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ABSTRACT

A study was conducted at the experimental site bfl#dia Co-ordinated
Research Project on Agroforestry, Orissa UniversftyAgriculture and Technology,
Bhubaneswar, Odisha, India, during July 2016 toeJ2@17 to evaluate fruit based
agrihorticultural systems. The experiment was taitlin a Randomised Block Design
(RBD) with three replications. The experiment wasnsisted of 10 treatment
combinations. Arrowroot was grown as intercrop Whieraised during kharif season.
The maximum chlorophyll content was obtained in STID0%) + FYM +
biofertilizer followed by STD (100 %) + FYM and ST/5 %) + FYM +
biofertilizer. The chlorophyll content was highest September irrespective of the
treartments. The maximum mean moisture contentfeeasd in STD (100 %) + FYM
+ biofertilizer i.e. 10.99 % at 0-15 cm depth d®&d20 % at 15-30 cm depth. The soil
moisture content also found to increase from Jolguagust. The maximum pH value
was recorded in STD (100 %) + FYM (4.95) followed ®TD (75 %) + FYM (4.94).
The value of organic carbon content was higherTi® $100 %) + FYM (7.8 g kg )
and STD (100 %) + FYM + biofertilizer (7.8 g g followed by STD (75 %) + FYM
(7.5 g kg'). The maximum available nitrogen content and phospus content of
262.8 kg ha and 75.2 kg hAwere found under STD (100 %) + FYM + biofertilizer
followed by STD (100 %) + FYM i.e. 257.9 kg-hand 75.2 kg harespectively but
the maximum available potassium content of 253.8&fgwas found under STD (100
%) + FYM followed by STD (100 %) + FYM + biofertder (241.8 kg hd). The
maximum guava tree height (5.95 m) and incremerttaa height (0.78 m), basal
diameter (19.64 cm) and increment in basal diam@&6 cm) were found under
STD (100 %) + FYM + biofertilizer. The maximum ptameight of arrowroot (123.3
cm), number of leaves (69.1) and rhizome weightg @8ilm*) was found under STD
(100 %) + FYM + biofertilizer. The maximum guavael (2788 kg hd) and
arrowroot yield (6534 kg h9 was also recorded under STD (100 %) + FYM +
biofertilizer followed by STD (100 %) + FYM (2692gkha’ and 6340 kg hj
respectively. The maximum gross return (Rs 120229, met return (Rs 66330 A
and B:C ratio (2.23) were found under STD (100 %)¥#M + biofertilizer followed
by STD (100 %) + FYM (Rs 6460 HaRs 62862 haand 2.17), respectively.
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INTRODUCTION

Agroforestry is a land use management system iclwtiees or shrubs are
grown around or among crops or pastureland. It @oesb shrubs and trees
in agricultural and forestry ecosystems to createendiverse, productive, profitable,
healthy, ecologically sound, and sustainable laselaystems. In the broadest sense, it
encompasses a wide range of production systenms, foieest to crop monoculture. In
terms of composition, structure, management pestiand production functions, wide
variations exist among these systems. Benhal., 1977 defines as a suitable land
management system that increases total produa@nbines agricultural crops, tree
crops, forest plants and/ or animals simultaneouslysequentially and applies
management practices compatible with cultural pattef the local population. There
must be significant ecological and economic intéwas between the woody and non-
woody components in an agroforestry system (Lumdgred Raintree, 1982). It is
recognized as a land-use option in which treesigedwoth products and environmental
services. In agroforestry systems, the trees gromvilifferent farmlands in the same
locality when aggregated can bring about improvedded situation thereby enhancing

environmental protection (Otegbeye, 2002).

The fruit based agroforestry system caddimed as a planting system comprising
combinations of plants with various morpho-phenaialgfeatures to maximize the
natural resource use efficiency and enhanced fatabr productivity. The system
comprise of a combination of perennial and annlaadtspecies as different components
in the same piece of land arranged in a geometyfdicilitates maximum utilization of
space in four dimensions (length, width, height deptth) leading to maximum economic
productivity of the system. The fruit based agreétry system is a self-sustainable
system where solar energy can be harvested atediff@eights, soil resources can be
efficiently used and cropping intensity is increhs€he system consists of three main
components viz. main crop, filler crop and intexgps which occupy three different tiers
in space of the production system.

Fruit trees are planted and retained byféneers as associate crops in the
different places on agricultural fields of this i@y The presence of trees also create
hindrance during agricultural operation and on dgecultural productivity but their
other benefits bound farmers to grow them in th&able places. The status of natural



regeneration of tree crop is very poor in the @xissystems due to the deliberate
removal of seedlings from the field during cultuaald other operations. The selection
of intercrops depends mainly on edapho-climaticddmns of the area, farmer’s
need/traditions and resource availability.

Nutrient management is the science and art dirdctéidk soil, crop, weather
and hydrologic factors with cultural, irrigation darsoil and water conservation
practices to achieve the goals of optimizing nutriese efficiency, yields, crop
guality and economic returns, while reducing ofédransport of nutrients that may
impact the environmentiNutrient management is the skillful task of matchia
specific field soil, climate and crop managemenmtditoons to rate, source, timing and

place (commonly known as the 4R nutrient stewapjsbfi nutrient application

Some important factors that need to be considefeehwnanaging nutrients
include (a) the application of nutrients considgiiine achievable optimum yields and, in
some cases, crop quality; (b) the managementcapiph and timing of nutrients using a
budget based on all sources and sinks active aittjeand (c) the management of soil,
water and crop to minimize the off-site transpdmutrients from nutrient leaching out of

the root zone, surface runoff and volatilizationdther gas exchanges).

Guava Psidium guajavd..), is one of most exquisite, valuable and popfrlats
grown in tropical, sub-tropical and some partsriof @gions of India, which belongs to the
family Myrtaceae. It is the fifth most importantifrin area after mango, citrus, banana and
apple with covering an area of 0.22 million hect&itth most important fruit in production
after banana, mango, citrus and papaya with tatdgtion of 2.572 million tonnes (NHB,
2010). Conventional (chemical based) farming issostainable because of many problems
such as loss of soil health and productivity froxnessive erosion and low farm income
from high production costs etc. In view of the$eré is an increasing awareness about
alternate agriculture system known as integratedtphutrient management. The basic
concept of integrated nutrient management (INM)ésadjustment of plant nutrient supply
with proper combination of chemical fertilizersganic manure and biofertilizers suitable
to the system of land use and ecological, socthkeaonomic conditions. Vermicompost is
an ecofriendly natural fertilizer prepared fromdagradable organic wastes, rich in micro
and macronutrients, vital plant promoting substanbamus farming substances, N-fixers
and humus forming microorganisrzospirillium is alternate source for nitrogen

enrichment in non-leguminous crops, which fixed dhmospheric nitrogen and PSB has
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highly efficient phosphate solubilizing microorgsmi (PSM) that grow and secrete
organic acids, which dissolve this unavailable phate into soluble form and make it
available to the plants. Malwa is an importantaagh Madhya Pradesh, where guava is
widely grown. However, these guava orchards arkntteg in their productivity. There is
an urgent need for an alternative nutritional pgeki@ attain long term sustainability for
fruit production as well as for maintaining soibtié and productivity under INM system.
Keeping the above facts in view, an experimenteeasiucted to find out the INM doses
for sustainable production. Adad al. (2014) experimented on guava cultivation in
subtropical region of India which is mainly confthéo marginal lands under rainfed

conditions resulting in low productivity and poauit quality.

Arrowroot Maranta arundinaced..) is an under-exploited tuber crop, the
rhizomes of which are valued as food stuff and ars® of starch. The rhizome
contains 25-30% starch (CSIR, 1962). Arrowrootcstas used for the preparation of
bakery products especially biscuits, as a basdafe powder, in the preparation of
specialized glues and in the manufacture of caessnpaper for computer printouts
(CTCRI, 1996). The starch possesses demulcentrdndiarhoeal properties and is used
in the treatment of intestinal disorders which adtgslicinal value to the crop. The crop
comes up well under shaded conditions and no sepests and diseases are noted in the
crop. Cultivation of this crop is cost effectiveid a hardy crop. Extraction of starch can
be done even in households by adopting a simpleegue. It serves as a raw material
for cottage industry by unemployed women and ryoaith. It is in this context that the
potential of this under-exploited crop should balgated. Realizing the need for organic
production of arrowroot, an investigation was utalden to derive an organic nutrient

management schedule for sustained yield of arravimggrcropped in guava.

Keeping in view the above facts, a study on “Irdegg nutrient management of
arrowroot in guava based agroforestry systewas undertaken with the following

objectives:

» To evaluate the effect of arrowroot on growth chgatree.
» To evaluate the effect of guava tree on the perdmice of arrowroot.
» To study the soil physico-chemical properties oéwgu based agroforestry

system.

» To compare the economics of guava based agrofgrestem.

€3
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REVIEW OF LITERATURE

A successful cultivation of any croprisages sufficient knowledge about the
nutritional requirements of the plant. The respomsel requirement of various
nutrients differ widely on the agro-climatic condits and management practices.
Plants absorb a large number of elements fromdiesd atmosphere. Some of these
elements are directly involved in the nutrition tbe plant and deficiency of them
makes it impossible for the plant to completeifis ¢ycle. These elements are known

as essential elements for plant life (Arnon, 1950).

A good deal of research work has beé@me in India and abroad to evaluate
the response of guava to application of integramgitient management. Further, the
information on these aspects under agro climatiitions of Malwa region is very
meager. The up to date literature available oretlaspects have been reviewed in this

chapter under the following heads:

2.1 Effect of NPK

Mitra and Bose (1985) reported that the highesldys 42.8 kg/tree was
obtained with N:P:K at 260:160:260 g/tree, and K:Bt 260:320:260 g/tree gave the
highest individual fruit weight (174.4 g). K incsed TSS, and N at high rates

decreased TSS, whereas P had no marked effece @tbar-old guava tree.

Wagh and Mahajan (1987) studied the guava treesvert N at 0-900 g, ®s
at 0, 300 g and ¥O at 0, 300 g/tree, and the effects on fruit chamiompositions
were assessed. Fruit quality was best when the treeeived N: $Os. KO at
600:300:300 g/tree.

Koen et al. (1990) reported that the highest yield was oleiwith annual
application rates of calcium ammonium nitrate & &ltree, super phosphate at 300
g/tree and KCI at 400 g/tree. Fruit size was litifeected by N and K application
rates, but higher P rates had an adverse effd@i-year-old guava cv. Fan Retief.

Ghosh (1991) reported that increasing N, P or Esr&ach increased yields. N
application at 225 g/tree gave 84.6% higher yieldsn N application at 100 g/tree



respectively. Fruit TSS and total sugars contemiewncreased by increases in N and
K application rates, but were not influenced bynges in P rate in three-year-old

guava cv. Lucknow-49 trees.

Sharma and Sharma (1992) reported that the highesber of leaves/shoot
(10.01), terminal shoot length (14.76 cm), fruit &2.0%), fruit retention (30.50%)
and fruit yield (28.36 kg/tree) were obtained wa% N, 1% P and 1% K treatment
combination. All treatments resulted in increaseomgh and yield when compared

with the control in 5-year-old guava trees.

Nataleet al (1995) applied N, s and KO to one-year-old guava trees cv.
Rica and Paluma. Each was applied at 0-300 gftréieei first year of the trial and at
double and triples of these rates in the secondthind years, respectively. Brix
values were analysed after each harvest. Noneeofrdatments had any effect on
Brix values, which ranged between 8.0 and 10.8&Rjfca fruits and 8.4 and 9.65 for

Paluma fruits in both the years.

Ke-Lih Shanget al (1997) reported that the fruit yield and weightreased
with increasing rates of N, P and K, except whewad¢ applied at a rate higher than
200 g/plant. Fruit yield, weight and quality weresb when the trees received
N:P20s:K20 at 200:100:400 g/tree in four-year-old guava.

Kotur et al (1997) reported that the highest fruit yield vedtained at 583 g
N/plant, 271 g P/plant and 399 g K/plant, and ait éncentrations of 1.89% N, 0.16% P
and 2.34% K. The leaf nutrient composition assediatith maximum fruit yield was
1.8-2.0% N, 0.12-0.16% P, 1.46-2.08% K, 1.13-1.68 ¥ guava cv. Allahabad Safeda.

