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ABSTRACT

The present investigation entitletPlant Diversity in Prevalent
Agroforestry Systems of District Budgam” was carried out, during the year
2013 and 2014. The experimental site is locatewden 34°112"N latitude and
74°4648"E longitude at an altitude of 1610 m above meanleeel (msl). The
main aim was to assess the prevalent agroforestsyerss, their floristic
composition, phytosociology and capacity to fultbcio-economic needs of the
people. Four agroforestry systems viz., Boundaaytaltion, Homegarden, Horti-
agricultural and Horti-silvi-pasture system wereirid to be prevalent in the area
by stratified random sampling procedure. Floristenposition of the agroforestry
systems revealed the presence of 4 genera, 6 spE@efamilies and 6 genera, 8
species of 3 families of broad leaved and frusrerespectively. While, 2 genera
having 3 species belonging to 2 families were otishayer. Herbage (cultivated
and wild) represented 70 genera belonging to 7Bt@pecies and 37 families.
Seasonal evaluation of phytosociological /quarmaattributes showed that in
terms of cultivated plants in Boundary plantatiBnassica campestriandOryza
sativawere dominant with highest importance value infl&X) during spring and
summer season, respectively. Correspondingigssica oleracea var. acephala
during spring, summer ar@rassica rapan autumn season exhibited maximum
IVI in Homegarden. Similarly, in Horti-agriculturaystem,Phaseolus vulgaris
and Brassica olearacea var. acephaldemonstrated dominance over other
cultivated species during spring, summer and aufuaspectively. Likewise, in
wild herbageCynodon dactylomvas the dominant species in Boundary plantation
and Horti-silvi-pasture system. However, in Homelgar and Horti-agricultural
system, Stellaria mediaexplicated dominance over other species portraying
communities asCynodon dactylon- Polygonum hydropiper- Prunelldgeus



community in Boundary plantationStellaria media- Poa aungustifolia-
Galinsoga parvifloran HomegardenStellaria media Plantago major Artemisia
absinthiumin Horti-agricultural system andynodon dactylonOenothera rosea
Mentha arvensisn Horti-silvi-pasture system. Shrub species prese different
systems includeAsparagus officinalis Rubus niveusand Rubus ulmifolius
However, they were absent in Homegarden$opulus deltoidesshowed
dominance in Boundary plantation exhibiting densify 100 individuals hd,
basal are2.41 nf ha' with 100 % frequency and 118.01 importance vahakex
(IVI). Malus domesticalemonstrated dominance in remaining three agrdfgres
systems viz., Homegarden, Horti-agricultural arddbrti-silvi-pasture system
explicating density of 66.67 plants ha466.67 plants haand 300 plants Ha
basal area of 0.57 nha', 4.91nf ha® and 4.40 rhha’; frequency of 83.33 %,
100 % and 100 %; importance value index (IVI) as097 134.50 and 72.00,
respectively. Shannon weiner index for herbs, shratd trees was found to be
maximum in Horti-silvi-pasture system. However, foild herbage and trees,
species evenness was maximum in Horti-agricultsyatem. Simpson index and
concentration of dominance was higher in Homegafdewild herbage, while it
was maximum in Boundary plantation and Horti-adtimal system for shrubs.
For trees, inverse diversity indices i.e. Simpsadek and concentration of
dominance were maximum in Boundary plantation. @Vescenario of vegetation
indices described that Shannon weiner index andiepevenness was in the
order of herbs > trees > shrubs. While as, Simpsdax and concentration of
dominance was in sequence of shrubs > trees > .hekb@ximum
similarity/resemblance of 51.35 % in vegetation viasnd between Boundary
plantation and Horti-silvi-pasture. Overall resultsdicated that among four
prevalent agroforestry systems evaluated, Howi-pihisture system conserve
more number of species i.e. is rich in floristigalsity of herbs, shrubs and trees.

All agroforestry systems support the farmers inmterof income
generation either at low or high profit levels. Tiheome of Rs 3,335.71/hRs
7,042.96/ha, Rs 13,46,62.10/ha and Rs 26,77,3%10/as generated from
Boundary plantation, Homegarden, Horti-agricultusistem and Horti-silvi-
pasture system, respectively. Fuelwood Value Inffeéxl) of preferred tree
species displayed highest values of 948.05 and.4@6@r Robinia pseudoacacia
and Prunus dulcis respectively. The crude protein content of prei@rtree
fodders decreased from spring to autumn, whereadedibre, ether extract and
ash content increased with advancing season. Fortine,Robinia pseudoacacia
and Populus nigraproved to be excellent source of protein, fat &bde for
efficient maintenance of ruminants respectively.
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Chapter-1
INTRODUCTION

Biological diversity means the variation amongrigy organisms from all
sources and natural ecosystems of which they peetaof; this includes diversity
of ecosystems, diversity within species and betwspacies (Heywood and
Watson, 1995). Loss of biodiversity is a major camcamong conservation
scientists but the motivation to change this treisd generally lacking.
Approximately, half of the world’s population livem urban areas and is
increasingly disconnected from nature, which is mrason why the people have
no concern for nature. If there is a great publipp®rt for the conservation of
biodiversity, the places where people live and wsikuld be designed so as to
provide opportunities for meaningful interactionshathe natural world. Doing so
has the potential not only to engender supportpfotecting native species but
also to enhance human well-being (Manzebal, 2013). Agro-biodiversity is a
subset of natural biodiversity which includes th&np genetic resources used for
food and agriculture (cultivars, landraces, ecatypeeedy races and wild
relatives) (Negri and Polegri, 2009). Maintenandegenetic variation within
agricultural crops provides a broad range of essegbods and services which
support ecosystem functioning, resilience and pebdty (Tilman, 1999 and
2000), and for this reason it has become a coreipie of sustainable agriculture
and agro-ecology (Le Coewt al, 2002; Marshall and Moonen, 2002). Agro-
biodiversity also provides farmers and breedershwiaw material for
continuously selecting and adapting crops to chepgnvironmental conditions
or to the needs of a growing human population (IR@R93). This continuous
process of experimentation leads to an exceptiprsatbng connection between
agro-biodiversity and people, cultures, and lanpesa In the past, the
conservation of biodiversity has been mostly unded in terms of the
management of protected areas and natural folgsixing the possible role of

farm areas and the ways through which rural comtiasnihave promoted




biodiversity in their subsistence agricultural protion systems (Fifanoat al,
2011; Acharya, 2006).

The growing concern around the loss of agro-biedity in the last
decades has fuelled global efforts to improve camd®n actions through a
number of international policies and agreement® Tlonvention on Biological
Diversity (CBD, 1992) intends to halt the curreosd of plant and crop diversity
while contributing to poverty reduction and susadile development. The Global
Strategy for Plant Conservation (GSPC, 2002) aign2010 to conserve “70 per
cent of the genetic diversity of crops and othejomsocioeconomically valuable
plant species”, while maintaining the “associateddigenous and local
knowledge”. The International Treaty on Plant Gen&esources for Food and
Agriculture (ITPGRFA, 2001) specifically focuses ¢ine ‘“conservation and
sustainable use of plant genetic resources for &smtagriculture and the fair and
equitable sharing of the benefits arising out @irtluse”. It requires contracting
parties to “promote or support farmers and locamunity efforts to manage
and conserve on-farm plant genetic resources”.

It is well established that biodiversity conseimatand the maintenance of
associated ecosystem services are vital for humelhbeing (Beaumontt al,
2011). However, over 75 per cent of earth’s teri@stiomes have shown
alteration as a result of anthropogenic activitiés.rates of deforestation, land
degradation, losses of biodiversity and ecosystemvices continue to rise
globally, the international community is faced witte challenge of finding land
use interventions that can mitigate or reduce theact of these environmental
issues. Against these backdrops, agroforestry ¢sllactive name for land-use
systems and technologies where woody perennialsg(tshrubs, palms, bamboos,
etc.) are deliberately used on the same land-mamageunits as agricultural
crops and/or animals, in some form of spatial ayeament or temporal sequence.
In agroforestry systems there are both ecologioal economical interactions
between the different components (Lundgren andtRa&n1982). In the last three

decades, there has been a growing interest in agsify because of its




biodiversity and ecosystem services it deliversidess providing the tangible
benefits of food, fodder, fuelwood, timber and NT&PTherefore, trees are
increasingly being incorporated as part of the modarming systems. A recent
global assessment of tree cover found that 48 @etr af the world’s agricultural
land had at least 10 per cent of tree cover. $pdtiversity is one of the most
intuitive and widely adopted measures of deterngniwariability at both
ecological and biogeographic scales (Chiarwetcal, 2011). However, habitat
degradation, fragmentation, and over-exploitatiamencontributed to the loss of
many species all around the world. The impact es¢hchanges on biological
systems are manifested as shifts in phenologyractiens, species distributions,
morphology and net primary productivity (Gardmgral., 2009; Beaumongt al,
2011). Several biodiversity hotspots in south-éasa are endangered as a result
of deforestation, habitat destruction, over-explin, pollution, and climate
change. There has been a lack of concern aboutysteos restoration
compounded with primitive and ineffective foresta@ices and on-going
deforestation (Muzaffaret al, 2011). The ability of many intensively used
landscapes to support native species suggestsnihattaining and creating
habitats in human influenced landscapes can hefpiserve a large proportion
of biodiversity (Acharya, 2006; Bhagweit al, 2008).

Correspondinglygirca situmconservation via an agroforestry system is
also highly promoted in agricultural landscapesfiet al, 2005; Philpotet al,
2008). This approach focuses on sustainable coss@nvand utilization of the
species. Retention of forest species in agricdltuendscapes enhances
biodiversity conservation at both species and leays level (Herve and Vidal,
2008). The practice of maintaining trees on thenfarakes farmers the custodians
of biodiversity (Acharya, 2006). Multistrata agroéets contribute to biodiversity
conservation via: (i) the provision of supplementdrabitat for species that
tolerate a lower level of disturbance; (ii) consgion of remnant native species;
(i) buffering the pressure on natural habitats)) (provision of corridors for

persistence and movement of species across lareds¢hlggastet al, 2012).




However, widespread adoption of agroforestry i &fmpered by a myriad of
factors includinginter alia the design features of candidate agroforestry
innovations, perceived needs, institutional comstsa the availability and
distribution of factors of production, and perceptiof risks. Understanding the
science and factors that facilitate the adoptionagfoforestry and how they
impact the implementation of agroforestry, is Wtamportant. Much of modern
day conservation is motivated by a desire to caesi@ristine nature’ in protected
areas, while there is growing recognition of thegderm human involvement in
forest dynamics and of the importance of consesmatutside protected areas.
Agroforestry has received widespread attentiorrapital and temperate regions
of the world for providing ecosystem services swsh carbon sequestration,
biodiversity conservation, soil quality, and preseg air and water quality
(Bardhanet al, 2012; Thevathasan and Gordon, 2004; Jose, 2B889gcially in
tropical landscapes, more than 90 per cent of beydity resources are found in
human dominated landscapes (Garrity, 2004; Borkiaata012). Considering the
fact that ecosystems and species are disappedrang alarming rate, the role of
agroforestry as a conservation tool needs to bmiag further (Bengtssoet al,
2000; Alavalapatieet al, 2004; Jose, 2009 & 2011). The multifunctiondkrof
agroforestry viz., microclimate moderation, biodsigy conservation, carbon
sequestration, protecting water sources, soil enognd pollution control has been
highlighted by the Millennium Ecosystem Assessm@iEA, 2005) and the
International Assessment of Agricultural Scienced afechnology and
Development (IAASTD, 2008).

Agroforestry as an intentional management of tregh agricultural
crops, has the potential for providing habitatssml& formally protected land,
connecting nature reserves and alleviating reseuseepressure on conservation
areas (Bhagwatt al, 2008). While enhancing rural livelihoods (Ashletyal,
2006), and increasing the connectivity of landscapmponents, agroforestry
ensures more effective conservation of habitatsN&&ty and Schroth, 2006).

About 50-80 per cent of species from regional sggegiools typically survive in




agroforestry systems, however, many endemic specedost from agroforests
(Noble and Dirzo, 1997; Garcia-Fernandez, 2003).

Agroforestry practice in tropical and temperatgioas is probably as old
as agriculture itself, and it is considered as & wilife of traditional farmers,
although research on it started only about 25 yagos Many of the traditional
systems viz; shifting cultivation or slash-and-hunemegardens and compound
farms, forest gardens/agroforests, trees on famslatboundary plantings,
scattered trees), parkland systems are base totaimmairvalued biological
interactions and biodiversity at higher levels tlsme of the new agroforestry
technologies (Leakey, 1998). The traditional agrestry systems identified in
Kashmir Valley include; boundary plantations, agjhkculture on sloping lands,
agri-silviculture in plains, horti- silviculture, onti-silvi-pasture, horti-silvi-
agriculture and homegardens. These systems arg peacticed by farmers to
meet out their livelihood needs (Mughal and Bhdidaga, 2002), although the
marginal and average household size farmers deeaptall the advantages of this
integrated system (Bhat al, 2010). Since different research programmes have
been undertaken with respect to District Budgam wentification of prevalent
agroforestry systems, carbon sequestration, bionpasduction in prevalent
agroforestry systems and no work has been repoggdrding plant diversity
evaluation till date. So, in order to evaluate anchmarize the plant diversity in
prevalent agroforestry systems, the present inyasbin entitled “Plant Diversity
in Prevalent Agroforestry Systems of District Budgahas been taken up with
the following objectives:

1. To assess the status of plant diversity in prevagroforestry systems of

District Budgam.

2. To analyze and evaluate the contribution of agesfty in fulfilment of
individual household needs in District Budgam.

3. To determine the fuelwood and fodder values ofgrefl tree species in
District Budgam.




Chapter-2
REVIEW OF LITERATURE

The information pertaining to the present study heen reviewed in this
chapter. The literature pertaining to plant divgran different agroforestry
systems was available in scanty; therefore croferemeces of work done in
forests regarding plant diversity have been takém ¢onsideration and have been

discussed under following headings:
2.1 Plant diversity in different agroforestry systems
2.2 Socioeconomic/household prosperity contributioraggoforestry systems
2.3 Fuelwood and nutritional evaluation of tree species

2.1  Plant diversity in different agroforestry systems

Many authors have shown that traditional agrofioygsractices contribute
to the conservation of biodiversity throughsitu conservation of tree species on
farms, reduction of pressure on remnant forestd, the provision of suitable
habitat for a number of plant and animal speciedaomland (Atta-Krahet al,
2004; Acharya, 2006, McNeely and Schroth, 2006ge% in these systems
provide shade, shelter, energy, food, fodder andynwdher goods and services
that enable the farmstead to prosper (Leakey ahdurdjeu, 2001; Djossat al.,
2008; Ouinsavi and Sokpon, 2008).

Amjad et al (2014) undertook a vegetation study in a traddlty
managed mountain woody pasture in Nikyal valleywBaindi, Pakistan to
investigate the patterns of species diversity, r@ggnerating capacity in relation
to environmental variables and underlying anthr@mog influence during July
2012 to June 2013. The area was sampled by quaetabd. The quadrats were
laid out at regular intervals of 150 m. The sizego&drats was kept 10x10, 5x5
and 1x1 rfor trees, shrubs and herbs respectively. Denfsigguency and basal

cover were recorded. Then diversity, its componemtd regenerating capacity




were calculated. Shannon’s diversity ranged fron¥52to 3.31), Simpson’s
diversity (0.90 to 0.95), Menhinicks diversity (8.80 1.19), evenness (0.41 to
0.65), species richness (4.89 to 6.08) and spelistsbution pattern (30 to 44).
Pinus roxburghiiwas the only regenerating species among four cpecies i.e.
Quercus dilatata Prunus persica Punica granatumand Olea ferrugineahat

were at extereme risk of elimination due to antbggmic factors.

A comparative study of shrub diversity in lower ddggam National
Sanctuary (Kashmir) was conducted by Yageolal (2014) in two different
ecosystemgiz., village site (Site I) and protected site (Sifeith three different
seasons i.e. spring, summer and autumn. The seubBaled that the diversity
values (2.228) and richness index (0.867) was hifgreSite -1 while dominance
index showed higher value (0.113) at Site-l. Thegfiently occuring shrub
species based on Importance value index (IVI) wdleetranthus rugosaRosa
webbiana Indigofera heteranthaat Site-l andRosa brunoniat Site-1l. The
abundance to frequency ratio indicated that moth@&pecies present contagious

pattern of distribution.

The study conducted by Hashestial (2013) in home gardens of two
ecogeographically different areas in Gachsasmth-western Irao evaluate
crop species diversity. Evaluations were made ®stjonnaires and inspections
of homegardens in two different ecological ared® mountainous Khamin
protected area and the Bavi hilly-plain area. Ressliowed unsatisfactory species
diversity in home gardens: from a total of 192 otped home gardens, the highest
mean species richness (12.84) was in a villagderhilly - plains ecological area
and the least (1.71) was in a village in the mouaotzss Khamin area. Villages in
the mountainous ecology were less developed. Ndntheo three predefined
categories (divisions) demonstrated any speciéiodrin the division of vegetable
and summer crops and there was little differen¢edsen the villages. However in
the division of fruit trees and shrubs, villagesttse hilly plain ecology showed

significantly more diversity and this division wtee first component of home -




gardens, however, it was less remarkable in thentamous ecological area
(Shannon-Weiner diversity index for this group wiasto 1.5 in all villages on the
hilly-plain compared to an evaluation of less thanin all villages in the

mountainous ecology). The division of other homdgarcrops showed that total
species richness was low especially in the mouotesnarea ecology and
inventories on the Shannon -Weiner index showedntagimum score of 0.73
from one of the villages as 97 crop species rajattin51 families. Only 33 crop
species were found in the mountainous Khamin egokogd evaluation by the
Sgrenson similarity index indicated low ecologisahilarities between the two
ecological areas with the score of 0.49.

Bardhan et al (2012) evaluated the effectiveness of homegarden
agroforestry systems (AF) practices to conservee tspecies diversity in
Bangladesh and compare them with tree speciessttivén natural forests (NF).
A total of nine locations were selected which casgd of five agroforestry
systems sites and four NFs. Shannon-Weiner Diyehsttex (H) was similar for
homegarden AF (3.50) and NF (2.99), with no staasdifference between them.
Based on non-metric multi-dimensional scaling (NM@&dination analysis, the
AF and NF plots showed distinct separation. HoweReay-Curtis dissimilarity
index ranged from 0.95 to 0.70 indicating nearly owerlap in species
composition to significant overlap between AF ani. Based on the results,
they concluded that AF can serve as an importasibgical tool in conserving
tree species diversity, particularly on landscapbsre NF fragments represent

only a small fraction of the total land area.

Productivity of agricultural crops under traditedragri-hortculture system
alongwith structure, composition and diversity ofiff trees and shrub species in
mid hill situation of Garhwal Himalaya, India bete1000 to 2000 m asl during
summer and winter seasons on northern and soutsgrect were studied by
Bijalwan (2012). The tree density, composition aiersity in the system varied

depending upon aspect, landholding and requirenoérike farmers. A total of 12




fruit tree species were recorded in agri-hortia@tsystem; of which 4 trees were
common in northern and southern aspect and 6 weesonly noticed in northern
aspect while 2 in the southern. The apple tMels domesticawas recorded to
be dominant fruit tree species with highest IViued on both northern and
southern aspect with prime preference by the fanfer high additional
economic return in agri-horticulture system. Amoting shrubs, the 6 shrub
species were recorded on the northern aspect whéneee number was 16 on
southern aspect. The agricultural crop diversitg Wigher on the northern aspect
in summer and winter season. The average annudlgtioity of grain under
agri-horticulture system recorded 1106 kg lgaai* on northern aspect and 1122
kg ha' yeaf* on southern with a reduction of 34.56 and 38.29ceat compared

to the sole agriculture crops, respectively.

A total of 60 farms were studied by Negathal (2012) in south-eastern
Rift Valley escarpment, Ethiopia representing thaggoforest types (enset-AF,
enset-coffee-AF and fruit-coffee-AF), were randomsblected along altitudinal
gradients. EnsetEfisete ventricosumis a perennial, herbaceous monocarpic
banana-like plant which serves as a food planttimolgia. The highest proportion
of native woody species was recorded in enset-AR46)9 followed by enset-
coffee-AF (89%) and fruit-coffee-AF (82%). Amongtiva tree speciedViillettia
ferrugineaandCordia africanawere the most widespread. In all, 22 native woody
species were recorded as of interest for conservaticcording to IUCN Red lists
and local criteria. A smaller number of native wgp@pecies was recorded in fruit
coffee- AF, but a higher mean basal area and stanmber. The mean basal area
and stem number ranged from 5.4 + 0.5 to 11.7 +nf.ha’ and 625 + 84 to
1,505 + 142 stems Harespectively. Altitude explained 68 and 7 pertagfthe
variation in species richness and abundance, regplgc Analysis of variance
showed that there were significant differences agramgroforest types in terms of
mean stem number and number of species (richnesgiqt. Fruit-coffee-AF had

42 and 28 per cent significantly higher stem aretss numbers respectively, per




plot than enset-AF. The native species richness higiser in enset-AF than in
enset-coffee-AF and fruit-coffee- AF. Species riggg and stem number did not
differ between enset-coffee-AF and fruit-coffee-Afe Shannon diversity index
was not significantly different among the agroforgpes. However, Margalef's
diversity index of species richness showed sigaificdifferences. It was highest
for enset-AF and least for Fruit-coffee-AF. MoregvBimpson’s evenness for
enset-AF was significantly different from that fenset-coffee-AF and fruit-
coffee-AF. The Sgrensen quantitative index showederate species similarity
between enset-AF and enset-coffee- AF (53%, i.£.0f251 species recorded in
both practices). The highest species similarity alaserved between enset-coffee-
AF and fruit-coffee-AF (64%; i.e., 32 of 50 spegiebhe least species similarity
was recorded between enset-AF and fruit-coffee-AF%; i.e. 7 out of 45

species).

The phytosociological attributes of western Hinyala moist temperate
forests were investigated by Shahesnal (2012) in Bagh district, Kashmir.
Detailed sampling was carried out in 180 foreshd$a(30 x 30m) at 13 sites.
Average number of vascular plant species variethf8) and 40; Menhinick’s
Richness was 0.93-1.63; Simpson’s Diversity Indetween 0.75 and 2.27;
Shannon’s Evenness between 0.21 and 0.71; the ityatlex 38 to 53. Species
diversity and community structure patterns werenificantly correlated to
environmental variables including altitude and slomclination as well as
intensity of anthropogenic pressubdies pindrowandPinus wallichianashowed
exclusive dominance comprising 30 per cent of I\éightage of all 122 recorded
species. Forest ground flora was dominated by gsaséthe Poaceae. Average
tree density was 151 hahereas basal area was estimated as 68Jgih A
stem/stump value of 1.62 indicated immense trdedebnd logging pressure on
local forests. A disturbed forest regenerationguativas indicated by an average
seedling count of 124 Ha A negative correlation was found between diversit

and richness with altitudinal gradient as well laps and aspect. Diversity values




were similar, whereas tree density, basal areasaedling count were lower,
compared to other Himalayan forest sites.

The study was conducted by Udof al (2012) to assess the plant
species that meet the socio-economic needs ofa@bplg of Nsit Ubium Local
Government Area of Akwa Ibom State, Nigeria. Simm@edom sampling was
used to select 420 homegardens from 14 villagesriameration and 20m x 20m
quadrat was established at each of the sample faydwts. Simpson’s Diversity
Index and Menhinick’'s Richness Index were used somate diversity and
richness of plant species respectively. The plpecies comprised 48 families
and 5 life forms (trees, shrubs, palms, climbexs lagrbs). High species diversity
of 0.05 and high richness index of 1.14 were comgubr the plant species.
Appropriate conservation methods should be appiedomegardens of Nsit
Ubium Local Government Area, Akwa Ibom State, Nigeso that they can

sustain the rich and diverse plant species.

The study was carried out by Khanal (2011) in lrekh Municipality and
Bharatpokhari VDC of Kaski district in Nepal witlhg aim of assessing the
present status and trends of farm tree biodiveraitylyzing the contribution of
agroforestry in rural needs fulfillment of foressources, and determining the
potential of medicinal and aromatic plants (MAPs)forest based agroforestry
systems (i.e. Silvi-medicinal system) on three fdamd types viz; Bar (rain fed
un-irrigated land for growing fodder, fuelwood atmhber trees), Khet (it is the
land where the most demanding cereal crops likelypade cultivated), Kharbari
(permanently occupied by Khaiypha angustajagrass, other ground grass,
fodder as well as timber trees). Reconnaissancgegudirect observation, key
informant interview, questionnaire survey with sdhle, and group discussion
were used for primary data collection where punpwsiampling (10% intensity)
with the consideration of well being ranking, gended age groups were selected
as sample household for interview. Shannon dityensdex (species richness and

evenness) was used to analyze farm tree biodiyerSipecies richness and




evenness were very high in Bari land (3.4) thart kb&) and kharbari (3.1) land.
Species richness and evenness were high in fopaeres (2.6) followed by fruit
(2.46), medicine, grass, herbs and shrubs (2.#@)et and live fences (2.37).

Shameem and Kangroo (2011) conducted a study uestigate the
comparative assessment of edaphic factors and gikigtsity of herbaceous
vegetation on seasonal basis spring (March to Msyjnmer (June to August),
autumn (September to November) and winter (Decentdfebruary), at two
different ecosystems in lower Dachigam NationakPEashmir Himalaya, India.
Phytosociological attributes of plant species watelied by randomly laying 25
quadrats of 1x1 msize at both sites. The vegetation data recordes w
quantitatively analysed for density, frequency abdndance. Plant diversity was
evaluated using different diversity indices. Theuradlance to frequency ratio
(A/F) for different species was determined by #&hg the distribution pattern
(regular <0.025, random 0.025-0.05 and contagidu85). The results indicated
edaphic factors highest at site Il (MC, 35.55%)C(@.73%) and (TN, 0.36%).
pH showed acidic to nearly alkaline kind of natateboth sites with site | at
higher side (5.95 to 7.52). Phytodiversity reveadad Il comparatively higher in
Shannon diversity and species richness during sunseason (3.66, 7.92).
However, evenness index showed similar trend wihak value at both sites
(0.94). Dominance showed an inverse relationshigliversity (H). Species at
both sites were contagiously distributed followgdrandom one whereas regular
distribution was almost negligible. The study caowled that seasons have great
influence on edaphic factors and species diver8ityincrease in species diversity
was observed during spring and summer season wdechned thereafter as
autumn and winter approached resulted in decreadeversity due to multitude
of factors.

Plant diversity assessment was carried out irdifft forests of Kedarnath
Wildlife Sanctuary (KWLS), Central Himalaya, Indigy Semwalet al. (2010) on
the basis of species richness, tree crown coverdandnance-diversity pattern.




The maximum tree species richness (10 sp.) wasnadban Rhododendron
arboreum Sm. dominated mixed forest and minimum iQuercus
leucotrichophoraA. Camus. forest (8 sp.). Maximum tree density (fré@s ha)
and high importance value index (89.68) was foumdi semecarpifoliaSm.
forest Mixed Rhododendron arboreurBm. forest showed high tree diversity
(H=0.96), while shrubs were found highest @uercus leucotrichophora.
Camus forest (H=0.62) and herb diversity @ semecarpifoliaSm.forest
(H=0.73) respectively. Maximum tree crown cover ¥82was observed in
Rhododendron arboreu®m. dominated mixed forest while minimum tree crown
cover (58%) was observed @. semecarpifolisSm. forest. In general random
distribution pattern (A/F ratio) was observed in #iree types of forest.
Alterations of land use pattern and population gues are found to be main cause
of increase in resources exploitation and thaimaltely decreases species richness
and diversity. Agroforestry, an alternate use tdssfor resources and providing a
recovery period to the forests are some of thetegiies suggested for forest
conservation, management and sustainable utilizaiforesources by the local

people.

A comparative study was conducted at two differecisystems that is,
site | (pastureland) and site Il (forest) in thevés Dachigam National Park of
Kashmir, Himalaya, India was evaluated by Shameeml. (2010). The pasture
site is located outside the National Park and teuigrazing whereas forest site is
located inside the National Park and is proteciée study was done on seasonal
basis and the average results revealed compasatiwete or equal values of
diversity (H’) for both sites (site | = 2.435 anitiesll = 2.395) while dominance
index showed higher value at site | (average =7.1Phe richness index (average
= 3.842) and equability index (average = 0.90) =bibwed higher value at site Il.
Seasonal trend of Shannon diversity (site | = 39)8, Il = 2.87), richness index
(site 1 = 3.70, site 1l = 5.83) and evenness oradgity index (0.94, site | and II)

depicted highest value during summer season wheleasst variation in




Shannon diversity and richness index was observedriter season at both sites.
However, dominance index was recorded lowest innsenseason at both sites
(site | = 0.06 and site Il = 0.07) hence inversediated to diversity (H. The
frequently occurred dominant species during promtineeasons based on
importance value (IVI) wer€ynodon dactylorSalvia moorcroftianand Thymus
serphyllumat site | andrFragaria nubicolg Galinsoga parviflora Stipa sibirica
andViola indicaat site Il. The abundance to frequency ratio (Afidicated most

of the species performed contagious pattern ofilligton.

Herve and Vidal (2008) undertook an ecological/eyrbetween July and
December 2005 in five cocoa growing regions inithmid forest area of southern
Cameroon, which include both evergreen and decsluainforest. They selected
17 cocoa plantations (sites) within five types maifditional cocoa forest gardens
(TFGs) namely EO, EY, HG, IM, and Y as follows:a£O (Ngomedzap), four
EY (Bakoa), IM (Talba), and 1Y (Kedia), respectiyeand three HG (Obala). The
plant species richness, Shannon-Weaver index, $hagwvenness and the Berger-
Parker index of dominance for each TFG. A signiftcdifference was observed
between TFGs when analyzing tree species and hegbacspecies richness,
respectively. The average tree species richnesswa$old higher in EO (11.0)
as compared to 1Y (5.3). IM recorded the lowesbheeous species richness and
herbaceous cover. The Shannon-Weaver index betWe@s ranged from 1.54 to
2.23 for tree species and from 2.45 to 3.10 fobhesous species. A significant
difference was observed between TFGs for both tartakles. Nevertheless, EO
was the most diverse TFGs when considering thet plaersity indices. When
taking into consideration the Jaccard Index (X floristic similarity between
TFGs decreased with increasing intensification.rétoee, -diversity was lower
between sites under different land-use managemdotvever, the highest

similarity in floristic composition occurred betwe&Y and IY.

A study on basal area and Importance Value In@éR attributes of

herbage were investigated in chir pifBnus roxburghiiSargent) stands of three




different ages and also in open grassland in tliirapical region of Himachal
Pradesh (India) by Gupta and Dass (2007) durirayvig)g season (June to
September). A higher basal area of the herbageecasded in open grassland as
compared to chir pine stands of different ages.aBasea of the vegetation
increased gradually from July onwards and its sghalues were recorded in
September in all the systems. Amongst the chir ptaads basal area of herbage
was recorded highest in tree stand followed by polé sapling stands. IVI and
basal area values of different species revealedoihlst few species were major
contributors to the total basal area values ofvélgetation at different times. The
differences in the basal area of vegetation inftlue systems at a particular time
and changes as recorded in the basal area wittathpling time were found to be

statistically significant.

Khan (2007) undertook a study to assess the st@tugegetation in
Shankaracharya Reserved Forest of Kashmir Vallelyraported 10 tree species,
03 shrubs and 17 herbaceous plants. Further, phojtdsgical assessment was
conducted at three different aspects. The vegetainalysis revealed that among
tree speciesCedrus deodararecorded maximum density (107.5), frequency
(100), abundance (74) and IVI (164.5) in north-wasiect-1. In north-east aspect-
II, Robinia pseudoacaciaegistered maximum density (6.5), frequency (50),
abundance (13) and in south-east aspectdllpressus torulosarecorded
maximum density of 36, frequency (100) and abunédi®). In both aspects i.e.
Il and lll Cedrus deodararegistered maximum VI (96.99) and 120.87
respectively. Among shrubs]Jasminum humilewas the dominant with VI
(166.65) and (149.57) in the north-west and soast-eespectively. In the north-
east,Rosa webbianaegistered density (5.75), frequency (25), abundd@3) and
IVl 300.

Kumar and Bhatt (2006) conducted an experimentflamstic diversity,
dominance and abundance to frequency ratio of saaing, seedling, shrub and

herb species. They were studied in two differenégbsites of a tropical foot hill




region of Garhwal Himalaya. In tree layer on bdth sites, the dominant species
recorded werd.anneacoromandelica(IVI-39.80) andAnogeissus latifoliglVI-
29.50) on site | and site Il respectively. The em@f diversity for tree layers
were 4.580 to 4.643. Most of the species on boéhdites were contagiously
distributed except few species which were disteduandomly.
2.2  Socioeconomic/household prosperity contributioby agroforestry

systems

Agroforestry development has many links with impng nutrition and
health of the rural community. The quantity and angon of fruit trees and
vegetable on farms have a significant impact on dhality of nutrition for
children and adults. This is an important especialt countries facing a problem
of indigenous fruit tree exploitation. Domesticatiof wild indigenous fruit trees
is popular in Africa and Asian countries. Therepwential for agroforestry to
generate much-needed income, improve nutrition eetilice labor demands.
More than 80 per cent of the population in Africgpdnds on medicinal plants
from farmland and forest for their medical neeasindonesia, about 60 to 80%
of the rural population relies on medicinal plabecause of the high cost of

commercial drugs (Handayani and Prawito, 2011).

A survey conducted by Arifiet al (2012) of very small-scale homestead
gardens in three Javanese provinces was conductexhdlyze the potential
beneficial effects on household’s quality of lilspects included: (1) diet and
nutrition, (2) income, (3) level of goods and metkeassets, (4) family status, (5)
credit access, and (6) the role of women in mamagneduction and marketing.
The survey encompassed sites on West, Central astl Java, representing a
range of agro-ecological zones, watersheds (6)yatts, socio-cultural
conditions and development stages. On average, sl homestead plots
reduced food expenses by 9.9 per cent. Nutritibealefits are primarily in the
form of vitamin A and C-providing 2.4 and 23.6 pent of recommended dietary

allowance (RDA), respectively and only 1.9 per ceheither carbohydrates or




protein. As contribution to total household inconagerage homestead output
provides about 11 per cent of total farm incom&ual80 per cent of which was
derived from animal products such as chicken, efigjs,and meat. As expected,
plot size and value of household assets appeaelgla®rrelated and increase
based on access to other agricultural land. Ab&upér cent of the households
feel that social status would decline if the howusdelost access to their homestead

land.

An evaluation experiment on productivity of agttaral crops under
traditional agri-horticulture system alongwith sttwre, composition, diversity of
fruit trees and shrub species in mid hill situatefrGarhwal Himalaya was under
taken by Bijalwan (2012). The tree density, compasi and diversity in the
system varied depending upon aspect, landholdind) r@quirements of the
farmers. A total of 12 fruit tree species were rded in agri-horticulture system;
of which 4 trees were common in northern and souathspect and 6 trees were
only noticed in northern aspect while 2 in the keut. The apple treeM@lus
domestica was recorded to be dominant fruit tree specig¢h wiime preference
by the farmers for high additional economic returnagri-horticulture system.
The agricultural crop diversity was higher on tleethern aspect in summer and
winter season. The average annual productivity rafngunder agri-horticulture
system recorded 1106 kg hgear* on northern aspect and 1122 kg'lyaar* on
southern with a reduction of 34.56 and 38.29% coep#o the sole agriculture

crops.

Namwataet al. (2012) investigated the productivity of the agrestry
systems and its contribution to household incomeramnfarmers in Lushoto
District, Tanga, Tanzania. Specifically, the stagiyed to determine and compare
the level of household’s farm production and netome between farmers
practicing and not practicing agroforestry. A totél134 respondents from four
villages in Soni and Ubiri wards were involved. ®awere collected using

structured questionnaire, focus group discussiod #mough non-participant




observation. Results indicate that farmers prawieigroforestry had significantly
higher contribution to the household’s level ofnfiaproduction and net income
than those who were not practicing agroforestrywe@ithe average farm size of
3.1 ha, 2.3 cows and 9.2 chicken, the annual ptamudor farmers practicing

agroforestry was 425.9 kg for maize, 225.7 kg adnse 101.1 kg of coffee, and
163.9 bunches of banana, 999.12 litres and 373)S egmpared to 342.6 kg of
maize, 202.1 kg of beans, 75 kg of coffee, 108 hasof banana, 1120.6 litres of
milk and 338.6 eggs for farmers not practicing &westry. The average
household annual net income was Tshs 664,992 (R82@5) and 547,608 (Rs
17,030.60) for farmers practicing and not pracgcgroforestry respectively. The
per capita income was Tshs 100,756 (Rs 3,133.5Ixfmers practicing and Tshs
82,971 (Rs 2,580.40) for farmers’ not practicingodgrestry.

Udofia et al (2012) conducted a study to assess the exterthef
availability of plant species that meet the so@or®mic needs of the people of
Nsit Ubium Local Government Area of Akwa Ibom Stateigeria. Simple
random sampling was used to select 420 homegarfitens 14 villages for
enumeration. A total of 84 plant species were ifiedtto be of socio-economic
importance to the people of Nsit Ubium Local Goveemt Area in the generation
of income, food, medicine, fodder for animals, ldg@mation of the environment

and erosion control.

Khanal (2011) carried out a study in Lekhnath Miupality and
Bharatpokhari VDC of Kaski district of Nepal, witlhe aim of assessing the
present status and trends of farm tree biodiveraitylyzing the contribution of
agroforestry systems viz; homegarden (agrohortslture) systems, live fences
around farmlands, agrisilvicultural system, agretry species for green
manure, silvo-fishery system, trees in and arotivedagricultural fields, silvo-
pasture system in rural needs fulfillment of fonestources, and determining the
potential of MAPs in forest based agro-forestryteys (i.e. silvi-medicinal

system). Both primary and secondary data were atelle Agroforestry systems




showed the direct relationship of biodiversity cemstion and plantation of
multipurpose tree species in farmland especiallgan land with the fulfillment
of diverse needs of the farmers to uplift theirigeconomic condition. There
were 172 numbers of species with their respectivaber of 64 families found in
the study area. Annual consumption of fruit washhilgledicine consumption is
very low quantity than other forest product. Cdmition of fodder, fruit, and fuel
wood, and medicine trees, local and exotic grasmsesatisfactory. 72 medicinal
and aromatic species were found for agroforesityof®edicinal system) in the
study area. “silvo-medicinal” systems should becficad in hill area of Nepal and
need to be commercialized for extra sources ofrireco

A number of workers have reported the bioeconopmaductivity of
agrisilviculture system integrating Elrimus wallichiana with Kharif (Tomato
+ Potato) and Rabi (GarlictPeasJhe tree component as ElmUJlfnus
wallichiang which was head back at 3.00 m and planted atreifit spacings (1.0
m, 1.5 m and 2.0 m) with crop combinations wheiedtwith the objective of
cultivation of degraded hill slopes thereby enhagciproductivity. The
observations recorded revealed that with the irseraa spacing of trees within
alley from 1.0 m to 2.0 m the yield of both Khaaifid Rabi crops increased. The
spacing at 2.0 m resulted in maximum yield of Khfomato & Potato)0.0501
& 0.051 t hd) and Rabi (Garlic & Peag)0.0219 & 4.01 t hd) crops and
estimated net profit of Rs. 65,127'a". Also, yield of fodder and fuel wood
from trees was more in 1.0 m spacing recordingeédyof 0.01222 and 0.05242 t
ha' respectively. Cultivated grasses in buffer zormmed yield of 0.0769 t Ha
while as natural sward recorded a yield of only083® t hd (Anonymous,
2010).

An investigation was undertaken by Tynsong andafiw2010)in War
Khasicommunity of Meghalaya with an objective of evaiogtthe plant species
diversity in homegardens and their contribution dois livelihoods opeople. In

total, 197 plant species were recorded with anamesiof 89 plant species per




homegarden. The average size of homegarden wam7%fth the annual gross
production of Rs. 3514 per homegarden; this coutek about 7 per cent towards
average annual gross income per household. Congputiterms of per unit area,
the average annual gross income was found to be3R48 h&. The study
revealed that 35 per cent of the produce was useseff consumption and 65 per
cent was sold in the local markets. The imporpdaut species which contributed
to the household income welRkiper betle(24%), Mangifera indica(19%), Litchi
chinensis (15%) and Areca catechu(11%). They conclude that although
homegardens contribute only a small part of tatabme, they are particularly
important because of low labour input for managdamed locational advantage.

Zamanet al (2010a) conducted a study on composition anctsirel of
homegardens in Thakurgaon, Bangladesh. Diversipjafit species, contribution
of homegarden to household food security, consienvaif plant species, socio-
economic importance and the constraints of thd pytaduction system were the
main objectives of the experiment. Using a striedlugquestionnaire, formal and
informal interviews and field observations collett&ome information was also
gathered by group discussion with the farmers &edrformation was analyzed
by using descriptive statistics. The homegardea gizaverage in the study area
increased with the size of total land holding. Aatoof 37 useful plant species
were identified from the homegardens. Diversity aimlindance of fruit tree
species were found higher in all farm categoridievieed by timber and fuel wood
species. Total income was found higher in largenfarategory than that of
marginal. Mango and jackfruit were identified asi@portant cash-growing crop
in the study area. Tree management practices andcthpes were very common.
The farmer faced many problems during tree plamatind the major cause was
the animal. Insect was also another common constiBine homegardens and its
management could be improved by proper managemmaatiges, more research,

co-operative and extension services.

