
S.Em.± 1.67 1.34 0.58 0.33 1.85 1.45 5.7 4.61 
CD (p-0.05) 4.97 3.83 1.73 1.00 5.52 4.39 17.11 14.32 
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Table.3 Tree parameter of Pongamia a influenced by r M h'eatment 

Treatments Tree h ioht ( 01) Diameter at Canop. pI'cad T rec ield 
brea t height -W direction (Kg/Ita) 

I (01) (m) 
, I vear II year I year II year r year II year 1 year If year 
I T I·ContTol -L 61 4.62 9.24 9.27 4.49 438 3.28 3.30 

I T~·/ 00°" Recommended 4.RS 4.8: 8.96 9.06 4. ;2 4 .64 3.68 3.70 
Do. eor I lrrog~n(RD ) 
( Inorganic) 

I T3--Soo RON (Inorgal1lc) 4.82 4.82 9.'27 9.37 4.36 4.44 3.75 3.80 
I T 4--:" ° RON (1norganl ) 4.06 4.07 9.69 9.78 4. 16 4.26 3.3-6 3.40 
I ... ~S oo RO\J (FY\ 1) 

T5.-: 00 RDN (Inorganl ) 436 -U6 9. - 1 9.62 4.12 4.28 3.78 3.90 
- 2S"0 ROi\ (Nec.:m cake) 

I TC)·"Soo RON (Inorgall/ ) : .03 5.04 8.84 8.94 4.32 4.46 3.65 3.80 
- I~ 5°u RO'\ (FY\'1) 
-I~ : 00 RO\J ( 

I cake) 
111 

T--:Ooo RO'\ (lnorgant ) 4:24 4.25 8.63 8.74 3.98 4 .00 3.16 3.20 
- 2:°0 RON (FYi'-l) I 
T, ··.'Oo o R01'\ (lnorgani ) 3~2 3.82 9. 16 9.33 4 .21 4 .34 3.65 3.70 
- ~5°0 RD'\ (' kern cake) 

I T9-~~: 0 ROl\ (f n~rganl ) 4:81 4.82 9.0] 9. 18 4.51 4 .62 3.54 3.60 
I - 1- o RO, (Fl \1) 
-12.:°" RD . (I 'eern 

, cake) 
I S Fill .... 0 .51 0.54 0.46 0.54 0.63 0.68 0.97 0.91 
: CD (P 005) NS NS ~S NS NS NS NS NS 
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Study on growth, yield and quality parameter of oil palm under different levels of 
moisture regime, nand k fertigation 

R. S. Patil, K. G. Patel, R.G. Patil, n.R. Prajapati N.C. Savani and R.T. Khatri 

ABSTRACT 

Department 0/ Soil Science and Agricultural Chemi try 
ASPEE College o/Horticulture and Forestry 

Navsari Agricultural University 
Navsari - 396 450 

Email: kgpatel_agrilchem@yahoo.co.in 

Investigation was carried out during the 2010-2011 at Soil and Water 
Management Research Farm, Navsari Agricultural Univer ity, av ari to evaluate the 
effect of different level of moisture regime Nand K fertigation on growth fre h fruit 
bunch (FFB) and oil yield of oil palm. The treatment comprising of 2 level each of 
moisture regime (1.0 and 1.2 PEF) Nand K (1.2 and 2.4 kg/palm) fertigation 
triplicated in factorial randomized block design. The soil of experimental ite wa clay 
in texture low in available Nand P medium in available Sand Zn and high in 
available K, Fe, Mn and Cu. Among an the growth attributing character viz., number 
of leave , length of longest leaves spread and girth were not influenced significantly 
due to different treatments. However FFB yield was significantly influenced by 
moisture regime and N levels. The higher FFB yield wa ob erved in the h Ie el of 
moisture regime (66.08 kg/tree) and N2 level of N (62.50 kg/tree) a compared to 
lower level. The quality parameter like oil content in me ocarp and kernel of oil palm 
fruit was not differ significantly due to different treatment. The ignificantly higher oil 
yield from both the component of oil palm fruit and it total were higher in h moi ture 
regime as compared to II. The me ocarp kernel and total oil yield under the treatment 
h were 11.0 1.3 and 12.3 kg/year/plant respectively. 

Keywords: Nitrogen Pota ium Moisture regime Oil palm 

INTRODUCTION 
Oil palm (Elaeis guineen i Jacq.) has been recognized widely accepted a the 

bighe t oil yielding perennial crop (Abraham 1994). It i grown in humid tropi with 
evenly di tributed rainfall of 2500-4000 mmlannum or with an a ured irrigation 
source. It has been reported to yield 9-32 tim mor oil i.e. (4- t/ha/y ar) for p riod of 
3 to 25 years of life span compared to other traditional annual oil eed rop of th 
country (Chadha and Rethinam 1991). It produce two type of oil. i.e., pa~ oil ~d 
palm kernel oil. Palm oil is derived from th t1 hy me ocarp of the fruit whlch 
contains about 45-55 % of oil and the palm kernel oil i obtain d from th ton eed 
which contain about 50 % of oil. Oil palm an al 0 ub tantially contribut to the 
nutritional and energy requirem nt of the common man. The net ar a under oil palm 
available during 2009-10 is l.64 lakb ha. Producti n of FFB during 2004-05 wa 1.45 
lakh tonne and it wa incr a ing to 2.91 lakh tonne during 200 -2009. .. 

Irrigation and fertilizer ar critical input for higher yi ld in .011 palm. Irrigahon 
tudied at Pedavegi rev al d application of ilTigation through drip at PEF 1.0 and 

1200:600:120 g N P20 and K20 per palm rec rd d high r FFB yi Id after fourth 

----------------------~ 
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Vl:<lr of planting und r rain~ ~ . ndit.i n f Pal d 
~'cqllir ment of l1utri nt ' and Irngatl n J d p nd up n 

n., 20 ). H w r 
il and agro- limati 

conditi 11: ftll ar a ( air and r edbaran, 1 )'. . . 
Th il palm in\: I intr du d 11 1 Id.1I1g . r p in t~e .ountr~ and 

1ll:11 l: oil palm n.: ar h in India i in infant tag.. r littl mti rn:atl n 1 a allabi 
\\ Jlh reg rd t nutrient and wat r r qui r m nt f 11 palm UJoId r I~dla.n onditi. nand 
more .- - for uj rat nditi n . Ke ping in i \ , th pr nt 111 tlgatJ n a ~lmed to 
:rud\ th ~ effe t f I vel f m i tur r oim and K fi rtigation on gr wth yt Id and 

llwlity param t r f il palm 

\1. TERIAL AND l\lETHOD 
oil and Wat r Manag ment Re earch 

FUlm. i ituat d at 20° 57' N latitude 72° 
5..l' E longitud and ha an altitud f about 10m abo e tb mean ea level. The 
limate f-thi zone i typi all tropi al. Th t mp ratur range from a maximum of 

""-40 0 in l1a and and minimum f about 10 0 in Decemb r to January. The 
a\ ra!! annual rainfall f th tract i about 1500 mm of which major portion i 
n; i\~ d during Jul to ugu t. ording to enth Appro imation, the soi l of the 
exp rim l1tal fi Id i cia ified und r the ord r '/ncepti 01 ' compri ing member of 
fin, montmorill niti , i ohyp rth nnic famil of Vertic U trochrept. The oil 
d \ lop d ep ra k and b orne hard when dry while pIa tic and sticky when wet. 
The a\ rag thi kne of olum range _.5 to 3.0 m. The oil of th experim ntal field 
had pH . ..l, EC 0._1 d 1m. and rganic 0.59%. The oil wa low in availabl N and 
P. m dium in available and Zn and high in a ailabl K Fe Mn and Cu. Eight 
tr atm nt ombination ompri ing each of two I el of moi ture regime viz., 1.0 
P F and 1._ PEF, 1_00 and 2400 g/tree/year and K 1200 and 2400 g/tree/year w re 
evaluat d in factorial randomiz d block de ign with three replication . Oil content in 
me arp and k mel of i I palm \ a detennined with the help of Soxhlet apparatu by 
u, ing petr leum eth r a a 01 ent Tiwari et al. 1974). 

T near Id oil palm cv. Tenera planted at 9 x 9 m triangular planting) was 
t d for thi experiment. In each treatment equally growing two plant were 

el t d for recording all the ob rvation during the cour e of pre ent tudy. In all the 
treatm nt a common do e of biocompo t @ 15 tlha and P20 S 600 g/palm/year 
through ingle up r pho phate wa applied a basal do e by oil application method 
while and K wer applied through drip a per treatment u ing urea and muriate of 
pota h. and K w r applied in eight plit at 15 day interval in month of April-May 
and Octob r- 0 mb r, re pecti ely. 

RE LT AND DI C SIO 
Growth parameter and yield 

The data on different growth parameter viz., number of leave per plant 
longe t leaf pread and girth as we]] as FFB yield as influenced by different treatments 
are pr nted in Table 1. 

The di.fferent growth parameter viz., number of leaves per plant, longest leave 
pread and gIrth .were not ~ff~cted ignjficantly due to levels of moi ture regimes. 

Hower FFB Y1 Id wa 19n1ficantly affected by moi ture regime. The fresh fruit 
bunche (FFB) yi ld wa ignificantly higher 66.08 kg/palm in 1.2 P (h) treatment 
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a compared to 1.0 PEF (II) treatment. An increa e in yield under 1.2 PEF treatments 
(12) could be due to matching the water requirement of the crop. 

The effect of N on growth and yield parameters wa similar to that ob erved in 
moisture regime. Here, only fresh fruit bunch yield was affected ignificantly by levels 
of N and it wa higher with N2 (62.5 FFB kg,ipalm) a compared to NJ (58 FFB 
kg/palm). Timely availability of N in required quantity eem to be re pon ible for 
increa e in the growth and yield of oil palm. The possibility of making available at 
right time and quantity to oil palm i much more improved when crop is irrigated by 
drip method. 