Zang and Lei (2000) reported that fertilizer regment for high production of
guava in India, when NPK is applied in the rati6.46:0.68 (0.583 kg N, 0.271 kg P
and 0.399 kg K).

Uma Shankaet al. (2002) reported that the highest fruit yield durinmter
season was obtained with 450 g N + 300:@sP+ 450 g KO when applied in two
equal doses before flowering and after fruit setrilly the winter seasons, the highest
total soluble solid 15.60 OBrix, ascorbic acid Z38285.15 mg/100 g, reducing sugar
7.56-7.60% and total sugar 10.10-10.31% contents wietained with the application
of N + POs + K20 at 450+300+450 g per plant in guava cv. Sardar.



Al-Qurashi (2005) studied the effectfoliar spraying of N:P:K at 18:18:18,
10:44:10 and 10:10:35 ppm on the growth and natribf guava was investigated.
All foliar fertilizers increased the growth paramest compared to the control. The
growth parameters increased more with N:P:K at&88 ppm than the others.

Khattalet al. (2005) reported that 4 kg NPK mixture (10:20:20} pee
gave the maximum plant height (19.26 cm), planea@r(19.22), fruit per tree (369)
and yield (33.2 kg/tree) and the lowest fruit d(6@.6) in guava cv. Karela.

Kundwet al (2007) reported that treatments with higher catregions of
urea were found very effective in increasing thenhar of fruits, yield, individual
fruit weight and the size of fruit in guava cv. B:4The response of calcium
phosphate and muriate of potash was higher wherbioaah with higher doses of
urea. The maximum vyield (48.09 kg/plant) was reedrdy combined spraying of 3%
urea and 2% each of calcium phosphate and murfgbetash, while spraying with
3% urea in combination with calcium phosphate (2% muriate of potash (1%)
showed the maximum individual fruit weight (157.1 §he quality of fruits showed
marked improvement by spraying with higher dosemofiate of potash alone or in
combination with urea and calcium phosphate. Costbispraying of urea (1%)
calcium phosphate (2%) and muriate of potash (2% area (3%) along with
calcium phosphate (1%) and muriate of potash (286yved maximum TSS (12.03
OBrix) and ascorbic acid (252.4 mg/ 100 g pulp3pextively.

Kumatret al. (2008) studied the treatments with higher nitrotpyel attained
maximum yield and fruiting compared to treatmenithviower nitrogen levels, in
combination with phosphorus and potassium. Maximyield of 22.66, 26.35
kg/plant and fruit set of 34.73%, 35.65% were rdedrwith 150 g N, 50 g-Ps and
75 g KOl/plant/year in the winter season in both yearpeaetvely, while treatment
combinations with high potassium level recordedhbigascorbic acid and sugar

content in the fruit.

Kumar et al. (2009) studied yield and quality of guava cv. Ablad Safeda.
The maximum plant height was recorded under 90@rggen/tree, but it was at par
with 600 g nitrogen/tree. Maximum stem diametenaggy spread, fruit yield and TSS
were recorded under 900 g potassium/tree/year, hwiknas at par with 600 g



potassium/tree. Vegetative growth, fruit yield andhlity were drastically reduced in
control plots due to non-application of fertilizetswas concluded that 600 g N, 300
g P and 600 g K per plant per year is the mostagp@ate and sustainable dose for
getting good growth and yield.

Cardosoet. al. (2011) studied the influence of mineral fertilizati on
productivity of guava Paluma and found that majdrygical and economic
productivity (12.90 t/ha/crop) was obtained withD50D-360 g/plant/year of N,20s
and KO, respectively. And also nitrogen fertilizationdha positive effect on fruit

production.

Binepal et al. (2013) analysed on seven year old guava treke-49. with two
levels of nitrogeni.e, 600 g N (100% N) and 450 g N (75% N), two levefs
phosphorus.e., 400 g BOs (100% BOs) and 300 g FOs (75% ROs) and a common
dose of potassiurre., 300 g kO and 30 g each @&zospirilliumand PSB inoculation
and 10 kg Vermicompost and found that the appbecatof 100% N + 100%
P.Os+Azospirillium + PSB + 10 kg vermicompost (T9) significantly irdhce the
morpho-physical, reproductive and quality paransetdrguava. Maximum increase
in plant height (0.65 m), canopy spread N-S dicectf0.92 m) and E-W direction
(2.00 m), maximum fruit length (7.52 cm) and frdiameter (7.91 cm) at harvest,
fruit volume (217.41 ml), maximum fruit setting (38%), minimum fruit drop
(20.41%), maximum fruit retention (79.59%), averfué weight (220.37 g), number
of fruits per tree (384), TSS (11.67 OBrix), towgar (8.06%), reducing sugar
(4.17%), non-reducing sugar (3.89%), pectin (0.81&é¢orbic acid (207.90 mg/100 g
pulp) and lowest acidity (0.20%) were obtained widatment T9.

Meenaet al. (2013) studied the effect of integrated nutrien@nagement
after rejuvenating more than 25 years old guavaart planted at 6 mx6 m apart
under semiarid conditions of eastern Rajasthanfamadd that almost all treatments
with combined application of organic and inorgarsources of nutrients had
significantly increased the fruits yield of guawsil dehydrogenase activity, NPK
content of leaf, fruit and soil over control (reamended dose of NPK i.e.
500:200:500 g/ plant).



Shuklaet al. (2014) assessed the influence of different organic feetis —
vermicompost, mulchingAzotobacter phosphate solubilising microbes (PSM) and
Trichoderma harzianumadded each year to mineral fertilisers containif®kKNind to
farmyard manure (FYM) on leaf nutrient status, tyeawth, fruit yield and quality of

guava grown in low fertile soil.

Vermaet al, (2016) observed that the INM treatment 75 perdese of NPK
+ 10 t FYM ha! + Azotobacter /Azospirillum improved the uptakeNPK by plants
and that of available N and P status of the sohil®/100 percent NPK or 50 percent
NPK + 10 t FYM ha + Azotobacter /Azospirillum proved most benefictak

available potassium status of soil.
2.2 Effect of biofertilizers:

Ram and Rajput (2000) studied the effect of orgamaures and biofertilizers
on the yield the fruit quality of guava cv. AllaleabSafeda and found that treatment
with Azotobacterecorded the highest weight of individual fruityifrdiameter and

fruit length for 2 years.

Devadas and Kuriakose (2005) studied the influeatevarious organic
manures and biofertilizers on pineapple var. Mawgitand found that treatments
applied with 250g poultry manurazospirilumand phosphobacteria at 650 mg each
along with N, BOs, K20 at 8: 4: 89 per plant, recorded higher valugsnms of growth
of plants, juice percentage and quality parametefaiits. Soil fertility parameters such
as available P and K of the experimental plotssiased after one year. Organic carbon of

soil also increased significantly, when comparetthéocontrol plots.

Dey et al (2005) studied the effect of biofertilizers onypito-chemical
characteristics of guava fruit cv. L-49 and fourthtt phosphorus solubilizers
significantly influenced physical and chemical paeters of guava. Highest fruit
weight (154.5 @), fruit length (4.27 cm) and frdiameter (4.68 cm) were obtained
with the application of Phosphobacterin. Applicatiof VAM gave highest TSS
(10.10Brix), TSS: acid ratio (15.78) and Vitamirc@ntent (151.8 mg/100 g).

Ram et al (2007) studied integrated application of diffdrdartilizers,

organic manures and biofertilizers on 7 year otkdrof Sardar guava and found



maximum increases in plant height (0.45 m) andasp(6.34 m, E-W & 0.57 m, N-S)
with the dose of 250 g N, 100 g@®, 250 g kO, 10 kg FYM and 250 ézotobacter
Number of fruits (1200/tree), yield (150.25 kg/ire@d fruit quality parameters such as
TSS (13.50Brix) and reducing sugars (3.50%) wese lalgher with same treatments.

Ram and Pathak (2007) studied on 3-yrs-old planguw#va cv. Allahabad
Safeda and found maximum number of fruits and yi@Rland 13.69 kg/tree and 283
and 40.11 kg/tree) were consistently recorded fge&s from the trees, applied with
20 kg FYM inoculated withAzotobacterin comparison to 21.37 kg/tree fruit with
recommended doses of fertilizer application. Fauality parameters, particularly

TSS (16.20°Brix), were improved with applicationldf kg FYM along with celrich.

Ramet al (2007) studied on 3 yrs-old plant of guava cMahAhbad Safeda
and found maximum fruit number and yield (92 and633Xg/tree and 283 and 40.11
kg/tree) were recorded consistently for 2 yeathéntrees, applied with 20 kg FYM and
inoculated withAzotobacter Fruit quality parameters TSS (14.13°Brix) and vitar@
(242.40 mg 100/g fruit) were improved with applicatof 20 kg FYM + BD-500.

Singh et al (2007) studied influence of organic and inorgasiurces on
guava and recorded maximum fruit set (59.66%)} freention (58.63%) and yield
(43.24 kg/plant or 24 t/ha) in vermicompost @ 10+&0 per cent recommended
dose of NPK + PSB @ 20 g per plant treatment agpeoad to control.

Bakshet al. (2008) studied the effect of integrated nutrieninagement on
15-year-old plant of guava cv. Sardar and foundniaimum increment in growth
parameters (plant height, spread and trunk giithprovement in yield and yield
attributing characters (fruit set, retention, andividual fruit weight) and quality of
fruits, i.e. total soluble solids, ascorbic acid, reducing aod-reducing sugars, were
recorded with 100% NPK + 250 g phosphate solubijjzbacteria (PSB) + 250 g
Azotobactewhich was at par with 75% NPK + 250 g PSB + 258zgtobacter

Singhet al. (2008) studied the effects of various organic masumorganic
fertilizers andAzotobacteion guava cv. 'Sardar' and found that the maximurease
in shoot length (41.76%) was observed in vermicashpat 10 kg + 50%
recommended dose of NPK +Azotobacter at 20 g pantpifollowed by 100%
recommended dose of NPK treatment (41.72%). Maxirmamease in shoot diameter

9



(35.63%), minimum days taken to initiation of flouvey (25.85), maximum number
of flowers per shoot (8.30/shoot), maximum fruit €9.06%), highest fruit retention
(59.83%) and maximum vyield (44.25 kg/plant or 49tbh6es/ha) was recorded in
vermicompost at 10 kg + 50% recommended dose ofNRkotobactorat 20 g per
plant, followed by neem cake at 5 kg + 50% reconaedndose of NPK +
Azotobacter at 20 g per plant treatment (35.29%).

Duttaet al (2009) studied that the effect of biofertilizateng with inorganic
fertilizers on growth and productivity of guava c\=49 reported that different
treatments of biofertilizers and inorganic fergizsignificantly increased the plant
height and spreaddzospirillium + VAM inoculation along with 100% N + 100%
P.Os showed maximum plant height and spread while cbmcorded minimum.
Inoculation ofAzospirilliumand VAM along with inorganic fertilizers also pralveffective
in increasing the total soluble solid, total sugyadl ascorbic acid content of fruits while acid
content declined through the inoculation of bidfeers. The treatment maximized the bio-

chemical constituents of fruits over control anarganic fertilizer alone.