Bijalwan et al (2009) undertook a study to assess the prodtyctof




traditional agrisilviculture system (agriculturaops + trees) in the northern and
southern aspects of mid-hill situation in GarhwaBlaya, Uttarakhand, India
during the 2004-2006. A total of 19 tree speciesewstudied in both northern
and southern aspects, out of which 17 tree spa@es selected in northern aspect
and 12 tree species in southern aspect for phyitegaal characteristic analysis
of trees in agrisilvicultural system. The most doarmit tree species aferewia
optiva, Celtis australisand Melia azedarachand successively grown under
traditional agrisilviculture system. The result©whthat the annual productivity
of all tree species was 3775 kg'tennun' in northern aspect (site-N) and 3101
kg ha' yr'in southern aspect (site-S3. optivahad the highest productivity in
both site-N and site-S among the tree speciesvelll byM. azedarachQuercus
leucotrichophoraandC. australis.The dominant agricultural crops wegéeusine
coracanain summer cereald®haseolus vulgarisn summer pulses-oilseeds and
Triticum aestivumin the winter season in the area. The average diadb
productivity of agricultural crops in northern aspeas about 16 per cent higher
than that in southern aspect under traditionalsdgiculture system. The sole
agricultural crop productivity (without trees) iromhern aspect was also higher
than that in southern aspect. An obvious differencannual productivity of trees
and agriculture crops was observed between nortdmgract and southern aspect.
The overall productivity in traditional agrisilvitture system (crop + tree) was 24
per cent (in northern aspect) and 21 per centquthern aspect) higher than that

in sole cropping system.

Jeeva (2009) conducted a study on horticulturém@l and importance
of wild edible fruits in the Khasi tribes of Meglhgh. During the research study
151 species belonging to 49 families were encoadtexhich include folk name,
habit and the season of availability. Among ther® W&re trees, 34 shrubs, 12
climbers and 5 herbs. Some edible plants have gremtomic value and are
highly linked with socio-economic development oib&l communities of the

state. The importance of documenting the use ofl wilible species in this




hotspot region is especially important becausepidrloss of biodiversity due to
anthropogenic disturbance.

A research study was conducted to analyze the ribatibn of
homegardens to the livelihoods of rural people iheMa communal area,
Zimbabwe by Maroyi (2009). Variables analyzed wplant use and diversity,
homegarden input, benefit, and income generati@ia Wvere collected through
plant inventories, direct observations, semi-stmed and open-ended
questionnaires, and interviews. A total of 69 plgmcies were identified as being
important to local livelihoods, either for domestise or for trading in the local
market. Tubers, vegetables, and fruit trees weeentlost important plant use
categories. Food production was found to be themamy function of
homegardens, almost all of them being subsistenmauption systems.
Homegardens were an important occupation for rpeaple, with an average
labour investment of 48 h per family per month .haligh homegarden production
provides a small source of income, it is partidylanportant for poor households
to overcome adversity and meet basic needs. Théges this study demonstrate
that properly managed homegardens can improve @edplelihoods and quality
of life, reduce poverty, and foster economic growttio the future on a
sustainable basis. Some homegardens have extegsilections of plant
biodiversity, hence revealing the potential of hgarélens in conserving useful

plants.
2.3 Fuelwood and nutritional evaluation of tree spcies

Fuelwood and fodder are the major tangible bemdfit the farmers
through agroforestry systems. Their ranking in terof quantitative values is
equally important to evaluate/assess the potetrgak for fuelwood and fodder
needs of the farmers.

2.3.1 Fuelwood value determination

Fuelwood is the largest energy source for theetiopgarters of the world’s




population who live in developing countries (Scakaand Hall, 1990). Indeed,
the demand for fuelwood is likely to continue as thost important energy source
for rural areas of many countries (Deka al, 2007). The contribution of
fuelwood to the total energy consumed varies frdatgto place and is mainly

determined by the level of development and avditglfKumar et al, 2011).

A number of workers evaluated the Fuelwood vahaex of thirteen plant
species viz.Ailanthus altissimaAlbizia julibrissin Amorpha fruticosaFraxinus
floribunda Melia azedarach Morus albg Parrotia jacquemontianaPopulus
nigra, Prunus armeniacaQuercus ruberRobinia pseudoacacj&alix albaand
Ulmus wallichiana Based on the results obtained, fuelwood poterarabng
species was in order &farrotia jacquemontiang2598.75) >Prunus armeniaca
(1771.91) >Robinia pseudoacaci§1159.62) >Albizia julibrissin (926.24) >
Amorpha fruticosa (902.89) >UIlmus wallichiana (891.08) > Quercus ruber
(883.90) >Fraxinus floribunda(792.56) >Ailanthusaltissima(792.56) >Morus
alba (763.48) >Melia azedarach(755.00) >Populus nigra(523.75) >Salix alba
(507.60) (Anonymous, 2010).

Bhatt et al (2010) undertook a quantitative analysis of 1l8iganous
fuelwood species of Eastern Himalaya, India wadezhiout to identify trees with
potential for firewood production. A fuelwood valiredex was the criteria for
screening of the species and defined as the daleafue x density/ash content.
Over-all rank sum index of the major firewood spscwas also assessed on the
basis of firewood characteristics, fuelwood prodwuct and availability in the
region. The results showed thafastanopsis indica Phoebe attenuata
Macropanax undulatumixonanthes khasianaviorus laevigata Caryota urens

Lithocarpus elegansandLitsea laetaare the most preferred firewood species.

An evaluation study was carried out by Misleaal (2010) of some
indigenous tree species of mountainous region @fr@al Himalayas to examine
the calorific value of 14 different broad leavedesies. Among the evaluated

speciesToona ciliatewith calorific value 22.01 KJ/g showed the besufeas the




most promising firewood species followed Bicus roxburghiihaving calorific
value of 21.87 KJ/g and the least performance imgeof firewood properties
showed byAlnus nepalensi$5.09 KJ/g.

Chettri and Sharma (2009) evaluated 16 woody trespecies
(Rhododendron arboreunmRhododendron falconeriRhododendron barbatum
Quercus lamellosaQuercus lineateSchima wallichii Prunus cerasoide$’runus
nepalensis Castanopsis hystrix, Beilschmiedia sikkimensiser Aoblongum,
Betula alnoides, Eurya acuminate, Symplocos ramwsg Alnus nepalensiand
Litsaea elongatethe most widely used species in the area, werectselefor
study. The tree species were evaluated for thelwinod properties (calorific
value, wood density, moisture and ash content) dase the Firewood Value
Index (FVI). Most of the highly preferred speciesre/ found to have high values
for firewood and a significant correlation was fdubetween the community
scores and the FVI. The study illustrates the appllity of local knowledge in

relation to the chemical properties of species digetirewood.

Wood attributes (calorific value, wood density, istore and ash content)
of 66 woody (12 subtropical and 54 temperate) gsefrom temperate and sub-
tropical natural forest of Mamlay Watershed, Sikkimdia, were examined by
Rai et al (2002) for estimating fuelwood value index (FVThe rankings as fuel
wood by the local community and by their wood htites of a sub-set were
compared. Among the species highly valued by tloallpeople,Castanopsis
tribuloides, Quercus lineatand Quercus lamelloseshowed high FVI values;
Eurya acuminataand Cinnamomum impressinerviumith moderate preference
scores also had lower FVI valuésidromeda ellipticand Engelhardtiasp. were
ranked lower by local people than was expectedhenbisis of their FVI. Both
the FVI value and community preference should bedus assessing species

value for afforestation and management.

Bhatt and Todaria (1992a) undertook a quantitat@elysis of 32

indigenous mountain fuelwood species in Gharwal &laya and proved that all




the temperate species are best for firewood asltheg high calorific values, low
ash and moisture contents, high wood density aowohdss to ash ratio. Out of 32
speciesllex dipyreana, Viburnum grandiflorum, Viburnuecotinifolium, Betula
utilis, Rhododendron campanulatunamong angiosperms anduniperus
wallichianaamong gymnosperms showed best results as mostgmmgrfirewood

species.
2.3.2 Fodder/nutritional value of tree species

Nutrition is the most important consideration iaminant production
system. Ruminant depends solely on plants for theifritional requirements in
general and energy in particular (Fassteal, 2010). Trees and shrubs are
important feed components of ruminant diet (Babayand Bamikole, 2006).
Many of the preferred and higher quality specietemms of its nutritional values
are under pressure, leading to changes in speaaasitions and forest
succession patterns (Chettti al, 2002). In addition, ever-increasing human and
livestock populations are exerting additional puesson forest resources and
livelihoods as a result of resource shortages (Glaetd Sharma, 2006). Fodder or
browse production from trees and shrubs is oneheflienefits of agroforestry
(Hafty and Kebede, 2014). It is therefore necessarprave knowledge of the
quality of species that are, or could potentiakly used for fodder as a basis for

promoting planting and management of such species.

Gunasekarart al. (2014) conducted an evaluation study on prefe&renc
among tree fodders in four Madras red breed of slaeel four Kanni breed of
goats fed with four locally available tree species Albizia lebbek, Gliricidia
sepium, Leucaena leucocephaladinga dulcethrough intake studies for a period
of 35 days. The nutrient composition of the tremvés was analysedeucaena
leucocephalawas mostly preferred by sheep and goats havingebigcrude
protein content of 18.83 per cent and the conswumptf tree leaves was
24.41+0.67 and 33.90+3.27g DM/kg metabolic bodyghieper day respectively.

In both sheep and goat, palatability lafuceana leucocephaland Inga dulce




were ranked first and second respectiv@liiricidia sepiumwas ranked third in
goats followed byAlbizzia lebbeckFrom the study it was concluded that leaves of

Leuceana leucocephataould serve as a better tree fodder for small mamis.

An investigation was conducted by Hafty and Kebgif¥l4) to evaluate
the adaptation and nutritional composition of féodder species vizSesbania
sesban, Cajanus cajan, Moringa oleifera and Morllsaan Eastern Ethiopia.
Chemical composition of the treatment species lmdvwerage 89.63 per cent dry
matter, 21.7 per cent crude protein, 66.56 per cegestible dry matter, 52.95 per
cent neutral detergent fiber, 28.66 per cent deitrgent fiber, 11.57 per cent
acid detergent lignin, 4.17 per cent ether extiad9 per cent Ash content . From
the evaluated speci@esbania sesbaandMorus albashowed promising browse

species for mid and highlands of eastern Ethiopia.

Khanet al (2014) conducted a research study on nutritiemaluation of
different fodder tree leaves, shrubs and brows tplar district Dir, Khyber
Pakhtunkhwa, Pakistan. Top 13 tree leaves, shmbdews plants, i.&leusine
coracana, Cyperus rotundus, Sorghum halepense, Tkmosa, Populus
euphratica, Morus nigra, Sorghum bicolor, Oryza igat Prunus persica,
Cynodon dactylon, Cotton seed cake, Ficus carica and Whsteaw were
identified and analyzed for proximate analysis, D& (Dry Matter), CP (Crude
Protein) and Ash. The DM, CP and Ash contents ef ftliages varied from
88.45-96.26, 6.90- 26.68 and 4.64-21.90% respdygtive

An evaluation trial was conducted by Belachetwal (2013) in Ethiopia
for determining the chemical compositiom saccoruminal dry matter and
organic matter degradability of leaves and fruftsropical condensed tannin rich
multipurpose tree species (MPTS). The MPTS studieck Ekebergia capenesis,
Ficus sycomorus, Maesa lanceolatad Rhusglutinosa Chemical composition
of dry matter (DM), crude protein (CP), crude aSiA\), ether extract (EE), crude
fibre (CF), neutral detergent fibre (NDF), non-&bcarbohydrates (NFC), and

condensed tannin (CT) was determinéd. sacco rumen degradability was




measured using three rumen fistulated Holsteinsknme Boran cross steers at 0,
6, 12, 24, 48, 72, and 96 h. The DM and organiaengdOM) degradability data
were fitted to the equatiod = a + b (1 - e-c)). The values for each chemical
constituent ranged 5.43 11.49% (CA), 7.97-17.06®)(Q.57-31% (EE), 12.20-
27.5% (CF), 5.84-39.30% (NFC), and 7.2-16.72% (CHRebergia capensis
leaves had the greatest values for slowly degradd#faiction D), effective
degradability ED), and rate of degradatior)(in DM (P < 0.001) wherea&.
capensis fruit had significantly the greatest soluble fraati @), potential
degradability ), and effective degradabilityeD) values as compared to the
PD, andED values in the fruits of other planBsg 0.001). Yet in OM degradation
kinetics, the greatest and least values of potemtegradability (PD) were
recorded folF. sycomoru$89.89%) andE. capensi$55.90%) leavesH < 0.001).
Similar to the rapidly soluble fractiom ED was found to be the greatest in fruits
as compared to leaves of the plafs<(0.001). Generally variation of plant parts
led to significant differences in chemical compiosit DM, and OM degradability
and the degradable parameters. The leaves ansl fiegibrded more than 60% DM
and OM degradability at 24 h, which implied thatyttwere all greatly degradable

in the rumen.

Shah (2013) undertook an investigation on distrin) nursery raising,
uses of Honey locust (Gleditsia spp.) viZleditsia triacanthosand Gleditsia
triacanthosvar. inermisin Kashmir and also evaluated their leaves and pads
different nutritional values. Results of the anay®vealed crude protein (24.16
and 26.82%), crude fibre (16.01 and 13.92%) andl tash content (7.35 and
7.94%) respectively.

A study on nutritional value of locally preferrdddder trees in the
farmland of middle hills of Nepal was conducted Dunganaet al (2012) in
Hemja VDC of Kaski district. Primary information aistribution and frequency
of fodder trees was obtained through key informantsey, group discussion and

observation of the study area. The preference ingnéd ten most abundant fodder




trees was done on the basis of palatability, prapag easiness, growth rate and
competition with agricultural crops. The nutritidnealue of fodder species was
analyzed and compared with the farmers’ preferermeking to examine
association among them. The analysis correspomdefai preference of fodder
tree species to their nutritional values. The isstévealed thaFicus subinisa
was the dominant fodder tree however, theocarpus lakoochavas highly
preferred trees for its palatability and nourishirejues. Nutritional analysis of
ten preferred fodder species with respect to mastash, crude protein, crude fat,
crude fiber and carbohydrate was carried out. Thdecprotein varied from 15-
29%, in which,A. lakoochato contain the highest amount of crude protein.
Similarly, F. lacor contained highest crude fiber (42.07%), aNthchilus
odoratissimayielded highest amount of carbohydrate (21.92%).

Shenkuteet al (2012) conducted a study to identify potentiabvisse
species in the mid Rift Valley of Ethiopia and tgsass their nutritive value. A
total of 120 household from four districts in th&rRift Valley of Ethiopia were
interviewed to identify locally important browseesjes. Herbarium samples were
collected for identification and/or confirmation tife scientific names. Samples
were also taken for chemical composition analysitotal of 18 different browse
species were identified, which are regarded asgb@&mportant for different
classes of livestock. The crude protein value & #dible component ranged
between 8.95-20.9%, the Neutral Detergent Fibeuesmlranged from 30.41-
78.55%, the Acid Detergent Fiber values ranged fi®w@2-47.5% and the Acid
Detergent Lignin values ranged from 7.16 to 24.68¥nerally the differences in
chemical composition between different browse sseevere significant. These
results indicate that there is a number of promgisbrowse species in the

indigenous flora.

An investigation was conducted d@uercus semecarpifolid.E. Smith
leaves for evaluation of chemical composition bemvdéour seasons i.e before

growing season, after growing season, on growirgs@® on late maturity,




respectively, in 2008-2009 from five geologicallagded sites ranging from 2450
to 2725 m a.s.| by Singh and Todaria (2012). Sessaariability (o < 0.01) was
found in the chemical composition of tke semecarpifolidoliage. Dry matter
and Ash Content significantly decreased in Julytefafgrowing season) as
compared to the other months. Crude protein (CH)@sphorus (P) contents
significantly increased before growing season (daey)uand after growing season
(July), finally declined in late maturation in Obtr. Calcium contents and
soluble protein (SP) significantly decreased befgn@ving season (January) to
late maturity (October), Ether extract (EE) deceglavefore growing season
(January), after growing season (July) but incrédselate maturity (October).
The nutritive value of the leaves @f semecarpifoliavas continually changing,
especially CP and soluble prote®. semecarpifolidnarvested at the proper stage
of maturity (winter months) offers considerable gadtal as high quality forage
for livestock to fulfill the deficiency of protein.

Nutritional evaluation of different fodder treealees and shrubs of district
Chakwal, Pakistan was carried out during two déiférseasons by Azirat al
(2011). Top 15 tree leaves and shrubs, Aeacia nilotica, Acacia modesta,
Albizzia lebbeck, Capparis decidua, Elaeagrarsgustifolia, Grewia optiva,
Grewia populifolia, Melia azedarach, Gymnosporia ylemana, Indigofera
gerardiana, Morus alba, Prosopis cineraria, Panicuantidotale, Ziziphus
mauritianaandZizyphusmummulariawere identified and analyzed for proximate
analysis, i.e; DM (Dry Matter), CP (Crude Protei@f (Crude Fiber), Ash, EE
(Ether Extract) and gross energy. The gross enefglge foliages is almost lies
between 16.09 to 17.96 Mcal/kg. The DM, CP, CF, &&h contents of the
foliages varied from 66.17-40.38%, 11.12-19.05%9130.50%, 7.19-13.91%,
1.44-6.45% of DM, respectively.

A study was carried out by Parlakal (2011) in a shrubland in the South
Marmara, Turkey on forage quality of two decidsiauwoody species [Gall oak

(Quercus infectoriaOliv.) and Christ’'s thorn Raliurus spina-cristiMill.)] and




herbaceous species to assess their quality anaditapa meet goats needs. Dry
matter (DM), ash, crude protein (CP), neutral dget fiber (NDF), acid
detergent fiber (ADF), acid detergent lignin (ADLJry matter digestibility
(DMD), metabolic energy (ME), Phosphorus (P) andic@en (Ca) were
determined in the shrubs and herbaceous. Resutgeshthat DM and Ca in the
gall oak were distinctly low in April. On the othkand, its CP and P were high in
April while DMD and ME were high in May and Juneor@ients of DM, ash and
Ca in the Christ’'s thorn showed a decrease in Agal and those of CP, DMD,
and ME increased in May. Herbaceous had their [o®wé&s, NDF, and ADF in
April and highest CP, DMD, and ME in March-Aprilo@sequently, when goats’
needs were considered, goats should be fed witplexmentary energy feed
throughout the year except for spring months, aitld @P during autumn months

in order to obtain satisfactory productivity.

Ammar et al (2010) conducted an experiment in Spain to determ
drought induced nitrogen retranslocation in somealikderanean shrub leaves as
suggested from studies of annual changes in plaongen content. In this regard,
crude protein (CP) content and cell wall componénterms of neutral detergent
fibore (NDF), acid detergent fibre (ADF) and acidtatgent lignin (ADL) were
assessed in five Spanish shrub leavesQirrcus pyrenaica, Cytisus scoparius,
Genista florida, Genista scropiwndRosa caninaharvested during wet (spring)
and dry (summer) seasons of 1996 and 1998. Shaonbkntration decreased (P
<0.0001) in all species during drought occurrethezitin 1996 (15-42%) or in
1998 (21-53%). The lowest and the highest valuesQ(P001) were recorded in
G. florida and Q. pyrenaica, respectively. Cell wall components followed an
opposite trend. Leaves from®. scopariusrevealed the largest increase (P
<0.0001) of NDF (64%) and ADF (47%) in 1996 and A[16%) in 1998. No
consistent pattern with respect to drought tolezameas apparent in these
chemical composition changes among shruBs. florida and G. scorpius

(leguminous) seem to be more tolerant and the madgf either CP decrease or




cell wall content increase was lower as compardtiedaemaining species. It was
suggested that decreases in leaf nitrogen (N) sstalwring drought is a
consequence of re-translocation likely result ido photosynthetic capacity and

decreased whole plant carbon gain following rediefvater stress after rain.

Ganaiet al (2009) evaluated KikermRpbinia pseudoacacjacomposition
on dry matter basis in the Faculty of Veterinarye8ces and Animal Husbandry,
SKUAST-Kashmir in order to utilize this availableaterial as an alternative feed
during critical periods. Results concluded that leves contained crude protein
(CP) 19.23, ether extract (EE) 4.93, crude fibelF)(€3.46 and total Ash (TA)
9.67. Leaves were fed to five Corriedale rams (1gll&e and 25.4+0.3kg BW).
DM intake was 3.90+0.13% of body weight and 84.0214/kg W The
digestibility coefficients of CP, EE, CF were, 88+2.44, 35.44+4.12, and
55.28+3.56, respectively. It was evaluated thatdsacontained 15.43%+0.29%
digestible crude protein (DCP) and 66.69+0.43%l wigestible nutrients (TDN).
All the animals were in positive nitrogen. Bloodrgmeters were within normal
physiological range. It was concluded that KikBolbinia pseudoacacjdeaves
were palatable and could be fed to sheep withoytless in body weight and
health status.

An experiment was conducted by Suliinal (2008) to figure out the
nutritive value of fodder tree leaves of Chaghavadiey in Bunair district, North
Western Frontier Province (NWFP), Pakistan. Leadfes2 fodder treesGrewia
oppsitifolia, Morus alba, Betula utilis, Celtis atalis, Diospyros lotusAesculus
indica, Celtis caucasica, Robinia pseudoacacia, aOlérruginea, Melia
azedarach, Ailanthus chinensasid Quercus incanpwere selected and analyzed
for dry matter (DM), organic matter (OM), ash, ceugrotein (CP), neutral
detergent fiber (NDF), acid detergent fiber (ADMemicellulose and lignin
contents. The mean percentage values for DM, OM, &P, NDF, ADF,
hemicellulose and lignin were 27.65+1.64, 26.87%1.8.72+0.43, 14.29+1.00,
55.50+1.82, 28.83+£1.63, 26.67+£1.09 and 6.02+0.B4pectively. In fodder tree




leaves the highest potential intake rate (PIR) elzserved folGrewia oppsitifolia
(72.80+16.35 g/4 minute) and the lowest fQuercus incana18.24+2.38 g/4
minute). The relative preference (RP) was the taghir Betula utilis
(84.25+1.50%) and the lowest f@uercus incang2.08+0.24%). The meaim
vitro dry matter digestibility (IVDMD) and metabolizabémergy (ME) of fodder
tree leaves were 54.16+2.06% and 7.24+0.30 MJ/kg 28pectively.

An evaluation trial on browse potential of blackcuist Robinia
pseudoacacia..) and thornless honey locuslgditsia triacanthos f. inermi@..)
Zabel] was undertaken in Arkansas, USA to determaiifects of fertilization and
pollarding on biomass and foliar nutritive valuesgparate studies of black locust
and thornless honey locust. Shoots were sampledhtyofor two consecutive
growing seasons in 2002 and 2003 to determine rfokdoot, and total
aboveground biomass, shoot basal diameter, andr falitritive value (crude
protein and in vitro digestibility). Black locusteyded more foliar biomass when
pollarded at 50 or 100 cm and fertilized with 6@ h&', than at 5 cm with or
without P, averaging 3.5 Mg dry matter’h&lack locust foliar crude protein and
in vitro dry matter digestibility<170 and 534 g K§ respectively) decreased as
leaves aged, but still met maintenance needs fef battle Bos tauruslL.).
Thornless honey locust had little agronomic potntbecause of slow
establishment, low foliar yield (330 kg Ha and a 2% reversion to undesirable
thorny phenotype. Black locust should be considéoedivestock browse when

drought induces semi-dormancy of herbaceous for@aseret al, 2005).

An experiment in Manhattan on the Kansas Statevéygity pastures in
the Northern Flint Hills was conducted on leaveentfr bur oak Quercus
macrocorpo Mkhx.), red elm (lmus rubra Muhl.), Osage orangéMaclura
ponifera(Raf.) Schneid.), and cottonwo@éopulusdeltoidesMarsh.) was carried
out for analyzing the crude protein, in vitro dnatter digestibility (IVDMD),
and tannic acid equivalents (TAE) from mid Septemtbeough late October
during 1979 and 1980. Samples were taken biweekiyn the trees and from the




ground after leaf fall. Results of the study redatéat crude protein content
declined with advancing season in all species. dbetbod was significantly
lower over the season in crude protein than akogipecies except bur oak. Also,
sample date and species significantly affecteddtiigigy. Digestiblity generally
increased during middle sample periods and retutoedhitial levels in late
October. Averages over all dates showed digedtibiif Osage orange >
cottonwood > red elm > bur oak. Leaves on the Wwege generally more highly
digestible than those on the ground (Forwood aném3y, 1985).




Chapter-3
MATERIALS AND METHODS

The research problem entitled “Plant diversityprevalent agroforestry
systems of District Budgam” was conducted in BudgBmtrict of Kashmir
Valley during the year 2013 and 2014 (2 year reteatudy). A detailed account
of the techniques followed and material used durihg research work is

described below:
3.1 Site description
3.1.1 Experimental site

The experimental site i.e. District Budgam is tedabetween 34°12'N
latitude and 74°488"E longitude at an altitude of 1610 m above meanieeel
(msl), roughly 15 km south east of Srinagar cityciantly known to be
Deedmarbag The topography of the district is mixed with batlountainous and

plain areas.

District Budgam comprises of three Sub-DivisionBeerwah, Chadoora
and Khansahib; Nine Tehsils - Budgam, Beerwah, Boka, Chadoora,
Charisharief, Khag, Khansahib, Magam and Narbag district has been divided
into seventeen blocks namely Beerwah, Budgam, Bi#a,P Chadoora,
ChrariSharief, Khag, Khansahib, Nagam, Narbal, Bgiba, Parnewa, Rathsun,
Soibugh, Sukhnag, Surasyar, S.K.Pora and Watenhadh serve as prime units
of economic development. Budgam has been furthegdsliinto 283 panchayats

comprising 510 revenue villages.
3.1.2 Climate

The climate is of the temperate type with the uppaches receiving
heavy snowfall during winter. The average annuatipitation of the district is
585 mm (Appendix - I).




3.2 Experimental details

Out of nine tehsils, three tehsils namely: BudgBeerwah and Chadoora
were selected to carry out the above mentionedareiseproblem. Multistage
stratified random sampling was used to select thekb; villages within tehsils
and then farmers within villages. A total of 252nf@rs were selected and
interviewed through pre-tested questionnaire (AonexV to XXI) regarding
different land use patterns (agriculture, agrofoye$orticulture) and their socio-
economic status. For fulfillment of assigned reslkeabjectives, only 20 per cent
of the selected farmers (i.e. of grand total) wenasideredviz; 51 farmers. Each
farmer (sample) chosen for further studies wereluated with respect to
prevalent agroforestry systems identified during cormaissance. The

details/methodology of the experimental study i&giin Table-1.

Table-1: Details/Methodology for the selection of sample aes

Selected Tehsils Beerwah Budgam Chadooral
Selected Blocks (06) 2 2 2
Selected Villages (06 per Block) 6x2 =12 6x2 =12 6x2 =12
Selected Farmers (7 per Village)6x2x7 = 84 6x2x7 = 84 6x2x7 = 84

Grand Total 252

3.2.1 Vegetation analysis

For vegetation analysis 20 per cent (51 farmers.t wprevalent
agroforestry systems) were taken. Random quadfét®ro x 10 m size for trees
and within each of these quadrats, one 5m x Smrqué&ar shrubs and two 1m x
1m quadrats for herbs (cultivated & wild) were laldwn and replicated three

times for each life form respectively in prevdlagroforestry systems identified
(Fig. 1).
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Fig. 1: Layout of vegetation analysis

Herbarium specimens were collected for three canse seasons viz;
spring, summer and autumn (Saikiaal, 2012) and identified from the Division
of Environmental Sciences, SKUAST-Kashmir and Gerfor Biodiversity &
Taxonomy Department of Botany, University of Kashrithe data on vegetation
were quantitatively analysed for density, basahar&éequency, Important Value
Index (IVI) separately for three different life fos i.e. trees, shrubs and herb
species as per the the methodology of Curtis andrttsh (1950). The relative
values of density, frequency and dominance werensetnup to get IVI of

individual species.




The various vegetational parameters were calaltzde
1) Density

It is an expression of the numerical strength @pacies where the total
number of individuals of each species in all thadrats is divided by the total

number of quadrats studied as:

Total number of individuals of a species in all dreads
Total number of quadrats studied

Density =
2) Basal area

For trees, the basal area was calculated as seati®nal area of stem at
breast height (1.37 m), while as for seedlings anderstorey i.e. shrubs and
herbs it was calculated as cross sectional aresteai at 15 cm from the ground

level.

Basal area = o/4
Where, d = diameter
3) Frequency (%)

This term refers to the degree of dispersiomdividual species in an area

and usually expressed in terms of percentage cauter

Number of quadrats in which the species occurr()e(d100
Total number of quadrats studied

Frequency (%) =
4) Importance Value Index (IVI)

This index is used to determine the overall imguace of each species in
the community structure (Curtis and Mclintosh, 1930)calculating this index,
the percentage of the relative density, relativeidance and relative frequency
were summed up together to get the IVI of eachviddal enumerated during the

study. It is determined as:




IVl = Relative density + Relative dominance + Relaffrequency

Density of the individual species
Total density of all species

Relative density = x 100

Basal area of the individual species><

Relative dominance = -
Total basal area of all species

100

Frequency of the individual species »
Total frequency of all species

Relative frequency = 100

Species diversity (H), Species evenness/Equitabidillowing Shannon
Weiner's method (1963), Concentration of dominar(@d) and Simpsons
diversity measured from Simpsons index (Simps@49] for different prevalent
agroforestry systems were calculated separatelyedoh stratum (trees, shrubs

and herbs) from density data as:

5) Shannon- Weiner Index This index is used to measure the amount of

information needed to describe every member ottmemunity.
H=-Y (Ni/N) x In (Ni/N)
Where, H = Shannon - Weiner Index
Ni = Density of the species i
N = Total density of all the species
6) Species Evenness/Equitibilityis calculated as
E=H/In S
Where, H = Shannon - Weiner Index
S = Total number of species
7) Concentration of Dominance (Simpson, 1949¢alculated as
Cd=Y (Ni/N)?

Where, Ni and N are same as for Shannon-Weinermr#ton function.




8) Simpson’s Diversity (Simpson, 1949)

Simpson’s diversity index gives the probabilityathtwo individuals

selected at random will belong to the same speltisscalculated as:
D=Yn (n-1)/N (N - 1)
Where, D = Diversity index;
n = Number of individual of a species;
N = Number of individual of all the gpes.
9) Similarity Index (Sorenson, 1948):
Indices of similarity between two systems were alaied as follows:

Is = 2C/A+B x 100

Where, Is = Sorenson’s index
A = total number of species inteys 1
B = total number of species integs 2
c = number of species common it lsystems

3.2.2 Contribution of different agroforestry systens in fulfilment of
individual household needs

A total of 252 farmers were selected and intere@whrough pretested
questionnaire regarding their socioeconomic statilisough scrupulous
reconnaissance. A sample of 42 households wastegléfom each block. In
order to obtain relevant information, various pap@atory research tools such as
group discussion, key informant survey and on-eliservations were used to
acquire insight into various traditional practicedlowed by the farmers. The
interview schedule comprised of a general introdanctoncerning their total land
holdings, age, family size, education level of mrspents, management of various
land use systems practising in general and agrstfgran particular, domesticated

and wild plants found and the final section ofcdssion related to various socio-




economic status to further evaluate the contriloutioof identified
prevalent/ubiquitous agroforestry systems in foléht of individual household
needs (Annexure- [V to XXI).
3.2.3 Fuelwood and fodder values of prefexd trees species in the
study area
To ascertain prioritization of fuelwood and foddexes two experiments

were undertaken:
3.2.3.1 Evaluation of fuelwood species

To evaluate the abundantly available and highlgfgred fuelwood
species by farmers, ten randomly selected branttings (2-3 cm diameter) of
both broad leaved and fruit tree species Wapulus deltoidesPopulus nigra
Robinia pseudoacacjaSalix albg Salix fragilis and Malus domestic®&runus
dulcis, Prunus domestica, Pyrus commurespectively were collected from
prevalent agroforestry systems identified from thesearch site during autumn
season of the year 2013 and 2014. These were diude four replicates of 10
cm length (Bhatt and Todaria, 1992a; Bhettal, 2010) and put immediately in
polyethylene bag and sealed to avoid moisture M&®d samples of all the tree
species, thus collected and transferred to therdétmy for determination of their

various properties as follows:

a) Wood moisture content (%) was determined after drying the wood
sample at 100 + & in oven for 24 hrs - 48 hrs (Bhatt and BadonR)9

b) Wood density (g/cc) wood density was determined by water
displacement technique (Purohit and Nautiyal, 198#)od samples were
ground in a mechanical grinder and pelleted tordetes their calorific

values.

C) Calorific value (KJ/g): To estimate the energy of wood samples, pellets
of known weight (1 g) of plant material were burriadan oxygen bomb
calorimeter (Bhatt and Bhadoni, 1990).




d) Ash content (%) For the estimation of ash, 2 g of ground sampds w
burned in a muffle furnace at 660 for 3 hrs following the method given
by Purohit and Nautiyal (1987) and Bhatt and T@dékr992 a).

e) Fuelwood Value Calorific value x wood density (Bhatt and Todaria,
Index (FVI) Ash content 1992a)

3.2.3.2 Evaluation of fodder species

Fodder value of leaves of trees integrated in titled agroforestry
systems were determined for following parameterseasonal basis i.e. sample
collection was done during spring, summer and aot@eason. Samples were
dried to constant weights in oven at 60°C beforesequent nutrient analysis

mentioned below:

a) Crude protein (%): Leaf Nitrogen (%) was determined by Microkjeldahl
method and multiplied by a factor of 6.25 (AOAC999.

b) Crude fibre (%): By acid alkali digestion as described by AOACY92p

c) Ether extract (%): Extraction in Soxhlet’'s apparatus by method describ
by AOAC (1999).

d) Total ash (%): Through muffle furnace as per procedure given DAS
(1999).

3.3 Statistical analysis

The data collected was subjected to statisticallyars using standard

procedures followed by Gomez and Gomez (1984).




Chapter - 4
EXPERIMENTAL FINDINGS

The results emerged and obtained from the preseastigation entitled
“Plant diversity in prevalent agroforestry systemf District Budgam” are
presented in this chapter. The results have be&mingd from the experiments

conducted to achieve the objectives of the invastg. The objectives were:

1) To assess the status of plant diversity in prevagroforestry systems of
District Budgam.

i) To analyze and evaluate the contribution of agesftry in fulfillment of

individual household needs in District Budgam.

iii) To determine the fuelwood and fodder values oferefl tree species in
District Budgam.

Analysis of variance is given in Appendix - XXII XXXIX
4.1 Prevalent agroforestry systems in District Bugam

As per the research methodology, the first phdgd@eoresearch includes
the collection of information regarding active laisé patterns/practices, socio-
economic status and prevalent agroforestry systantise said district based on
the pre-prepared questionnaire (Annexure-1V to XXlhe second phase of the
research was to further evaluate the plant diwerstatus taking identified
prevalent agroforestry systems into account andir tlentribution for
accomplishment of the socio-economic needs of #mmdrs. From the present
investigation, it was appraised that four agrofogesystems are prevalent in the
District Budgam being carried out by about 184 @1%6) farmers out of total
sample size of 252 which are presented in Tabiddte 1.




Table 2: Prevalent agroforestry systems in the stydarea (District Budgam)

No. of .
farmers Areain
Agroforestry systems : hectares Area (%)
adopting (Kanals)’
(%)*
Boundary plantation 52.00 6.90 23.07
(28.26) (138.05)*
Homegarden 32.00 5.47 18.29
(17.40) (109.40)*
Horti-agricultural system 70.00 11.78 39.39
(38.04) (235.65)*
Horti-silvi-pasture system 30.00 5.75 19.23
(16.30) (115.00)*
29.90
Total 184 (598.10)* -

4.2 Plant/Floristic diversity in prevalent agroforestry systems of District

Budgam

Plant diversity and/or floristic composition ofuioprevalent agroforestry
systems revealed the presence of trees, shrubkeashdge layer (both cultivated
and wild). Among broad leaved and fruit tree spgce total of 4 genera, 6
species of 3 families and 6 genera, 8 species fa&n8lies were encountered
respectively. While 2 genera having 3 species lyghgnto 2 families were of
shrub layer. Herbage represented 70 genera balpmhgi75 plant species and 37
families in the study area (Table-3 & 4; Plate-&; 3).

Table-3: Plant distribution among plant categories,family, genera and
species
NSO'_ Plant categories Genera Family Species
1. | Trees
i) Broad leaved 4 3 6
i) Fruit 6 3 8
2. | Shrubs 2 2 3
3. | Herbage
i) Wild 54 29 54
i) Cultivated 16 8 21
Total 82 45 92




Horti-agricultural system Horti-silvi-pasture system

Plate 1:  Prevalent agroforestry systems of Oigct Budgam



Table-4: Diversity (trees, shrubs and herbage) reecded in prevalent agroforestry systems in the studyarea (District Budgam)

Agroforestry Systems
S. . Global IUCN . Life Horti- Horti-silvi-
No. Plant Names & Family Status English/Common Name form Eg:l?gt?c?r,] Homegarden | agricultural pasture
: system system
Broad leaved trees
1. | Populus deltoideéSalicaceae) | Not Eastern cottonwood/Fras T + + - +
Evaluated
2. | Populus nigraSalicaceae) Least Black poplar/Kashur T + + - +
Concern fras
3. | Robinia pseudoacacia Least Black locust/Kikar T - - - +
(Leguminoceae) Concern
4. | Salix alba(Salicaceae) Least White willow/Boti veer T + + - +
Concern
N 5. | Salix fragils (Salicaceae) Not Crack willow/Veer T + + - -
Evaluated
6. | Ulmus wallichiangUlmaceae) | Vulnerable | Elm/Bren T - + - -
Total 4 5 0 4
Fruit trees
1. | Cydonia oblonggRosaceae) | Not Quince/Bam-e-Tchoontﬂ1 T - + - -
Evaluated
2. | Juglans regigJuglandaceae) | Threatened| Walnut/Doon T - + - -
3. | Malus domesticéRosaceae) | Not Apple/Tchoonth T - + + +
Evaluated
4. | Prunus domesticéRosaceae) | Not Plum/Aaer T - - + +
Evaluated




5. | Prunus dulcifRosaceae) Not Almond/Badam
Evaluated
6. | Prunus persicdRosaceae) Not Peach/Czenun
Evaluated
7. | Punica granatun{Punicaceae)| Least Pomegranate/Daen
Concern
8. | Pyrus communigRosaceae) Not Pear/Tang
Evaluated
Total
Shrubs
o 1. | Rubus niveugRosaceae) Not Mysore
an Evaluated | raspberry/Snowpeaks
raspberry/Chanch
2. | Rubus ulmifoliugRosaceae) | Not
Evaluated | Elm-leaf
blackberry/Chanch
3. | Asparagus officinalis Not Garden
(Lilliaceae) Evaluated | asparagus/Parglass
Total
Wild herbage
1. | Amaranthus caudatus Not Tassel flower/Lissi
(Amaranthaceae) Evaluated
2. | Anagallis arvensis Not Shepherd’s weather
(Primulaceae) evaluated | glass/Chari saben
3. | Anthemis cotulgAsteraceae) | Not Mayweed/Stinking
Evaluated | chamomile/Fakhigaasi




o

4. | Artemisia absinthium Not Worm wood/Tethwan H
(Asteraceae) Evaluated
5. | Asparagus officinalis Not Garden H
(Liliaceae) Evaluated | officinalis/Parglass
6. | Avena fatugPoaceae) Not Wild oat/Jiagassi H
Evaluated
7. | Cannabis sativdCannabaceae) Not Hemp/Bhang H
Evaluated
8. | Capsellabursa-pastoris Not Shepherd’s H
(Brassicaceae) Evaluated | purse/Kralmond
9. | Chenopodium album Not Leafy goosefoot/Dodich H
(Chenopodiaceae) Evaluated
10. | Clinopodium vulgare Not Wild basil H
(Lamiaceae) Evaluated
11. | Convolvulus arvensis Not Bindweed/Hiran pug or H
(Convolvulaceae) Evaluated | Soi -posh
12. | Conyza Canadensis Not Canadian horseweed/Gur H
(Asteraceae) Evaluated | loute
13 | Cynodon dactylofPoaceae) | Not Durva grass/Dramun H
Evaluated
14. | Daucus carotgApiaceae) Vulnerable | Wild carrot/Bird’'s H
nest/Jangli -gazir
15. | Equisetum arvense Not Field horsetail/Gandum{ H
(Equisetaceae) Evaluated | gund
16. | Euphorbia helioscopia Not Mad woman’s milk/Gur-| H
(Euphorbiaceae) Evaluated | duode




Ly

17.

Galinsoga parviflora
(Asteraceae)

Not
Evaluated

Gallant soldier

18.

Galium aparing(Rubiaceae)

Not
Evaluated

Goose grass/Zoa ghasi

19.

