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1. Introduction 
There is an increasing demand among the consumers all over the world for 

organically grown agricul tural commodities wi th increasing health consciousness. 
Theproduction to meet this demand could be made possible only through preserving 
soil health, plant health and env ironmental health. Organic farming has gained 
importance glob ally as holistic production system so as to produce safe food for 
consumption aimed at minimizing all forms of poll u tion w ithin the agro-ecosystem 
as well as prote cting the environment. Th is system of managing agricu ltu ral 
holdings restri cts the use of chemical inputs such fertilizers , pesticides, growth 
regulators and livestock feed additives etc. The focus on soil fer tility ma nagement 
shall be on development and application of inn ovative agro technologies based on 
soil biodiversity to enhance the natural nutrient cycles and utilization of specifi c 
soil-plant-microbial associations in managing the soil nutrient status. The holistic 
approach in farming provides social and ecological advantages w ith the conservation 
of precious inputs su ch as soil and water and ensures long term ferti lity of soil for 
sustainability in cropping. 

The coconu t pal m is one of the five legendary Devavrikshas and is eu logiz ed as 
Kalpavriksha - the all giving tree- in Indian classics. Also called as "Treeoj Heaoen", 
"Treeaflife" or "Nature's supermarket", coconut has considerable global significa nce as 
a versatile tree crop provid ing essentia l needs of human life viz. income, livelihood 
opportun ity, food supplemen t, energy req uirement, environmental stability an d 
raw material for a number of ente rprises . It stabilizes farming systems, espe cially 
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in fragile environme nts suc h as sma ll island sta tes, and in coastal zo nes. No T 
religious function is complete without coconu t, which is an essent ial compo nent 
of severa l ri tu als in Hindu tradition throughout India. It is considered a symbol of Cour 
aus picio usness, blessing and prosperity. The coconut palm has significant influence 
on the rural economy pa rt icul arly in the coastal reg ions of the w orld , where it 

IndonesL 
provides liveli hoo d security to ove r 12 million people. Coconu t is an eco-friendly 

Philippin plant which helps to conserve soil, provides aesthetic beauty to the na ture, perennial 
Indiaand less exhaustive and ideal tree for bio-hedging on the coas tal ecosystem . 
Sr i Lank, 

The demand for organic coconut products and sp ices (wh ich are usually grown 
Tanzania in coco nu t plantations as mixed crops) is increasing over the yea rs and th is trend is 

likely to continue. It provides opportunity for farmers who produce coconut (both Brazil 

mature and tender nuts) as we ll as various other va lue added products by followi ng Papua Nt 

organic methods of farming to realize bet ter returns through th e premium pric e Tha iland 
availab le for organic prod ucts. Thou gh there is declining viability in some of the Mexico 
coconu t prod ucing countries, th ey continue to produce because of the impor tance 

Vietnam 
give n to coconut as a socia l crop. These coun tries have realized the po tentials 

Otherscocon uts hold in economic development and pov erty alleviation pa rticularly, am ong 
the rural popu lat ion . For most of these count ries, coconut is still the backbone of Total 

their economy and it could be the base on which their rur al econo mies are based. Source: A 

The coconut is a 'no-waste tree' becau se even its waste products provide ample 
opportunity to augmen t farmers' income. Through R and D, the once conside red 2 .2 . In 
wastes have been put in to use and even turned up to be an income genera ting 
industry . Coir dust, the m ajor by-p rodu ct of coir production and consid ered a ThE 

po llu tan t, is now being sought to conse rve the environment. It is now used as but also 

su bstitute for peat as a potting medium for p lants. Coir pe at or dust, is now being source ( 
India, V'.exported and is becoming a significant foreign exchange earner in Sri Lanka. Coconut 

sap can be processed in to a number of products, one of which is sugar. The m idribs, 23 billio 
twigs, spathe, leaves, shell eic., are also now being utilized in the manufacture of coconut 

handicrafts - ano ther non-traditional exp ort product from the Ph ilippines. per cent 
in the w 

2 . Production Scenario stands fi 
of the w 

2 .1. Global Scenario has the c 
Coconut is grown in mo re tha n 93 countries worldwide in 12.5 million hec tares zones an 

of lan d (2012-13), which consti tu tes about 0.7 per cent of the net crop of the world in the co 
(Table 2.1). Close to ten million hectares is contributed by four countries, namely ensure d 
Indonesia, Philippines, India and Sri Lanka and they contribute 79.09 pe r cent of comes fJ 
the total area under coconut and its p roduction in the world . The Asian Pacific Maharas 
Coconu t Community has 18 coconut producing member cou ntries accounting for Tami l ~ 

about 95 pe r cent of world area under coconut cultivation and production as well and Nio 
as exports of coconut pr oducts. The pa lm exerts a p rofound influence on the rural sou therr 
economy of many countries where it is grown extensively and provides livelihood toge ther 
security to several millions of farm families acro ss the globe. The crop is grown in of area, t 
the coastal lands of continental south Asia an d spread along the Indian and Pacific In II 
Ocean. The coconut oil ranks sixth amo ng the eight major vegetable oils of the world . m ore the 
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Indonesia 

Philippines 

India 

Sri Lanka 

Tanzania 

Brazil 

Papua New Guinea 

Thailand 

Mexico 

Vietnam 

Others 

Total 

Source:APCC. 

3,787.00 (3035) 

3,550.00 (28.45) 

2,137.00 (17.12) 

395 00 (3.17) 

310.00 (2.48) 

279.00 (2.24) 

221.00 (1.77) 

209.00 (1 67) 

176 .00 (1.41) 

158.00 (1.27) 

1,257.3 (10.07) 

12,479.00 

16,463.00 (22.84) 4,347 

15,353.00 (21.30) 4,325 

22,680.03 (31.46) 10,615 

2,513.32 (3.49) 6,363 

427.51 (0.59) 1,379 

3,326.57 (4.61) 11,923 

1,482.59 (2.06) 6,709 

838.00 (1.16) 4,010 

1,463.74 (2.03) 8,317 

1,235.45 (1.71) 7,819 

6,311.38 (8.75) 

72,094 .58 5,777 

2.2. Indian Scenario 

The cocon ut is not onl y signi fican t in socio cu ltural ne ed s of Indian society, 
but also has gained considerable importance in the national economy as a po ten tial 
sour ce of rural employment an d inco me generati on amon g the pl antation crops. 
India , w ith an area of about 2 .14 million ha un der cultivati on and p roduc tion of 
23 billion nuts (15.61 million tonnes) (2012-2013)/ stands th ird and first am on g the 
coconut growing countries in area and production, respectively . India sha res 17.12 
per cent of are a under coconu t cultivati on an d 31.46 per cent of coconut production 
in the world . Considering the ar ea under cultivat ion and total production, Ind ia 
stands firs t in productivity of coconu t amo ng the major coconut producing countries 
of the w orld at 10615 nuts /ha during 2012-1 3. Unli ke o ther world countries, India 
has the comp arative ad vantage of ha ving the crop grown under varied ag ro-climatic 
zones and hence, there is distinct difference in the pattern of dis tribution of coconut 
in the country. As a result of this unique distribution, a ste ad y supply of cocon u t is 
ensured in the country throughou t the ye ar. Most of coconut production in Ind ia 
comes from the Western p lains comp rising of the s ta tes of Kerala, Karna taka, 
Mahara shtra, Goa an d Gujarat follow ed by th e East Coast p lains comp rising of 
Tamil N ad u, Pud ucherr y, Andhra Pradesh, Telengana an d Odisha . Andam an 
and Nicobar and Lakshad w eep are the tw o maj or coconu t growing islands. Fou r 
southern state s of India, oiz ., Andhra Pradesh, Karnataka, Ker ala and Ta mil Nad u 
together account for 91.30 pe r cen t of the total production in th e coun try. In terms 
of area , the y contribute to 89.11 per cent (Table 2.2). 

In India m ost of the prod uction comes from small and marginal farms and 
more than 90 per cent of the ho ldi ng s are bel ow one hecta re w ith the ave rage size 

~ 
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being 0.22 ha . In the west coast of India, the palm is an essential component in 
the homestead system of farming where it is mostly grown as a rain fed crop.The 
countrywide demand for coconuts both for edible and non-edible purpose, and the 
adaptability of coconut palm to grow under varying soil and climatic conditions 
has generated keen interest among the farmers of even non-traditional zones in the 
country to plant a few seedlings in their homestead gardens. West Bengal, North 
Bihar, Chattisgarh, Assam, Tripura and Nagaland are the other non- traditional 
areas where coconut cultivation is being taken up. 

Table 2.2: Area, Production and Productivity of Coconut in different States of India 
(Area with more than 2.0 per cent share) (2012-2013) 

State Area ('000 hay and Production ('000 mt) Production Productivity 
Per cent Share and Per cent Share (mil/ion nuts) (nuts/ns) 

Kerala 796.16 (37.36) 3990.39 (25.60) 5798.04 7264 

Kamataka 513.10 (24.01) 4169.90 (26.70) 6058 .86 11808 

Tamil Nadu 465.11 (21.71) 4760.67 (30.50) 691725 14872 

Andhra Pradesh 128.90 (6.03) 1330.40 (8.50) 1933.07 14997 

Odisha 54.29 (2.54) 262.17 (1.70) 380.93 7017 

Other states 179,11 (8.35) 1095.57 (700) 1591.88 

All India 2136.67 15609.10 22680 .03 10615 

Source: Coconut Development Board , 2013. 

In most of the producing countries, about 50 per cent of the production is 
consumed domestically and balance is made available for global trade, whereas, 
the bulk of coconut produced in India goes for the domestic consumption. The 
decelerating growth in production of coconut in the major exporting countries in 
the world like ; Philippines, Indonesia and Sri Lanka, on account of displacement of 
coconut area for more profitable enterprises like; oil palm cultivation, urbanization 
followed by real estate business eic., have caused deficit in global supply of coconut 
and its products. Indian coconut and coconut products are, therefore, now gaining 
competitive advantage in occupying world market. However, in many of the EEC 
countries, Indian coconut products are yet to make the presence felt due to the fact 
that the products do not satisfy the quality standards prescribed in the European 
market as well as for want of organic certifications. In view of the emerging economic 
scenario and also due to the tremendous growth in the production and productivity 
of coconut in the country, it is necessary to explore new markets for these products 
abroad for the stability of domestic market. Promotion of organi.c cultivation in 
coconut gardens is, therefore, considered very much essential. 

3. Tall and Dwarf Varieties 
Two main categories of coconut palms viz., Talls and Dwarf are cultivated 

globally. The tall plants of the Typica group are generally cross-pollinated, whereas, 
in dwarf types of the Nana group, self-pollination is the norm. Tall varieties should 
always be chosen for agroforestry systems, because they only can reach up to the 
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lent in upper levels intended for them, and thus fully develop. Dwarf palms get easily 
)p .The overshadowed in the system, hindering their full de velopment. In addition, the 
nd the Jana varieties are more sensitive to drought as well as some pests and diseases 
Iitions than Typ ica varieties. 

. In the The tall cultivars are predominantly grown for fresh, oil yield ing kernel, 
North whereas, the dwarf cultivars for their attractive bri ght coloured tender fruits having 
itional sweet tender nut water. Tall varieties are the common typ e that occurs throughout 

the world. They are widely planted both for household and commercial pr oduction 
in all the coconut cultivating regions of the wo rld. Gene rally, they are slow maturing, . India 
flower 6-10 years after planting and grow to a height of about 20-30 m. The y are 
long-lived w ith an economic life of about 60-70 years, although much older palms 

tivity are known to exist and yield well. They produce copra of good quantity and quality, 
17a) 

and have fairly high oil content as compared to dwarf cultivars. Many tails are grown 
4 for the production of copra for oil extraction and coir for fiber .The different culti vars 
18 of the tallare generally named after the place where they are largely cultivated. The 
'2 tall culti vars are most commonly grown in India are the West Coast Tall (WCT), 

Tiptur Tall (TPT) and East Coast Tall (ECT). 17 

7 'Dwarfs' represen t about 5 per cent of coconut palms and are also cultivated 
worldwide. They are more commonly found near human habitation and show traits 
closely associ ated with human selection. They are predominantly self-pollinated

5	 and with slow trunk growth in nature. These are beli eved to be mutants from tall 
types with short stature, 8-10 m when 20 years old . They begin bearing at an early 
age of around three to four years, ho we ver, with short productive life of 30-40 

.tion is years . The nuts are smaller and the copra soft, leathery and low in oil content. 
nereas, The dwarf cultivars are genera lly grown for tender nuts and also used for hyb rid 
in . The production . The common dwarfs available in Ind ia are Chowghat Orange Dwarf 
tries in (COD), Chowghat Green Dwarf (CGD), Kenthalli (KTOD) and Gangabondam 
nent of (GBGD). Among the dwarfs , Chowghat Orange Dwarf has very good qu ali ty of 
ization tender nut water and has been released as a tender nut variety suitable for cultivation 
oconut throughout India. Some of the common local varieties in India and their features , 
;aining impr oved coconut va rieties, coconut hybrids released in India are given in Tables 
leEEC 2.3-2 .5. 
.he fact 

4. Amenability of Coconut to Organic Farmingropean 
momic Being a perennial horticulture crop and the economic life span extending to 
ictivity more than 50-60 years after planting, the cultivation of the palm involves heavy 
oducts investments during the juvenile phase and continuous recurring expenditure for its 
tion in subsequent maintenance. The coconut palm, therefore, is characterized by high rate 

of investments in the init ial yea rs and for reali zing the output in succeeding periods. 
Due to its unique nature of continuing grow th and yielding phases , any change 
in the cult ivat ion practic es in the middle may upset the growth and physiology of 

tivated the crop . A vast stretch of area under coconut in the country is ra in fed , and hence,
 
hereas. the success of coconu t growing depends on the uniform distribution of an annual
 
should rainfall also .
 
I to the
 



Table 2.3: Local Coconut Varieties grown in India 

Name of Variety Salient Features Recommended States 

West Coast Tall 
(WCT) 

East Coast Tall 
(ECT) 

TipturTal1 
(TPT) 

Andaman Ordinary 
(ADOT) 

Gangabondam 
(GBGD) 

Chowghat Green 
Dwari 
(CGD) 

Malayan Orange 
Dwari (MOD) and 
Malayan Green 
Dwari (MGD) 

The palms are tall, robust and bear large green nuts but have wide range of variation in size, 
shape and colour of nuts. Suitable for production of copra and tender nut. It comes to bearing 
in 5-7 years after planting .The average yield 15000 nuts/ha, copra yield 3.6 tlha and oil 2.5 t/ha. 