Sharmaet al (2009) observed on 15-year old guava trees cda$dhat the
highest total soluble solids (12.330Brix), totagats (7.76%), ascorbic acid (217.41
mg/100g of pulp), pectin (0.66%) of guava fruitddavailable soil nitrogen 258.80
kg/ha were found maximum when cent per cent nitnogas applied through poultry
manure augmented withzotobacteandAzospirillium

Shuklaet al. (2009) studied the effect of combinations of orgamanures
(FYM @ 25 and 50 kg, vermicompost @ 5 kg and organulch 10 cm thick per
plant), inorganic fertilizers (full dose of recomnied NPK, 50% dose of
recommended NPK), biofertilizers Afospirillum Azotobacter Pseudomonas
fluorescence, Aspergillus nigetc.) and foliar spray of micronutrients on eigaayold
guava trees cv. Sardar under high density plaminareported that the application of 50
per cent dose of recommended NPK + 50 kg FYM + @%&otobactersignificantly
increased the canopy volume (201.42 m3), fruit hteid53.30 g), TSS (14Brix),
ascorbic acid (198.30 mg/100 g pulp), reducing s(#§d7%), total sugars (8.10%), leaf
nitrogen (1.40%), phosphorus (0.46%), potassiurh7¢b) contents and significantly
higher fruit yield/plant (28.95 kg) with higher B: ratio (2.53:1).Nitrogen, phosphorus
and potassium content of the leaf were positivelyaetated with fruit yield.
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Thangaselvabat al. (2009) studied on banana nutrition and found tpét s
application of inorganic fertilizers along with @mgyc manures increases the leaf
nutrient status, uptake and distribution of nutiseand ultimately it results in better
growth and yield. And a fertilizer dose consistofg20t FYM, 5 kgAzospirillumand
Phosphobacteria/ha, 250g neem cake/ plant (basal dbthe time of planting) +
200:35:330 g NPK/plant (three split doses during, 3th and 7th month after
planting) along with foliar application of 0.5% Z0% 0.2% FeS@ 0.2%CuSQ®@ and
Borax 0.1% (at 3rd, 5th and 7th month after plagjtis recommended to get higher

yield and quality fruits in banana.

Yadavet al.(2009) found on strawberry crop that the majoritplant growth
parameters, like number of crowns, number of rusinength of runners, number of
plantlets and fruit characteristics like numbeflovers, number of berries, fruit yield
and net monetary return were recorded maximumA@otobacter inoculated
treatments with 50% N substitution by vermicompastl remaining 50% through
inorganic fertilizer in two equal splits at estabinent and before flowering stage.
However, plant growth characters like height, spraad leaf area recorded maximum

in inorganic fertilized plots.

Dutta et al (2010) studied with organic manures and biofedis with or
without chemical fertilizer combinations on litcby. Bombai and found that the
treatment consisting of 50 kg/tree FYM + 158 zptobacter 100 g VAM + 500 g N
: 250 g ROs : 500 g kOltreelyear through fertilizer showed maximum yi€38.72
kg/plant) and also have a significant improvementtarms of TSS, total sugars,
ascorbic acid, TSS : acid ratio, fruit weight, frsize, maximum leaf N and K content
with maximum (8.3 x 106 cfu/g soil) microbial poptibn in rhizosphere soil of litchi
orchard. Treatment with only organic manure andfepiizers also resulted in
improvement in fruit quality and maximum (22.45 a@@ g peel) anothocyanin

content over other treatments.

Dwivedi et al (2010) studied on 4 year old guava trees cv. Redhed and
found that the application of biofertilizer was raaffective than organic manures in
enhancing fruit growth parameters in guava. Averaggimum fruit yield was 19.03
kg / tree with 250 g Azotobactor + 20 kg FYM. Veomnpost (20 kg/tree) had
significantly higher yield over control. Highesuitr weight 299.2 g, fruit length 7.19
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cm and fruit breadth 7.41 cm were obtained withdpplication of Phosphobacterin
(50 ml/tree), which was, however at par with thbtained with VAM (10 kg/tree).
Highest TSS 17.9 0B Vitamin C 189.57 mg/ 100 g wlaisined with the application
of VAM. Acidity was not influenced by the applicati of biofertilizer and acidity
was highest (0.54%) under FYM treatment. When liiiteers were grouped
together, P-solubilizers were found to have mor@ehbeial influence on fruit

physicochemical characteristics of guava cv. Redldd as compared to N-fixers.

Fawziet al (2010) studied the effect of organic farmyard oma@n(FYM)

50 kg/tree, Nile compost (COM) 45kg/tree, bioferers (Bio) as combination
between (phosphorene and nitrobeine), 20 g/tree sprys of magnesium
sulphate 1.5% single or combination on 12- yead-totes of Le —Conte pear and
found that, the application of different aforemengd treatments increased
significantly vegetative growth (shoot length awrafl area), leaf minerals content
(N, P, K and Mg), pigments content (Chl. A & B)el as well as physical and
chemical properties of the fruits compared to uatied trees. From the economic
point of view, the best results with regard to ftidnal status of the trees, yield
and fruit quality were obtained when "Le- Conte'aPé&ees treated with (COM)
45 kg/tree + (Bio) 20 g/tree + (MgS)2.5% .

Kumar (2010) studied the effect of integratechplautrient management for
three years on Litchi and found that the treatnfeawting Azotobactor(250 g/tree)
with half of the recommended dose of chemical lieeti and 50 kg of FYM proved to
be the most dynamic substrate to record maximunit frield (96.66 kg/tree)
categorizing maximum percentage of quality fruiteder superior grade i.e. extra
class (42.75%), better canopy spread, fruit weimd bearing (fruits/panicle) of
heavier fruits though found at par with control tlee treatment having only chemical
fertilizer which recorded fruit yield of 94.50 kgge categorizing less percentage of
quality fruits under superior grade i.e. extra sla82.10%). Physicochemical
characteristics in different treatments showed éighalues in substrate having
biofertilizer in particular. The effect of treatnieron available N, P and K status of
the soil was found profoundly influenced at the esfdexperimentation and was
appreciably higher particularly in case of treattesehaving biofertilizers when
compared to the initial status.
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Mitra et al. (2010) studied the effect of different organic (meeake, farm-
yard-manure, vermicompost) and inorganic fertiszesrs well as biofertilizers
(Azotobacterand Azospirillium) on yield and fruit quality of guava cv. 'Sardand
reported maximum fruit set of 71.4% and yield egf®Bt/ha by the application of 50 g
N, 40 g BOs and 50 g KO/plant/year of age along with 5 kg neem cake/esa/
during the rainy season. During the winter seakerapplication of 50 g N, 40 ¢®s
and 50 g KO/plant/ year of age along with 10 kg of farm-yandnure and 20 kg of
Azotobacteittee/year recorded the maximum of 45.5% fruit Betit quality (total
soluble solids, total sugar, acidity ascorbic aamdl pectin content of fruit) in both
rainy and winter seasons were found superior iit fram the plants receiving 50 g

N, 40 g BOs and 50 g KO /plant/year of age along with 5 kg of neem cakel/year.

Rubeeet al (2011) studied the effect of bio-fertilizer angjanic manures on
yield and quality of 4-year old guava cv. Red F&skhand concluded that the
application of bio-fertilizer was more effectiveath organic manures in enhancing
fruit growth parameters in guava and found averaggimum fruit yield with 250 g
Azotobactor+ 20 kg farmyard manure (FYM) was 19.03 kg per.théermicompost
(20 kg per tree) had significantly higher yield owontrol. Highest fruit weight
(299.2 ), fruit length (7.19 cm) and fruit breaq#h41 cm), were obtained with the
application of phosphobacterin (50 ml per tree)icwiwas, however at par with that
obtained with vescicular arbuscular mycorrhizae KJA(10 kg per tree). Highest
TSS (17.90Brix), as well as vitamin C (189.57 m@1§) was obtained with the
application of VAM. Acidity was not influenced b application of bio-fertilizer.
However, acidity was highest (0.54%) under FYM timeant.

Yadavet al.(2011) studied the integrated nutrient managememhango cv.
Amrapali under high density orcharding and found thaximum panicle length
(23.92 and 23.96 cm), number of flowers per panit#l0.67 and 1756.00), fruit set
per panicle (194.67 and 201.33) and sex ratio 0.83d 0.691), maximum fruit
length (9.88 and 10.08 cm), width (6.62 and 6.48, emeight (151.25 and 153.00 g),
pulp weigh (97.06 and 97.08 g), stone weight (2GA8 26.62 g), pulp:stone ratio
(3.693 and 3.694), number of fruits per tree (18&8d 184.67) and fruit yield (25.00
and 26.72 g/ha), maximum TSS (23.72 and 23.910Bfi8f5: acid ratio (191.60 and
197.76), ascorbic acid content (44.13 and 45.6316fy4Q), carotenoids (18.91 and
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18.63 mg/100 @), reducing sugars (8.35 and 8.39f), reducing sugar (9.94 and
9.95%), total sugars (18.29 and 18.34%) and minimagidity content (0.120
and0.121%) were recorded with the application of (Ff@&commended NPK +
vermicompost +Azotobacter+ PSB + Zn + Fe + paclobutrazol) followed by T12
(recommended NPK + biodynamic compostAzotobacter+ PSB + Zn + Fe +

paclobutrazol). T8 is at par with T12.

Yadav et al. (2011) studied the effect of various organic, iramig and
biofertilizer combination on the growth and physatemical attributes of papaya and
found that combination of 10 kg Vermicompost + 10088K + 25gAzotobactor
enhanced the growth characters like plant heighth,dgruiting depth and physico-
chemical characters like fruit length, width, adxoracid, total soluble solids, total

sugar content compared to other treatments.

Ravikumaret al. (2013) studied that the effect of biofertilizersciombination
with organic manures and inorganic fertilizers ag chatter production, tuber yield
and quality, nutrient uptake and economics in colg€inleus forskohliBriqg.) (cv. K-
8) and observed that the recommended dose of FYM5@ ha' and NPK @
40:60:50 kg ha along with 10 kg h& each ofAzotobacter crucocum, Bacillus
megateruim(phosphorus solubilising bacteria) aomus fasciculatunfvesicular
arbuscular mycorrhiza) produced significantly higtey weight of leaves (70.21 g),
stem (138.38 @), tuber (39.39 Q), total dry weid@#7.98 g) per plant, leaf dry matter
(15.00%), stem dry matter (16.97%), tuber dry rmatiel.02%), forskolin content
(0.76%), uptake of N (115.83 kg Ha P (49.59 kg hd) and K (151.55 kg h3, net
returns (Rs. 39065 Haand B:C ratio (1.95).

Sahuet al. (2014)reviewed the recent scientific investigations @arout in
various parts of India on biofertilizer use in gaaultivation in terms of its effect on
plant growth characters, yield, fruit quality paetars, fruit physical attributes, soll
properties and benefit-cost ratio of cultivatiorheTdifferent treatments of different
levels of biofertilizers have got significant indlmce on growth, yield, quality and

economics of guava production.

Rajeswari and Shakila (2015) studied the effectiraggrated nutrient

management practices on yield characters of Angr@belmoschus moschatus
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Medic.) with recommended dose of fertilizers (128D:: 40 kg NPK hd) along with
combination of FYM (25 t h8), neem cake (1 t iy and biofertilizers (azospirillum
and phosphobacteria each @ 2 k¢)hand found that the treatment combination of
50% RDF + 50% FYM + 50% biofertilizers (azospirituand phosphobacteria)

recorded maximum values for yield characters in ratib.

2.3 Effect of manures

Chaudhuryet al (1975) studied the effect of influence of inongaand organic
manures alone and in combination on guava, cvhallad Safeda, and reported higher

doses of inorganic NPK and FYM gave the best grpywtds and fruit quality.

Villasurda and Baluyat (1990) studied effect ofamig and inorganic fertilizers on
guava and found that stem diameter (but not plaighl) was significantly affected by
fertilizer application, being greatest with ure®F1g/plant) or (NH).SOQ: (226 @) in
combination with cattle manure (2375 g). Flowenvas advanced by 45 days (compared
with the control) following application of urea @@) + poultry manure (1589 g). Fruit
number/tree was highest (23) with (WO at 451 g/plant. N and K uptakes were

greatest following the application of combined oigand inorganic fertilizers.

Pereira and Mitra (1999) studied the effect on nigalong with inorganic
nutrition on guava and found that treatment N, Patkhe rate of 75 g, 100 g, 75
g/plant respectively in 2 splits + 1.5 kg neem dplamt produced the highest yield
(13.7 kg/plant and 38.0 g/ha) and average fruighte{96.39 g) and the total sugar
content of fruits (6.4%). The total soluble solid.1 0Brix), vitamin C (130.0
mg/100 g) contents and TSS/acid ratio (29.3) weghdr in fruits from the plants
receiving only FYM at 30 kg/plant. While neem cakie 3 kg/plant produced the

highest number of fruits/plant.

