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INTEGRATED NUTRIENT MANAGEMENT 
IN COCONUT BASED CROPPING SYSTEM 

UNDER KONKAN REGION OF MAHARASHTRA 

J) /i\TRODUCTJO'V 
Coconut is an important crop ofeconomic importance to many of the 

Asian and Pacific countries in the world. The crop provides livelihood 
security and employment opportunities to a major segment of the rural mass 
o f these countries. India being the largest coconut producing country in the 
world occupies 31% of global production. Widely acclaimed as 
Kalpavriksha or Tree of life, the coconut palm provides food security and 
livelihood opportunities to more than 10 million people in India. It is an 
important food crop for the major chunk oflndian population. Similarly it is 
an important cash crop for more than 10 million farm families and a fiber
yielding crop for more than 15,000 coir based industries which provides 
employment to nearly 61akhs workers of which 80 per cent are women folk . 
The coconut and coconut products are gaining global importance as a 
contributing factor to the health, nutrition and wellness of human beings. 
This is due to its multiple medicinal and nutraceutical properties being 
revealed day by day. This new development in health sector brought in 
unprecedented increase in demand of coconut products in domestic and 
international markets. It is estimated that there are 5 million coconut 
holdings and 12 million farmers in the country covering 17 states and 3 
Union Territories. 

Scenario of'cocunut cultivation in Maharashtra 

The Stat e of Maharashtra is a coconut growing state in the country 
with an extent of 27180 ha. with a production of 209 million nuts and 
productivity of 7687 nuts/ha (2018-2019). The coastal districts namely 
Sindhudurg, Ratnagiri, Raigad and Pal ghar covers the major coconut 
growing areas in the state . Within the state, these four districts command 94 
percent ofarea under coconut. 

fig:1 Dtsrrtcr wise area under COCODU( cufnvanon (h~,) 
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Fig. I. District wise area (Hal under coconut cultivation 
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Konkan region of Maharashtra is a long narrow strip of no kms, 
running North to South along the West coast of Maharashtra. The reg ion 
comprises of Thane , Raigad , Ratnagiri, Sindhudurg and Greater Mumbai 
districts. It is characterized by hilly terrain receiving heavy rainfall rang ing 
from 3000 to 4000 mm per annum usually during four months from June to 
September. The climate is warm and humid almost throughout the year. 
Coconut is a major inigated horticultural crop of Maharashtra. The total 
productive area under Coconut cultivation in Maharashtra is 43320 ha with 
production of 209 .87million nuts and productivity 4845 nuts/palm/year 
mainly grown in Konkan region of Maharashtra. Since 1990, the 
Government of Maharashtra has launched the Employment Guarantee 
Scheme (EGS) for number of horticultural crops which includes coconut 
plantation also. This helped to boost up area under coconut crop . 

Generating and establishing more sustainable cropping system is 
need of today 's era. Multispecies and multi storied cropping system ensures 
maximum utilization of resources for higher yield per unit area . There are 
many coconut based cropping systems in various countries and states of the 
nation. Effecti ve and efficient utilization of available resources for higher 
yield is the modem concept of cropping system. Improvement in the soil 
properties and biological activities in the rhizosphere due to intercropping 
results in the modification of soil environment for the benefit of the plant 
growth. Studies revealed that natural resources i.e. soil water; air space and 
solar reclamation are not fully utilized under the spacing schedule 7.5 m x 
7.5 m. Many of the coconut workers have reported that a well designed high 
density multispecies crop model suited to a given agro-climatic situation 
generates returns biomass output, yields, more economic returns and higher 
total income, additional employment opportunities for family labours and 
meet s diversified needs of the coconut farmers , such as food, fruit, 
vegetables, fuel etc. The coconut based cropping systems are gaining 
importance as there are serious market fluctuations for coconuts and coconut 
products . Systematic mixed cropping of compatible crops under coconut to 
compensate the economic losses of sole cropping by increasing income per 
unit of cultivable land has become a necessity. 

Integrated nutrient management involve intelligent use of organic, 
inorganic and biological resources so as to sustain optimum yield, improve 
or maintain soil chemical and physical properties and provide crop nutrition 
packages which are technically sound and economically attractive 
practically feasible and environmental safe . In recent days, nutrient 
management through organic source of manures is gaining momentum for 
susta ining the productivity and conserving the natural resources. In coconut 
based cropping system it is necessary to fertilize coconut and component 
crops according to make the system more productive and competitive. 
Hence field experiment on impact of integrated nutrient management and 
organics includ ing biomass recycling in coconut based crop ping system was 
initiated in 30 years old D x T coconut plantation at Regional coconut 
Research Station. Bhatye, Ratnagiri (M.S) during the year 20 13-14 to 20 18
19.The component crops were nutmeg, cinnamon, banana and pineapple. 

The experiment consi sts of four treatments viz. 
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h) Statistical design applied ami system layout T \: 75 % ofrecommended NPK + 25 % ofN through organic 
As the experiment was laid out in a block of 0.45 ha area for each recycli ng with verm i-compost. 

treatm ent, the weather parameters dur ing the year influence the productivity T 2 : 50 % of RDF + 50 % ofN through organic recycl ing with 
of the system. Hence, in the analysis, year effect was taken as fixed effect in 

vermi-cornpost + vermiwash application + bio-fertili zer applicatio n 
the ANOVA table, and treatment effect as error. The statistical analysis was + in situ green manur ing. 
perform ed using Statistica l analysis system 9.3 computer software (SAS 

T 3 : 100 % ofN through organic recycling with vermi- compost + Institute Inc. , 1995) . DMRT procedur e was used at P=0.05 level to
vermiwash application + bio-fertilizer application + in situ green 

determine the sign ificance among the treatments. manuring and green leaf manuring (glyricidia leaves) + 
composted coir pith , husk incorporation and mulching with 

Icoconut leaves. 