The palms are tall, compact and bear medium sized oval shaped green nuts. Suitable for 
production of copra and tender nut. The average yield 14500 nuts/ha, copra yield 3.4 t/ha 
and oil 2.2 t/ha. 

It comes to bearing in 5-7 years after planting.The palms are tall, robust. Suitable for production 
of copra and tender nut. The average yield 15050 nuts/ha, copra yield 3.7t/ha and oil 2.6 t/ha. 

The palms are tall, robust and bear large green nuts but have wide range of variation in size, 
shape and colour of nuts. Suitable for production of copra and tender nut. It comes to bearing in 
5-7 years after planting. The average yield 16450 nuts/ha, copra yield 3.6 t/ha and oil 2.4 t/ha. 

The palms are semi tall, robust and bear large green nuts. It comes to bearing in 5-7 years 
after planting. Suitable for tender nut. The average yield 16000 nuts/ha. 

It is an early bearing cultivar and takes about 3-4 years for initial flowering . The average yield 
14000 nuts/ha. 

These are two introductions from Malaysia and are suitable as tender nut varieties with 400 ml 
and 370 ml tender nut water/nut, respectively. Both these are early bearers and start flowering 
during 3'dor 4th year of planting. 

Kerala, Karnataka, Maharashtra, Goa, 
Tamil Nadu , Andhr a Pradesh, Bihar, 
Andaman and Nicobar Islands, Gujarat, 
Lakshadweep and Puducherry 

Odisha, Assam, West Bengal, Bihar, 
Andhra Pradesh, MeghalayaandTripura 

Karnataka 

Kerala and And aman and Nicob ar 
Islands 

Andhra Pradesh 

Kerala , Karnataka, Andhra Pradesh, 
Tamil Nadu, Odish a, Andaman and 
Nicobar Islands, West Bengal, Goa, 
Gujarat, Assam, Bihar and Maharashtra 

Kerala,Tamil Nadu, Karnataka, Andhra 
Prad esh , Odisha and West Benga l. 
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Table 2.4: Improved Coconut Varieties 

Variety Important Traits Nut Copra Recommended Agency Responsible for If Yield Yield states/regions ReleRf'P 
{fj<Vv.oarJ " (f( /l ", / tu , ,, cI 
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Variety 

Chandra Kalpa 

Kera Chandra 

Kalpa Pratibha 

Kalpa Mitra 

Kalpa Dhenu 

Kalpa Haritha 

Kalpatharu 

Pratap 

Kamrupa 

ALR (CN) 1 

Kera Bastar 

Kalyani Coconut 1 

Table 2.4: Improved Coco nut Varieties 

Imp ortant Traits Nut Copra 
Yield Yield 

(halyear) "(t/ne/yeer)" 

Recommended 
states/reqions 

Tall 

Drought tolerant, high copra oil content, 
suitable for neera tapping 

High yield, dual purpose variety for copra 
and tender nut; suitable for soap industry 

High nut, oil yield, dual purpose variety for 
copra and tender nut 

High nut, oil yield, drought tolerant 

High nut, oil yield, drought tolerant 

17,700 

19,470 

16,107 

15,222 

14,160 

3.12 

3.86 

4.12 

3.68 

341 

Kerala, Karnataka, Tamil Nadu, 
Andhra Pradesh, Maharashtra 

Kerala, Karnataka, Konkan region, 
Andhra Pradesh, West Bengal 

Kerala, Andhra Pradesh, 
Tamil Nadu , Maharashtra 

Kerala, West Bengal 

Kerala, Tamil Nadu , 
Andaman and Nicobar Islands 

Dual purpose variety for copra and tender 
nut; less eriophyid mite damage 

Drought tolerant , ball copra, high yield, 
coir fibre amenable for dyeing 

High yield 

20,886 

20,709 

26,727 

3.70 

3.64 

401 

Kerala, Karnataka 

Kerala, Karnataka,Tamil Nadu 

Konkan region of Maharashtra 

High yield 17,877 2.90 Assam 

High yield 22,302 3.50 Tamil Nadu 

High yield 19,470 3.18 Bastar region of Chhattisgarh, 
Konkan region of Maharashtra, 
Coastal zone of Tamil Nadu, 
Andhra Pradesh 

High yield 14,160 3.84 West Bengal 

I ~
 

Agency Responsible for
 
Releas e
 

Ce ntra l Pl antati on C ro ps 
Research Institute (CPCRI) 

CPCRI 

CPCRI 

CPCRI 

CPCRI 

CPCRI 

Un ive rsity of Har t. Sc iences 
(UHS), Bagalkot, Karnataka 

Dr. Balasaheb Sawant Konkan 
Krishi Vidyapeeth (Dr.BSKKV), 
Maharashtra 

Assam Agricultural University 
(AAU), Assam 

TamilNaduAgricultural University 
(TNAU), Tamil Nadu 

Ind ira Gandhi Agr icult ur al 
University (IGAU), Chhattisgarh 

Bidhan Chandra Krishi Viswavid­
yalaya (BCKV), West Bengal 

Contd... 

0 
o<l 
;:; '" ", . 

'T1 
-e '" ;;: 

~ 
~ 

n 
0 
<"l 
0 

~ 

I ~
 



N... 
Agency Responsible for 

Release 

TNAU 

TNAU 

TNAU 

Table 2.4-Contd... 

Variety Important Traits Nut Copra Recommended 
Yield Yield states/regions 

(halyear) "'(tIhalyear)'" 

Kera Keralam High yield, drought tolerant, suitable for 26,019 3.53 
neera tapping; soap industry 

ALR(CN)2 High yield 21,240 2.89 

VPM-3 High yield, drought tolerant 14,868 3.41 

Kera Sagara High yield 17,523 3.64 

Dwarf/Semi Tall 

Chowghat Orange Tender nut purpose, orange colour fruit , 11,505 1.80 
Dwarf coarse fibre 

Kalparaksha Semi-tall, high nut and oil yield in RWD 13,260 2.85 
prevalent areas; tender nut purpose (17,748)' (3.34)' 

Gouthami Ganga Tender nut purpose, green colour fruit 15,930 1.54 

Kalpasree	 Early flowering , green colour fruit ; 20,178 2.86 
superior oil - rich in linoleic acid, recom­
mended for root (wilt) diseased areas 

Kalpa Jyothi Tender nut purpose, yellow colour fruit 21,771 4.07 

Kalpa Surya Tender nut purpose, orange colour fruit 9,133 2.20 

Kera Madhura Semi-tall, dual purpose variety for copra 24,480 4.80 
and tender nut 

CARI-C1 High copra content, tender nut purpose, 20,231 1.41 
(Annapurna) green colour fruit 

CARI-C2 (Surya) Ornamental purpose, orange colour fruit 24,072 1.77 

CARI-C3 (Omkar) Ornamental purpose, yellow colour fruit 16,373 1.67 

CARI-C4 Ornamental purpose, orange colour fruit 11,505 1.80 
(Chandan) 

Tamil Nadu, West Bengal, Kerala 

Tamil Nadu 

Tamil Nadu 

Kerala Kerala Agricultural University 
(KAU), Kerala 

All coconut growing regions for CPCRI 
tender nut 

Kerala, Root (wilt) disease CPCRI 
prevalent tracts 

Coastal zone of Andhra Pradesh Achar ya N. G. Ranga Agril. 
University (ANGRAU), A.P. 

Root (wilt) disease prevalent tracts CPCRI 

Kerala, Karnataka, Assam CPCRI 

Kerala, Karnataka, Tamil Nadu CPCRI 

Kerala KAU 

Andaman and Nicobar Islands Central Agr icultur al Research 
Institute (CARl ), Andamans 

Andaman and Nicobar Islands CARl 

Andaman and Nicobar Islands CARl 

Andaman and Nicobar Islands CARl 

@:Yield estimated at 7.5 m x 7.5 m spacing, population of 177 palms per ha under experimental conditions. It will vary according to organic farming practices 
being adopted. # : Figures in parenthesis indicate yield in root (wilt) disease free tracts. 

Table 2.5: Coconut Hybrids Released in India 

Hybrid Source Population Important Nut Yield" Copra Yield" Area Recommended Agency Responsible 
Variety of Parents Traits (halyear) (llhalyear) for Release 
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@:Yield estimated at 7.5 m x 7.5 m spacing, population of 177 palms per ha under experimental conditions. It will vary accordin g to organic farming practices ~ being adopted. #: Figures in parenthesis indicate yield in root (wilt) disease free tracts. tn 
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Agency Responsib le 
for Release 

UHS, Bagalkot , 
Karnataka 

Dr YSR Ho rticultural 
University (Dr.YSR HU), 

Andhra Prade sh 

tv 
o-Table 2.5-Contd... 

Hybrid Source Population Important Nut Yield" Copra Yield" Area Recom mended
 
Variety of Parents Traits (halyear) (tIhalyear)
 

Kalpa Ganga GBGD x FJT High yield, suitable for 21,417 3.38 Karnataka 
ball copra production 

Vasista Ganga GBGD x PHOT High yield 22,125 3.88 Andh ra Pradesh, Karnataka 

Ananta Ganga GBGD x LCT High yield 22,656 3.84 Andhra Pradesh, Karnataka YSRHU 

VP M 5 LCT x CCNT High yie ld Tamil Nadu TNAU 

@:Yield est imated at 7.5 m x 7.5 m spacing, population of 177 palm s per ha under experim ental conditions. It will vary according to organic farming practices 
being adopted . 

SSAT: Stra its Settlement Apricot Tall; ADOT: Andaman Ordin ary Tall ; FJT: Fiji Tall ; PHOT: Philippines Ordinary Tall; CCNT: Cochin China Tall ; LCT: Laccadive 
Ord inary Tall ; MYD: Malayan Yellow Dwari; SSAT: Straits Settl ement Apricot Tall. 
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The grow th habit and planting methods of coconut make it highly suitable for 
managing thr ough organic farming. About 74 per cent of the roots produced do 
not go beyond 2 m from the bole and most of the roots also confine to the 30 to 120 
cm depth, thus, utili zing only limited extent of land area for grow th of palms and 
leaving consid erable are a for inclusion of othe r crops to maintain crop diversity, an 
important requiremen t for organic farming. The orientation of leaves in the coconut 
crown helps penetration of sunlight in to the soil and p rovid es opportunities for 
exploitation of land an d solar energy for inter /mixed cropping. Such a cropping 
system approach will also add large qu anti ties of organic wastes to the system and 
their recycling w ithin the sys tem help to increase organic content of soil and improve 
microbial activity and make the entire production system more productive even in 
the absenc e of external inputs. 

Cocon ut plantations are highl y amenable to organ ic farming as they p roduce 
large qu antities of was te biomass w hich, if recycled , can meet the nutrient demand 
of the crops to a great extent. The total ava ilability of waste biom ass from 2.14 
million hectare of coconut plantation in the country has been estimated as 15.92 
million tonnes annually. The natural decomposition of these wastes and the nutrient 
release are very slow du e to the high lignin content and the nature of lign ocellul ose 
complex of the coconut waste materi als. Substantial saving in term s of fertilizer 
input is p ossibl e through effective recycling of the w aste biomass . Coconu t is 
socially, cultura lly and religiously associated with mill ions of peop le around the 
world . Apa rt from healthy food and drink, it pr ovide s shelter, hea lth, we alth and 
aesthetic values. Coconut not onl y provid es livelihood to people w ho are dir ectly 
or indirectly depending on the crop, but also ensures food security, nutritional 
security and alleviates poverty. 

5. Climatic Requirements 
Coconut palm is a un ique plantation crop and stands ap art from all other palms 

because of its high degree of cons istency and continuity in flowering and fruit 
produc tion, month after month (once it starts flowering), year after year, for decade s. 
Depending on the site, coconut palms can be sui ted to cultiva tion on agroforestry 
systems. As a plant of the upper storey, w ith requisite light requirements, the 
coconut palms grow above such crop s as citru s plants, cocoa , nutmeg, banana and 
man y other crops. 

5 .1. Geographical Position 

Coconut is essentially a tropic al plant, grow ing mostl y between 2.0"1\J and 
200 S latitudes. The ideal elevation is up to 600 m above MSL and becau se of its 
temp erature requirements, the palms cannot grow ab ove 750 m, even near to 
the equator. Relat ive humid ity p lays a very impo rtant role in pollination and 
fertili zation, thu s directly influ ences yield. H igh humidity provides cong enial 
cond itions for the rapid spread of fatal diseases such as bud rot leaf rot etc. 

5.2 . Temperature 

The ideal mean annual temperature is 27°C w ith 5-7°C diurnal variation and 
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humidity> 60 per cent. Very high humid conditions right through the growth of 6. Soil I 
palms is not considered good from two aspects. One is that it reduces transpiration 

Cocorand thereby reduces the uptake of nutrients. High temperature might cause the 
and also iryoung developing inflorescence to dry up/ and limit production to those months 
coa rser tein the year when the temperature remains at favourable level. In shallow and well­
river valle drained soils/ effect of dry spell is more pronounced. Under such conditions and also 
unsuitab le where annual rainfall is less than 100 em/ economic production is possible only under 
with orgalirrigation. In places where the climate is characterized by long dry spells of hot day 
(from 5.0-1weather during summer and severe cold associated with cold wave and frost during 
capacity i~winter; cyclone prone areas etc. are not suitable for coconut cultivation. Increase 
rock/low]in temperature is also expected to have a detrimental effect on coconut oil quality/ 
as it w ill baroma and flavour. Increase in temperature is reported to reduce the oil content 
Proper sujin coconut endosperm/ resulting in increased content of starch/ carbohydrates and 
sufficient'reducing sugars in copra. 

