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AB3TRACT

A In the coconut growing tropics, the pressure on arable
land is high beczuse of inereasing human population, and the.
average size of coconut holding is diminishing, However, the
climatic conditions in these reniors are congenial for high.
productivity and the coconut palm is amenable to intenaive
cropping with other compatible crops, Moreover, the basic
regources of crop groduction’- soill and solar energy -~ are not
being utilised to he fullest extent in a pure palm stand, :

With a'view %0 maximising productivi%y per unit area ‘
of 1cnd and unit time in coconut plantations, various cronring
pro~rammes have becn evolved snd put to trial at CPCRI, These

-cpnsiat of coconut as the pivotal cron znd comvatible comdbina-
tions of relatively short duration crops (intercropping), lonz
durationr crops (mixed cropping) and a multispecies cron commu- -
nity @nﬂtistoreyed cropping) which enables interception of

’light at different strata by crop canopies and effective
'soil harvestine' by their root systems at distinct zones., 4n
integrated system of mixed farming based on the concept of a

" balanced plant-animal-human ecosystem, particu]arlv suitab’e ror
*“amall farmers is also being tegted. , ,

The adVﬁntage~ in terms of higher producfivity. enhanced
ret returns, more favourable cost ¢ benefit ratio, generation
of additional emplogment potential, better efficiency in the
use of water and other inputs, and synergistic effect amnd non-
monetary inputs are discussed in this paper. Areds for future
1ine of work have been indicated. » i ,

Y Agronomist, Director, and Head of the Division of Agronomy
respectively _ . N
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1. INTRODUCTION

The coconut growing regions of troples are characterised
by a warm humid climate, plentiful sunlight and 1ittle variation
between maximum and minimum temperatures round the year. Coine
cidentally, thege regions are also charncteriged by exmloding
rate of population increase and oonsequent fragmentation of
holdings and thus an increasing pressure on arable land, The
average holding size of coconut farm is only 0.22 ha in India
thourh 1t 48 much higher in other countries. Therafore, 1t has
btecome imperative to enhancze the productivity of land by resort-
ing to more intensive cropping programmes in coconut sreas,

Coconut palms are planted wide apart %o accommodate !
the large canopy of the palm with a view to minimising the
overlapping and mmtual shading of the leaves. The alm
density often ranges from 125 to 175 per ha although as
wany as 300 palms per ha are also met with, Realisation
of *he fact that the effective root zone of coconut is
restricted to a few metres round the base of the paldm, has
persuaded the enterprising coconut farmers to raising other
crops in the interapaces, As a result, growing other cro
in ¥he interspaces of coconut is not an unusual practice f:
many of the coconut growing countries, varticularly in
regions where the pressure on arable 1ani 1s. high as in
India, where only less than 10 per cent of the area under
coconut 13 malntained as pure erop, In other countries 1l1ike
Sri Lanka, where extenaive plantations of coconut exist,
intercropping is less popular although common grasses which
naturally grow in the interspaces are utilised for grazing
cattle, However, the crops raised are by and large non~
compatible and the management practices adopted are inede-
quate, This, in general, results not only in the lowering
of the productivitv of the main crop of coconut, but also
that of the inter or mixed crop thag 1a grown in the ares.

Aocepting the need to practice inter and mixed cropp-
ing in coconut plantations, work on improving the production
levels under the crop mix attracted the attention of research
workers in the pecond half of the century, Improved manage=
ment practices for such crop mixde were suggested, Inter-
cropping the coconut plantations ana evolving a'proger system
‘of management, according to Santhirasegaram (1967) depends
upon the availability of soll moisture and adequate manuring.
Trials at Kasarsgod had shown that there was no adverase
effect due to raising intercrops on the main cerop of coconut,
provided both the crops were adequately and separately manu-
red, Similar results were réported by Celino (1963) Irom
Philippines where money crops 1ike vegetables, cassava
banana, coffee, pine apple and cacao were grown, Rodrigo and
Mangabat (1964) presented data on the net returns to show
that cacao in the shade of occonut was more remunerative than
the coconut itself, Khan (1962) suggested diversifying cocomut
cultivation in India by mixsd oropping with yezfcr, clove
mt msg and cacao, 2iller and Premond (1961 scussing ‘hﬂ :
manuring of the cooconut m stated that the groseneo or
abserce of ﬁmo apple made no difference in the response but