T, 

l' -tT 4 : Control: monocrop of coconut with recommended NPK and I.
organic manure were imposed. 
-r l'I

Tahle 2: Physico-chemicalproperti es of'sandy loam soil at RCRS. 
Bhatye centre (Ratuagiri) 

Content 
Soil depth (em ) 

0-30 30-60 60-90 

Sand (%) 89.5 89.4 89.0 

Silt (%) 3.4 3.6 3.9 
Clay (%) 7.1 7.2 7.1 

pH 5.58 5.52 5.38 

Orga nic carbon (%) 0.22 0. 19 0. 10 
Elec trical conductivity (dsm-I) 0.18 6 0.171 0.164 

-tl' 

l' '1 

Ci nnarnnn <; ( .... ronut 1 B"",,"" 0' Uln H g 

2) COCONUT BASED CROrPI~G SYSTEM l ' in t"~l'lJl t 

a) Component crops Fig.2- Layout of th e Fig. 3: Layout of single plot 
exper imental field Current experiment was laid out in 32 year old coconut garden which 

was planted at a distanceof7.5 m x 7.5 m in a square system. The crops in the 
cropping system were managed with the recommended package of c) Integrated nutrient management
practices. The experimental block of each treatment was laid out in 0.11 ha. Involves intelligent and judicious use of organic, inorganic and 
coconut garde n and intercropping with released varieties of spices and fruit biological resources as source of nutrition to coco nut plants so as to sustain 
crops in Maharasht ra State was adopt ed. The spice and fruit crops grown in optimum yield. 
the coconut garden are given in Table 3 and pictorial representation in Fig. 2 
and Fig.3. i) Fert ilize r dose 

The quantity of nutrient management for different crops in the Table 3 : Details of the component crops in coconut based integrated 
system is presented in Table 4. The N, P and K were appli ed in the form of 
Urea, Single super phosphate and Muriate of potash respectively. As per the 

Varieties Nu mberof Number of recommend ation of the university fertilizers were applied in three spl its to 
Ihybrids plantsfblock plants/ha coconut viz. Full organic plus full phosphorous and one third (33'Yo) 
D xT (COD x WCT) 20 175 nitrogen and potassium in June, Remainin g one third N itrogen and 
KonkanSwad 12 135 potassium in the month October and finally one-third Nitrogen and 

KonkanTej 62 615 pota ssium in the mont h of January. However the component crops were 

KonkanSafedVelchi 62 6 15 applied with two split dose as shown below. 

Kew 960 10800 
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nutrient management syste m 

Sr. 1 Name of 
No. the crop 

I. I Coconut 
2. I Nutm eg 

,. 3. I Cinnamon 
4. I Banana 

5. I Pineapple 
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Th e quantity of fertili zers and orga nic manures app lied based upon 
the N content in the respective mater ial is as unde r, 

Treatment Quantity of nutrient 

T 1 
1.62 kg Urea + 8.92 kg Vermicompost 
+ 2.34 kg SSP + 2.5 kg MOP 

Tz 1.08 kg Urea + 8.92 kg Vermicompost 
+ 10.92 kg in situ green manuaring + 1.5 kg SSP 
+ 1.66 kg MOP 

T 3 
17.84 kg Verm ico rnpost + 10.92 kg gree n leaf manuring 
+ 20. 16 kg co mposted pith 

T4 
2.22 kg Urea + 3.0 kg SSP + 2.0 kg MOP + 50 kg FYM 

ii) Irrigation 
Sprinkler irrigation was foll owed for irri gating coconut and 

intercrops during the dry period (Octobe r to May) at IW/CP E 1.00 . Hu sk 
incorporation was applied as per treatm ent detail s. Husk burial in the 
trenche s was followed in eac h se t o f fou r coc onut palms . Dried coconut 
leaves we re used for mul ching in summer months (February - May). 

iii) Pre-experimelltalyield (lfCOClI/lllt 

Th e pre-experimental nut y ield data was rec orded and presented 
in Table 5. Th e data revealed that in itially nut, copra and oi l yie ld didn't differ 
in the coconut plant s under the study. 

Table 5: Pre-experim ental y ield o l'ccc onut (Average 01'20) 1- 12 to 20 12- 13) 

Treatments Nut yield 
(nut s/palm) 

Copra yield 
(kg/palm) 

Oil yield 
(kg/palm) 

Oil yield 
(tonnes/ha) 

T 1 104.6 17.78 12.09 2.12 

T2 103.9 17.67 12.01 2.10 

T 3 102.7 1704 6 11.87 2.08 

T4 103.8 17.64 12.00 2.10 

Mean 103.7 17.6 3 11.99 2.10 

SEm. ± 0 .65 0 .11 0.07 0.0 12 

CD (P=0.05) N S N S NS NS 

CV (%) 1104 13.7 lAO 1.74 

Ex!'er iIII elltal I"e,\"IIIt\ 
1) Effect illtegratedlllltriellt manugement (/11 the growth c/ltlracters of 

the coconut ill C(/C{//1I1f based cropping system 
The data regarding to the number of leaves on the crow n, rate of leaf 

produ ction , num ber of spadic es, number of buttons and setting per cent is 
pre sented in Table 6.There is no sig nifica nt difference in the production of 
number of leaves on the crown, rate of leaf production, number of spadices 
among the treatments was noticed in INM under coconut based cropping 

system . 
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i) Number of'buttons In genera l, there was an increase in the yie ld of coconut and the yield 
Numbe r of buttons produ ced per palm/ ye ar did differ among the obt ained in different treatments was high er ov er the years than the pre