The K application at two rates did not show any ignificant effect on growth 
parameters viz., number of leaves per palm longest leave , spread and girth a well a 
FFB yield. This might be due to initial high K content in experiment oil. 

Similar beneficial effects of moisture regimes and fertilizer application were 
also reported by Rajasekhar et al. (1988), Reddy et al. (2009) and Krishna Rao (2009) 
for oil palm crop under different agro climatic conditions of south 1ndia. 

Oil content and yield 
The oil content and yield wa determined from mesocarp and kernel of oil palm 

fruit separately and the results are presented in table 2. 
None of the factor individually or interactively affected significantly the oil 

content in mesocarp as well as kernel. However individual treatment of moi ture 
regime affected significantly the mesocarp, kernel and total oil yield. The me ocarp 
kernel and total oil yield under the treatment II were 9.0 1.0 and 10.1 kg/yIp 
respectively. The respective values of oil yield under 12 wer 11.0, 1.3 and 12.4 kg/yIp. 
This implies that oil yield is directly related with FFB yield. 

CONCLUSION 
From the results of pre ent study it can be concluded that achieving high r FFB 

yield under South Gujarat conditions it is essential to irrigate the crop at 1.2 PEF 
through drip along with fertigation of @ 2.4 kg/palm and K 20 @ 1.2 kg/palm. Apply 
P @ 0.6 kg/palm before monsoon per year. 
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Redd . B. . Pati !. D. R. , Pattara. Amlraj . and hetty H. (2009). Irrigation and 
PK r qu ir m nt f oil palm for Tungabbadra commond area. Int mational J 

of Oil Palm. 6, 35- . 
Tiwari. P. ., Gambh ir, P. . and Rajan T. . (1974). Rapid and non-de tructive 

d t rmination of oil in oil d . J Oil Ch m. S i. 11 241-24 . 

Table- 1: Growth parameters and FFB yield of oil palm under different 
treatments 

Treatments 
No. of Longest Spread (m) Girth FFB 

leaves/palm leaves (m) E-W I S-N (m) (kg/palm) 

Irrigation (Drip) 

11: 1.0 49.79 6.46 11.05 11.33 2.94 54.42 

12: 1.2 50.0 6.6 ·11.41 1l.63 3.02 66.08 

Ern + 1.24 0.07 0.1 7 0.16 0.03 l.46 
-

CD @: -% NS S NS NS 4.43 

Nitrogen levels (kg/palm) 

N1: 1.2 49.12 6.47 11.09 11.35 2.94 58.0 

2:-.4 0.74 6.67 11.36 1l.59 3.01 62.50 

Em+ l._4 0.07 0.17 0.1 6 0.03 1.46 

CD @ 5% S NS S NS NS 4.43 

Potassi um levels (kg/palm) 

K I : 1.2 48.39 6.51 11.14 11.37 2.97 59.08 

K2: 2.4 51.4 6.63 11.32 11.58 2.99 61.42 

Em+ 1.24 0.07 0.17 0.16 0.03 1.46 

CD @ 5% S NS NS NS NS NS 
CY (%) 8.65 3.93 5.44 4.93 4.46 8.41 
Interactions S NS NS NS NS NS 
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Table: 2 Effect of moisture regime and fertigation on oil content and yield of 
mesocarp and kernel of palm fruit 

Treatments OiV OiVKernel MOYI KOYfY/P Total yield 
Mesocarp (%) YIP (kg) (kgfY/P) 

(%) (kg) 

Irrigation (Drip) 

It : 1.0 53 .5 45.8 9.0 1.0 10.l 

12: 1.2 54.2 46.7 11.0 1.3 12.4 

SEm-± 0.97 0.85 0.36 0.043 0.40 

CD @ 5% NS NS 1.1 0.1 1.2 

Nitrogen levels (kg/palm) 

N l : 1.2 53.2 46.2 9.5 1.1 10.7 

N2:2.4 54.2 46.2 10.5 1.2 11.8 

SEm+ 0.97 0.82 0.36 0.04 0.40 

CD @ 5% NS NS NS NS NS 

Potassium levels (kg/palm) 

K\: 1.2 53.3 45.9 9.8 1.2 11.0 

K2: 2.4 54.4 46.6 10.3 1.2 11.5 

SEm+ 0.97 0.82 0.36 0.04 0.40 

CD @ 5% NS NS NS NS S 

CV(%) 6.21 6.38 12.40 12.70 12.17 

Interactions NS NS NS NS NS 

MOY = Mesocarp oil yield KOY = Kernel oil yield 
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Ef~ t f allev width and organic man ure on productivity of groundDut and in-situ 
ec o. moisture conservation under Dryland 

Ecosystem 

P.O. Vekariya D.P. Sanepara M. S. Gajera and K. N. Akbari 

Main Dn' Farmirw Rear h lation. Junagadh Agri ultural Univ rsity 
-Tarohadia (Rajkot)-360 003. -mail:pdvek£lria@jau.in 

AB RTACT 
n . periment wa onducted dming the kharif ea n of 2000-01 to 2005.-06 

to find out uitabl all y width and organic manm for gro~ndnut crop ?n m ~lUm 
black lay il ( erti 01 ) at Main Dry Farmin~ Re earch ~tatlOn . Targhad~a (RaJkot). 
The pod and haulrn yield of groundnut were Improved wIth th m re~se ill level of 
all width and r cord d ignificantly highe t under 9.6 m alley wIdth. Whe~eas, 
ignificantly higher green bio rna of gliricidia and oil moisture con~en~ were obt~med 

under 6.0 m aile width. Application of FYM @ 5.0 t1ha recorded sIgmficantly hIgher 
pod i Id of QToundnut While lopping of gliricidia applied as mulch recorded 
ignificantly higher oil moisture cont nt (%). InteractIOn effect wa ~ound non
ignifieant in re peet of pod and haulm yield of groundnut and green blO mass of 

glyri idia. Wherea ignificantly high r soil moisture content was recorded under 
lopping of gliricidia applied a mul h with 9.6 m alley width. Growing of groundnut 
with glyricidia at the alley width of9.6 m ga e th higbe t net return ofRs. 15668/ ha 
with th benefit: cost ratio of 1.12. Wbile application of FYM @ 5 t/ha gave the highest 
n t return of R . 14230 / ba a compared to control. 

K ywards: Alley cropping Alley width Organic manme Groundnut, Gliricidia 
Economic 

lNTRODUC ION 
Low and un table crop yield are common phenomena in dry farming area due 

to low, erratic and une en di tribution of rainfall and high rate of evaporation. Also low 
oil rnoi tur and humidity in the canopy have its own limitation in successful crop 

production in dry land area. Alley cropping is one of the most important alternate land 
u e y tern for arable land. Alley cropping or hedgerow intercropping is an agro 
fore try practice in which perennial preferably leguminous trees or shrubs are grown 
imultaneou ly with an arable crop. The trees, managed as hedgerows, are grown in 

wid rows and the crop i planted in the interspace or 'alley' between the tree rows. 
During the cropping pha e the trees are pruned and the prunings used as green manure 
or mulch in the crop to improve the organic matter status of the soil, in-situ moisture 
con ervation and to provide nutrients, particularly nitrogen, to the crop. Alley cropping 
i used to enhance or diver ify farm products, reduce surface water runoff and erosion, 
improve utilization of nutrients, reduce wind erosion, modify the microclimate for 
improved crop production improve wildlife habitat, and enhance the aesthetics of the 
area (Kang el af. 1990).Groundnut found more potentia] and compatible with subabul 
and perennial pigeon pea under alley cropping (Kbistaria et al.1998). Gliricidia i one 
of the few forage tree species capable of leaf yields comparable to those of leucaena. 
The half life of pruning of Gliricidia sepium reported by Wilson et al.(1986) to be 20 
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days, has been found to be relatively short compared with that of Leucaena 
leucocephala and Fleminigia macrophylla (Budelman 1988).The present study was 
therefore plan to find out suitable alley width with organic manure for groundnut crop 
under alley cropping. 

MATERIALS AND METHODS 
A field experiments was conducted on medium black clay soil (vertisol) at 

Main Dry Farming Research Station, Junagadb Agricultural University Targhadia 
(Rajkot) during the rainy (kharif) season of 2000-01 to 2005-06. The soil was clayey 
medium in availab le nitrogen and phosphorus and high in available potassium with 
mildy alkaline and non-saline. The experiment was laid out in Split-plot design with 3 
replications. There were three main plot treatments with Gliricidia hedgerows width 
6.0, 7.8 and 9.6 m. Main plot size was 20 m x 12 m, 20 m x 15.6 m and 20 m x 19.2 m 
for alley width 6.0, 7.8 and 9.6 m, respectively. Gliricidia hedgerows were established 
u ing 3-months old seedlings grown in polythylene bags in the year of 2001-02. 
Seedlings were planted in an inter-row spacing of 0.50 m in the hedgerows and spacing 
between the hedgerows as per alley width. The alley-cropped treatment consisted of 
two hedgerows with 20 m long alley between each as per alley width treatments. There 
were three organic manures (Farm yard manure @ 5.0 tiha, lopping of gliricidia applied 
as mulch in between rows of groundnut at 45 days after of sowing and control) which 
made up subplot treatments. Sub plot size was 6.0 m x 12.0 m, 6.0 m x 156m and 6.0 
m x 19,2 m for al1ey width of 6.0, 7.8 and 9.6 m, respectively. Groundnut (GG-20) was 
sown at onset of monsoon every year with 60 cm distances between row and applied 
12.5 kg N + 25.0kg P20s/ha. Agronomic practices and plant protection mea ures were 
followed as and when required. The total rainfall received during the crop season June 
to November) was 372.5, 411.6, 311.0 803.2 878.9 and1l36.2 mm in 18 33, 11 41 
35 and 38 rainy days in the year of 2000, 2001 2002 2003 2004 and 2005 
respectively. 