Corraleset al. (2000) studied the effect of poultry manure and erah
fertilizer on guava and found that applications ménure and mineral fertilizer
resulted in more vigorous plants, good yields aetlielo quality fruits. Treatment with
manure resulted in improved nutrient content ohfdaand of soil organic matter and
pH. Application of mineral fertilizers could be rezkd by 33-66% with manure. It is
concluded that application of a combination of nranwith mineral fertilizer was

economically viable.
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Ram and Rajput (2000) studied the effect of orgamniures and Biofertilizer
on the yield the fruit quality of guava cv. AllalmbSafeda and found that the highest
number of fruits per plant, reducing sugars anddyper plant (25.08 and 37.56 kg,
for 1997 and 1998, respectively) was observed upeatment with neem cake.
Treatment with farmyard manure recorded the highastity and TSS, while

treatment withS. aculeataecorded the highest ascorbic acid content.

Hartemink (2003)nvestigated the effects of organic and inorganitriants
on sweet potato tuber yield in the humid lowlanfi$#apua New Guinea and found
that sweet potato yield was lowest after Gliriciflow, but no yield differences

were found after piper and imperata fallow.

Maity et al. (2006) studied the effect of different sources wifients on guava
cv. L-49. and found that the number of fruits, gielnd most of the physical and
quality parameter like fruit weight, fruit size, [puweight, total sugar and ascorbic
acid content were significantly higher in 50% neeake + 50% RDF treatment. The
plant treated with 50% mahua cake + 50% RDF shoklgher TSS (11.00Brix),
reducing sugar (4.22%) and TSS/acid ratio (33.8®%ong the organic sources, the
use of mahua cake @ 10.4 kg and neem cake @ 5r@skdted in better yield.

However, better quality fruits were harvested fieWM treated plants.

Manjunathaet al. (2006) reported that the effect of vermicompostliappon
with varied levels of recommended dose of fertiliaa 'Kalipatti' sapotaManilkara
zapotg and soil properties found that highest fruit gielas recorded under 100%
recommended dose of fertilizer + vermicompost agpion (18.4 kg fruit/plant) that
however remained on a par with 75% recommended afd®etilizer + vermicompost
and 100% recommended dose of fertilizer alone. Btemiuin recommended dose of
fertilizer beyond 75% resulted in significantly lewyields. The total soluble sugars
remained significantly higher in all treatments atwng vermicompost application.
Application of vermicompost alone, however, resiilta significantly lower yield
(46.7% reduction over recommended dose of fertilize&eermicompost application).
Reduction in recommended dose of fertilizer levelulted in lesser number of fruits
(309, 294, 240 and 203 fruits/plant under 100,50band 25% recommended dose of
fertilizer application respectively). The fruit vgéit significantly reduced when the
crop was fertilized fully inorganically (100% recamended dose of fertilizer) and
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also when less inorganic fertilizer was appliedconjunction with vermicompost
(25% recommended dose of fertilizer + vermicompd&bjl organic carbon increased

but bulk density decreased due to vermicompostcgipn.

Patil et al. (2006) studied the effect of integrated nutriemnagement on
Thompson Seedless grapes and found significarglyeninumber of bunches per vine
(45.58), highest berry weight (122.34 g), higheshdh yield (10.26 kg) in T5-
Recommended dose of fertilizers wherein 50 percetibgen supplied through
vermicompost. Also T5 recorded significantly higlyezld per hectare (35.61t/ha) as

compared to other treatments.

Athani et al. (2007) studied the influence of vermicompost oné€arg old
guava cv. Sardar and found maximum polar diamé&t&s(cm), fruit weight (221.0
), fruit volume (218.50 ml) and pulp thickness3@cm) and its weight (143.0 g) and
TSS (10.830Brix), ascorbic acid (208.60 mg/100 g otal sugars (8.62%) in the
plants which received 75 per cent recommended dbgertilizers (RDF) + 10 kg
vermicompost followed by the plants, received veutture @ 50 worms/plant and
100 per cent RDFn situ. The treatment of 100 per cent RDF per plant recbrde
maximum reducing sugar (5.10%) followed by the ttretsin situ vermiculture @
50 worms and 75 per cent RDF + 10 kg vermicomp®ke plants receiving 50
worms per plant recorded maximum yield (29.10 layipland 8.10 t/ha) followed by
75 per cent RDF + 10 kg vermicompost and 100 petr R®F/plant.

Athaniet al. (2009) studied the effect of organic and inorgdartilizers on
6-yrs-old guava cv. Sardar and found that appbcatf 75 per cent RDF + 10 kg
vermicompost/plant was significantly superior imflarea (78.55 cm2), fruit polar
diameter (7.57 cm), fruit weight (222.33 g), itaifrvolume (218.67), pulp thickness
(2.31 cm) and pulp weight (143.67 g). Maximum coigeof nitrogen (1.64%),
phosphorus (0.327%) and potassium (1.30%), Chigtbpla™“ and total chlorophyll
were higher (1.298 & 1.698 mg/g) in the plants $egpwith 75 per cent RDF + 10
kg vermicompost while chlorophyll ;bwas more (0.407 mg/g) in-situ application
of vermiculture (at 50 worms/plant). Highest yi€88.11 kg/plant and 9.19 t/ha) was
noticed in the Plants supplied with 75 per cent RDEO kg vermicompost followed
by plants supplied with 100 per cent RDF andsitu vermiculture application (50
worms/plant) In situvermiculture application and 100 per cent recomredndbse of
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fertilizers were statistically at par with 75 peant RDF + 10 kg vermicompost for

fruit characters, leaf nutrient and chlorophyll tamts and yield.

Khan and Hameedunnisa (2007) found out the efétédctomponents of
integrated nutrient management as individual andcambinations on the soil
available nutrient status on young acid lime andhtbapplication of individual higher
rate of farmyard manure (FYM) at 50 kg/plant andidianeous use of iron pyrites at
200 g along with FYM at 25 kg + press mud at 2 lagipwere superior treatments
and significantly increased the available nutritaitss of N, P, K and S in both years

over the control.

Naik and Hari Babu (2007) studied the responsguaia cv. L-49 (Sardar) to
different organic manures and revealed that thenlempost was superior to other
organic sources and closely followed by poultry oranand leaf litter in improving
vegetative growth, flowering, fruiting, yield ancduit attributes and fruit quality along
with improvement in soil fertility and leaf nutriestatus of the guava plant. The
treatments with vermicompost resulted in maximunmber of shoots/plant, more
number of leaves/shoot and highest yield. The fyigtd was better with chemical
fertilizers and good with poultry manures. TSS Waghest with animal manures and
least in control. Acidity was highest under FYM aimment closely followed by
vermin-compost. Ascorbic acid content was highegtig manure treatment, whereas

total sugars and reducing sugars were maximal ga#dt manure.

Chakrabortyet al (2008) investigated the effect of organic manars
mulching on the growth, yield and quality of gual@tegration of organic manures
with mulching showed good effect on crop. Combmatof 15 kg compost + 6 kg
soyabean mulch/tree/year was the best among al ttbatments as it recorded the
highest yield (76.82 kg/tree).

Katiyar et al. (2008) studied on 10-year-old guava trees and fourat 400 g,
farmyard manure at 60 kg and Zn at 20 g per pladitvidually caused significant
improvement on fruits set, size and weight of ffi§S, total sugar, ascorbic acid and yield
per plant. These attributes improved further imession of either Zn or farmyard manure
treatment. The combination of 400 g N + 60 kg faardymanure + 20 g Zn improved the
quality of fruit revealing significant improvemantthe weight of individual fruit and yield

per plant which increased by 28.6% compared tayd@@pplied alone.
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Athaniet al. (2009) studied the effect of organic and inorgdartilizers on
six years old guava cv. Sardar and reported thalicapion of 75 per cent
recommended dose of fertilizer (RDF) + 10 kg veomgpost per plant showed
significant superiority in terms of leaf area (7&82), polar diameter (7.6 cm),
weight of fruit (222.3 g), volume of fruit (218.7 I)nthickness of pulp (2.3 cm),
weight of pulp (143.7 g), contents of nitrogen @4)6 phosphorus (0.33%) and
potassium (1.3%) and contents of chlorophyll 'a291mg/g) and total chlorophyll
(2.70 mg/g). Highest yield (33.1 kg/plant and 9tAtta) has obtained in the plants
supplied with 75 per cent RDF + 10 kg vermicompuest plant followed by plants
supplied with 100 per cent RDF amdsitu vermiculturing @ 50 worms per plant.

Bashiret al (2009) studied the effect of manure and fertibzen 10-12 years
old guava cv. Larkana Surahi and found that maxinyigtd per plant (63.78 kg),
single fruit weight (193.52 g), pulp weight (190.6% fruit size (length x diameter =
9.74 x 7.63 cm), number of seeds (200.80/fruit) a8& (11.35%) were obtained by
guava plants applied with 40 kg FYM + 1 kg each NoP.Os-K2O per plant.
Minimum values for these parameters were recordecbntrol where no manure or

fertilizer was applied.

Kirad et al. (2009) studied the response of Integrated Nutrient
Management on strawberry and found that the yiélstrawberry was statistically at
par with 75% recommended fertilizers rate + 25%mieompost + rhizosphere
bacteria culture in comparison to other treatmeQtgality parameters of strawberry
were increased with decreasing level of chemicdilifeers. Maximum plant spread
(32.37 cm) and fruits per plant (8.77), fruit yigddr hectare (8.07 t), shelf life (3.95
days) were recorded with 75% recommended fertdizate + 25% vermicompost +
rhizosphere bacteria culture treatment, while maxmplant height (20.35 cm) and
acidity (0.83%) were associated 75% recommendediliZers rate + 25%

vermicompost.

Dhaval and Naik (2010) studied the effect of preshst treatment of organic
manures and inorganic fertilizers on sapota cv.iga#ti and found that 5 kg
vermicompost + 400 + 60 + 300 g NPK/tree was fotmthe superior in respect of
extending post-harvest shelf-life as well as otbleysico-chemical parametenaz.,

volume, peel weight, pulp weight, colour acceptant8S, reducing sugar, non
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reducing sugar, acidity and vitamin-C content, wiiaximum firmness of fruits was
found under 25 kg FYM + 400 + 60 + 300 g NPK/tr®eganoleptic test in respect of
colour and texture was more acceptable under 5ekgiicompost + 400 + 60 + 300
kg NPK/tree while flavour and taste was superiatan?5 kg FYM alone/tree.

Jeyabaskaran and Mustaffa (2010) studied in barthat application of
fertilizers along with organic manures and bioifedrs increased the nutrient use
efficiency and also soil physicochemical propert@esl found application of FYM
and gypsum along with increased potassium enhahedolanana yield in saline sodic

soil by improving soil fertility.

Kiradet al.(2010) studied the response of Integrated Nutidamagement on
papaya cv. Surya and found that the yield of papeas statistically at par with 75%
recommended fertilizers rate + 25% vermicomposhizasphere bacteria culture in

comparison to control (recommended fertilizers flose

Pilaniaet al (2010) studied the effect of integrated nutrisr@nagement in
guava and reported that use of 50, 20, 50 g NPKkg Bermicompost enriched with
Azotobacter + Aspergillus nigeesulted in maximum canopy volume (0.69 m3), leaf
area (57.19 cm2), flowers/shoot (49.12), fruit(d&t 79%), fruit retention (44.76%).

Ravishankaret al (2010) studied the effects of organic farming papaya
cv. “Coorg Honey Dew” and found that organic matmsntent in soil was
significantly influenced by different treatmentsthivthe highest values recorded under
FYM 20 kg/plant and urban compost 13.5 kg/planatirents. Soils under different
organic modules had significantly higher microbpalpulation (bacteria, fungi and
actinomycetes) and activities of urease, phospbateehydrogenase and cellulases as
compared to that under recommended dose of fersliz Significant positive
association between organic matter status, midrop@pulations and enzyme
activities in soil was recorded. Application of FYR0 kg/plant was the best organic

module with regard to higher microbial populati@msl enzyme activities in soil.