7. Envh5.3. Rainfall 
Coco:Rainfall is the one of the important factors that affects successful growth of 

At a time coconut palm under natural conditions. Though the palms can tolerate wide range 
productic in intensity and distribution/ a well distributed rainfall of about 200 em per year 
providesis the best for proper growth and maximum yield. Since the tree does not store 
highest amoisture and has no tap roots/ it is not suited for regions with long and prolonged 
compatibdry spells during which the water table goes considerably low. Very heavy rainfall 
effective 1may affect pollination due to washing of pollen grains. Since coconut is a perennial 
the soil illcrop/ delay in monsoon by two to three weeks would not adversely affect the yield 

and so no special cultural practices is followed. Flooding for shorter duration will 8. Prodi 
not cause much damage to the palms. However/ coconut palms do not tolerate high 

Seedwater table and stagnant water for longer periods. Prolonged water stagnation 
or replan: causes palms to suffer from physiological drought/ where palms will not be able 

to uptake water and nutrients due to hampered root function because of lack of nuts/ rais 
in cocom.02 for respiration. Water logging in coconut basins is found to cause yellowing in 

leaves of palms. Microbial activity is also adversely affected under such situations. only seve 
local soil 

5.4. Impact of Drought Many v a: 

In coconut/ spikelets on the inflorescence are formed about 15 months before 8.1. Mo
the opening of spathe and the pistillate flowers before 12 months. Even after the 

Fonspathe is opened/ female flowers remain for about 11 to 12 months to develop into 
full mature nuts. Drought affects coconut palms and the impact can be seen from Such mo 

the year of drought till four years. Severe drought during early formative phase advisablt 

of the inflorescence may kill the growing points due to desiccation resulting in the easier to 

abortion of spadix. Any coincidence of d rought or dry spell with critical sensitive The 
stages such as inflorescence primordial initiation/ ovary development/ button size 

1. 
nut stage adversely affects the nut yield. In severe drought situations/ drooping of 

2.leaves due to low leaf water potentials/ shedding of buttons and immature nut fall,
 
bending and breaking of leaves etc. may happen. 3.
 

4. 
r-
J. 
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7. Environmental Services of Coconut 
Coconut is a perennial plantation crop and committed to the land for decades. 

At a time when there is considerable impact of climate change on growth and 
production of various crops, the above and below ground portion of coconut 
provides an opportunity to C-sequestration of 20 to 35 t ha -I year:', which is the 
highest among many of the pl antation crops. Coconut, cultivated along with 

6. Soil Requirement 
Coconut is grown in different soil types such as lateritic, coastal sandy, alluvial 

and also in reclaimed soils of the marshy lowlands and it does best in relatively 
coarser textured soils likes sandy loarns, sandy coastal alluviums and sandy 
river valleys. It is found to grow well on littoral (coastal) sand which is generally 
unsuitable for many other crops provided it is managed carefully in the early stages 
with organic manuring and watering. It tolerates salinity and a wide range of pH 
(from 5.0-8.0). Soil with a minimum depth of 1.2 m and fairly good water holding 
capacity is preferred for coconut cultivat ion. Shallow soils with underlying hard 
rock, low lying areas subject to water stagnation and clayey soils are to be avoided 
as it will be difficult to raise successful coconut plantations under such conditions. 
Proper supply of moisture either through well distributed rainfall or irrigation and 
sufficient drainage in waterlogged soil are essential for coconut. 

Organic Fa rming in Coconut 
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11 compatible com p anion crops, provides around 20 t of biomass for recycling and 
3.1 effective utilization of such biomass can improve the soil fertili ty status as well as 
d the soil microbial community. 
11 

8. Production of Planting Materials h 
n Seedlings will be required when planting is to be taken up for new plantation 
Ie or replanting the existing old and senile pl antations. In su ch cases, sele ction of seed 
)f nuts, raising seedlings and selection of good quality seedlings are very important 
n in coconut, because evaluation of the performance of the ne w progeny is possible 
s, only several years after planting. Location specific varieties w hich are adapted to 

local soil and climatic conditions are to be considered, since the y are time tested. 
Many varieties and hybrids have been released for cultivation in different states. 

e 
8.1 . Mother Palm Selection e 

o For ra ising nursery, seed nuts are to be collected from selected mother palms. 
n Such mother palms should be of 20 years old or more. Wherever possible, it is 
e advisable to select middle-aged trees as the y will be in their prime of life and it is 
e easier to di stinguish good yielder from low I poor yielder. 
e The important characteristics to be considered are: 
e 

1. Straight stout trunk w ith even growth and closely spaced leaf scars f 
I, 2. Spherical or semispherical crown with short fronds 

3. Short and stout bunch stalks without tendency to drooping 

4. More than 30 leaves and 12 inflorescences carried evenly on the crown 

5. Inflorescence with 25 or more female flowers 
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6.	 Consistent yield of about 80 nuts under rainfed conditions and 120 nuts 
under irrigated conditions 

7. 150 g copra per nut 

8. Free from any disease and pest incidence 

8.2. Collection of Seed Nu ts and Sowing 

Only fully matured nuts, which are about 12 months old, should be harvested. 
The nuts should not be allowed to fall, but should be cut down, and carefully 
lowered, using a rope to avoid possible damage to the nuts. The ideal time for 
collecting seed nuts and their sowing is April-May and June in west coast region of 
India, while in the east coast region, sow nuts during October-N ovember to coincide 
with the monsoon. However, when irrigation facilities are available, seed nuts can 
be collected and sown at any period of time depending of the requirement. N u ts 
which are too big or too small in the bunch and also the nuts of irregular shape 
and size are to be discarded. Following the harvest, the nuts should be stored in a 
covered, well-ventilated place. In case of tall varieties, sowing is to be done one or 
two months of storage after collection, whereas, seed nuts should be sown for dwarf 
varieties either immediately or within 10-15 days after harvest. Before sowing, the 
nuts are to be sorted again and only those nuts containing water are to be used. 

8.3. Raising Nursery 

The site selected for raising nursery should be well-drained with coarse­
textured soil and close to irrigation water source. The seed nuts can be sown in flat 
beds if there is no drainage problem. Take raised beds for sowing wherever water 
st agnation is a problem. Seedlings can be raised in nurseries either in the open area 
provided with artificial shade or in coconut gardens where the palms are tall and 
the ground is not completely shaded. The seed nuts should be planted in long and 
narrow beds at a spacing of 40 cm x 30 cm during May-June or September-October, 
either vertically or horizontally in 20-25 cm deep trenches. The advantage of vertical 
planting is that it causes less damage only during transit. However, if sowing is 
delayed due to some reason, the nut water goes down considerably, and in such 
cases, adopt horizontal sowing for better germination. 

8.4. Selection of Seedlings 

Seed nuts, which do not germinate within 6 months after sowing as well as those 
germinated but have dead sprouts, are to be removed to ensure only good quality 
seedlings are produced. Seedlings, which are 10 to 12 months old, are to be selected 
for planting through rigorous selection based on the following characteristics: 

1.	 Early germination, rapid growth and seedling vigour 

2. Six to eight leaves for 10-12 month old seedlings 

3. Collar girth of 10 cm and above 

4.	 Ear ly splitting of leaves 

8.5 . Poly I 

Good q 
cm x 60 cm 
to the bags. 
and top fert: 
(3:1:1). Potti 
poly bag seE 
of poly bag, 
by the seedl 
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;, the Good quality seedlings can be raised using poly bags (500 gauge thickness, 45 
~d .	 cm x 60 cm wi th 8-10 holes at the bottom) by transp lanting germinated seeds in 

to the bags . The common potting media are top fertile soil mixed with sand (3:1), 
and top fertile soil, sand or coir dust and well rotten and powdered cattle manure 

arse­ (3:1:1). Potting mixture using sand + vermicompost (3 :1) is also ideal for raising 
n flat poly bag seedlings. As the entire ball of earth with the root system, after removal 
vater of poly bag, can be placed in the pi ts, no transplan ting shock will be experienced 
.area by the seedlings. The pol y bags should be removed from the coconut plantation 
land 
; and 
ober. 
rtical 
ng is 
such 

:hose 
rality 
ected 
;: 

Figure 2.1: Coconut Nursery Seedlings. 

Figure 2.2: Coconut Poly Bag Seedlings. 
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after the planting is completed .Application of 25 g each of biofertilizers such as 9.3 .
 
Azospiril/umspp. and Phosphobacterium Bacillus sp. results in production of more
 
vigorous and robust seedlings.
 rains 

least 8.6. Bio-Priming of Seedlings 
the c 

Bio-priming of seedlings w ith bio-inoculants such as Pseudomonas fluores cens once 
im p arts tolerance to diseases as well as promote their better growth. Initial 
establishment of such seedlings will be superior in the main field with enhanced 9.4. 
growth and field to lerance to diseases. Application of talc based preparation of 
P.fluorescens @50 g (108cfu ) per seedling during four, seven and ten months after irrig.
sowing in th e nurse ry will be beneficial. At the time of planting seedlings in the main lob 
field, coconut seedlings are to be dipped in 100 g (l.O''cfu) of talc based preparation maki 
of P . fluorescens in slurry mode. Us e of Plant Growth Promoting Rhizobacteria regic 
(PGPR) based bioinoculants, 'KeraProbio', (talc formulation of Bacillus megaterium) and 
@25 g / seedling and'KerAM' (Arbuscular Mycorrhizal bioinoculant) @50 g / seedling year 
also helps in producing robust coconut seedlings. The seedlings in the nursery, in youn 
general, do not require any additional nutrition, as the endosperm provides them attac 
with sufficient nutrients. 

9.5. 
9. Planting and After Care 

9 .1. Preparation of Land and Planting irrige 
situaIn loamy soils with low water table, p lanting in pits (1.0 m x 1.0 m x 1.0 m) 
to th : filled up to 50 cm depth is generally recommended . However, in places where the 
the awater table is high, planting at the surface or even on mounds becomes necessary. 
orgarEven while planting at the surface or mounds, digging pits and filling has to be 
smalldone . If planting is taken up in the littoral sandy soil, application of 0.15 m" of red 
fill tr earth is recommended to improve the physical characteristics of so il. The type of 
cm Iesoil decides the depth of pits to be taken for planting. In areas with laterite soil and 
wateirocky substratum, deeper and wider pits (1.2 m x 1.2 m x 1.2 m) are to be dug and 
evap(filled up with top soil, powdered cow dung and ash up to a depth of 60 ern before 
hourplanting. Addition of 2 kg of common salt will help in loosening the soil in such 
irrigaareas. In order to conserve soil moisture in the p its, arrange two layers of coconut 
be co husk with concave surface facing up at the bottom of the pit before filling up the 
ASM soil. Plant the seedling at the center of the pit by removing the soil mixture and 
is to I: press the soil well around the seedling and shade using coconut leaves or palmyrah 
use 0)leaves or any other su itab le shading materials. 
irriga 

9 .2. Spaci ng	 once 
soil ir

For tall varieties of coconut, a spacing of 7.5m x 7.5 m is generally recommended . 
If triangular system is adopted, an additional 20 to 25 palms can be planted . If wider 9.6. 
spacing is adopted, it provides ample opportunity for intercropping a number of 

(
annual and perennial cro ps in the interspaces, which ensures crop di versity in the 

Septeplantation. In case dwarf varieties are used for cultivation, there is possibility of 
unde:reducing the spacing to be adopted. 
grow 
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9.3 . Time of Planting 

Planting the seed lings during May/October, wi th the ons et of pre-m ons oon 
rains is ideal. In pl aces where assured irrigat ion is availab le, planting can be done at 
least a mon th before the monsoon se ts in to allow seed lings to es tab lish well before 
the onset of heavy rains. In low-lying areas, p lan ting is to be done in Sep tembe r 
once the heavy rains ceases. 

9.4. Care of Young Palms 

The seedlings are to be protected from he avy su nlight by proper shading and 
irrigated during summer months. In sandy so ils, irri gate once in four days with 45 
I of wa ter . In areas subject to water log gin g, proper drainage is to be provided by 
makin g drainage channels. Care should be taken to avoid soils covering the collar 
region of coconu t seedlings due to heavy rain. The soil washed down by the rains 
and coverin g the collar of the seedlings is to be rem oved. Widen the pits every 
yea r befor e the applica tion of organic m anures and gradua lly fill up the pits as th e 
young plants gr ow . Inspect the p lan ts at regular intervals for any insect or fungus 
attack and nec essary remedial measures should be taken up as an d w hen requ ired. 

9 .5 . Irrigation 

The coconut palm resp onds well to summer irriga tion. Met hods such as d rip 
irrigation or basin irr igation (hose irrigation) can be adopted depending on the 
situation. Drip irr igati on is a micro irrigation system in whic h the water is applied 
to the root zone at the rate at w hich the p alm can take up . It is ideal considering 
the advantage of water saving. Another advantage is th at vermiwash and other 
organic so lution also can be applied through drip irrigation i.e. fertigation. Make 
small pits of 30 ern-one metre away from the b ole of the palm at equidistanc e and 
fill the pits w ith coir p ith or locally availab le mulch . Place a con du it tube of 40 
em len gth d iagonally in th e pi t and allow water to drip through the tube. Apply 
water at 66 per cent of open pan evaporation through drip irrigation base d on th e 
evaporation . In order to su pp ly 321/ day, four drippers at a d ischarge rate of 4 1/ 
hour will be required so that daily two hours of irrigation is sufficient. Where basin 
irrigation is practiced, 200 1/ palm once in 4 d ays w ill be ben eficial. Irrigation is to 
be commenced during N ovember when the soil moistu re depletes to 50 per cen t 
ASM. In other parts of India especially Tamil N adu and Andhra Pradesh, irrigation 
is to be practiced throughout th e year except rainy period. Ca re should be ta ken to 
use only uncontaminated water for irrigation. Unde r west coast conditions of In d ia, 
irrigation th rough perfo-sprays 2 em once in 5 days during December-February and 
once in 4 days durin g March-May has been fou nd to be beneficial in sandy loam 
soil in imp roving grow th of palms. 

9.6. Weeding 

Generally, weeding is to be done when the monsoon reced es p referably during 
September- October. Application of any kind of chemical he rbic ide is n ot allowed 
under organic system of cu ltivation . Therefore, depend ing on the intensity of weed 
growth, they are to be rem oved by hand around the palm ba se and the weeds in the 

~ -~===-~~~
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int er space need only be slashed with sickle. Clean weeding is to be avoided . Whil e 
weed ing, dried shoots and other thrashed materials can be used as mulch around 
the base of palms, which will help to conserve moisture in the ensuing dr y months 
an d hel p in vermic om posting process in the bas in as well as in the interspaces. 

9.7. Nutrient Management for Palms in the early Growth Phase 

Seeds of anyone of the green manure crops such as Pueraria phaseoloides, Vigna 
unguiculate (cowpea), Crotalaria [uncea (sunhemp), Calopogonium mucun oides or 
Sesbania aculea ta (daincha) ma y be sown in the palm basin with the rece ipt of firs t 
monsoon rains (May-June and Sept emb er-October for the areas benefited by South­
West mons oon and North-East monso on, respectively) according to the soil and 
climatic condi tions. The plants are to be up rooted and incorp orated in situ at the 
time of flowering one or two plants. If no int ercr ops are grow n in the interspa ces, 
green manures crops can be gro wn in the interspaces which helps to check the 
weed growth also. 