Productivity of groundnut, green bio-mass of gliricidia and moisture content 
(%) were pooled over four years (2001-022003-04,2004-05 and 2005-06 because pod 
yield of groundnut was recorded below average in remaining years (2000-01 and 2002-
03) and gliricidia wa not established in first year (2000-01).Economics of alle~ ~idth 
and organic manure was worked out on the basis of pooled results of productIVIty of 
groundnut and gliricidia in terms of net retumslha and B:C ratio considering the 
prevailing market price of produce and cost of cultivation. 

RESULT AND DISCUSSION 
1. Pod and haulm yield of groundnut: 

A. Effect of alley width (W): 
Effect of alley width on pod and haulm yield of ?Toundnu~ wa found to b 

non significant during all the four years of experim ntatIOn but 1t wa ~ed out 
significant in pooled results (Tabl -1). Pod and haulm yield of.groundnut wa mcrea ~d 
with increases in alley width during all the four year except m the 'ye~r of 200 1 ~02 m 
re pect ofhaulm yield and turned out ignificant in pooled re ult . Slgrufi .antly hIgh t 
pod and haulm yield of groundnut was recorded under 9.6 m alley ~dth (W3) a 
compared to -6.0 m alley width (WI) but both were remaining at par WIth 7.8 mall y 
width (W2) in pooled re ult . The pod and haulm yield of groundnut wa reduced by 
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12. 1 and L..f 0 '0. r p .0 m all 
\\ Idl/1. Thi: might b du 

rop of land availabl fi r th 
fact r of light, m i,tur 
ob:en alion. wer r p 11 d b 

and nutrient 
Pand I al. 

B. ffeet of or-oanie ma nu re (0): 

idth ompar d t that of 9. m alJey 
n th h dg ro r du the amount 

in r a d omp titi n fi r gr wth 
n h dgerow and r p. imilar 

ffi t f rgani manure n p d y1 ld of groundnut a found ignificant in 
thr ut f ti ur ar ' a w II a in po 1 d r ult (Tabl -1). ignificantly high t P d 
vleld wa re rd d und r appli ati n fFYM tlha 0 1) during all the three year 
;nd III p 01 d r ult a ompared to I pping of gliricidia appli d a rnul h(02 and 
ontrel ( ,) ex pt in th ar f _00 -04. In thi year, lopping of gliri idia applied a 

mulch ( ~) wa r main d at par \ ith appli ation of FYM 5 tlha (OI) .In ca e of 
haulm 'ield f groundnut, fti et of organi manure wa found ignificant during three 
out of four ar. but it \ a tum d out non ignifi ant in poo l d result . ignificantly 
high t f dd r y1 Id wa r eord d und r application of FYM 5 tlha (0 1) during all 
th thr ar a eompar d to ontrol 0 3), but it wa remained at par with lopping of 
aile} r p (02). Th r w r n ignifi ant diffi renee b tween lopping of gliricidia 
appli d a mul h ( and ontrol (03) in r peet of pod and haulm yield. Similar 
r ult \\ re r p rted b upriadi et al. (1990). 

C. Interaction effect (W x 0) : 
lnt ra tion ffi t of all y width and organic manure wa found noo

Igmfi ant during all the four ear and in pooled re ult in respect of pod and haulm 
yi Id f groundnut 

2. Green bio mass of gJyricidia : 

A. Effect of alley width (W): 

Effect of aile width on green bio rna of glyricidia wa found ignificant 
during th ar of200--06 and in pooled re ult TabJe-2). Green bio rna s of glyricidia 
\\'a d er a ed with inerea e in alley width during fir t three years and turned out 
ignifieant diffi renee in fourth year and in pooled re ult . Significantly highe t green 

bio rna of glyrieidia \: a recorded under 6.0 m alley width (W I) in fourth year and in 
pooled re ult . But it ~a remained at par with 7.8 m alley width (W2) which wa at 
par \\'ith 9.6 m alley width (W ) in pooled re ult . The re ult are in accordance with 
tho e of lIa et al. (19 9) 

B. Effect of organic manures (0): 

" ffee.t of organic manur on green bio rna of glyricidia wa found to be non 
Ignl ficant dunng all the four year and in pooled re ult . 

. Interaction effect (W x 0): 

Interaction ffeet of aIley width and organic manure wa found non
ignificant during all the four year a well a in pooled re ult in re pect of green bio 

rna of glyrieidia. 
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3. Soil moisture content (%): 

A. Effect of alley width (W): 
The differences in soil moisture content (%) were found to be non-significant 

due to different alley width during all the eight ampling of soil but it wa turned out 
significant in pooled results (Table-3). Significantly highest soil mOl ture content wa 
recorded under 6.0 m alley width (WI) a compared to 7.8 m (W2) but it wa remained 
at par with 9.6 m alley width (W3) in pooled results. 

B. Effect of organic manures (0) : 
The differences in soil moisture content (%) were found to be non- ignificant 

due organic manures application during an the eight sampling of oil except in one 
sampling in 2004-05 but it Was turned out significant in pooled re ults Table-3). 
Significantly highest oil moi ture content wa recorded under the application of 
lopping of glyricidia as mulch (02) as compared to control (03) but it wa remained at 
par with application ofFYM @ 5 t/ha (0 1) in pooled results. The addition of mulch can 
lower soi l temperatures reduce evaporation and improve oil tructure re ulting in 
better in-situ moisture conservation. 

C. Interaction effect (W x 0): 
Interaction effect of alley widths and organic manure wa found non

significant during all the eight sampling of soil in respect of soil moisture content but it 
was turned out significant in pooled results .Significantly highest oil moi ture content 
was recorded under the combination of 9.6 m alley width and lopping of alley crop 
(W30 2) and remained at par with W10 I W I0 2 and W l0 3 (Table-4). 

4. Economics: 
Economics of different treatment was worked out on the ba i of pooled 

results and presented in table-5. The data indicated that growing of groundnut with 
glyricidia at the alley width of9.6 m gave the highe t net return ofR. 15668 / ha ith 
the benefit: cost ratio of 1.12. Wbile application of FYM @ 5 t/ha gav the bighe t net 
returns ofRs. 14230 / ha with benefit: co t ratio of 0.93 . 

CONCLUSION 
It can be concluded that the farmer of North Saura htra Agro-climatic Zone 

are advised to grow groundnut 00-20 with glyricidia at the alley width o~ 9.6 m and 
apply FYM @ 5 t/ha for getting higher yield of groundnut and net return III the alley 
cropping ystem under dry farming conditions. 
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Table 1a: Effect of different treatments of alley widths and organic manures on 
pod yield of groundnut 

Treatm nt Pod yield of groundnut (q/ha) 

No 2001-02 2003-04 2004-05 2005-06 Pooled 

A Alley widths (W) : 
] 6.0 m AUey width (W I) 14.39 16.95 4.98 4.90 10.30 

2 7.8 m Alley wjdth (W2) 16.50 17.01 5.61 5.57 11.17 

3 9.6 m Alley width (W3) 17.62 17.52 5.99 6.08 11.80 

S.Em. + 1.13 0.67 0.27 0.27 0.34 

C.D. at 5 % NS NS NS NS 1.03 

C. .% 21.05 11.73 14.59 14.68 18.55 

B Organic manures (0) : 
1 F arm yard manure @ 5 tlha 16.85 18.21 6.10 6.02 11.80 

(0 1) 

2 Lopping of gliricidia applied 16.35 16.80 5.54 5.32 11.00 
as mulch (02) 

3 Control (03) 15.31 16.46 4.94 5.21 10.48 
S.Em. + 0.57 0.43 0.14 0.21 0 .1 9 
C.D. at5 % NS 1.32 0.42 0.64 0.54 

C Interaction effect (W x 0) : 
S.Em. + 0.99 0.74 0.24 0.36 0.33 

C.D. at 5 % NS NS NS NS NS 
C.V. % 10.58 7.47 7.43 11.28 10.20 
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Table Ib: Effect of different treatments of alley widths and organic manures on 
haulm yield of groundnut 

Treatments Haulm yield of ~roundnut (q/ba) 
2001-02 2003-04 2004-05 2005-06 Pooled 

Alley widths (W) : 
6.0 m Alley width (W l) 48.97 39.36 18.83 20.29 31.86 
7.8 m Alley width (W 2) 47.25 40.63 21.37 23.57 33.21 
9.6 m Alley width (W3) 47.40 42.26 24.77 24.80 34.81 
S.Em.+ 1.61 0.91 1.39 1.38 0.67 
C.D. at5 % NS NS NS NS 2.08 
C.V.% 10.11 16.67 19.24 18.03 12.13 
Or~anic manures (0) : 
Farm yard manure @ 5 t/ha 46.47 43.28 23.07 24.76 34.40 
(01) 

Lopping of gliricidia applied 49.38 40.72 21.57 22.32 33.50 
as mulch (02) 

Control (03) 47.75 38.26 20.33 21.57 3l.98 
S.Em. + 0.91 0.99 0.51 0.85 0.77 
C.D. at5 % NS 3.04 1.58 2.61 NS 

C Interaction effect (W x 0) : 
S.Em.+ 

C.D. at 5 % 1.58 1.71 0.89 1.47 0.72 
C.V.% NS NS NS NS NS 

5.73 7.27 7.09 11.10 7.52 

Table.2: Effect of different treatments of alley widths and organic manures on 
green b' f I "d.i 10 mass 0 glyrlcl a 