Singhet al (2010) studied the effect of vermicompost (VC),&handler
strawberry and revealed that with the increaseosedof VC; there was increasing
trend for plant growth, yield and quality paramstesf strawberry. However,

vermicompost application @ 10 t/ha increased plgptead (16.1%), leaf area
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(31.4%) and dry matter (17.7%), and increased tatdlyield (29.1 %), higher TSS,
ascorbic acid content and lower acidity over inargdertilizer. All these parameters
were appeared to be dose dependent and best resriksachieved @ 7.5 t/ha.
Substitution of vermicompost drastically reduceel iticidence of diseases, proportion
fruits free from any physiological disorders inding that application of
vermicompost had significant role in producing lealfruits and thereby increasing

the marketable fruit yield with better quality pareters.

Thomaset al. (2010) recommended NPK dose for adult coconut péhatsis

500 g N, 320 g P205 and 1200 g K20 and 50 kg ocgamanure/palm/year.
Vermicomposting is an effective method to recybkehiomass to produce vermicompost
with 1.8% N, 0.21% P and 0.20% K. Mixed farmingtegs with dairy, poultry and silk
worm rearing contribute to sizable quantities anfass to the tune of 14 tonnes of cow
dung, 295 kg of poultry bedding materials and dimgg 12 kg of silk worm waste (all
on dry weight basis) and 50000 liters of cowshedhiveys. This waste biomass on
recycling will meet 74% N, entire quantity of P,daB2% of K requirement of both
coconut and grass grown as intercrop in one heofate coconut garden.

Vermeet al (2010) studied soil moisture distribution, nuttieontent and
apple productivity under organic farming technology using organic manures
(Commercial organic manure and farm yard manurehdwears 2004 and 2005 and
revealed that the improvement in soil moisture labdity, pH, organic carbon and
nutrient status of soil were significant under erigamanures. Growth parameters,
fruit characteristics and yield were recorded maximwith application of commercial
organic manure @ 20 kg tree during 2004-2005 amoh yard manure @ 100 kg tree
during both the years of experimentation. Soil e pH, organic carbon and available
N, P and K were recorded maximum under the apmitaf commercial organic manure

@ 20 kg tree treatment and Farm yard manure @ d 0@é.

Allolli et al. (2011) conducted a field experiment during 200%hd 2010-
11 at Regional Horticulture Research and Extensimmter (RHREC), Dharwad
(Karnataka) to study the effect of organic manuresombination with inorganic
fertilizers on the productivity and economic fedgipin sweet potato and found that,
among organics, application of FYM @ 10 tones'#&0:25:50 kg NPK ha
recorded significantly higher tuber yield per plod hectare (24.16 kg and 33.55
tones ha, respectively), and was as per with FYM @ 20 tdme's
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Baviskaret al. (2011) studied the effect of different combinati@f organic,
inorganic manures and biofertilizers on yield amldy of sapota. The fruit yield in
terms of number of fruits harvested per plant, vem®rded maximum in plants which
were treated with (1125:750:375 g NPK + 15 kg veompost + 250 ézotobacter
250 g PSB/plant). Same treatment also showed tiperisu fruit quality traits
evaluated in terms of fruit weight, fruit size, ifruolume, pulp and peel weight, total

soluble solids and total sugar with lower acidity.

Dhomaneet al. (2011) revealed that integration of organic manuaes
inorganic fertilizers was more effective in incrisgsgrowth and yield of guava trees
than the inorganic fertilizers alone and found &% of nitrogen through urea along
with 25% nitrogen through neem cake was found tthbebest over all the treatments
in respect of vegetative growth parameters likeaasing tree height (39.7 cm), tree
spread (38.00 cm E-W), stem girth (5.30 cm), sheagth (24.82 cm), reproductive
growth parameters like maximum number of flowerg.9¥) and fruits (11.8) per
square meter, fruit set (65.57%) and yield paramadiee weight of fruit (243.80 g),
yield per tree (58.1 kg) and yield per hectareZ@3onnes).

Mishraet al (2011) studiesd the effect of organic and inorgaources of
NPK and foliar spray of chemicals on plant growthit yield and quality otber cv.
Gola and revealed that application of 22 kg vermpost + 0.82 kg urea + 1.15 kg
SSP + 0.41 kg MOP per tree (F5) and foliar sprathmiurea @ 0.5 per cent per tree
(T2) and reduced the fruit drop. The ascorbic arid iron content of fruits and NPK
uptake by fruits were enhanced along with improvenie relative leaf water content
(RLWC) and chlorophyll content in leaves under tmeant F5 and T2. All these
parameters were appeared to be dose and sourcadeepeand best results were
achieved with the combined application of 22 kgweompost + 0.82 kg urea + 1.15
kg SSP + 0.41 kg MOP per tree + foliar spray obtinea @ 0.5 per cent under
integrated nutrient management systems of ber aicha

Susan John (2013) concluded that sweet potatceigntist nutritious among
the tropical tuber crops in terms of macro and amatrients contained in both the
tubers and the green leaves. The available literatn minor tuber crops indicates

their positive response to manures and fertiliaeesalso discussed.
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Patelet al. (2012) reported that the effect of organic manimesombination
with essential nutrients on yield of turmeriCurcuma longal.) cv. KESAR and
observed that application of RD of nitrogen throymgiultry manure in combination
with RD of essential nutrients like phosphorus,agssetum, zinc sulphate and ferrous

sulphate significantly improved the yield of turnecer

Akpaninyanget al. (2013) evaluated the response of two varietiesranhge-
fleshed sweet potatoes (Umuspo 1 and Umuspo Jjfevedht fertilizer combinations
(Poultry manure, NPK and agrolyser) and found te¢d dry matter was lower with
the control or with application of 2.5t figpoultry manure + 200kg NPK than with

application of poultry manure at 10tha
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MATERIALS AND METHODS

The present investigation entitled “Integrated ieutr management of
arrowroot in guava based agroforestry systems.” egased out at the experimental
site of All India Co-ordinated Research ProjectAgroforestry, Orissa University of
Agriculture and Technology, Bhubaneswar during JRA0A6 to June 2017. The
climatic and edaphic condition of the experimem¢ sind materials and techniques
employed in conducting the experiment are beingriteed in this chapter.

3.1 Experimental site
3.1.1 Location

The experimental site is situated inside the Holtiicral Research Station of
O.U.A.T., Bhubaneswar which is located at 20 °15loNgitude and 85 °52’ East
latitude with an altitude of 25.9 meter above msaa level. The experimental site is
situated at a distance of 8 km from the univertidadquarters on the site of the

Khandagiri-Chandaka road. The location map is prteskein Fig. 3.1.
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Fig.3.1 Location map of the experimental site
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3.1.2 Climate and weather condition

The study area falls in the sub-tropical zones labout 64 km away from the
Bay of Bengal in the east. It has a warm and nuaistate characterised by humid
summer and mild winter. In general, the climat@8btibaneswar falls in the group of

moist and hot climate.

The data on the weather condition during the ingasbn period with respect
to maximum and minimum temperature, rainfall, iglathumidity, sunshine duration
and evaporation recorded at meteorological obsenyaif O.U.A.T., Bhubaneswar

are presented in Table 3.1 and shown in Fig 3.2.

Table 3.1  Metrological data at Bhubaneswar frm July 2016 to June 2017

Temperature Relative

Month/ (°C) hun;1/|d|ty Rainfall N(.)'Of B”gr?.t Evaporation
Year (%) (mm) rainy | sunshine (mm)

Mean | Mean | Mean | Mean days hour

Max. | Min. Max. | Min.
July, 16 | 32.2| 25.8 91 78 222.2 1y 5.2 3.4
Aug,16 31.7| 255 93 79 247.9 21 4.2 3.1
Sept,16 31.4| 25.3 93 79 238.0 24 3.3 3.3
Oct,16 32.1| 22.6 89 37 132.8 12 6.1 3.4
Nov,16 31.0| 174 91 46 20.3 3 7.3 3.0
Dec,16 30.1 15.1 86 38 0 0 7.0 3.5
Jan,17 29.7 14.5 90 38 0 0 6.5 3.6
Feb,17 33.8 19.1 94 38 0 0 7.9 3.7
Mar,17 34.7| 22.8 91 43 45.4 5 7.1 4.8
April,17 | 36.9 | 26.3 88 49 29.2 1 7.6 7.5
May,17 38.8| 27.2 82 46 43.1 3 8.3 8.7
June, 17| 35.3] 26.5 87 60 122.0 15 3.6 55
To@ll1 031 | 223| 895/ 494 11008 1d1 6.1 4.4
Mean
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Fig. 3.2 Metrological data at Bhubaneswar from July2016 to June 2017
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The normal average rainfall of the station is 1498m with 113 rainy days in
a year which is mostly received from the south-washsoon. The monsoon sets on
around mid June and recedes by mid-October. Th&athireceived during the

investigation period from July 2016 to June 2018 WA00.8 mm in a 101rainy days.

The mean maximum and minimum temperature duringettgerimentation
ranged from 29.70C to 38.8 OC and 14.5 0C to 2Z.2r@spectively. The temperature
begins to rise from the month of March and readtsesraximum in May. The mean
minimum and maximum relative humidity in Bhubaneswanged between 49.4 to
89.5 per cent from July 2016 to June 2017. The mam average bright sunshine
hour (BSH) per day is 8.3 and minimum is 3.3 houes days as average over 10
years. During investigation period July 2016 toel@017 the crop received the max.
BSH per day in May (8.3 hrs) while in min. BSH plary in Sept (3.3hrs).

The normal average rate of evaporation varies f8omto 7.5 mm per day.
The total evaporation from USWB Class-| open paapevimeter was 53.55 mm with

a daily average of 4.4 mm during the investigaperiod.

3.1.3 Soil characteristics

The experimental field is fairly leveled and weththed. Soil is sandy loam
texture. It is rich in oxides of iron and aluminiyimut poor in di-basic cations and
soluble salts. Soil samples were taken before cdimduthe experiment from a depth
of 0-15 cm, taking all the possible precautionsspribed for soil sampling. The
samples were brought to the laboratory, air driedl @ushed to pass through 2.0 mm
mesh sieve. The processed samples were subjectepptopriate mechanical and

chemical analysis. The results thus obtained asgmted in table 3.2.

Table 3.2 Mechanical composition of experimental & during 2016

Percentage of

Particulars composition on air dry Method adopted
basis
Sand 76.8
. Bouyoucos Hydrometer Method
Silt 126 (Piper, 1094)
Clay 10.6
Textural Class Sandy Loam Black et al. (1965)
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Particulars BD (g/cm3) Porosity (%)

Methods adopted B?gg; gfgmig'&?) Cylinder method
Treatments

T1- Control (No Fertilizer) 1.55 41.52
To- STD* (50%) 1.55 41.5

Ts- STD (50%) + FYM** 1.54 41.9
T4- STD(50%)+FYM + Biofertiliser<** 1.54 41.9
Ts- STD (75%) 1.55 41.5

Te- STD (75%) + FYM 1.54 41.9

T7- STD (75%) + FYM + Biofertiliser 1.54 41.9
Te- STD (100%) 1.55 41.5

To- STD (100%) + FYM 1.54 41.9
Ti0- STD (100%)+ FYM + Biofertiliser 1.54 41.9

Particle density of soil (PD) =2.65 g cm-3
3.1.4 Cropping history

This experiment was started in 2015 and this isorsgc year of
agrihorticultural system. In the present study ithtercrop was sown in respective
plots where it was grown during 2015 in the exigfiruit trees plantantions.
3.2  Experimental details
3.2.1 Experimental design

The experiment was laid out in a Randomised Bloekign (RBD) with three
replications. The experiment was consisted of é8ttnent combinations

3.2.2 Treatments

The details of different treatments are given ibl€&.3.
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Table 3.3 Treatment details

Treatment | Details 2016-2017
Tl Control (No Fertilizer)
T2 STD* (50%)
T3 STD (50%) + FYM**
T4 STD(50%)+FYM + Biofertilizer<*
TS5 STD (75%)
T6 STD (75%) + FYM
T7 STD (75%) + FYM + Biofertilizer
Ts STD (100%)
To STD (100%) + FYM
Tio STD (100%)+ FYM + Biofertilizer

*STD (100%): Soil Test based dose
* FYM @5 t ha'

*** Bjofertilisr: Azotobacter + Azospirillum + Phgsho Solubilizing Bacteria (1:1:1)
@ 4 kg each hainoculated with lime and FYM @1:25 for 7 days ag@@noisture.
(RDF=50:50:50 kg h& N, P-Os, K-0)

3.2.3 Details of field operations
3.2.3.1Layout and leveling

The experimental plot was laid out into small plofssize 12m x 11m for
different treatments as per the plan of layout.hEplot was leveled properly after
breaking the clods and removing the weeds befovanggplanting. The layout is
presented in Table 3.4 and Fig. 3.3.