Geranium polyanthes
(Geranaceae)

Not
Evaluated

Cranes bills

20.

Hypericum perforatum
(Hypersiaceae)

Not
Evaluated

St Jhon’s wort/Amber

21.

Impatiens glandulifera
(Balsaminaceae)

Not
Evaluated

Policeman's
helmet/Ornamental
jewelweed

22.

Kochia scoparia
(Chenopodiaceae)

Not
Evaluated

Burning bush/Lachiji —
kul

23.

Lithospermemium arvense
(Boraguaceae)

Not
Evaluated

Corn/Common gromwel

24.

Malva neglectgMalvaceae)

Not
Evaluated

Purple mallow/Sochal

25.

Medicago polymorpha
(Fabaceae)

Not
Evaluated

Toothed bur
clover/Poshi- gassi

26.

Medicago sativgFabaceae)

Vulnerable

Alfa alfa/Poshi- gassi

27.

Mentha arvensigLamiaceae)

Not
Evaluated

Mint/Pudhni

28.

Nepeta catarigLamiaceae)

Not
Evaluated

Cat mint/Byari- gassi or
Gand soi

29.

Oenothera roseéOnagraceae)

Not
Evaluated

Evening primrose
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30. | Phragmites australi§Poaceae)| Stable Common reed/Narkon
31. | Plantago lanceolata Vulnerable | Ribwort
(Plantagionaceae) Plantain/Narrowleaf
plantain/Lakut - gulli
32. | Plantago major Not Broadleaf
(Plantaginaceae) Evaluated | plantain/Greater
plantain/Veuth - gulli
33. | Poa aungustifoligPoaceae) Least Meadow grass/Gur gassi
Concern
(Stable)
34. | Poa bulbosgPoaceae) Least Bulbous meadow-
Concern grass/Gassi
(Increasing)
35. | Poa pretens¢Poaceae) Least Smooth meadow
Concern grass/Gassi
36. | Polygonum hydropiper Least Water-
(Polygoniaceae) Concern pepper/Marchagan gaasi
(Stable)
37. | Portulaca oleracea Least Pursley/Nuner
(Portulaceae) Concern
38. | Potentilla reptangRosaceae) | Least Creeping tormentil
Concern
39. | Prunella vulgaris(Lamiaceae) | Not Self - heal/Kalevueth
Evaluated
40. | Ranunculus muricatus Not Spinyfruit butter cup
(Ranunculaceae) Evaluated
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41. | Rorripa islandica Not Yellow Watercress
(Brassicaceae) Evaluated
42. | Rumex dentatus Least Toothed dock/Obuj
(Polygonaceae) Concern
43. | Rumex nepalensis Least Fringed rue/Jangli obu;j
(Polygonaceae) Concern
44. | Scandix pectenveneris Least Shepherd’s needle
(Apiaceae) Concern
45. | Setaria viridis(Poaceae) Least Foxtail or Green bristle
Concern grass/Gassi
46. | Stellaria media Least Chickweed/Losdhi
(Caryphyllaceae) Concern
47. | Sonchus oleracey#steraceae) Not Sow thistle
Evaluated
48. | Sysiumbrium irio Least London rocket/Khub-
(Brassicaceae) Concern kalan
49. | Taraxacum officinale Vulnerable | Dandelion/Madan hande
(Compositae)
50. | Thymus linearigLamiaceae) | Least Himalayan thyme/Javind
Concern
51. | Tragopogan kashmirianus Data Kashmir
(Asteraceae) Deficient goatsbeard/Kashmir
salsify
52. | Trifolium pratensdFabaceae) | Least Red clover/Batakh-nuer
Concern

(Stable)
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53. | Veronica persica Not Bird's-eye/Common H - + + +
(Plantaginaceae) Evaluated | field-speedwell
54. | Viola oderata(Violaceae) Not Sweet violet/English H - + - +
Evaluated | violet/Banafsha or Nun
posh
Total 31 21 21 32
Cultivated herbage
Vegetables
1. | Allium sativum(Alliaceae) N.A Garlic/Rohan H - + - -
2. | Brassica campestris N.A Mustard/Tiligogul H + - - -
(Brassicaceae)
3. | Brassica oleracea var. N.A Knol-Khol/Munde H - + - -
gongylodegBrassicaceae)
4. | Brassica oleracea var. N.A Kale/Hakh H - + + -
acephalaBrassicaceae)
5. | Brassica rapgBrassicaceae) | N.A Turnip/Gogij H - + + -
6. | Capsicum annur(Solanaceae)| N.A Chilli/Marchwagan H - + - -
7. | Cucumis sativus N.A Cucumber/Laer CI(H + - -
(Cucurbitaceae)
8. | Daucus carota subsp. sativus N.A Carrot/Gazir H - + - -
(Apiaceae)
9. | Lagenaria vulgaris N.A Bottle gourd/Aaliae CI(H - + - -
(Cucurbitaceae)
10. | Raphanus sativudrassicaeae) N.A Radish/Muje H - + + -
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11. | Solanum lycopersicon N.A Tomato/Tamatar H +
(Solanaceae)

12. | Solanum melongena N.A Brinjal/Wagun H +
(Solanaceae)

13. | Solanum tuberosum N.A Potato/Aaelvi H +
(Solanaceae)

14. | Spinacia oleracea N.A Spinach/Palak H +
(Chenopodiaceae)

15. | Trigonella foenumgraecum N.A Fenugreek/Meth H +
(Fabaceae)

Pulses

16. | Phaseolus vulgarifFabaceae) N.A Rajma/Beans/Razma H +

17. | Pisum sativunfFabaceae) N.A Peas/Matar H +

18. | Vicia faba(Fabaceae) N.A Beans/Razma H +

Cereals

19. | Avena sativdPoaceae) N.A. Oats/Khaseeli H -

20 | Oryza sativgPoaceae) N.A Paddy/Daani H -

21. | Zea maygPoaceae) N.A Maize/Makai H +

Total 18
H= Herb, T= Tree, S= Shrub, + = Present, = Absent




4. Chenopodium album

-

5. Clinopodium vulgare 6. Euphorbia helioscopia
Plate-2: Herbs/Grasses found in prevalent agroforésy systems of the

study area (District Budgam)



7. Galinsoga parviflora 8. Galium aparine

11.Impatiens glandulifera 12. Nepeta cataria



15. Polygonum hydropiper 16. Thymuslinearis

17.Tragopogon kashmirianus 18. Stellaria media



3. Asparagus officinalis

Plate-3: Shrub species found in prevalent agroforély systems of the study
area (District Budgam)



Prunus domestica Prunus persica

Plate-4: Tree species found in prevalent agroforest systems of the study
area (District Budgam)
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4.3  Seasonal variation in quantitative/phyto-sociolgical attributes of
cultivated plants

Importance value index (IVI) of cultivated platstbage showed a
marked variation from spring, summer to autumn @eas the study area. With
respect to  agroforestry  systems, Homegarden  showdtgher
phytosociological/quantitative attributes than othwo systems i.e. Boundary
plantation and Horti-agricultural system in threffedent seasons. The perusal of
the data on cultivated plants in different prevalagroforestry systems are

however elaborated below:

4.3.1 Boundary plantation
4.3.1.1 Importance Value Index (IVI)

A critical view of the data on importance valuéex (Table - 5) revealed
that highest IVI values (122.90) was exhibitedBrassica campestrig spring
achieving dominance over other species followedibgna sativg106.58) as its
co-dominantOn the other hand, the dominant species during smwasOryza

sativawith IVI value of 300.

4.3.2 Homegarden
4.3.2.1 Importance Value Index (IVI)

In terms of importance value index (Table-6), doeninant species during
spring and summer seasons virsssica oleracea var. acephaiaith highest
value 0f(42.84) and (44.68) followed by its co-dominaAtBum sativum(34.71)
and Phaseolus wvulgaris (32.20) during two consecutive seasons
respectively.Whereas, in autumBrassica rapashowed dominance over other
species attaining maximum value (103.81) &mdssica oleracea var. acephala

(73.71) as co-dominant in homegarden agroforeystem.




4.3.3 Horti-agricultural system
4.3.3.1 Importance Value Index (IVI)

Numeric values of importance value index (Tableféyealed that
Phaseolus vulgariattained highest 1VI values (97.67) during sprimgl summer
(95.03), followed byBrassica olearacea var. acephats co-dominant species.
On the other hand, the dominant species duringnautwasBrassica olearacea
var. acephalawith VI value of 122.17 anRaphanus sativu$93.91) as co-

dominant.
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Table-5: Importance Value Index (IVI) of different cultivated plants in Boundary plantation of the study area (District
Budgam)
Importance Value Index
NSO'_ Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E

1. | Avena sativad.. 106.58 1.70 - - - -
2. | Brassica campestrik. 122.90 2.46 - - - -
3. | Oryza sativd.. - - 300 8.23 - -
4. | Pisum sativunt. 70.51 3.99 0 - - -
Total 300 - 300 - - -




Table-6: Importance Value Index (IVI) of different cultivated species in Homegarden of the study areéDistrict

59

Budgam)

S Importance Value Index
No’ Plant species Spring Summer Autumn

] Mean +S.E Mean +S.E Mean +S.E
1. | Allium sativumL. 34.71 1.69 - - - -
2. | Brassica oleracea var. gonglyonoides 18.12 1.20 21.65 0.81 - -
3. | Brassica oleracea&ar. acephald.. 42.84 1.49 44.68 1.51 73.71 7.51
4. | Brassica rapd.. - - - - 103.81 2.02
5. | Capsicum annurh. 23.11 1.64 21.90 1.43 - -
6. | Cucumis sativus. 19.85 2.75 20.25 0.20 - -
7. | Daucus carotasubsp. sativus Hoffm. - - - - 67.81 8.05
8. | Lagenaria vulgarisStandl(Molina) 17.94 3.16 20.17 0.72 - -
9. | Phaseolus vulgarik. 27.98 2.55 32.20 1.55 - -
10. | Phaseoluspp (String/French beans) L. - - 27.31 1.23 - -
11. | Pisum sativunt. 33.35 0.92 - - - -
12. | Raphanus sativus. - - - - 54.66 6.35
13. | Solanum lycopersicon. - - 18.31 0.90 - -
14. | Solanum melongena - - 13.60 0.30 - -
15. | Solanum tuberosuin 22.72 1.06 23.61 1.48 - -
16. | Spinacia oleraced&. - - 7.28 0.22 - -
17. | Trigonella foenumgraecuin 20.75 1.08 - - - -
18. | Vicia fabal. 24.64 0.37 31.16 1.91 - -
19. | Zea mayd. 14.00 1.22 17.81 1.41 - -

Total 300.00 - 300.00 - 300.00 -




99

Table -7:

(District Budgam)

Importance Value Index (IVI) of different cultivated plants in Horti-agricultural system of the study area

Importance Value Index

I\lsd. Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
1. | Brassica olearacea var. acephala L. 82.33 4.92 77.32 2.43 122.17 9.20
2. | Brassica rapd.. - - - - 83.90 10.21
3. | Phaseolus vulgarid.. 97.67 5.66 95.03 8.26 - -
4. | Raphanus sativus. - - - - 93.91 18.75
5. | Solanum tuberosurh. 54.48 6.76 61.94 3.61 - -
6. | Zea mays. 65.50 5.02 65.71 3.74 - -

Total 300 - 300 - 300 -




4.4 Vegetation indices of cultivated plants

Various vegetation indices were calculated forticaled plants in
identified prevalent agroforestry systems of DatrBudgam (Table-8). The
evaluated data so obtained for different agrofoyestystems in terms of

vegetation indices are as described below:
4.4.1 Shannon weiner index

Seasonal Shannon weiner index of herbaceous vegeta different
agroforestry systems was1.06 (spring) and 0 (supnim&oundary plantation and
no cultivated herbage was found during autumn seéisa land is left fallow for
2 months). In Homegarden, the diversity values weperded as 2.40 (spring),
2.49 (summer) and 1.31 (autumn); 1.36 (spring),7 1(8ummer) and 1.05
(autumn) in Horti-agricultural system (Table-8; Fig). In general, maximum

value was recorded in summer seasonexcept Bouptariation system.
4.4.2 Simpson’s diversity index

Simpson’s diversity index measured for differensteyns and seasons
showed inverse relation to Shanon weiner indexs Tiwversity was 0.33(spring)
and 1 (summer) for Bounadary plantation; 0.090iiigpr0.086 (summer) and
0.280 (autumn) for Homegarden; 0.25 (spring), 2dnmer) and 0.35 (autumn)
for Horti-agricultural system. From the above dataywas observed that the

maximum value for this diversity index was for aatuseason (Table-8; Fig. 3).
4.4.3 Species evenness

Data pertaining to species evenness (Table-8; #)gis analogous to
Shanon weiner index i.e. maximum value was achielgihg summer season
and minimum in following season i.e. during autumnidentified prevalent
agroforestry systems, except for Boundary plamatubere evenness value was
achieved to be minimum during summer, because @nidual cultivated plant
species Qryza sativa was found during this particular season. Thedrfm this

index remained as 0.96 (spring) and 0 (summer) @unBary plantation; in




Homegarden 0.96 (spring), 0.97(summer) and 0.9uifan); 0.98 (spring), 0.99
(summer) and 0.96 (autumn) in Horti-agriculturadteyn.

4.4.4 Concentration of dominance

Perusal of the data pertaining to concentratiomahinance illustrated
similar trend as Simpson diversity i.e. maximumuealrecorded for autumn
season and minimum for summer. The values in thossecutive seasons for
prevalent agroforestry systems were 0.35 (spring) la(summer) for Bounadary
plantation; 0.095 (spring), 0.087 (summer) and 8.g8itumn) for Homegarden;
0.26 (spring), 0.25 (summer) and 0.36 (autumn) Haorti-agricultural system
(Table-8; Fig. 5).




Table-8:

Vegetation indices of cultivated plant spaes in prevalent

agroforestry sytems of the study area (District Bugam)

Adrof ¢ Seasons
grotorestry Vegetation Indices
Systems _
Spring | Summer | Autumn

Boundary plantation| Shannon weiner index 1.06 0 -
Simpson’s diversity 0.33 1 -
Species evenness 0.96 0 -
Concentration of 0.35 1 -
dominance

Homegarden Shannon weiner index 2.40 2.49 1.31
Simpson’s diversity 0.090 0.086 0.280
index
Species evenness 0.96 0.97 0.94
Concentration of 0.095 0.087 0.288
dominance

Horti-agricultural Shannon weiner indek 1.36 1.37 1.0%

system
Simpson’s diversity 0.25 0.24 0.35
index
Species evenness 0.98 0.99 0.96
Concentration of 0.26 0.25 0.36
dominance
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4.5  Seasonal variation in quantitative/phyto-socialgical attributes of wild
plants

Density (individuals/ 1), basal area (cffm?) and frequency of wild plant
species increased gradually from spring to summerdgclined in autumn season
in all prevalent agroforestry systems of the stadlga. The phytosociological
attributes of herbage showed higher values in Hilsti-pasture system compared
to other agroforestry systems. The phytosocioldfgjoantitative attributes of the
plants in different prevalent agroforestry systareshowever described below:

4.5.1 Boundary plantation
4.5.1.1 Density (individuals/m)

In Boundary plantation total density (individuatd) of wild plants
fluctuated from 826.50 in summer to 161 in auturable- 9). The highest value
for density during three seasons was observedCigrodon dactylorwith a
marked variation from 36 in spring, 95 in summed &i.83 in autumn. It was
followed by Polygonum hydropiper and Oenothera roseadecreasing order.
Their density contribution ranged from 32.16 and335during spring season,
89.16 and 67 in summer, 21.16 and 17.16 duringnaitseason, respectively. The
lowest values for density in different seasons wdagerved foPrunella vulgaris
1.66 (spring), 4.33 (summer) and 0.33 (autumn).

4.5.1.2 Basal area (cAim?)

Data pertaining to total basal area in Table-M@a&d a marked variation
from 11.15 (spring), 16.98 (summer) and 7.45 (amurmong the plant species,
contribution of Cynodon dactylonwas the highest to the total basal area of
herbage in different sampling seasons. Basal dtemed byCynodon dactylon
during spring was 1.19 (spring), 1.98 (summer) ar@b (autumn). The lowest
value for basal area was evaluated Founella vulgarisas 0.06 (spring), 0.10

(summer) and 0.01(autumn).




4.5.1.3 Frequency (%)

Detailed view of the data in Table-11 indicatedtttihe highest value was
observed irCynodon dactyloms the most frequent species with 83.33 per cent i
spring, 100 per cent in summer and minimum frequdrging observed during
autumn as 75.00 per cent and the lowest value Wsereed folPrunella vulgaris
8.33 per cent (spring), 16.66 per cent (summer)&a®@ per cent (autumn).

4.5.1.4 Importance Value Index (IVI)

Perusal of the data for Boundary plantation rexcdhat the dominant
species wasCynodon dactylorwith the highest IVI value of 45.09 in autumn
season compared tther plant species (Table-12). The co-dominantispen
terms of VI value wagolygonum hydropipethat also attained the highest VI
during autumn (35.80). The lowest IVI was obsenfed Prunella vulgaris

attaining the highest value during summer (1.96).
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Table-9: Density of different wild plants in Boundary plantation of the study area (District Budgam)

Density/nt

,\‘IS(;' Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 5.66 1.96 14.33 1.94 2.83 0.42
2. | Anthemis cotulaL. 7.00 1.08 18.00 1.60 3.33 0.76
3. | Artemisia absinthiuniL. 4.66 1.66 12.5 1.29 2.16 0.69
4. | Cannabis satival.. 23.66 3.17 57.66 0.31 8.5 0.28
5. | Capsella bursa-pastori. 6.16 3.08 16.33 1.23 3.16 0.16
6. | Clinopodium vulgaré.. 10.50 1.52 26.66 2.03 4.83 1.07
7. | Conyza canadenslis Cronquist 9.50 0.14 24.83 2.60 4.00 1.01
8. | Cynodon dactylori. 36.00 1.62 95.00 1.11 31.83 1.16
9. | Daucus carotal. 19.83 1.65 50.16 2.52 8.16 1.20
10. | Equisetum arvense. 6.00 2.01 16.00 1.04 - -
11. | Euphorbia helioscopid.. 2.16 0.09 7.83 1.36 0.50 0.50
12. | Galinsoga parvifloraCav. 4.50 0.29 10.33 1.48 1.66 1.06
13. | Galium aparine L. 7.83 0.92 18.33 1.30 3.83 0.83
14. | Geranium polyanthesEdgew & Hook 16.00 3.5 38.83 4.23 7.83 1.16
15. | Impatiens glanduliferaRoyle 2.66 1.33 5.66 2.84 0.66 0.001
16. | Lithospermemium arvende 3.33 0.13 8.83 1.91 1.00 0.001

Contd...
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Table 9 contd...

Density/nt

,\‘IS(;' Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +*S.E
17. | Medicago satival. 9.16 1.19 23.33 2.43 5.00 1.56
18. | Nepeta catarial. 5.33 1.72 14.50 1.60 2.33 0.33
19. | Oenothera roseal’Her. ex. Aiton 25.33 6.78 67.00 8.28 17.16 7.21
20. | Plantago major. 8.16 1.20 13.00 6.50 1.33 0.33
21. | Polygonum hydropipék. 32.16 9.32 89.16 11.81 21.16 4.74
22. | Potentilla reptansL. 8.50 1.44 20.00 1.32 4.00 2.17
23. | Prunella vulgarisL. 1.66 0.06 4.33 1.33 0.33 0.002
24. | Rorripa islandica L. 8.00 1.75 18.83 2.18 - -
25. | Rumex dentatus. 11.83 0.83 31.16 2.63 4.00 1.08
26. | Scandix pectenveneris. 4.50 0.29 12.00 0.28 1.83 0.03
27. | Sonchus oleraceus 7.66 0.96 19.66 2.20 1.66 0.06
28. | Setaria viridisL. 13.16 1.08 22.33 1.93 8.33 1.01
29. | Sysiumbrium irio L. 1.83 0.83 4.50 1.75 - -
30. | Tragopogan kashmirianusS 2.16 0.16 4.66 2.35 - -
31. | Trifolium pratensd.. 25.16 0.56 60.66 4.44 9.50 0.50

Total 330.16 - 826.50 - 161.00 -




Table-10: Basal area of different wild plants in Bandary plantation of the study area (District Budgan)

Basal area(cni/m?)

Nsc;. Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 0.36 0.12 0.54 0.05 0.22 0.01
2. | Anthemis cotulalL. 0.54 0.16 0.70 0.10 0.46 0.16
3. | Artemisia absinthiuniL. 0.11 0.01 0.20 0.07 0.10 0.05
4. | Cannabis satival.. 0.67 0.11 0.94 0.02 0.34 0.082
5. | Capsella bursa-pastoris. 0.11 0.06 0.19 0.005 0.099 0.009
6. | Clinopodium vulgare.. 0.89 0.07 1.03 0.09 0.74 0.10
7. | Conyza canadensik. Cronquist 0.31 0.08 0.43 0.03 0.21 0.001
8. | Cynodon dactylor.. 1.19 0.02 1.98 0.05 1.06 0.02
9. | Daucus carotal. 0.38 0.02 0.44 0.03 0.23 0.083
10. | Equisetum arvenseé. 0.38 0.10 0.43 0.04 - -
11. | Euphorbia helioscopid.. 0.23 0.01 0.32 0.01 0.05 0.01
12. | Galinsoga parvifloraCav. 0.25 0.03 0.33 0.04 0.16 0.06
13. | Galium aparine L. 0.25 0.04 0.46 0.16 0.16 0.01
14. | Geranium polyanthestEdgew & Hook 0.22 0.03 0.27 0.02 0.12 0.01
15. | Impatiens glanduliferaRoyle 0.23 0.11 0.27 0.05 0.05 0.003
16. | Lithospermemium arvende 0.31 0.09 0.35 0.09 0.26 0.02

Contd...
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Table 10 contd...

Basal area(cni/m?)

No. Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
17. | Medicago satival. 0.12 0.06 0.13 0.003 0.10 0.05
18. | Nepeta catarial. 0.17 0.08 0.19 0.004 0.12 0.03
19. | Oenothera roseal’Her. ex. Aiton 0.70 0.15 1.04 0.018 0.57 0.05
20. | Plantago majorL. 0.42 0.20 0.95 0.06 0.10 0.04
21. | Polygonum hydropipék. 1.02 0.006 1.69 0.15 0.96 0.017
22. | Potentilla reptansL. 0.26 0.13 0.32 0.032 0.11 0.05
23. | Prunella vulgarisL. 0.06 0.01 0.10 0.06 0.01 0.003
24. | Rorripa islandica L. 0.25 0.08 0.57 0.17 - -
25. | Rumex dentatus. 0.33 0.19 0.72 0.16 0.16 0.08
26. | Scandix pectenveneris. 0.11 0.06 0.52 0.19 0.10 0.015
27. | Sonchus oleraceus 0.17 0.06 0.23 0.008 0.12 0.01
28. | Setaria viridisL. 0.36 0.11 0.58 0.10 0.34 0.13
29. | Sysiumbrium irio L. 0.10 0.001 0.28 0.024 - -
30. | Tragopogan kashmirianusS 0.12 0.01 0.27 0.04 - -
31. | Trifolium pratensd.. 0.41 0.05 0.51 0.08 0.34 0.06

Total 11.15 - 16.98 - 7.45




Table -11: Frequency of different wild plants in Baundary plantation of the study area (District Budgam)

Frequency (%)

I\lsd. Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 33.33 16.66 83.33 10.66 25.00 9.43
2. | Anthemis cotulalL. 66.66 16.66 83.33 16.66 33.33 16.66
3. | Artemisia absinthiuniL. 16.66 2.66 66.66 16.66 15.00 7.63
4. | Cannabis satival. 66.66 16.66 75.00 11.43 40.00 17.55
5. | Capsella bursa-pastoris. 33.33 16.66 83.33 10.66 8.33 8.33
6. | Clinopodium vulgaré.. 50.00 10.11 58.33 8.33 25.00 5.43
7. | Conyza canadensis Cronquist 41.66 12.04 58.33 8.33 25.00 7.43
8. | Cynodon dactylori. 83.33 6.66 100.00 8.11 75.00 7.43
9. | Daucus carotal. 66.66 16.66 75.00 12.43 41.66 8.33
10. | Equisetum arvense. 33.33 16.66 50.00 9.10 - -
11. | Euphorbia helioscopid.. 33.33 16.66 66.66 16.66 16.66 6.66
12. | Galinsoga parvifloraCav. 33.33 16.66 83.33 16.66 16.66 2.66
13. | Galium aparine L. 50.00 11.12 58.33 8.33 16.66 4.66
14. | Geranium polyanthesEdgew & Hook 58.33 8.33 66.66 8.33 50.00 0
15. | Impatiens glanduliferaRoyle 33.33 16.66 50.00 10.86 8.33 1.33
16. | Lithospermemium arvende 33.33 3.33 66.66 33.33 8.33 1.33

Contd...
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Table 11 contd...

Frequency (%)

I\lsd. Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
17. | Medicago satival. 50.00 18.86 66.66 16.66 16.66 2.33
18. | Nepeta catarial. 33.33 16.66 50.00 0 8.33 0.33
19. | Oenothera roseal’Her. ex. Aiton 58.33 10.04 75.00 11.43 50.00 -
20. | Plantago majorL. 50.00 18.86 66.66 33.33 10.00 2.20
21. | Polygonum hydropipék. 77.77 10.78 86.11 7.35 70.33 10.65
22. | Potentilla reptansL. 50.00 28.86 66.66 16.66 33.33 16.66
23. | Prunella vulgarisL. 8.33 8.33 16.66 8.33 6.66 6.66
24. | Rorripa islandica L. 50.00 9.10 83.33 16.66 - -
25. | Rumex dentatus. 50.00 8.33 75.00 11.43 33.33 10.66
26. | Scandix pectenveneris. 33.33 16.66 66.66 16.66 33.33 33.33
27. | Sonchus oleraceus 50.00 8.65 58.33 8.33 8.33 8.33
28. | Setaria viridisL. 66.66 16.66 83.33 16.66 33.33 10.66
29. | Sysiumbrium irio L. 33.33 33.33 66.66 16.66 - -
30. | Tragopogan kashmirianusS 25.00 8.25 33.33 10.66 - -
31. | Trifolium pratensd.. 58.33 8.33 83.33 8.33 36.66 6.66

Total 1427.77 - 2102.77 - 745.33 -




Table -12:  Importance Value Index (IVI) of different wild plants in Boundary plantation of the study aea (District

Budgam)
Importance Value Index
I\lsd. Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E

1. | Amaranthus caudatus 7.16 1.85 8.88 0.89 7.82 3.91
2. | Anthemis cotulaL. 12.04 3.68 10.26 0.74 12.24 6.13
3. | Artemisia absinthiuniL. 3.19 0.19 5.94 2.09 4.47 2.24
4. | Cannabis satival. 17.64 1.54 16.16 2.18 15.37 0.56
5. | Capsella bursa-pastoris. 5.06 2.23 7.11 1.60 3.76 0.76
6. | Clinopodium vulgaré.. 14.85 1.40 12.03 1.00 13.99 1.15
7. | Conyza canadensis Cronquist 8.14 1.56 8.32 1.37 8.52 4.29
8. | Cynodon dactylori. 27.42 2.41 27.91 1.42 45.09 5.02
9. | Daucus carotal. 14.56 3.56 12.22 1.42 14.25 243
10. | Equisetum arvense. 7.45 3.73 6.83 0.38 - -
11. | Euphorbia helioscopid.. 4.88 2.44 6.03 0.73 3.74 0.74
12. | Galinsoga parvifloraCav. 5.83 2.92 7.18 0.88 6.19 0.19
13. | Galium aparine L. 8.20 0.72 7.72 0.95 5.76 0.76
14. | Geranium polyanthesEdgew & Hook 10.75 1.05 9.44 1.09 13.33 0.34
15. | Impatiens glanduliferaRoyle 5.16 2.60 4.61 0.56 2.64 0.64
16. | Lithospermemium arvende 5.33 0.33 6.38 0.37 5.80 0.80

Contd...




Table 12 contd...

Importance Value Index

No. Plant species Spring Summer Autumn

Mean +S.E Mean +S.E Mean +S.E
17. | Medicago satival. 8.05 0.47 6.74 1.43 7.46 3.74
18. | Nepeta catarial. 5.95 2.97 5.25 0.08 4.73 0.73
19. | Oenothera roseal’Her. ex. Aiton 17.82 0.22 17.74 1.87 25.78 5.26
20. | Plantago major. 9.66 0.87 10.25 0.77 3.97 0.97
21. | Polygonum hydropipék. 25.01 4.06 24.87 2.26 35.80 1.07
22. | Potentilla reptansL. 8.46 0.73 7.49 0.73 8.11 0.20
23. | Prunella vulgarisL. 1.78 0.78 1.96 0.03 1.32 0.03
24. | Rorripa islandica L. 8.24 1.06 9.18 2.59 - -
25. | Rumex dentatus. 9.97 1.70 11.50 2.34 8.93 0.77
26. | Scandix pectenveneris. 4.59 0.34 7.73 0.78 7.40 0.40
27. | Sonchus oleraceus 7.42 1.61 6.51 0.66 4.32 0.32
28. | Setaria viridisL. 12.31 4.48 10.13 1.12 13.53 3.83
29. | Sysiumbrium irio L. 4.09 0.09 5.37 1.17 - -
30. | Tragopogan kashmirianusS 3.11 0.11 3.78 1.92 - -
31. | Trifolium pratensd.. 15.81 2.64 14.35 1.80 15.60 1.17

Total 300 - 300 - 300 -




4.5.2 Homegarden
4.5.2.1 Density (individuals/m)

Detailed view of the data in Table-13 indicatedttiin Homegarden
agroforestry system, total density (individual$/rof herbage ranged from 79.35
(spring), 347.64 (summer) to 39.47 (autum@fellaria mediaexhibited highest
value for density during three seasons ranging feali (spring), 36.33 (summer)
to 8.83 (autumn), followed byPoa aungustifoliain decreasing order as 8.67
(spring), 32 (summer) and 6.33 (autumi@alinsoga parviflorawas observed to
achieve the lowest values for density in threeedéiit seasons as 0.83 (spring)
and 4.83 (summer) with an abrupt declination t@@a&itumn).

4.5.2.2 Basal area (cAim?)

Data pertaining to total basal area in Table-Maked a marked variation
from 8.12 (spring), 10.38 (summer) and 2.66 (aujurAmong the plant species,
contribution ofStellaria mediawas the highest to the total basal area of herlvage
different sampling seasons. Basal area attainestdliaria mediavas 1.02 (spring),
1.16 (summer) and 0.77 (autumn). The lowest valubdsal area was evaluated for
Galinsoga parvifloraas (0.05) in spring, (0.10) during summer and rantgeason
(0.02) which was at par witbonyza canadensadMentha arvensis

4.5.2.3 Frequency (%)

In terms of frequenc$tellaria mediaexhibited the highest value of 86.11% in
spring, 94.44% in summer and minimum frequencygoelrserved in autumn 69.44%
followed byPoa aungustifolia66.67% (spring), 91.60% (summer) and 50.00% rfamjtu
The species with the lowest frequency value @aigsoga parvifloraachieving 6.67% in
spring, 25.00% summer and 5.00% during autumnis¢€aable-15).

4.5.2.4 Importance Value Index (IVI)

Perusal of the data for Homegarden explicate ttitdominant species
with highest IVI value of 60.46 in autumn seasors tellaria mediaTable-16).
The co-dominant species in terms of VI wBsa aungustifolia which also
attained the highest IVI during autumn (50.06).
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Table-13: Density of different wild plants in Homeg@rden of the study area (District Budgam)

s Density/nt
Nc; Plant species Spring Summer Autumn

' Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 4.67 0.64 21.67 4.32 3.00 0.87
2. | Avena fatud.. 3.00 0.50 14.83 2.19 2.33 0.04
3. | Capsella bursa-pastoris. 3.00 0.73 16.33 3.17 2.33 0.41
4. | Chenopodium alburh. 2.17 0.03 12.00 2.52 1.83 0.07
5. | Conyza Canadensis Cronquist 1.83 0.73 10.50 3.00 0.83 0.03
6. | Galinsoga parvifloraCav. 0.83 0.02 4.83 0.17 0.33 0.01
7. | Galium aparinel. 2.67 0.04 15.00 2.25 2.33 0.20
8. | Kochia scoparid.. 3.17 0.59 15.50 2.52 - -
9. | Malva neglectavallr. 3.67 0.86 17.33 5.17 1.67 0.83
10. | Mentha arvensid.. 3.67 0.55 17.33 5.46 0.50 0.003
11. | Oenothera rose&’Her.ex. Aiton 3.33 1.67 16.83 4.23 2.50 0.32
12. | Plantago majorL. 6.50 2.02 30.17 0.83 2.33 0.33
13. | Poa aungustifolid.. 8.67 2.40 32.00 4.16 6.33 0.60
14. | Poa bulbosd.. 1.67 0.72 9.83 0.44 1.50 0.01
15. | Portulaca oleraced.. 2.00 1.04 11.83 1.48 - -
16. | Ranunculus muricatuls. 1.83 0.93 10.33 0.60 0.83 0.03
17. | Rumex nepalenshMill. 4.50 2.47 10.67 2.73 - -
18. | Stellaria medid..(Vill.) 9.17 1.88 36.33 1.92 8.83 0.42
19. | Taraxacum officinal&eber 4.83 1.13 14.33 1.69 2.00 0.01
20. | Veronica persicd.. 1.50 0.76 6.00 1.00 - -
21. | Viola oderatal.. 6.67 1.96 24.00 6.64 - -

Total 79.35 - 347.64 - 39.47 -
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Table-14: Basal area of wild plants in Homegardenf the study area (District Budgam)

Basal area(cni/m?)

Nsc; Plant species Spring Summer Autumn
' Mean +S.E Mean +S.E Mean +S.E

1. | Amaranthus caudatus 0.35 0.02 0.41 0.04 0.14 0.04
2. | Avena fatud.. 0.34 0.07 0.39 0.01 0.13 0.010
3. | Capsella bursa-pastoris. 0.27 0.08 0.31 0.12 0.12 0.09
4. | Chenopodium alburh. 0.17 0.07 0.34 0.17 0.10 0.07
5. | Conyza Canadensis Cronquist 0.19 0.01 0.23 0.14 0.02 0.001
6. | Galinsoga parvifloraCav. 0.05 0.002 0.10 0.005 0.02 0.004
7. | Galium aparinel. 0.22 0.07 0.32 0.33 0.06 0.003
8. | Kochia scoparid.. 0.27 0.03 0.33 0.31 - -

9. | Malva neglectavallr. 0.33 0.63 0.40 0.07 0.03 0.004
10. | Mentha arvensid.. 0.31 0.07 0.39 0.06 0.02 0.004
11. | Oenothera rose&’Her.ex. Aiton 0.69 0.62 0.81 0.05 0.23 0.12
12. | Plantago majorL. 0.73 0.04 0.89 0.09 0.20 0.04
13. | Poa aungustifolid.. 1.01 0.27 1.12 0.07 0.72 0.06
14. | Poa bulbosd.. 0.08 0.03 0.21 0.30 0.03 0.001
15. | Portulaca oleraced.. 0.23 0.002 0.39 0.17 - -
16. | Ranunculus muricatuls. 0.18 0.02 0.21 0.006 0.03 0.002
17. | Rumex nepalenshill. 0.73 0.04 0.90 0.19 - -
18. | Stellaria medid..(Vill.) 1.02 0.06 1.16 0.10 0.77 0.12
19. | Taraxacum officinal&eber 0.41 0.20 0.43 0.003 0.04 0.001
20. | Veronica persicd.. 0.15 0.008 0.31 0.16 - -
21. | Viola oderatal.. 0.66 0.11 0.73 0.05 - -

Total 8.12 - 10.38 - 2.66 -
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Table-15: Frequency of wild plants in Homegarderf the study area (District Budgam)

Frequency (%)

Nsc; Plant species Spring Summer Autumn

' Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 58.33 8.33 77.78 11.70 25.00 0.10
2. | Avena fatud.. 50.00 1.00 83.33 11.67 25.00 1.43
3. | Capsella bursa-pastoris. 33.33 10.67 66.67 10.67 16.67 8.33
4. | Chenopodium alburh. 50.00 28.87 83.33 1.67 40.00 10.00
5. | Conyza Canadensis Cronquist 50.00 2.90 66.66 9.62 16.67 9.67
6. | Galinsoga parvifloraCav. 6.67 0.67 25.00 2.00 5.00 5.00
7. | Galium aparinel. 33.33 10.67 66.67 1.67 26.67 11.53
8. | Kochia scoparid.. 33.33 10.67 83.33 1.67 - -
9. | Malva neglectavallr. 33.33 11.07 83.33 1.67 33.33 1.67
10. | Mentha arvensid.. 50.00 0.30 66.67 1.67 16.67 1.67
11. | Oenothera rose&’Her.ex. Aiton 33.33 8.67 83.33 9.67 25.00 13.43
12. | Plantago majorL. 58.33 8.33 83.33 8.33 43.33 6.67
13. | Poa aungustifolid.. 66.67 8.33 91.67 8.33 50.00 4.00
14. | Poa bulbosd.. 16.67 1.07 83.33 7.67 16.67 1.67
15. | Portulaca oleraced.. 33.33 6.07 83.33 5.67 - -
16. | Ranunculus muricatuls. 33.33 1.67 66.67 2.67 16.67 0.67
17. | Rumex nepalenshill. 33.33 6.67 66.67 5.67 - -
18. | Stellaria medid..(Vill.) 86.11 7.35 94.44 5.56 69.44 2.78
19. | Taraxacum officinal&eber 70.00 10.00 83.33 10.67 45.00 10.67
20. | Veronica persicd.. 33.33 1.67 83.33 10.67 - -
21. | Viola oderatal.. 58.33 8.33 58.33 8.33 - -

Total 921.08 - 1580.58 - 471.12 -
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Table-16: Importance Value Index (IVI) of wild plants in Homegarden of the study area (District Budgan)

Importance Value Index

Nsc; Plant species Spring Summer Autumn

' Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 15.68 2.54 15.08 1.73 19.01 3.01
2. | Avena fatud.. 13.03 2.14 13.23 1.16 20.79 4.38
3. | Capsella bursa-pastoris. 9.52 3.95 11.82 0.94 13.58 6.37
4. | Chenopodium alburh. 9.24 4.31 12.20 1.38 15.57 3.76
5. | Conyza Canadensis Cronquist 9.96 0.21 9.60 1.00 7.27 0.61
6. | Galinsoga parvifloraCav. 3.15 0.33 4.02 0.13 2.34 2.03
7. | Galium aparinel. 10.19 2.59 11.60 1.23 14.70 2.83
8. | Kochia scoparid.. 9.74 1.08 12.93 1.16 - -
9. | Malva neglectavallr. 10.95 4.51 14.10 1.66 13.40 2.82
10. | Mentha arvensid.. 14.49 2.31 13.15 3.56 6.46 0.32
11. | Oenothera rose&’Her.ex. Aiton 14.48 5.73 17.87 1.31 19.80 9.41
12. | Plantago majorL. 23.72 1.98 22.52 0.28 24.23 0.78
13. | Poa aungustifolid.. 30.17 1.86 25.77 1.06 50.06 3.98
14. | Poa bulbosd.. 4.62 0.74 10.09 1.04 9.14 0.28
15. | Portulaca oleraced.. 9.79 1.62 12.36 0.45 - -
16. | Ranunculus muricatuls. 8.41 1.21 9.14 0.45 7.52 0.84
17. | Rumex nepalenshill. 19.26 6.38 15.86 2.44 - -
18. | Stellaria medid..(Vill.) 33.22 1.23 27.60 0.44 60.46 11.64
19. | Taraxacum officinal&eber 18.47 241 13.54 0.47 15.60 5.98
20. | Veronica persicd.. 7.87 1.13 9.94 0.93 - -
21. | Viola oderatal.. 23.93 4.57 17.50 2.53 - -

Total 300.00 - 300.00 - 300.00 -




4.5.3.1 Horti-agricultural system
4.5.3.1 Density (individuals/m)

Density (individuals/f) of herbage in Horti-agricultural system during
sampling seasons varied from 221.07 (spring), 41&d4mmer) to 103.43 (autumn)
Table-17. Among the species recordgiglaria mediavas the major contributor to the
total density of vegetation. Its contribution ratidg@m 21.83 (spring), 34.83 (summer)
and 14.00 (autumn). It was followed BYantago major and Plantago lanceolaita
decreasing order. Their contribution ranged fro86@8 and 17.50 during spring
season, 30.66 and 30.50 in summer and therebynelgctiuring autumn season
attaining the values as 12.16 and 10.66 respectivehimum values for density in
different seasons were recorded fotemisia absinthiumand Phragmites australis
duringspring as 3.16. The density Aftemisia absinthiunnemained minimum during
summer (7.66) and showed a marked declinationglartumn (1.33).