Sr Treatments Green bio mass of glyricidia (q/ba) 
No 2001-02 2003-04 2004-05 2005-06 Pooled 
A Alley widths (W) : 

1 6.0 m Alley width (WI) 7.74 18.47 59.72 77.32 40.81 

2 7.8 m Alley width (W 2) 5.50 11.80 43.80 63.39 31.13 

3 9.6 m Alley width (W3) 5.08 13.00 39.06 52.66 27.45' 

S.Em.+ 1.33 1.85 5.18 3.14 2.80 

C.D. at 5 % NS NS NS 1-.34 9.69 

C.V.% 35.38 38.53 32.71 14.63 29.32 

B Organic manures (0) : 
32.58 1 Farm yard manure @ 5 t/ha 6.31 13.57 46.05 64.40 

(01) 

2 Lopping of gliricidia applied 6.65 14.90 47.32 64.25 33 .28 

as mulch (02) 
33.53 

3 Control (03) 5.37 14.81 49.22 64.71 

S.Em. + 0.58 1.80 3.31 3.18_ 1.24 

C.D. at 5 % NS NS NS NS NS 

C Interaction effect (W x 0) : 
2.15 

S.Em.+ 1.00 3.13 5.74 5.51 

C.D. at5 % NS NS l§ NS NS 

C.V.% 28.40 37.53 20.91 14.81 22.49 
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Table 3: Effect of ditIerent trea tments of aUey widths and organic manures on soil 
moisture content (%) 

Soil moisture content (%) Tr atment I 
/ 27.8.01 I 23.6.03 / 1.8.03 1 6.9.03 3.7.04 24.8.04 11.8.05 30.9.05 Pooled 

Alley widths (W) : 
6.0 m Aile 27.02 39.39 34.17 35.66 34.07 34.75 37. 15 34.93 

\\~dth (W,) 
7.8 m AU 25.19 36.88 33 .77 33.46 30.06 32.63 34.25 34.05 

width (W2) 

9.6 In All Y.31 'is5 "4.31 33.59 32.43 34.94 35. 17 33.98 

width (W3) 

S.Em. + 0.97 1.57 1.79 1.57 1.07 1.43 1.20 0.70 

CD. at 5 0'0 NS NS NS NS NS NS NS NS 

C V. 0/ 0 11 .30 12.36 15.79 13.77 9.97 12.53 10.12 6.10 

On!anic manures (0) : 
Farm yard 25.23 "7.39 34.22 34. ~5 32. 17 33 .60 35.24 35.00 

manur @ -
t ha (0 1) 

Lopping of 26.63 39.35 34.87 34..32 32.75 35 .50 35.76 34.13 

gliri idia 
applied a 
mulch (02) 

Control (0) 25.66 37.37 33 .15 33.84 31.64 33.22 35 .57 33.83 

0.43 0.90 0.64 1.06 0.67 0 .52 0.87 0.75 
S.Em.+ 

NS NS NS NS NS l.60 NS NS 
CD. at 5 0 '0 

Interaction effect (W x 0 : 
S.EITL + 0.75 1.55 1.11 1.84 1.15 0.90 1.51 l.30 

c.o. at5 % NS NS NS NS NS NS NS NS 
c.v. % 5.03 7.07 5.63 9.29 6.19 4.56 7.37 6.54 

Table.4: Interaction effect of alley widths and organic manure on soil moisture 
content (%) in pooled results 

TIO 0 1 O2 0 3 Mean 
WI 34.75 34.66 34.52 34.64 
W 2 32.86 32.53 32.22 32.54 S.Em. + c.n. at 5 % 
W3 32.67 35.31 32.37 33.45 0.46 1.30 

Mean 33.43 34,17 33.04 
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Table 5:Economics of different treatments of alley width and organic manures for 
groundnut under dry farming conditions 

Treatment Yield of Green bio Gross Co tof Net Benefit : 
groundnut mass of 

(qlha) glyricidia 
Pod Fodder (qlha) 

Alley widths (W) : 
6.0 m Alley width (W I) 10.30 31.86 40.81 
7.8 In Alley width (W2) 11.17 33.21 31.13 
9.6 m Alley width (W3) 1) .80 34.81 27.45 
Organic manures (0) : 
Farm yard manure @5 1l.80 34.40 32.58 
tfha(OI) 
Lopping of gliricidia 11 .00 33.50 33.28 
applied as mulch (02) 

Control (03) 10.48 31.98 33.53 

Price: 
1. Pod of groundnut 
2. F odder of groundnut 
3. Green bio mass of gl yricidia 
4. Fann yard manure 

Return cultivation 
CRs./ha) 

26447 
28085 
29478 

29525 

27882 

26622 

1850 Rs./q 
200 Rs./q 

(Rs./ha) 

14030 
13970 
13910 

15295 

15052 

13970 

25 Rs./q 
200 Rs./tone 

Retum Co t ratio 
(R ./ha) 

12417 0.89 
14115 1.01 
15568 1.12 

14230 0.93 

12830 0.85 

12652 0.91 
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R I f Agroforestry intel'vention in increasing the status of natUl"al gum yielding 
o eo. . fR' th species in south east ."eglOn 0 ajas an 

Amol Va ishth J. R. Ma nmohan P.S. Chauhan and S.B.S. Panday 

all u of Horti lIltllre & Fore II' 

Jhalarapatan- lhalawar 
(Raja. than) 3 6023 

Email.\aihthamolgmail.om 

ABSTRACT 
on wo d for t produ t ar important livelihood ourc s for local. dweller 

and indu trial appli ation ha e be n panded tremendously in rece~t ye~r .. Rise in 
population of human bing. live to k and 0 rd pend ~ce of people l~ lS~lTIg ~ore t 
r our add abrupt limati hange re ulted a great Impact to the nch dIver lty of 
for t flora in outh a t r gi n of Raja than , It al 0 dra tically reduce the population 
of important natural gum yi lding p cie i::. Lannea cO/"omend lica, Sterculia w'ens, 
80. lI'el/ia errata. Albi::::ia lebbek, MOlw[(era indica Acacia nilotica and Acacia 
el1egal. Gum obtain d fr m mo t f the e pe ie are commercially important and 

have div r e u 0 metic . food, phanna utical paper textile and paint industrie ). 
To nhance th di r ity of the e p cie , agro fore try can play an important role since 
agricultur pra ti e of thi region i larg ly rain dependent. Peopl have sufficient 
marginal land may be u d for adopting agro fore try practice . Silvipa toral system i 
mo t uitable looking the phytog ographical condition of the ar a. Ora se pecies of 
Cenchru ciliari . Dicanthium annulatum, Cynodon dactylon Heteropogon contour. can 
be grovvTI in thi r gion to m et the fodder requirement of the area In between the 
gra e, the gum tr p de can be rai ed at pacing of 5x4 mt. e pecially specie of 
Lannea coromendelica, Sterculia Ul'ens, Bo wellia errata Acacia nilotica and Acacia 
Senegal. Ho\ r from the older tre of the e species in natural stands, for obtaining 
the maximum gum from the e pecie , different tapping technique have been applied 
to nhanc the gum production . Bore hole method of tapping of 4cm hole yielded 
higher gum yield when injected with ethephon 300 mg/ml and 400mg/ml in Sterculia 
uren . Lannea coromendelica and Boswellia errata. The effect of chemical is also not 
giving any adver ffect on the health of the tree. After collecting, the products are sun 
dried for 3-4 day to remove moisture particle of du t and bark .Grading is based on 
colour and purity. Application of ulphuric acid in low concentration does not support 
any ignificant re ult. Tree tapp d with V haped rill method of tapping with ethephon 
application of 400mg/ml al 0 how more yield in Boswellia serrata. Ethephon induces 
gumma i without affecting the health of tree. 

Keyword :- Gum. Agrofor try Tapping Techniqu Chemical Methods 

I TROD eTtO 
Owing to rich diver ity of fore t flora in Hadauti region, the forest trees of 

~a~nea coro.men.delica, Sterculia uren , Boswellia errata, Albizzia lebbek ,Mangifera 
mdlca AcaCia 11llotica Acacia senegal, Azadirachta indica, and Terminalia bellerica 
are ~idely distributed in thi region and can be utilized for gum extraction. Gum 
obtamed from mo t of the e pecie are commercially important and have diverse uses 
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.Moreove.r there i .no proper method for gum extraction and the e pecie are not 
co~erclally explo~ted. for gum. production. The ba ic idea of thi tudy i to find out 
t~e hlghe t g~m YIeldmg pecles of the region and evaluate the pecie yield in 
dIff! rent locatIOn. Generally people collect the product after it come out of the 
injuI?" T~e small inci. i n a~d removing bark can be practiced to increa e the yield and 
makmg It commercIally Viable option for extraction. It can help in providing 
employment to local dwellers and improving the ocio-economic condition of the 
people. People have not taken gum collection as a ource of livelihood. Mo t of the e 
tr e a:e ca~ered in fore t and non-forest areas and hardly i being exploited for gum 
coll ctlOn. HIgher grade gums are used for clarification of liqueur fini hing of ilk 
and preparation of water colour and intermediate grade u ed in confectionary 
pharmaceutical printing ink sizing finishing textile fabric dyeing and inferior grade 
are u ed in calico printing sizing paper and in paint indu try. The e pecie are 
exploited indiscriminately by the local for timber fuel wood and fodder re ulted in 
dwindling population in the fore ts. Meanwhile the e fore t are not being tapped 
commercially for gum collection' moreover there i no proper method for it collection 
from the forests. Development of proper tapping methods may enhance the gum yield. 
Increa e in the yield would promote the locals in olvement in gum collection it 
provides an employment opportunity to local people. Howe er higher gum yielding 
trees help in their mUltiplication and plantation in pri ate wa te land of the local 
communities for encouraging Silvipasture ystem and enhance th fodder a ailability in 
the area Specie like Lannea coromendelica in the farm land of thi r gion ha 
potential in raising the farm income with tapping of gum from the tr e found in the 
field bunds and pa ture. Marginal farmers may be encouraged to rai potential gum 
yielding trees in their wa te land not utilized for agriculture and horticulture purpo e . 