trea tme nts. It wa s found that the treatm ent T , produced sig nifica ntly highest ex perime nt yields, whic h was mainly owing to the effec t of nutrients 
fem ale flowers (326 .04 nos.) in the inte grated nutri ent ma nage ment sup plied thr ou gh treatments and irri gation provid ed to co conut palms. 
treatments followed by trea tme nt T2 and TJ whereas lowest number (31 2.39 Ap plicatio n of 75% of recommended N PK+25 % of N throu gh organic 
nos.) ofbuttons pr odu ction wa s recorded in the treatment T'; recycling with vermicompost treatment recorded sign ific an tly highe st nut 

ii) Setting per cent yie ld (147.2 nuts) fo llowed by 50% o fRDF+50 % of N thr ough organ ic 
It was found that the treatment T [ record ed highest sett ing of flowers to recycling with vermi compost+venniwash applicat ion + bio-fertil izer 

fru its (43 .69 %.) in the integrated nutrien t managem ent treatm ents foll owed app lica tio n + in si tu green manuring treatm ent and wa s differed co mpa red to 
by treatm en t T 2 and T J wh ereas lowest setting (35.08 %) of buttons wa s the other tre atments. Increase in yield under the se treatments might be ow ing 
recorde d in the treatment L . I" to better avai lability of required nutrients whic h resulted in improveme nt in 
Table 6 : Effect of integrated nutrie nt managem en t sys tem on growth ~ 

yield. Additio nal increased in y ield of coconut w ith fann ing system 
characters o f coconut (poo led data 20 14- 15 1020 ]8 - 19 ) co mponent could be due to sy nergis tic effect of cro p co mbination and 

nutrient status mainta ined in the system. Applica tio n ofvermicompost alone 
co uld not result in increase in yield of coconut, as it cou ld not provide the 
required P and K and app lica tion of inorgani c fert ilizer alone could not 
pr ovide the sui table soi l envi ro nme nt for the growth and development of 

Treatment Num ber of 
leaves on 

crown 
(n os.lpa lm) 

Rateofleaf 
production 
(nos.lpalm/ 

yea r ) 

Numberof 
spad ices 

(nos.lpalm) 

Numberof 
button s 
(female 
flowers) 

(nos.lpalm) 

Setting 
percent 

(%) 

T, 30 .9 11.7 11 .4 326.0 43 .69 

T 2 29.9 11.7 11.3 320 .6 40.21 

T :l 29.9 11.7 11.2 320.4 37 .36 

T4 29. 2 11.6 11.1 3 12.3 35 .08 

Mean 30 .0 11.7 11.3 319 .8 

SEm. ± 0.88 0.5 7 0.6 1 1. 13 

CD( P== 0 .05) NS N S NS 3.39 

CV (%) 3.16 1.25 0.7 1 7.4 1 

coconut. 

iv} Copra and oilyield 
The coc onut copra and oi l yie ld recorded amo ng the treatments over 

the years and the data are present ed in Tabl e 8. In genera l, there was an 
increase in the copra and oil yield of coconut and the yie ld obta ined in 
di fferent treatments was high er over the years than the pre-trea tme nt yie lds, 
which was mainly ow ing to the effect of treat me nts and irr igati on pro vided 
to coconut palms. Du ring 20 14-20 18, appli cati on of75% of rec ommend ed 
N PK+25 % of N thr ough organ ic recycling wi th vermicornpost (T [) 

iii) C OCOI/ 1111/111y ield recorded high er co pra and oil yield and was at par w ith 50% of RDF+50% of 

Yiel d is the index of the ex per imenta l assessment in almost all N through organic recycling with vermicompos t+vermiwash ap plication + 

inv estigatio n. Th e coconut nut yield recorded amo ng the trea tments over s ix bio-fer tili zer applica tion + in situ green manuring (T2) and was differed as 

years and the data are presented in Table 7. co mpared to the other treatments. The co pra and oil yield obtained under 
75% of reco mme nded NPK+ 25% of N throu gh organic rec yc ling with Tahle 7 : EITecI o f coconut based INM sys tem on nul yield , copra and oil 

vield of co conut (pooled data 20 14- 15 1020 18- 19) • vermicompost (T[) and 50% of RDF+ 50 % ofN thr ough organic rec ycling 
wi th verm ico rnpo st + vermiwash applica tion + bio-fertilizer applica t ion + in 
si tu green manuring (T2) wa s at par i.e. 25 .73 and 23.06 kg/pal m/year and 

Treatm en Nut yield 
(nuts/palm 

Nut yie ld 
(nuts/ha) 

Copra yield 
(kg/palm) 

Copra yiel d 
(tonnes/ha) 

Oi l yie ld 
(kg/palm 

Oi l yie ld 
(tonnes/ha) 

T 1 14 7.2 26054.4 25.73 4 .55 17.11 3.03 

T2 138.4 24496 .8 23 .06 4 .08 15.72 2.79 

T] 123.6 2 1877. 2 20.3 7 3.60 13.60 2.4 1 

T4 97.2 17204.4 16.78 2.97 11.40 2.01 

SE m , ± 5.14 1133.7 1.29 0.3 8 1.06 0.07 

CD 
(P= 0.05) 

16.48 3402. 1 3.88 1.15 3. 18 0.2 1 

cv o» 6.f1.7 11.14 7.87. 3.2 1 6.46 5.67 

17.11 and 15.72 kg/pa lm/yea r respecti vely. A lso the o il yield (tonnes/ha) 
ob taine d und er 75% of recommende d N PK + 25 % of N through organi c 
recycli ng wi th ver mico mpos t (T ,') and 50% of RDF+50 % of N throu gh 
organic recycling with vermi compost + vermiwash application + bio
fertilizer applicat ion + in si tu gr ee n ma nuri ng (T2) was at par i.e. 3.03 and .. 2 .79 tonnes/hectare respectively. In crease in copra and oil yield under these 
treatments might be ow ing to better ava ilabi lity o f requi red nutrient s which 
resulted in impro vement in yie ld. Appli cation of an y sin gle manure could 
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not result in increase in copra and oil yie ld of coc onut, as it could not pro vide 
the req uired P and K and application of inorganic fertili zer alon e could not 
provide the su itable soil env ironment for the growth and devel opment of 
coconut. 