Table 3.4 Layout of experimental field

Year of experimentation 2016-2017

Experimental design Randomized block design
No. of treatment 10

No. of replication 3

Total number of plots 10x3=30

Plot size 12mx 11 m=132°m

Tree spacing 6.0mx55m
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3.2.3.2 Planting of intercrops
One intercrop i.e. arrowroot was raised durkingrif season. The variety of

arrowroot is Nayagarh local.

3.2.3.3 Planting of trees and inter crop

An earlier study on tree crop interactions indidateat arrowroot was the

most suitable annual crop for the guava based ajdhltural system from%to 9"
year of tree plantation. Alhabad Safed is the ¥aé guava. As the yield recovery of
arrowroot in the system was reduced to below 70% tdudense canopy of guava
trees, a new experiment was carried out with diffepruning practices of 15 year old
guava trees during January 2013. Three tree spéaasia mangiumDalbergia
sissooand Gmelina arboreawhich were planted at 6 m x 5.5 m spacing in 2001
between two guava trees were broken due to supdosrey Phaiilin in October 2013
therefore cut down and this new experiment wadestarom 2015 after fruit trees

were fully recovered and land is ready for new expentation.
3.2.3.4 Package of practices followed for arrowroot
The detailed package of practices followed for \@romt grown during

growing seasons are presented in the table 3.5.

Table 3.5 Details of package of practices of Interops

Crop Recommended Fertilizer dose Spacing (cm)

Arrowroot 50:50:50 50 X 30

3.2.3.5 Plant protection

Recommended pesticides and fungicides were usetiddruit crop and inter

crop during growing season.

3.2.4 Observations recorded
The observations were recorded on growth parametdrait crops which are

described below.
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&) AICRP ON AGROFORESTRY 3£ k&
BHUBANESWAR CENTRE 5%
ORISSA UNIVERSITY OF AGRICULTURE & TECHNOLOGY

EXPT: FERTILITY MANAGEMENT OF ARROWROOT IN
GUAVA BASED AGROFORESTRY SYSTEMS

YEAR OF START : 2015 EXPERIMENTAL DESIGN : RBD
REPLICATIONS : 3 TREATMENTS : 10

1. CONTROL (No Fertilizer) 6. STD (75%) + FYM
2. STD (50%)

7.8TD (75%) +FYM+BF
3.8TD (50%) + FYM 8. STD((IO(;zA:)
4. STD (50%) + FYM + BF 9. STD (100%) + FYM
5. STD (75%) 10.STD (100%) +FYM+BF ’ ’

Fig. 3.5 Experimental details
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3.2.4.1 Basal diameter of fruit trees
Basal diameter over bark of trees was measuredhaigat of 1.37 m with the

help of caliper in two directions (major axis andhar axis) and the average was

computed and expressed in centimeter (cm).

Basal dia = d;zdz

Where, d - diameter of major axis
d> - diameter of minor axis
3.2.4.2 Height of fruit trees
Height ofguavawas measured vertically from ground level to tip tbading

shoot with help of Ravi altimeter. Measuring tapaswalso used to measure 20 m
distance from the tree. The top of the tree ané béashe fruit tree form that point was
seen through altimeter, measurements were takée 20 m scale of that instrument and
then observer’s eye height (1.67 m) was also atide measured height.
3.2.4.3 Physico- chemical analysis of soil

For physico-chemical analysis, soil samples werkected from 0-15 cm
depth of each plot before planting and after hamgsof annual crop. The samples
were air dried under shade, finely ground and mh#s®ugh a 2 mm mesh sieve and
finally 250 gram of such soil were mixed thorouglalyd composite samples were
made for each treatment and filled in polytheneshaigh proper label for analysis of

physico-chemical properties. The methods used mergioned below:

a) Texture: Mechanical analysis of the soil was done to fintdtbe percentage of
sand, silt and clay separately by means of Bouysugulrometer method to

determine the texture of soil (Piper, 1994).

b) Bulk density (BD): Bulk density was determined by cylinder method with
dividing theoven-dry soil sample by the total volume of the gemThe bulk

density equation is as follows:

Oven dry sample mass (

Soil bulk density (g cr) =
y(gem) Total volume of soil (crh
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d)

f)

g)

h)

Particle density (PD): The PD of soil was taken as 2.65 g-tnHowever, it
was determined by dividing the oven dried sample byuna of solid. The

equation as follows:

Oven dry sample mass (
Volume of solid (crm )

Soil particle density (g c) =

Porosity: The percentage porosity of soil was determinechbyférmula

) BD
Porosity (%) =| 1-
y (%) ( 50

jX1OO

pH: Soil pH was determined in 1:2 soil and water sasgpn by using glass

electrode pH meter (Jackson, 1967).

Organic carbon: Organic carbon content of the soil sample was detexd by

Walkley and Black’s rapid titration method (Pip£850).

Available nitrogen: Available nitrogen was determined by the alkaline
potassium permanganate method describgdSubbiah and Asija (1956).
Nitrogen released as ammonia during distillatiorR@fgram soil with 100 ml
0.32% of KMnQ and 100 ml of 2.5% NaOH wasceived in 2% boric acid
containing mixed indicator and ammonium borate demmvas titrated against
standard 0.02 N $$Qs.

Available phosphoraus: It was determined by Bray's-l method with
shaking 5-gransoil in 35 ml of extracting solution (0.03N NHin 0.025N
HCI) for 5 minutes. The filtrate was estimated Ilpestrophotometer for
phosphorous after development of colour by Sre@ld measured at 660nm

(Jackson, 1973).

Available potassium: It was determined by neutral normal ammonium
acetate method with equilibrating 5 gram of soil2Bml neutral normal
ammonium acetate (Jackson, 1973) and reading aghexivas taken in

flame photometer.
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3.2.4.4 Soil moisture

Soil sample was collected in moisture box, one-26@m and another at 15-
30 cm by gravimetric method. Fresh weight of saihple will be taken immediately
after collection of sample in moisture box and aight will be recorded at 10&

after 24 hours in hot air oven. Then soil moisitwatent (%) calculated by,

Fresh weight - dry Weigr;;[
Dry weight

Soil moisture content (%) 100

3.2.4.5 Crop yield

The yields of fruit tree, intercrop werecorded from time to time from each
plot and the total yield was calculated at the eihnelach season and converted to yield

per hectare.

3.2.4.6 Economics

Finally a detailed economics was worked to compare the profitability of
different treatments. The cost involved in prodoictof different agroforestry systems
was estimated and converted to per hectare vdlea,the return obtained from each
treatment were evaluated and the net return (R¥ Wwas worked out by subtracting
the cost of cultivation from the gross return obeéai. The benefit: cost ratio was
calculated by dividing the gross return by the aafstultivation and presented to
assess the profitability of different treatments.

3.2.4.7 Statistical analysis

For determining the significance between the treathmeans and to draw
valid conclusion, statistical analysis was made. ataD obtained from various
observations were subjected to statistical analygiadopting appropriate method of
“Analysis of Variance”. The significance of thedtment effect was judged with the
help of ‘F’ test (Variance ratio). The differencé the treatments mean was tested
using Least Significant Difference (L.S.D.) /Créldifference (C.D.) at 5% level of
probability (Gomez and Gomez, 1976).

When the treatment difference is greater than aakfp the critical difference
it is significant other wise there is no signifitatifference between the treatment

means.
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If the variance ratio (F test) was found significah 5% level of significance,

the standard error of mean (SEmz+) and LSD wereutatted for further comparison.

SE(m) =\/Error Su:} of squar

Where, n = number of observations

LSD/CD at 5% = S.Em+/2t value at 5% error degree of freedom
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RESULTS

The experimental results of the present investgatintegrated nutrient
management of arrowroot in guava based agroforestrgystems are presented in

this chapter under following heads:

4.1  Growth factors in agrihorticultural system.

4.2 Saoil fertility changes under guava based agitwdtural system.
4.3  Growth of fruit trees and intercrops under lagpticultural system.
4.4  Economics of the agrihorticultural system.

The relevant data pertaining to different attrdsuthave been presented in
Table 4.1to Table 4.3.

4.1 Growth factors in agrihorticultural system

4.1.1 Chlorophyll content in guava+arrowroot agrobrestry system

Among the treatment the chlorophyll content waseolsd maximum with
STD (100%) + FYM + biofertilizer followed by STD QD%) + FYM and STD (75%)
+ FYM + biofertilizer during entire growth period:he chlorophyll content was
observed minimum with control. The chlorophyll cemit was highest in September
and decreased thereafter and minimum chlorophyhtetd was observed in

November irrespective of the treatments.

Table 4.1 Chlorophyll content in guava+arrowroot agoforestry system

Treatments August | September October | November

SPAD| % |SPAD| % |[SPAD| % |[SPAD| %
T1 | Control (No Fertilizer) 45.8 86/647.6 | 88.4 42.1|84.% 35.6 | 81.4
T, | STD (50%) 48.2 91/149.6 | 92.2 44.4 1 89.1 37.8 | 86.5
Ts | STD (50%) + FYM 49.60 93.[750.4| 93.1 44.9|90.2 38.0 | 86.9
T4 | STD (50%) + FYM + Biofertilizer 50.3 95/151.3 | 95.3 46.2 | 92.7 39.2 | 89.7
Ts | STD (75%) 49.9 94.350.8|94.4 45.4|91.2 38.5]| 88.1
Te | STD (75%) + FYM 51.4 97p252.7|97.9 48.3|96.9 40.3 | 92.2
T; | STD (75%) + FYM + Biofertilizer 51.9 98(153.1| 98.7 48.7 | 97.8 41.1 | 94.C
Te | STD (100%) 50.8 96/051.8 | 96.3 47.4|95.1 39.7 | 90.9
Te |STD (100%) + FYM 52.2 98/653.3|99.1 49.1|98.5 41.8 | 95.6
Ti0 | STD (100%) + FYM + Biofertilizer | 52.9 10053.8 | 100 49.8 | 100 43.7 | 100
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4.1.2 Soil moisture content

The soil moisture content at différdepths in agrihorticultural systems as
well as open control crops are presented in Tall?e i the present study mean
moisture content was found highest with STD (10026FYM + biofertilizer i.e
10.99% at 0-15 cm depth and 12.20% at 15-30 crmhdapd lowest moisture content
was with control. The soil moisture content alsanfd to increase from July to
August and decline slowly from September onwardd amnimum soil moisture
content was recorded in November in all agrihoftical systems. There was also
higher moisture in lower depth compared to surfacg layer in all the systems

during entire crop growth period.