Climate of thi region is ub humid and thi area i included in emi arid and 
ub humid region. The vegetation of area is mo tly compo ed of mixed deciduou type 

fore ts with clear indication of the adver e effect of climatic edaphic and biotic 
factor on plant communi tie pre ent in arious localitie of the area. Th we tern part 
of Deccan Plateau have den e fore t deciduou tree are mo tly found on hill top. 
The forests of the area include Adina cordi/olia, Aegle marmelo , Boswellia errata, 
Buchanania lanzan, Ca sia fistula, Dendrocalamu triclU, Dio p ro melano_ Ion, 
Lager, troemia parviflora Lannea coromandelica, N ctenthei arbor-tri Ii and 
Sterculia urens etc. are more abundant in th middle zone whil Acacia /eucophloea, 
Holoptelea integrifolia and Butea mono ~erma t. ar at the foot or out kirt . 
Anogeissu pendula i the dominant pecie of the for t e. tending ri~t from the 
base to the top of the hill . Be ide the tree pecie the perenrual hrubs h~e: La~lta~a 
camara, Zizyphu nummularia and Cart a conge ta are ery common. Thi regIon I 
mainly dominated by tropical dry deciduou mixed mi ~ellane.ou fore t. The four 
di trict of thi area are marginally agrarian and commercIal agnculture rop are not 
cultivated. The main pecie tak n for gum extraction in thi tud ar A a ia ca~ chu, 
Acacia nilotica, Lannea coromandelica ,Sterculia lIren Albi:zia lebbek, zadTrchta 
indica. Due to increa ing population of li e tock and human b ing th for t .ar 
hrinking and put ad r e impact on the e p ci lik Lal1n~a orom.an~ehca, 

Sterculia uren Bo 1t ellia rrata, Acacia n gal and Anogez l~ latifoha are 
dwindling however the pe ie yi ld gum o~ b~gh ~omm r tal . alue .. Th 
con ervation of th e p i i important b th f! r blOd~ er Ity c ~ rvatI n pomt f 

iew and extraction of gum fI r indu trial purp Whl h w uld Impr th 10-
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econol11I nditi n f marginal faIm r . Tb ub tantial wa t land are a ai lable in 
this r gi n fi r rai ing th pi. Th r fi r main bje ti e f the tudyare:-

• Id nrification and I ti n f high gum yi Iding tr e in the natural fore t and 
private land . 

• De" 1 pm nt f tandardiz m thod for gum 
• E tabli hment of m d I plantation of bjgh t gum yielding tree . 

Material T Meth d 
uth- a t Raja than i ituat d at th edg of Malwa p lateau at 23°45' to 25°53 ' 

orth latitud and 5°9' to 77°_6' Ea t longitud in a tern comer of Raja than tat. 
It total ar a i _41 6. q. Km . and fr m adrnini trati e point of i w it i known a 
Kota divi i n. in Iud K ta , Bundi Ihalawar and Baran di trict. It ea tern outbern 
and outh, t rn limit tou h with Madhya Prade h (Pr dominantly Malwa and 
G\\"ali r r glon, wbjle north rn and n rth we tern boundarie are adjoining with 
neighbouring awai Madhopur, Tonk, Bhilwara and Chittorgarh d istricts of tate. 
Hadoti plat au i quit uniqu du to it hi tOlical and cultural heritage as well as 
g graphi al 10 ation and ph iograpby. The average urface elevation of land surface 
300 Illt . ab \'e M. .L. n1i region i mainly compo ed of low hill and discretely 
di tribut d plateau ar a with hallow plain . It central Tegion j tra ersed by river 
Chambal and it tributali ,whi h i urrounded by hill while southern region has got 
plateau urfac ,far outh-we tern and ea t 111 part ha got upland topograpby. On the 
ba i of ph iography, altitude and topograpby. South ea t region can be distributed 
into - pecifi geographical zone namely - Hilly tract Riverian zone Shahabad 
upland. Ihalav ar plateau and Dag-Gangdhar upland .The potential gum yielding 
p cle I cted and marked from the following region 

Lann a coromendelica 
Bo wellia errata 
<;' erclllia uren 
Anogei u lati/olia 

Region 
Mi hroli(Bhawani Mandi) 
Khanpuria (Jhalawar 
Mandawar& Bagher fore t 
Mandawar & Bagher fore t 
Shababad (Baran) 

The two tapping method were applied for extracting gum: - Bore hole and V 
haped blazed method. In bore hole 5 cm hole is made with borer of 1.5-2.0cm 

diam ter. each hole i made 1 meter above the ground .V shaped blaze is made 1.25 em 
deep ~nd 3-4 cm wide .Each arm of the V shaped rill should be 6-7 cm in length. Two 
chemIcal eth phon and ulphuric acid have been applied of different concentrations 
.The concentration are gi en a follow. 

Chemical 
Eth phon 

Control 
Sulphuric acid 

Control 

Concen tration 
200mglml (E I ) 

300mglml (E2) 

400mglml (E3) 
Distilled water((Eo) 
0.2% ((SI) 
OA%((S2) 
0.6%((S3) 

Distilled water((So) 
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Th.e total number 0: trees selected for the study were 80(5x2x4x2).Sixteen trees 
were reqUIred of ~ach speCIes. Chemical were sprayed through yringe with dose of 2-4 
m!. Gum Collections were done in two sea ons i.e. Jan-March and April - June. Tree 
selected for gum collection having diameter of more than 30 cm. Gum were collected 
in four interval i.e. 15 days after spray then three collections after every 10 days 
intervals. 

RESULTS AND DISCUSSION 
The results in table 1 clearly indicated that chemical concentration and 

tapping techniques had significant effect on gum production in Srerculia urens. 
Ethephon application enhances gum production in Sterculia urens. Sixteen tree were 
elected of this species in Mandawar forest of Thalawar fore t division .Bore hole 

method with application of ethephon showed the highest yield than ulphuric acid 
spray. It was noticed that tree treated with 400mg active substance have yielded 
highe t gum yield of 107 and 120 gm in tapping sea on 1 and II respectively. Howe er 
tapping season II had more gum production than sea on I due to rise in temperature 
facilitate gum production. These finding are in line with Nair (1995).Ethephon 
application leads to schizolysigenous formation of gum cavities in the axial 
parenchyma of sapwood. Associated with the formation of cavities many ve el of 
secondary xylem become clogged with gummy material (Bhatt,1987).Ethephon induce 
gummosis in Sterculia urens without adversely affecting health of the tree Babur and 
Menon 1989). 

V shaped blazing method also showed higher gum yield and maximum in 
400mg Iml ethephon from the results it is found that sulphuric acid concentration 
showed gum oozing in bore hole method of tapping. Howe er there i no gum 
production in V shaped blazing method with sulphuric acid concentration. 

In Lannea coromendelica also exhibited enhancement of gum production with 
ethephon spray on tree growing in farm fields and more gum production than Sterculia 
urens in 300mg active substance of ethephon per rol. The maximum production of gum 
observed were 140gm and 260 gm in ea on I and ea on II re pecti ely. Therefor 
ethephon prodution enhanced gum production in Lannea coromendelica. The e finding 
supported by Bhatt (1987). Thi ob ervation i replicated in V haped tapping 
technique also. Sulphuric acid concentration howed the highe t yield than etbephon in 
0.4% concentration. There i no yield ob erved in blaze method of tapping with 
sulphuric acid spray (Table 2). . 

In Bo wellia erratta al 0 ethephon application did affect the gum productlOn.In 
Bore hole tapping method maximum gum production of 140 g & 15 ~ wa ob erv ~ in 
300mg active sub tance of ethephon per ml. in Jan-March & Apnl - May t~pp~ng 
eason respectively. Affect of summer eason tapping with etbephon. appll ~tlOn 

enhanced gum production. The e finding upport d b Bhatt 1987) ~ Anoael 1I 

latifolia and Bhatt et al. (1989) in Commiphora 111 i~htii. Wberea ~n Jan-March 
tapping minimum gum production 100gm record d m 2?0. mg a tI e th p~on 
substance per ml. Whereas in April-June tapping ea on mmunum gum produ tIon 
estimated in 400 mg active ethephon ub tan per rnl Table ~)' . . 

In contrast to previou tapping method Ethepbon apph atlOn 1D V haped .blaze 
tapping had affected in a doze of 400mglml acti e ub tance. and ~owed rna 1ID~ 
yield of 160gm in June - Mar h tapping ea on and 141 gm 1D Apnl - May tappmg 
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a n. H w er, in _OOa ti ub tan ub tan ofeth ph n p r ml 
did n t InU h affc t th gum pr du ti n 

In bor hIm th d ith O. % ulpburi a id on ntrati n a l how d 
ma ' imum yi Id in b th tappino ani .. 52 70gm/tr p r h I with uee iv 
thr II ti n appli ati n f ulpburi a id on ntrati n in V haped blaz tapping 
did n t mu h affc t th gum pr du ti n 

Th hemi al tr atm nt in A a ia S n ual and Anog i 1I lati/olia w ith 
difn r nt tapping t hniqu did n t gi ati fa t ry re ult . 
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I rculia u,. 11 R xb. Indian Fore t r. 115 (1 : 22 - 27. 
Bhatt. 1. R. (19 ). urn tapping in Anouei u lati/olia u mg ethephon. Current 

56 : 9 -940. 
air, M. . B. and Mohan Ram H. Y. A. (1989). Enhancement of 

I ogum r in produ tion in Commiphora wightii by improved tapping 
t chniqu . ClIr,. I1t cience 58 (7) : 349-357. 

aIr, M. . B. Gum tapping in terculia uren Roxb. U ing ethephon 
www.fao.orgIDO REP/Artic1e?WF 1XllJ014 -134HTM 

air, M. . B. hi ana, K. R. and Mohan Ram H. Y. (1995). Eth phon enhance 
Karaya gum i ld & , ound healing re pon . A preliminary report. Current 
Scien e. 69: 09- 10. 