I/) Effect oII.Y/1,{ 011groll'lh characters ofcomponent crops ill c(lcOIIIII 

based cronping system 
The gro wth of component crops as influenced by coconut based INM system 
in coconut is pres ented in Table 8. It was observed that the hei ght of nutmeg 
pl ants increases after the 6th year of treatment initiation and the sign ific antl y 
maximum height of nutmeg plants was 318 cm in Tz whereas the minimum 
was in treatment T3 (253 ern). The significantly maximum number of 
nutmeg branche s was reco rded in treatment T3 ( 10'3 nos .) whereas 
m inimum in treatment Tz (5.8 nos.) . The significantly maxi mum height of 
cin namon plants was (228 .9 em) in T] whereas the minimum was in 
treatm ent Tz (206 .4 em). The signifi cantly maximum number of cinnamo n 
branches was in treatrnentT', (15 ,33 nos.) whereas minimum in treatment Tz 
(7.77 nos.). 

Table 8 :	 Effect ofcoconut based INivl sys tem 1111 growt h characters of 
component cro ps as an inicrcro ps in coconu t orcha rd 

Treat ment Nutmeg Cinnamon 

Height (em) No. of 
branches 

(nos.) 

Height (em) No. of 
branches 

(nos.) 

T J 304 6.56 228 .82 11.35 

Tz 318 5.83 20 6.20 7.77 

T3 253 /0.21 22 1.42 15.33 

S.Em. ± 0.17 0.73 3.11 1.81 

CD (P=0.05) 0.56 2.19 9.35 5.44 

CV (%) 19.67 11 .34 17.63 22.24 

III) OUII'UI.li·01I1 COm p OIl I! // f crop.\ 
The yield of component cro ps as influenced by coconut based 

in tegrated nutri ent mana gement system in coconut wa s reco rded and 
presented for last three years as of nutmeg and cinnamon yield consist entl y 
record ed in last thre e years after plantation and presented in Table 9. 

Highest me an yield of component crops	 namely pineapple and 

..	 banana were in the treatm ent TJ such as 52.7 kg/b lock and 411 kg/block 
respecti vely whereas highest mean yield of compon ent crops cinnamon 
bark and cinnamon leaves were in treatment T , such as 21 kg/bl ock and 
54.8 kg/block respectively. 
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Table 9: Output tro in ditfercru component crops und er coconut based 
crop ping system model al Reg ional Coc on ut Research Station , 
Bhatye, Rainagiri 

Treatmen t/crops 2016-17 2017-18 2018-19 MlOiln 
Cinnamon bark (g/p lant) 

T 1 269.10 277 .23 28 5.36 277.23 
Tz 234 .14 238 .61 240.65 237.81 
T3 232 .52 234.55 236.59 234.56 
SEm .± 9.19 8.78 10.26 5.91 
CD (P=0.05) 27. 60 26.3 6 30. 80 17.74 

c.v. (%) 11.58 13.86 9.31 6.37 

Cinnamon leave s (g/pl ant ) 

T j 843.90 864 .22 872 .35 . 860.15 

Tz 770 .7 782.9 762.3 771. 96 

T3 762 .6 770.7 735.12 756 .14 

SEm. ± 19.91 17.43 2 1.32 15.82 

CD (P=0.05) 59.72 52.29 63.96 47.4 8 

c.v. (% ) 17.43 19.33 18.54 17.22 

Nutmeg (no . of fruits /plant) 

T ] 334.2 361.4 356.8 350 .8 

Tz 302.3 310 .0 308.3 306.8 

T3 263 .6 283.3 27 8.5 27 5. 1 

SEm.± 13.34 12.48 14.71 0.3 2 

CD (P=0.05) 40 .02 37.44 42 ,24 1.02 

c.v. (%) 6.12 11.23 14.67 9.32 

Ban ana (kg/bunch) 

T, 10.7 7.12 12.70 10.17 

Tz 9.13 6.14 11.6 8.95 

T3 8.55 5.46 10.4 8.13 

SEm . ± 0.03 0.03 0.49 0.51 

CD (P=0.05) NS NS 1.47 1.53 

c.v. (%) 5.18 9.34 11.26 6.48 

Pineapple(kg/fmit) 

T 1 1.9 1.4 2.5 1.9 

Tz 1.8 1.4 2.4 1.9 

T3 1.8 1.3 2.0 1.7 

SEm. ± 0.043 0.037 0.02 0.058 

CD (P=0. 05) 0.138 0.112 NS 0.174 

c.v. (%) 9,12 7.54 11.78 10.27 
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Nutmeg fruits Nutmeg and mac e 

Different crops in
 
integrated nu trient management system
 

" 'J	 Biomass generation, vcrmicompost production and earthworm 
population ;11 coconut hosed integrnted 111I1r;eTtl management 
system 

Table III : Biomass generation and vermicompost product ion in coconut 
based INM system 

• 

Treatments Biomass generation 
(kg/ha/yea r) 

Vermicompost production 
(kg /ha/year) 

Open field - -

T[ 18654 10259 

T2 17670 9541 

T3 15708 8639 

T4 9344 4923 

SEm.± 2176 1611 

CD(P=0.05) 6528 4833 

c:v. (%) 19.43 22.65 

Coconut N u t meg 

Cinnamon Tej patta and black nagakeshar 

Cinnamon Pineapple 

Banana 
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II) Bioma ss generation, vermi- cump ost1'1'01/11ctio11 