9.8. Soil and Water Conservation under Rainfed Situations 

Conser vati on of natural resource s like soil and water for sustainable crop 
pr oduction under organic far ming is very much essential. This is very importan t 
when coconut is grow n under rainfed condition w ith undulating terrain and sloppy 
conditions. Coconut cultivation provides various kinds of organic materials in the basin, 15 
plan tation . Coconut leaves, husk and coir pith could be u tilized as mulches to reduce with com 
the loss of soil moistu re. Decom position of such mulch materia ls after a period of coconut c 
time will result in enr ichmen t of soil org anic matter pool and create conditions for times of i 
proper root growth and proliferation of soil flora and fauna . Coconut husk is an pith cons 
imp ortant organic material and a good source of plant nutrients. On d ry wei ght soil and tl 
basis, the average composi tion of ma teria l is 0.23 per cent N, 0.04 per cen t P 2°5' 
0.78 per cent x.o. 0.08 pe r cent Ca and 0.05 per cent MgO. On an avera ge, hus k 
constitutes 45 per cent of the weight of nut and, on this bas is, a nut weighing 1,000 
g w ill ha ve 450 g of husk w ith 20 pe r cent moisture. 

9.8.1. Mulching 

Most of the organic was tes from coconut have high moisture holding cap acity 
and can be very profitably used as moisture regulators and conse rvators rather 
than nutrient sources. This gains more practical significan ce in the light of the fact 
that soils cannot be rejuvenated with organics in the absence of sufficient moisture. 
Simil arly the full bene fits from irrigation can be obtained only if there is sufficien t 
quantity of soil organic matter. Keeping in mind the compleme ntary roles of soil 
organic matter and moisture conservation, coconut leaves, husks and coir pith can 
be utilized directly for mulching. Spreading of these materials in basin areas will 
protect the soil from d irect sunlight and hea vy rains. Mulches can reduce the loss 
of soil moisture and create good microclimate in soil for the p roper growth of p lant 
roots and soil flora and fauna . Over a period of time, mulches will decom pose and .' add to the soil organic matter reserves. The best time for mulching is before the end 
of the monsoon rains and before the top soi l dries up . For mulching, coconut leaves 
cut into two or three p ieces can be used . In order to cover 2 m rad ius of coconut 
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Figure 2.3: Coconut Leaves as Mulch. d sloppy 
lis in the basin, 15 to 25 fallen coconu t leaves are required to sp read in 2- 3 laye rs . Mulching 
o reduce with composted coir pith to 10 cm thi ckness (approx imately 50 kg/palm) arou nd 
rerio d of coconut ba sin is also ideal method to conserve moisture as it can hold moisture five 
tions for times of its weight. Because of its fibrou s and loose texture, incorporation of coir 
.isk is an pith considerably improve s the phys ical p rop erties and water hol di ng capaci ty of 
y weight soil and thereby increases the coconut productivity. The applied material m ay last 
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Figure 2.5: Mulching Coconut Basin using Coir Pith. 

for about 4 to 5 years. The weeded materials also can be used for mulching and 
should be properly dried before applying in the basins. 

upper s 
9.8.2. Burying Coconut Husk kep t in 1 

Burying coconut husk in trenches in between the rows of palms is also effective summe 
for moisture conservation in coconut gardens. This cultural operation is to be done 

10. Nl at the beginning of the monsoon in linear trenches of 1.5 m to 2 m wide and about 0.3 
m to 0.5 m deep between rows of palms with concave side of husk facing upwards. In 
Each layer is to be covered with soil. Husks can also be used as surface mulch around materia 
the base of the palms by placing them in a single layer and keeping the convex side mulch.: 
upwards up to a radius of 2 m from the base. Coconut husks are also important from th 
sources of potash, which becomes available to the palms over a period of time . allowed 

is that p
9.8.3. Catch Pit filled with Coconut Husk re ad ily ~ 

Construction of catch pits of 1.5 m length x 0.5 m width x 0.5 m depth in sloppy be to fes 
gardens helps in conserving soil and water. A bund is to be made at the downside quantiti 
using the excavated soil and pineapple suckers planted on it. This pit also is to be be re tur 
filled with coconut husk while taking up planting of pineapple. activity 

o-, 9.8.4. Contour Trench filled with Coconut Husk 
th e yielc 

In plantations, where the land slope is high, this approach is to be adopted. reprodu
Trenches of 50 cm width x 50 cm depth and convenient length are to be made in the time 
between two rows of coconut palms. These trenches are to be filled with coconut husk from a l i 
in layers by keeping the bottom layer facing up and top layer facing down. A bund a nu trit i 
of 20 cm height and suitable width (>50 cm) is to be prepared at the downstream th e year 
using the excavated soil and two rows of pineapple plants are to be planted on the ecosysis 
bund with a spacing of 20 cm x 20 cm. The pineapple plants are found to stabilize and perc
the bund and provide additional income to the farmer. The runoff water from the 
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Figure 2.6: Catch Pit with Pineapple on Bund. 

upper side along with soil pa rticles will be collected in the trenches. Coconut husk 
kept in the trenches will ret ain the moisture and makes it available for plants during 
summer months. 

10 . Nutritional Management 
In an organic p rod uction system, the fertility p rog ram sho u ld be based on 

materials of microbial, p lan t or animal origin, such as gree n manure, compost or 
mulch, which are organically produced on the farm; or of orga nic quali ty, obtained 
from the surrounding farms or natural envi ronment; or other inp uts w hich are 
allowe d . One of the ba sic p rinciples of soil fertility management in organic systems 
is tha t plant nutri tion dep ends on 'biologically-derived nutrients' instead of using 
readily so luble for ms of nutrients supplied th rough fertiliz ers and the idea shoul d 
be to feed the soil to make it liv ing rather th an feed ing the plants. Hence, sufficient 
quantities of biodegr adable materi al of mi crobi al, plant or an im al ori gin should 
be returned to soil to increase or at least main tain its fertility and the biolo gical 
activity within it. 

Once start flowering, coconut palms produce a spadix in the axil of each leaf, and 
the yie ld depends on the number of leaves produced pe r year. Vegetative as well as 
rep roductive growth goes on sim ultaneously and hence, nutrition is important all 
the tim e. Coconut palms exp ort nutrients to the above ground parts continuously 
from a limited vo lu me of so il th rou ghou t its exis tence. It is, th erefore, essential that 
a nutritionally rich envirorunent is provided in the root zone of coconut all round 
the year to realise adequate yields. The organic farm is to be maintained as a closed 
ecosystem to the exten t possible. Soil and nutrient loss through soil wash, run off 
and percolation water should be minimized through proper agronomic practices. All 
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the crop residues and farm wastes should be recycled through suitable composting 
techniques and applied to fields so that soil fertility is maintained and nutrient 
requirement of coconut palms and other crops met. 

Regular nutrition from the first year of planting is essential for good vegetative 
growth, early flowering and bearing and high yields of coconut palms. The 
inflorescence primordium can be detected about 4 months after the first leaf 
primordium is differentiated; the male and female flowers, 22 months thereafter. 
The opening of the fully grown spathe occurs one year later. Any hindrance to 
successful growth of the tree during these productive phase results in reduction in 
yield and the cumulative effect of these adverse growths appears only after two-three 
years . Therefore, the crop production practices require the need for uninterrupted 
application of inputs over longer periods to ensure continuous flow of returns. A 
def iciency in potash will result in a large reduction of yield for coconut palms. The 
vast majority of the potassium is thereby contained in the husk and fruit water 
of the coconuts. In cultivation systems which include cocoa, returning the cocoa 
shells to the site will supply sufficient potassium to balance out the extraction . The 
continual pruning of crops on diversified agroforestry systems also will provide 
an important source of nutrients (e.g. of potassium). 

10.1. Cultivation of Legumes (Green manures or de ep-rooted plants) 

The coconut palm is cultivated in humid tropical soils characterised by low 
organic matter content due to the higher pace of degradation of organic materials 
caused by heavy rain fall, optimum temperature and porous soil texture. The 
major portion of inorganic N, wherever applied, is lost through leaching. Organic 
manures are important in sustaining soil fertility and productivity especially with 
a perennial crop like coconut. Application of organic materials like coconut coir 
pith, miscellaneous tree leaves, cattle manure etc. are recommended for coconut. 
However, due to the non-availability of land for exclusive cultivation of green 
manure crops and also the short supply of cattle manure for use as organic manure, 
organic manuring is practiced only in limited scale in coconut cultivation. 

The Soil Science Society of America in 1971 described green manure as "p lant 
material incorporated with the soil while green or soon after maturity for improving 
the soil" . In practice, it includes in situ growing and incorporation of biomass or 
collection and ploughing of the biomass grown outside the main field . The best 
known and popular green manure crops are those, which fix nitrogen in association 
with Rhizobium. Biomass production of green manure crops and their nitrogen 
and phosphorus contents vary widely according to the species, their growth stage, 
environmental conditions, soil fertility and crop management practices. The basin 
area of 1.8 to 2.0m radius around the bole of coconut palm generally is left unutilized 
by most of the farmers for any other purpose. Wherever the inter space between the 
palms is cultivated with intercrops such as tuber crops, cocoa, pepper and banana, 
green manure crops can be raised in the coconut basins. If vermicomposting is 
practiced in trenches taken in between coconut rows, green manure crops can 
be grown in the basins. Cultivation and incorporation of green manure result in 
significant increase in the population of specific groups of microorganisms as well 
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Figure 2,7: Green Manure Crop In Coconut Basin, 

ts) as the enzymatic activities, wh ich suggest a modifi cation in the soil environment 
ow to the benefit of plant growth. 
als Iitrogen fixed symbiotically by legume-rhizobium association can form an 
'he important source of nutrients and organic manure for coconu t palms. Leguminous 
nie green manure crops su ch as Pueraria phaseoloides, Mimosa ininsa, Calopogonium 
.i th mucunoides, Ctoialaria juncea (su nhemp) and Vigna unguic ulata (cowpea) can 
oir be successfully raised in coconut basins. The biomass p roduction and nitrogen 
LU t. contribution by green manure legumes and their influence on soil fertility pa ramete rs 
sen vary with soil type, clim atic factors and type of green manure raised. Sow 100 to 150 
Ire, g seed of any of the green manure cover crop mentioned above in coconut basins 

with the onse t of the p re-monsoon in May . Sowing during heavy rainfall should 
3.nt be avoided . Among these leguminous crops, the former two spec ies are pr eferab le 

ing becaus e of sha de toleranc e, self seeding nature and high er biomass p roductivity . 
or Stir the soil around the basin in 1.8 to 2.0 m radius area lightly and br oadcast the 

est seeds uniformly and later on cover them by slight raking. Allow the pl ants to grow 
ion in the basin and harvest the biom ass as and when one or tw o p lan ts star t flowerin g 

;en and put back int o the basin and cover with soil. While d oin g so, the soil should be 

ge, disturbed to the bare minimum. 
sin On an average about 15-20 kg green biomass could be generate d in the ba sin 
.ed of cocon ut palm and their inco rp orat ion can con tribut e around 100-150g ni trog en/ 
the basin and other m ajor nutrients as w ell as enha nce the p opulation of specific 
na, groups of beneficial micro organisms (bacteria and nitrogen- fixers) in the bas in 
; lS thereby improving the so il fertility. The sign ificant increase in the populat ion of 
:an micro organism s and the enzyma tic activ ity m odifies the so il en vir onment for the 
in benefit of palm grow th . Wh en irri gati on is practiced , sowing of green m anures 

'ell may be und ertaken tw ice in a year. The method of cultivati on of green m anure in 
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coconut basin is simple, inexpensive and can be adopted even by small farmers. 
With continuous cultivation oflegumes, it is possible to improve soil organic matter 
resources for sustaining soil fertility and enh ance coconut yield . Besides legumes, 
several oth er plants may be used as green manure. For example, water hyacinth 
(Eichhornia crassipes) which grows wildly in stagnant and backwaters in Kerala 
cont ains 2.0 per cen t N on dry weight basis and some sea-weeds containing 1-2 per 
cent N, may be u sed for manuring crop in coastal areas like Kerala. 

10.2. Glyricidia sepium as Green Manure 

Gene ration of large quantities of nitrogen rich biomass is also possible throug h 
the cu ltiva tion of the fast gro wing perennial leguminous green leaf manur e tree 
crops. A fast growing multipurpose trop ical leguminous tree, Glyricidiasepium with 
high nitrogen fixing potential is well ad apted in coconut growing soils. This can 
be very well grown along the bo rders of coconut plantation also and can generate 
adequate amount of nitrogen rich green leaves.The boundary of one hectare coconut 
garde n can accommod ate 450 to 500 cu ttings. It can also be raised in littora l sandy 
soils whe re no other green manure can establish. Glyricidia septum is propagated 
either through vegetative cu ttings or seeds. One metre long stem cuttings or 3 to 4 
months old seedlings raised in po ly bags or raised beds can be used for planting. 
It is preferable tha t the planting season coincides wi th the monsoon (South West/ 
North East monsoon).For better es tablishment, a basa l dose of 50 g of rock phosphate 
per pit (30 em") ma y be applied. Height of the plants should always be maintained 
at 1 m by pruning. 

Figure 2.8: Growing Glyrlcldia as Green Manure Crop. 

The best growth and bio mass of Glyricidia leaves could be obtained with 
planting of three rows of Glyricid ia (at 1 m x 1 m spacing between two rows of 
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iers. coconut) and three pruning of leaves (February, June and October). Pruning can 
atter commence one year after planting. This could produce around 8 t of biomass in 
nes. one hectare of coconut garden and about 10 kg green manure /palm/year can be 
inth made available to the palm. The loppings can be chopped and incorporated into 
.rala the soil as green manure. Application of Glyricidia prunings from the interspaces 
:per of one hectare of coconut garden to palms could supply around 90 per cent, 25 per 

cent and 15 per cent of the requirement of N, P and K, respectively. 

10.3. Biofertilizers in Organic Cult ivation 

'ugh The traditional additives for improving soil health and fertility in organic 
tree fanning comprises of farm yard manure, composts and vermicomposts, sewage and 
vith sludge, night soil, green manure, oil cakes, meat, blood and fish meal as well as crop 
can residues. With increasing awareness of contribution of soil microorganisms towards 

'rate the soil health and fertility, use of microorganisms as biofertilizers has gained 
mut importance for improving the soil health and fertility . Bio-fertilizers are microbial 
ndy inoculates containing active strain of selective microorganisms like bacteria, fu ngi, 
sted and algae or in combination. Biofertilizers are important components of organic 
to 4 fanning, which help to nourish the crops through required nutrients.These microbes 
ing. help to fix atmospheric nitrogen, solubilize and mobilize phosphorus, translocate 
est / minor elements like zinc , copper, etc., to the plants, produce plant growth promoting 
hate hormones, vitamins and amino acids and control plant pathogenic fungi, thus 
ned helping to improve the soil health and inc rease crop production. 