Tiwari, 1. . and Ram Moola 2010). Ir gum exudation technique developed by 
CAZRI. 

padha a ,A ina h, IFP unexplored. Community Fore try. 15 - 20. 

ASPEE College of Horticulture and Forestry, NAU, Navsari (Gujarat) 



National Seminar on Agroforestry: An Evergreen Agr,;culture for Food Security and Environmental Resilience 

2 - 4, February - 2012 
'11ieme - 6 : Sus£ailla6Ce 'Natura{ lRJsource 9daTUl(Jement In }leroforestry 

Table - 1: Effect of Tapping methods and chemical concentrations 00 gum yield of 
Sterculia urens 

Sterculia urens Bore hole tapping 
Ethephon concentration S1 Yield (e) 82Yield (g) 

El 32 40 
E2 45 55 
E3 107 120 
Eo 10 20 

V shaped blaze tappine 
SIYield (g) S2 Yield (g) 

El 25 30 
E2 35 45 
E3 90 105 
Eo 10 18 

Sulphuric acid Bore hole tapping 
Concentration SlYield (g) 82 Gum yield (g) 

S1 25 40 
S2 30 55 
S3 50 80 
So 6 10 

Sulphuric acid V shaped blaze tapping 
Concentration SlYield (g) 82 Yield (g) 

S1 0 0 
S2 0 0 
S3 0 0 
So 0 0 
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Table - 2 : Effect of apping methods and ch mical concentration on gum yield 
of Lannea coromelldeli a 

Lannea Bore hole tapping 
coromendelica 

Ethephon S. Yield (g) S2 Yield(g) 
concen tration 

E, 46 79 
E2 140 260 
EJ 63 92 
Eo 15 7 

V shaped blaze tapping 
Sl Yield (g) S2 Yield (g) 

E, 26 38 
E2 168 190 
E3 46 95 
Eo 25 11 

Sulphuric acid Bore hole tappin2 
Concentration SJ Yield (g) S2 Gum yield (g) 

Sl 100 168 
S2 260 393 
S3 89 130 
So 8 15 

Sulphuric acid V shaped blaze tappin2 
Concentration S1 Yield (g) 82 Yield (g) 

S, 13.5 0 
S2 0 0 
S3 0 7 
So 0 03 
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Table - 3 : Effect of Tapping methods and chemical concentration on gum yield 
of Bo wellia eratta 

Boswellia seratta Bore hole tappin~ 
Ethephon SIYield (g) S2Yield (g) 

concentration 
El 100 146 
E2 140 158 
E3 117.5 120 
Eo 20 28 

V shaped blaze tappin~ 
S\Yield (2) S2 Yield (~) 

El 34 23 
E2 13.5 16 
E3 160 141 
Eo 15 1 

Sulphuric acid Bore hole tappin~ 
Concentration SJ Yield (2) S2 Gum yield h!) 

Sl 10 15 
S2 16 25 
S3 52 70 
So 5 10 

Sulphuric acid V shaped blaze tappin~ 
Concentration SI Yield -(2) S2 Yield (~) 

Sl 10 12 
S2 0 1 

S3 6 11 

So 0 0 
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Oroanic Agriculture: W.'III' t be sustainable towards food securi ty of tbe future? 

Pmf (DR) I. . Dua 

Form ->r hairm n, D partm nt of Baran), 
Panjab Unh er, it)', handiaarh 160 1 OJ (India) 

-A trend drh'en by public perception tit at food produced ~ni~1. lIs p esticides is, healthier 
find better for rite planet, We appraise the science to see I It trlle and sustamable for 
the food and feed for tlte millions ofpeople?-

"Organic propon nt a rt that b tt r plant ar produ d from mineral d rived from 
manure breakdown, 0 that organi fo d i up rior and improve human health. 
Hundred f rio-orou te t ha fail d t reveal bett r-ta ting propertie or improved 
nutritional valuo. but ha e on i tently hown that organi produce has lower nitrate 
and prot in cont nt . Conventionally farmed food eem to be better for children below 
I . although rodent appar ntl fa or organic food. Overall cancer rates have dropped 
15°0 during th ra of ynth tic pe ticide while tomach cancer rate have dropped 
0- 60%. probabl an effi ct of plentiful, ch ap con ntional fruits and vegetables. But 

thi ma not b the whole tor , becau food mycotoxin from contaminating fungi 
(whi h can be controlled b pecific fungicide) definitely contribute to European 
an er rate - fumoni in and patulin are both reported to be higher in organic 

product. and failure to u effecti e fungicide on organic farm ha led to these fann 
acting a r po itorie of di ea e. Organic farms may b protected from the full effects 
of di a e outbreak b cau e they are UITounded by conventional farms u ing proper 
fungicide ." 

Anthony Trewavas: Nature 2001 

\\;'hat i an 0 oanic food? 
Organ ic food i a con entional food crop (genetically exactly the same plant 

variety a the regular ver ion) but grown according to a different set of standards. In 
thi en e, organic food i really i identical but it' prepared in such a way to conform 
to di fferent philo ophi al tandard for example in USA the USDA's National Organic 
Program committee ha et the requirement for food to bear a "certified organic" 
Jab 1. Ba ically it forbids the u e of modem ynthetic fertilizers and pesticides in favor 
of organic equi aJent , and for animal it requires that they have not been kept healthy 
through the u e of antibiotics. Th re are other rule too and the basic goal is to require 
the u e of only natural product throughout the growth preparation and preservation 
stage. What i it e sence which the organic agriculturi t wants to convey? They 
advocate that it include care for the soi l and ecosy tern surrounding organic farms and 
it relie on biological and mechanical control excluding OM crops to deal with pests 
and on organic material as fertilizer. 
History: 

Ti~e inc i~emorial, conventional agriculture ha evolved as a package to 
be compr!sed of a ~lverse et of technologies u ing the best available knowledge, 
who ultImate goall the afe efficient provi ion of foods in abundance and at lowest 
price. A with all technologie , problem often arise in the practices of conventional 
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agricu~ture - but rejection of a technology because of problems also mean 10 ing it 
potentJal benefits. In 1939, Lord Northboume coined the term organic farming in his 
book. Look to. t~e Land (~940) out of hi conception of "the farm as organism:' to 
descnbe a holistic ecologtcally-balanced approach to farming- in contrast to what he 
called chemical farming which relied on "imported fertility" and "cannot be elf
sufficient nor an organic whole." In the same year Sir Albert Howard book- An 
Agricultural Te foment laid the foundation for the organic movement. The opening 
remarks read, "The maintenance of the fertility of the soil is tbe fir t condition of any 
p~rmanent ystem ~f agriculture' . It also got the inspiration from the philosophical 
View of Rudolf Stemer and later Lady Eve Balfour, who in the 1940 founded the Soil 
Association. This association in the United Kingdom hcen es about 70% of organic 
production and sends inspectors to check that its regulations are being followed. In 
retrospect the chronicled compilations like King farmer: of Forty Centuries (1911) 
and George Perkin's Man and Nature (1864) opined that the quality of civilization and 
its possible longevity can be judged by the quality of its soil. Tbu we are 
flabbergasted by the current proliferations of the new genre of oil centered 
agroecology term and inclusions-organic permaculture, polyculture, con ervation 
agriculture, biological farming and integrated farm management. Ironically when one 
goes througb the pages of Omnivore Dilemma (2007) autbored by Micheal Pollen on 
the natural history of agriculture one is surprised to find the following word Organic 
gardening and farming struggled along in obscurity until 1969 when a review in the 
Whole Earth brought to the attention of hippie trying to figure out how to grow 
vegetables without patronizing the military-indu trial complex. According to the U.S. 
Department of agriculture (USDA) though organic agriculture ha been growing 
rapidly in recent years by a factor of 10 from 1996 to 2009 but it till account for a 
tiny 0.7 percent of total fannland in the United States. Although it upporter a ert 
that organic agriculture is superior to other farming method the concurrent lack of 
scientific studies divulge that this claim cannot be ubstantiated. everthele organic 
food has garnered an extraordinary amount of attention from the media and 
environmentalists, who boast of its civic virtues and benefit to the en ironment. 
What is the essence of organic"? A mentioned in the preceding text the tandard 
defmition is that its methodology include care for the oil and eco y tern urrounding 
organic farms and it relies on biological and mechanical control to deal with pe t and 
on organic materials for fertilizers. Only two principle really di tingui h organic 
farming from other farming methods tho e are oluble mineral input are prohibited and 
synthetic herbicides pesticide and genetic modification( of the ho~t plant are 
rejected in favor of natural pesticide in combinations with con enhonally bred 

varieties. 
Agriculture based on these principles results in a more co tly p.roduct .mainly 

because of lower yield combined with an inefficient u e of land. Orga~c food 1 more 
expensive than conventional food not only due to it l?~ r crop y!eld and m~~e 
expensive organic fertilizers and pe ticide in larger quantltle but mamly b~cau ? It 
such a big fad and ha been made to look in uch a hi~h. demand. Wby 1 that. I 
organic food healthier? Doe it make an im:portan: polItical tateme~t? The usu~l 
arguments put forwarded by organic agri ultun t .bOll down t~ three ~omt namely (1) 
that the cultivation method i better for th nvrronment· (11) that It ben~fit mall 
farmer rather than big evil companie . and iii) that it' om how healthl~r .to eat 
Rather than accepting the e emotionally ati fying b nefit at face valu I t m tead 
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k al1d what th data a tuall h w. L t' ubje t th lai m to rake a _ k ptical I 
. ! a. ['P' 0 .'acto m i m ar hidd n b hind th label and ar I gl al appra l 'a - " 

d anted h -reo 

few Re Ge tae again t oraanic food . . ' 
Oraanic food i alway better for the environment: Til rIa WI? PI' ad behef that 

I . . Idl'na raani a2Ti uitural tern ar fri nd li r to th n Ironment and more 
0 \\ 1 ~ 0 0 . f . 