4.5.3.2 Basal area (cAim?)

Perusal of the data in Table-18 revealed that tistsal area (cAm?) of
the vegetation varied from 10.84 (spring), 17.18r(ser) and 6.68 (autumn).
Among the individual species, contribution Stellaria mediavas highest to the
total basal area of herbage in different sampliegsens and was followed by
Plantago major and Plantago lanceolata decreasing trend. Basal area attained
by Stellaria mediawas 1.19 (spring), 1.42 (summer) and 1.11(auturithp
lowest value for basal area was achievedAbntemisia absinthiumas 0.07 in
spring, 0.16 during summer and 0.02 in autumn seaso

4.5.3.3 Frequency (%)

Similar trend was observed for this parameter highest value during
spring and summer season and then marked dechnati@autumn (Table-19).
Among the speciesStellaria mediaagain was evaluated as the most frequently
occurring species with 83.33% frequency duringreprf4.44% during summer
and minimum frequency being observed in autumn7ea.7

For the same parameter the lowest value was shdwedrtemisia
absinthium 8.33% in spring, 25.00% summer and 6.66% duringurant
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Table-17: Density of different wild plants in Horti-agricultural system of the study area (District Bulgam)

s Density/nT
Nc; Plant species Spring Summer Autumn

' Mean +S.E Mean +S.E Mean +S.E
1. | Anagallis arvensis. 11.33 4.17 19 4.58 1.66 0.08
2. | Anthemis cotula.. 8.83 1.59 24 1.00 4.66 0.88
3. | Artemisia absinthium L. 3.16 0.16 7.66 1.36 1.33 0.03
4. | Chenopodium alburh. 5.50 1.92 15.33 3.84 2.16 0.01
5. | Convolvulus arvensis L. 9.16 2.45 18.83 1.59 - -
6. | Conyza canadensik. Cronquist 10.66 1.74 18.66 4.56 4.50 1.73
7. | Daucus carotal. 13.66 1.01 19.16 1.45 7.50 1.50
8. | Galinsoga parvifloraCav. 17.16 0.28 29.16 1.96 8.66 2.42
9. | Hypericum perforatunh. 6.00 1.15 16.00 3.51 3.00 0.50
10. | Medicago polymorpha. 8.66 4.37 14.50 1.44 5.33 0.72
11. | Phragmites australi€av. 3.16 0.87 8.16 3.19 2.00 0.02
12. | Plantago lanceolatd.. 17.50 1.52 30.50 0.50 10.66 2.84
13. | Plantago majorL. 18.66 3.44 30.66 4.25 12.16 2.58
14. | Poa bulbosal. 11.33 5.76 23.50 11.85 - -
15. | Potentilla reptansL. 5.83 0.44 15.16 3.41 2.66 0.16
16. | Rumex dentatus. 14.16 7.12 21.83 4.33 11.16 0.44
17. | Scandix pectenveneris 7.66 3.84 17.00 5.25 3.83 0.09
18. | Stellaria medial.(Vill.) 21.83 1.87 34.83 2.24 14.00 0.28
19. | Taraxacum officinaléWeber 8.66 1.45 14.50 4.35 3.33 1.71
20. | Thymus linearigenth. 9.16 4.63 20.00 1.68 - -
21. | Veronica persic&oiret 9.00 0.50 15.00 7.50 4.83 0.09

Total 221.07 - 413.44 - 103.43 -




Table-18: Basal area of different wild plants in Hati-agricultural system of the study area (District Budgam)

Basal area(cni/m?)

NS(; Plant species Spring Summer Autumn
' Mean +S.E Mean +S.E Mean +S.E
1. | Anagallis arvensis. 0.50 0.07 0.84 0.14 0.14 0.01
2. | Anthemis cotulal. 0.22 0.06 0.84 0.11 0.16 0.02
3. | Artemisia absinthium L. 0.07 0.01 0.16 0.01 0.02 0.008
4. | Chenopodium albunt.. 0.19 0.04 0.81 0.05 0.11 0.05
5. | Convolvulus arvensis L. 0.46 0.10 0.82 0.15 - -
6. | Conyza canadensls Cronquist 0.50 0.05 0.77 0.14 0.16 0.02
7. | Daucus carotd.. 0.85 0.02 1.08 0.01 0.43 0.07
8. | Galinsoga parvifloraCav. 1.09 0.03 1.10 0.21 0.98 0.02
- 9. | Hypericum perforaturl. 0.20 0.04 0.76 0.01 0.13 0.02
~ 10. | Medicago polymorph&. 0.20 0.10 0.54 0.04 0.13 0.009
11. | Phragmites australi€av. 0.14 0.01 0.16 0.01 0.04 0.04
12. | Plantago lanceolatd.. 1.09 0.004 1.11 0.05 1.00 0.001
13. | Plantago majorL. 1.09 0.001 1.13 0.006 1.00 0.002
14. | Poa bulbosal. 0.53 0.26 0.83 0.44 - -
15. | Potentilla reptansL. 0.21 0.04 0.57 0.003 0.12 0.012
16. | Rumex dentatus. 0.96 0.05 1.09 0.006 0.76 0.16
17. | Scandix pectenveneris 0.21 0.04 0.82 0.03 0.12 0.01
18. | Stellaria medial.(Vill.) 1.19 0.0002 1.42 0.05 1.11 0.02
19. | Taraxacum officinal&Veber 0.21 0.05 0.68 0.01 0.10 0.05
20. | Thymus linearisCav. 0.50 0.17 0.88 0.44 - -
21. | Veronica persicaPoiret 0.43 0.26 0.72 0.36 0.17 0.01
Total 10.84 - 17.13 - 6.68 -




8L

Table-19: Frequency of different wild plants in Hotti-agricultural system of the study area (DistrictBudgam)

Frequency (%)

Nsc; Plant species Spring Summer Autumn

' Mean +S.E Mean +S.E Mean +S.E
1. | Anagallis arvensis. 58.33 8.33 75 25.00 33.33 16.66
2. | Anthemis cotulalL. 50.00 2.50 69.44 2.78 41.66 8.33
3. | Artemisia absinthiunh. 8.33 0.33 25.00 2.31 6.66 0.66
4. | Chenopodium alburh. 66.66 16.66 66.66 8.33 33.33 16.66
5. | Convolvulus arvensis L. 50.00 1.30 58.33 8.33 - -
6. | Conyza canadenslsCronquist 66.66 16.66 66.66 16.66 50.00 3.30
7. | Daucus carotal. 58.33 8.33 83.33 16.66 43.33 6.66
8. | Galinsoga parvifloraCav. 66.00 10.01 76.66 8.33 40.00 16.66
9. | Hypericum perforaturl. 50.00 6.20 66.66 16.66 43.33 6.66
10. | Medicago polymorph&. 33.33 16.66 75.00 14.43 30.00 5.00
11. | Phragmites australi€av. 25.00 4.43 41.66 8.33 16.66 1.66
12. | Plantago lanceolatd.. 50.00 5.50 88.33 11.66 43.33 6.66
13. | Plantago majorL. 61.66 7.26 90.00 10.0 50.00 4.90
14. | Poa bulbosal. 33.33 16.66 66.66 33.33 - -
15. | Potentilla reptansL. 50.00 6.20 66.66 16.66 41.66 8.33
16. | Rumex dentatus. 33.33 16.66 83.33 16.66 21.66 3.33
17. | Scandix pectenveneris. 33.33 16.66 66.66 16.66 13.33 0.26
18. | Stellaria media..(Vill.) 83.33 7.50 94.44 5.55 77.77 2.77
19. | Taraxacum officinaleWeber 66.66 16.66 83.33 16.66 50.00 8.86
20. | Thymus linearisCav. 33.33 16.66 50.00 7.86 - -
21. | Veronica persicaPoiret 33.33 16.66 66.66 33.33 16.66 8.33

Total 927.61 - 1460.47 - 652.71 -




4.5.3.4 Importance Value Index (IVI)

Numeric values of importance value index in Takleef different species
revealed that in this agroforestry systeBiellaria mediaattainedhighest VI
values of 42.58 in autumn, 23.44 summer and 2&%piring compared to other
plant species. The co-dominant species Rlastago majorwith an VI value of
35.06 (autumn).

4.5.4 Horti-silvi-pasture system
4.5.4.1 Density (individuals/m)

Perusal of the data in Table-21 indicated thadamti-silvi-pasture system
total density (individuals/@ of herbage ranged from 568.20 (spring), 1023.18
(summer) to 315.94 (autumn). Highest value for dgnwas achieved by
Cynodon dactylonduring three seasons ranging from 90.33 (sprin@B.€6
(summer) to 67.33 (autumn) followed Benothera rose®1.16 (spring), 77.50
(summer) and 37.00 (autumnpMentha arvensisvas observed to achieve lowest
values for density in three different seasons &8 §spring), 10.66 (summer)

which then declined to 1.33 (autumn).
4.5.4.2 Basal area (chim?)

Data pertaining to total basal area in Table-22eated a marked
fluctuation from 23.21 (spring), 31.12 (summer) drid98 (autumn). Among the
plant species, contribution @ynodon dactylomwas highest to the total basal area
of herbage in different sampling seasons. Basal aftained byCynodon dactylon
was 1.93 (spring), 2.02 (summer) and 1.65 (autufing. lowest value for basal
area was evaluated fdentha arvensias (0.02) in spring, (0.12) during summer

and in autumn season (0.008).
4.5.4.3 Frequency (%)

In terms of frequency, the highest value wasitatted by Cynodon

dactylon i.e. 94.44% in spring, 100.00% in summer and mum frequency




being observed in autumn 83.33% followeddmsnothera rosed7.77% (spring),
94.44% (summer) and 58.33% (autumn). The specigslawest frequency value
wasMentha arvensisvith 16.66% in spring, 33.33% summer and duringiaunt
season 6.66% (Table-23).

4.5.4.4 Importance Value Index (IVI)

Perusal of the data for Horti-silvi-pasture syste@mdicated that the
dominant species with highest IVI value of 41.9@t¢@nn season) wasynodon
dactylon compared to other plant species (Table-24), thobgimg dominant
species during summer and spring seasons alsaoFdleminant species in terms
of IVI value wasOenothera rosedhat also attained highest VI during autumn
(25.15).

Data pertaining to mean density and basal arealdfplants in different
agroforestry systems showed that these were sgnify higher in Horti-silvi-
pasture compared to other systems (Table-25 & T .density and basal area of
wild plant species revealed that they were sigaifity higher in summer season

in contrast to other two seasons evaluated.




18

Table-20: Importance Value Index (IVI) of different wild plants in Horti-agricultural system of the study area (District
Budgam)
S Importance Value Index
Nc; Plant species Spring Summer Autumn
] Mean +S.E Mean +S.E Mean +S.E
1. | Anagallis arvensis. 15.56 3.60 14.26 1.72 8.58 4.13
2. | Anthemis cotuld.. 10.98 1.78 15.52 1.00 13.60 1.96
3. | Artemisia absinthiuniL. 2.66 0.64 4.48 0.11 2.78 0.67
4. | Chenopodium alburh. 10.63 2.14 13.08 1.93 8.64 4.19
5. | Convolvulus arvensis. 13.47 2.57 13.58 2.27 - -
6. | Conyza canadensisCronquist. 16.13 3.61 13.40 1.02 14.48 0.75
7. | Daucus carotal. 20.46 1.62 16.57 0.78 20.66 2.45
8. | Galinsoga parvifloraCav. 24.30 0.98 18.82 0.96 29.48 3.27
9. | Hypericum perforatumi_. 9.52 1.20 12.82 2.00 11.59 0.36
10. | Medicago polymorph&. 8.65 4.27 11.91 1.21 12.07 1.65
11. | Phragmites australi€av. 5.33 1.38 5.81 0.93 5.21 1.00
12. | Plantago lanceolatd.. 23.71 1.87 20.39 1.60 32.79 1.94
13. | Plantago majorL. 25.25 1.74 20.43 1.27 35.06 3.84
14. | Poa bulbosd.. 12.71 6.33 15.24 7.52 - -
15. | Potentilla reptansL. 9.41 0.33 11.45 0.65 10.95 1.33
16. | Rumex dentatus. 17.70 8.86 17.76 2.73 21.52 0.71
17. | Scandix pectenvenelis 9.07 0.65 13.47 2.57 7.76 3.66
18. | Stellaria medid..(Vill.) 28.98 1.08 23.44 2.21 42.58 2.11
19. | Taraxacum officinaleWeber 12.28 1.97 12.96 1.28 12.29 5.94
20. | Thymus linearisCav. 11.48 1.95 12.72 1.67 - -
21. | Veronica persicdoiret 11.61 2.83 11.79 5.86 9.87 0.82
Total 300 - 300 - 300 -




Table-21: Density of different wild plants in Horti-silvi-pasture system of thestudy area (District Bdgam)

Density/nt
,\‘IS(;' Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E
1. | Amaranthus caudatus 10.50 2.75 25.50 10.98 6.00 1.73
2. | Anagallis arvensis. 4.00 0.12 10.83 3.37 2.00 0.81
3. | Anthemis cotulalL. 7.50 2.30 21.83 7.40 4.66 1.16
4. | Asparagus officinalis L. 7.83 7.83 24.33 12.18 5.83 0.83
5. | Cannabis satival. 20.66 491 38.83 11.34 10.00 0.86
6. | Chenopodium albuntk. 11.83 6.40 37.33 6.48 6.00 2.02
® 7. | Clinopodium vulgaré.. 5.16 0.44 11.66 3.00 2.00 0.15
8. | Convolvulus arvensis. 5.66 1.96 32.00 1.60 3.66 1.85
9. | Conyza canadensik.Cronquist 17.66 1.85 37.33 3.60 12.00 1.25
10. | Cynodon dactyloh. 90.33 3.94 103.66 9.40 67.33 9.68
11. | Daucus carotal. 17.66 1.45 37.00 3.51 11.66 1.33
12. | Galinsoga parvifloraCav. 7.00 2.04 12.16 2.94 3.50 1.75
13. | Geranium polyanthe&€dgew &Hook 32.66 16.33 54.50 0.28 17.83 1.39
14. | Medicago polymorphd..(Benth.) 42.83 14.87 62.16 7.83 30.50 5.83
15. | Mentha arvensid.. 3.33 1.33 10.66 3.35 1.33 0.66
16. | Oenothera roseda ‘ Her. ex Aiton 51.16 1.42 77.50 9.84 37.00 9.25

Contd...
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Table 21 contd...

Density/nT
Nsc;. Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E
17. | Plantago lanceolatd.. 11.16 3.76 34.66 0.16 7.50 2.46
18. | Plantago majorL. 16.16 8.09 35.83 6.45 8.50 1.50
19. | Poa pratensel. 16.33 9.11 23.33 5.10 10.33 1.91
20. | Polygonum hydropipet.. 14.66 4.84 18.5 3.25 - -
21. | Potentilla reptansL. 10.33 0.16 14.16 3.16 4.66 0.40
22. | Prunella vulgarisL. 6.00 3.21 11.83 1.01 3.00 1.52
23. | Rumex dentatus. 7.66 4.47 29.83 0.72 3.16 1.58
24. | Scandix pectenveneris. 21.16 3.83 45.66 2.45 12.33 1.33
25. | Sonchus oleraceuk. 9.00 3.00 29.00 1.60 5.50 1.04
26. | Setaria viridisL. 31.33 1.45 38.70 2.12 - -
27. | Stellaria media_.(Vill.) 20.83 10.93 36.70 7.94 11.50 1.25
28. | Sysiumbrium irioL. 4.33 2.18 12.70 1.76 - -
29. | Taraxacum officinal&Veber 16.83 3.91 38.34 12.17 10.66 2.04
30. | Trifolium pratenseL. 21.33 0.72 25.16 7.48 11.50 0.50
31. | Veronica persic&oiret 12.66 6.33 15.50 2.78 5.16 0.77
32. | Viola odoratal. 12.66 6.34 16.00 2.56 6.00 0.34
Total 568.20 - 1023.18 - 315.94 -




Table-22: Basal area of different wild plants inHorti-silvi-pasture system of the study area (Distict Budgam)

Basal area(cni/m?)

,\‘IS(;' Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E

1. | Amaranthus caudatus 0.38 0.05 0.52 0.03 0.14 0.01
2. | Anagallis arvensis. 0.02 0.001 0.13 0.09 0.009 0.004
3. | Anthemis cotulalL. 0.19 0.003 0.26 0.07 0.12 0.01
4. | Asparagus officinalis L. 0.98 0.20 1.23 0.62 0.13 0.01
5. | Cannabis satival. 1.10 0.25 1.57 0.06 0.48 0.10
6. | Chenopodium albuntk. 0.14 0.003 0.68 0.29 0.11 0.01
7. | Clinopodium vulgaré.. 0.52 0.25 1.10 0.16 0.28 0.06
8. | Convolvulus arvensis. 0.52 0.10 1.11 0.14 0.27 0.13
9. | Conyza canadensik.Cronquist 0.76 0.29 1.07 0.01 0.55 0.21
10. | Cynodon dactyloth. 1.93 0.03 2.02 0.03 1.65 0.29
11. | Daucus carotal. 0.76 0.19 1.07 0.01 0.54 0.19
12. | Galinsoga parvifloraCav. 0.57 0.29 0.87 0.06 0.20 0.10
13. | Geranium polyanthe&€dgew &Hook 0.65 0.15 0.89 0.03 0.27 0.06
14. | Medicago polymorphd..(Benth.) 1.42 0.25 1.27 0.22 0.67 0.22
15. | Mentha arvensid.. 0.02 0.001 0.12 0.01 0.008 0.001
16. | Oenothera roseda ‘ Her. ex Aiton 1.86 0.03 1.98 0.05 1.06 0.01

Contd...
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Table 22 contd...

Basal area(cni/m?)

No. Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E
17. | Plantago lanceolatd.. 1.22 0.14 1.31 0.04 0.82 0.13
18. | Plantago majorL. 1.24 0.62 1.33 0.03 0.93 0.13
19. | Poa pratensel. 1.25 0.62 1.34 0.01 0.98 0.16
20. | Polygonum hydropipet.. 1.32 0.05 1.35 0.02 - -
21. | Potentilla reptansL. 0.35 0.10 0.51 0.11 0.17 0.08
22. | Prunella vulgarisL. 0.47 0.23 0.81 0.13 0.22 0.02
23. | Rumex dentatus. 0.68 0.34 1.28 0.34 0.24 0.12
24. | Scandix pectenveneris. 0.82 0.12 1.33 0.32 0.54 0.14
25. | Sonchus oleraceuk. 0.22 0.07 0.48 0.16 0.03 0.006
26. | Setaria viridisL. 1.05 0.01 1.15 0.04 - -
27. | Stellaria media_.(Vill.) 0.38 0.03 0.83 0.15 0.25 0.06
28. | Sysiumbrium irioL. 0.25 0.08 0.41 0.06 - -
29. | Taraxacum officinal&Veber 0.71 0.19 1.09 0.08 0.38 0.04
30. | Trifolium pratenseL. 0.92 0.40 1.10 0.07 0.69 0.11
31. | Veronica persic&oiret 0.51 0.25 0.90 0.05 0.24 0.006
32. | Viola odorataL. 0.51 0.30 0.91 0.04 0.25 0.004
Total 23.21 - 31.12 - 11.98 -




Table-23: Frequency of different wild plants in Hotti-silvi-pasture system of the study area (DistricBudgam)

Frequency (%)

,\‘IS(;' Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E

1. | Amaranthus caudatus 66.66 16.66 83.33 16.66 50.00 0.11
2. | Anagallis arvensisL. 16.66 5.10 33.33 16.66 15.00 1.63
3. | Anthemis cotulalL. 58.33 8.33 66.66 16.66 50.00 0.32
4. | Asparagus officinalis L. 16.66 6.66 33.33 16.66 16.66 6.66
5. | Cannabis satival. 66.66 16.66 83.33 16.66 50.00 1.11
6. | Chenopodium albunt. 61.11 30.93 66.66 9.62 50.00 0.12
7. | Clinopodium vulgare.. 50.00 1.12 83.33 16.66 33.33 16.66
8. | Convolvulus arvensis. 50.00 0.023 66.66 16.66 33.33 16.66
9. | Conyza canadensik.Cronquist 58.33 8.33 66.66 8.33 50.00 0.45

10. | Cynodon dactyloh. 94.44 5.55 100 9.66 83.33 8.33

11. | Daucus carotal. 53.33 3.33 65.00 7.63 46.66 3.33

12. | Galinsoga parvifloraCav. 50.00 18.86 66.66 16.66 33.33 16.66
13. | Geranium polyanthe&€dgew &Hook 33.33 16.66 50.00 0.92 33.33 16.66
14. | Medicago polymorphd..(Benth.) 75.00 14.43 86.11 7.34 58.33 8.33

15. | Mentha arvensid.. 16.66 6.66 33.33 16.66 6.66 0.33

Contd...
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Table 23 contd...

Frequency (%)
NSc;. Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E
16. | Oenothera rosed ‘ Her. ex Aiton 77.77 14.78 94.44 5.55 58.33 8.33
17. | Plantago lanceolatd.. 50.00 10.99 58.33 8.33 58.33 8.33
18. | Plantago majorL. 50.00 25 75.00 10.41 50.00 11.09
19. | Poa pratensel. 50.00 18.86 66.66 16.66 50.00 18.86
20. | Polygonum hydropipet.. 50.00 10.11 83.33 16.66 - -
21. | Potentilla reptansL. 50.00 16.20 66.66 16.66 33.33 16.66
22. | Prunella vulgarisL. 50.00 18.86 53.33 10.11 26.66 16.66
23. | Rumex dentatus. 33.33 16.66 50.00 9.14 33.33 16.66
24. | Scandix pectenveneris. 50.00 9.80 66.66 8.33 50.00 10.67
25. | Sonchus oleraceuk. 66.66 16.66 83.33 8.33 50.00 18.86
26. | Setaria viridisL. 83.33 16.66 91.66 8.33 - -
27. | Stellaria media_.(Vill.) 58.33 10.04 75 14.43 50.00 10.34
28. | Sysiumbrium irioL. 41.66 12.04 66.66 8.33 0 0
29. | Taraxacum officinal&Veber 66.66 16.66 75 10.43 50 18.86
30. | Trifolium pratenseL. 58.33 8.33 66.66 16.66 50 18.86
31. | Veronica persic&oiret 50 18.86 66.66 16.66 33.33 16.66
32. | Viola odorataL. 51.66 10.08 70.00 11.09 33.33 8.98
Total 1704.90 - 2127.11 - 1211.60 -
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Table-24:

Importance Value Index (IVI) of different wild plants in Horti-silvi-pasture system of the study area (District

Budgam)
Importance Value Index
I\lsd. Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E

1. | Amaranthus caudatus 7.56 1.14 7.96 1.67 7.10 0.62
2. | Anagallis arvenseé. 1.81 0.05 2.93 0.81 1.91 0.50
3. | Anthemis cotulalL. 5.48 1.01 5.94 1.35 6.59 0.48
4. | Asparagus officinalis L. 5.98 1.28 7.78 4.16 4.06 0.36
5. | Cannabis satival. 12.12 0.71 12.37 1.47 11.11 0.67
6. | Chenopodium albunt.. 6.02 3.27 8.82 2.00 6.91 0.68
7. | Clinopodium vulgaré.. 6.10 1.21 8.45 0.80 5.84 0.31
8. | Convolvulus arvensis. 6.27 1.85 9.59 1.02 6.06 3.10
9. | Conyza canadensik.Cronquist 9.92 2.40 10.06 0.70 12.75 2.64
10. | Cynodon dactyloh. 29.63 1.70 21.02 0.83 41.92 6.75
11. | Daucus carotal. 9.58 0.69 9.93 0.62 12.22 2.30
12. | Galinsoga parvifloraCav. 6.48 1.86 6.94 1.12 5.34 2.82
13. | Geranium polyanthe&€dgew &Hook 10.87 5.95 10.40 0.18 10.65 5.54
14. | Medicago polymorphd..(Benth.) 17.87 3.53 14.00 1.77 19.52 1.04
15. | Mentha arvensid.. 1.48 0.06 2.98 0.73 1.01 0.08
16. | Oenothera rosed ‘ Her. ex Aiton 21.44 0.97 18.08 0.82 25.15 3.30

Contd...




Table 24 contd...

Importance Value Index

No. Plant species Spring Summer Autumn
Mean +S.E Mean +S.E Mean +S.E

17. | Plantago lanceolatd.. 10.05 0.58 10.11 0.25 13.41 3.08
18. | Plantago majorL. 10.89 5.76 11.06 0.84 13.75 4.54
19. | Poa pratensel. 10.78 5.75 9.47 1.26 14.56 1.83
20. | Polygonum hydropipet.. 11.04 1.04 9.77 0.86 - -
21. | Potentilla reptansL. 6.20 0.96 6.01 0.95 5.58 2.90
22. | Prunella vulgarisL. 6.25 0.57 6.10 0.40 4.86 2.55
23. | Rumex dentatus. 6.01 3.23 9.24 0.99 5.66 2.90
24. | Scandix pectenveneris. 10.14 1.35 11.64 1.43 12.44 1.05
25. | Sonchus oleraceuk. 6.54 0.98 8.19 1.01 5.80 0.33
26. | Setaria viridisL. 14.85 1.26 11.54 0.29 - -
27. | Stellaria media_.(Vill.) 9.08 0.20 9.57 1.65 9.79 0.40
28. | Sysiumbrium irioL. 4.12 2.27 5.54 0.53 - -
29. | Taraxacum officinal&Veber 9.78 0.77 10.62 1.03 10.53 0.91
30. | Trifolium pratenseL. 11.22 2.06 8.87 1.69 12.58 0.52
31. | Veronica persic&oiret 7.16 3.80 7.32 0.84 6.26 3.22
32. | Viola odoratal. 7.15 3.00 7.54 0.45 6.48 3.00

Total 300 - 300 - 300 -
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Table-25: Interaction between Density (individualsh?) of wild plants i
prevalent agroforestry systems and seasons
Seasons
Systems
Spring Summer Autumn Mean

Boundary plantation 330.20 826.50 161.00 439.23
Homegarden 79.35 347.64 39.47| 155.48
Horti-agricultural system 221.70 413.44 103.483 246.19
Horti-silvi-pasture system 568.20 1023.18 315.94 635.77

Mean 299.86 652.70 154.96 -
C.D (p<0.05)

Systems: 30.60
Seasons: 25.60

Systems: Seasons: 51.20

Table-26: Interaction between Basal area (chm?) of wild plants in
prevalent agroforestry systems and seasons
Seasons
Systems
Spring Summer Autumn Mean

Boundary plantation 11.14 17.00 7.45 13.85
Homegarden 8.12 10.38 2.66 7.05
Horti-agricultural system 10.83 17.13 6.67 11.54
Horti-silvi-pasture system 23.21 31.11 11.9 22.09

Mean 13.32 18.90 7.18 -
C.D (p<0.05)

Systems: 2.07
Seasons: 1.79

Systems: Seasons: 3.59




4.6 Vegatation indices of wild plants

Similar to other quantitative parameters recorded wild plants in
different seasons among prevalent agroforestryesystof District Budgam,
various vegetation indices were also calculatedh wéispect to spring, summer
and autumn. The data presented in Table-27 expticttat these indices were
also highest for summer and lowest for autumn sealuwe results so obtained are

explained below:
4.6.1 Shannon weiner index

Shannon weiner index of wild herbaceous vegetationdifferent
agroforestry systems showed a marked differencengrtioee seasons and ranged
as 2.90 (spring), 3.05 (summer) and 2.52 (autumrBdundary plantation; 2.62
(spring), 2.87 (summer) and 2.17 (autumn) in Homag® 2.77 (spring), 2.89
(summer) and 2.54 (autumn) in Horti-agriculturabteyn; 2.97 (spring), 3.21
(summer) and 2.74 (autumn) in Horti-silvi-pastugesstem. In general, it was
analyzed that this index was maximum for the sumseason in all agroforestry
systems (Table-27; Fig. 6).

4.6.2 Simpson’s diversity index

Simpson’s diversity index measured for differensteyns with respect to
seasons showed inverse relation to Shanon weidek.imhis diversity ranged as
0.066 (spring), 0.060 (summer) and 0.09 (autumnpfanadary plantation; 0.07
(spring), 0.061 (summer) and 0.11 (autumn) for Hganden; 063 (spring), 0.05
(summer) and 0.08 (autumn) for Horti-agriculturgstem; 0.067(spring), 0.046
(summer) and 0.086 (autumn) in Horti-silvi-pastaystem. From the above data,
it was obtained that the maximum value for thisedéity index was evaluated for

autumn season (Table-27; Fig. 7).
4.6.3 Species evenness

Data pertaining to species evenness (Table-27; &jigin wild plants

corresponds to Shannon weiner index i.e. maximuinevavas evaluated for




summer season and minimum for autumn. The valuethi® index obtained for
prevalent agroforestry systems of District Budgamrdy three seasons were 0.84
(spring), 0.88 (summer) and 0.76 (autumn) in Bowpdalantation; in
Homegarden 0.86 (spring), 0.94 (summer) and O.d&ungan); 0.90 (spring), 0.95
(summer) and 0.88 (autumn) in Horti-agriculturasteyn; for Horti-silvi-pasture
system as 0.85 (spring), 0.93 (summer) and 0.82ifa).

4.6.4 Concentration of dominance

Critical view of the data (Table-27; Fig. 9) pémiag to concentration of
dominance illustrated similar trend as Simpson @iwe i.e. maximum value
evaluated for autumn season and minimum for summEne values in three
consecutive seasons for prevalent agroforestresysivere 0.07 (spring), 0.061
(summer) and (0.10) in autumn for Bounadary plaomat0.08 (spring) 0.063
(summer) and 0.13 (autumn) for Homegarden; 0.0¢&n@), 0.060 (summer)
and 0.09 (autumn) for Horti-agricultural systemr fdorti-silvi-pasture system
0.07 (spring), 0.047 (summer) and 0.09 (autumn).




Table-27:

Vegetation

indices of wild plant speciesin prevalent
agroforestry sytems of the study area (District Bugam)

Seasons
Agéoforestry Vegetation Indices
ystems Spring | Summer | Autumn
Boundary Shannon weiner index 2.90 3.05 2.52
lantation
P Simpson’s diversity index 0.066 0.060 0.09
Species evenness 0.84 0.88 0.76
Concentration of 0.07 0.061 0.10
dominance
Homegarden Shannon weiner index 2.62 2.8 2.17
Simpson’s diversity index 0.07 0.061 0.11
Species evenness 0.86 0.94 0.78
Concentration of 0.08 0.063 0.13
dominance
Horti-agricultural Shannon weiner index 2.77 2.89 2.54
system : : o
Simpson’s diversity index 0.063 0.05 0.08
Species evenness 0.90 0.95 0.88
Concentration of 0.068 0.06 0.09
dominance
Horti-silvi-pasture | Shannon weiner index 2.97 3.21 2.74
system : : o
y Simpson’s diversity index 0.067 0.046 0.086
Species evenness 0.85 0.93 0.82
Concentration of 0.07 0.047 0.094
dominance
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4.7  Quantitative/Phyto-sociological attributes of Brubs in prevalent
agroforestry systems of District Budgam

The data encapsulated on quantitative/phytosagicdd attributes/
community structure of shrubs is presented in T-@BleThe vegetation analysis
of the study area shows that the prevalent agrstigreystems comprised of three
shrub species representing two families viz., Resacand Lilliaceae. The
findings of the quantitative attributes/phytosocgital attributes/community
structure of shrubs i.e. density (number of plam&), basal area (mha?),
frequency (%) and importance value index (IVI) inffedent prevalent

agroforestry systems are described as under:
4.7.1 Boundary plantation

Perusal of the data in Table-28 summarizes th&aandary plantation
agroforestry system, single shrub specieis, Rubus niveugepresenting the
family Rosaceae was found. The data so obtainethiegg that density of this
specie’s was found to be 133.33*haith a basal area of 0.066°rha’. The
frequency exhibited was 20 per cent with an impuar¢avalue index (IVI) of 300

revealing complete dominance over the site/system.
4.7.2 Homegarden

No shrub species was found in this particular fgestry system.
4.7.3 Horti-agricultural system

Detailed view of the data presented in Table-28atd thatRubus
ulmifolius was the only shrub species found in this agrofoyes/stem achieving
density (number of plants/ha) and basal area of H&Yand 0.087 rh ha'
respectively with a frequency value of 33.33 pemtcén view of the fact that
Rubus ulmifoliusvas the only shrub species, the importance valdex achieved
by the species was 300, indicating its complete idante in this particular

agroforestry system.




4.7.4 Horti-silvi-pasture system

The data encapsulated in Table-28 revealed thate tlshrub species
representing/characterizing two families were foumd this system viz.,
Asparagus officinaligLilliaceae) Rubus niveugRosaceaeand Rubus ulmifolius
(Rosaceae). Among the above mentioned three sipedes, maximum density
(number of plants/ha) was achieved Rybus niveu§483.33 hd) followed by
Rubus ulmifoliug316.66 h&) and minimum byAsparagus officinali§266.67 ha
l).

Basal area followed the similar trend i.e. maximuatue exhibited by
Rubus niveug0.043 ni/ha) followed byRubus ulmifolius(0.015 ni/ha). The
frequency value for these species vigsparagus officinalis, Rubus niveus and
Rubus ulmifoliusvas in order of 30.00, 33.40 and 66.70 per cespeetively. The
dominant species of this agroforestry system WRadus niveusvith highest
importance value index (IVI) of 160.23 followed bt co-dominantRubus
ulmifoliuswith 85.04 of IVI (importance value index) with kavalue obtained by

Asparagus officinalias 54.71.
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Table-28: Quantitative/phytosociological attributesof shrubs in prevalent agroforestry systems of thetudy area (District
Budgam)
Phytosociological Density Basal area Frequency Importance value
attributes-> (plants ha?) (m? ha?) (%) index (V1)
Agroforestry
systems/speciab Mean +S.E Mean +S.E Mean +S.E Mean +S.E
Boundary plantation
Rubus niveusThunb. 133.33 17.09 0.066 0.001 20.00 0.14 300 0.01
Total 133.33 - 0.066 - 20.00 - 300 -
Homegarden
Shrub absent - - - - - - - -
Horti-agricultural system
Rubus ulmifoliusSchott. 400 80 0.087 0.03 33.33 10.00 300 10.90
Total 400 - 0.087 - 33.33 - 300 -
Horti-silvi-pasture system
Asparagus officinalisL. 266.67 133.33 0.0084 0.004 30.00 33.38 54.71 23.73
Rubus niveusThunb. 483.33 60.09 0.043 0.014 66.70 50.00 160.23 12.32
Rubus ulmifolius Schott. 316.66 60.09 0.015 0.004 33.40 50.00 85.04 16.41
Total 1066.66 - 0.063 - 130.10 - 300 -




4.8 Vegetation indices of shrub species

Various vegetation indices of shrub layer/spedaresifferent prevalent

agroforestry systems are presented in Table-29 {Bipas:
4.8.1 Shannon weiner index

Perusal of the data in Table-29 summarized thah&tn weiner index for
shrubs ranged from 0 (Boundary plantation and Hagticultural system) to 0.93

(Horti-silvi-pasture system). In Homegardens, sHayler was absent.
4.8.2 Simpson diversity index

Detailed examination of the data recorded for Siompindex revealed that
the value for this index was found to be highedBaundary plantation and Horti-
agricultural system as 1.00. As, these systems wlerainated by only one
species viz.Rubus niveusnd Rubus ulmifoliuseach in respective agroforestry
systems. For Horti-silvi-pasture system, the vablained for this index was
0.403 (Table-29).

4.8.3 Species evenness

Species evenness in prevalent agroforestry sysierable-29 depicted
the similar trend as Shannon weiner index for shnu. 0 (zero) in Boundary
plantation and Horti-agricultural system and 0.85Horti-silvi-pasture system.
The value 0 (zero) depicted for Boundary plantatiad Horti-agricultural system

indicates presence of single shrub species irethgsoforestry systems.
4.8.4 Concentration of dominance

Analogous to Simpson diversity index, this indésoashowed maximum
values for Boundary plantation and Horti-agricudlusystem as 1.00. For Horti-

silvi-pasture system the value obtained so was40(#@ble-29).




Table -29:  Vegetation indices of shrubs in prevaldéragroforestry systems
of the study area (District Budgam)

Diversity Index
Sha_nnon S_|mps_on Species | Concentration
weiner diversity )
. . evenness| of dominance
index index
Agroforestry systems
Boundary plantation 0 1.00 0 1.00
Horti-agricultural system 0 1.00 0 1.00
Horti-silvi-pasture 0.93 0.403 0.85 0.404
system
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Fig. 10: Vegetation indicesof shrubs in prevalentgroforestry systems of the study area (District Bugam)



4.9  Quantitative/phytosociological attributes of tees in prevalent
agroforestry systems of District Budgam

Data on quatitative/phytosociological attributestees is presented in
Table-30. The vegetation analysis of the study afeaws that the prevalent
agroforestry systems comprised of fourteen spdmémnging to six familiesiz.,
Juglanaceae, Leguminoceae, Punicaceae, Rosacdamceéze,and Ulmaceae
representing both broad leaved and fruit trees. nBaty plantation was
represented by four tree species characterizingddeaved categomjz., Populus

deltoides Populus nigraSalix albaandSalix fragilis

Homegarden recorded 12 species comprised of wotddleaved and fruit
trees i.e.Cydonia oblonga, Juglans regidalus domesticaPopulus deltoides,
Populus nigra, Prunus dulcis Prunus persica, Punica granatumPyrus

communisSalix alba Salix fragilisandUIlmus wallichiana

In Horti-agricultural system 3 fruit tree specieig., Malus domestica
Prunus domesticand Pyrus communisepresented the upper layer vegetation.
Similarly, for Hoti-silvi-pasture system broad |ealvcategory was characterized
by Populus deltoidesPopulus nigra Robinia pseudoacaciandSalix alba while
fruit trees represented bWalus domestica Prunus domesticaand Pyrus

communishowed the prevalence.

The findings of the quantitative /phytosociologiedtributes/community
structure of trees i.e. density (number of plang)hbasal area (Mmha?),
frequency (%) and importance value index (IVI) inffetent prevalent

agroforestry systems are illustrated as under:
4.9.1 Density

Critical analysis of the data in Table-30 explzhthat total density Ha
achieved in prevalent agroforestry systems of thedys area were 300/ha
(Boundary plantation), 244.01 h&Homegarden), 1033.33 héHorti-agricultural
system and 1268.33 hgHorti-silvi-pasture system). Boundary plantatinith




density of 100 Ha was dominated byopulus deltoidegollowed by Populus
nigra (83.33 h&d) with minimum density value achieved Bylix fragilis (50 ha
. In Homegarden agroforestry system, the totalsiterachieved by different
trees was 244.01 Hawith Malus domesticébeing dominant exhibiting highest
density value of 66.67 Hafollowed by Populus nigra(36.66 hd) and lowest
achieved byluglans regig6.66 ha).

For Horti-agricultural system, the maximum dengi#66.67 hd) was
exhibited byMalus domesticdollowed byPrunus domestic&366.66 hd). Pyrus

communisndicated minimum density as 200*ha

Malus domesticain Horti-silvi-pasture system with density valué o
300/ha was the major contributor to number of trpes hectare followed by
Prunus domestic67 ha' andRobinia pseudoacacias least contributor (34 ha
1
).

4.9.2 Basal area

Perusal of the data in Table-30 described thellzasa (ni ha) of the
different tree categories in prevalent agroforesiygtems of District Budgam. In
Boundary plantationPopulus deltoidegxhibited the maximum basal area value
of 2.41 nf ha® with minimum value achieved bSalix fragilis (0.84 nf ha).
Malus domestican Homegarden agroforestry system indicated higbasal area
value of 0.57 rh ha' followed by Populus nigra(0.52 nf ha') and lowest
achieved byluglans regia0.03nf ha'). The maximum basal area (4.91ha")
in Horti-agricultural system was exhibited bylalus domesticafollowed by
Prunus domestic#3.28 nf ha') and minimum recorded fdPyrus communisis
2.76 nf ha.

Similarly, in Horti-silvi-pasture systemMalus domesticavas evaluated as major
contributor in terms of basal area achieving 4.40 ha' followed by Prunus

domesticat.28 nf ha® andRobinia pseudoacacias least contributor (0.69*a).




Table-30: Quantitative/Phytosociological attributesof tree species in prevalent agroforestry systentd the study area (District

Budgam)
Phytosociological Density Basal area Frequency Importance value index
attributes > (plants ha') (m? ha') (%) (IVI)
':;?Srg%r;i% ciab Mean +S.E Mean +S.E Mean +S.E Mean +S.E
Boundary plantation
Populus deltoideBartr. 100.00 0.00 2.41 0.24 100.00 11.0¢4 118.01 18.7p
Populus nigraBartr. 83.33 16.66 1.34 0.33 73.40 12.31 79.4( 13.04
Salix alba L. 66.66 13.34 1.02 0.51 53.34 19.05 52.72 16.36
Salix fragilis L. 50.00 8.86 0.84 0.44 50.00 18.86 49.86 14.98
Total 300.00 - 5.61 - 276.74 - 300 -
Homegarden
— | | Cydonia oblongaMill. 13.34 2.33 0.09 0.001 13.34 1.71 18.08 0.25
2| | Juglans regial. 6.66 0.60 0.03 0.01 8.34 1.90 7.22 4.55
Malus domesticaBorkh. 66.67 1.61 0.57 0.03 83.33 0.34 57.09 6.41
Populus deltoidesL. 26.66 1.32 0.50 0.01 60.00 0.67 44.5(Q 1.24
Populus nigral. 36.66 0.98 0.52 0.21 66.70 11.02 47.81 3.33
Prunus dulcisL. 10.00 0.21 0.11 0.03 46.70 3.65 16.33 4.56
Prunus persical. 13.33 1.11 0.11 0.03 33.40 7.00 18.14 2.34
Punica granatumL. 26.66 1.22 0.08 0.005 33.40 11.12 22.71 11.98
Pyrus communid.. 13.33 0.45 0.12 0.02 33.40 0.45 13.02 0.34
Salix albal. 13.33 0.15 0.19 0.009 58.33 2.34 33.73 10.10
Salix fragilisL. 10.00 0.15 0.13 0.01 33.40 0.94 12.15 0.45
Ulmus wallichianalL. 7.34 0.27 0.05 0.08 10.00 1.21 9.15 0.11
Tota 244.01 2.50 480.31 300

Contd...
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Table 30 contd...