potash fertilisation aia.
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In the 1ight of the concept of multiple oropping in
field orops that gained cmphasis and popularity in the six~
tiea, the feanibil ity of increaiing agricul tural
production from coconut plantations where the land remains
committed to the orop for decades, also received attention
at the hands of the research workers, Th:hgrogrammes that are
being persued in this direction in India their prospects
are discuased in this paper.

II. AMENABILTTY OF COCONUT PALM TO INTENSTVE OCROFPPING - BASIC
PRINCIFLES : :

Growth habits and crown shape of coconut palm necepsi-
tate a spacing of 7.5 x 7.5 m giving a plant population of
about 175 palms per hectare, However, the studiers conducted
at Central Plantation Crops Research Institute ([EPCRI), ¥rsae-
ragod, have shown that the two basic resources of crop producte
ion yiz, soil and solar energy are not being utilised to the
fullest extent possible in a pure stand of coconut palms.

(1) Sof1+ The effective rout zone of an adult bearing coconut
palm, growing under normal management is confined laterally
within a radius of 2 metres around the base of the vpalm and
vertically within 30-120 cm depth from the soil surface
(Kushwah et al. 1973). This would mean that at a plantin
distance of 7.5 m x 7.5 m between coconut palms, about 777 of
the total soll area in a pure stand of coconut is not effece
tively utilised by the coconut roots,

(11) Solar energy utilisetion: Studies on the distribution

of 1ight profile in coconut plantation and the pattern of
changes in the apparent coverage of ground by coconut canory
with increase in age of the palms have shown that during the
early years of growth, the percentage of sunlight transmitted
through the coconut leaves decreases gradually with increage
in age t111 about B years after planting when the palm attains
8teady bearing., At this stage, the percentage transmiesion of
lizght decreases to about 20%, and this remains almost constant
ti1] about 25 years. Subsequently, the percent light transmi~ -
ssion increases progressively and the canopy coverage of
ground decreases in an inverse proportion. Ultimately by the
time the palms are about 40 years old, the light transmiasion
increases to about 50% (Nelliat et al, 1974).

(111) Water use efficiencys The amenability of coconut palm
to intensive cropping through parallel combinations of compa~
tible crops in the interspaces is revemlel from the above
anilyses., In addition to these considerations, the water usge
efficlency also could be enhanced considerably under such a
programme. . For example, the total irrigation requirement of
any crop at potential production level, is decided primarily
by the evaporative demand of the oclimate pertaining to the area
where the crop is grovm. 1In other words, irresrective of the
number of crops own in an area, the water requirement of the
area which dapengg primarily on the potentisl evapo transpirate
ion, remains almost the same, Therefore, the water use effi-
ciency of a mixed community of orors is greatly enhanoced over
that of a pure palm plantation,



(iv) Odnéegt~of'balanced plant ~animal ~human ecosystem: The
eropp programmes are usually centre around cropes with
human beings as entre preneurs,  but an integrated system of

alternative husbandry involving human beings as the pivotal

- 14nk of the whole unit also could be developed to suit the
Special conditions of diminishing farm size of the coconut
farmers, A farmer with a small holding of around hale
hectare of coconut plantation, can maintain a few m{]ch
animals, on pasture legumes and grasses grown in coconut
interspaces, vhich, in turn, are benafitted by the cowdung,
urine, etc, A gas Plant working with cowdung will meet the
energy requirement of the farmer's family. Human wastes can
also be added to the s80il, Thua, an efficient organic recycle
ing involving the whole ecosystem ig poassible, :