:u. taina bl than high i Iding fanning y t m . The U1Tent aIm 0 rgam~ y ten: -
. t f' ' 0 1' / c: rtl'!I'ty a oidan of p lIution u of rop l' tatlOn an llnal main en n II. , . 

\\' Ifar on ern and wid r n ir nm ntal apt - ould be hard to quarr I WIth . 
But th rul and r QUlati n that ha t b follo\! d to a hie e the e end cau ed on 
I adina organi r ~r h r t admit that in rganic fam1ing 'ther i ery little ci nce' 
and "thi ~i ri ' e t a O'r at d al of illogi ality and onfu ion particularly in ome 

f p~'odu tion ". hh ugh r du ti n in p ticid u lead t~ high r reported 
f t and r ported ighting of bird on organIc farm current 

ymh ti p ti id ar \' r un tab I and only tran ient dec1in of mo t field in e~t 
are report d en at fu ll pe ti id d age. imilarly the 10 r Ie 1 of aphId 

b rv d on oro-ani farm ould II refl t lower nitrogen and prot in content of 
organi rop a:d I w r ield. It i al 0 often 0 erlook d that orne conventional mixed 
fa~ing an maintain more p i di r ity e.g. conventional mixed farming in 
mall I':" plot (providing more fi ld margin ) or farming ba ed on the traditional ley 
y tern ( owing wh at ith I gume ) maintain con ntional yield and low 0 t . The 

b ndit for wildlifl qual to tho e pro id d by organic farming but at far lower co t to 
the on urn r . 

rgani farmi ng practi e may not n c arily con erv the environment on it 
o\\'n and competitive organi fa rmer may b forced to keep their field clear of weed 
thr ugh frequ nt me hanica l weeding-a method that damage ne ting bird wonn 
and il1\ ert brate -and high u e of fo sil fuels which greatly increa es pollution from 
nitrogen ox:id . A ingl tr atm nt with innocuou herbicide. coupled with no till 
urfa 011\ e tional fann ing a oid thi damage and retain organic material in the 
oil urfa . Imilarly. although u e of manure mean higher beneficial level of 

earthwoml in organi fiel d there are num rou problem with the u e of manure 
including po ible ffl ct on human health . U e of oluble mineral alt prohibited by 
organic r gulation i another contentiou i ue. The mineral taken out of farmland a 
food produc mu t balance tho e put back by orne other mean . Organic farmer 
typi ally r I on legume nitrogen fixati on rain water or mineral recycling in the farm. 
The feV'. d tailed accounting ugge t low but accumulating mineral deficits 
particularl of pota ium and pho phat in organic farmland only. Organic farms are 
required to try t balance manure and traw production for it inten ive use on the farm. 
Exce organic manur or tra i thu u ually not available to provide for inevitable 
deficit V\ ith year-to-year climate and agriculture variation .. Since organic farming is 
half a producti e a con entional farming it requires far more land to produce the 
am ~~ount of food. It ha been e timated that modem high - yield farming ha saved 

15 ~llhon quar mile of wildl ife habitat and if the world witched to organic 
farm~ng, we d need t cut down 10 m illion square mile of forest. Les - productive 
farmmg al 0 led to even Ie food for the world under nourished trata of the 
population. Many 0 call d en ironmentali ts generally favor organic farming, but in 
the econd breath they prote t defore tati n to make room for more organo-agriculture. 
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How d~ they reconcile these directly conflicting views? If you want to feed a growing 
p~pulatlOn) you ca~nol do. both and soon won't be able to do either. If you upport 
ramfore~t preservatlOn, logIcally you should oppo e organic farming particularly in the 
developmg world. On the other hand , if you demand organic oybean then you 
should have the courage to stand up and say that you don't care whether people around 
the world have enough to eat or not. 

Norman Ernest Borlaug the American plant geneticist who won a Nobel Peace 
Pri~e for, b;eeding the . ~ig~-y~eld, di. ~a e-resistant wheat varietie (triggering 
agrIculture Green Revolutlon), IS despalnng of the organic fad. "Thi houldn't e en 
be a debated. Even if you could use all the organic material you ha e - the animal 
manures the human waste, and the plant residues - and get them back on the oil you 
couldn't feed more than four billion people. "Organic pesticides it i a erted work with 
nature and are environmentally unstable, unlike synthetic pe tic ide . About 60% of 
natural and synthetic chemical are known rodent carcinogens and around 20 different 
chemicals are used to maintain the afety of processed organic food. Approved 
pesticides for organic farmers include copper sulphate which ha cau ed liver damage 
in vineyard workers kills worm and is persistent in oil (banned by the European 
Commis ion after 2002). Further rotenone ha recently shown to induce Parkin on 
disease and Bacillu thuringiensis spores have been correlated to fatal lung infection 
in mice. Organic pesticides are to be u ed more sparingly yet more frequent 
treatments of crops with copper sulphate than good conventional practice have been 
reported on organic farms. Natural pyrethroids have to be u ed at much higher do e 
than some of the prohibited equally un table and much more effective ynthetic 
pyrethroids such as biore methrin. Organic farms turn to natural fertilizer for growing 
crops, which often translates into u ing animal feces combined with other component 
instead of chemically constructed fertilizers. Hence the warning for organic food rna 
always 100m over some of the foods - such as lettuce par ley and other which rna 
harbor significant harmful bacteria which in tunl be pa able to the on umer . 
While foods produced through conventional farming ha e imilar ri k critic warn 
that the threat i heightened in organic foods. Soluble mineral are not u ed on organic 
farms. In some of the package of practices under organic crude rock pho phate has 
been be allowed, potassium chloride i bann d' ylvanit , another fonn of pota ium 
chloride is permitted. The main alternative mineral ource for crop nutri nt i animal 
or green manure. Manure treatment u ed on any mixed farming pro e oil quality, but 
conventional crop rotation seem equally effective. Manur breakdown cannot b 
synchronized with crop canopy growth a i de irable but continue throu.ghout the 
growing season. Ploughing in of legume crop (a necessary part of ~he organIC .met?od 
to build oil fertility) and continued manure breakdown lead to mtTat .leachmg m~o 
aquifers and waterway at identical rate to cony ntional farm . Degra~atlOn of ?rgamc 
material from manure in the oil produce ignificant amount of Dl~OU 0 ld . ~nd 
methane the most pot nt greenhou e ga . Manur i ariable In comp? lt10~, 
yielding unpredictable nutrition for crop growth a there. i only a poor ~elat1 nsh~p 
between available nitrogen for rop growth and orgam conte~t f. il. Orga~ 
regulation recommend hay for animal fe ding but .hay-fed ammal mfe ted wlth 
E cheri hia coli 0157 incubate thi dangerou organI m longer than on entio~al' 
animal fed with grain. What ha hal< n the whole world .la t ~onth wa th ~ tectlon 
of up rbug train (01 04:H4) of E. coli with ~hi(Ta t~ In whi ~ ha ~e n link d to 
organic food in Germany. Be ide it wa found In la lcal penment m anada that 
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in additi n to r du d ffi ac aaain t aphid ompar d t n I yntheti in ecticide 
. , d . tieid had a irnilar r n great r negativ impa ton everal 

[!ram appro\ e In .' ' ·1 I 
~ . in lab tu ie w r more d tnm ntal to blOlogJca contro natural en m p Ie, . fi ld 

organi m in fi Id xp rim nt , and had higher en ironmental impa t quotient at 1 

u-c ral . 