Phytosociological Density Basal area Frequency Importance value
attributes 2> (plants ha) (m? ha) (%) index (IVI)
Agroforestry
systems/speciab Mean +S.E Mean +S.E Mean +S.E Mean +S.E
Horti-agricultural system
Malus domestic8orkh. 466.67 33.54 491 0.19 100.00 10.76 134.50 20.18
Prunus domestich. 366.66 31.32 3.28 0.32 66.66 12.12 93.01 9.68
Pyrus communid.. 200 20.31 2.76 0.22 66.66 20.80 72.48 9.523
Total 1033.33 - 10.95 - 233.32 - 300 -
Horti-silvi-pasture system
Malus domestic8orkh. 300.00 57.73 4.40 0.63 100.00 50.56 72.00 7.31
Populus deltoideBart. 200.00 57.73 4.08 1.44 47.00 10.34 40.00 8.683
Populus nigraBart. 167.00 88.19 2.77 1.40 35.00 13.33 38.00 8.60
Prunus domestich. 267.00 33.33 4.28 0.32 84.00 33.33 65.47 6.6[7
Pyrus communik. 233.33 88.19 4.15 0.20 67.00 50 54.71 8.92
Robinia pseudoacacia. 34.00 33.33 0.69 0.18 14.00 3.33 12.00 1.4
Salix albalL. 67.00 33.33 1.03 0.53 24.00 4.12 17.24 8.72
Total 1268.33 - 21.40 - 371.00 - 300 -




4.9.3 Frequency (%)

The data presented in Table-30 depicts that freguef tree species
varied among different prevalent agroforestry syste Populus deltoides
achieved 100 % frequency followed IBopulus nigraof 73.40 % and lowest
frequency of 50 % bySalix fragilis in Boundary plantation. Likewise, in
HomegardenMalus domesticaxhibited highest frequency of 83.33 % and lowest

frequency evaluated fdiuglans regiaas 8.34%.

In Horti-agricultural system, a frequency of 100n%s recorded fdvlalus
domesticafollowed by Prunus domesticaand Pyrus communisat the same
frequency of 66.66 %. Similarly, in Horti-silvi-pase system, the maximum
frequency of 100 % was calculated felalus domesticaollowed by Prunus

domesticaas 84 % and minimum of 14 % fRiobinia pseudoacacia
4.9.4 Importance value index (IVI)

Critical examination of the result (Table-30 andy.F11) revealed a
profound variation in VI of trees amongst agrokirg systems of District
Budgam. In Boundary plantation, the dominant anddrtant species exhibiting
higher IVI value was found to Heopulusdeltoides(118.01) andPopulus nigraas
its co-dominant (79.40)Salix albaand Salix fragilis were evaluated as other
prominent species with VI value of 52.72 and 4%&&§ectively.

The VI value also varied among different tree cipg in Homegarden
agroforestry system witMalus domesticdeing the dominant species achieving
maximum IVI value of 57.09 followed byopulus nigraandPopulus deltoideas
other prominent species exhibiting 47.81 and 44espectively. The minimum

IVI was recorded foduglans regiawith a value as 7.22.

Malus domesticain Horti-agricultural system showed maximum
importance value as 134.50 dominatiPiginus domesticandPyrus communigs
co-dominants with an VI of 93.01 and 72.48. Likew for Horti-silvi-pasture

system, the maximum IVI value of 72.00 wasleated foiMalus domestica
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followed by 65.47 foPrunus domesticé4.71for Pyrus communiand minimum
for Robinia pseudoacacias 12.00.

4.10 Vegetation indices of tree species

Data pertaining to various indices of tree speaneslifferent prevalent

agroforestry systems are presented in Table-31 {2igas:
4.10.1 Shannon weiner index

Table-31 (Fig. 12) presents the data on Shanndneweéndex for tree
species in prevalent agroforestry systems of RisBudgam. This value ranged
between 1.04 to 1.64. Boundary plantation recortthésl index as 1.17, 1.60 in
Homegarden, 1.04 in Horti-agricultural system an@41lin Horti-silvi-pasture

system.
4.10.2 Simpson diversity index

Simpson diversity index was recorded as 0.30 fouri8lary plantation
obtained the value of this index as, 0.22 for Hoandgn, 0.35 for Horti-
agricultural system and for Horti-silvi-pasture &y as 0.207 (Table-31; Fig.
12).

4.10.3 Species evenness

Perusal of the data on species evenness in pre\ageoforestry systems
in Table-31(Fig. 12) depicted that Boundary plantatecorded species evenness
value as 0.84, 0.64 in Homegarden, 0.95 in Honticagural system and 0.84 in

Horti-silvi-pasture system.
4.10.4 Concentration of dominance

Critical investigation of the data in Table-31 Fil2) revealed that
concentration of dominance in Boundary planatatimas 0.31, 0.24 in
Homegarden, 0.36 in Horti-agricultural system. Rorti-silvi-pasture system the
value obtained so was 0.208.




4.11  Similarity Index (%)

Similarity index among prevalent agroforestry sys$ varied from 23.18
% to 51.35%. Boundary plantation showed highestlaiity index of 51.35%
with Horti-silvi-pasture. However, it had least demity with Horti-agricultural

system achieving a value of 23.18 % (Table-32).

Homegarden agroforestry system demostrated I@agasty index with
Horti-silvi-pasture system (25.88%). Vegetation Hiorti-agricultural system
showed highest similarity index value with Hortivsipasture system (43.07%)
and least with Boundary plantation (23.18%). Heitwi-pasture recorded
maximum similarity with Boundary plantation (51.35%nd minimum with
Homegarden (25.88%) (Table-32).




Table -31:

the study area (District Budgam)

Vegetation indices of trees in prevalerdgroforestry systems of

Diversity indices
Shannon Simpson Species | Concentration of
weiner index | diversity index | evenness dominance
Agroforestry
systems
Boundary plantation 1.17 0.30 0.84 0.31
Homegarden 1.60 0.22 0.64 0.24
Horti-agricultural 1.04 0.35 0.95 0.36
system
Horti-silvi-pasture 1.64 0.207 0.84 0.208
system
Table-32: Indices of similarity (%) in vegetation d prevalent
agroforestry systems of the study area (District Bdgam)

Horti- Horti-silvi-

Agroforestry Boundqry Homegarden | agricultural pasture
systems planatation

system system
Boundary - 29.21 23.18 51.35
plantation
Homegarden 29.21 - 32.50 25.88
Horti-agricultural 23.18 32.50 - 43.07
system
Hoti-silvi-pasture 51.35 25.88 43.07 -
system
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Fig. 12: Vegetation indices of trees in prevalentgaoforestry systems of the study area (District Bugam)



4.12 Contribution of prevalent agroforestry systemsin fulfilment of
household needs

To evaluate the contribution of prevalent agradome systems in
fulfilment of individual household needs, resporidewere interviewed through
pre-tested questionnaire (Annexure 1V-XXI) seekimigrmation on the following

parameters as:
4.12.1 General information of the study area

From the comprehensive investigation (Table-33)tled site, it was
calculated that the whole sample area (252 farmmae®}eup about 136.84 ha of
landholdings inclusive of residential places oiivbich 1.1 ha was leased out to

airdrome @ 300/- per month. It was also evaluatet the dwellings of the

farmers were made of pucca houses only.

Table-33: General information of the study area

Total land Leased in | Leased out House
Blocks (ha) (ha) | (ha) (kanals)*
(kanals)* Kuccha Pucca
B.K.Pora 16.41 - 1.1 (22)* - +
(328.20)*
Nagam 39.21 - - - +
(784.20)*
Budgam 17.91 - - - +
(358.30)*
Khan Sahib 25.72 - - - +
(514.40)*
Narbal 20.24 - - - +
(404.80)*
Beerwah 17.35 - - - +
(347.03)*
Total 136.84 - 1.1 (22)*
(2736.93)*




4.12.2 Age of respondents

On the basis of age groups, the respondents wassifeed into three
categories; young age (<18 years old), middle 4§50 years old) and old age
(>50 years old). Number and percentage distribubioiarmers according to their
age group has been shown in the Table-34. Duricmnreaissance, it was assessed
that the majority of the respondents occurred m tiddle age category (139;
55.15%) as this age group is more involved withfirening activities including

agroforestry.

Table-34: Age of respondents

Respondents
Category
Number Percent (%)
Young age (<18 years) - -
Middle age (19-50 years) 139 55.15
Old age (>50 years) 113 44.84
Total 252 100

4.12.3 Family size

The family size of the respondents was classiireéd three categories.
These were small (2-4 members), medium (5-10 meshband large (more than
10 members). Data presented in the Tabler8fcated that, family size of the
respondents ranged from 5 to 10 (68.25%) i.e. mbfmilies fall in the medium
size category which was also a representative mtay family size in Kashmir
valley. In District Budgam, it is very common twdi together with parents and

with brothers and sisters as joint family.




Table-35: Family size of respondents

Family size
Category
Number Percent (%)
2-4 members (Small) 44 17.46
5-10 members (Medium) 172 68.25
>10 members (Large) 36 14.28
Total 252 100

4.12.4 Education

The levels of education were categorized into fgraups viz., illiterate
(no schooling), primary level (class I-V), secondevel (class VI-X), and above
secondary level (college and university). The etiandevel of the respondents
ranged from no formal education to above collegeltewith highest percentage
of respondents falling in illiterate category (504) followed by respondents
falling under secondary level education cateoga?$.8§3%). The level of
education of the respondents is shown in Table-36.

Table-36: Education level of respondents

Respondent
Category

Number Percent (%)
llliterate (No schooling) 126 50.00
Primary level (I-V) 23 9.12
Secondary level (VI-X) 65 25.83
Higher educated (College, University) 38 15.07

Total 252 100




4.12.5 Occupation

In District Budgam, maximum number of populatioa aither involved in
agriculture or engaged in business, while some #werin income/livelihood from
daily labour in the local areas or elsewhere. Tbeupation of the respondents
was classified into four groups. Among the fourugzations of the respondents,
daily labour was found to be the major occupatibthe people (31.34%) in the
study area. Besides it, agriculture (24.60%) rardesmbnd as the occupation of the

people/respondents being interviewed (Table-37).

Table -37: Occupation of respondents

Category % of the Respondents
Agriculture 24.60
Service 23.01
Business 21.03
Daily labour 31.34

4.12.6 Income

Through survey/study, it was assessed that peopléhe area have
different sources of income, like they have sesopall business units, some are
employed in government run departments, institgti@ic. and others use to
support their families by doing daily labour woiksorder to meet their needs and
requirements easily and get extra income/moneydstoresmooth management of
their land holdings (Table-38). The income fromlgdabour was found to be
more (Rs 453971.20; 41.87%) than business and empiat.




Table -38: Income sources in the study area

Source Income (Rs) % age
Business 267937.70 24.71
Employment 362237.52 33.41
Labour 453971.20 41.87

Total 10,84,146.42 100

4.12.7 Land use pattern/system

Mainly agriculture is an important land use patteovering about 55.16
ha of total land area, but farmers have involvedirtdands for cultivating
horticultural and vegetable crops also. Furthermdravas appraised that the
farmers in the study area belongs to marginal (famiding < 1 ha) to small (land
holding 1.0-2.0 ha) farming category. As per th#ormation provided by the
respondents/farmers in the study area, they alactipe various agroforestry
systems with different land holdings viz; Boundatgntation around agricultural
fields, Homegardening (cultivation of agricultukagetable crops along with the
integration of broad leaved and fruit trees), Hadriculture (fruit trees +
agriculture crops) and Hortisilvipasture systenui{ftrees+broad leaved trees+
naturally growing herbage) (Table-39). Regardinfpnmation of adoption of
agroforestry as a land use pattern have been intestin the research area was
not known to farmers, but it was clear that theyehlbeen practicing it since long

to meet their basic requirements either at submsister small commercial level.
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Table-39: Land use pattern/system identified

Area(ha)
Total
Tehsil Boundar Homegarden Horti- Horti-silvi- Ian?] area
Agriculture Iantatioz Homegarden (with tree Horticulture agricultural pasture (ha)
P component) system system
Chadoora 23.07 2.00 2.80 211 20.12 3.68 1.65 55.43
(41.62)* (3.60)* (5.05)* (3.80)* (36.29)* (6.63)* (3.00)*
Budgam 11.86 2.76 4.40 1.96 7.55 6.30 1.70 36.53
(32.46)* (7.55)* (12.04)* (5.36)* (20.66)* (17.24)* (4.65)*
Beerwah 20.23 2.13 3.25 1.40 4.47 1.80 2.40 35.68
(56.70)* (5.96)* (9.10)* (3.92)* (12.52)* (5.04)* (6.72)*
Total 55.16 6.90 10.45 5.47 32.14 11.78 5.75 127.

64

*The figures in parenthesis are percentage ofdted land



4.12.8 Components of agroforestry systems identfil

During the course of survey, four agroforestryteys were identified as
prevalent in the study area being practiced byfanmers in order to meet their
diverse needs in terms of food and money. Varioesst shrubs and herbage
(both cultivated as well as wild) species were réed as structural components
of the identified agroforestry systems at differeshporal sequences. However,
in Horti-silvi-pasture system, the ground flora qoieed of only naturally grown
wild herbage/grass species. Following species finencomposition of identified

agroforestry systems in the study area (Table-40).

Table-40: Components of agroforestry systems iderfiied

Agriculture crop component
. . Broad leaved tree Fruit tree
System identified
component component
Kharif Rabi
Boundary Poplar sp., Willow sp. - Paddy Mustard, Oats
plantation and Peas
Homegarden Poplar sp., Willow sp., Almond, Kale, Knol- Kale, Peas,
Kikar, Ulmus etc. Apple, Peach, Khol, Garlic, Turnip,
Plum, Tomato, | Radish, Spinach
Pomegranate, Potato, Carrot, etc.
Quince Brinjal,
Rajma/Bea
ns, Maize,
Bottle
gourd,
Cucumber
etc.
Horti-agricultural | - Apple, Plum, Rajma/ Kale, Radish,
system Pear Beans, Turnip etc.
Kale,
Potato,
Maize etc.
Hortisilvipasture Poplar sp., Willow sp.| Apple, Plum, | Naturally grown herbage/grass
system Kikar Pear species




4.12.9 Management expenditure

Data pertaining to annual expenditure incurred different non
agroforestry and agroforestry land use systemsresepted in Table-41. The
information collected, revealed that total amouhtmmney spent by the people
(total of 252 farmers) in the study area for mamagnt of various land holdings
including expenditures related to collection andgeissing of plant products from
these systems was found to be Rs 9,62,242 lywas also evaluated that both
family as well as skilled labour (@ Rs 350-400 gay) is being employed for the

purpose.

Table-41: Annual expenditure (Rs.) incurred in mangement of all land
use systems

Land use pattern Annual expenditure Annual expenditure
(Rs) (Rs)/ha

Agriculture 1,10742 2007.65
Boundary plantation 40,000 5797.10
Homegarden 77,000 4836.68
Horticulture 39,0000 12134.41
Horti-agricultural systen 22,9500 19482.17
Horti-silvi-pasture 11,5000 20000
system

Grand total 9,62,242 64,258.01

Standard daily wages of workers during the supegod was Rs. 350-

400. These costs calculated by multiplying wage bgtnumber of days spent.




4.12.10 Livestock

It was observed from the study that the farmer® wlwvn large land
holdings (> 1 ha in the study area) keep more dsithan the farmers who own
small land holdings (< 1 ha), probably due to sgetof cash to buy the animal
and high maintenance expenditure in terms of experised material. However,
lack of manpower for attending tlamimals and urbanization were also identified
as the main reasons for those who do not keeptdigiegTable-42). From the data
summarized in Table-42, it is clear that poultryriaximum in number (205) than
other livestock present in the study area. Largmals and poultry farms serve as
contingent funds which are easily encased wheneateed

Table -42: Livestock population in the study area

Total number Average number

Block
Cattle | Goat | Cow | Poultry | Cattle | Goat | Cow | Poultry

B.K.Pora 29 7 25 86 0.1 0.02 0.01 0.34

Nagam 22 3 35 21 0.08 0.01 0.13 0.08

Budgam 12 4 31 20 0.04 0.01 o0.12 0.08

Khansahib 56 7 20 22 0.22] 0.02 0.08 0.08

Narbal 26 7 30 13 0.10 0.0 0.11 0.05

Beerwah 35 15 15 43 0.13 0.06 0.p6 0.17

Total 180 43 156 205 0.71f 0.1y 0.61 0.81

4.12.11 Fuelwood

Data presented in Table-43 revealed that the fo@tiws being used by all
the families in the study area besides other enaltgynatives. During survey, it
was evaluated that farmers collect fuelwood froeedravailable in various land

use patterns they practige., elm, poplar, willow, kikar, apple, pear, pluntc.dt




was also documented that species like celtis, myletc. are now confined to
either holy shrines or graveyards because of mythaging spiritual power. It
was investigated that about 50% of the people & gtudy area were using
fuelwood as a main source of energy, 30% usingwioedl and LPG and

remaining 20% rely on electricity and LPG for cauki heating, lighting etc.
4.12.12 Fuel usage ranking

From the appraisal of the study area, it was cmled that during summer
and winter, people of the District Budgam use uasigources of fuel/energy as
per their availability and preference for differgnirposes i.e. cooking, heating,
lighting, festivals, marriages etc.

As far as the availability and inclination towardsparticular energy
source is concerned, people of the District Budgeene questioned to rank the
fuel usage from 1-6 during summer and winter seal$avas concluded, that fuel
wood as a source of energy dominated among alihgable sources for meeting
the energy requirement of the studied site for lbth seasons (Table-44). The
investigation revealed that fuelwood dominates agndrouse holds, with
electricity and kerosene oil being either seconthod. Neither animal dung nor
agricultural waste is being used as fuel by thepjgeof the area and the use of

LPG was somewhat at lower side in the study area.

Table-43: Trees species used as fuelwood by tlaemers in the study area

Trees used as fuelwood

Populus *Other
S Salix sp. Kikar | Ailanthus Elm Celtis plant
P species
+ + + - - - +

*Other plant sp. - apple,plum, pear etc.




/

Table-44:

Fuel usage ranking in the study area

Summer Season

Winter Season

Type , ,
Electri- | Kerosene LPG Animal Fuel- A?J'r;lljl' Electri- | Kerosene LPG Animal Fuel- A?J'r(;lljl'
city o]] dung wood waste city o]] dung wood waste
Cooking 2 3 6 - 1 - 3 2 6 - 1 -
Heating 2 3 6 - 1 - 6 2 - - 1 -
Lighting 1 2 6 - - - 2 1 6 - - -
Others - - 6 - 1 - - - 6 - 1 -
(marriage,
festivals)

1= first, 6= least




4.12.13 Alternate sources of fuelwood

During the course of study, it was evaluated thaners meet out their
fuelwood needs from various sources either frome garestry wood lots located
nearby, market or from alternate sources i.e. diffeagroforestry systems being
practiced by the people directly for burning infouthas and making charcoal
used during winter season. Perusal of the datal¢34#H), revealed that the total
extraction of fuel wood from different sources e tsurveyed village was found
to be 10680 (10.68) q (t) anninand the major contributor of fuelwood in the
study area assessed was Horti-silvi-pasture sys{étn54%) followed by
Boundary plantation (24.34%) of the total quantityuelwood production.

Table-45: Alternate fuelwood sources in the studgrea

Agroforestry systems Fuelw?g)qaf)nrggm_:;[ion kg %
Boundary plantation 2600(26.00) 24.34
Homegarden 1380(13.80) 12.92
Horti-agricultural system 2370(23.70) 22.19
Horti-silvi-pasture system 4330(43.30) 40.54

Total 10680(106.8) 100




4.12.14 Production and income contribution of identied (prevalent)
agroforestry systems

Perusal of the data in Table-46 presents producémd income
contribution of four (4) prevalent agroforestry &yas in District Budgam. The
gross production in Boundary plantation was worth7R,450 yr* out of which a
production of Rs 51,100 yrwas used for self-consumption, and Rs.23,350 yr
was sold locally themselves by installing cartsroad sides or sell in the near by
areas on horse-carts. The most important plantiepedich contributed to the
household income was staple food ri€eyza sativa contributing55.74 per cent
of the total gross production. Similarly, in homedgns, the total gross production
was worth Rs 114,725 Yy out of which the production of worth Rs 76,200 yr
was used for self-consumption and production oftlv&s 38,525 yt was sold in
order to meet other household needs. The most tantgplant species on which
household income of the farmer sustain w&massica oleracedKale) (7.90%),
followed by Capsicum annunChilli) (5.90%). Allium sativum(Garlic) (10.45%)
during kharif season and rabi season respectively.

With respect to horticultural crops in Horti-agriwral system,Malus
domestica(Apple) (35.10%) contributed most towards the ahnocome of the
farmers in District Budgam followed byrunus domesticéPlum) (32.01%). In
terms of agriculture/vegetable cropBhaseolus vulgarigRajma) contributed
about 0.38% followed byBrassica oleracegKale) (0.22%) in kharif season,
while as,Brassica rapa(Turnip) contributed highest income (1.14%) durmagi
season. From the evaluation, it was concludedihthis agroforestry system, the
gross production from horticultural and vegetableps is Rs 15, 71195 Jr
Likewise, in Horti-silvi-pasture systerJalus domesticas the prime contributor
towards sustaining the income of the people priacfithis particular agroforestry
system. The annual income by Apple was found tB$&,80,500 VI (36.33%)
followed by Prunus domestic&Rs 54,50,00 yt (34.14%) out of the total gross
production of Rs 1,60,0340 Y(Table-46). Prunings of both broad leaved and

fruit trees species present in these agroforegstems were used to make coal for




use during harsh winter months in “Kangris” for tieg purpose, contributing
about 1.00 per cent to the total gross production.

It was also evaluated that wild herbage/grassses Gynodon dactylon
Convolvulus arvensjsMedicago polymorpha and Poa pratensg growing
naturally in this system, were consumed as foragéhb animals, occasionally
(twice in a week) taken for grazing by the land even As per the farmers/land
owners, the gross annual expenditure per headeddtimal feeds amounts to Rs
27,300. By grazing the livestocks in the Horti-spasture system, the saving of
about Rs 4,360 yris achieved which accounts upto 0.27 per cent efanual
gross production.

4.12.15 Economic returns from agroforestry systems

Critical investigation of the data (Table-47) relesl that the farmers who
have engaged their maximum land holdings underfaggstry are capable of
generating/earning extra income to support theuskbold needs besides other
sources of revenue, either at low or high profitels. It was evaluated that an
income of Rs 1,076.03/farmer (Rs 3,384.05/ha) waseaed from Boundary
plantation, contributing less than 10% of the tatatome to 11.82% of the
farmers. From Homegarden Rs 1,454.32/farmer (R42/@/ha) was calculated
as to support 14.4% of the farmers. Similarly, iortdagricultural system,
income returns per farmer was examined to be R$29X8/farmer (Rs
13,0417.65/ha). Horti-silvi-pasture system was samred to maintain the
household economy @ Rs 53,855.50/farmer (Rs 26,288%) and contributed
most to the total household income (67.46%) of fHireners among all systems

followed by Horti-agricultural system (28.81%) imetstudy area.
4.12.16 Fodder

Table-48 presents the data pertaining to the foddage by farmers at
three different seasons (spring, summer and autulhmjas observed that the

fodder that farmers use to give as feed to the@stiock was supplied from either




trees i.e. poplar, salix and robinia or agriculkuraps viz., oats and paddy straw
and sometimes both in order to meet the nutriedtearergy requirements of the

ruminants.
4.12.17 Ranking of fodder tree species

Critical examination of the data in Table-49 rdedahat the farmers give
first ranking to Robinia as best feed in terms eélth and reproduction of the
animal. Second preference given to Salix and lEaftoplar species. As far as
Celtis and Mulberry are concerned, they are codfittesacred places only and

are not being used as fodder.
4.12.18 Fodder quantity

Perusal of the data in Table-50 explicated thamhéais preferred three (03)
tree species along with other feed component®ats. and rice straw as fodder in
different quantities in order to supplement theiestock at fullest. Farmers use
these feed sources either as sole supplement am smalgam/ratio of different
fodder components viz., in 100% (50% of any onedéwdmaterial + 50% of
another feed component) and 50% (25% of any ondefochaterial + 25% of
another feed component).

4.12.19 Fulfillment of subsistence needs of farmershrough different
agroforestry systems

Data pertaining to Table-51 elucidated that prewahgroforestry systems
in District Budgam supports to fulfill only abouD5er cent of the household
needs of the farmers in terms of food, fodder,viweld, timber and medicinal

plants and rest of the 50% they fulfill from market
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Production and percentage contribution ofvarious plant species

found in prevalent agrofords/ systems

Table-46:
towards annual income of households
Agriculture/Horticulture crop Production(kg yr ™) R?(te_l(Rs Amount (Rs)
g’) % (Gross
Land use Self Grosg Production/
system Kharif Rabi Self Sale consump- Sale Production Total*100)
consumption tion
Boundary Paddy 1060 600 25 26500 15000 41500 55.74
Plantation Mustard 145 10 20 2900 200 3100 4.16
Oats 250 700 4 1000 2800 3800 5.10
Peas 20 50 35 700 1750 2450 3.29
Poplar sp. 1080 600 6 6480 3600 10080 13.53
prunings
Willow prunings 920 0 6 5520 0 5520 7.41
Tree fodder 4000 0 2 8000 0 8000 10.74
Total 51100 23350 74450 100
Homegarden| Bottle Gourd 48 31 30 1440 930 237( 6 2.0
Brinjal 37 26 30 1110 780 1890 1.64
Chilli 44.75 23 100 4475 2300 6775 5.90
Cucumber 68 34 30 2040 1020 3060 2.66
French beans 15 45.5 60 900 2730 3630 3.16
Dandelion 19 0 100 1900 0 1900 1.65
Kale 55 80 60 3300 4800 8100 7.06
Knol-Khol 49 40 30 1470 1200 2670 2.32
Maize 34 0 25 850 0 850 0.74
Malva 10 0 60 600 0 600 0.52
Mint 12.5 0 60 750 0 750 0.65
Parsley 7.5 0 0 0 0 0 0.00
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Potato 50 27 25 1250 675 1925 1.67
Rajma (beans) 37.75 14 120 4530 168 6210 5.41
Spinach 38.5 27 60 2310 1620 3930 3.42
Tomato 70 56 50 3500 2800 6300 5.49
Cabbage 23 16 35 805 560 1365 1.18
Carrot 16 32 25 400 800 1200 1.04
Cauliflower 20 18 35 700 630 1330 1.15
Coriander 32 0 35 1120 0 1120 0.97
Fenugreek 37 11 60 2220 660 2880 251
Garlic 40 40 150 6000 6000 12000 10.45
Onion 12 50 80 960 4000 4960 4.32
Peas 20 14 35 700 490 1190 1.03
Radish 14 25 35 490 875 1365 1.18
Shallot 45.5 16 150 6825 2400 9225 8.04
Turnip 55 45 35 1925 1575 3500 3.05
Almond 2 0 200 400 0 400 0.34
Apple 13 0 50 650 0 650 0.56
Peach 4 0 50 200 0 200 0.17
Pear 13 0 50 650 0 650 0.56
Plum 10 0 60 600 0 600 0.52
Pomegranate 15 0 150 2250 0 2250 1.96
Poplar sp. prunings 990 0 6 5940 0 5940 5.17
Quince 2 0 100 200 0 200 0.17
Tree fodder 3000 0 2 6000 0 6000 5.22
Walnut 22 0 200 4400 0 4400 3.83
Willow sp. prunings 390 0 6 2340 0 2340 2.03
Total 76200 38525 114725 100
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Horti- Kale 34 25 60 2040 1500 3540 0.22
agricultural | Maize 29 28 15 435 420 855 0.05
system Potato 40 30 25 1000 750 1750 0.11
Rajma 25 25 120 3000 3000 6000 0.38
Apple 50 10980 50 2500 54900 55150( 35.10
Pear 40 9000 50 2000 45000 452000 28.76
Plum 60 10000 50 3000 50000 50300( 32.01
Kale 38 190 60 2280 11400 13680 0.87
Radish 40 150 35 1400 5250 6650 0.42
Turnip 50 250 60 3000 15000 18000 1.14
Apple pruning 1000 0 6 6000 0 6000 0.38
Pear pruning 450 0 6 2700 0 2700 0.17
Plum prunings 920 0 6 5520 0 5520 0.35
Total 34875 1536320 1571195 100
Horti-silvi- Apple 20 11610 50 1000 580500 58150( 36.33
pasture Plum 30 10900 50 1500 545000 54650( 34.14
system Pear 20 8500 50 1000 4250 426000 26.61
Apple prunings 990 0 6 5940 0 5940 0.37
Kikar prunings 600 0 6 3600 0 3600 0.22
Plum Prunings 890 0 6 5340 0 5340 0.33
Poplar pruning 1050 0 6 6300 0 6300 0.39
Willow prunings 800 0 6 4800 0 4800 0.30
Tree fodder 8000 0 2 16000 0 16000 1.00
Grass fodder 2180 0 2 4360 0 4360 0.27
Total 49840 1550500 1600340 100




Table-47: Total income from prevalent agroforestrysystems of the study area (District Budgam)

acT

Income Percentage (From Total* Net income) Income(&/farmer | Income(Rs)/ha
Land use system
<10 10-20 20-30 >30
Boundary plantation 11.82 - - - 1076.03 3384.05
Homegarden 2.3 - - 12.1 1454.32 7042.96
Horti-agricultural system - - 9.5 27.56 21947.42 048B7.65
Hortisilvipasture system - - 4.47 11.18 51683.33 96xR.17

*Total income = Income from Boundary plantationircome from Homegardens+ Income from Horti-agriotdt system + income
from Hortisilvipasture system

Table-48: Plant species (used dry/green) exploitddr fodder as per season

Season
Spring Summer Autumn
Poplar Kikar Salix Others | Poplar Kikar Salix Others Poplar Kikar Salix Others
+ + + + + + + + + + + +

Others= Oats & Paddy straw

Table-49: Ranking of tree fodder given to each amal in the study area

Ranking of tree fodder component
Poplar Salix Robinia Celtis Mulberry
3 2 1 - -




Table-50: Quantity of other fodder material/compon&t mixed with tree fodder or solely given to&ch animal

FCS (100%) MFC (100%= 50%-+ 50%) MFC (50%= 25%+ 25%)

O|RS{P|S|R| P|P|S|P|P|S|S|IR|R|P|P|S|P|P|S|S|R|R
+ |+ |+ |+ |+ |+ |+ |+ |+

S| R|R]O|IRS|IO|RS|O|RS|S|R|R|O|RS|O|RS| O |RS

+
+

+ |+ |+ |+ |+ |+ |+

- - - - - + + + + + + + + + - - - - - - - - -

Fodder component given solely FCS (O= Oats, RS= Rice straw, P= Poplar, SxJ&F Robinia), Mixed fodder component= MFC (P+S,
P+R, S+R, O+RS, P+O, P+RS, S+0O, S+RS, R+0, R+RS

Table-51: Subsistence need fulfillment of farmershirough different agroforestry systems in the studyarea

T

Subsistence needs fulfillment
Land use pattern 100% 50%
Food | Fodder| Timber | Fuelwood Mgg(r:]itr;al Food | Fodder | Timber | Fuelwood Mgg(r:]itr;al
Boundary plantation - - - - - + + + + +
Homegarden - - - - - + + + + +
Horti-agricultural system - - - - + - - + +
Horti-silvi-pasture system - - - - - + + + + +




4.13 Fuelwood value of preferred trees species indixict Budgam.

4.13.1 Fuelwood value of tree species preferred lihe people of District
Budgam

The data presents the wood moisture content, vdeogity, ash content
calorific value and fuelwood value index for diteit tree species used in District
Budgam (Table-52 & 53).

The perusal of data in Table-52 & 53 is elaborgtedameter wise as

under:
4.13.1 Wood moisture content (%)

Data pertaining to wood moisture content in Tdifle& 53 showed
significant variation among broad leaved tree sgednowever, non- significant
difference was recorded among fruit trees. In brieaved species, maximum
moisture content was observedRopulus deltoide$64.63%) which was at par
with Populus nigra Salix albaand Salix fragilis Whereas, minimum moisture

percentage was evaluatedRnbinia pseudoacacigp9.07%) (Table-52).

Table-53 depicted that among fruit trees, higlhesbd moisture content
was recorded inPyrus communis(47.40%) followed byPrunus domestica
(46.69%) with lowest value (34.25%) exhibitedPryinus dulcis

4.13.2 Wood density (g/cc)

Critical examination of the data in Table-52 egated a significant
difference in wood densities among the speciedaAas broad leaved species are
concerned, maximum wood density was found to bel dcc) in Robinia

pseudoacaciand minimum value foPopulus deltoideas 0.41 (g/cc).

In fruit trees, highest wood density value wasorded inPrunus dulcis
(0.89 g/cc) followed byalus domestic#0.81 g/cc). However, lowest value (0.66
g/cc) was recorded iRrunus domesticavhich was at par withPyrus communis
andMalus domesticéTable-53).




4.13.3 Ash content (%)

Table-52 elaborates the non- significant diffeemnan broad leaved
species in terms of ash content. However, maximsimcantent was recorded in
Populus deltoides(1.48%) with minimum content irRobinia pseudoacacia
(1.19%). In fruit trees, significant differences r&eobserved, with maximum
observed irPyrus communi$l.98%) and minimum iMalus domesticé1.55%)
(Table-53).

4.13.4 Calorific value (KJ/g)

Perusal of the data on fuelwood properties showed there exists
significant variation among evaluated tree speleble-52 & 53). Among the
broad leaved tree specidRobinia pseudoacacidemonstrated highest calorific
value(22.22 KJ/g), followed bysalix alba(19.38 KJ/g) which was found to be at
par with Salix fragilis (19.37 KJ/g),Populus deltoide$18.53 KJ/g) and?opulus
nigra (18.55 KJ/g) (Table-52).

Among fruit tree species (Table-53), the kigthenergy value of 18.71 KJ/g
was elucidated biPrunus dulcidollowed by Malus domestic16.54 KJ/g) with
lowest value evaluated f&yrus communi§l5.54 KJ/g) which was found to be at
par withMalus domestic§16.54 KJ/g) andPrunus domesticél6.19KJ/g).

4.13.5 Fuelwood value index (FVI)

Data pertaining to fuelwood value index (Table-553&) revealed that all
the species viz., broad leaved trees and fruistsb®wed marked difference with
respect to FVI. Maximum fuelwood value index wasseted in Robinia
pseudoacacia(948.05) followed bySalix alba (614.81). However, minimum

value (513.33) was recorded #@opulus deltoides.

Perusal of the data in Table-53 elaborates Branhus dulcisrecorded
highest fuelwood value index (1067.42) followed Mwlus domesticg864.34)
and lowest byyrus communigs25.84).




Table-52:

Evaluation of fuelwood values of preferrd tree species in the
study area (District Budgam)

W.OOd Wood Ash Calorific Fuelwood
: moisture : Value
Plant species density content value
content (g/cc) (%) (KJ/g) Index
(%) J J (FVI)
Populus deltoides 64.63 0.41 1.48 18.53 513.33
Populus nigra 63.02 0.42 1.48 18.55 526.41
Robinia 59.07 0.64 1.50 22.22 948.05
pseudoacacia
Salix alba 63.34 0.46 1.45 19.38 614.81
Salix fragilis 63.41 0.46 1.46 19.37 610.28
Mean 62.72 0.51 1.47 19.61 642.57
CD (p<0.05) 1.19 0.04 N.S 1.16 345.00
Table-53: Evaluation of fuelwood values of preferrd fruit tree species in

the study area (District Budgam)

W.OOd Wood Ash Calorific Fuelwood
) moisture . Value
Plant species density content value
content (g/cc) (%) (KJ/g) Index
(%) J g (FVI)
Malus domesticay 42.09 0.81 1.55 16.54 864.34
Prunus 46.69 0.66 1.57 16.19 738.26
domestica
Prunus dulcis 34.25 0.89 1.56 18.71 1067.42
Pyrus communis| 47.40 0.67 1.98 15.54 525.84
Mean 42.60 0.75 1.66 16.75 828.95
CD(p<0.05) N.S 0.19 0.32 1.75 354.60




4.14 Seasonal variation in fodder value of preferid tree species in District
Budgam

Data pertaining to the seasonal nutrient profilfonlder tree leaves is
presented in Table-54 & 55 i.e. crude protein, erfidre, ether extract and ash

content of different tree species preferred byféinmers in District Budgam.
4.14.1 Effect on crude protein

Table-54 elaborates the nutritive value of différeee species recorded
during three growing seasons i.e. spring, summeraatumn. Perusal of the data
indicated that the three seasons have signifidéatteon the crude protein content
of different preferred tree species i.e. crude grotdecrease with successive
seasons. The mean values for crude protein contemcentration was
significantly maximum in spring (13.33%) with higitevalue recorded for
Robinia pseudoacacig18.73%) and lowest foPopulus deltoideg11.52%),
followed by summer (10.87%) with same trend of nmaxin concentration
evaluated foRobinia pseudoacaci@l8.58%) and minimum fdPopulus deltoides
(8.80%). During autumn season, minimum nutritivédugaof 10.05 per cent in
terms of crude protein was evaluated which wasdadionbe at par with summer
season with highest value scored Bpbinia pseudoacacig17.01%) and
minimum (7.73%) byPopulus deltoidedeing at par witiPopulus nigra Salix
alba andSalix fragilis

4.14.2 Effect on Crude fibre

Perusal of the data in the Table -54 revealeddhate fibre increases with
advancing seasons. Significant variation was foamang different preferred tree
species. The mean values for crude fibre contentesuration was found to be
minimum during spring (15.00%) with highest valeearded as 15.92 per cent for
Populus nigraand lowest irRobinia pseudoacaci@l2.91%), followed by summer
(17.09%) with same trend of maximum concentratioRopulus nigra(19.65%)
and minimum irRobinia pseudoacaci@d 3.16%). Highest nutritive profile in terms

of crude fibre was evaluated during autumn seasod7a77% with maximum




achieved by Populus nigra (19.93%) and minimum (14.11%) bfRobinia
pseudoacacia.

4.14.3 Effect on Ether Extract

Numeric values in Table-55 elaborates that seassitowed highly
significant variation in terms of ether extract algdree species investigated. It
was observed that ether extract increased withramlvg seasons. Numeric values
in Table-64 indicated that the mean values for rethéract concentration was
minimum during spring (3.34%) with highest valuecorled in Robinia
pseudoacacia(4.86%) and lowest ifPopulus deltoideg2.28%), followed by
summer (3.96%) with same trend of maximum conedioin in Robinia
pseudoacacig5.10%) and minimum iPopulus deltoide$3.03%). Highest ether
extract value was evaluated during autumn (4.319%) highest value scored by
Robinia pseudoacai&s.12%) and lowest byopulus deltoide$3.38%) which
was found to be at par witPopulus nigraSalix albaandSalix fragilis

4.14.4 Effect on total ash

Total ash (Table-55) was recorded to be highlyifigant during three
different seasons (spring, summer and autumn) erahg different tree species.
It was observed that total ash increases with ssoee season within each species
examined. The mean values for total ash was redondinimum during spring
(12.12%) with highest value recorded (13.23%Populusnigra and lowest in
Robinia pseudoacacig.91%), followed by summer (12.42%) with same dreh
maximum percentage ifPopulus nigra (13.36%) and minimum irRobinia
pseudoacacia(9.51%). Nutritive value in terms of total ash swavaluated
maximum (12.87%) during autumn season with highesdtie exhibited by
Populus nigra(13.82%) and lowest (9.98%) Robinia pseudoacacia.