Th e biomass generation and accord ing ly venni-compost production 
did differ significantly among the treatm ent s (Table 10). Hi ghest biom ass 
product ion was registered with the treatm ent T I ( 18654 kg/halyear) whi ch is 
on par with the treatment T 2 ( 1767 0 kg/ha/year) and T} ( 15708 kglhal year) 
and lowest recorded in the monocrop T4 (93 44 kglh alyear). Similarly the 
venn i-compost production was higher in the treatment T 1 (10259 
kglh alyear) which is on par with the treatm ent T2 (944 1 kg/h alyear), T} 
(86 39 kglh alyear) and significa ntly lowest was reco rded in the treatment T4 
(4923 kg/halyear) . Also the ge nera ted biom ass and vermi-compos t 
produ ction from different component crops whi ch ca n be recycled in the 
coc onut based INM sys tem. The organic wastes are to be treated with co w 
dun g at the rate of 10 per cent by we ight in the form of slurry and mu st be 
allowe d to und ergo a preliminary decompositi on for about 2 -3 weeks. The 
ea rthwo rms at the rate of 1000 worms per tonn e of biom ass are to be 
intr oduced . The compost bed should be mulched properly using any locally 
available plant material or gunny bags and has to be protected fro m direct 
sun light. Watering is to be done to maintain enoug h moisture. As full leaves 
are used for cornpostin g, compact mass is not formed , thus allowing free 
movem ent of air in the bed. In about 60 -75 days compost will be ready. On an 
ave rage, 70 per cent reco very of vermicompos t was obtained. The same 
technology for vermicompos ting was also tested in large pits taken in the 
inter spaces offo ur coconut palms in sa ndy loam so ils and was found to work 
wel l. 

b) Earth 11'01'11/ population 
The data on earthworm popul ation (nos.zrn-') as influ enced by coco nut 

based integrated nutrient management sys tem is presented in Table II. Th e 
data indi cated that the ear thworm popul ation d id differ significa ntly at all 
so il depths. Significantly the high est number of earthwo rm popul ation was 
noticed in the treatment T}. This might be du e to the ava ilability of nutri ents 
in form of I00% organic source . 

Table II : Fa rthwo rm populau on (nos.!Ill ~) as influe nced by coconut based 
intcgratcd nutrient management 

Treatment Soil depth 

0-10 ern 10-20 em 20-30 em 

T, 12.56 5.7 2.4 

T2 9.36 3.6 1.7 

T} 15.38 9.4 3.8 

T4 6.7 2.7 1.4 

SEm.± 1.9 1.03 0.52 

CD (P=0 .05) 5.8 3.04 1.56 

c.v. (%) 15.23 6 .78 11 .34 
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J'J /1I}lUl'IICl' Oil weatherparameters 
Treatment w ise maximum and minimum temperature and humidity 

in integ rated nutri ent management under coc onut based cropping sys tem 
was recorded and present ed in Table 12. Data revealed that there was me an 
reductio n of temperatu re in the cropping sy stem and mean increase in 
hum idit y. Thi s may be due to the component crops in inter-space leads to 
microclimate mod ifications in the system. 

Table 12 : Trcatrnent in fluence on tem pera ture and humidit y in integrated 
nut rient mana gemen t under based coc on ut napping system 

Freatrnents Standard 
Week 

Period Temperature
eC) 

Relative humidity 
(%) 

Max Min Max Min 

O pen field I 1-7 Jan 28.6 15.6 85.6 43. 8 

24 11-17Jun 32.7 25.4 87 .0 75.8 

52 24-3 1Dec 33.6 19.8 82 .4 52.0 

Average 31.6 20.3 85 .0 57 .2 

I 1-7 Jan 27 .2 14.3 87 .2 44 .4 

T 1 24 11-17Jun 31.6 24.6 90.0 77.4 

52 24-3 1Dec 31. 8 19.2 84.3 54.5 

Average 30.2 19.4 87 .2 58.8 

I 1-7 Jan 27.2 14.4 87.2 44.0 

T2 24 11-17Jun 31.7 24 .8 89 .8 77 .0 

52 24-3 1Dec 32.0 19.4 84.4 54 .2 

Average 30.3 19.5 87.1 58.4 

I 1-7 Jan 27.4 14.5 87 .0 44.2 

T} 24 ll -l7Jun 32 .0 24.8 89.8 77 .2 

52 24-3 IDec 32.1 19.4 84.2 54.2 

Average 30.5 19.6 87 .0 58.5 

I 1-7 Jan 28.0 15.3 86.4 43.8 

T4 24 11 -17Jun 32.8 25 .2 82.4 76 .8 

52 24-3 1Dec 33.0 19.8 83 .2 52 .0 

Average 31.3 20 .1 84.0 57.5 

Vl] Soil nutrient status 1/.\ influenced hy ('oCtmllt based integrated 
III,trit'II' IIlfIllagell/ellt \1',\'u'I1I 
Th e data from Table 13 revealed that electrical conductivity of the 