The group of micro-organisms responsible for biological nitrogen fixation, 
phosphorus mobilization and production of plant growth promoting substances 
have been found to be closely associated with the coconut palms and the palms can 
benefit from the use of beneficial micro-organisms as biofertilizers. The diazotrophic 
bacteria isolated from coconut roots include different species of Azospirillum , 
Herbaspiritiumsp. Azoarcussp. , Burkholderia sp. , Arthrobactersp.,Pseudomonas sp. and 
Bacillus sp. Phosphate solubilizing microbes of coconut soil include Pseudomonas 
sp., Bacillus sp . and Micrococcus sp . Efficient strains of nitrogen fixing bacteria and 
phosphate solubilisers can be used for preparation of biofertilizers employing 
locally available materials such as vermicompost and coir pith as carrier materials. 
Enhancing the soil fertility by using Rhizobium sp. in conjunction with green 
manure crops like Pueraria phaseoloides, Mimosainoisaand Calopogonium mucunoides 
supplements 187 to 196 g N per coconut basin in late rite soils and 102 to 153 g N 
per coconut basin in sandy soils. Stem nodulating legumes such as Sesbania rosirata, 
Aescllynomene sp . and Nepiuniaoleracea have also become popular in improving the 
soil fertility . The N-fixing bacteria associated with such stem nodulating legumes 
belong to Azorhizobium and fast growing species of Rhizobium. 

Bacteria such as Pseudomonas and Bacillus excrete acids into growth medium and 
hence solubilize bound phosphates. These organisms are quite useful in utilization 
of rock phosphates with low content of Pps' 

The population of phosphate solubilizing bacteria and fungi will be higher 
vith in coconut based high density multiple species cropping, multi-storied cropping 
s of with cocoa and mixed farming with napier grass as compared to that of coconut 
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m onocrop . Rhizosphere ba cteria that exerts beneficial effect on p lant growth, 
referr ed to as p lant grow th promoting rhizob acter ia (PGPR),be longing to several 
genera e.g. Aciinoplanes, Agrooaaerium, Alcaligenes/ Amorphosporangium, Arthrobacter, 
Azospinllum, Azotobacter, Bacillus/ Bradvrhizobium, Cellulomonas, Enterobacier, Ertoinia, 
Flavobacterium, Pseudomonas, Rhizobium, Streptomyces an d Kanthomonae. Bacillus sp p . 
are sui table due of their endosp ore producing ability .More recently Pseudomonas sp p . 
are also receiving much att ention as PGPR becaus e of their m ultiple effects on pl ant 
growth promo tion . Spec ies of Pseudomonas and Bacillus can p roduce phytoh orm ones 
or growth regu lators th at cause crops to have greater amou nts of fine roots/ w hich 
have the effect of increasing the absorptive surface for uptake of water and nutrients . 
These PGPR are referred to as biostimu lants an d the phyto h orm ones th ey produce 
include IAA, cytckinins, GA and inhibitors of ethylene production. Bacteria in the 
genera Bacillus/ Streptomyces, Pseudomonas/ Burkholderia and Agrobacterium ar e th e 
bio logic al con trol agents. They suppress p lan t di sease throu gh induction of systemic 
resistance/ and produc tion of siderophores or antibio tics. 

Utilization of vermicompost p roduc ed from coconut leaves results in th e 
production of high quality biofertilize rs w ith more th an 108 efu bacteria per gram 
of the carr ier ma terial. The recommended dose of biofertilizer for coconu t is 100 g 
of carrie r based inoculants per pa lm . The biofertilizer is to be applied in the cocon u t ab ou t a gr 
basin/ twice in a year (pre monsoon and post monsoon ), by mi xing wi th top so il be comes ev 
followed by ap plicat ion of organic amendme nts. Or ganic ame ndme nts su ch as as the com] 
verrnicom p ost, coir pi th compost, farm yard manure/ neem cake, green ma nures organic rec 
etc. can be combined w ith biofer tilize rs. Wh ile ap plying biofertilizers, organic whichpron 
amendments such as vermicom post are added @ 20 kg /palm. Use on ly certified of livestock 
bio fertili zer inoculants. The biofe rtiliz er should be mixed with one kg verm icom post be neficial II 
and ap plied to soi l an d incor p ora ted. Care should be ta ken to use on ly biofertilizer is th e bacte 
con taining adequa te numb er of livin g micro orga nism and before the expiry per iod Bacillus sp ., 
mentioned in the packet. this , higher 

coconu t bas Optimum soil moisture is essential after biofertilizer application to en sure 
WhencocOthe survival of the introduced m icrobial inoculu m in the so il. He n ce, b iofe rtilizer 
activi ty inc ap p lica tion sh ou ld coincide w ith the onset of monsoon especially when the p alms 
phosphates are maintaine d under rain fed condi tion . Howeve r/ under irr igated cond itions / it can 
nitrogen ar be ap plie d at an y time, since m ain ta ining optim um mo isture is not a p rob lem . Use 
such as aus of biofert ilizers in cocon ut gardens can reduce dependency on chemical fer tiliz ers 
which is ob an d thus bring bo th economic and ecological be nefits . Among the microorganisms 
of Azospiriltha t are promising enough to fit w ell into the coconut based cropping sys tems 
enhancingare the m ycorrhizal fungi and certain other fre e-living microorganisms w ith 
in d ucing F sp ecific fu nctions. Th e group of m icro orga nisms responsib le for n itrogen fixa tion/ 
coco nut see phospho rus mobil izati on and p rod uc tion of plant growth p romoting subs tances 

ar e used as bi ofertilizers in coconut based croppin g system s. Soil a 
practices all The inocu lation of associative diazotrophs su ch as Azoepirillum, Arthrobacter , 
rh izosphenAzoarcus, Herbaspirillum, Bacillus, Burkholderia and Pseudomonas enhances growth 
of specific an d vig our of polybag raised coconut seed lings . These bioinoc ulants are highl y 
better plant effective in enhancing roo t b iomass and branching of the seconda ry roo ts of the 
organic am. coconu t seedlings. Organic amendmen t along wi th microbial inoculation brings 
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Figure 2.9: Kera Problo and Cocoa Probio. 

about a greater level of plant response.The beneficial nature of biofertilizers 
becomes even more important in coconut based mixed cropping/ farming systems 
as the component crops continually add plant residues to the soil which undergo 
organic recycling. This leads to alterations in the composition of the rhi zosphere, 
which promotes the growth and population of beneficial microorganisms. Inclusion 
of livestock enterprises also creates a favourable environment for proliferation of 
beneficial microflora . In mi xed cropping, dominated nitrogen-fixing microbial group 
is the bacterium Beijerinckia and phosphate-solubilizers such as Pseudomonas sp ., 
Bacillus sp. , Aspergillus sp. and Penicillium sp. are present in higher numbers. N ot only 
this, higher inhibition potential of resident soil bacteria to phytopathogens is seen in 
coconut based cropping systems when compared to coconut monocropping systems. 
When coconu t is grown with coco a, rhizosphere 
activity increases and a better mobilization of 
phosphates take place coupled w ith fixation of 
nitrogen and production of growth substances 
such as auxins and gibberellins in rhizosphere, 
which is observed to enhance yield . Inoculation 
of Azospirillum brasilense in p olybags helps in 
enhancing the vigour of coconut seedlings by 
inducing profuse growth of root biomass of 
coconut seed lings. 

Soil amendments as well as farming 
practices also bring about a protracted change in 
rhizosphere microflora, which favour the growth 
of specific microorganisms, thus leading to 
better plant growth and crop yield. For example, 
organic amendments like cow dung increase VA­
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Figure 2.10: CPCRI 'Ker AM'. 
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mycorrhizal colonization as well as the population of phosphate solubilizing bacte ria 
in the root zone of coconu t pal ms. Other organic am endments such as farm yard 
manure , coir pith, neemcake and green manures, etc.can be combined with microbial 
inoculants like Beijerinckia indica for improving the n itrogen fixation by indigenous 
diazotrophs in coconut soils.Arbuscular mycorrhizal symbiosis can improve host 
responses to other environmental limitations, like drought, sali nity, po llutan ts, 
erosion, and infection by pathogenic fung i. In India, a number of fung i belonging to 
four genera uiz., Glomus, Gigaspora, Sclerocystis, and Acaulospora have been found to 
form mycorrhizal associations with coconu t. The occurrence of a mixed population 
of AM has been commonly recorded from the coconut rhizosphere soils . The 
colonization rate is higher in tall varieties compared to dwad ones. Two PGPR based 
bioinoculants, 'Kera Probio', a talc formulation of Bacillus megaierium, effective for 
raising robust coconut seedl ings, and 'Cocoa Probio', containing Pseudomonas puiida, 
effective for raising healthy cocoa seedlings, have been develop ed at ICAR-CPCRI. 
Both these bioinoculan ts were also found to be effective for vegetable crops such 
as tomato, brinjal and chilli. 

Similarly an Arbuscular Mycorrh izal bioinoculant , 'KerAM', has been deve lope d 
at ICAR-CPCRI, which is a soil based AMF bioinoculant for coconut seed lings.The 
bioinocul ant contains Claroideoglomus eiunicaium, one of the dominant AM species 
isolated from coconut agro-ecosystem wi th high potential to increase the growth 
parameters of coconut seedlings. 

10.4. On Farm Biomass Recycling 
Organic materials influence the phy sical, chemical and biologic al characteristics 

of soil, which in tu rn affect growth, development and yield of crops grown in a 
particular soil. The level of nutrient extraction in a coconut pa lm / mixed cropping 
system can be ba lanced by enco uraging the decomposition of organic materials 
made ava ilable through mu lching ma terial, green manure crops and application of 
composts .The availability of waste biomass in the form of coconut leaves, st ipules, 
spathe, bunch waste and husk from a well -managed coconut p lantation with 175 
palms /ha has been estimated as 14 to 16 tonnes pe r hectare per year. Coconut based 
cropping/ farming system with in ter / mixed crops generate still higher quantities 
of biomass. The natural decomposition of the se wastes and the nutrient release are 
very slow due to the high lignin content and the nature of lignocellu lose complex 
of the coconut wa ste materials. By effective recycling of this waste-biomass, the 
requirement of a major portion of ni trogen and a part of other nu trients of crops 
could be met. It also helps to replenish the nutrients exha us ted by the pa lms 
internally wi tho ut depend ing on the externa l sources. The estima tes ind icate that 
the biomass production by coconut-pineapple cropping system will be 4.3 times 
that of pure coconut stands. Studies at Kasaragod have revealed that cocoa as a 
mixed crop in coconut garden ad ded to the soil 818 and 1985 kg (oven dry wt.) per 
hectare per year of biomass through she d leaves and pruning under single and 
double hedge systems, respectively. As much as 50 kg N, 4.85 kg P and 29.1 kg K 
per he ctare could be returned to the soil every year under the double hedge cocoa 
system (Varghese et al., 1978). The addition of large amount of organic refuses 
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acteria by the cocoa was found to improve the soil physico-chemical characteristics and 
n yard thereby positively influence the yield of coconut. The availability of biomass for 
crobial recycling in the high density multispecies cropping system was around 12.7 t to 
jenous 18.2 t per hectare in terms of fronds, bunch waste and other organic materials in 
ve host case of coconut, fallen leaves in clove, above ground biomass for banana, crown 
utants, and leaves in case of pineapple etc. This biomass, if recycled, and applied into the 
ging to land can enhance the productivity and sustenance of the system in terms of nutrient 
rund to need besides economic benefits . 
ulation 

Integration of crops and livestock in m ixed farming is also widely p racticed
15. The 

in majority of the coconut growing areas and they generate additional income, 
~ based 

provide relief against the fluctuating prices of nuts, generate more employment as
tive for 

well as provide large quantity of biomass for recycling . Mixed farming involves 
puiida, 

integrating animal enterprises such as dairy, poultry, duck rearing and aquaculture
:::rCRI. 

and cultivation of sh ade tolerant fodder crops in the in terspaces of coconut as well 
os such 

as effectively recycling all the organic res idues. The animals not only enhance the 
nutritional status of the household members but also help to augment the farm 

'eloped income by the sale of milk, eggs and other products. While the crop residues and 
gs . The fodder provide animal feed , the manure and litter of the livestock provide renewable 
species sources of organic matter and plant nutrients. They help reduce dependence on 
srowth fertilizers and maintain soil health, resulting in a high degree of organic recycling. 

Here the system is kept productive by maximizing the complementary and 
synergistic effects of the components involved.Such recycling of waste will improve 
the soil health and, thus, provide ecological sustenance to the system. Microbial 

eristics biomass and activities of soil enzymes (phosphatase and dehydrogenase) will also 
vn in a be more in the farming system when compared to the mono culturing of coconut. 
opping Fodder grasses such as hybrid N apier and Guinea grass can yield about 50 to 60 
aterials tonnes of fodder per hectare in a year under coconut shade. This will be sufficient 
ition of to maintain five crossbred milch cow s and provide enough farm yard manure that 
:ipu les, can be us ed as a component for meeting the on farm organic manure requirement 
ith 175 of the system. This will also increase the labour opportunities in the farm. Biogas 
tbased plant of suitable capacity can also be installed in the farm for produc tion of biogas for 
antities use in the farm house an d slurry for m anuring coconut and other component crops. 
ase are 

