
 

 

1 A pure stand of 30-year-old coconut palms 
planted at 7.5 x 7.5 m spacing 

Increased production per unit area of agricultural land, time and input is achieved in the
case of annuals through multiple cropping—growing a sequence of crops in quick 
succession in one year or other relevant time span. In plantations like coconut, where the 
land remains committed to the main crop for decades, the strategy for maximising 
production has to be different, A new concept, termed multi-storeyed cropping, has been 
developed and put to practice at the Central Plantation Crops Research Institute, 
Kasaragod. 
Crops having different stature and rooting habits are grouped to form compatible 
combinations so as to enable interception and utilisation of light at different vertical 
intervals and facilitate foraging the soil at different layers and columns. One such 
combination is coconut + pepper + cacao/ cinnamon + pineapple. Coconut, spaced 7-5m 
apart and growing 10-30m tall, functions as the top floor of this crop building. The 
second- floor crop of pepper develops the canopy on the coconut trunk at a height of 
3-8m. Cacao/cinnamon, which grows 1 -5-2-5m high, forms the first floor and pineapple, 
with its shallow root system, constitutes the ground floor. The authors describe such crop
combinations on trial at Central Plantation Crops Research Institute, Kasaragod, S India, 
and analyse the factors and environments which influence and contribute to the 
biological, operational and economic efficiencies of such intensive cropping systems. 

M u lt i - s t o r ey ed

A NEW DIMENSION

IN MULTIPLE

CROPPING

FOR

coconut
PLANTATIONS

E. V. Nelliat,

K. V. Bavappa

and P. K. R. Nair,

Indian Council

of Agricultural Research

2 Multi-storeyed crop combination of coconut 
black pepper -j- cacao 4- pineapple at the 
experimental farm of CPCRI 

World Crops. November/December 1974

cropping



 

CROP PRODUCTION is really the conversion of 
solar energy into chemical energy of a storable, 
movable and economically useful form through 
the photosyn- thetic apparatus of plants. In any 
conversion process, 'efficiencies' are involved. 
In crop production, efficiency would mean the 
rate arid extont to which solar energy is 
converted into economic produce. Calculations 
based on theoretical concepts have shown that 
the potential productivity of a crop under 
conditions of optimum management is 770kg 
dry matter/ha/day, which is equivalent to an 
annual biological yield of 281-05 tons/ha1. But 
the actual production of a coconut plantation is 
much below this figure. Taking an average 
yield of 100 coconuts per palm per year, which 
is considered to be a relatively good yield under 
the prevailing conditions in the coconut- 
growing belt of the west coast of India, 

the total biological production is only 17-1 
tons/ha/year, as given in table 1. 

Table 1 
Total annual biological production of a coconut 

plantation per hectare* 

Plant part Dry weight/ha/year (tons) 

Whole nut 11-10 

Spathe and spadices 1-15 
Leaves 4-32 
Stem 0-53 

Total 17-10 

•Average yield of 100 nuts/palm/year, 175 palms/ha, 
and 13 leaves/palm/year. 

This low level of productivity could be 
attributed partly to the non-utilisation of 
available resources to the fullest extent 
possible. According to the bio- energetic 
concept of crop product ion, the major 
environmental resources in the process of crop 
production are solar energy and land surface. 
Advances in agricultural technology have 
paved the way to increase the productivity, 
most significant among them suitable for the 
tropics being the technique of multiple 
cropping, which keeps the photosvn- thetic 
factory operative at higher efficiency for longer 
duration within a calendar year or other 
relevant time span. 

The philosophy of multiple cropping is one of 
maximum crop production per unit time and 
a.rea of land, with minimum of soil 
deterioration5. In the case of annuals, this 
could be attained by- growing crops in 
sequential or relay combinations. In perennial 
crops like coconut, where the land remains 
committed to the same crop for a number of 
years, the strategy has to bo different. Here the 
aim should be to raise a combination of crops or 
crop mix whose mutual compatibility enables 
more efficient utilisation of the resources like 
sunlight, soil and water. 