soi l (a t 0-25 ern depth) did chan ge due to the integ rated nutrient management 
pract ices in the basins of the coconut, as seen during the pre-exp erim ent 
(20 12-2013) and the mean of 6th years after treatment initi ati on (20 12- 13 to 
2018-19) . Aft er the 6th years o f treatment initi ati on so il pH and orga nic 
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carbon content differed among the treatments. With the applicatio n of 
ve rm icompos t, there was change in the pH of the soil, and the appl icat ion of 
75% of rec ommended NPK+2 5 % of N through organi c rec ycling with 
verm ico mpost recorded high er pH (7.55) foll owed by the applica tion of 
50 % of RD F+50 % of N thr ough organic recycl ing with ve rm icompos t + 
ve rm iwas h application +bio-fe rtilizer appl icat ion+in si tu green manuring 
(7 .24) as compared to the other two treatments. The soil organic carbon also 
higher w ith the applicatio n of 75% of reco mmende d NPK+25% of N 
through orga nic recycli ng with ve rmicompost (1.2 6%) followe d by the 
application of 50% of RDF+50 % of N thr ough org anic recyc ling w ith 
ve rm icompost+ vermiwash application+ bio-fe rti lizer appl icati on+in situ 
green manuring ( 1.24%) as co mpared to the othe r two treatments. Th e so il 
nut rient conten t (NPK) wa s also highest with the applicat ion of 75% of 
recommended NPK+25 % of N throu gh organic recycl in g wi th 
verm ico mpost foll owed by the application of 50% of RDF+50% of N 
throu gh organic recycl ing w ith vermicompos t+ vermiwash application+ 
bio-fertilizer applica tion+in si tu gr een manuring as co mpa red to the other 
two treatments. Increase in N, P and K, co ntent of coconut cro pping sys tem 
from 2012-2013 to 201 8-19 could be attributed to organic recycling of 
biom ass g lycric idia lea fl opping, vermiwash applica tion in the sys tem. 

Table 13: So il nutricnt stat us (coconut bas in) as inll ucnced by 
INtv! system 

Soil Trea t-	 Pre-experimental (2012-13) Post-exp er imental (2018-2019) 
depth ment pH EC N OC pH EC N OCP,O,P20 S K 20 K 20 

(dS/ m' (dS /m' (kg/ ha (kg/ ha) (kgiha (kg/ ha (kg/ ha) (kg/ ha (%) (%) 

0-25 T 1 7.5 0.183 253 277 2 1.5 17 301 0.42 7.5 5 0. 190 309.3 0.80 

T2 7. 1 0 . 149 248 7.2418 289 0.54 0. 158 262 25 .6 293 . 1 0.83 

T3 6.8 0. 168 220 16 278 0.39 6.8 2 0. 176 243 19.3 284.0 0.86 

T4 6.7 0. 186 265 17 312 0.30 6.7 1 0 .196 284 20.3 3 18.0 0.60 

Tl25-50 7.4 0.170 234 17 277 7.43 0.181 248 2 1.6 286 .0 0.78 0.31 

T2 2177.1 0. 168 15 242 0.51 7.11 0.173 241 18.1 256 .0 0.81 

6.9 0.178 167 T3 9 269 0.181 178 13.0 276. \0.44 6.9 0.83 

T4 0.190 240 126.8 265 0.30 6.81 0.198 251 16.0 278 .1 0.58 

0.2 11 191 13 21 2 0.38 7.22 0.22 1 202 50-lOe T I 7.3 16.1 2 18.3 0.76 

228 0.43 7.10 0. 168 T2 0. 15 1 143 9 1517.0 13.0 233.1 0.78 

9 26 1 0.4 1 6.79 0.206 158 T3 6.8 0.20 1 152 12.2 273.0 0 .79 

215 0.32 6.41 0. 198 T4 6.7 0.192 210 10 221 13.4 226. 1 0 52 

" 111) COCOIIII/I('I~rf//II,.il'f//\/l/lII .\ undsoil microbial population 
Leaf nu trient status (%) and soil micro bia l population (CFUlg dry 

soi l) in the coconut basin as infl uenced by coconut based INM sys tem is 
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pres ented in Table 14. The nutrient content in the index leaf in respect ofN, P 
and K differed am ong the treatments. After the 6th years of trea tment 
init iation the mean N content wa s higher with the application of 75% of 
re commended NPK+25% of N th ro ug h organic recycli ng w ith 
ve rmicompost ( 1.75%) foll owed by the application of5 0% ofRDF+50 % of 
N through orga nic recycling with venn icompost+vermi wash applica tion + 
bio-fertil izer application + in situ green manuring (1.71 %) as compared to 
the other two treatments. Also the P and K co ntent were higher wi th 
trea tment T ] and T2 . It was observed that, as the reco mmended NPK was 
reduced, the leafN , K content also found to be decreased, mainly because of 
the lower Nand K supply thr ough verm i-compo st and reduced dose of 
recomme nded N. In ge nera l, it was found that , there was improvement in 
leaf nutri ent status in respect of maj or and micronutrients due to different 
treatment s co mpared to pre-experimental nutrient status . Thi s is mainly 
attributed to timely applica tion of nut rients and irr igati on for the crop. It was 
observed from the data that N, P, K content of coconut leaf incre ased after 
four years from system. 

Tall ie 14:	 Leafn utrien t s tatus and soi l microbia l popul ation 
(CfU/g dry so il) as infl uenced by coconut based IN1\·] sys tem 

Soil microbial populationLeaf nutrient statusTreat
(CFUlg dry soil) (2018-19) 

2012-2013 

ment 

\Actinomycete FungiBacteria2018-2019 
35 4 p (10 (10(10 N P KKN 

CFU/g soil ) CFU/g soil) CFU/g soil) 

T) 
(%) (%) (%) (%) (%) (%) 

134.0 153.0 95.0 0.18 1.310.12 1.2 1.751.50 

136.0 148.0
 

T)
 