10.5. Vermicomposting for on farm Waste Recyclingimplex 
ISS/ the Vermicomposting involves conversion of b iomass in to useful compost 
f crops using very efficient strain of ep igeic earthworm belonging to Eudrilus euginae, or 
palms other earthworms which can be easily done in situ in coconut plantations using 

lte that coconut leaves and other biomass including wastes from intercrops especially 
3 times from banana . When the organic wastes available from a plantation are recycled 
oa as a through vermicomposting, it can supply the major portion of nitrogen and a part 
vt.) per of other nutrients required by the palms. The leaf dry matter production by tall 
;le and coconut palms is around 32 kg /palm/ year an d hence the availability of leaf from 
1 kg K one hectare of coconut plantation can be estimated as 5.6 t per hectare per year. 
: cocoa In this manner all the leaves produced from one coconut palm can be conve rted 
.efuses into very good or ganic manure . Ap art from coconut leaves, other ag ro-wastes like 

pineapple w aste, banana pseudo stem and lea ves and glyricidia green manure can 



,

Organic Farming in Plantation Crops Organic Fe46 

also be effecti vely used along with coconut leaves for vermicomposting. Hence, the vermicor 
ag ro-wa stes generated from coconut based cropping system can also be recycled of the bn 
efficiently in the production system. Various methods such as cement tanks, trenches pla nt atio 
as well as composting in the coconut basin itself can be adopted for verm icomposting be waters 
wherein composting in the basins itself reduces the cos t of tra nsportation of leaves the trunk 
an d application of vermicompost. Vermicomposting can also ide ally be done in pieces an 
permanent cement or brick tanks constructed under shaded cond itions to mainta in hasten pr 
ap prop riate quan ti ty of substrate, optimum moisture, temperature which are with the i 

necessary for efficient verm icomposting. basins as 
conditionThe we athered wastes ob taine d during rainy seasons are preferred . These 
started w organic w astes are to be treated w ith cow dung @ 10 per cent by we ight in the 
maintenaform of slurry and must be allowed to undergo a preliminary decomposition for 
is possibk about 2 -3 weeks. The ear thw orms @1000 worms per tonn e of coconut leaves are 
dung @1 to be introduced . The compost bed should be mulched properly using any locally 
sp . to eac ava ilable p lant m ater ial or gu nny bags an d ha s to be protected from direct sun 
organical light. Regular watering is to be done to mainta in enough moisture.The low cost 
such as diverm icomposting technology enables production of high quality organic manure 
to dr ain e from coconut leaves in a period of 60-75 days, leaving behind onl y a portion of un­

decomposed material.The indigenous earthworm Eudril us sp. also has affin ity for The ' 
wastes other than coconut leaf wastes . A coconut garden, where other intercrops/ per cent a 
mixed crops are grown, generates leaf wastes from these intercrops also . All these further a1 
mix ture of wastes can be successfully composted using Eudri lus sp. earthworm. It not only] 
has been found that coconu t leaves can be mixed with pineapple waste, banana improves 
pseudo stem or glyricid ia leaves in 3:1 ratio for effective utilization of other wastes hi gher mi 
commonly produced in coconut based cropping system. supply of 

of earthwThe avera ge nutrient composition of the verm icompost recovered will be 
added intaround 1.2-1.8 per cent (N), 0.1-0.2 per cent (P) and 0.2-0.4 pe r cent (K), organic 
kg of verr carb on (17.84 per cent), and C/ N (9.95:1). The composted palm wastes also contain 

higher levels of micro nu trients such as Fe, Zn. Cu an d Mn when compared to that 10.7. Ve
of the un trea ted substrate. 

Verm 
The C / N ratio of the organi c matter ing ested by the earthworm decreases 

w id th and 
and bound nu trients are converted into easily available forms. The passage of 

such trenc 
or ganic matter th roug h the gut of earthworms res u lts in enhanced availability 

worms@
of nutrients, increased counts of microbes and enrichment with a number of b io­

weeded rr
active compounds . Thus, vermicompost inc reases soil fertility through addition of 

materials 
plant nutrients, gro wth hormones, increased level of soil enzymes and important 

process . ~ 
micro-organisms as the y are rich in microbial diversity, population and activity . 

available. 
Total microbial counts and beneficial microbial population w ill also be more in 

apply to c<
the coconut leaf compost compared to the base material. This enables disposal of 

or when F coconut w astes in a less expensive way and eco-friendly m ann er with the benefit 
be possibl 

of producing high qua lity organic manure in the coconut plantation itself. 
year . In si 

10.6. Vermicomposting in the Coconut Basin intersp ace 
compostir

The same technology for ver micomposting could be taken up in large pits taken 
in the inter spaces of four coconut palms in sandy loam and coastal sandy soils . If A Ion 

CPC RI, K 
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ence, the ver mic omposting is do ne in the field itse lf, lot of labour required for tra nsportation 
recycled of the biomass and compost can be saved. Th is technology is also su itable for 
trenches plantations having limited irrigation facilities, as onl y a few pits or trenches are to 
iposting be watered . With minimum soil disturbance, open a basin with a radius of 2 m from 
)f leaves the trunk. Cut the fallen dried coconut leaves from individual palm in to two or three 
done in pieces and spread them in the basin in such way th at the leaflets can hold water to 
nain tain hasten pre composting process . As a first step, begin the initial vermicomposting 
.iich are with the addition of five to six coconut leaves . Later, add more leaves in respective 

basins as and when available. In areas, where palms are grown under ra infed 
condition, vermicomposting is feasible only in the rainy period and hen ce, it may be 1. These 
started with the beginning of monsoon season. In fields where irri ga tion is ado p ted, it in the 
maintenan ce of op timum moisture is easy and hence, yea r round vermicompostin g ition for 
is possible. After completion of the process of pre curing for three weeks, apply cow­aves are 
du ng @10 per cent of leaf weight and release around fifty earthworms of Eudrilus y locally 
sp . to each basin. Wherever possible, the cow dung should be obtained from the rect su n 
organically maintained da iry unit. Cover the basin w ith suitab le mulch material.ow cost 
such as dried we ed ma teria l etc. In case of con tinuous rainfall, care should be takenmanure 
to drain excess water in the basin to av oid water s tagnation. m of u n ­

init y for The ver micomposting sys tem sh ou ld be kept adequately mo ist at 40 to 50 
.rcrops / per cen t as deficit in soi l mo isture w ill resu lt in de ath of worms and it necessita tes 
'\11 these further application of earthworms . Vermicomposting directly in coconut basins 
Norm. It not on ly provides ma jor, secondary and micro nu trien ts, but also acts as mulch, 
banana improves soi l physico chemical properties, suppresses weed growth and ensures 

rwastes	 higher microbial p op u lation build up thereby enhancing soil health . Con tinuous 
supply of biom ass materials in the basins is to be ensured for effective functioning 
of ear thworms . Advant age of th is sys tem is that all the coconut leaves and weedswill be 
added in to the basin are com pletely composted . By th is method, around 25 to 30 organic 
kg of vermicompost is added per palm per year. 

I contain 
d to that 10 .1 . Vermicomposting in Trenches 

Vermicomp ostin g in trenches can also be do ne by ope ning tre nches of 1.5 m 
ecreases width an d 1.0 m depth in interspa ces of coconu t garden. Apply fallen dried leaves in 
,s age of such trenches, app ly cow dung@ 1:10 (cow dung: coconut leav es) and release earth 
ilability worms @1:1 (1 earthworm per kg of dried leaves).Other organic materials i.e., dry 
r of bio­ weeded materials can be also applied in the trenches. Proper turning of the added 
:iition of materials should be done for adequate aeration and to hasten vermicomposting
iportant process . New ly fallen dried leaves can also be placed in the trenches as and w hen 
activity. available. Once the vermicomposting is completed, remove the vermicompost and 
more in app ly to coconut palms. This method can be practiced even u nder limited irrigation 
posalof or when palms are maintained under rainfed conditions. By this method, it could 
~ bene fit be possible to produce vermicom post for app lication @25 to 30 kg per palm per 

year. 111 situ recycling of coconut wastes by ve rmicomposting in trenches dug in 
interspaces of four coconut palms yield on an average reco very of 70 per cen t in a 
compost ing pe riod of 90 days . 

its taken 
A long term stu dy (>10 years from 2003-04 to 2013-14) conducted at ICAR­' soils . If 

CPCRI, Kasar agod clearl y indicated the possibility of organic farming in coconut 

mailto:worms@1:1(1earthwormperkgofdriedleaves).Otherorganic


under coastal ecosystem. The increase in yield for West Coast Tall variety of coconut 
was 75 per cent (from pre-experimental yield of 55 nuts /palm /year to 96 nuts / 
palm/year), while that of Chandrasankara (COD x WCT) was 59 per cent (from 
pre-experimental yield of 68 nuts /palm/year to 108nuts /palm/ year). The practice 
of vermicomposting the recyclable biomass in trenches made in the interspaces, 
application of biofertilizers (Phosphobacterium and Azospirillum @100 g /palm) 
and raising leguminous cover crop in basins and its incorporation was found to 
be the best for improvement in soil nutrient status, enhancement of soil microbial 
population, as well as nut yield and cop ra content. 
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10.8. Vermicomposting in Tanks 
Vermicomposting of coconut wastes can also be done in cement tanks. The 

weathered coconut leaves collected from the garden should be kept for two weeks 

Vermicompost from 
coconut leaves 

Figure 2.12: Kalpa Organic Gold . 
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Figure 2.11: Vermicompostlng in Tanks. 

after sprinkling with cow dung slurry. Apply 
cow dung @ one tenth of the weight of dried 
leaves and release earth worms @ one kg for 
one tonne of the material. Sufficient moisture is 
to be provided for the decomposing material by 
frequent sprinkling of water. Direct sunlight is to 
be avoided. Vermicomposting will be completed 
in about 75-90 days . Stop providing water one 
week before collecting the compost. On an 
average, 70 per cent recovery of vermicompost 
could be obtained. 

The vermicompost produced from coconut 
leaves using the technology developed at ICAR­
CPCRI is now available by the trade name 'Kalpa 
Organic gold'. 
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coconut 10.9. Multiplication of Eudrilus eugeniae CPCRI Strain 

'6 nuts / The ea rthworms can be multiplied in a 1:1 mi xture of cow dung and decaying 
1t (from coconu t leaves taken in a cement tank or wooden box or plastic bucket wi th p roper 
practice drainage facilities. The nucleus culture of earthworms is to be introd u ced into the 
rspaces, above mixture @ 50 per 10 kg of organic w as tes and properly mulched w ith grass, 
s/palm) straw or wet gunny bag. Keep the unit in shade and maintain sufficient mo isture 
ound to leve l by occasional sprinkling of wa ter. The earthworms will m ultip ly to 300 times 
iicrobial within 30 to 60 days, wh ich can be used for lar ge sca le composting. 

~. 
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Figure 2.13: Multiplication of Earthworm. 

10.10. Production of Vermiwash 

Vermiwash is a by-product obt ained from verm icompost production technology 
that can be used as a liqu id organic manure for im proving crop grow th and yie ld . 
The water-solub le components from vermicomposting tanks may be coll ected 
as leachate by passing water slowly thr ough the com pos ting beds or by simple 
sus pension of vermicompost in w ater. This vermiwash is h oney-brown in colour 
with a pH of 8.5 and contains both major and minor nutrients in appreciable quantity 
(Table 2.6). Growth promoting hormones like IAA and GA are also present in 
vermiwash. Vegetables and ornamental plants respond very well to its application. 
Vermiwash has been found to be effective as foliar spray for growth promotion and 
bio suppres sion of patho gens in crop p lants . All the physiologically active w ater 
solub le components of vermicompost such as humic acids, plan t grow th regulator s, 
amino acids, vi tamins, micro nu trie nt s an d microbial cells are extracted in water 
and is known as vermiw ash . Vermiwash produced from acti ve ly vermicom pos ting 
substrates of coconut leaf + cow dung by Eudrilus sp has an alkaline pH, contains 

rlc Gold. 
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Table 2.6: Characteristics of Vermiwash from Coconut Leaf Vermicompost biopolymer , 

Figure 2.14: Collection of Vermlwash . 

Nutrient Concentra tion (ppm) Nutrient Concentration (ppm) cent level. : 

N 2.8 P 10.2 have res u lte 

K 

Mg 

205 

6.5 

Ca 

Fe 

37.9 

Traces 

of fungi wit 
capa b ilitie: 
coconu t ws 

Cu Traces Zn 007 Trichodermt. 
Mn 0.17 effective in F 

Field tri als conducted in farm ers' plots w ith bitter gourd, cowpea, arna ranthu s, 
and chillies indicated that application of verm iwash results in yield of crops on par or 
sligh tly low er than the plots that received regular fertilizer inputs . Such applica tion 
resu lts in healthy plant w ith lesser pest and d isease dam age, large r and deep leaf 
colo urs, longer ability of plants to stay without wilting in field as well as longer time 
of remaining fresh in case of amaranthus aft er harvesting, more freshness of fruits 
etc. There will also be increase in soil microbial populations, soil dehydrogenase, 
phosphatase and urease enzyme activities and organic carbon content of soil. The 
population of the ne matode, Meloidogyneincognita an d gall formation could also be 
checked with application of vermiwash.Vermiwash can be applied either through 
foliar spray or soil drenching. It should be applied @ 1: 5 dilution. It has been 
found to be effective as foliar spray for growth promotion and bio suppression of 
pathogens in crop plants . 

coir p ith. Co­
using poultr 
@10 kg,O.5 1 
100 kg of coi 
in 45 days. T 
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10.11. Vermicomposting of Coir Pith 

Coir pith, a by-product obtained aft er ex traction of coir fibers from h usk , often 
accumulates as waste around the co ir fiber extraction uni ts and cause environmental 
ha zard. Extraction of one kilo gram of coir fibre generates tw o kilo gra ms of coir pi th. 
This spongy cork-like ma terial le ft as such is n ormally resis tant to biodegrada tion. 
Approximately 180 g of coir p ith is obtained fro m th e husk of one cocon u t. It is 
acidic in nature an d h as low bulk density and porosity. Though coir pith has a 
number of beneficial properties like improving soil physic al properties and m oisture 
holding capacity to a great extent, its direct utilization as manure is not advisable 
as it contains large amounts of lignin (75 per cent) and phytotoxic polyphenols and 
less of nitrogen . The C:N rati o is m ore than 100:1. Hence, it is to be ap p lie d to soil 
on ly after composting. This coir pi th can be converted into compost either through 
the us e of local species of Eudrilus or th rough mi crobial degradati on, and the fin al 
product can be used to improve soil physical properties an d m oisture holding 
cap acity to a great extent. The composted coir pith has near -neutral pH , a C: N ra tio 
in the range nearly 20-27, per cent N and per cent K rangin g above 1 an d stable 
CO

2 
evolution after 60-65 d ays of composting. Pleuroius sp p . also has the capacity 

to de grade part of the cellulose and lignin present in coi r pith by p roduction of 
en zymes viz., cell ulases and lactases . The lign in content also reduces considerably . 

Preparation of ve rmicompost from coir pith I 
ieficial	 on a large scale w ou ld bring back both economic 

and environmental benefits. Composting of 
coir pith can als o be achieve d by inocul at ion of 

st	 biopolymer degrading microorganisms at 0.2 per 
)pm)	 cen t level. Studies conducted at ICAR-CPCRI 

have resulted in the iso lat ion of effic ient strains 
of fungi w ith h igh lignocellulose degradation 
capabilities, from natu rall y decomposing 
co conut was tes . Ivuirasmiellus troyanus an d 
Trichoderma in ocula t io n s w e re found to be 
effective in production of quality compost from 
coir p ith. Co-composting of coir p ith can be done 

m th us. using poultry m anure, lime and rock phospha te Figure 2.15: Kalpa Soli Care. 