Table 4.2  Soil moisture content (%) at differentlepth (cm) in agrihorticultutal
system

July Aug Sep Oct Nov Mean

Treatments
0-15| 15-3Q 0-15| 15-30 0-15{15-30| 0-15{15-30| 0-15(15-30 0-15|15-30

Control (No
Fertilizer)

T, | STD (50%) 10.19|11.65(11.17|12.28/10.87 11.88| 7.14| 8.53 | 5.83 6.92| 9.04|10.25

T 10.11/11.47|11.09|12.14{10.7411.51| 7.04| 8.14 | 5.68 6.77| 8.94|10.00

STD (50%) +

T3 EYM 10.22(11.88|11.25{12.41({10.91 12.03| 7.32| 9.13 | 6.18 7.05|9.18| 10.5
STD (50%) +

T4 |FYM + 10.51| 12.05(/11.40|12.74{11.15 12.31| 8.78| 9.91 | 6.89 7.82| 9.75(/10.96
Biofertiliser

Ts | STD (75%) 10.38/11.8711.32/12.58(11.08 12.19| 7.75| 9.75 | 6.61] 7.65|9.43|10.80
STD (75%) +

Te EYM 11.03(12.53|11.66{13.01/11.4212.73|9.17{10.26| 7.15| 8.19(10.0911.34
STD (75%) +

T |FYM + 11.15(12.79{11.91]/13.29(11.52 12.85| 9.58|10.94| 7.31| 8.42{10.2911.65
Biofertiliser

Tg | STD (100%) |10.65|12.41|11.54]12.88|11.24 12.52|9.03|10.15| 7.08| 8.06 | 9.90|11.20

STD (100%) +

To EYM 11.68(13.18|12.25(13.45(12.09 13.25| 9.75|11.04| 7.58| 8.65(10.6711.91
STD (100%) +

T FYM + 11.94| 13.33(12.88|13.77(12.23 13.51({10.22 11.48| 7.61| 8.94|10.9912.20
Biofertiliser

Rainfall (mm) 222.2 247.8 238.0 132.8 20.3
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4.2 Soil fertility changes under guava based agrdtticultural system
The soil fertility status has improved in #ie treatments compared to their
initial values under agrihorticultural system (Ta#dl3 and Fig.4.1).

42.1 pH
In guava based agrihorticultural systéhne, pH value ranged from 4.76 to
4.95. The maximum pH of 4.95 was found under STD%) + FYM treatment and

the minimum pH of 4.76 was found under control timent.

4.2.2 Organic carbon

In guava based agrihorticultural system, the oraarbon value ranged from
6.1 to 7.8 g kg. The maximum organic carbon content of 7.8 g w@s found under
STD (100%) + FYM and STD (100%) + FYM + biofertiéizfollowed by STD (75%)
+ FYM (7.5 g kgb). The minimum organic carbon content of 6.1 ¢ kwas found

under control condition.

4.2.3 Available nitrogen

In guava based agrihorticultural systers, dliailable nitrogen content ranged
from 188.1 kg ha to 262.8 kg hd. The maximum available nitrogen of 262.8 kg-ha
was found under STD (100%) + FYM + biofertilizetlfoved by STD(100%) + FYM
(257.9 kg ha). The minimum available nitrogen content of 188glha’ was found

under control condition.
4.2.4 Available phosphorous

In guava based agrihorticultural system, the at#l phosphorous value
ranged from 60.2 kg hato 75.2 kg ha. The maximum available phosphorous of 75.2
kg hal was found under STD (100%) + FYM + biofertilizetlbwed by STD(100%)

+ FYM (72.8 kg ha). The minimum available nitrogen of 60.2 kg*haas found

under control condition.

4.2.5 Available Potassium

In guava based agrihorticultural system, the ab@l potassium content
ranged from 120.5 kg Hato 253.8 kg hd. The maximum available potassium
content of 253.8 kg hWawas found under STD (100%) + FYM followed by STD
(100%) + FYM + biofertilizer the minimum availabpetassium of 120.5 kg Havas

found under control condition.
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Table 4.3 Soll fertility status in guava based agnorticultural system

Treatments pH OC |Available N |Available P|Available K
(1:2) [(gkg?)| (Kgha') | (Kgha') | (Kgha?)

T1 | Control (No Fertilizer) 476 6.1 188.1 60.2 120.5
T2 | STD (50%) 483 6.6 223.5 63.9 155.6
T3 | STD (50%) + FYM 493 7.1 230.8 65.1 189.2
T4 |STD (50%) + FYM+BF| 491 7.0 238.2 68.5 172.7
Ts | STD (75%) 486 6.9 232.6 65.7 193.8
Te | STD (75%) + FYM 494 7.5 241.7 69.3 217.5
T7 |STD (75%) + FYM+BF 493 7.2 250.3 71.8 203.1
Tg | STD (100%) 493 7.3 246.1 70.1 225.7
To | STD (100%) + FYM 495 7.8 257.9 72.8 253.3
Ti0| STD (100%) + FYM + BFF 493 | 7.8 262.8 75.2 241.8
Initial soil status 453 5.8 179.1 62.3 106.3

SEM 0.0110.082 1.384 0.703 3.357

CD (0.05) 0.0300.236 3.974 2.018 9.641

CV % 0.59 3.19 1.62 2.85 4.72

4.3 Growth of fruit trees and intercrops under agrhorticultural system

The growth parameters viz. plant height, DBH o&ga and plant height, no.
of leaves and rhizome weight of arrowroot were rded, analysed and presented

below.

4.3.1 Plant height and basal diameter of guava tes

Data on height of guava trees during July, 2016Jamdiary, 2017 were recorded,
statistically analyzed and presented in Table #rhong the different treatment
combinations, the highest plant height was foun&TiD (100%) + FYM + biofertilizer
(5.95m) during January, 2017. The increment intpiaight was also found to be highest in
case of STD (100%) + FYM + biofertilizer which sva.78m followed by STD (100%) +
FYM and STD (75%) + FYM + biofertilizer
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Fig. 4.1 Soil fertility status in guava based aghniorticultural system

41




Data on basal diameter of guava trees during 2006 and January, 2017 were
recorded, statistically analyzed and presentecalnieT4.4. Among the different treatment
combinations, highest basal diameter was foundTiD §00%) + FYM + biofertiliser
condition (19.64 cm) during January, 2017. Alonthwhe basal diameter, the increment in
basal diameter was also found to be highest in@aS&D (100%) + FYM + biofertiliser
which was 1.26 cm followed by STD (100%) + FYM aB8dD (75%) + FYM +
biofertilizer.

Table 4.4 Plant height and basal diameter of guaviaees

Plant Height (m) Basal diameter (cm)
Treatments Initial | Final Increment Initial | Final Increment
(July, |(Jan., (m) (July, | (Jan., (cm)
2016) |2017) 2016)| 2017)
T1 | Control (No Fertilizer) 445 4.61 0.16 15.7615.82| 0.06
T, | STD* (50%) 453 4.72 0.19 16.3816.52] 0.14
T3 | STD (50%) + FYM 471 5.08 0.32 16.46 16.7 0.24

T4 | STD (50%) + FYM + Biofertilizer 481 526 045 |17.0217.64 0.62

Ts | STD (75%) 4.73] 5.08 0.35 |16.5216.86, 0.34

Te | STD (75%) + FYM 5.000 5.58 0.58 |18.2419.3 1.06

T, | STD (75%) + FYM + Biofertilizer 5.03 5.66 0.63 |18.2819.42| 1.14

Tg | STD (100%) 495 546 051 |17.2617.96] 0.70

(92}

N

To | STD (100%) + FYM 5.08 5.82 0.74 |18.3419.54| 1.20

T10| STD (100%) + FYM + Biofertilizer | 5.17 5.95 0.78 |18.3819.64| 1.26

SEM 0.041.043 0.076 0.084
CD (0.05) 0.130.124 0.22|0.244
CV% 258 2.25 2.46| 2.62

4.3.2 Plant height, no. of leaves and rhizome wéigof arrowroot intercrop

The growth of arrowroot intercrop varied among differéreatments under
agrihorticultural systems in this study. The maximplant height (123.3cm), no. of
leaves (69.1) and rhizome weight (98 g) per culns wexorded with STD (100%) +
FYM + biofertilizer followed by STD (100%) + FYM @ble 4.5).
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Table 4.5 Plant height, no. of leaves and rhizomeeight of arrowroot intercrop

Treatments Height | No. of | Rhizome wt.
(cm) leaves | (g) per culm
T1 | Control (No Fertilizer) 101.8 42.4 46.1
To | STD (50%) 107.7 44.6 64.1
Tz | STD (50%) + FYM 109.2 50.6 69.6
T4 | STD (50%) + FYM + Biofertilizer 113.6 54.3 81.9
Ts | STD (75%) 110.9 52.5 72.5
Te | STD (75%) + FYM 120.6 56.3 87.3
T7; | STD (75%) + FYM + Biofertilizer 120.9 58.5 92.9
Tg | STD (100%) 115.2 55.2 83.2
Tg | STD (100%) + FYM 121.4 63.2 95.1
Ti0 | STD (100%) + FYM + Biofertilizer 123.3 69.1 98.0
SEM 3.114 1.94 0.574
CD(0.05) 8.94 5.57 1.647
CV% 7.54 9.84 2.01

4.4  Yield and Economics of the agrihorticultural gstem

4.4.1 Guava yield

The guava fruit yield from guava based agrihortioadl system with
STD(100%) + FYM + Biofertilizer recorded 2788 kg~hawhich was significantly
higher than all other treatments. The highest ya#l@788 kg ha was found under
STD(100%) + FYM + biofertilizer and the lowest yiebf 1708 kg ha was found
under control condition without application of aeytilizer (Table 4.6 and Fig.4.2).

4.4.2 Arrowroot yield

The arrowroot vyield from guava based agrihortimat system with
STD(100%) + FYM + biofertilizer recorded 6534 kg*havhich was significantly
higher than all other treatments. The maximum yil68534 kg ha was found under
STD(100%) + FYM + biofertilizer and the minimum ldeof 3075 kg h& was
obtained from control condition without applicatiof any fertilizer (Table 4.6 and
Fig. 4.7).
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T7-STD (75%) +
FYM+BF

o ; AR .
Fig. 4.3 Guava-arrowroot based agrihorticultural gystem STD (75 %) + FYM + BF
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T10-STD(100%)+
FYM+BF

1

Fig. 4.5 Guava-arrowroot based agrihorticultural ystem STD (100 %) + FYM + BF
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Fig. 4.6. Harvesting of fresh arrowroot
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4.4.3 Gross Return

In guava based agrihorticultural system, the maramgross return of Rs
120228 ha was obtained from STD (100%) + FYM + biofertiliz&fhe minimum

gross return of Rs 62520 hawas obtained from control condition.

4.4.4 NetReturn

The net return from guava based agrihorticultuyatesn with STD(100%) +
FYM + biofertilizer recorded Rs 66330 hawhich was significantly higher than all
other treatments. The maximum gross return of R336eha was obtained from
STD(100%) + FYM + Biofertilizer and the minimum meturn of Rs 17520 Hawas
obtained from control condition.

4.4.5 B:C Ratio

In guava based agrihorticultural system, the marini1C ratio of 2.23 was
found in STD(100%) + FYM + Biofertilizer followedypSTD(100%) + FYMvalue of
2.17 and the minimum B:C ratio of 1.39 was obtdifrem control condition without

application of any fertilizer respectively.

Table 4.6 Economics of the guava+ arrowroot agribrticultural system

Treatments GyuiZI\tlja Arr\c()iv(\allrccj) . Gr(cF)esSshrZEL;rn N(t;tsriglr)n 0 18 r:aciio
(kg ha®) | (kg ha?)

T1 |Control (No Fertilizer) 1708 3075 62520 17520 1.39
T2 |STD (50%) 2051 4274 82053 35253 1.75
T3|STD (50%) + FYM 2153 4638 87951 36151 1.70
T4 |STD (50%) + FYM + BF 2249 5457 99219 47119 1.90
Ts |STD (75%) 2169 4835 90555 4285% 1.8p
Te |STD (75%) + FYM 2367 5822 105369 52669 2.0
T7|STD (75%) + FYM + BF 2555 6196 112677 59677 2.13
Tg |STD (100%) 2316 5548 101316 52718 2.08
To |STD (100%) + FYM 2692 6340 116460 6286 2.17
T10| STD (100%) + FYM + BR 2788 6534 120228 66330 2.23

SE(m} 14.631| 37.725 530.14

CD(0.05) 42.01P0 108.34 1522.48
CV% 1.76 1.98 3.11
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DISCUSSION

The present investigation orfintegrated nutrient management of
arrowroot in guava based agroforestry systerhwas carried out with objectives of
() to evaluate the effect of arrowroot on growthgoava tree; (ii) to evaluate the
effect of guava tree on the performance of arrotyrpin) to study the soil physico-
chemical properties of guava based agroforestryesysand (iv) to compare the
economics of guava based agroforestry system. diapter deals with possible
results and reasons with various outcomes of ptasgastigation. The details are

discussed under the following headings.