ZET

Table- 54:  Effect of season on crude protein and ade fibre contents of preferred tree species in thstudy area (District
Budgam)
Crude protein (%) Crude fibre (%)
Season ) _
. Spring Summer | Autumn Mean Spring Summer |  Autumn Mean
Plant species
Populus deltoideBartr. 11.52 8.80 7.73 9.35 15.89 19.63 19.92 18.4
Populus nigraBartr. 11.73 8.93 7.92 9.53 15.92 19.65 19.93 18.5
Robinia pseudoacacia. 18.73 18.58 17.01 18.10 12.91 13.16 14.11 134
Salix albalL. 12.42 9.07 8.87 10.12 15.14 16.53 17.26 16.3
Salix fragilisL. 12.27 8.97 8.71 10.00 14.80 16.15 17.24 16.0
Mean 13.33 10.87 10.05 - 15.00 17.02 17.77 -
CD (p<0.05)
Plant species: 1.75 0.71
Season: 1.35 0.55
Plant sp. x Season: N.S 1.23



Table- 55: Effect of season on ether extract and tal ash contents of preferred tree species in tretudy area (District Budgam)

Ether Extract (%)

Total Ash (%)

Seasons Spring Summer Autumn Mean Spring Summer Autumn Mean
Plant species
Populus deltoideBartr. 2.28 3.03 3.88 3.06 13.22 13.36 13.80 13.4
Populus nigraBartr. 2.30 3.09 3.90 3.09 13.23 13.40 13.82 13.4
5 Robinia pseudoacacia 4.86 5.10 5.12 5.03 8.91 9.51 9.98 9.46
(@8]
L.
Salix albaL. 3.64 4.14 4.34 4.04 12.63 12.94 13.39 12.9
Salix fragilis L. 3.62 4,12 4.31 4.02 12.61 12.90 13.37 12.9
Mean 3.34 3.96 4.31 - 12.12 12.42 12.87 -
CD (p<0.05)
Plant species: 0.50 0.60
Season: 0.39 0.47
Plant sp. x Season: .870 1.05

(%2

Q)




4.15 Proximate analysis of agricultural feed cropsised in District Budgam

Data pertaining to nutrient profile i.e. crude tein, crude fibre, ether
extract and ash content of two agricultural feeopsris presented in Table-56

below:
4.15.1 Crude protein

Numeric values in Table-56 pertaining to crudetgroin two agricultural
crops revealed thakvena sativaexhibited highest crude protein (2.34%), while

Oryza sativahaving the lowest (2.09%).
4.15.2 Crude fibre

Detailed view of the data in Table-56 explicatedttthe maximum crude
fibre percentage was found Avena sativg36.52%), while irDryza sativat was

observed to be 11.07 per cent.
4.15.3 Ether extract

Perusal of the data regarding ether extract irleFab revealed thakvena
sativaachieved highest value as 3.23 per cent. Whel@asst value of 2.36 per

cent was explicated 9ryza sativa.
4.15.4 Total ash

From the proximate analysis of the two plant vesitit was observed that
total ash was found maximum Avena sativeand minimum inOryza sativaas
14.28 and 3.40 per cent respectively (Table-56).




Table 56: Nutritional values of two agricultural crops used in the study

area (District Budgam)

Nutrient (%)
Fodder type
Crude . Ether Total ash
. Crude fibre

protein extract
Oats 2.34 36.52 3.23 14.28
Rice straw 2.09 11.07 2.36 3.40
t-test 2.20 84.96 472 22.72

P (T<=t) 0.04 0.00 0.00 0.00




Chapter-5
DISCUSSION

Biodiversity is crucial for survival, health ancelivbeing of humans. It is
giving greater resilience to ecosystems and orgaigQualsetet al, 1995).
Complex, diversified and highly traditional rootgxrt of plant biodiversity
conservation and utilization is found in agroforesdystems (Amberbeet al,
2014). Forest modification and clearance have megatpacts on biodiversity
(Boboet al, 2006), and each 1 per cent reduction of naared will cost about 1
per cent of steady-state diversity (Rosenzweig,32000 improve biodiversity
conservation, it becomes crucial to redesign apttgenic habitats so that their
use is compatible with the use by a broad arragtloér species. The new strategy
of conservation biology called “reconciliation éegy” has grown out of a
thorough understanding of species-area relatioss{Bpboet al, 2006). Rather
than insist on protecting habitat from human usse reconciliation ecology works
in and with the human dominated habitats. Tradaicagroforestry systems are
thought to maintain valued biological interactiamsl biodiversity at higher levels
(Leakey, 1998). In general, agroecosystems that raoge diverse, more
permanent, isolated, and managed with low inputrtelogy (e.g., agroforestry
systems, traditional polycultures) take completeaathge of ecological processes
associated with higher biodiversity than highly giifred, input-driven and
disturbed systems, i.e., modern row crops and abggeimonocultures and pure
fruit orchards (Atta-Krahet al, 2004). Thus, agroforestry system research and
development has evolved dramatically with much emsjghon how they function,
diversity from local, landscape to regional levical knowledge systems,
economic valuation and environmental services treyide (Beeret al, 2005).
Agroforestry has combined production with multipletputs of resource base and
places emphasis on indigenous, multipurpose trebsybs and also more
concerned with socio-cultural value than most otlzerd use systems (Nair,
1993). In agroforestry systems, both biotic ando@dienvironments can be




modified by the different crop/tree pasture confegion. Different community
practices and management of different types of fagestry system ultimately
promote life subsistence. These systems are fundatheman-made, reflect the
evolution of human culture with various traits aication, climate and other
ecological parameters carefully considered in tlesitablishment (Delet al,
2014).

Agroforestry has the potential to improve liveliabas it offers multiple
alternatives and opportunities to farmers to impréarm production and incomes
and also provides productive and protective (biclalgdiversity, fuelwood,
fodder, timber, medicines, protection of soil andtev resources, terrestrial
carbon storage) forest functions to the ecosystetnte protecting the natural
environment. This practice is now recognized widsdyan applied science that is
instrumental in assuring food security, reducinggsty and enhancing ecosystem
resilience by alleviating environmental stressead(®avathy and Poyyamoli,
2013). The multi-species configuration of agroftmesystem of Kashmir valley
was reported by few workers and several studiesh mmducted for plant
diversity in natural as well as protected forestist no work was yet been done
with respect to plant diversity assessment in ti@ual agroforestry system.
Therefore, the present study was conducted to tyathte plant diversity,
structural component and management practiceseobfant agroforestry systems

in District Budgam with the following objectives:

1. To assess the status of plant diversity in prevagroforestry systems of

District Budgam.

2. To analyze and evaluate the contribution of agesfty in fulfilment of

individual household needs in District Budgam.

3. To determine the fuelwood and fodder values ofegretl tree species in

District Budgam.

The results of the study presented in previous telhape being discussed




under following headings to establish cause andceffelationship among the
various parameters studied so as to draw logidarimation in light of the

available literature under following headings:

5.1 Floristic composition and community struetur

5.2 Quantitative/ Phytosociological attributév@getation

5.3 Socio-economic evaluation and contributidn poevalent agroforestry

systems
54 Fuelwood value index appraisal of prefetred species

5.5 Seasonal variation in fodder value of preiétree species
5.6 Proximate analysis of agricultural crops asl fiee ruminants

Since, much work has not been done so far in tefguantitative and
phytosociological attributes of vegetation in agrestry systems, therefore, cross
references of work done in forests regarding pthwersity have been taken into
consideration for this chapter in order to suppbet results obtained during the

study period.
5.1 Floristic composition and community structure

The assessment of species diversity is crucialcesiit represents a
fundamental property of ecological communities gnaovides a tool to compare
assemblages in time and space, independently fpmuies identities (Guyassa
and Raj, 2013). The floristic composition and/ocanl diversity and community
structure are important attributes correlated \pitevailing environmental as well
as anthropogenic variables (Gairaa al, 2008; Bisht and Bhat, 2011). The
present study conducted with four prevalent agesfty systems of District
Budgam, revealed that plant generic spectrum caagrof rich diversity (total of
92 species) comprised of 14 species of both breaed and fruit trees belonging
to 6 families, while as, 3 species belonging t@@ifies were of shrub layer and
herbage (both cultivated and/ or domesticated afd Wwerbaceous plants)

represented 75 plant species of 36 families (T@bk-4). Rosaceae is the




dominant family followed by Salicaceae among treBesaceae in shrubs,
Brassicaceae and Poaceae among cultivated andolaitd species respectively.
Out of total of 92 species reported in differenév@alent agroforestry systems,
trees constitute about 15.21 per cent, 3.26 per loershrubs, cultivated plants
comprised of 16.30 per cent of vegetable crop$ Bet cent of both cereals and
pulses and 58.70 per cent represented by wildtpladl the three vegetation
stratasviz., trees, shrubs and herbage except wild herbagleiaed/studied was
quite lower than reported by Delb al. (2014) in traditional agroforestry systems
of Tripura; Gussaya and Raj (2013) in cropland fgestry of Ethiopia (40
woody species); 21 woody species by Fifanetual (2011) in traditional
agroforestry systems in Benin (West Africa); arech-based agroforestry of
Meghalaya (88 woody species) by Tynsong and Das0)2@ocoa agroforests of
Cameroon (21 woody species) (Sonetaal, 2007); 21 shrub species studied by
Bijalwan (2012) in traditional horti-agriculture stgm in mid hills of Garhwal
Himalayas; 28 shrub species and 70 cultivated plevdluated by Amberbet al
(2014) in homegarden agroforestry systems of Holetan, Ethiopia 98
cultivated/ edible species by Eichembetgal (2009) in old urban homegardens
in Brazil. In case of wild herbaceous plants, 54l[€-4) recorded in the present
study is much higher than the wild plants (35 w#decies) evaluated by
Amberberet al (2014); 16 wild species by Mahmoud (2009) in ipastoral
system in mid hill Himalayas of Himachal Pradestt lower than reported by
Shameem and Kangroo (2011) as 75 for forest ecasyst Dachigam National
Park, Kashmir; 571 alien species reported by Khwebal (2007) for Kashmir
Himalayas; 59 plant species evaluated by AhmadHaiib (2014) for Dawarian
Village, Neelum Valley, Azad Jammu and Kashmir, iBak.

Less vegetation diversity may be due to selecyaroach of landholders
to grow plants that are required for their primamgeds only. The motives for
retaining different woody species depend on the wsdenefits that they render

to the household and for income generation to sdammers, management




strategy. The results are in consonance with Belal (2014) in traditional
agroforestry systems in Tripura, north east IndieEgashet al (2012) for
multistrata agroforests in Rift valley escarpmétthiopia; Tangjangt al (2004)
in traditional agroforestry system of north easlidn It is also reported that the
regional patterns of species richness are consegseri many interacting factors,
such as geographical area, regional species dyeamagional species pool,
environmental variables and human activity (Woodlyat988; Zobel, 1997;
Criddleet al, 2003).

Shrubs represented 3.26 per cent of the totaliespdound in different
prevalent agroforestry systems. Low shrub divensitpecause of abhorrence of
the farmers towards shrubs owing to prickly natutegt cause harm/injury,
become an obstacle while working in the fields.i8es it, slow growth rate and
non- favorable climatic conditions, clearing of @whs for arable and tree crops
could be the possible reasons for less shrub diyees also reported by
Akinbisoyeet al (2014) in taungya agroforestry systems of Nagefibdullahet
al. (2009) in Yankari Game Reserve, Nigeria; Yaqabbal (2014) in Lower

Dachigam Kashmir Himalayas.

Herbaceous layer represents 16.30 per cent oftalelgecrops, 3.26 per
cent of cereals and pulses constituting 19.56 pat of cultivated species and
58.70 per cent of wild plants in the study areab(@&) indicating less species
diversity than evaluated by other authors elsewhefée choice of
cultivated/edible species depends upon the perspnelerence, medicinal
necessities, and it is also related to socioecon@md cultural factors, as well as
the species adaptability according to prevailingnatic and edaphic conditions of
a region (Eichembergt al, 2009); Blanckaeret al. (2004). This may be due to
less diverse agro-geographical conditions in tmeperate study area, different
micro-environments suitable for species for groaiad maintenance as compared
to studies done in elsewhere and limited optioralable for the households to

grow different species as also reported by Neelamegt al (2015) in




homegarden plants in rural and urban areas in Kamgari, Tamil Nadu, India
and in Nepalese homegardens by Subkédi. (2004).

About 54 wild plant species (Table-4) were recdraedifferent prevalent
agroforestry systems in District Budgam which wascimlower than reported by
various workers. This less species richness mayduee to the more human
interferences/disturbances, micro-climate and eldapinditions as also reported
by Amjad (2015) for ethnobotanical profiling andriktic diversity of Bana
Valley, Kotli (Azad Jammu and Kashmir), PakistarhaBieem and Kangroo
(2011) in lower Dachigam National Park, Kashmir Himalayadia; Lyaruu
(2010) in Western Serengeti, Tanzania. Since, fesngime and for-most
important motive/choice in these agroforestry bakedl use systems is food
(subsistence needs) and socio-economic well-beimgs they have negative
attitude towards certain wild plants as weeds thay interfere with the better
growth of the cultivated/ edible plants presente¢he

5.2  Quantitative/phytosociological attributes of vegettion
5.2.1 Seasonal variation in quantitaive attribute®f cultivated plants

Quantitative attributes i.e. IVI (Importance Valliedex) of cultivated
plants showed consistent rise from spring seasenwith advancement of
growing season, attained peak values during sunseason and decreased

thereafter in autumn.
5.2.1.1 Importance Value Index (IVI)

The VI is an aggregate index that summarizesdéesity, abundance,
and distribution of a species. It measures theallvenportance of a species and
gives an indication of the ecological success apacies in a particular area
(Mishra, 1968). The IVI values can also be usedptwmritize species for
conservation, and species with high IVI value néestk conservation efforts,
whereas those having low IVI value need high corsten effort (Molla and

Kewessa, 2015). Considering IVl as an indicator doiminance, the major




contributors in prevalent agroforestry systems agntimree different seasons
varied significantly (Table-5, 6, 7). In case ofuBalary plantation, the maximum
IVI value 122.09 and minimum 70.51 was exhibitedBrgssica campestriand
Pisum sativunduring spring season, while, during sumnryza sativashowed
dominance achieving VI value of 300 (Table-5). HomegardenBrassica
oleracea var. acephal§42.84) and Zea may$14.00) obtained maximum and
minimum [VI value in spring. However, during summand autumn seasons,
Brassica oleracea var. acephal(d4.68) and Brassica rapg103.81) exhibited
maximum, howeverSpinacia oleracea7.28) and Raphanus sativub4.66)
achieved minimum values in terms of IVl respectvglable-6). In Horti-
agricultural system,Phaseolus vulgariswas evaluated as dominant with
maximum [VI value of 97.67 and 95.03 and minimunhibked by Solanum
tuberosumas 54.48 and 61.94 in spring and summer respegtivélowever,
during autumn seasanBrassica olearacea var. acephgld22.71) was recorded
as dominant with highest valwend Brassica rapa(83.90) recorded lowest VI
value (Table-7). The reason that IVI peaked in semseason can be ascribed to
congenial growth conditions in terms of nutrientaidability, soil moisture,
humidity, light (solar insolation) and temperata® reported by Singh (2014);
Shameem and Kangroo (2011). Also high importandgevimdex (IVI) exhibited
by any individual species may be due to the avkslabsource being utilized
efficiently (better adaptability) of a particularpexies under prevailing
environmental conditions, market value (socio-etwicofactors) preference of
the farmer, management intensity and families paces level) often retain /or
cultivate a large number of individuals for certapecies that are commonly
utilized by the households (Kabir and Webb, 20@8) be the possible reasons
for varied species composition among prevalent fagestry systems of district
Budgam as also evaluated by Krishnal and Weerah@@a4) for traditional
homegardens in Batticaloa District, Sri-Lanka; Haszamanret al. (2013)for
cropland agroforest in south-western BangladesmikzZet al. (2012) for species
diversity and plant utilization pattern in homeganrd of Assam and Arunachal




Pradesh. Other researchers have also observedificaigt variation among crop
combinations that farmers choose based on their wisdom and perceptions
acquired over generations of experiences in ti@uali agroforestry systems in
Tripura (Deb et al, 2014) and for assessing vegetation charadtsrish
Bangladesh homegardens (Millat-e-Mustafa and Hag002). Senanayalet al
(2009) also reported that depending on the seamaailability of resources,
market-oriented value, vegetable species variedngnstudied homegardens of
Meegahakiula Region of Sri Lanka. Moreover, high by any individual species
indicated that most of the available resource aredoutilized by that species and
left over are being trapped by another specieshas competitors and the
associates. This could be the reason why IVI wperted highest by few species
during autumn than rest of the seasons. Similalirigs have been documented by
Kukshalet al (2009); Hallet al (2004) and Bunker and Carson (2005).

5.2.1.2 Vegetative Indices of cultivated plants

Diversity is considered to be an outcome of eu#dnaof species in a bio-
geographic region. It is considered to be syntheieasure of the structure,
complexity and stability of a community (Huston, 799. Species diversity
incorporates two important componentis, evenness (distribution of individuals
over species/or how equally abundant the specid¢isinvthe landuse system)
(Neelameganet al, 2015; Heipet al, 1998) and richness (hnumber of species per
unit area) (Sterling and Wilsey, 2001). These prige are related with micro-
environmental conditions created by man, culturad aconomical (commercial
crops) factors, which interact to determine strretland composition of
agroforestry systems suggesting that this variai®rbasically idiosyncratic,
although marginally dependent of environment (As&val, 2015; Pulidcet al,
2008).

Seasonal Shannon weiner index and species ewohdke cultivated
plant species showed similar trend as IVI i.e. risEm spring season with

advancement of growing season, attained peak wathiging summer and




abruptly decreased in autumn season (Table-8;2R§g4) for only two prevalent
agroforestry systems with cultivated crops exceptbbundary plantation, where
this index decreased with the advancement of selascause of the reason that
farmers use to cultivate single speci€syza sativa during summer season and
left the respective fields fallow in autumn for &ripd of two months. The
important and possible cause for higher valueshdusummer season can be just
similar as for IVI (importance value index) viz.igher species diversification
maintained by farmers, congenial growth conditioins terms of nutrient
availability, soil moisture, humidity, light andngerature for a large number of
plants as reported by Shameeimal (2010); Peyrest al. (2006) and Sanchex

al. (1996). In general, soil nutrients are most améd in the spring and early
summer when summer temperature and moisture areurave, and
mineralization by microbial activity, is rapid. Dreased diversity index and
evenness of cultivated plants during autumn cowddoe to lower rate of
evolution and diversification of communities (Fisch 1960) and severity in
environment (Connel and Oris, 1964). Therefore,s¢heesults cannot be
explained by physical environmental factors ald@ezause human management is
certainly a major factor for assuring the mainteaaof plant diversity under the
presence of higher environmental stress. The seglitble-8; Fig 2 & 4) obtained
for species diversity and species evenness in fim@elent agroforestry systems
with respect to seasons were summarized as 1.00.86d(spring) and 0 (zero)
for Boundary plantation; 2.40 and 0.96 (springfi92and 0.97(summer) and 1.31
and 0.94 (autumn) for Homegarden agroforestry gsystie36 and 0.98 (spring),
1.37 and 0.99 (summer) and 1.05 and 0.96 (autuamidrti-agricultural system
respectively. Shannon value of zero in case of Hamn plantation means that
there is only one species. The results are in nresa within the range reported
(mean values) by Neelameganal (2015) in homegarden plants in rural and
urban areas in Kanyakumari District, Tamil NadwHemberget al (2009) in old
urban homegardens in Rio Claro, Southeast of Bradaradaranganatha and
Madiwalar (2010) in agroforestry systems of KarkataThe values of the indices




were higher as reported by Tynsong and Tiwari (20dthomegardens of War
Khasi community of Meghalaya (Shannon weiner inded 2.52 to 3.03 and 0.85
to 0.95); Wezel (2003) in homegardens in humid sechiarid Cuba (Shannon

weiner index =0.08-1.79; evenness (in% =8-74).

In contrast to Shannon weiner index and specienress, the results
recorded for Simpson index and concentration of idante showed a reverse
trend in all prevalent agroforestry systems wébpect to Shannon weiner index,
species evenness and seasons i.e. achieved lowakests vduring spring and
summer season and highest in autumn (Table-8; &id)3 The Simpson and
concentration of dominance index of prevalent agestry systems in three
different seasons varied as 0.33 and 0.35 (sprarg),a unit value for summer
season in Boundary plantation; 0.090 and 0.095ingpr 0.086 and 0.087
(summer) and 0.280 and 0.288 (autumn) in Homega@&b and 0.26 (spring),
0.24 and 0.25 (summer) and 0.35 and 0.36 (autumHprti-agricultural system.
Compatible results of inverse relationship betwemersity and dominance were
also reported by Pokhradt al (2015) in homegardens of Gulmi and Palpa
Districts, Western Nepal; Negash al (2012) in multistrata agroforests South-
eastern Rift Valley escarpment, Ethiopia; Kharkwtlal. (2004) in Pine forest

stands of Central Himalaya.

Singh and Singh (2013) while evaluating two sassabandoned (site-1)
and cropland (site-Il) for two seasonsg., rainy (summer) and winter for riparian
corridors of Gomati at Rouza Ghat in District Jawm U.P, India reported
similar conclusion that diversity and dominanceiéed shows inverse relation
with each other as value of Shannon weiner indegnness, Simpson index and
concentration of dominance at site | and Il vériegom 3.57 and 2.58; 0.79 and
0.61; 0.25 and 0.36; 0.23 and 0.38 during summkile in winter these values
were observed to be 2.32 and 2.26; 0.81and 0.383,@nd 0.38 and 0.28 and
0.40 respectively.

Among three prevalent agroforestry systems, Homgegea achieved




highest values for Shannon weiner index in all three seasons as depicted in
Table-8 & Fig. 2 but less species evenness indéxesahan Horti-agricultural
system and Boundary plantation (Fig. 4). It may dee to the fact that
Homegarden agroforestry system possess high diyeralues because, there
cultivated crops are primary componemig., vegetables, spices, pulses and
cereals (18 species in number in our results),endml, in Horti-agricultural system
these components are raised as secondary contitwbere crops are typically
limited to vegetables and pulses only (5 speciesiumber) (Table-4). Other
possible reasons for high diversity in Homegardeuld be as a result of ease of
management, selection of species by the owners utithy of the specific
products as the main criterion, soil charactersgess to water and market and
transport facilities affect the diversity and corapion of plants in them. The
diversity of agricultural crops (cereal crops, casbps, underground and above
ground vegetables, leafy vegetables, climbers, egulspices was higher in
homestead/ homegarden agroforestry practices. @hdts are in agreement with
Ahmedet al (2004) for agroforestry systems in Bangladesimaaet al (2010

a) for homegarden agroforestry in Thakurgaon [strBangladesh. Other
researchers have documented farm size as one cédken for having high plant
diversity (Wiersum, 1982; Jacob and Alles, 198t dRiGrayet al, 1991). Since
homegardens are usually established in small lasidifgs, presumably, the
limited space forces farmer to accommodate marferéiiit species in relatively
small numbers on small plots. This suggests thakos maintain a diverse group
of plants to fulfill their regular needs regardledsthe homegarden size (Kumar
and Nair, 2004). Cruz-Garcia and Struik (2015) &w=hlenbecket al. (2007)
emphasized that no individual factor alone deteesithe plant diversity, but
rather a complex combination of agro-ecologicatie@conomic, cultural, and

political factors causes spatial and temporal Warneof plant species.

On the other hand, Homegarden agroforestry systertine study area

exhibit a lower species evenness than Horti-agucall system. Low evenness




may be attributed to the dominance of some spestieh asBrassica oleracea
var. acephala , Phaseolus vulgarend Brassica rapa which farmers often
plant and tend deliberately at high density foiirtieash value (Guyassa and Raj,
2013); Asfaw and Lemenih, 2010). The evenness saloeHorti-agricultural
system are high to justify uniformity in compositiof plant species. This may be
due to farmers manage equally vegetables, cereats ulses than in
homegardens. The slight decrease in evennessivahoenegarden may be due to
high species interaction that leads to species etitigm. Other researchers have
summarized similar conclusiongz.,, Darchaet al (2015); Racet al (1998) in
tropical agroforestry systems; Zemede and Ayele9%19in Ethiopian

homegardens (Table-8; Fig. 4).
5.2.2 Seasonal variation in quantitaive attributes of witl plants

Quantitative attributes i.e. density (Individuaid), basal area (cffm?),
frequency (%) and IVI (importance value indet)wild herbage and/ or plants
showed consistent rise from spring season i.e. wdtivancement of growing
season, attained peak values and species numbieig dsrmmer season and

decreased abruptly in autumn (Table-9 to 24).
5.2.2.1 Density

Density/nf showed a consistent rise from spring with the adearent of
growing season, attained peak values during suranmdeclined thereafter. The
data on density/Mmrecorded in the present study (Table-9) maniféisas the
density/nf of wild plant species in Boundary plantation rathgs 330.16 (spring),
826.50 (summer) to 161 (autumn); 79.35, 347.644B@uring spring, summer
and autumn respectively in Homegarden (Table-1B8Hdrti-agricultural system,
the density was correspondingly evaluated as vdrneeh 221.07, 413.44 and
103.43 density/ffor spring, summer and autumn season (Table-1R)il&ly,
for Horti-silvi-pasture system, density/ntecorded was 568.40, 1023.18 and
315.94 for spring, summer and autumn season reégplgc{Table-21). Density




revealsstrength of any species in a landscape (Raigl, 2013; Alhamad, 2006).
The changing pattern in species density can béuatid to a range of factors
acting independently or in concert (Nogues-Bratoal., 2008). The marked
variation among seasons in prevalent agroforestsjems may be attributed to
the conducive growth and development conditionspuarh of litter and rate of
litter decomposition which may be influenced byetdensity (Lebregt al, 2001),
availability of soil moisture for optimum nutriefliow in soil-plant system and
other environmental factors i.e. humidity and so&atiation from spring onwards
which declined with the commencement of autumn.i@uautumn season, the
rate of sprouting of root/seed stock is diministaedl species number declined
owing to adverse climatic conditions. The resutes ia line with the findings of
Alhassanet al (2006) for Kajimaram oasis of Northeast Nigeisgarma and
Upadhyay (2002) for herbaceous vegetation of trestry arboretum on the
Aravalli hills at Jaipur; Shadangi and Nath (2005plantation and natural forest
in Amarkantak; Singh and Yadava (1974) in tropgrassland in Kurukhsetra.

With respective to seasons in agroforestry systewaduated, among all
herbaceous plants encountered, growth attributss{ty/nf) of few wild plants
were comparatively higher than other species ifediht seasons of sampling.
These are summarized as: maximum and minimum ¢efisitividuals/nf) of 36
and 1.66 (spring); 95 and 4.33(summer); 31.83 aBd8 (autumn)wvas exhibited
by Cynodon dactylon and Prunella vulgatis Boundary plantation (Table-9). In
Homegarden agroforestry syste®@tellaria mediaexhibited highest value for
density/nf during three seasons ranging from 9.17 (spring)33 (summer) to
8.83 (autumn), while asGzalinsoga parviflorawas observed to achieve lowest
values for in three different seasons as 0.83 r{gpri4.83 (summer) with an
abrupt declination to 0.33 (autumn) (Table-13). eukse, in Horti-agricultural
system (Table-17), among the species encountétethria mediawas the major
contributor with Artemisia absinthiunshowing minimum valuesto the total

density of vegetation with densityymranging from 21.83 and 3.16 (spring);




34.83 and 7.66 (summer); 14.00 and 1.33 (autums)taf as Horti-silvi-pasture
Is concerned, highest value for density was achkiidyeCynodon dactylomuring
three seasons ranging from 90.33 (spring), 103s@énmer) to 67.33 (autumn),
whereasMentha arvensisvas observed to achieve lowest values for density i
three different seasons as 3.33 (spring), 10.66¢ser) which then declined to
1.33 (autumn) (Table-21). These results revealsr thetter adaptation to
prevailing environmental conditions i.e. suitabbtagehic and climatic conditions
that favors growth and survival of species in dipalar agroforestry system. The
dominance of few species in plant communities lss ldeen reported by Sharma
et al (2014) in Sangla Valley, Northwest Himalaya, Maiud (2009) in
silvipastoral systems in mid-hill Himalaya (H.PDutt and Gupta (2005) in Chir
pine stands in sub-tropical region in India; Ra898) in silvipastoral systems in

North- west Himalaya.
5.2.2.2 Basal area

In the present study, basal area {om) of wild herbage among three
seasons under different prevalent agroforestryesystshowed similar trend as in
case of density parameter i.e. it increased withdhset of growing season in
spring, attained peak values in summer and thehnéedctill autumn (Table-10,
14, 18 & 22). One of the reasons for such changdmsal area of wild herbage
in different seasons can be related to correspgnclranges in density and may
also presuppose the development of an extensitesystem for efficient nutrient
absorption for growth to take place as have beported by many researchers
Pappoeet al (2010) for moist semi-deciduous forests of Gha&®amwalet al
(2008) for temperate forests in Garhwal; Dutt (1988 understorey production
in Himachal Pradesh; Singh and Yadava (1974) @pital grasslands of India.

In Boundary plantation, the respective maximum amgimum basal area
(cm?/m?) revealed a marked variation from 11.15 (spririd),98 (summer) and
7.45 (autumn). Among the plant species, contrilmutd Cynodon dactylorwas

highest to the total basal area of herbage in rdiffesampling seasons attaining




1.19 (spring), 1.98 (summer) and 1.06 (autumn). [Dheest value for basal area
was evaluated fdPrunella vulgarisas (0.06) in spring, (0.10) during summer and
in autumn season (0.01) (Table-10). In Homegardgofarestry system, basal
area between seasons ranged from 8.12 (springR8 1&ummer) to 2.66
(autumn). Among the plant species, contributioistallaria mediavas highest to
the total basal area of herbage attaining 1.02ngprl.16 (summer) and 0.77
(autumn) and the lowest value for basal area waduated for Galinsoga
parviflora as (0.05) in spring, (0.10) during summer and matiseason (0.02)
(Table-14). Similarly, in Horti-agricultural systenbasal area (cffim?) of the
vegetation varied from 10.84 (spring), 17.13 (sumraad 6.68 (autumn). Among
species, contribution dbtellaria mediawas highest achieving 1.19(spring), 1.42
(summer) and 1.11(autumn), whereas, lowest value achieved byArtemisia
absinthiumas (0.07) in spring, during summer (0.16) and (Di@2utumn season
(Table-18). Likewise, in Horti-silvi-pasture systeng marked fluctuation was
observed in basal area parameter ranging from 33#ing), 31.12 (summer) to
11.98 (autumn)Cynodon dactylorwas evaluated as major contributor to total
basal area (cm/findicating 1.93 (spring), 2.02 (summer) and 1.66tuan)
with minimum values calculated fdvientha arvensiss (0.02) in spring, (0.12)
during summer and in autumn season (0.008) (Table&imilar results have
been documented by Mahmoud (2009) for silvipast@gtems in mid-hill
Himalaya (H.P.); Gupta and Dass (2007) for compmsibf herbage irPinus
roxburghii Sargent stands in Himachal Pradesh; Aiba and itey (1999) for

species diversity in Mount Kinabalu, Borneo.
5.2.2.3 Frequency (%)

In present study, frequency values recorded varredall prevalent
agroforestry systems among three different seasbhs. results presented in
chapter- 4 revealed marked differences in ternmfsegjuency among species with
seasons in prevalent agroforestry systems of cdisBudgam. In Boundary

plantation, total frequency contributed by all 8pecies present was evaluated to




be 1427.77 (spring), 2102.77 (summer) and 745.33uan) (Table-11)
indicating highest value fo€ynodon dactyloras the most frequent species with
83.33 in spring, 100 in summer and minimum freqyebeing observed in
autumn 75.00 and the lowest value was shownPhynella vulgaris8.33 in
spring, 16.66 summer and during autumn season(fdfle-11). Total frequency
in Homegarden ranged from 921.08(spring), 1580.58mener) to 471.12
(autumn) with Stellaria mediaexhibiting highest value as 86.11% in spring,
94.44% in summer and minimum frequency being olegkrin autumn as 69.44.
The species with lowest value wéasmlinsoga parviflorawith 6.67% in spring,
25% summer and during autumn season 5% (Table1i5}his particular
agroforestry system. Likewise in Horti-agriculturaystem, frequency among
seasons was recorded as 927.61(spring), 1460.4Mr(er) and 652.71(autumn)
(Table-19) withStellaria mediaevaluated to be the most frequently occurring
species with 83.33% frequency in spring, 94.44%summer and minimum
frequency being observed in autumn 77.77%. Fos#mee parameter the lowest
value was showed b&rtemisia absinthiun8.33 in spring, 25.00% summer and
6.66% during autumn. Similarly, in Horti-silvi-pasé system, total frequency
was recorded to be 1704.90 (spring), 2127.11 (sunared 1211.60 (autumn).
Highest value was attributed Bynodon dactylome. 94.44% in spring, 100.00%
in summer and minimum frequency being observed uturan 83.33%. The
species with lowest value wadentha arvensiwith 16.66% in spring, 33.33%
summer and during autumn season 6.66% (Table-233. résults in Table-
11,15,19 & 23 in chapter-4 shows high frequencyeslduring summer season in
all prevalent agroforestry systems owing to optinm@sources availability either
through litter already present on the ground serfac through fertilizers which
farmers apply to enhance growth and productionuttivated crops, good soil-

moisture, humidity and temperature.

Frequency is a measure of the uniformity of theritiution of a species;

thus a low frequency indicates that a speciegheeirregularly distributed or rare




in a particular stand or a forest. Frequency digtron of plant species as a
measure for expressing biological abundance andirdomwe has been used to
describe species composition and its spatial paitedifferent plant communities
(Shameem and Kangroo, 2011; Clet¢ral, 2008). The high frequency percentage
of some of the species likeynodon dactylorand Stellaria mediain different
prevalent agroforestry systems appraises theirtgrescological amplitude or
niche breadth (Beherat al, 2005). The pattern of distribution depends bath o
physico-chemical natures of the environment as vesll on the biological
peculiarities of the organisms themselves (Shameteat, 2010) and vegetative
reproduction by certain species in addition tortiseixuality (llorkar and Khatri,
2003). Another reason could be their ability tonfodense mat like structure
(runners in case dfynodondactylon and fibrous roots @&tellaria medid hence
utilizing the available resource efficiently foreih growth development and long

survival.

Since the diversity was assessed in human dondinatedscapes, the
possible reasons for low frequency of certain g®ewiz.,Artemisia absinthium
Galinsoga parvifloraand Mentha arvensisn respective agroforestry systems
could be their utility either as herbal medicinedar commercial exploitation in
terms of spices are the important sources of losguency/disturbance. The
results are in line with (Singh and Singh, 1992hdAllahet al (2009) in their
study mentioned climatic factors as a reason thiatenced the distribution of
species in certain habitats. Vermiaal. (2005) while analyzing plant diversity in
plantation forest in Kunihar Forest Division of Haghal Pradesh also reported
frequency values between the range of 10-100%dra#tnibuted this to change in
microclimate. Manet al (2012) and Pandey (2003) has reported the fraxguen
values for different herb species ranging betwee3l1.67% and 20-100% in
Porang valley, Himachal Pradesh and mixed oak eonibrest of central
Himalayas respectively. Similarly, Panéé al (2001), Agniet al. (2000) and
Pande (2000) have reported the frequency range76f140%, 10-100% and 10-




80% in moist temperate, central and western Hinzalayorest regions
respectively. The findings are well within the rangported by these researchers.

5.2.2.4 Importance Value Index (IVI)

The VI is an aggregate index that summarizesdiesity, abundance,
and distribution of a species. It measures theadivenportance of a species and
gives an indication of the ecological success apacies in a particular area
(Mishra, 1968). Considering importance value inds»an indicator of dominance,
the major contributors in prevalent agroforestrgtegpns among three different
seasons varied significantly (Table-12, 16, 20 &).2Wh case of Boundary
plantation, perusal of the data (Table-12) reve#thead the dominant species was
Cynodon dactylomvith highest IVI value of 27.42, 27.91 and 45.@@idg spring,
summer and autumn season respectively. WhildPalyygonum hydropipewas
observed to be co-dominant species in terms ofllvvest IVl was evaluated for
Prunella vulgarisattaining 1.78 (spring), 1.96 (summer) and 1.32(aun). For
Homegarden, perusal of the data (Table-16) explitat the dominant species is
Stellaria mediawith highest VI value of 33.22 (spring), 27.6Quifsmer) and
60.46 (autumn) witlPoa aungustifoliaas co-dominant in this particular system.
WhereasGalinsoga parviflorabeing the least contributor in the system in terms
of IVI attaining lowest values as 3.15 (spring2(summer) and 2.34 (autumn).
In Horti-agricultural system, numerical values iable-20 indicated that during
three seasonStellaria mediacame out to be the dominant species among all the
species present there recording highest value$8.88 2spring), 23.44 (summer)
and 42.58 (autumn) howevekrtemisia absinthiunrecorded lowest values for
IVI exhibiting 2.66,4.48 and 2.78 during springnsuer and autumn respectively.
While, Plantago major being co-dominant. Similarly, in Horti-silvi-pas&u
system (Table-24), data pertaining to IVI indicatkdt the dominant species with
highest VI value of 29.63, 21.02 and 41.92 durspging, summer and autumn
season wa€ynodon dactylonThe co-dominant species in terms of VI value was

Oenothera rosediowever, lowest values were evaluated Mantha arvensiss




1.48 (spring), 2.98 (summer) and 1.01 (autumn). Jdaes of VI summarized
above in respective agroforestry systems for diffeispecies are well within the
reported range for temperate Himalayan forestsdndBet al (2001); Risser and
Rice (1971) Okhlahoma upland forests.

High IVI of few species indicated their dominarasel ecological success,
their good power of regeneration and greater eccab@mplitude. It does vary
with the season. However, théiominance at a particular site could be due to the
availability of optimum conditions for their growttbetter adaptability of a
particular species under prevailing environmentaiditions.Also, disappearance
of some species may be due to the mechanical dalmatiee man and animals.
Favorable observations in support of results adudewas also reported by
Bijalwan et al (2011); Shameemat al (2010); Kukshalet al (2009). A close
observation of IVI of different species in diffetgorevalent agroforestry systems
showed that there was irregular increase and deered this parameter in
subsequent seasons with highest IVI values dunirignan. It may be due to the
reason that most of the available resources aneghdiilized by that species
(having high 1VI) and left over are being trapped @&nother species as the
competitors and the associates i.e. their intaticgiships with ambient
environment and associate species, light avaitgbgtic. Other factors affecting
the vegetation distribution include biotic suchdéaspersal limitation, competition,
and predation (Wright, 2002; Munzbergova and Herl2895). Similar findings
were reported by Gupta and Dass (2007); BunkerGardon (2005); Halét al
(2004). Further, it can be maintained that the damce of certain species in
prevalent agroforestry systems in a particularqeeGould be as the other co-
dominant species do not reach maturity to complede life cycle, dominance
duringautumn season owing to adverse climataditions that cause diminished
rate ofsprouting of root/seed stock, thus species numeelings. It is generally
argued that each individuapecies depends on some set of other speciessfor it

continued existence and the species have co-evalvdee ecosystem on which




they depend (Paine, 1966). IVI values can also ds®l Uo prioritize species for
conservation, and species with high IVI value néegstk conservation efforts,
whereas those having low IVI value need high coratem efforts (Molla and
Kewessa, 2015).

As far as wild herbaceous plants are concernad|tsein Table-12, 16, 20
& 24 shows that following herbaceous communities @ast in prevalent

agroforestry system of District Budgam, christeasd

1. Cynodon dactylon- Polygonum hydropiper- Prunellégads community

in Boundary plantatian
2. Stellaria media- Poa aungustifolia- Galinsoga p#losia in Homegarden.

3. Stellaria media Plantago major Artimesia absinthiumin Horti-

agricultural system.

4. Cynodon dactylon Oenothera roseaMentha arvensisin Horti-silvi-

pasture system.

The nature of plant community at a place is deireethby the species that
grow and develop in such environment (Bliss, 19@djterence in the species
composition from site to site is mostly due to menvironmental changes
(Mishraet al, 1997). Grubb (1997) reported that individual@eg have different
resource requirements or tolerances, making efiectbmpetitors able to exist in

many different micro-sites.

Data pertaining to mean density and basal areaildfplants in different
agroforestry systems showed that these were sgnify higher in Horti-silvi-
pasture as compared to other systems (Table-25 k& PBe possible and
important reasons for such high density (635.7y/amnd basal area (22.0%m
value in this particular system can be less humegrference in terms of ground
operations like weeding, cutting, agricultural aities as in this system
horticultural crop is the primary component with @agricultural component

present for which these wild plants can pose thwéabmpetition (neighbouring-




effect) for resources. In all, owing to low or zéewel of disturbance, this system
achieved higher values for these parameters. TkBeareh findings are in
agreement with Singh and Singh (1992 & 1987).

5.2.2.5 Vegetative indices of wild plants

Indices summarizing community structure are used dvaluate
fundamental community ecology, species interactinn;geographical factors,
and environmental stress. Measurement of biodiyemia specific area (local
scale) on the basis of richness alone does noide@ complete under-standing
about the individuals of the species as it suffeosn the lack of evenness or
equitability (e). So, Shannon Wiener's index (H)ase of the most popular

measures of general species diversity in a fogiaghet al, 2011).

Seasonal Shannon weiner index, species evenngspsd index and
concentration of dominance of wild plants displagedilarity with density, basal
area, frequency and IVI with respect to seasonshighest and lowest values
exhibited during summer and autumn respectivelpl@-a27). The important and
possible cause for higher values during summeroseaan be congenial growth
conditions in terms of nutrient availability, samoisture, humidity, light and
temperature, rapid microbial activity for a largember of plants as reported by
Singh (2012) and Shameeazhal (2010). Lower rate of evolution, diversification
of communities (Bhandari and Tiwari, 1997; Simps@949) and severity in
environment (Bhandagt al, 1998) cause decreased diversity index and egsnne
of wild plants during autumn season. The resdl&ble-27; Fig. 6 & 8) obtained
for Shannon weiner diversity index and species e&s® in prevalent agroforestry
systems with respect to seasons were summariz2®@sand 0.87 (spring), 3.05
and 0.88 (summer), 2.52 and 0.76 (autumn) for Baonglantation; 2.62 and
0.86 (spring), 2.87 and 0.94 (summer) and 2.17 B (autumn) for
Homegarden; 2.77 and 0.90 (spring), 2.89 and Os@&miner), 2.54 and 0.88
(autumn) for Horti-agricultural system; 2.97 an@9®.(spring), 3.21 and 0.93
(summer), 2.74 and 0.82 in Horti-silvi-pastureteys respectively.