1 par or @ 10 kg , 0.5 kg and 0.5 kg , respectively for every 

ication 100 kg of coir p ith. This brings abou t bioconversion of coir pith to a fin al product.
in 45 da ys. The composted coir pith can be used as manure in coconut plantations'ep leaf 

er tim e and can increase the capabilit y of soil s to store moisture and n u trien ts. The coir­

,f fruits pith compost, th us, produced usi ng the co-com pos ting technology de vel oped at 
ICAR-CPCRI has be en re leased by the trade na me 'Kalpa Soil Care' .~en ase , 

» l. The 
11. Biocharalso be 

l rough	 Biochar is a charred sol id m aterial obtained from thermochemical conversion of 
IS been	 plant derived biomass in an oxygen limited environment. Bioch ar could be produced 
.sion of	 from coi r pith and tender nut husks, a waste p roduced from coir indus tries and 

tender nut parlours, respective ly, using a charring kiln . Biochar is a lka line in nature 

./. I 

~ 
o 
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Figure 2.16: Biochar from Coir Pith. 
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12. Coconut-based Cropping System coconut yi 
ecologicalIn many coconut growing countries, coconut as a mono crop is only ma rginally 
in constant productive and profitable and hence, a cropping system involving inclusion of 
from the scompatible crops is necessary. The interplay of va rious factors like limited size of 
quantities holding, number of trees, needs of the family, labour requirement for crop, year 
conservati:round returns, easiness of marketing are some of the considerations for the farmer 
nutrients ei to d iversify his farm operations for higher returns by adopting intercropping, mi xed 
regulationcropping or introducing other enterprises like dair y, poultry etc. in the system . 
number of Under coconut ba sed cropping system, the same land can be put to us e to produce 
estab lishec other crops so that the productivity of the land can be increased . 
system inc 

The rooting pattern of coconut p alm, like other monocots, has a typica l farmingw 
adventitious ro ot sys tem and about 74 per cent of the roots produced by a palm undertake 
under goo d management do not go beyon d 2m late ral di stance and 82 per cent of be a single 
the roots are confined to 30 to 120 cm depth of soil. In coconut gardens w ith a square are compa 
system of planting with 7.5 m x 7.5 m spacing, the active root zone of coconu t is common f; 
confined to 25 pe r cen t of the available land are a and the rem ain ing 75 per cent 

Figure 2.17: Blochar from Tender Nut Waste . 
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of the planted area left unutilized. which coul d be p rofitably exploited for rais ing 
subsidiary crops. The venation structure of the coconut crown and orien tation of 
leaves allow considerable portion of inciden t solar radiation to pass thr ough the 
canopy and fall on the gro und. The space utili zation of coconut is very low, and 
therefore , plenty of su nlight falling on the ground rema ins unutilized. As much as 
56 per cent of the sunlight is transmitted through the canopy during peak hours 
(10.00-16.00 hr s) in palms aged around 25 years. This diffused sunligh t facilitates 
grow ing a number of crops in the interspaces. 

Based on the growth habit of the pal m and the amount of light transmitted 
through its canopy, the life span of coconut pa lm is divided into three distinct phases. 
Good ligh t tra nsmission will be there in the initi al grow th phase of the pa lms (from 
plant ing till full development of can opy i.e. up to 8 years) and this period is suitable 
for grow ing intercrops with minimal competition. There will be maximum ground ivity 
coverage (80pe r cent) for young palms (9-25 yea rs) w ith low canopy due to sh ort er 
trunk and therefore, the poor light availability in the pla ntation makes it not suitable 
for growing of ma ny crops in the inter spaces . However, shade tolerant crops could 
be accommodated as intercrop s. Grown up palms above 25 years facilitates gradua l 
increase in the amount of light penetration to the ground and the decrease in ground 
coverage ofcanopy makes the condi tion sui table for raising annual / perennial crops . 
Such cropping system with cultiva tion of a variety of biotopes will provide congenia l 
habitats for useful insects and spe cial bees - which both contribute to the fert ilising 
of coconu t pa lms and improve the productivity.The crops are to be selected based 
on their sha de tolerance and amount of solar rad iation available. It should not grow 
as tall as coconut and shou ld not have an economic life longer than the mai n crop. 
Availability of resources like rainfall, irr igation facilities, soil character istics, labour, 
farme rs needs and market de mands are some of the factors to be considered while 
selecting the crop combinations in a coconut based cropping sys tem . 

By applying the basic principles of organic farming for des igning and developing 
low cost technologies based on the local resources, soil p roductivity as well as 
coconut yield cou ld be considerably improved . These agro technologies in teg rate 
ecological p rinciples into intensification process and ens ure that plant nutrients are nally 
in constant and close cycling within soil and plan t compartments with minimal losses on of 
from the sys tem. Technologies have been de veloped for p roduction of sufficie nt 

.ze of 
quant ities of organic ma tter for recyclin g, produc tion of high qu ality composts, year 
conserv ation of soil organic matter, prevention of loss of nutrien ts, recovery of lost 

.rrner 
nut rien ts etc. Enhancement of biodiversity is the pr imary principle used to evo ke self­

.uxed 
regulatio n and sustainability in agro -ecosystems and when biodiversity is restored, a stem. 
number of complex interactions be tween soil, soil organisms, plants and animals are 

.duce 
established, giving stability to the organic farming system. The integrated farming 
system in coconut holdings is an interactive practice in which inte gration of coconut 

p ical farming with suitable inter /mixed crop s, lives tock and other allied ent erprises are 
palm und ertake n with the aim of incre asing income. The production alternatives can 
ent of be a single intercrop, a mixture of crops, or a crop /livestock combination which 
i uare are compatible wi th each other and other environmental factors. One of the most 
nut is common farm ing systems practiced by coconut growing traditional farmers is the 
: cent 

~ 
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coconut-based farmi ng system (CBFS). This is a multiple cropping or crop / livestock farmers a 
production system aimed at maximizing or complementing the benefits that can be (CBFS) ca 
derived from coconut. Different crop combinations are recommended by research to minimizir 
su it the availabi lity of resources, sunlight , rain fall, irrigation and soil characteristics. increased . 
It ensures optimal utilization and conservation of available resources and effective an efficier 
rec ycling of farm residues within the system. Coconut, being a voracious feeder, of CBFS e 
removes large quantity of nutrients from the soil for its growth and production of coconut Ie 
numerous energy giving materials. A bearing palm producing 50 nuts per year 
removes 390g nitrogen, 100 g phosphorus and 1 kg potash in each year. 13. Coc 

A m t Since almost all parts of the palms are used, chances of recycling biomass from 
accornmo, coconut are less . Hence, regular application of manures is essential, especially in the 
rooting S1traditional areas to compensate this and to maintain the soil fertility at optimum level 
and landfor sustainable coconut production. Coconut based in tegrated cropping sys tems 
productivenables better utilization of natural resources and improves the soil fertility due to 
(H DMSC ~the continuous biomass addition by the subsidiary crops. Hence, it is recommended 
per unital' as one of the man agement practices to increase the productivity of coconut by 
an d cash . enriching the so il fert ility and also for generating higher inco me from unit hold ings. 
p rodu ctioi 

The farming / crop ping systems de signed ba sed on local resour ces and needs of land . II 
cons ider the whole farm as a sin gle unit and all components are giv en importance 
in the functioning of the system. These sys tems create conditions and microclimate 
su itable for the multip licat ion and activity of a variety of beneficial organisms. 
They protect soils from direct su nlight and rainf all and thus p rese rve soil organic 
matter reserves . As many component crops are invo lved, soil resources are utilized 
to the maximum extent, thus preventing the loss of nutrients from the sys tem . As -,'r I 
the biomass production per unit area will be very high, when the av ailable organic 

\ 
wastes are recycled, soil health and coconut yields can be sustained even in the 

-:,'r 1absence of external inpu ts. The se systems can be adopted even by sm all sca le 
( 

," 

Figure 2.18: Cocoa as Mixed Crop with Coconut. Figurl 
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k farmers and coconut based homestead farmin g. Coconut based farming system 
e (CBPS) can be adopted by many small scale farmers as a self su sta inin g and risk 
J minimizing strategy.The rationale is that the productivity of the coconut land can be 

increased. In large scale farm operat ions, CBPS is also adopted because it provides 
e an efficient resource allocation strategy and minimizes input costs . The adop tion 
r, of CBPS en courages improved husbandry practices, increases the productivity of 
if coconu t land, an d enhances the via bility of cocon ut ventur es. 
rr 

13. Coconut-based Multi-storey Cropping System 
A multi-st ore y cropping sys tem is a more com plex CBPS, de veloped ton 

e	 accommoda te two or more intercrops of different heights, canopy patterns and 
rooting systems, to maximize the use of available sunligh t, nutrients, moisture 21 

IS and lan d area under coconut, with the fundamental objective of increasing the 

o	 productivit y of coconu t land . The high density multisp ecies cropping sys tem 
(HDMSCS) invo lves growing a large number of crops at very high plant pop ulation d 
per uni t area to meet the diverse needs of the farmer such as food, fuel, timber, fodder y 
and cash. They are idea lly suited for sma ller units of land and aim at ma ximums. 
production per uni t area of land, time and inputs w ith minimum or no deterioration 

Is of land . The salient features of the syst em are as follows : 
:e 

;,'r HDMSCS models consist of a large number of crop species w ith at very :e 
high plant density. s.
 

ie T.'r It includes annuals, biennials an d perennials.
 
d
 "'!."'( The crops selected include cash crops, food crops and fodd er crops . 
.s 

;,'r It includes large, medium, and small canopy crops arranged in a systematic 
ic 

wa y. 
Ie 

:,', The soil d isturban ce should be kept minimum - only slash weed ing is le 
done. 

Figure 2.19: Coconut-based High Density MUltispecies Cropping System. 
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:,'( The biomass (other than the economic part) is recycled within the system.	 Main ten 
(feed ) ne ;'7 The annual crops are removed as the canopy size of perennial crops 
enhanceincreases. 
the fam 

The coconut palm serves as the ' top floor' , whereas, perennials such as cocoa, residues 
bananas, papaya eic., form the mid-storey crops, and short-growing crops such as p rovide 
spices, vegetables, pineapple, fodder eic., form the ground floor . As coconut palms d epend E 
do not have deep root system, the nutrients th at are leached down are lost to the high deg 
palms. When plants possessing deeper roots and greater root volum e are in cluded im pact ( 
in the coconut based crop p in g system, the nutrients availab le below th e root zone maximiz 
of th e palms are cap tured and deposited on the soil surface via shed leaves, fallen The 
twigs and other plant parts. These m ateri als on decomp ositi on release nutrients for irrig. 
for the uptake by the palms.The m icro clim ate inside th e multi-storeyed cropping t /ha of i 
syst em is charac te rised by lower maximum temperature, smaller diurnal variation u nd er ir 
and less evaporative demand compared to mon o cropp ing system. Cultivation of an d mail 
differen t crops in a particular field results in th e con tinu ous addition of bio m ass would b 
and higher level of nutrien t supply which have a positive impact on the physico­
chemical and biologica l properties of soil. The beneficial effects of such a sys tem IS. Pic 
are evid enced b y the enhancement of microbial population, improvement of soil 
fertili ty status and better utilization of natural resources for the benefit of plant 15.1. P 
growth and sustainable crop yields . The 

etc. As a14. Coconut-based Mixed Farming System for the n 
M ixed fa rm in g system integra ting live stock with crop hu sban dry is an integral biologics 

part of the organic production system. It involves cultivation of shade toleran t crop .coc 
fodder crops in the interspaces of coconut and in tegrating animal enterprises like there are 
dairy, poultry, fisheries etc. and rec ycling the organic residues and by-products. w hichar 

be of eco 
infloresc 
the leave 
thatch iru 
loss. The 
palm we 
ro ot eatiJ 
Dist.) aru 

of COCODl 

15.2. D 
The 

while at! 

Figure 2.20: Mixed Farming In Coconut Garden with Dairy Cows. 

in the ca: 
in organi 
strategie: 
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.m .	 Maintenance of livestock and other components as well as production of fodder 
(feed) needed for them are to be based on organic standards. The animals not onlyipS 
enhance the nutritional status of the household members but also help to augment 
the farm income by the sale of milk, eggs and other products. While the crop 

oa, residues and fodder provide animal feed, the manure and litter of the livestock 
1 as provide renewable sources of organic matter and plant nutrients.They help reduce 
ms dependence on inorganic chemical fertilizers and maintain soil health, resulting in a 
the high degree of organic recycling. Such integration will also maximize the beneficial 
Jed impact of species diversity on soil fertility . Here the system is kept productive by 
)ne maximizing the complementary and synergistic effects of the components involved. 
.len The suitable grasses for rainfed condition are guinea grass, Congo signal and 
-nts for irrigated condition, hybrid bajra Napier. The rainfed crop yields about 35-45 
ing t/ha of green fodder, whereas, the yield could be increased to about 75-100 t /ha
ion under irrigated conditions . Intercropping of hybrid bajra Napier Co 3 in coconut 
10f and maintained organically produces more than 100 t fresh fodder f ha/ year, which 
lass would be sufficient to manage 10 milch animals. 
ico­
tern 15. Plant Protection 
soil 
lant 15.1 . Pests and their Management 

The organic production should aim at minimizing losses from pests, diseases 
etc. As organic system of cult ivation does not permit use of chemical pesticides 
for the management of pests, other measures such as use of cultural, mechanical, 

sral biological and use of botanical and bio pesticide are to be adopted .Being a perennial 
.an t crop, coconut is subjected to attack by an array of pests round the year. Even though 
like there are over 750 insect species (including the ones that directly feed and those 
icts. which are only associated) recorded on coconut palm, only a few are considered to 

be of economic importance (Table 2.7). All parts of the palm oiz., leaves, stem, root, 
inflorescence and the nuts are subjected to att ack by pests. Damage when caused to 
the leaves, leads to reduction in photosynthetic efficiency and decrease in value for 
thatching purpose, but when done to inflorescence and nuts leads to direct economic 
loss. The major insect pests of coconut are rhinoceros beetle (Oryctes rhinoceros), red 
palm weevil (Rhynchophorus[errugineu ss, leaf eating caterpillar (Opisina arenoeellai, 
root eating white grub (Leucopholis coneophoray, Coreid bug (Paradasynus rosiraius 
Dist.) and Coconut eriophyid mite (Aceria guerreronis Keifer) . The important pests 
of coconut and their management are listed in Table 2.7. 