5.1 Growth factors in agrihorticultural system
5.2  Soil fertility changes under guava based agti¢ultural system
5.3  Growth of fruit trees and intercrops undeilagticultural system
5.4 Economics of the agrihorticultural system

5.1 Growth factors in agrihorticultural system

5.1.1 Chlorophyll content of arrowroot leaf

Among the treatments, the chlorophgtintent of arrowroot leaf was
observed maximum with STD (%) + FYM + biofertilizelowed by STD (100%) +
FYM and STD (75%) + FYM + biofertilizer during thentire growth period. The
chlorophyll content was higher in September andeabsed thereafter and minimum
chlorophyll content was observed in November ireetipe of the treatments. During
monsoon period the chlorophyll content was increaslue to moisture availability
but after monsoon period it was decreasing dueds of moisture content of the soil.
The maximum content of chlorophyll a and total cbfhyll were higher (1.298 &
1.698 mg/g) in the plants supplied with 75% RDF G Kig vermicomopst while
chlorophyll b was more (0.407 mg/g) in insitu apation of vermicompost (at 50
worms/plant) (Athanet al.,2007).

5.1.2 Soil moisture content
In this study higher soil moisture content was obsgé with STD (100%) +
FYM + biofertilizer followed by STD (100%) + FYM.He soil moisture content also
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found to increase from July to August and declilmevly from September onwards
and minimum soil moisture content was recorded awveéynber in all agrihorticultural
systems. There was also higher moisture in lowgthdeompared to surface soil
layer in all the systems during entire crop gropghiod.

5.2 Soil fertility changes under guava based agrdtticultural system
5.2.1 pH and organic carbon

The pH value of soil differed slightly and rangednh 4.76 to 4.95. There was
a little increase in soil pH under agrihorticultusystem in comparison to initial
status. This is due to addition of organic manames crop residues from guava and

arrowroot system.

There was increase in organic agaitmtent under agrihorticultural system
in comparison to initial status. The value rangeunf6.1 to 7.8 g kg In this study,
among the treatments, the combination of STD(108%)YM and STD(100%) +
FYM + biofertilizer recorded highest organic carboontent. There was not much
difference in organic carbon value among the agtitudtural system but it increases
from initial status might be due to addition otdit fall of trees, addition of crop
residues from different treatments. This findingn ¢ compared to the study done
by, Vermaet al (2010) who have revealed that the improvemendaih moisture
availability, pH, organic carbon and nutrient statf soil were significant under
organic manures. Growth parameters, fruit chareties and yield were recorded
maximum with application of commercial organic menu@ 20 kg tree. Soll
moisture, pH, organic carbon and available N, P Endere recorded maximum
under the application of commercial organic mar@re0 kg tree treatment and Farm

yard manure @ 100 kg tree.

5.2.2 Available Nitrogen, Phosphorous and Potassiu

The available micronutrient of the soil i.e. nitemg phosphorous and
potassium content were found to be increased isdil@f agrihorticultural system in

comparison to initial status.

The available nitrogen content ranged from 188, h&! to 262.8 kg ha. The
maximum available nitrogen of 262.8 kg'haas found under STD(100%) + FYM +

50



biofertilizer followed by STD(100%) + FYM (257.9 Kwg!). The minimum available
nitrogen content of 188.1 kg havas found under control condition. This might be

due to more addition of nitrogen from chemical &l &s organic sources.

The value of available phosphorous value rangedhf6D.2 kg ha to
75.2 kg ha. The maximum available phosphorous of 75.2 kg mas found
under STD (100%) + FYM + biofertilizer followed b$TD(100%) + FYM
(72.8 kg ha). The minimum available phosphorus of 60.2 kg'haeas found
under control condition. Koegt al. (1990) reported that the highest yield was
obtained with annual application rates of calciumn@onium nitrate at 800
g/tree, super phosphate at 300 g/tree and KCI @tgdtiee. Fruit size was little
affected by N and K application rates, but higheafs had an adverse effect in

10-year-old guava.

The available potassium content under agrihorticaltsystem ranged from
120.5 kg h& to 253.8 kg hd The maximum available potassium content of 253.8
kg hal was found under STD(100%) + FYM followed by STDQ¥) + FYM +
biofertilizer and the minimum available potassiufril@0.5 kg ha was found under

control condition.

5.3 Growth of fruit trees and intercrops under agrhorticultural system
5.3.1 Plant height and basal diameter of guava tes

Among the different treatment combinations, théésgg plant height was found in
STD (100%) + FYM + biofertilizer followed by STD @0%) + FYM. The increment in
plant height was also found to be highest in cads&T® (100%) + FYM + biofertilizer
followed by STD (100%) + FYM and STD (75%) + FYMbiofertilizer. Khattaket al.
(2005) reported that 4 kg NPK mixture (10:20:20) pee gave the maximum plant
height (19.26 cm), plant spread (19.22), fruit pee (369) and vyield (33.2 kg/tree)
and the lowest fruit drop (52.6) in guava.

The highest basal diameter of guava trees was fonndTD (100%) +
FYM + biofertilizer condition followed by STD (100p# FYM. The increment in
basal diameter was also found to be highest in cAs®TD (100%) + FYM +
biofertilizer followed by STD (100%) + FYM and STD75%) + FYM +
biofertilizer. Kumaret al. (2009) studied yield and quality of guava cv. Abalad
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Safeda in which the maximum plant height was reedrdunder 900 g
nitrogen/tree, but it was at par with 600 g nitrofjeee. The maximum stem
diameter, canopy spread, fruit yield and TSS weeeonded under 900 ¢
potassium/tree/year, which was at par with 600tggsum/tree.

5.3.2 Plant height, number of leaves and rhizome eight of arrowroot
intercrop

The growth of arrowroot intercrop varied among differemeatments
under agrihorticultural systems in this study. Thaximum plant height, number
of leaves and rhizome weight per culm was recondgd STD (100%) + FYM +
biofertilizer followed by STD (100%) + FYM. Sharmand Sharma (1992)
reported that the highest number of leaves/sho01t0(l), terminal shoot length
(14.76 cm), fruit set (62.0%), fruit retention (80%) and fruit yield (28.36
kg/tree) were obtained with 3% N, 1% P and 1% Katmgent combination. All
treatments resulted in increased growth and yielterw compared with the

control in 5-year-old guava trees.

5.4 Yield and Economics of the agrihorticultural gstem

Guava vyield was comparatively less than arrowromidy Among the
agrihorticultural system, the highest guava andvemoot yield was found under
STD(100%) + FYM + biofertilizer. The soil being poan nutrient status the
performance of STD(100%) + FYM + biofertilizer wesdatively better compared to
other treatments. Economics of all the agrihortigal system and control treatment
without fertilizer were differed due to their varan in production. Among the guava
+ arrowroot agrihorticultural system, STD(100%) ¥NF + biofertilizer produced the
highest net return of Rs 66330 haith BCR of 2.23. STD(100%) + FYM was the
next best treatment, which recorded net returnso8#862 hawith BCR of 2.17.
Ke-Lih Shanget al (1997) reported that the fruit yield and weightrieased with
increasing rates of N, P and K, except when N vpgdied at a rate higher than 200
g/plant. Fruit yield, weight and quality were bagten the trees received NM®:K20
at 200:100:400 g/tree in four-year-old guava. Wagh Mahajan (1987) studied the
guava trees received N at 0-900 gD#at 0, 300 g and O at 0, 300 g/tree, and the
effects on fruit chemical compositions were assgsBSriit quality was best when the
trees received N:2Bs. KoO at 600:300:300 g/tree. Allolet al. (2011) studied the
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effect of organic manures in combination with iremg fertilizers on the
productivity and economic feasibility in sweet gotand found that, among organics,
application of FYM @ 10 tones ha- 1+ 50:25:50 kgki\ia-1 recorded significantly
higher tuber yield per plot and hectare (24.16 kd 33.55 tones ha-1, respectively),
and was at par with FYM @ 20 tones'h&imilarly, Koturet al (1997) reported that
the highest fruit yield was obtained at 583 g Nipl271 g P/plant and 399 g K/plant,
and at leaf concentrations of 1.89% N, 0.16% P 2:i3d% K. The leaf nutrient
composition associated with maximum fruit yield was-2.0% N, 0.12-0.16% P,
1.46-2.08% K, 1.13-1.69 in guava.
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SUMMARY AND CONCLUSION

The present investigation entitledintegrated nutrient management of
arrowroot in guava based agroforestry systemivas carried out at experimental site
of All India Co-ordinated Research Project on Agrestry, Orissa University of
Agriculture and Technology, Bhubaneswar during JAG16 to June, 2017. The
experiment was laid out as per Randomized Blockdde@dR.B.D.) consisting of ten

treatments with three replications.

The observations were recorded on tree and croptigrohlorophyll content,
of arrowroot leaf, physico-chemical parameters ofl £.9. bulk density, pH,
organic carbon, available N, available P, availalde and economics of
agrihorticultural systems were worked out. Sali@mdings of the investigation are

summarized below.

In guava based agrihorticultural system STD (108%) M had the maximum
pH 4.95 and minimum pH was found in control corit{4.76).

» Status of organic carbon in guava based agrihtidrall system was highest
7.8 g kgt in STD(100%) + FYM + Biofertilizer as well as wiTD (100%)
+ FYM compared to lowest organic carbon in conféod1 g kg').

* In guava based agrihorticultural system, the highaisies of available N and P
were noticed with STD(100%) + FYM + biofertilizeri262.8 kg ha and
75.2 kg ha where as the lowest was in control condition 88.1 kg ha and

60.2 kg hd respectively.

* Available K content was maximum in STD (100%) + FY([®53.3 kg/ha)
followed by STD(100%) + FYM + biofertilizer.

* In guava based agrihorticultural system, the ciployth content was observed
maximum with STD(100%) + FYM + Biofertilizer foleed by followed by
STD (100%) + FYM and STD (75%) + FYM + biofertilizand minimum in

control.
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 In guava based agrihorticultural system, the higlgesva yield, arrowroot
yield, gross return, net return and B:C ratio wetend in STD(100%) + FYM +
Biofertilizer i.e 2788 kg hd, 6534 kg h&, 120228 Rs h3 66330 Rs haand
2.23 respectively.

* In guava based agrihorticultural system, the higipant height and basal
diameter of guava tree were found to be highestse of STD (100%) + FYM +
biofertilizer which was followed by STD (100%) + Rand STD (75%) + FYM

+ biofertilizer

* In guava based agrihorticultural system, the marinplant height (123.3 cm),
no. of leaves (69.1) and rhizome weight (98 g) pelm of arrowroot
intercrop was recorded with STD (100%) + FYM + bitifizer followed by
STD (100 %) + FYM.

CONCLUSION
Integrated nutrient management stdn guava based agrihorticultural

system resulted higher available N, P, K, pH anda@ic carbon compared to their

initial values.

At the end of cropping season, thegpid Organic carbon were ranged from
4.76 to 4.956.1 to 7.8 g RKgespectively. The available N, P and K were rarfgeah
188.1 to 262.8 kg h 60.2 to 75.2 kg hg 120.5 to 253.3 kg hia respectively at the
end of cropping season.

In guava based agrihorticultural eyst the performance of STD(100%) +
FYM + biofertilizer in terms of chlorophyll contergoil moisture, available N, P, K,

pH and Organic carbon has shown its superiority allether treatments.

In guava based agrihorticultural Systihe performance of STD (100%) + FYM
+ biofertiliser in terms of plant height and Hatiameter of guava tree and plant height,
no. of leaves and rhizome weight per culm of aromirintercrop shown its

superiority over all other treatments

The highest guava fruit 2788 kg' teand arrowroot yield 6534 kg fanet return
Rs 66330 h& and BCR of 2.23 was recorded with STD(100%) + F¥Nbiofertilizer
compared to lowest guava yield (1708 kghhand arrowroot yield (3075 kg th, net
return Rs 17520 hlaand BCR 1.39 without application of any fertilizer
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