Other researchers have found similar results @ingh (2012) reported
for seasonal changes in vegetations structurendreawage drains in Jaunpur,
India; Shameem and Kangroo (2011) in Dachigam MatidPark, Kashmir
Himalaya; Eichembergt al (2009) in old urban homegardens in Rio Claro,
Southeast of Brazil; Tynsong and Tiwari (2010) mntegardens of War Khasi
community of Meghalaya (mean Shannon weiner inaek252 to 3.03 and 0.85
to 0.95); Kharkwakt al. (2004) in Pine forest stands of Central Himalaya.

Simpson index and concentration of dominance sbameatrasting results
to Shanon weiner index and evenness among threleagad seasons in all
prevalent agroforestry systems. Simpson and coratent of dominance index in
boundary plantation ranged from 0.066 (spring)60.0gsummer), 0.09 (autumn)
and 0.07 (spring), 0.061 (summer), 0.10 (autumspeetively (Table-27; Fig. 7
& 9). Correspondingly, in Homegarden, 0.07 and 00861 and 0.063, 0.11 and
0.13 during spring, summer and autumn were obtaifeed Simpson and
dominance index (Table-27; Fig. 7 & 9). Likewise Horti-agricultural system
Simpson and dominance index was evaluated in teraf 0.063 and 0.068,
0.05 and 0.06, 0.08 and 0.09 in spring, summelaartamn; 0.067 and 0.07, 0.046
and 0.047, 0.08 and 0.09 during consecutive seasspectively in Hort-silvi-
pasture system (Table-27; Fig. 7 & 9). Resultsimreonformity with Singh and
Singh (2013) for riparian corridors of Gomati atu2a Ghat in District Jaunpur,
U.P, India; Shameemt al(2010) for herb layer diversity in lower Dachigam
National Park, Kashmir Himalaya, India.

Among prevalent agroforestry systems, Horti-giasture system
achieved highest values for Shannon weiner indexllirthe three seasons as
depicted in Table-27 & Fig. 6, but less speciemaess index values than Horti-
agricultural system and Boundary plantation. It nbaydue to the fact of less or
moderate level of human interference/disturbandé thie ground cover i.e. wild
herbaceous layer that otherwise is considered asdsveén other identified

prevalent agroforestry system where they can cre@i@onment of competition




for available resources with arable crops presermr dhere, wider spacing
between trees giving way to under storey to groMe observations are in line
with Saxena & Singh (1984) and Decaaicpl (2004).

There is evidence that under-storey vegetatioergdly becomes dense in
the early stages of successional development wieesite is more open to invite
species invasion (Goirakt al, 2008). Most of these gap opportunistic species ar
light demanding, and once a gap is found/formeq theertake the space. The
increased availability of light and water as wellthe speed of decomposition of
organic matter are contributing to the fast esshiohient of herbaceous species and
whenever the size of the opening is increased, meseurces are freed for the

herbaceous plants to flourish.

The evenness values in Horti-agricultural systerab(@-27; Fig. 8) and
Homegarden are high owing to uniformity in compositof plant species. The
slight decrease in evenness value in Horti-sihgtpee may be due to high species
interaction that leads to species competition. Ats® evenness value means the
system is dominated by some species {ymodon dactylonOenothera rosea
and Medicago polymorpha Other researchers have summarized similar
conclusionsviz., Darchaet al (2015) in homestead agroforestry systems of
Serako, Northern Ethiopia ; Guyassa and Raj (20ib3yropland agroforestry in
Ethiopia; Racet al (1998) in tropical agroforestry.

5.2.3 Quantitative/phytosociological attributes oshrubs

Quantitative information on distribution and atance of vegetation is of
key significance to understand the form and stmectdi a community for planning

and implementation of conservation strategy ofctr@munity (Raturi, 2012).

Critical investigation of the study area in prevdlagroforestry systems
revealed a marked variation (Table-28) in terms oboth quantitative/
phytosociological attributes viz., density (plartis), basal area (fhad),

frequency, importance value index and vegetaiivdices. In Boundary




plantation, the individual shrub species recordes Rubus niveysexhibiting a
density (plants hY, basal area (frha?), frequency (%) and IVI value of 133.33,
0.066, 20 and 300. Also, it was appraised thatetlexist no shrub species in
Homegarden agroforestry system in the study siteil&ly, in Horti-agricultural
system,Rubus ulmifoliusvas explored as single species existing in thstesy
achieving 400, 0.087, 33.33 and 300 as density(laad’), basal area (frha),
frequency and importance value index respectivelgwever, in Horti-silvi-
pasture system, three shrub species were evalvaedAsparagus officinalis
Rubus niveusindRubus ulmifolius. Rubus niveagamined to be dominant with
maximum values for density (483.33), basal are@4@), frequency (66.70) and
IVI (160.23). The minimum values for all the quaative attributes were recorded
for Asparagus officinalisas 266.67 (density), 0.0084 (basal area), 30.00
(frequency) and 54.71 (IVI1). The results in ternigparameters/phytosociological
attributes are in unison and well within the rangealuated by Bijalwan (2012);
Baduni and Sharma (2001).

The preceding results indicating high density,abasea, frequency and
VI i.e. dominance oRubus niveuandRubus ulmifoliusn particular agroforestry
systems may be attributed to their environmentatalsility, great ecological

amplitude and good regeneration power.

Shannon weiner index, species evenness, Simpsorcamntration of
dominance index in three prevalent agroforestryesys (Table- 29; Fig. 10) were
recorded only, since no shrub diversity was founéHomegarden. The values of
indices were 0, 0, 1 and 1 in both Boundary plamtaand Horti-agricultural
system, however, for Horti-silvi-pasture system treues were calculated as
0.93, 0.85, 0.403 and 0.404 respectively. The dmmbdiversity and dominance
values lie within the reported range of 0.91 tmBHimalayan range and 0.35 to
0.70 for Montane forests of Garhwal respectivelgai®aet al.,2009; Mishraet
al., 2003; Bhandari and Tiwari, 1997). Bijalwan (2DX2ported diversity and

species evenness values ranging from 0.74 to ha@5La3 to 3.06 for northern




and southern aspects in agrihorticulture syste@ashwal Himalaya.

Simpson and dominance index achieved a unit valueBoundary
plantation and Horti-agricultural system indicatitige presence (dominance) of
single species in these agroforestry systems (2fhleFig. 10). The present
findings are similar as reported by Risser and Rit871) for temperate
vegetations ranging between 0.01 to 1.00; SaxedaSamgh (1982) for Kumaun
Himalaya as 0.13 to 1.00.

Results (Table-29) of the present study shows @resirub diversity in
Horti-silvi-pasture system which is in line withetfindings of Tokyet al (1989)
for Horti-silvi-pastural system of Western Himalayaagroforestry system
concluding it as more diverse due to environmesigtiability of shrub species,
greater regeneration power and less human intederdisturbance. The lower
value for both quantitative and vegetation indiags shrubs in Boundary
plantation and Horti-agricultural system indicataéghly disturbed landscapes
having tremendous anthropogenic pressure in terfnagdcultural activities,
negative attitude of the farmer towards pricklyuna of these plant species
causing harm to them while working in their fieldgery low regeneration
potential in the prevailing environmental condiBoThese observations are also
in agreement with Yaqgoobt al (2014); Bhuyaret al (2003); Longhiet al
(2000); Bariket al (1996) and Mc Minn (1992).

5.2.4 Quantitative/Phytosociological attributes ofrees

Species diversity is considered one of the kewrpaters characterizing
ecosystem functioning. It is considered to be thecame of the evolution of
species in a bio-geographic region is often a stidlmeasure of the structure,
complexity and stability of the ecosystem (Hubhtel &oster, 1983). The data on
phyto-sociological status recorded in the presdntys (Table-30; Fig. 11),
illustrated that in Boundary plantation densityl®0 ha&', basal area of 2.41°m

ha', 100% frequency value, importance value index XI\ds 118.01 was




illustrated byPopulus deltoidesvith minimum density, basal area, frequency and
IVI value achieved bysalix fragilisas 50 ha, 0.84 nf ha', 50% and 49.86 (Fig.
11). In Homegarden agroforestry systévialus domesticaroved to be dominant
tree species exhibiting highest density (66.67)h#&asal area (0.57mhal),
frequency (83.33%) and IVI (57.09), while as, lowveslues were demonstrated
by Juglans regia6.66 ha, 0.03 nf ha’, 8.34%, 7.22 for density, basal area,
frequency and IVI respectively. In Horti-agriculédirsystem, the maximum and
minimum values for density, basal area, frequenoyg B/I was exhibited by
Malus domesticand Pyrus communiss 466.67 and 200 per hactare; 4.91 and
2.76 nf ha'; 100 and 66%; 134.50 and 72.48 respectively (Ely. Similarly, in
Horti-silvi-pasture systeniylalus domesticavas the major contributor achieving
300 individuals/ha, having 4.40°ha of basal area with 100% frequency and IVI
of 72 (Fig. 11). HoweveRobinia pseudoacacia Horti-silvi-pasture system was
evaluated as least contributor with density of &4, 10.69 ni ha' basal area, 14%
and 12 of frequency and IVI correspondingly. Selerasearchers have
documented the similar ranges for these quantgaparameters in tropical
evergreen and deciduous forests in Uttara Kannaskaidd, South India (Murthy

et al, 2016),0Oxytenanthera abyssinidaased homestead agroforestry systems of
Serako, Northern Ethiopia (Darctet al, 2015); Traditional agri-horticulture
system in mid hill situation of Garhwal Himalayaydla (Bijalwan, 2012); in

woody vegetation of Garhwal Himalaya (Bhand&ral, 1998).

The higher values for quantitative or phytosoqatal attributes
indicated by certain species likRopulus deltoidegn Boundary plantationylalus
domestia in Homegarden, Horti-agricultural and Horti-sibasture system may
be due to ecological/environmental adaptabilityymiers preference for their
subsistence requirement fulfilment and variety méltipurpose uses such as
fuelwood, timber, soil fertility, easy propagatiamd management, commercial
purposes Ropulus deltoidgs(in case of broad leaved species) (Maikrairial,
2000; Rawatet al, 2010; Vishvakarmat al, 1998) and fruits trees utilized as




cash crops. As per the results summarized in Table& Fig. 11. Malus
domesticavas found to be frequently distributed achievinghhVI values across
three different agroforestry types., Homegarden, Horti-agricultural and Horti-
silvi-pasture system i.e. frequent occurrence qfl@gree was recorded. It is
because, this fruit tree species have greater aucnwalue i.e. it provides
additional monetary benefits to farmers along \ainicultural crops, good market
value, long shelf life than other fruit tree spscievaluated of the farmer in
Kashmir because of its great demand locally antbmaide. Several researchers
have documented similar results in woody speciegersity in traditional
agroforestry practices of Dellomenna District, $®atstern Ethiopia (Molla and
Kewessa, 2015); traditional agroforestry systemaluation in Tripura, North
East, India (Debet al, 2014); Bijalwan (2012) for horticulture trees den
traditional agri-horticulture system in mid hilltsation of Garhwal Himalaya,
India; Cocoa agroforest of Cameroon portraying use ofiexand native plant

species (Sonwat al, 2007).

Vegetative indicesiz., Shannon weiner index, species evenness, Simpson
and concentration of dominance index in prevalgnofarestry systems (Table-
31; Fig. 12). The recorded values were 1.17, 00830 and 0.31 for Boundary
plantation; 1.60, 0.64, 0.22 and 0.24 for Homegarde04, 0.95, 0.35 and 0.36
for Horti-agricultural system and 1.64, 0.84, 0.2&7d 0.208 for Horti-silvi-
pasture system respectively. Results of the prestedty lie more or less within
the ranges documented by Akinbisogt al. (2014) 1.26 to 1.58 as Shanon
weiner index for native woody species in NigeriallaAyari et al (2014)
evaluated diversity index as 1.06 to 2 for hoftimal crop biodiversity in
Kermanshah Province, Iran; Bijalwan (2014) in ttiadal agri-silvi-horticulture
systems found diversity index of 0.58 to 1.12, |®8on index from 0.08 to 0.27
and evenness from 0.38 to 0.43himire et al (2008) have recorded index of
diversity and dominance ranging from 0 to 0.96 antb 0.52 respectively for

Juniperus indicdorest in Southern Manang Valley, Nepal; 0.83 @61diversity




index, 0.23 to 0.61 evenness, 0.91 to 0.93 forpSon index in Himalayan
Subtropical forests of Bagh District, Kashmir (Skahet al, 2011); Shannon
weiner index and species evenness ranged fro t8.3.14 and 0.75 to 0.85
respectively by Sharmet al (2009) for temperate mixed broad-leaved forest i
Garhwal Himalaya; Shannon diversity index, Simp&otex, and evenness as
2.22, 0.83, and 0.64 correspondingly by Kuretal (1994) homestead gardens
of Kerala in India. Concentration of dominance (ecdlues between 0.11 and 0.93
for tree layer in the temperate forests of Kumaamafiaya by Tewari and Singh
(1985).

Critical investigation (Table-31) of the study areith respect to tree
diversity in prevalent agroforestry systems reveakat diversity and dominance
indices was higher in case of Horti-silvi-pastugstem than other systems as
already discussed above. It may be attributeddcetsy management in terms of
input management than in other three systems, f&nmeeferences to keep
diverse trees in this system for their subsisteara economic needs. The results
are in agreement with the findings of Boéitoal. (2006) species richness patterns
of trees in Southwestern Cameroon. The low evenine®rti-silvi-pasture than
Horti-agricultural system could be attributed te thominance of some species in
terms of total population such &alus domestica and Prunus domestwehich
farmers often plant/retain and tend deliberatelyhigh density i.e. more equal
abundance of species in Horti-agricultural systeralgo investigated by Gupta
and Prasad (2013) for tropical evergreen and naesiduous forests of the
middle Andaman Islands, India. As agroforestry issystem that blends
production (food and income security at househaold eommunity level) with

ecosystem services. Our findings are in concurrentteGuyassa and Raj (2013).

The low Shannon diversity index of Horti-agriculili system despite
having more total density of trees hthan Boundary plantation and Homegarden
seems to be related to the higher dominanceMafus domestican Horti-

agricultural system. Diversity of an ecosystemardy depends on the number of




species but depends also on the abundance of spétiéact species diversity
consists of two components, namely species richaedspecies evenness, which
the latter point to the evenness of individualdwitdifferent species (Allahyaet
al., 2014). The other reason for low diversity valt@msHorti-agricultural system
under present investigation may be attributed ¢ostharing of large proportion of
resources by few species and follow niche pre-emptiypothesis which is
indicative of low competition among the speciesause of IVI of species is
proportional to the amount of resource that thelzatas stated by Whittaker
(1965), Pascal (1992) and Swamy (1998).

5.2.5 Similarity Index

The results summarized on similarity index in BaBR showed a high
percentage (51.35%) of species being shared betinedroundary plantation and
Horti-silvi-pasture agroforestry system and is camaple to the observations
made by Pokhrett al. (2015) for agroforestry system in Nepal; Rayal (1993)
in tropical forest community. The high degree ahitarity between the two
agroforestry types indicates their close associatigithout a broad ecotonal
fringe, allowing the dispersal and survival in eadmmunity of species from the
other. Akinbisoyeet al. (2014); Seta and Demissew (2014) and Seyal (2010)
has opined that close proximity, similar agro-cliedelimatic conditions, same
tree combination results in high similarity of véageon. Similarity values provide
support to the hypothesis that climatically and gemgraphically close
agroforestry systems have comparable richness pecies composition, and in
this sense species richness and similarity couloaoity predicted as a function of
a pool of variables including climatic ones (Gardal Barrio et al, 2014;
Laughlin and Grace, 2006; Stevens, 2006).

Aerts et al (2006) studied that environmental gradients deitez the
development of appropriate agroforestry managersiategies for a given site.
Agroclimate, local needs, indigenous knowledge, ag@ment intensity and

extension access, population density, landuse sitfemand market access also




affect farmers’ decisions of species choice (Soatal., 2007). These have a far-
reaching impact on species introduction, and afépetcies composition. Similar
findings were reported from Western Kenya (Negeslal, 2012; Kindtet al,
2008). The differences in topographical aspecheffarms may also contribute to
species composition and abundance. The impacipoftaphical aspect is related
to microclimatic differences and associated envirental factors, such as the soil
moisture and organic matter content of the sitamgret al 2006). In contrast to
above statements, geographical distance alone thanged to explain similarity
of species of plants tended or cultivated in ddférlanduse systems (Miloet
al., 2013). High similarity may be between relativelpse and distant landuse
systems. Owner’s preference and availability @nphg stocks are believed to
have profound effect on the diversity of plant seed¢ended or cultivated. Similar
opinion has been given by Aguilar-Stoen al (2009) on species diversity of
similarity in Candelaria Loxica and Oaxaca in Mexic
5.3  Socio-economic evaluation and contribution ofrpvalent agroforestry

systems

Agroforestry is an integrated production systend anstable ecosystem
that maintains the diversity of life as well as thelogical wealth. It is the main
source of food, fruits, vegetables, timber andvilweld for the household and is a
reliable source of household income. The major tions of agroforestry system
particularly in rural areas are subsistence pradacand income generation
(Kumar and Nair, 2004). They also fulfill many salcicultural and ecological
needs in a sustainable way. For example, stud@s f8outh-west Bangladesh
(Motiur et al, 2006) and North-eastern Bangladesh (Matiual, 2005) reported
that on an average 15.9 and 11.8 per cent of holds@ncome is derived from
homegardens respectively.
5.3.1 Demography, education level, occupation, incte, land use patterns

management expenditure and livestock in District Bdgam

The results summed up in Table-33 revealed thattotal area of the
sampled study site i.e. sample from six blocks frimmee tehsils is 136.84 ha




including dwellings of the farmers which are made af pucca houses only.
Three categories of age groups, < 18 years (young aged), 19-50 years (middle
aged) and >50 years (old aged) were interviewethgunvestigation (Table-34).
It was assessed that the majority of the resposdectturred in the middle age
category (139; 55.15%) as this age group is moreolwed with the
agroforestry/farming activities. The present firghnare well in line with Kabir
and Webb (2009) who have also reported most farifadrsut 53%) of middle
aged engaged with in homestead agroforestry desviin southwestern
Bangladesh. According to Namwatt al (2012), household members are
considered economically productive from the ag&tfo 64 years. The age group
below 16 years is children some of whom may benditey schools and others too
young to participate in farming activities. The ageup above 64 years is

considered less economically active because thebmenare too old.

Data presented in Table-35 indicated that 68.25pet respondents have
medium size family structure consisting of 5-10 rbens which was also a
representative of typical family size in Kashmitleg (India). In India it is very
common to live together with parents and with beoshand sisters and sometime
with relatives (Joint family). The results are ionsonance with Zamaet al
(2010a & b) who have documented similar resulteadfing medium sized family

in Bangladesh.

The levels of education among the farmers weregoaized into five
groupsviz, illiterate (no schooling), primary level (1 toy®ars of schooling),
secondary level (6 to 10 years of schooling), higkecondary level (10 to 12
years of schooling) and higher study (college antvarsity level) (Table-36).
From the reconnaissance of the study area, it wasluded that 50% of the
respondents had availed education upto secondeey (25.83%). This implies
that, introduction of modern agroforestry techn@é#sgand innovations in the
study area are likely to be successfully adoptechlree the majority could not

only be trained by the extension but also read flmuoks and newsletters and




other sources of information. However, maximumcpatage of respondents in
District Budgam were found to be illiterate (50%her due to poor financial
conditions or lack of interest of a person to ghicated. Similar observations on
educational level was reported for northern Banggéaiglwhere a higher proportion
(49%) of respondents had secondary education (ldazamanet al, 2013);
Anonymous, 2013). The occupations of respondentse wtassified into five
major groups i.e. farmer (agriculture), businessyise and daily labour and the
proportions were 24.60, 23.01, 21.03 and 31.34cpat respectively. The large
proportion of the persons fall in the labour catggthe main reason behind this
could be illiteracy as stated above. Data summarineTable-37 showed that
agriculture is the important land use pattern luatiers have involved their lands
for cultivating horticultural and vegetable crodsca Zamanet al (2010a & b)
and Kabir and Webb (2009) reported that agriculiuas the main occupation of
the farmers in southwestern and northern Bangladesh

Total income of the people in the study area vezessed to be maximum
from doing daily labour work (41.87%) of the toblatome (Table-38). This could
be probably due to more people involved in dailyolar because of low financial
status of the family, illiteracy and educated yontt getting jobs in government

run organizations/offices.

Perusal of the data in Table-39 & 40 summarized the agriculture is
mainly practiced in the district as the land hotdimder this land use system is
more (55.16 ha) than other land use patterns feitbiay horticulture (32.14 ha).
As per the investigation done in the study area,fanming category range from
marginal (< 1 ha of land) to small (1.0-2.0 haaid) (Chundawat and Gautam,
2006) practicing various agroforestry systemf; Boundary plantation,
Homegardening, Horti-agricultural and Horti-silvagture system (Table-40).
While, having in depth discussion with farmers abland use pattern in the
District, it was clear that they have been prastjcagroforestry from long to meet

their basic requirements either at subsistencewrdommercial level. In total 4




agroforestry systems were identified as prevalenhé study area being practiced
by the farmers in order to meet their diverse nerdsrms of food and money.
Various plant species both cultivated as well dd {ioth medicinal and aromatic
in case of herbage) form the structural componeft&dentified agroforestry
systems (Table-40)iz.,, Poplar sp., Willow sp. Paddy, Mustard, Oats Beds in
Boundary plantation; Poplar sp., Willow sp., KikadJmus, Almond, Apple,
Peach, Plum, Pomegranate, Quince, Brinjal, Botterd, Carrot, Cucumber,
Garlic, Kale, Knol-khol, Maize, Peas, Potato, RdjrBgans, Tomato, Turnip,
radish, spinach, in Homegarden; Apple, Plum, P&ajma/ Beans, Kale, Maize,
Potato, Radish, Turnip in Horti-agricultural systePoplar sp., Willow sp., Kikar,
Apple, Plum, Pear and naturally grown grass/hesdzxigg in Horti-silvi-pasture
system. Mughal and Bhattacharya (2002) and Bdtaml (2010) have also
reported similar components of various agroforesiyrgtems in Kashmir valley
(J&K).

Critical view of annual expenditure incurred onfeliént non agroforestry
and agroforestry land use systems presented ine¥dblrevealed that total
amount of money spent by the farmers for managewfewndrious land holdings
including expenditures related to collection andcgissing of plant products from
these systems was found to be Rs 9, 62,242 Iywas also evaluated that both
family as well as skilled labour (@ Rs 350-400 gay) is being employed for the
purpose. Tynsong and Tiwar (2010) have documentiedah expenditure of Rs.
8,66,438 on standard daily wages of workers to Be.150 for Men (skilled
laborer) and Rs.100 (unskilled laborer), Rs. 45domen and Rs.30 for boys for

Homegardens in Meghalaya.

Perusal of the data in Table-42 revealed that fdraters who own large
land holdings (> 1 ha in the study area) keep naoimals than the farmers who
own small properties (< 1 ha). However, from theestigation it was also
evaluated that poultry was the most preferred (tlotanber = 205) because it is

relatively easy and cheap to manage and needssordil initial capital compared




to other livestock species. Also, disinclinationaigsing among people towards
keeping the livestock owing to rapid urbanizatiexpensive feed material and/or
maintenance of animals is considered as tiresomeSmnilar findings have been
reported by Arifinet al (2012) for small-scale homestead agro-foreststesys
(“pekarangan”) on household prosperity in Indonesia; Namwettal (2012) in
agroforestry systems of Tanzania.

5.3.2 Fuelwood

Data presented in Table-43 revealed that the fumdws being used by all
the families in the study area besides other enaltgynatives. During survey, it
was evaluated that farmers collect fuelwood froeedravailable in various land
use patterns they practiee., ElIm, Poplar, Willow, Kikar, Apple, Pear, Plungce
It was also documented that species like Celtidpkhy etc. are now confined to

either holy shrines or graveyards because of mittawing spiritual power.
5.3.3 Fuel usage ranking

From the appraisal of the study area, it was ecmled that during two
seasonsviz., summer and winter, people of the District Budgase various
sources of fuel/energy as per there availabdityl preference for different
purposes i.e. cooking, heating, lighting, festiyatsarriages etc. As far as the
availability and inclination towards a particulaneegy source is concerned,
people of the District Budgam were questioned tkrdne fuel usage from 1-6
during summer and winter season. It was conclutthed fuel wood as a source of
energy dominated and is ranked first among allatveglable sources for meeting
the energy requirement of the studied site for bibth seasons (Table-44).
Interaction with farmers revealed that fuelwood dwates among households,
with electricity kerosene oil being second or thealrce of energy either due to
unscheduled power cuts during both seasons or dueaccessibility to the
Depots and black marketing of the fuel (keroseRrakl wood is one of the most

important source of energy in the developing caastand responsible for about




60.00 per cent of total energy requirement in rana@as (Banyaét al, 2013).
Animal dung and crop residue is ranked as the asingst different sources of
energy as neither animal dung nor agricultural éstbeing used as fuel by the
people of the area which are otherwise used as maaiine use of LPG was
somewhat at lower side due to its higher cost whwels afforded by only those
belonging to upper middle or elite class famili@bout 50 per cent of the people
in the study area were using fuelwood as a maimcsoaf energy, 30 per cent
using fuelwood and LPG and remaining 20 per cesly on electricity and LPG

for cooking, heating, lighting etc.

The current sustainable production of fuelwood fri@mests is 17 million
tonnes and from farm forestry and other areas 9omitonnes. Hence, there is
net deficit of 86 million tonnes of fuelwood, whicls compulsion, is being
removed from the forests. A number of estimatefielf wood consumption have
been made over the years by different workers Jighi and Sinha (1995) and
Mukherji (1994).

5.3.4 Alternate fuelwood sources

Data pertaining to Table-45 showed that agrofoyesgstems prevalent in
District Budgam are contributing towards fulfillnteaf fuelwood needs of the
people and can be complementary to forests. It evatuated that households
meet out their fuelwood needs from various soumdser from pure forestry
wood lots located nearby, market or from alternataurces i.e. different
agroforestry systems being practiced by the pealplectly for burning into
chulhas and/or making charcoal for use in Kanguisng) winter season. Perusal
of the data Table-45 evaluated that the major dmrtr of fuelwood in the study
area is Horti-silvi-pasture system (40.54%) followby Boundary plantation
(24.34%) and least is Homegarden agroforestry sygtE2.92%) of the total
quantity of fuelwood production. This may be dugtesence of more number of
broad leaved species in former agroforestry systghmesh are and can be pruned

at much higher extent without affecting growth gmdduction of a tree. Results




are more or less in conformity with Banylal (2013).
5.3.5 Production and income contribution of prevalet agroforestry systems
in District Budgam
Critical examination (Table-46) of the productiomdaincome generation
by various components in prevalent agroforestrytesys of District Budgam
explicated the gross production per annum coniobutf worth Rs 74450 rin
Boundary plantation witlDryza sativagenerating 55.74% (Rs 15,000%out of
to the household income. Likewise in Homegardea total gross production was
worth Rs 114725 yr with Allium sativum(Garlic) (10.45%)Brassica oleracea
(Kale) (7.90%) andCapsicum annun{Chilli) (5.90%) as the important plant
species supporting the household income.

With respect to horticultural crops in Horti-agritwal system,Malus
domestica(Apple) contributed most (35.10%) towards the ahnocome of the
famers in District Budgam followed brunus domesticdPlum) (32.01%). In
terms of agriculture/ vegetable crops in Horti-agitural systemBrassica rapa
(Turnip) (1.14%),Phaseolus vulgarigRajma) (0.38%) andBrassica oleracea
(Kale) (0.22%) contributed highest gross producti@ncentage to the families.
From the evaluation, it was concluded that in taggoforestry system, both
horticultural and vegetable crops had a productbrworth Rs 15,71195 per
annum. Likewise, in Horti-silvi-pasture systemalus domesticas the prime
contributor towards income of the people practicihg particular agroforestry
system. The gross production percentage contributfothis crop (Apple) was
evaluated to be 36.33%, generating an annual inadrfRs 58,0500 yt followed
by Prunus domesticaRs 54,5000 vyt (34.14%) (Table- 46). Prunings of tree
species present in these agroforestry systems usgd to make coal for use
contributing about one per cent to the total grpssduction. Also, the wild
herbage e.gCynodon dactylonConvolvulus arvensidMedicago polymorphaand
Poa pratensegrowing naturally in this system, were consumedoasge by the

animals, occasionally taken for grazing by thedlawners. As per the land




owners, the gross annual expenditure per headeadntimal feeds amounts to Rs
27,300 yi'. By grazing the livestock in the Horti-silvi-pastusystem, the saving
of about Rs 4,360 ris achieved which accounts upto 0.27 per cent ®fgtioss
annual expenditure. The present findings are ifararty with Bijalwan (2012)
for traditional Agri-horticulture system in mid hdituation of Garhwal Himalaya,
India; Niehaus (2011) in Cacadheobroma cacad.) agroforestry systems in

Panama.
5.3.6 Economic returns to farmers

Data presented in (Table-47) showed that incorhene from prevalent
agroforestry systems (hectdrgr™ ) were either at low or high profit levels. It was
evaluated that an income of Rs 10,76.03/farmer 3RB85.71/ha) was achieved
from Boundary plantation, fulfilling less than 1086 the total income of the
household of about 11.82% of the farmers. From Hyarden Rs14,54.32/farmer
(Rs 70,42.96/ha) was calculated as to uphold 14#%e farmers. Similarly, in
Horti-agriculture system, income returns per fanvas examined to be worth Rs
22,529.98/farmer (Rs 13,0417.65/ha). Horti-silvsjpme system was found to
maintain the household economy @ Rs 53,855.50/farfiRe 26,9652.17/ha)
summarized to contribute largely to the total hdwde income (67.46%) to the
farmers out of all systems. The average annual sgqm®duction of the
agroforestry systems are comparable to the incometribution by the
homegardens in south west Bangladesh (Rs.11,438biuivet al. 2006), north-
eastern Bangladesh (Rs.97,441) (Moatal 2005) and South Africa (Rs.6,661)
(High and Shakleton, 2000). In terms of per hectarea, the average annual
gross income in south Meghalaya was Rs. 44,241atsulthe homegardens of
South Africa (Rs.16,520) (High and Shakleton, 2000he percentage
contribution of homegardens towards people’s anmeaime are in line reported
by Tynsong and Tiwari (2010); Kabir and Webb (2009gndezet al (2001);
Soemarwoto (1987).




5.3.7 Preference and quantity of tree Fodder

Table-48, 49 & 50 presents the data pertaininghto fodder usage by
farmers at three different seasons (spring, sunandrautumn). It was evaluated
that the fodder that farmers use to give as feethéo livestock was supplied
from either trees i.e. Poplar, Salix and Robiniagrcultural crops viz., oats and
paddy straw and sometimes both in different raitioerder to meet the nutrient
and energy requirements of the animal as per se&somer’s preference ranking
of different fodder trees was found to be assodiatgh nutrient contents of the
foliage. The highly preferred species were fountidge high nutrient contents as
shown by the findings of fodder nutrient analy$iarmers used their conscience
to select species and harvesting season for plartigpecies. Farmers value

fodders that can have better nourishing qualitylif@stock.

Critical examination of the data in Table-49 reeealhat the farmers give
first ranking to Robinia as best feed in terms eélth and reproduction of the
animal. Second preference given to Salix and lEaftoplar species. As far as
Celtis and Mulberry are concerned they are confitedsacred places only.
Several authors have described tree species usedipjoly animal feeds to
different categories of livestock. Bouazeta al. (2012); Emmanuel and Tsado
(2011) noted that in all fodder development wotkgumes play the major role as
they enrich the soil with nitrogen and produce higtigestible and protein rich
fodder.

Farmers preferred three tree species along witkr dded components i.e.
oats and rice straw as fodder in different quasgtith order to feed their livestock
at fullest. Farmers use these feed sources eithesole supplement or in an
amalgam of different fodder componentiz, sometimes 100 per cent of the feed
requirement is met by giving a mixture of 50 pent of any of the fodder
material (e.g oats) + 50% of another feed compoaantree leaves. However, at
times livestock is being fed with 50% (as amalgaomat of 25% of any of the

fodder material e.g leaves of Robinia + 25% of hapteed component e.g leaves




of Salix) and for rest of the 50 per cent, catdes grazed either in nearby open
lands or in the land owned by the farmer (Table-&ua (2014) has reported
that feeding a variety of plants available in aaldg would ensure adequate dry
matter and nutrient intake from the forage and rdoutie to overcoming low dry

matter intake, a constraint to the use of browaatglin ruminant feeding.

Fodder production is one of the major objectives foaintaining
agroforestry systems with a hope to reduce theulabbvillage women to travel
long for its collection. Hence, trees in or arouhd agricultural and horticultural
fields supplement the fodder requirement substintimwhich depends on the
number of palatable species available in existgrgf@restry systems.

5.3.8 Fulfillment of subsistence needs of farmershtough different
agroforestry systems

From the results, it was apprised that prevalgnbfarestry system in the
study area supports only about 50 per cent of theséhold needs in terms of
food, fodder, fuelwood, timber and medicinal plafi@ble-51). This may be
attributed to involvement of small land holdings the farmer as agroforestry
land use system because of their negative apptoaards agroforestry system to
affect the production of crops growing under trdegher frequency of few cash
crops more liked and preferred by the households Kale, Maize, Rajma etc.
Besides having a diversity of cash crops (vegesadhel fruits), these agroforestry
systems harbor many wild growing plants/medicinddnts like Artemisia,
Dandelion, Mint, Rumex which have high market valwhould also be
considered for large scale cultivation, so thats¢éhgaluable bio-resources can
become the alternate source of extra income intiaddio other sources of

revenue to upgrade their socioeconomic status.




5.4 Fuelwood Value Index of Preferred Tree Species District Budgam

From little more than one century ago, the usevadd for the production
of cellulose pulp for papermaking has increasedyi@ssively, reaching levels of
consumption of wood similar to the oil. This had te a wood supply problem,
which worsens over time. For this reason, manyhefihvestigations carried out
in recent years have focused on finding new rawerra$ to avoid uncontrolled
deforestation with serious ecological problems thatur in ecosystems. In this
way the study of various materials has appearedh s agricultural, agro-
industry and forest residues and alternative plemtthose achieved in agri-food
crops (Gonzaleet al, 2012).

In the present investigation, quantitative analg$ five broad leaved and
four fruit trees were undertaken for assessmemtnbus parameters of fuelwood
value index (FVIyiz., moisture content (%), wood density (g/cc), ashtent (%)
and calorific value (KJ/g) in order to rank theetrgpecies as per their evaluated
fuelwood value index. The results summarized inldab2 & 53 revealed
significant variation among tree species used abkviaod in District Budgam. As
far as broadleaved trees are concerRahinia pseudoacaciachieved minimum
moisture content of 59.07%, maximum wood density$40g/cc), ash content
(1.50%) and calorific value (22.22 KJ/g), therelriluting highest fuelwood
value index (FVI) among all evaluated/screened isgemllowed bySalix alba
(Table-52). In terms of all parameters calculatedpulus deltoidesachieved
64.63%, 0.41 g/cc, 1.48% and 18.53 KJ/g of moistargent, wood density, ash
content and calorific value respectively, which vimsvever at par witiPopulus
nigra. However, among fruit tree speciBsunus dulcisexhibited highest values
as 34.25%, 0.89 g/cc, 1.56% and 18.71 KJ/g of mastontent, wood density,
ash content and calorific/energy value followedNdglus domesticand lowest
was evaluated fdPyrus communias 47.40% (moisture content), 0.67 g/cc (wood
density), 1.98% (ash content) and calorific valiidd®.54 KJ/g (Table-53). The
results are in line with the findings documenteddtgsnjaet al (2015) who have




reported almost similar values of willow, poplardablack locust wood density
and heating /calorific values for Fuel Wood Valudex (average values) which
was higher for black locust (17.186) than for po@ad willow clones, which
were similar: 11.31 and 11.42 respectively. LikewiBilandzijaet al (2012)
found more or less similar calorific value fBrunus dulcisas 17.63 MJ/kg but
higher ash content 3.88 per cent than the pressay.s

In general, an ideal fuelwood species should hagé balorific value,
high density, and low ash and moisture content. jpecies screened in the
present investigation exhibited comparative quatm# values which are in
conformity with the earlier findings of Cuvila al (2014); Kumaret al (2011);
Mishraet al. (2010); Negi and Todaria, 1993; Bhatt and Todéx&92b); Purohit
and Nautiyal (1987). Species likRobinia pseudoacaciand Prunus dulcishad
low moisture content and high wood density, theraimicated high calorific
values compared to other species investigated I(Gdenteset al, 2014 &
Zhanget al, 2011). However, the ash content of R@binia pseudoacaciglack
locust) was higher compared to that of Poplar andlow species, which
influenced the values of the FVI index of the séalliree species (Table-52).
Similar conclusions were given by Klasm@gal (2015 & 2002) and Kraszkiewicz
(2013).

Effective calorific value also depends on the moistcontent, higher the
moisture content, the less efficient is the woodadsiel since the net calorific
value for heating is reduced (Bhattal, 2010; Kumatret al, 2010; Bhatet al,
2004). Moreover, it has been recorded that the ton@scontent of wood varies
with the dimensions of branches, season of the, y@madt so on. Thus, water
content cannot be considered as part of the intrvelue of a species as a fuel
since it can vary (Sotelo Montest al, 2011; Bhatt and Todaria, 1992b).
Similarly, high wood ash content is less desirdbtduel, as it is non-combustible
and reduces the heat of combustion (Saravatai, 2013; Obernbergest al
(2006); Bhatt and Tomar, 20P2Therefore, for the estimation of ideal fuelwood




species, a fuelwood value Index was calculatedaswific value x density/ash
(Bhatt and Todaria, 1992a). Keeping this in viewgoanbination of three factors
(calorific value, density, and ash) will be mospagpriate in determining the
suitability of a wood as fuel. Similar observatiomere stated by Saravananal.
(2013) in Melia dubig Deka et al. (2007) for ranking fuelwood species of
Assam; Goel and Behl (1996) Acacia auriculiformis Acacia nilotica Prosopis
juliflora andTerminalia arjuna Jain (1994)n tree and shrub species of India.
5.5  Seasonal variation in fodder values of prefergétree species in District

Budgam

Seasonal changes in the nutritional compositiany crude protein(%),
crude fibre (%), ether extract (%) and ash con¥eht{f evaluated tree species i.e.
Populus deltoidesPopulus nigra Robinia pseudoacacieSalix alba and Salix
fragilis were found significant (Table-54) i.e. decreasamgl increasing trend in
crude protein and crude fibre, ether extract, aehtent respectively with
successive seasons. The results (Table-54) shdvatdrtean values for crude
protein content concentration was significantly maxm in spring (13.33%)
followed by summer (10.87%) and minimum during autuseason (10.05%)
among all the species evaluated. Likewise, meanegabf crude fibre, ether
extract and total ash content investigated revealethrked significant variation
among different seasons in all preferred trees |€Fah & 55). The mean values
obtained during spring, summer and autumn are 13.0®2 and 17.77 (crude
fibre); 3.34, 3.96 and 4.31 (ether extract); 12.12,42 and 12.87 ( total ash
content). Among fodder species screened, maximu@annwalue of 18.10 and
5.03 and minimum mean value of 9.35 and 3.06 cpordingly for crude protein
and ether extract was recorded Rwbinia pseudoacaciand Populus deltoides
Robinia pseudoacaciachieved highest mean value for crude protein ethédr
extract in three seasons in decreasing and inagasode as 18.73 and 4.86%
(spring); 18.58 and 5.10% (summer); 17.01 and 5.{&%umn), however, these
parameters were found to be lowestHaopulus deltoides a$1.52 and 2.28%
(spring); 8.80 and 3.03% (summer); 7.73 and 3.38%tufmn) respectively. While




evaluating trees for crude fibre and ash contdnivais appraised th&opulus
nigra achieved maximum mean values as 18.50 and 13.ABeas, Robinia
pseudoacaciaxhibited minimum mean values as 13.40 and 9.dpectively for
these parameters. Maximum crude fibre value wegrded as 15.92, 19.65 and
19.93% forPopulus nigraand minimum value of 12.91, 13.16 and 14.11% in
Robinia pseudoacacidor spring, summer and autumn season respectively.
Likewise, it was investigated thRbpulus nigraalso exhibited highest ash content
value as 13.23,13.40 and 13.82 in spring, summeraatumn, whereagobinia
pseudoacaciaas lowest in the order of 8.91, 9.51 and 9.98 donsecutive
seasons(Table-54 & 55).