15.2. Diseases and their Management 

The coconut palm is affected by a number of diseases, some of which are lethal 
while others gradually reduce the vigour of palms causing severe loss in yield. As 
in the case of management of pests, no chemicals are allowed for disease control 
in organic cultivation. The important diseases of coconut and their management 
strategies are given in Table 2.8. 
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Table 2.7: Important Pests of Coconut and their Management 

Name of Pest Symptoms Management 

a) Rhinoceros beetle 
(Oryctes rhinoceros) 

The adult beetle bores throu gh into the unopened 
fronds and spathes. The affected frond when fully 
opened shows the characteristic geometric cuts. 
Infestation on spathes often destroys the inflorescence 
and thus prevents production of nuts. The beetle breeds 
in a variety of materials such as decaying organic debris. 
farmyard manure, dead cocon ut logs, compost pit etc. 

Field sanitation by proper disposal of decaying organic debri s. 
Mechanically extract beetles with hooks without causing any further 
injury to the growing point of the palm.Apply powdered neem cake 
or "Marotti cake" (Hydnocarpus wightiana Blume) @ 250 g mixed 
with equal quantity of sand in topm ost three leafaxils three times 
a year or fill the innerm ost two leaf axils with 12 g naphthalene balls 
covered with sand at 45 days interval.Treat manure pits and other 
possible breeding sites with leaves and tender stems of Clerodendron 
infortunatum or with the culture of Metarhi zium anisopliae (green 
muscardine fungus). Spray 250 mg fungal culture diluted with 750 
ml water/m- ot breeding site. The fungus can be mass multiplied on 
local materials such as coconut water and cassava chips.Release 
Oryctes rhinoceros virus (ORV) infected adult beetles @ 10-15/ 
ha of coconut plantation. 

b) Red palm weevil 
(Rhynchophorus 
ferrugineus) 

Young palms below 20 years succumb to severe dama ge 
by this pest. Bud rot and leaf rot disease and rhinoceros 
beetle attack are predisposing factors for red palm weevil 
infestation. Being an intern al feeder , it is very diff icult to 
detect the dama ge caused by the pest at an early stage. 
Wilting of the central spindle, presence of chewed fibers 
and cocoons in the trunk, presence of holes in the trunk 
with brown fluid oozing out are the important symptoms. 
The symptom of infestation becomes clear in advanced 
stages when the crown of the affected palm topples. The 
weevil multipl ies enormously in young coconut plantations 
causing loss to an extent of 5 to 10 per cent. 

Avoid injury to the palms, as they would attract the weevil to lay 
eggs. Injuries caused by rhinoceros beetle, mechanical injury during 
cutting of leaves or steps cut on the trunk for climbing give a favourable 
condition for egg laying. Mechanical injury, if any, caused should be 
treated with coal tar. While cutting of fronds , leave petiole to a length 
of 120 cm from the trunk to prevent the entry of weevils through 
the cut end. Periodically clean the crown to avoid decaying of debris 
in leaf axils. Remove palm in the advanced stage of infestation, 
split open the stem and burn. Adopt prophylactic leaf axil filling as 
suggested for rhinoceros beetle.Set longitudinally split coconut log 
traps (50 cm length) after smearing the cut suriaces with fermenting 
toddy or pineapple or sugarcane activated with yeast or molasses 
to att ract weevil. Coconu t petiole pieces smeare d with fermented 
toddy kept in pots @ 10 pots/ha also serve as weevil traps. The 
traps should be placed at dusk and the weevils trapped are destroyed 
next morning. Install traps with aggregation pheromone to mass 
trap and destroy the weevils. This technology should be taken up 
on community basis. 
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Table 2.7-Contd... 

Name at Pest Symptoms Management 

c) Leaf eating caterpillar 
(Opisina arenasella) 

Leaf eating caterpillar commonly occurs in the coastal 
and backwater tracts. In recent years, it has assumed 
severe proportions in interior tracts as well. The cater­
pillars live on the under surface of leaflets inside silken 
galleries and feed voraciously on the chlorophyll 
containing functional tissues. This affects the health of 
the palm adversely by reducing the photosynthet ic area 
and results in reduction of yield. The severity of infestation 
by this pest will be marked during the summer months 
from February to June. With the onset of southwest 
monsoon, the pest population begins to decline. In severe 
outbreaks of leaf eating caterpillar, the older leaves of the 
palms are reduced to dead brown tissue and only three or 
four youngest leaves at the centre of the crown remain 
green. In case of severe infestation, the whole plantations 
present a scorched appearance. 

Cut and burn the heavily affected and dried outer most 2 to 3 
leaves. Adopt biological control by periodical release of larval! 
pupal parasitoids suchas Goniozus nephantidis, Elasmus nephantidis 
and Brachymeria nosatoi. Combined release of the parasitoids is 
required in multistage condition of the pest. 

d) White grub 
(Leucapholis 
coneaphara) 

The soil inhabitin g white grubs cause damage to the roots 
of coconut. Besides coconut, it infests tuber crops like 
tapioca, colocasta, and sweet potato etc., grown as inter­
crops in coconut gardens. In coconut nursery, the grubs 
feed on the tender roots and tunnel into the bole of the 

Collect and destroy adult beetles during peak period of emergence 
in May-June to reduce the population. 

collar region resulting in drying up of the spindle followed 
by yellowing of the outer leaves and gradual death of the 
seedling. In older coconut plantations continuous infestation 
by the grub results in yellowing of leaves, prematu re nut 
fall, delayed flowering, retardation in growth and reduction 
in yield . 
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bio pes ti cide on the newly op en ed 

Table 2.7-Contd... 

Name of Pest Symptoms 

e) Coreid bug Coried bug occurs in coastal areas and in high ranges Apply neem based 
(Paradasynus rostratus of Kerala. Apart from coconut it feeds on tamarind, inflorescence. 
Dis!.) cashew, cocoa and guava.The peak population occurs 

dur ing post monsoon period. The adults and nymphs feed 
by desapping the contents on buttons and developing 
nuts below the perianth region. The feeding points 
develop to brownish necrotic lesions, which later turn to 
furrows or cracks. The symptoms are easily identified by 
cracks and gummosis. Severe damage leads to nut fall 
and malformation of mature nuts. 

f) Eriophyid mite Mite feeds on the upper portion of the developing nut Adopt phytosanitary measures in coconut plantations like crown 
(Aceria guerreronis that is covered by perianth . Feeding by mites in this zone cleaning. Collect and destroy all the fallen buttons of the affected 
Keifer) causes physical damage to cells. The feeding sites that palm.Spray neem oil-garlic-soap emulsion @ 2 per cent concentration 

grow downward from the perianth appea r as longitudinal (200 ml neem oil, 50 g soap and 200 g garlic mixed in 10 litres of 
patches and later develop into triangular yellow patches, water) or commercial neem formulation azadirachtin 0.004 per cent 
turn brown, develop longitudinal fissures and finally appear (Neemazal TIS 1 per cent @ 4 ml per litre of water) during April­
as warts and develop into longitudinal splits on the surface May, October-November and January-February. Apply the spray 
of nuts. The liquid oozing from these patches dries and as solution as fine droplets on the perianth region and general surface 
a result dried decayed matter is noticed. The damage of developing nuts of 1-6 months old bunches with hand sprayer or 
affects the quality of husk and dehusking becomes difficult. rocker sprayer. o 
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Table 2.8 : Diseases of Coconut and their Man agement 

Name of the Disease Symptoms Management Strategies 

a) Bud rot 
(Phytophthora pa/mivora) 

tY The first visible symptom is withering of the spindle leaf 
marked by pale colour. 

't( The spindle tu rns brown and droops down. 
-c( The tender leaf base and soft tissues of the crown rot into 

a slimy mass of decayed material emitt ing a foul smell. 
't( The disease may spread to adjacent leaves, producing a 

dead centre with a fringe of liVing leaves. 
-c( The disease kills the palm if not controlled at the early 

stages. Palms of all age are liable to be affected but normally 
young palms are more susceptible. 

'~Y The disease is more prevalent durin g monsoon when the 
temperature is low and humidity is high . 

-c( Cut the palm which are in the advanced stage of disease 
or died due to the disease and burn the infected crown 

'i.'< As a prophylactic measures spray 1 per cent Bordeaux 
mixture to all the palms in the garden in the disease endemic 
areas 

't( In early stages of the disease, when the spindle leaf starts 
withering, cut and remove all affected tissues of the crown 
and appl y Bordeaux paste and protect it from rain by 
providing polythene covering till normal shoot emerges. 
Later remove the cover as the shoot grows 

'~Y Destroy infected tissues removed from the affected palm 
by burning. 

...'c Spray 1 per cent Bordeaux mixture on spindle leaves and 
crown of palms around the infected area to prevent the 
disease spread. 

t'< Provi de adequa te d rai nage in garden s and avoi d 
over crowding. 

b) Root (wilt) disease 
Phytoplasma. The disease 
is transmitted by lace 
bug Stephanitis typice 
and the plant hopper 
Proutis ta moesta. 

~ The important visual diagnostic symptoms are abnormal 
bending or ribbing of the leaflets (flaccidity), general 
yellowing and marginal necrosis of the leaflets and unopened 
inflorescences. 

'~'c The nuts are smaller and the kernel is thin . 
..'< The oil content of copra is also reduced . 

This disease is not lethal but only debilitating .
-c( As no curative measure is known at present, the approach 

will be to manage the disease in the already infected 
gardens. 

~ To reduce the loss due to the disease, the strategy would 
be to contain the disease by improving the health of affected 
palms and increasing the yield through proper manuringand 
other agronomic practices. 

'",< Cut and remove all affec ted palms in mildl y disease 
affected areas. 

'i--Y In the heavily disease affected tracts, remove severely 
affected uneconomic adult palms (those yielding less than 
10 nuts per palm per year) and all diseased palms in the 
pre-bearing age. 
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Management Strategies 

'1:< Adopt improved management practices in the affected 
gardens to enhance the yield of palms, 

-£} Organic recycling by following mixed farming system ­
Raising fodder crops in the interspace and maintaining 
milch cows and application of farm yard manure to palms. 

Table 2.8-Contd... 

Name of the Disease	 Symptoms 

,!:< Grow suitable inter and mixed crops,
 
: ( Basin management with green manure crops,
 
.~'< Irrigation during summer months.
 
-;,.'( Leaf rot disease which is usually noticed in root (wilt)
 

affected palms can be controlled by applying Pseudomonas 
fluorescens or Bacillus subti/iseither alone or in combination 
@50 g in 500 ml water to the axil of spindle leaf 

'i.-'< Replanting with progen ies of disease free elite palms 
located in hot spot areas. 

,!:< Follow strictly all the prescribed prophylactic measures for 
other pests and diseases. 

c) Leaf rot ~< Symptom s appear as minute water soaked angular spots -t.< Cut and remove rotten portion of the spindle and two 
(Exserohilum rostra tum on spindle leaves adjacent leaves. 
and Colletotrichum ,~,< They enlarge, coalesce and cause spindle rot 'i,.'< Since leaf rot affected palms are prone to pest attack, filling 
gloesporioides) the youngest three leafaxils with a mixture of powdered 

neem/marotti cake with equal quantity of sand or placing 
naphthalene balls (12g/palm) and covering with sand three 
times a year may be adopted, 

-t.(	 Apply Pseudo monas fluroscens or Bacillus subtilis either 
alone or in comb ination as explained above 

d) Stem bleeding j,'< The disease is characterized by the exudation of dark -t.< Remove water stagnation (if it is a problem) and apply 5 
(Thie laviopsis paradoxa) reddish brown liquid from the longitudinal cracks in the kg neem cake fortified with Trichoderma per palm along 

bark, generally at the base of the trunk w it h othe r organi cs during September-October 
'!:< The bleeding patches spread throughout as the disease 

advances. The liquid oozing out dries up and tu rns black 
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Name of the Disease Symp toms	 Management Strategies 

-!:( The tissues below the lesions rot and turn yellow first and 
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16. Harvesting and Post-harvest Management Seleete 

16.1.	 Harvesting Anonym 
Deve Twelve months old coconuts are to be harvested both for copra preparation as 

well as seed nut purpose}while for tender nut purpose; the nuts are to be harvested George V 
at 7 to 8 months stage. The maturity of nuts shall also be considered for harvest farm: 
depending up on the value addition to be made using kern el. coconut w ater etc. Ins tit 
Six to eight harvests} on an average, can be made in a year depending on the yield Ge org e ' 
of palms. Chan 

Tedu16.2. Post-harvest Management 
George \.Fresh coconuts: Coconuts which are intended to be sold fresh shou ld be 

Alka harvested before they are completely ripe} as they will contain up to 95 per cent 
advaicoconut water. In order to export fresh coconuts, it is recommended to remove thick 

fibrous husk of the coconuts immediately after they are harvested by keeping a small Mur ali Gc 
portion of the fibre on the upper side of the nut. Organically produced coconuts are Coco; 
not allow ed to be trea ted wi th methyl bromide or ethylene oxide, or with ionising Verm 
rays for long storage. Prabhu} S. 

of imj16.2.1. Making 'Cup Copra' 
Cocon 

In order to make 'cup copra ' the fibrous husks are remo ved from the freshly 
Sa tyagopc harvested coconut fruits. Later they are split open into two parts using a hea vy knife 

D .R., and washed in clean, cold wa ter to remove any foreign particles and fibres. Then 
K.S., ~they are briefly pre-dried by placing them out in the sun on racks, mats or in solar 
Venk: d rye rs . This drying facilitates easy separation of meat from the shell. The split open 
packanuts shou ld be kept for drying as soon as the y have been opened}as any delay will
 

result in the meat turning reddish-brown and deterioration of quality of copra . After Singh}H.F
 
about two days of sun-drying, the fruit meat (kernel) is usually ha rd enough to be Pracii.
 
removed from the hard shell. In a period of about 4-5 days, the entire drying process
 
will be completed and copra removed from the shell. Before the copra is packed,
 
the y should be cleansed of any foreign particles (stones, sand, fibre residues etc.).
 

16.2.2. Making Ball Copra 

In order to make 'ball copra ', ripe coconuts are stored in the shade for about 8 
to 12 months. In this way, the coconut water is gradually absorbed}and the coconut 
meat sh rinks and dries}so that it begins to rattle around when sh aken. When the 
meat begins to rattle}the fibres and shell are to be carefu lly removed. Before it is 
pa cked, the copra should be cleansed of foreign particles (stones)sand}fibre residues 
etc.). There are specific varieties suitable for m aking ball copra (e.g. Kalpa Ganga). 

16.2.3. Manufacturing Dried, Grated Coconuts 

In order to make dried}grated coconu ts, the brown shell arou nd the copra is 
rem oved, the meat washed with clean}cold water, then sterilised , grated, dried} 
and if necessary, sieved into gr ades. The gr ated} dried coconuts are to be sorted 
into different grades according to their grain size . 