Beneficial to malJ and Marginal farmers . 
Bu ina raani fi d ben fit mall farmer, and r pr nt a blow to the blg 

food rporation ~ Let' tak fo r granted tb p ition th~t I?ajo~ food ~roduc r ~e erve 
to b ' tru k with a blo\ . We ar ur th tarving mlllwn In Afnca a~pr ~lat . the 
. ntiment. But th fact and figur re eal om thing different .g. allforma alone 
rodu a er 600 million in organi produe rna t of it coming from just five farms 
~'h are al a th main produc r of 1110 t non-organic food in the tate. More than 80 
per ent of organi milk i controll d b ju t on major milk produ~er. . A dec~de ago 
wh n the major food produc r reali ed that organic food wa cODlmg In ~he bIg w~y 
th melt high r price eharg d for few r produ t and tart d producmg orgamc. 

arl all organic rop in thi world are eith r grown di tribut d or old exactly by 
~am ompani who produ con ntional rop. They just want to fleece the 
on urn r . Th iron i that the organic food companies supply a smaller amount of 

food per a re planted, and enjoy dramatically higher profits which i why anti
corporati t hate corporation in the fir t place. For affluent human in industrialized 

untri ,organi fo d i pretty much a halmless lUXury. Although there i no 
oTl\'incina evidenc that food i an healthier or more nutritious than the other food if <::> 

thar lab I of organic make you fi el healthier and more virtuou then you can justify 
the xtra 0 t. Grower and ndor can charge premium price ometimes triple what 
they get for con entionall grown crop. It appear that the organic boom i just a 
marketing phenom non it i fragile. Further most people in the world are not affluent, 
and their food budget are limited. If th yare convinced by green marketers that they 
need to choo e higher pri d organic produce they and their children are liable to end 
up eating fe~ er fruit and vegetable and ometimes nothing at all as occurred when 
Zambia rejected emergency food for tarving citizens because the grain have been 
gen ticall engin ered. In Denialism a book about the spread of unscientific beliefs 
Mi hael pencer criticize the' organic feti h ' a a pernicious kind of denialism' 
being exported to poor countrie . Total reliance on organic farming would force the 
people to de ote twice a much land per crop. To get high yield from food crops 
requires di turbing nature to deliver ju t what the crop need. First crops need fertiliser 
which i often nitrogen in the form of nitrate and ammonia because most plants can't 
draw nitrogen directly ITom the atmo phere. (Legume are a famous exception - their 
roOl nodule hold bacteria that turn atmo pheric nitrogen into nitrate). Just prior to 
World War 1, Gennan chemi t Fritz Haber and Carl Bosch learned to make ammonia 
ynthetieally. Their chemical reaction i till used today to produce more than 450 

million tone of artificial fertiliser per year and su tains the agriculture which feeds 
about 60 per cent of the Earth's population. Second there has to be a way of stopping 
all the other robu t plant and in eet species from competing with or consuming your 
ero~. on-organic farmer make u e of chemicals (herbicides and weedicides) to 
ac.hl~ve the e goal. 'An orgaruc univer e sounds delightful but it could consign 
mI1hons of peopl in Africa and throughout much of Asia to malnutrition and death. 
Take that away and all that nitrogen has to be produced organically - effectively using 
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land to produce manure rather than food. Alex Av ry, director of food research and 
education at the Hudson Institute a con ervative U.S. think tank estimate that thi 
would require d~u~ling the amount of land now in cultivation. That would mean tearing 
down our remammg forest , he argues. Even so, the poor yield of organic farming 
means that food production would be a major problem. In Au tralia for in tance 
organic farming yields 50 per cent or less per quare kilometer becau e of pe t 
problem.s and phosphate-depleted soils. (Pho phate i locked away in the ancient clay . 
conventlOna) farmer help themselves to highly soluble chemically-made 
superphosphate. Organic farmers can't use a chemical so they use poorly soluble rock 
phosphate). 

Further orne of the advocates of organic growers live in a world of fanta y by 
adopting their own criteria to label themselves or their produce a organic. Organic 
farmers have long sprayed dried Bt. bacteria on their crop becau e the arne i 
considered a natural pesticide. When the bacterial gene that makes the Bt. toxin i 
engineered into cotton and com the transgenic plants are able to kill the pe t by 
themselves. Here the mean and ends are arne. Does that also mean Europe u e no 
organic seeds produced by radiation or chemical mutagene i ? In the market world 
natural now means anything the seller wants to charge extra to distract your attention 
with. It is certain that conventional fanning methods yield more product than organic 
farms, concluding that organic farming is inefficient. The re ults point out in no 
uncertain terms that while organic farming may be attractive to con umer who can 
afford the foods, one of the negative effects of organic fanning i that it may not be 
able to feed everyone within the world. 

Since organic farms are not located a prevalently throughout the orld a 
conventional farms hence the environmental impact of hipping the organic foods to 
merchants may be health hazard in the long run. Although organic farming tti e to 
have as small as possible environmental impact the food may till be hipped u ing Ie 
than environmentally friendly method. Some environmentali t make the claim that it 
may be better to purcha e foods that are produced locally regardle of whether th y 
come from an organic farm because of the lack of environmental impact of hipping. 

Healthier to eat? 
It is often opined that the quality of the organically produced food i . uperior to 

that of conventionally produced food. However there is no uch conclu 1 e p~oof to 
justify the nutritional superiority of the organically produced food 0 er co~ eutlOnally 
produced food. If the conventionally produced food are blamed to contam trace ~f 
chemical residues the organically produced food ar equally to be blamed for th Ir 
contamination with hannful bacteria and other organi m inimical to the health of the 

consumers. . 
Some supporter of organic growing claim that the dang r o~ ~on-orga~lc food 

lie in the residues of chemical pe ti ide . Thi claim i en mor. ndiculou In e t~e 
organic pe ticide and fungicide are Ie efficient than theIr mo~e:n ~tbetlc 
counterpart up to seven time a of it must be u ed. Org~ic p s~cld mclud 
rotenone which ha been hown to cau e th ymptoms of Parkin o~ ~l ea . and i . ~ 

. . b ti trib . pyrethrum Whl h 1 ar mo eru natural poi on u ed m huntmg y om na ve . 10 
. a 

abadilla which is highly toxic to hon ybee ; and fermented ur~ ,on our eat~b e 1 

natural repul iv agent to mind irr pecti e of the fact whether It cau e an dl a or 
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I · th th b lor amount f hemi al they u i not. upporter of organi aim at mu arb 
fin be au th h mi a1 ar natural. But ju t b call om thing i natural doe n't 
mean that it i afe or h alth - on id r th e ample f hemlo k, m rcury lead 
t ad ~tool . bo j Ilyfi h n urot in , a b to not to men~ion a n arly infinite number of 
r . i ba tria andiru e (E. coli, aimon lla, bubom pla~ mall pox). If any 
pr du t i laim d t b natural it d not mean that. a produCt .l healthful. 

In th tw maj r utbr ak of E. coh re ulted m num rous death and 
, hich \: re ul timat ly traced to organically grown pinach and lettuce in 
ordino to th nt r for Global Food I ue , organi foods make up about 1 % 

of all th food bOld in the nit d tate but it a C01ll1t for % of E. coli ca es. The 
rent outbreak of uperbug in G rmany ha been trac d to organic food (discu ed 

I ewh r ). 
On th other hand that to dat no erifiable untoward to ic or nutritionally 

d I teriou effe t re ulting from the on umption of food derived from genetically 
modified food ha been dj 0 ered anywhere in the world. OM food are so 

tted and ar afer to eat than the product of conventional and organic 
fanning. w GE crop ar te ted by the concerned governmental agencies in a 
ompreh n i wa her a new crop arietie reated by breeding or raised through 

organi fanning go through no uch proce . Con umer may be Ie s likely to take the 
am precaution with organic food that they do with other types of food. For 

ample. orne on umer may buy organic apples and then assume that there is no 
ne d to wa h the apple thoroughly prior to eating it because of its organic origins. This 
i ue. of cour e, i not the fault of organic farmers but it is a cited concern nonetheless 

rganic farm r are bound to an ideology that demands they only use natural 
t chniqu . In orne ca e uch puri m get in the way of practices of those latest 
innovation which are better for the environment and are more sustainable. For 
example, a in the earlier mentioned ca e of Bt. spray the organics often demonise the 
gen tically modified (GM) cotton crop that carry an inbuilt supply of Bt. protein and 
which therefore require it Ie praying .However the truth is these OM varieties spare 
farmer - and the en ironment - from the risks of pesticide overuse. For instance, 
according to Richard Rou h the Dean of land and food resources at the University of 
M Iboume, cotton farmer in India have reduced their use of pesticides and accidental 
poi oning by 0 per cent ince the introduction of genetically modified Bt. cotton. 
Organic farming i es entially a marketing tool and cannot replace conventional 
farming for food ecurity quality and quantity of crop outputs. 

Organic farming should be considered for lesser endowed regions of the 
country. It hould be tarted with low volume high value crops like spices and 
medicinal aromatic crop . A holistic approach involving integrated nutrient 
management, integrated pe t management enhanced input use efficiency and adoption 
of ~egion - pecific prorni ing cropping systems would be the best farming strategy for 
IndIa. Concurrently genetically-modifi ed foods have a bigger potential to solve many 
of the hunger and malnutrition problems in a country like ours as well as to help protect 
and ?~e erve the environment by increasing yield and reducing reliance upon chemical 
pe tlclde and herbicides. Though looking apart but it makes a felicitous case for 
tr~ating OE crops a the mo t favored convergent technique for feeding most people 
w~th the lea ~ harm to ~he land i.e. to meet the appetites of the world ' s population 
wIthout drastIcally hurtmg the env ironment. Thi visionary new approach of genetic 
engineering eem to be most appropriate. Where OE can be used to develop seeds with 
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enhanced resistance to pest, pathogens, value addition to nutrition of the produce 
inducing it to be drought tolerant ,the traditional or even organic farming can manage 
the overall spectrum of pests more effectively. An appraisal of the two phenomena 
deciphers as that while organic agriculture suffers from innate constraints conducive to 
its growth and logical winnowing, not apparent to an ordinary citizen the GE can 
rectify the aroe wherein a scientific path is treaded with utmost caution and 
precautions. Yet there are many challenges ahead for governments, especially in the 
area of safety testing, regulation international policy and food labeling. With a 
growing population and precarious food situation India cannot afford to take risk with 
organic farming alone. So it is right time for the advocates of organic farming to use the 
most powerful technologies available to create an environmentally friendly 
sustainable and high yield farro and GM technology is the only way to meet their 
objectives and when it comes to the reality of feeding the world, one would have to 
agree with Roush: "If improving sustainability and reducing the environmental 
footprint is the goal we need to be prepared to use the best tools we have. "In the arne 
way that the introduction of genes from wild species through breeding revolutionized 
growers' management of pests, the introduction of GE in organic farming can control 
diseases, insects, and nematodes for which presently there is no solution in 0 called 
organic fanning which was originally formulated as an ideology, but today's global 
problems - such as climate change and population growth - need agricultural 
pragmatism and flexibility, not ideololog. 
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