Table 2
Pattern of land utilisation by a pure 

stand of coconut palms 

Land area available for a single 
coconut palm, planted at 7 5 x 
7 5m spacing 56-25m2   

Area of maximum concentra- 
tion of coconut roots (7rr!) r = 
lateral spread = 2m 12-57m2 

Percentage of total area effect- 12 57 x 100 
ively utilised by coconut roots 56 25 ' 

— 22 24 

For a scientific development and evaluation 
of such a technique, it is essential that the 
pattern of utilisation of the natural resources 
in a pure stand of coconut, is characterised. 

1. Land utilisation 
Studies conducted at Central Plantation 

Crops Research Institute (CPCRI), Kasaragod, 
have shown that the effective root zone of an 
adult bearing coconut palm growing under 
normal management is confined laterally 
within a radius of 2m around the base of the 
palm3. Studies on the vertical distribution of 
roots have shown that the top 30cm layer soil 
was practically devoid of functioning roots and 
that about 86% of the roots were found 
between 30 and 120cm depth from the surface1. 
However, the morphological features of the 
coconut palm necessitates its planting at 7-5 x 
7-5m spacing (fig 1). These observations 
indicate that 77-7% of the total available land 
area in a pure stand of coconut is not 
effectively utilised by the coconut roots (table 
2). 

2. Solar energy utilisation 
(i) CANOPY DEVELOPMENT: Fig 3 shows the 
pattern of changes in the apparent coverage of 
ground by coconut canopy with respect to age 
of the palms. After attaining maturity, there is 
little change in the spread of the coconut 
crown, although a slight reduction in the size 
of 

the fronds may occur. Yet the canopy- coverage 
of ground progressively decreases with the 
increase in height and the resultant increase in 
the amount of sunlight from the slant rays, (ii) 

DISTRIBUTION OF LIGHT PROFILE: TllC 
Venetian structure and the orientation of 
coconut leaves permit part of the solar 
radiation incident on the foliage to percolate to 
lower profiles and ground surface. The extent 
of this transmission varies with age of palm 
and is almost inversely related to apparent, 
ground coverage by the crown, as depicted in 
fig 3. 

The above analyses of the characteristic 
features of coconut palm suggest the possibility 
of intensifying the cropping in the interspaces 
by introducing- parallel combinations of 
compatible crops. Essentially, the crops that 
could be meshed into mutually compatible 
combinations should have varying nutritional 
and environmental requirements and 
morphological and physiological features. In 
addition, the subsidiary crops should be 
relatively shade tolerant. 

Intercropping 
When annuals or seasonal crops are grown 

in the interspaces it is designated as 
intercropping. A number of such crops have 
been tried at CPCRI, Kasaragod. These 
included tubor crops like elephant foot yam 
(Amorphophallus companulatus), cassava or 
tapioca (Manihot ■utilissima), sweet potato 
(Ipo- moea batatas), ginger (Zingiber officinale) 
and tumeric (Curcuma lortga), cereals like dry 
paddy, and pulses like green gram (Phaseolus 
aureus), black gram (PhaseoLus mango) and 
horse gram (Doliclios bijlorus). Growing such 
intercrops, apart from being remunerative, had 
no adverse effect on the growth and yield of 
coconut when both main crop and inter-crop 
were adequately and separately manured. 
Trials on the feasibility of raising an array of 
other intercrops are also on the way. 

Age of Palms(Years) 

3 Apparent coverage of ground by coconut canopies 
of various age groups 
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E. V. Nelliat is the Head of 
the Division of Agronomy. 
Central Plantation Crops 
Research Institute. 
Kasaragod. India. He has 
specialised in soil and water 
management and since 1947 
has been actively engaged 
in coconut research. being 
particularly concerned with 
Water management and 
nutritional aspects. 