89 .0 1.0 1.71 0.16 1.26 l AO 0.14 T2 

112.0 166.0 1.24 0.11 no0.13 0.9 1.531.38 

67.0 59.0 1.20 42.0 I A9 0.1 0 JA 8 0.14 1.1T4 

J'III) Soil microbialpopllimiof/ 
The popul ation of bacteria, fungi and actinom ycetes in the basin s of 

the cocon ut did differ amo ng the various treatments, when analysed at 0-25 
ern soi l depth (Table 14). Tho ugh the top soil (0-25 em depth) is the zone of 
intensive microbial activity and therefore, should have refl ected change s 
un dergo ing in microbi al co mmunity struc ture in response to extraneous 
inputs, which in present study are organic and inorgan ic fert ilizers. 
However, the population of fungi we re, in gene ral, more in treatment s T) 
where 100% of N through org anic recycling with ve rmicompost + verm i
was happlica tion + bio-fertilizerapplication + in situ green manuring and 
gr een leaf manuring (glyricidia leaves) + composted coir pit h, husk 
incorpo ration and mu lch ing with coconu t leaves was applied as compared to 
oth er treatments. The bacteria and act inomycetes pr esent in top soi l were 
higher in treatm ent T I and T 2 respe cti vely. Als o the earthworm population 
were highest in the treatment T3 followed by the treatment T ] and T2 (Table 
14). 
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3)	 CARBO'lSEQl,ESTRATIO:,,</ l!:"</DER COCONUT BASED 
CROPPIl'tC SYSTEM 
a) Aboveground carbon sequestration of'crops 

From the data (Tab le 15) it wa s observ ed that, am on g the different 
int egrated nutrient management sys tems, the above ground stand ing 
biom ass (S OW) and abo ve ground ca rbon stoc k (353 .25 kg/pl ant and 3 1.06 
t/ha, respectively) was s ignifica ntly the high est in the treatment T 1 follow ed 
by T2 (345.10 kg/pl ant and 30. 34 t/ha ) and T 3 (3 10 .33 kg/pl ant and 27 .27 
t/ha), respectively. Th e lowest above ground biom ass and carbon stock we re 
ob serv ed in co co nut mo no crop (288.8 kg/pl ant and 25.6 tfha, respective ly) . 
Thi s is because the intercrops in coconut ba sed cropping sys tem have added 
additional biomass production than monocrop , hence the ca rbon stock was 
the highest in the cro pping system plots compared to monocrop of coconut. 
Furtherm ore , the CO2 sequestered also followed the sa me trend and 
acc ordingly, the highest C02 sequestra tion was recorded in the treatment T I 
( 114.02 tlha) foll owed by T2 (l 11.35 tlh a) and T3 (100.22 t/ha). T he lowest 
CO2 sequestration was noticed in co conut monoc rop (93. 8 tfha) . Trees are 
carbon reservoir on ea rt h and in nature, forest ecosystem act as a re servo ir of 
carbon and store huge quantity of carbon and reg ulate the ca rbo n cy cle by 
exchange of CO2 from the at mosphere. Thus, forest ecosystem plays 
signi fica nt rol e in the global car bo n cycle by sequestering a substantial 
am ount of carbon dioxide fro m the atm osphere by storing it in the biosphere. 

Table 15 : lnfl ucnce or intercrop s and integrated nutr ient man agem ent 
practices on aboxc ground carbo n seq ues tration unde r cocon ut aardc n 

Crop freatmen Plant 
heigh 

(m) 

Plant 
girth 
(m) 

St em dry weight 
(SDW) (Biom ass) 

(kg/plant) 

Carbon 
stock 

(kg/plant 

Ca r bon 
stock 

(t/ha)* 

CO2 
seques
tered 

(t/ha)* 

TI 11.8 0.84 343.5 171.8 30.4 111 .6 

T2 10.7 0.89 335.6 167.8 29.7 109.0 

T3 11.6 0.79 303.4 151.7 26.8 98.5 

Coconut T4 10.4 0.81 288.8 144.4 25.6 93.8 

Mean 11.1 0.83 317.8 158.9 28.1 103.2 

SEd± 0.39 0.05 5.8 3.07 0.7 0.67 

CD 
(P=0.05) 

1.24 0.17 18.6 9.82 2.24 2.14 

TI 3.04 0.28 9.7 4.87 0.66 2.42 

T2 3.18 0.26 9.5 4.75 0.64 2.35 

T3 2.53 0.23 6.9 3.46 0.47 1.72 

Nutmeg Mean 2.92 0.26 8.73 4.36 0.59 2.16 

SE d± 0.16 0.01 0.35 0.25 0.02 0.17 

CD 
(P=0.05) 

0.56 0.04 1.22 0.86 0.06 0 58 

Note : * indicates J77 palms ha-1 in coconut and 135 nutmeg tree s 
ha- l coconu t garden. . SO\V = stem dry weig ht, C = carbon 
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h) Soil hulk densit y (lilt! organic carbon 
Th e data presented in Table 16 represents bulk density of soil 

(g/ cm'), soil organic carbon (%) and soil carbon stock (t/ha) at 0-30 and 3 i 
60 ern depth in the rhizosphere of different crops in the system . With respect 
to bulk density, there was no significant differen ce found among the 
different cropping system and INM pr act ices at both the depths during the 
co ur se of study. Whereas , the organ ic carbon (OC) content di ffered 
significantly amo ng the treatments at both thedepths. Among the differ ent 
cro ps, the signi fica n tly the high est soil organ ic carbon (0 .86% and 0.8 1%) 
was documented in coconut basin at 0-30 and 3 1-60 ern depth in the 
treatment T3 which was on par with treatment T2 and T l . The coconut basin 
in the monocropping recorded significantl y the lowest organ ic carbon at 
both the depths (0 .60 and 0 .5 1 %). Th e rhizosphere of intercrops like 
nutmeg, cinnam on , pineapple and ban an a a lso rec orded high er orga n ic 
ca rbo n co ntent, whe reas in the interspace of mo noc ropping, it was 
sig n ificant ly lower (0 .46 and 0 .44 %) . Grow ing intercrop s in the coconut 
ga rden has lead to addition of recyclable b iomass from the intercrops and 
which has resul ted in improvement in the organic carbon co ntent. 

Ta b le 16 : Effec t o f inter crops and integra ted nutrient man agem en t prac tice s 
on organic ca rbon. so il b ulk dens ity and so il ca rbon stock LI nder 
coconut based cro pp ing system 

INM 
practice! 