From the preceding results of present investigations concluded that
crude protein content in tree foliages decreaseitevdnude fibre, ether extract
and ash content increased with successive seabbagossible reasons (Table-
54) may be ascribed to to the dilution effect,, ithe rate of inflow of nutrient
into the leaves may be lower than the amount of mgtter produced at a
particular growth stage, thus decreased level udeiprotein with season and/ or
maturity of the leaves (Khoslaet al 1992; Singh and Todaria, 2012).
Furthermore, there is close relationship betweeysiplogical activities of plants
and water content. Physiological events slow dowrdiying plants and DM
increases as the amount of water inside the celtsedses. Plants need more
nitrogenous food for vegetative growth and theretiiey efficiently store protein
in early stages of growth, which is later on consdnduring flowering and
fruiting followed by dormant phase whereby theirtritional status reduces
(Hussain and Durrani 2009). These findings areomfamity with Ahmedet al
(2013) for various forage plants for ruminants stigated in a semi-arid region
of Punjab, Pakistan; Bamigbog¢ al (2013) for assessment of seasonal nutrient
composition of predominant forages in Nigeria; Blagt al (2011) for forage
quality of deciduous woody and herbaceous speciedifterent seasons in

Mediterranean shrublands of Western Turkey; Aeinal (1989) for nutritional




evaluation of maize fodder at two different vegetastages.

Several workers have stated that protein synthessimulated as the
plants starts to grow in the spring. Number of ypuwells increase and the
physiological events are induced (Kaeaal, 2006). These events are the results
of enzyme activities derived from proteins. Yourdl< also have high ratio of
protoplasm. Most of the proteins in a cell are tedan the protoplasm. Fibrous
compounds are found in the cell wall. Cell wall gmnents are more abundant in
the older cells than the younger ones (Lyenal., 1999). Cell wall development
is related to plant development and as tlaatpmhatures wall compounds,
crude fibre increases and protoplasm compounds dikide protein decreases
(Hashmi and Waqar, 2014; Kaplahal, 2014; Haddet al, 2003; Parissét al,
2005).

Parlaket al (2011) observed lowest Ca and P in the two shvitbsgall
oak Quercus infectorieOliv.) and Christ’'s thornRaliurus spina-cristiMill.) of
western Turkey during april which then shows highel during November as
calcium involves in the structure of harder tiss(esl walls) and is important
constituent of ash. This was because protoplasnpeands of the cell were high
at the beginning of plant growth, therefore, Ca Wo&sin the young shoots of the
shrubs taken during fast growth in April and Mayook and Harris (1950)
attributed increase in ash with maturity to dustusmeulations. Likewise, Blair and
Epps, (1969); Kamalakt al. (2005); Hashmi and Wagar (2014); Hacdial.
(2003) found increased ether extract with increasmaturity in the shrubs
(Kermes oak and halophyte shrubs) under study #&nbuwed this to increased
uptake of mineral elements from the soil at thisetiand later deposition of an

important part of these elements into the cell svall

Data in Table-54 & 55 also revealed variation irtriemt compositions
among trees species viz, high crude protein (18.£08tean value) as and ether
content (5.03% = mean value) Robinia pseudoacaciand decreased level in

other species. However, crude fibre values weraddo be maximum iRopulus




nigra (18.50% = mean value) and total ash (13.48%= nwvadue) than other 4
species which were under investigati®obinia pseudoacaciandPopulus nigra
showed higher crude protein and crude fibre contentay be due to leguminous
character ofRobinia pseudoacaciaand high lignifications inPopulus nigra
respectively (Zhangt al, 2012; Rubanzat al, 2005). The findings lie within the
ranges reported by Dhungaeé al. (2012)as 11.5% ash content and 18.13%
crude protein folF. roxburghii crude fibre content of 1.06 and 12.98% Uayar

et al (2010) forFaidherbia albida and Parkia biglobosaspectively ; crude
fiore as 13.50 and 18.51%  foDesmodium oojeinensand Mallotus
phillippinensis by Prajapati (2008).

Hafty and Kebede (2014) & Nahanet al (2012) recorded that the high
variability in the composition of different fodddrees and shrubs could be
attributed to within species variability owing tactors such as plant part,
harvesting regime, season and location, soil anaesof environmental/climatic
factors though plants are dependent upon the soiltfeir mineral nutrients,
climatic factors affect respiration, assimilatigmmotosynthesis and metabolism to
the extent that the mineral and organic matteresdndf plants may be strongly
modified by climatic factors even though grown & tsame soil that control
accumulation of forage nutrients (Cook and HartB50). Physical properties of
soil such as texture and porosity affect the riu&ituality of forage more or less
indirectly. Poorly aerated soils greatly limit cgatease the absorption of essential
elements, especially phosphorus (Daniel, 1934)IsSah in biotic life show
enhanced aeration and fertility. The differenceemical composition between
species and within genera associated with the émtbenature of the species
(genotypic factors) (Beletet al, 2012). Inline to this study, high CP content of
different browse species ranges 17 to ZB¥dMorus albaspecies reported by Vu
et al (2011). However, Shaheest al (2015); Niknam and Ebehrahimzadeh
(2002); Bowers and Stamp (1992) have stated thesethgenetic variations
modified by a variety of biotic and abiotic featsire




The continuous supply of protein is required by inant animals for
normal metabolism. Ruminants require a minimum -886 of crude protein for
lactation and 10 to 12% for efficient fermentatmfrplant tissue by rumin bacteria
(Onyeonagu and Eze, 2013; Azeeh al, 2011;Moh’d Khair et al, 2000). The
high crude fibre in present study shownRxypulus nigrarelative to other species
indicated importance of having their mixtures ie #mimal diet as supported by
Tudsriet al (2002). Ether extract is the lipid component #mel energy derived
from it is utilized by the animal for body maintewa and production. All the
plant parts have nutritional qualities which whesed in the right proportions
could be of tremendous benefit to the body (Ahnetdal, 2013). As the
percentage of crude fiber increases, digestibilgyally decreases because crude
fiber is resistant to decomposition and it oftervedops digestible nutrients

rendering them unavailable.
5.6 Proximate analysis of agricultural crops as fekfor ruminants

The results presented in Table-56 showed a sogmifivariation using t-
test among two agricultural crops used as fodder #vena sativaand Oryza
sativa Among these two feed sourogena sativdound to achieve highest crude
protein content (2.34%), crude fibre (36.52%), etbetract (3.23%) and ash
(14.28) compared tOryza sativarecorded 2.09, 11.07, 2.36 and 3.40% as crude
protein, crude fibre, ether extract and ash conesyectively. The findings are in
line with the findings of Gebremichael (2014) anlaiket al (2014).

These variations could be a result of agronomitofacsuch as application
of various levels of nitrogen fertilizers, time lodrvest, ensiling, field drying and
storage. Similar findings have been reported itialtarye grass (Bittante and
Andrightto, 1982). The value obtained for crudetgiroin Oryza sativaare lower
than the value 3.2% reported by Relgbal. (1970). Like crude protein, other
nutrients could also vary in different feeds dueaigro climatic conditions,
cultural practices and postharvest processing smdge conditions. Differences

in crude protein content between the evaluated iespemay arise due to




differences in protein accumulation in them durgrgwth (Abebeet al, 2012,
Salemet al., 2006). Fiber in forages is often the main sourcerargy for fore-

gut fermenters (Graham and Aman, 1991).

The nutrient compositions of forage grass speces been shown to
depend among other factors, on their structuralpmsions which vary among
species (Hockensmitkt al, 1997). According to Shenkuét al (2012), the high
variability in the nutrient content of browse coddd attributed to within species
variability owing to factors such as plant partrvesting regime, season and
location, and these factors appear to influencenated composition, palatability,
rumen degradability, digestibility, voluntary inmkand nutrient utilization by

animals.




Chapter — 6
SUMMARY AND CONCLUSION

Agroforestry — a judicious/delibrate integratiori tvee species with
agricultural crops and/or animals has been pratsogce ancient times across the
world in both the tropics and temperate regionsdifionally, people resorted to
agroforestry practices for the inter-dependent fisnef the three components,
viz., trees, crops and livestock in addition to the,GFe. food, fruit, fodder, fuel,
fertilizer and fibre (Chavaet al, 2015). In modern times, the intangible benefits
often referred to as ecosystem services renderdldebggroforestry systems have
been widely recognized in different countries. Theservices include
microclimate moderation, biodiversity conservatiosarbon sequestration,
protecting water sources, soil erosion and polfuticontrol.  Agroforestry
practices are also linked with economic aspectwhland production. Studies
reveal that these agroforestry systems have trenpal to generate employment
opportunities of 450 man-days per hectare per \&dnyani et al, 2013).
Agroforestry leads to a diversified and sustainahbl@al production system than
many treeless farming alternatives and provideseased social, economic, and
environmental benefits for land users at all leW@landey, 2007). According to
Noble and Dirzo (1997), agroforestry systems coresé&0-80% of biodiversity
comparable to natural systems and also acts asrliafparks and protected areas.
The present investigation entitled “Plant diversity prevalent agroforestry
systems of District Budgam” was undertaken durlng year 2013 & 14 with the
main objectives:

1. To assess the status of plant diversity in prevagroforestry systems of

District Budgam.

2. To analyze and evaluates the contribution of agestoy in fulfillment of
individual household needs in District Budgam.

3. To determine the fuelwood and fodder values ofgrefl tree species in
District Budgam.




The thesis encompasses five chapters which aredes:u

Chapter I, 1l and Ill presents agro-biodiversitgncept, potentials of
agroforestry systems, importance of evaluating camty structure,
socioeconomic overview of various agroforestry eys, objectives/purpose of
the research study, work done in country and abopadarious aspects of phyto-
sociology and community structure in both agrofosess well as in natural

systems, description and methodology applied irstbdy area respectively.

Chapter IV and V present the results which areculised with
interpretations and supported by the influencesthen aimed quantitative and
socioeconomic parameters viz. vegetation structevejuation of agroforestry
systems in fulfillment of socioeconomic needs ameliiood and fodder values of
tree species found in prevalent agroforestry systefmDistrict Budgam. The
summary of these results recorded with respegbéciic objectives of the study

along with some interpretations are presented dsrun

 For evaluation and documentation of plant divers#tatus and
composition in prevalent agroforestry systems aftint Budgam, the first
phase of the research included the collection foirimation regarding land
use management and prevalent agroforestry systentisei said district
based on the pre-prepared questionnaire (AnneX(teFhe second phase
of the study was to further evaluate the plant vy status taking
identified prevalent agroforestry systems into aecdto and their

contribution for fulfillment of the socioeconomieeds of the farmers.

* From the investigation, it was appraised that fgnoforestry systems are
prevalent in the District Budgamz., Boundary plantation, Homegarden,
Horti-agricultural and Horti-silvi-pasture systeneig carried out by
about 184 (73.01%) farmers constituting 30 haaridlarea out of total of
136.84 ha in possession of total sample size (g@@ad of 252 farmers.

* For objectives-| i.e. for assessment of plant ditgrstatus, composition




and quantitative attributes in prevalent agrofoyestystems in the said
District, only 20% of the selected farmers (i.e2P%ere considerediz;

51 farmers.

Cultivated plant species were assessed in onlg threvalent agroforestry
systems as in Horti-silvi-pasture system cultivaspecies were absent.
However, wild plants/herbage, were evaluated infallr agroforestry

systems identified in the study area.

The vegetation in prevalent agroforestry systenthénstudy area (District
Budgam) comprised of trees, shrubs and herbage (lagth cultivated and
wild). Among broad leaved trees species and fingieés, a total of 4
genera, 6 species of 3 families and 6 genera, 8espef 3 families were
recorded respectively. While 2 genera having 3 isgebelonging to 2
families were of shrub layer, however, herbage easgmted 70 genera

belonging to 75 plant species and 37 families.

The study area hosts a remarkable floristic richniasfour prevalent
agroforestry systems with majority of taxa belomgio family Salicaceae
in broad leaved trees, Rosaceae in fruit treescd@@aand Fabaceae in
wild and cultivated herbage respectively. The otbminent botanical
families represented in study area were: AlliaceAejaranthaceae,
Apiaceae, Asteraceae, Balsaminaceae, Brassicac€asnabaceae,
Caryophyllaceae, Chenopodiaceae, Compositae, Carlaokae,
Cucurbitaceae, Fabaceae, Geranaceae, Hypericackamjiaceae,
Leguminosea, Liliaceae, Malvaceae, Onagraceae, tdgiaaceae,
Polygonaceae, Portulaceae, Primulaceae, Punicadgaeunculaceae,
Rosaceae, Rubiaceae, Salicaeceae, Solanaceae,edéndciglandaceae,

and Violaceae.

Species composition in four prevalent agroforestgpgstems revealed

maximum number of species in Homegarden and Hiwtisasture




followed by Horti-agricultural system and Boundapjantation with
respect to cultivated and wild plants respectively.

Seasonal evaluation of ground flora comprised ot lcoltivated and wild
herbage species on the basis of density, basal iegmency and IVI
showed that these quantitative/phytosociologicaibattes increased from
spring with the advancement of growing season dtaihad peak values
during summer and decreased abruptly thereaftautunmn.

Among cultivated herbage species in three conserggasons i.e. spring,
summer and autumn revealed tBatssica campestriand Oryza sativa
were dominant species during spring and summeiose&spectively in
Boundary plantation. Correspondingly, in Homegard&assica oleracea
var. acephala and Brassica rapahowed dominance during spring,
summer and autumn seasons. Similarly, in Hortieadparal system,
Phaseolus vulgarisilemonstrated dominance in terms of quantitative
parameters over other cultivated species duringg@nd summer and by

Brassica olearacea var. acephalaautumn.

Seasonal evaluation of quantitative/ phytosociaalattributes in wild
herbage present in prevalent agroforestry syst@wsated thaCynodon
dactylonwas the dominant species in Boundary plantationHordi-silvi-
pasture system. However, in Homegarden and Horitatural system,
Stellaria mediaexplicated dominance over other species invesiibat

during three different growing seasons, spring, summer and autumn.

The VI values of constituent species in prevalagitoforestry system of
District Budgam suggested that the wild herbagemamties present in
respective agroforestry systems can be namedCya®don dactylon-
Polygonum hydropiper- Prunella vulgaris community in Boundary
plantation Stellaria media- Poa aungustifolia- Galinsoga ywé#lora in

HomegardenStellaria media Plantago major Artemisia absinthiumn




Horti-agricultural system andCynodon dactylon Oenothera rosea

Mentha arvensig Horti-silvi-pasture system.

Shanon weiner index for wild plant species was w@atald maximum in
Horti-silvi-pasture system, whereas, species ev&nireHorti-agricultural
system. Simpson index and concentration of domimamas higher in

Homegarden agroforestry system.

Among broad leaved tree speci@gpulus deltoidesPopulus nigraand
Salix albawere common between Boundary plantation, Homegasahel
Horti-silvi-pasture. While, amongst the fruit treelslalus domestica
Prunus domesticand Pyrus communisvere common to Homegarden,

Horti-agricultural system and Horti-silvi-pastunstem.

Among shrub speciefRubus niveusvas common between Boundary
plantation and Horti-silvi-pasture system, howewrmpus ulmifoliusvas

common to Horti-agricultural and Horti-silvi-pastusystem.

Brassica oleracea var. acephala, Brassica rapa, lRequs sativus,
Solanum tuberosum, Phaseolus vulgaris and Pisunvusatpresent in
respective systems were similar to Boundary plantaHomegarden and
Horti-agricultural system among cultivated specM#th respect to wild
speciesConyza canadensand Galinsoga parviflorawere present in all

four prevalent agroforestry systems of District Baih.

The critical examination of data on density, baseh, frequency and VI
of shrub species revealed tHatbus niveusvas the only shrub species
present in Boundary plantation attaining a densétjye of 133.33 plants
ha', basal area of 0.066°nha’ with 20% frequency and importance
value index of 300. Likewise, in Horti-agriculturalystem, onlyRubus
ulmifolius was found there with density, basal area, frequemdy IVI of
400 plants ha, 0.087 M ha™, 33.33% and 300 respectively. In case of




Homegarden agroforestry system, no shrub was fa@mwing in this
particular system.

In Horti-silvi-pasture system, three shrub spegiegse present vizRubus
niveus Rubus ulmifoliusand Asparagus officinalis Out of these three
speciesRubus niveusvas found to be dominant achieving a density value
of 483.33 plants h§ 0.043 i ha ™ of basal area, with a frequency value
of 60.70% and IVI as 160.23.

Shanon weiner index and species evenness for spedies was found to
maximum in  Horti-silvi-pasture, however, Simpson der and
concentration of dominance was evaluated maximum Boundary

plantation and Horti-agricultural system in studgaa

The preceding results on quantitative/phytosocickgattributes of trees
revealed thatPopulus deltoidesvas dominantin Boundary plantation
exhibiting density as 100 Habasal are2.41 nf ha' with frequency of
100% and importance value index (IVI) as 118.8alus domestica
demonstrated its dominance in remaining three agesfry systems viz.,
Homegarden, Horti-agricultural and Horti-silvi-past systemexhibiting
density value as 66.67 ha466.67 ha and 300 hd; basal area of 0.57m
ha', 4.91nf ha' and 4.40 rh ha'; frequency value as 83.33, 100 and
100%; IVI as 57.09, 134.50 and 72.00 respectively.

Data pertaining to vegetation indices of tree sgeoexplicated that
Shanon weiner index was higher for Horti-silvi-past followed by
Homegarden. However, species evenness, Simpsonx inded
concentration of dominance was found to be cornedipgly maximum in

Horti-agricultural system and Boundary plantation.

Data pertaining to similarity index of vegetaticevealed that Boundary

plantation and Horti-silvi-pasture had 51.35% samil between them




followed by Horti-agricultural and Horti-silvi-paste system with 43.07%

of resemblance in vegetation.

The points summarized above indicated that among farevalent
agroforestry systems evaluated, Horti-silvi-pastysgtem conserved more
number of species i.e. is rich in floristic diveéysof herbs, shrubs and

trees.

Overall view of vegetation indices described thaarsn weiner index and
species evenness was in the order of herbs > tregwubs. Whileas,
Simpson index and concentration of dominance wagguence of shrubs

> trees > herbs in prevalent agroforestry systems.

More than one benefit than sole crop system i@d féodder, fuelwood &

medicine from all prevalent agroforestry systems.

Regarding socioeconomic evaluation, results redethlat all agroforestry
systems support the farmers in terms of incomese#hlow or high profit
levels. It was recorded that from Boundary plaotatRs 3,384.05/ha (Rs
1,076.03/farmer), Rs 7,042.96/ha (Rs 1,454.32/farmer) from
Homegardens, Rs 13, 46, 62.10/ha (Rs 23,263.23#farfnom Horti-
agricultural system and Rs 26, 77, 39.10/ha (R4 7/B42/farmer) from

Horti-silvi-pasture system were obtained.

The data also summarizes that Horti-silvi-pastuystesn (64.86%)
contribute most to the total household income ton&as from all systems
followed by Horti-agricultural system (32.62%) dfet total income and

least from Boundary plantation (0.80%) in the stadya.

Maximum income was incurred fromMalus domesticain Horti-
agricultural and Horti-silvi-pasture because ofdoshelf life and thus

great demand locally and countrywide.

Results explicated that agroforestry as such isrgit adapted on large




scale, as the main subsistence needs met fromretitfeprevalent
agroforestry systems in the District Budgam is oabout 50 per cent
because the land holding per farmer in the saitictiss small. So, half of
the produce is marketed for income to support #milfy needs and half

they consume to fulfill their feeding requirements.

Perusal of data on Fuelwood Value Index (FVI) adferred tree species
in District Budgam displayed that among 5 broadréebspecies and 4
fruit trees evaluated®obinia pseudoacaciandPrunus dulcis elucidated
highest FVI values as 948.05 and 1067.42 respédgtive

The preceding results on seasonal variation indoddlues of preferred
tree species in District Budgam explained that erpdotein decreased
during spring, summer and autumn, whereas, criule, fether extract and
ash content increased with advancing season ambnthea5 (five)
evaluated preferred tree species. Among speciesstigated,Robinia
pseudoacaciaand Populus nigraproved to be an excellent source of

protein, fat, fibre and ash for efficient maintecarf ruminants.

Proximate analysis of agricultural feed crops usedistrict Budgam
explained thatAvena sativaachieved highest values in terms of crude
protein (2.34%), crude fibre (36.52%), ether extré®23%) and ash

content (14.28%) compared @yza sativa

CONCLUSION:

The interest behind the selection of the area wasxplored plant

diversity with respect to prevalent agroforestrgteyns of District Budgam as till

date no research study was undertaken by any worker overall results of this

study can be concluded as under:

+« Four prevalent agroforestry systems do exist irtrlBisBudgam with rich

floristic diversity viz., Boundary plantation, Hogerden, Horti-
agricultural and Horti-silvi-pasture system.




Community structure of prevalent agroforestry systalepicts that these
systems are mosaic/assortment of three physiognimmits i.e. cultivated
and wild herbs, broad leaved and fruit trees amaesshrubs.

Vegetation in prevalent agroforestry systems cosepriof 82 genera, 92
species and 45 families. The number of species ifferent plant
categories as: herbs > trees > shrubs.

Seasonal evaluation of quantitative attributeés, density, basal area,
frequency and IVI of both cultivated and wild hegbaexplicated increase

from spring to summer and decreased thereafter.

In terms of quantitative /phytosociological attriési and vegetation
indices Horti-silvi-pasture was found to contribut®re both in terms of
conservation of biodiversity and income generasonrce compared to
other agroforestry systems.

The quantitative/phytosociology of trees in thedstisite revealed that
Populus deltoidesvith highest IVI was the dominant species in Baanyd
plantation,Malus domestican Homegarden, Horti-agricultural and Horti-

silvi-pasture systems respectively.

Among shrubsRubus niveusvas common to Boundary plantation and
Horti-silvi-pasture system.

Shrub species were absent in case of Homegardefoesegtry system.

Based on importance value index (IMDynodon dactylomvas found to be
dominant in Boundary plantation and Horti-silvi-pag system whileas,

Stellaria median Homegarden and Horti-agricultural system.

IVl values can also be used to prioritize specias donservation, and
species with high IVI value need less conservaéfiarts, whereas those
having low IVI value need high conservation effort.

Farmers are inclined towards retention of fruitdzh&rees on their fields

for additional monitory gain from the fruits and etkbfore, Horti-




agricultural and Horti-silvi-pasture system pragtiwere the priority of
most of the farmers in District Budgam.

<+ More than one benefit was derived i.e. food, foddierber, fuelwood &

medicine from all prevalent agroforestry systems.

% These prevalent agroforestry systems are an imgoei@ment of rural
landscape and play a vital role in the predomilyahib-resource based
economy of the region. As 50 per cent (%) of thmifaneeds in terms of
money and food are being fulfilled by the farmefsDastrict Budgam
from existing prevalent agroforestry systems adbpia smaller scale,
which when established on large magnitude can proyee a sustainable
and regular food and income source of each farme&rasted and

presently adopting various agroforestry activities.

s Among broad leaved speciB®binia pseudoacaciscored best in terms of
FVI than other species. LikewisBrunus dulcisshowed best performance

among fruit trees achieving maximum calorific value

% So, ranking of trees as best and efficient fuelwa@sdper their low
moisture content and ash content, high wood demsity high calorific
value is in the order dRobinia pseudoacacia Salix alba> Salix fragilis
> Populus nigra> Populus deltoides among broad leaved species.
However, the order in fruit trees is &unus dulcis > Malus domestica >

Prunus domestica > Pyrus communis.

* Robiniapseudoacaciavas evaluated as best fodder than other species in
terms of crude protein which decreased with sucees®asons within all
preferred species.

+ In terms of crude fibre and ash which increasedh wgring, summer and
autumn the results were achievedPRaplar nigra >Popular deltoides>
Salix alba> Salix fragilis> Robinia pseudoacacia

+« Avena sativavas evaluated better as fodder tiayza sativa




RECOMMENDATIONS

area:

The following recommendations were proposed fothier research in the

v' Agroforestry systems prevalent in District Budgaomrently serves as a

repository of plant diversity and is comprised amprehensive rich
ecological niches as they preserve some of the abbdu
bioresources/medicinal plants likArtemisia absinthium Hypericum
perforatum Rumexsp. Taraxacum officinale, Thymus lineari¥iola
odorataetc. which are in great demand in market for vegitherapeutic
and commercial exploitation and are listed as egel@d/vulnerable in
IUCN Red Data Book. Thus these agroforestry systeraggene pools of
medicinal plants (life saving drugs) and also ial sense buffer for forests
and protected areas. Creating awareness among r&arara local
inhabitants about the importance of invaluable gendiversity and
sustainable use of resources can definitely leaal decure future of these

reservoirs.

As bio-geographical islands, role of identified yakent agroforestry
systems in maintaining biological diversity is anlclssues of scale are
central to this role and thus in a landscape moseagas of agroforestry
are potentially complementary, especially when wersg the need for
ecological equilibrium and population size vis a genetic diversity. Plant
resources in these agroforestry systems are lintitat require efficient

and wise use. Necessary steps should be taken niptt@ store the

original vegetation but also to improve it.

Documentation and conservation programme seekingtemance of high
biodiversity values within these buffer zones, mmizing biodiversity
losses due to any developmental activity and iatémn of biodiversity

conservation with the economic and environmentalieses should be




made with a detailed management programme for isabla economic
benefits that can be harvested from these agrdfgregstems.

Creating awareness at the grass roots level abiset wtilization of the

woody species in the area is crucial in order &vent the loss of valuable
tree species. The governmental and nongovernmergahizations should
promote different agroforestry practices to conseivdigenous woody

species through circa-situm conservation.

Local people must be provided information and awess on biodiversity
conservation. These projects will not only conseéheslocal flora but also

improve the socio-economic conditions of the area.

Euphorbia helioscopisshould be handled with due care by the farmer
while working in the field because of its latex diksubstance causing

serious allergy problems, swelling, severe skin eyalirritation.

One possibility for conserving valuable and worsklespecies diversity at
sustainable scale may be to acknowledge and revearders for the
biodiversity conservation service that they provide the global
community so that they will take keen and firm et further to give his
best in conserving the natures unsurpassed dgifthe agro-biodiversity”.

Be custodians of large agroforestry land holdingskkbeping positive
attitude towards these activities in order to ewkalivelihood at both

subsistence and commercial levels.

As the present research was to compare variousspreges in the study
area for assessment of trees as per their fuelwbadhcteristicsPrunus
dulcis andRobinia pseudoacaciproved to be best among other fruit trees

and broad leaved species evaluated.

Extensive farming ofRobinia pseudoacaciand Prunus dulcisunder

scientific supervision particularly fdRobinia pseudoacaciéor firewood




production could bridge the gap between the denaart supply which
people are facing today.

Conducting research to identify other environmentalriables and
geographical coordinates such as available soienvaiil fertility and
temperature that affect fuelwood properties mustaken into account for

future research.

To alleviate shortage of feed, in addition to seppntation for crop
residues with browse species, efficient utilizatioihthe available feed
resources should be encouraged. Improving the rigedalue of crop
residues, and especially on upgrading their qu#iityugh chemical (urea)
treatment that could improve their utilization éké and digestibility)
should be developed for the production system oatier careful

consideration of the opportunities and constramtierent in the system.

Combinations of tree fodder and agricultural croags yield a better result

than feeding singly to the ruminants.
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Meteorological data for the year 2013 & 2014

Appendix-I

Temperature (°C) Rainfall(mm) RH1 RH2
Months
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
January -2.75 -1.67 7.19 4.70 89.40 165.60 92{48 .0689 70.77 79.32
February 0.09 -0.04 9.64 9.19 137.00 68.50 87/35 .0488 63.10 61.00
March 3.76 3.08 17.11 11.09 51.60 278.20 79.87 (B5.047.77 66.48
April 6.58 6.18 19.03 17.78 135.60 124.80 80.10 478) 59.36 61.03
May 9.22 8.86 24.04 23.11 59.00 68.90 79.74 81/299.2%4 | 55.74
June 14.91 11.41 29.43 29.28 10742 24.10 79140 372.250.13 4443
July 17.75 16.83 30.90 30.47 73.6 72.80 76.61 78/848.12 49.29
August 17.66 14.76 28.58 29.12 178.4 80.00 80/87 .8479 62.41 53.06
September 12.14 10.72 27.65 23.13 31,2 194.90 83.487.96 57.93 66.27
October 8.05 6.51 24.12 21.23 21.00 23.40 84/64 2992. 58.61 66.94
November -0.35 -0.12 15.25 14.83 17.00 19.60 86/1@7.56 65.80 64.94
December -2.16 -1.11 10.08 9.45 25.20 26.00 89\777.668| 69.90 67.09

(Source: Digest of Statistics 2013-14)



Analysis of Variance for interaction between desity of wild plants and seasons

Annexure-I||

d.f. Sum sq. Mean sq. F-value Pr (>F)
Replication 2 1627 814 0.828 0.45
Systems 3 924100 308033 313.374 <2e-16***
Seasons 2 1619183 809591 823.627 <2e-16***
Systems : seasons 6 172742 28790 29.289 2.03e-09**4
Residual 22 21625 983

Annexure-Ill

Analysis of variance for interaction between basairea of wild plants and seasons

d.f. Sum sq. Mean sq. F-value Pr (>F)
Replication 2 33.0 16.5 5.234 0.0198*
Systems 3 573.8 191.3 60.646 8.45e-11***
Seasons 2 1383.6 691.8 219.341 2.95e-15***
Systems : seasons 6 238.9 39.8 12.623 3.69e-***

Residual 22 69.4 3.2




Annexure-1V

Questionnaire

General Information
1. Name of decision maker :

Caste .

Name of village :

District:

Total Land :

Leased out :

House No. :

Kuccha..............

2.
3.

4.

Age of the Respondents

Block:

Leased in:

Residential

Respondent

Category

Number

Percent (%)

Young age (<18 years)

Middle age (19-50 years)

Old age (>50 years)

Total

Family Size of the Respondents

Annexure-V

Family Size

Category

Number

Percent (%)

2-4 members (Small)

5-10 members (Medium

>10 members (Large)

Total




Education level of the Respondents

Annexure-VIi

Category

Respondent

Number Percent (%)

llliterate (No schooling)

Primary level (I-V)

Secondary level (VI-X)

Higher educated (College, University)

Total

Occupation of the Respondents

Annexure-VIl

Category

% of the Respondents

Agriculture

Service

Business

Daily labour

Total income from other sources

Annexure-VIl|

Village

Income from sources other than practicing lad use systems

Business

Employment Labour




Annexure-I1X

Land Use Pattern/System

Land use pattern Area (kanals)

Agriculture

Horticulture

Forestry/Compact block planting

Homegarden

Non- cultivable land

Pasture

Other

1. Agri-silvi

2. Agri-horti

3. Boundary plantation

4. Hortisilvi

5. Hortiagrisilvi

6. Hortisilvipasture

7. Silvipasture




Components of Agroforestry Systems identified

Annexure-X

System identified

Area
(kanals)

Tree
component &
No.

Fruit tree
component &
No.

Agriculture crop
component

Kharif Rabi

Boundary
plantation (Paddy
fields)

Agrisilviculture
(Slopy lands)

Agrisiviculture
(Plain lands)

Hortisilviculture

Hortiagrisilvicultu
re

Hortisilvipasture

Silvipasture

Homegarden

Forestry/Compact
block planting

Other (specify)




Annexure-XI

Annual expenditure (Rs.) incurred in management andnarketing of the
products collected from all land use systems

Annual
Village Land use pattern (Tick the system using) expizgg)lture
Agriculture( ), Horticulture( ), Forestry/ Compact
block planting ( ), Homegarden ( ), Non-cultivable
land (), Pasture (), Boundary plantation (),
Agrisilviculture (slopy lands) (), Agrisilviculter
(plain lands) ('), Hortisilviculture (),
Hortiagrisilviculture (), Hortisilvipasture (),
Silvipasture ()
Grand total
Standard daily wages of workers during the surveyop was Rs........ for Men
(skilled labourers), Rs. .......for women and Rs. .for boys. These costs
calculated by multiplying wage rate by number ofsigpent.
Annexure-XIl|
Average Number of Livestock in the study area
Village Average Number
Cattle Goat Cow Poultry
Annexure-XII|
Trees species used as fuelwood by the farmers
Trees used as fuelwood
: *Other
Village Populus Salix Robinia | Ailanthus| Celtis plant
species

*QOther plant spp- plant species other than popwalsx, robinia, ailanthus, celtis
e.g apple



Annexure-XI1V

Annual fuel usage (Rank 1-6)

Summer Season Winter Season

Agricultural Electricity Kero§ene LPG Animal Fuelwood Agricultural
Qil dung waste

Type i
Electricity Kergﬁene LPG ASI'JTSI Fuelwood waste

Cooking

Heating

Lighting

Others
(marriage,
festivals)

1= first preferred, 6= least preferred
Annexure-XV

Alternate fuelwood sources in the study area

Fuelwood production

. % age
Kgs(Qtls) /annum

Agroforestry systems




Annexure-XVI

Production and percentage contribution of various fant species found in different land use systemswards annual income
of households

Agriculture Crop

Component Production (kg)/year Rate Amount (Rs) Gross
Land use system Seli- (Rs/ Kg) Seli- production %
Kharif Rabi . Sale 9 . Sale (Rs)
consumption Consumption

1. Agriculture

2. Horticulture

a) Apple

b) Pear

c) Plum

d) Cherry

3. Forestry (compact
block planting)

a) Poplus

b) Salix

c) Kikar

4. Homegarden

5. Boundary plantation

6. Agrisilviculture
(slopy lands)

7. Agrisilviculture (plain
lands)

8. Hortisilviculture

9. Hortiagrisilviculture

10. Hortisilvipasture

11. Silvipasture




Total income from prevalent agroforestry systems obDistrict Budgam

Annexure-XVII

Income Percentage (From Total* Net income)
Land use system Income/farmer Income/ha
<10 10-20 20-30 >30
Annexure-XVIII
Plant species (used dry/green) exploited for foddexs per season
) Season
Village X
Spring Summer Autumn
Poplar | Kikar | Salix | Others | Poplar | Kikar | Salix |Others | Poplar| Kikar | Salix | others

Others= oats, paddy straw etc

Ranking of tree fodder given to each animal

Annexure-XIX

Village

Ranking of tree fodder component

Poplar

Salix

Robinia

Celtis

Mulberry




Quantity of other fodder material/ component mixel with tree fodder or solely given to each aninma

Annexure-XX

Village

Fodder component

FCS (100 %)

FCS (50%)

MFC (100 %= 50 %+ 50 %)

MFCR0 %= 25 %+ 25 %)

RS

RS

R P P
+ +
s |R

S S
+ |+
O | RS

RS

Pl P
+ +
O | RS

S S
+ | +
O | RS

RS

Fodder component given solely FCS (O= Oats, RS= Rice straw, P= Poplar, Sx3&E Robinia), Mixed fodder component=
MFC (P+S, P+R, S+R, O+RS, P+0O, P+RS, S+0, S+R8,R+RS




Subsistence need fulfillment of farmers through diierent agroforestry systems

Annexure-XXI|

Land use pattern

Subsistence needs fulfillment

100 %

50 %

Food

Fodder

Timber

Fuel-
wood

Medicinal
plants

Food

Fodder

Timber

Fuel-
wood

Medicinal
plants

Boundary plantation

Agri-silviculture
(sloppy lands)

Agri-silviculture (plain
lands)

Horti-silviculture

Horti-agri-silviculture

Hort-silvi-pasture

Homegarden

Silvipasture

Others




ANOVA for Broad leaved Trees

Appendix-XXII
Analysis of variance for wood moisture content
Df Sum Sq Mean Sq Fvalue Pr(>F)
Rep 4 24631 6.157%.8592 0.002052 **
Plant sp. 4 89.650 22.4125.9@87 1.044e-06 ***
Residuals 16 14.364 0.8977
Appendix-XXIII

Analysis of variance for wood density

Df SumSg MeanSq Fvalue Pr(>F)

Rep 4 0.008784 0.0021967839 0.1814
Plant sp. 4 0.157984 0.039498.0845 1.850e-07 ***
Residuals 16 0.019696 0.001231

Appendix-XXIV

Analysis of variance for ash content

Df SumSg MeanSq Fvalue Pr(>F)

Rep 4 0.0740 0.018508.0728 0.9894
Plant sp. 4 0.3086 0.0771460.3033 0.8715
Residuals 16 4.0694 0.254338

Appendix-XXV

Analysis of variance for calorific value

Df SumSgq MeanSqg Fvalue Pr(>F)
Rep 4 8534 2.13362.5204  0.08208
Plant sp. 4 46.859 11.71493.8388  4.605e-05 ***
Residuals 16 13.544 0.8465




Appendix-XXVI

Analysis of variance for Fuelwood value index

Df SumSg MeanSq Fvalue Pr(>F)

Rep 4 248461 6211%.8354 0.522377
Plant sp. 4 2036334 509083.8468 0.002069 **
Residuals 16 1189650 74353

ANOVA for Fruit Trees

Appendix-XXVII

Analysis of variance for wood moisture content

Df SumSq MeanSq Fvalue Pr(>F)

Rep 4 95.61 239 0.2326 0.9147
fruit trees 3 548,59 182.864.7796 0.2045
Residuals 12 1233.07 102.756

Appendix-XXVIII

Analysis of variance for wood density

Df SumSq MeanSq Fvalue Pr(>F)

Rep 4 0.01127 0.002810.1207 0.97242
fruit trees 3 0.35684 0.118945.0939 0.01675*
Residuals 12 0.28021 0.023351

Appendix-XXIX

Analysis of variance for ash content

Df SumSq MeanSq Fvalue Pr(>F)

Rep 4  0.06303 0.01576.2403 0.910071
fruit trees 3 251062 0.836842.7616 0.000483 ***
Residuals 12 0.78693 0.06558




Appendix-XXX

Analysis of variance for calorific value

Df SumSg MeanSq Fvalue Pr(>F)

Rep 4 10.422 60B5 1.3505 0.30780
fruit trees 3 28.376 388 4.9025 0.01890*
Residuals 12 23.152 1.9293

Appendix-XXXI

Analysis of variance for Fuelwood value index

Df SumSq MeanSq F value Pr(>F)

Rep 4 39213 9803 0.1247 0.9707
fruit trees 3 5308482 17884 22.5074 3.231e-05 ***
Residuals 12 943419 78618

Appendix-XXXII

Analysis of variance for crude protein

Df SumSq MeanSq Fvalue Pr(>F)

Rep 3 0.26 0.086 0.0187 0.9965
Plant sp. 4 907.23226.808 49.3898 2.418e-15 ***
Season 2 186.59 93.293 20.3156 6.733e-07 ***
Plant sp:Season 8 8.07 1.009 0.2197 0.9855

Residuals 42 192.87 4.592

Appendix-XXXIII

Analysis of variance for crude fibre

Df SumSq MW&eSq Fvalue Pr(>F)

Rep 3 2.9850.995 1.3154 0.282058
Plant sp. 4 197.443 833 65.2459 < 2.2e-16 ***
Season 2 116.885 58.44 77.2499 8.465e-15 ***

Plant sp.:Season 8 25.826 3.228 4.2672 0.000813 ***
Residuals 42 31.775 0.757




Appendix-XXXIV

Analysis of variance for ether extract

Df SumSgq MeanSq Fvalue Pr(>F)

Rep 3 0.2530.0845 0.2233 0.87970
Plant sp. 4 54223 535 35.8152 5.027e-13 ***
Season 2 13.672 8362 18.0616 2.187e-06 ***
Plant sp.:Season 8 6.286 0.78582.0761 0.06016 .
Residuals 42  15.897 837

Appendix-XXXV

Analysis of variance for total ash

Df  Sum Sq Mean Sq  F value BF)

Rep 1 0.724 0.724 2.6261 0.1274183
Plant sp. 4 149.455 37.364 135.5532  5.008e-11 ***
Season 2 230.896115.448 418.8376  3.243e-13 ***
Plant sp.:Season 8 20.252 532. 9.1843 0.0002055 ***
Residuals 14 3.859 0.276




Appendix-XXXVI

T-test for crude protein for Avena sativa and Oryza sativa

Variance 0.107373 0.022827
Observations 10 10
Pooled Variance 0.0651
Hypothesized Mean Difference 0
Df 18
t Stat 2.208488
P(T<=t) two-tall 0.040419
t Critical two-tail 2.100922

Appendix-XXXVII

T-test for crude fibre for Avena sativa and Oryza sativa

Variance 0.89261 0.00464
Observations 10 10
Pooled Variance 0.448625
Hypothesized Mean Difference 0
Df 18
t Stat 84.96658
P(T<=t) two-tail 6.76E-25

t Critical two-tall

2.100922




Appendix-XXXVIII

T-test for ether extract for Avena sativa and Oryza sativa

Variance 0.28669 0.057533
Observations 10 10
Pooled Variance 0.172112
Hypothesized Mean Difference 0
Df 18
t Stat 4.726933
P(T<=t) two-tall 0.000168
t Critical two-tail 2.100922

Appendix-XXXIX

T-test for ash content forAvena sativa and Oryza sativa

Variance 2.271773 0.023067
Observations 10 10
Pooled Variance 1.14742
Hypothesized Mean Difference 0
Df 18
t Stat 22.72856
P(T<=t) two-tail 1.05E-14
t Critical two-tall 2.100922
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