K . V. Ahamed Bavappa has 
been the Director. CPCRI. 
since its inception in 1970. 
After an academic 
career he joined the Madras 
agricultural Department and 
later the (then) Indian 
Central Arecanut Committee. 
He worked in various 
capacities and was the 
arecanut specialist prior to 
his appointment as Director. 
CPCRI. Mr Bavappa is the 
president of the Indian 
Society for Plantation Crops. 

After a year of post-doctoral 
research associateship at the 
Rothamsted Experimental 
Station. England, Dr Nair 
joined the CPCRI as agrono­
mist in 1972. He is 
particularly interested in 
multiple cropping . 

Mixed cropping 
'Vhell perennials a,re gro\\'n in t.he 

interspaces it is called mixed cropping. 
The important erops tried werc cacao 
(Theobromn weno), cinnamon (Cinnn· 
mon zeylnnicwm) , nutmeg (.Myri8tiw 
fm.gm.ns) and clove (E-ugenia. eaJ'yo­
phyllata). Black peppel' (P.iper nigrum) 
was also gl'Own and traincd on coconut 
trunk. The preliminary resulti< were 
cnco uraging. 

Concept of multi-storeyed cropping 
As a step towards raising the cropping 

cffici ency, combinations of mixed and 
inter-crops are also being studicd . 
Owing to the differences in the morpho ­
logica l stature, these crops develop their 
ca.\lopies at different strata in t.he field, 
simulating t he featurcs of a multi· 
storeyed crop building. A crop com­
bination of coconut + black pepper + 
ca,cao/cinnamon + pineapple is illus· 
tra.ted in fig 2. Coconut grown at a 
height of 10- 30m forms the top floor 
of this crop building. Black peppel', 
which is trailed on coconut tl'llnks up to 
6- 8m with li ttle la.teral spread, forms the 
sec:ond floor. Cac:a.o/c:i nnamon with a 
canopy height of l'5- 2'5m and pine· 
apple/t,uber crops hay ing a relatively 
lesser stature (about, 1m) constitute the 
first and ground floor, respectively. 
""hile in a building t.he grolmd floor 
dete rmines the shape and size of t he 
superstrnctures, in the crop building the 
top ·fl oor crop detcrmines the agronomic 
des irabilit,y of the nature and- type of 
CI'OP;'; that could be combined, 

Agronomic desirabilities 
A higher efficiency in the utilisation of 

the sola r energy incident on a. given area 
is obta ined as it i,; int,ercepted at vertical 
intervals b y thc canopies of t,hese 
crops. Rooting p atterns of thcse crops 
are 	 also mutllallv exclusive horizont­
ally, as illllstrat~~1 in fig 4. Roots of 
ca,cao and c innamon , by virtue of the ir 
tapering r oot systems with relatively 
lesser lateral spread, do n ot offer any 
effecti ve competit ion with roots of coco· 
nut palm (fig 5). Pineapple is a surface 
feecler, its roots being restricted to a 
depth of about :30cm only. Thus a higher 
effieienc:y in the utilisation of the soi l 
r esources and inputs is effected. 

Another important agronomic aspeut 
in favour of this intensive C1'opping 
system is the efficiency of water usc. The 
potential evapotranspi rat.ion of an area 
is dependent mainly on the evaporative 
demand of the climate. Therefore, t.he 
quant ity of water required to permit 
potential growth and yield of anyone 
crop or a. number of crops growing in a 
g iven area would remain almost the 
sa.me , irrcspective of th e number of 
crops g rown . Irrigation during the ra,in· 
less period from December to May 
inc:reased the y ield of c:oconuts sub· 
stantially (50-- 100 %). The microclimate 
developed ins ide th is erop building had 
not only benefited the coconut bu t, also 
t he other corops. Both cacao (variety 
fOl'estero) and black peppel' (va.riety 
Pa.nniyu.T·I) fl owered during the fil'st 
yea.r of planting2 • 