Crop Organic carbon 
(% ) 

Bulk density 
(gcm-3) 

Soil carbon stock 
(t/ha) 

0-30 31-60 0-30 31-60 0-30 31-60 
cm cm cm cm cm cm 

T ) 

Coco nut 0.81a O.77a 1.62 1.64 39.36a 37.88a 

Nutmeg 0.64b 0.61bc 1.60 1.63 30.72b 29.82b 

Cinnamo n 0.6 1cd 0.56c 1.61 1.63 29.46 bc 27.38c 

Banana 0.63b 0.57cd 1.62 1.64 30.61b 28.04cd 

Pineap ple 0.60cd 0.54cd 1.60 1.62 28.80cd 26.24d 

T2 

Coco nut 0.83a O.78a 1.63 1.64 40.58a 38.37a 

Nutmeg 0.66b 0.62bc 1.62 1.63 32.07b 30.3 1b 

Cinnamon 0.63cd 0.58d 1.62 1.64 30.6 1bc 28.53c 

Banana 0.67b 0.6 1cd 1.63 1.64 32.76b 30.01bc 

Pineapple 0.62cd 0.56d 1.60 1.62 29.76bc 27.21d 

T3 

Coco nut 0.86a 0.81a 1.64 1.64 42.31a 39.85a 

Nutmeg 0.67b 0.62b 1.62 1.63 32.56b 30.3 1bc 

Cinnamon 0.66b 0.60cd 1.62 1.64 32.07b 29 .52c 

Bana na 0.68b 0.63b 1.62 1.64 33.04b 30.99b 

Pineapple 0.65bc 0.60cd 1.62 1.64 3 1.59bc 29 .52c 

T4 Coco nut 
(rnonocrop) 

0.60cd 0.5 1cd 1.58 1.60 28.44cd 24.17d 

Interspace 0.46e 0.44e 1.59 1.60 2 1.94e 21. 12e 

CD (P=0 .05) 0.048 0.79 NS NS 2.14 3.32 

~ 
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c) S o;1carbon stock 
The soil carbon stock was significa ntly influenced by the coco nut 

based cropping system and INM practices (Table 16). Among the different 
crops under investigation, the coco nut rhizosphere in the treatment T3 had 
significantly higher so il carbon stock (42 .3 J t/ha and 39 .85 t/ha) in the 
depths of 0-30 and 3 1-60 ern followed by treatment T2 (40.58 tlha and 
38 .37 t/ha) and T j (39 .36 t/ha and 37 .88 t/ha) .The lowest soil carbon stock of 
28.44 t/ha and 24. 17 t/ha at 0-30 and 30-60 ern depth was noticed in the 
coco nut rhizosphere in monocrop (T4)' Among the differe nt integrated 
nutrient management practices in coco nut based cropping system, 
signi ficantly the highest soi l carbon stock was observed in the treatment T3 
at 0-30 and 3 1-60 ern depth in the rhizosphere ofdi fferent crops followed by 
T2 and T r-The lowest soil carbon stock in the coconut monocrop (T4) might 
be due to absence of intercrops in the interspace wh ich might not have 
contr ibuted to soil carbon pool. Furthermo re, the coconut basin rhizosphere 
has recor ded higher carbon stock at both depths (0-30 and 3 1-60 ern), which 
might be due to increase in organic carbon in the soi l ow ing to 
decomposit ion of root sys tem ove r a period of time as compared to other 
crops and organic manure incorporation to the coconut crop and interaction 
effec t oforganic manure and green manur e incorporation . 

-t)	 ECO~Ol\J1CS:\:\D El\1PLOYI\IENTGENERATION Ui\DFR 
COC01\lJT BASED CROPPING SYSTEM 
a) Economics 

The total cos t invol ved in maintaining the system under various 
integrated nutrient management was ranged from Rs. 123769.60 (T3) to 
63639.00 (T4) . The net return s (Rs. 131605.8) were highest in treatment T I 
i.e. application of 75% of recommended NPK +25% of N through organic 
recyc ling with venn icompost with the highest cos t benefit ratio of I : 2.69. 

Ta llie 17:	 Economics (per ha) of'coconui based I'J :\'1sys tem 
(Averag« (~/j i VI' yea r» da ta]m ill ] () / 3- J.I /o } ()I 7- /8) 

Treatment I Cost of Gross Net I B:C 
cultivation (Rs.) returns (R s.) returns (Rs.) 

T , 105185 28 3456 131605 2 .69 

T2 113026 25987 1 122868 2.29 

T3 123769.6 238529 11 4759 1.92 

~ 63639 .0 102374 38735 1.60 

~ 
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Economics of coconut based INM system 
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Fig 5: Ben efit: cost ratio of coconut based INM system 

b)	 Employment generation 
The employment potential of the coconut based cropping sys tem is 

observe d to be very high. The labour input utiliz ation of irriga ted monocrop 
of coco nut (at its stabilized yield stage) is 157 man days/ha/year. The labour 
uti lization in the coco nut cropping system with banana, pineapple, 
cinnamon and nutmeg was 297 days/ha/year, In percentage term , the 
increase was about 189 per cent over the sole crop system. Since it is 
expected that the bulk of the labour force is available from the family source 
of the farmer, family labour income could therefore be considerab ly raised 
when coconut based croppin g system was adopted. 
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5. CONCLLSION 
Integrated nutrient management by using 2/3rd recommended 

fertilizer dose along with recycling of biomass by vermin composting gives 
the best economic benefit in a sustainable manner. INM on coconut based 
cropping system demonstrated model to the farmer to integrate nutrient 
management in a cropping system. The system is more sustainable and 
production and productivity will increase without affecting the ecosystem. 
There is a positive impact through improvement of soil health by recycling 
of waste products in the system as organic manures. Further it will be eco I 
friendly with nature which will enable to increase the production and I 
productivity of the system. 
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