The growth of weeds in t he in terspaces 

ill COCOll tl t garden~ is a. lnonaee. l f wceds 
a rc p crce ived as plants with definit e 
rcquirements of resources suc h as land, 
f;olar energy ane! management inputs, 
t.he question then becomes: '\Vhy can't, 
t. he weecls be substituted by some eco­
nomically useful plants 'I' In multi· 
st,oreyee! a.ne! ot.her intensive systems of 
(:l'opping these resource", are ta,ppcd to 
the maximum possible ext ent, with tho 
resul t that weeds a.re smothercd and the 
problems caused by weed growth re­
duced. Further, intoreultinttion in coeo· 
nut gardcns , whieh is an expcllsin' 
opcratioll, could be minimised. 

Economic considerations 
T he advantages of multistoreyetl 

eropping are manifold with I'espeet to 
economic aspects a lso . Apa,rt from 
increasing t he prod uetion pel' unit arca 
and time, t.he net rcturn pel' unit !I,mount 
of money invested is higher. A fanner 
spec ialising ill a single commodity has 
to run t he risk of market glut due to 
over-produc t ion ami the resulting low 
prices for t he produce. Sueh s it.uat ions 
would be disastrous in th e case of 
perennia.! crops, as has f'ecently 
happened in the case of areeanut in 
South Kanam distric:t, India. Diversifi· 
c:ation of fa.rm produce t hrough multi· 
storeyed cropping ensures a partial 
guarantce against. this risk. Moreover , 
under condit ions of monoeulture, the 
farmer and his familv are uuder· 
employed. On the othcr haneL the 
employment potential gener'ated by the 
labou r·intensive crop diversifications 
helps t,o keep the farmer and his family 
better occupied. 

Prospects and problems 
The technology of growing a variety of 
annua l and perennia.l crops in coconut 
plantat.ions by itself is n ot, en t irely ncw. 
At present it, is done in a ha.phazard 
manner, whieh results in the mut ual 
competition for light, water and nutl'i· 
cnt.s and t he ul t imate low productivity . 
N one the less multi-storeyed or any other 
intensificd cropping system is no t a 
pa nacea fo r the ev ils of present·day 
eoconut fanning, nor is it without prob. 
lem:;. For its suc:cess none of the inpu t ,; 
sl1ch as fertilizers , seecls, water , agro· 
chemicals, ete, should be in limited 
supply. The management as well as 
post.hm·vest teehnology for each of t h ese 
crops has to be perfeetly understood a.ntl 
adopted by the farmers. The farmer 
should be ever aler t and vigilant to 
safeguard his crops from biologieal 
hazar'ds and management pi tfuiis. Yet 
the strat egy looks feasi b le and to bn 
commended for further consideration. 

REFEHENCES 

J. Central P lan tation Crops Hcscnrch InRti tu t(' 

( 197:3): A nnual R eport for 1972 , p 40. 


2.. Ccn tra.l Plantation Crops Hcsearch Ingtitutl' 

(197:1): Annual Report (under publica, 
I,ion). 

:1. Knshwah. B. L., Xcllial.. E. V .• \(urkose. 
V. T., (l nd Sunny, A. F. ( In7:3 ): '[{ootin g­
Pattern of Coconut (00(;06 nuc"l/era L.r, 
indian J AY1'On , l8( I) , 7 1- 72. _L 

4. 	 Loomis. H. S ., and \Vill am g, \V. A, (1iJ!f3): 
')Ia.ximlltll Crop Prodllct.iy it.y "----An Esti. 
mate' , Crop Sci. 3, 67·- 72. 

.'i. 	flingh, A., und :\'air. P. K. H. (19 72): . BaseR 
of ~1111tiple Cropping' . ;lg'n~cullurol SitH­
alion!.n india . 26, 871-874. 

http:fm.gm.ns