III, SALIENT PINDINGS ON THE CROPPING PATTERNS TRIED
A

With the above principles in view, a few drépping
patterns have been evolved and put to trial at the CICRT,
The programme invol ved coconut as the pivotal crop with come
binations of relatively short duration erops (intercropping)
or long duration peremnials (mixed crops). An integrated
s8ystem of mixed husbandry involving humem beings and enimalg
in addition to eropas, based on the concept of g balanced :
ecosystem is zlso being tried, Salient features and findings
on these are given below:

(1) Intercroggingz Intercropping a8 applied and perennial

relatively short duration crops in the Interspaces, § number
of annuals and other short duration ¢rops have been tried at
CPCRI, Kasaragod. These included tuber crops, rhizome epices,
pulses, upland rice, banana, pine apple, etc., Mogt promising
among them were: tubers and rhizome spices, their iield‘and
economic considerations are given in Table 1, Ow ng to the
relative short duration, relative case of their management and

hich calory output of the tubers, they have great potential{-
ties as intercrops., The pulges tried Jnclude een gram
Phaseolus aureus black gram seolus mungo), horse gram
chos b orus’, as well as soyabean cine max), Howe
ever, periormance of pulees has not besn ss sTactory,
Pulges are known to require high intensity or light for fro o
grain production, .Therefore, varieties adapted to low'l.ghfe
conditions may have to be evolved, On the other hand pine
aprle and banana performed very well (CFCRI 1972, 13, 714).
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‘ (11) Hb:ced‘cro {ng1 Mixed croppins"",ié the practice of growing

B

perennials he interspaces. The important crops tried are

- cacao (Theobroma cacao), cinnamon Qimnamon zeFanioum) nutmeg
QMyrist ci T Y, clove @% gar%pe Yilata) and blatk o
d on results obta ‘

pevper (Fiper n. 1}, Bage ed so far,

he most promis' g among them is cacag, In a mixed cropping

éxperiment of ooconut and cacao at CXCRI, there was considera ; "

ble ‘increase in the y%eld of ooconut over the pre-experimentsl
yield (CFCRI 1973, 71). e i |

- Increase in total roductivity. er unit area from orop - |
combination of coconut and casao is given in Table 2, The :

increase in productivity has been attributed to the aynergintie”
effect of the compatible erop combination and a. few components
of non-monetary inputs involved have also been identified

(MNair et al. 1975), Tree spices such as cinnamon, nutmeg,
clove, etc, also have been found to grow well as compatible
mixed crops with coconut

(111) Multistoreved cr t In order to further .'Lntensify the
c¢ropping intensity, multis oreyed crop combination consisting ‘

of crops of varyin canopZ orientations and rooting habits have
also been evolved (Nelliat et gl. 1974). Such a combination
enables interception and utilisation of light at different
vertical intervals am facilitates "soil.harvestingﬂ by the
root system in distinct layers and eolumns, One such combinat-
lon is coconut + bdlack Pepper + cacao + pine apple, Coconut,
spaced 7.5 m agart and growing 20 to 30 m tal]l unctions as the
top floor of t

develops the canopy on the coconut trunk at a height of 3 {0 8 m,
Cacao which grows to- 1.5 m to 2,5 m height forms the first floor .

~.and pine apple with its shallow root system constitutes the

ound floor. This way, in an existing coconut plantation of
175 .pelms: par ha, 800 cacao ants and 3500 pine apple plants
could be accommodated in addition to the black pepper vimg
trifled on to each coconut palm, Table 3 gives the yield of some

of the crops in an observatory trial initiated in 1970, More !

systematic experiments of this nature have been initisted in 1972,

1s orop building., The second floor crop of pepper -

fdv) ¢ ; ! Experiment on mixed farming was initieted at

g

»y:‘\e'c}o'nomic principlovsj.w The results o

“%he optimum sfge of the viable family farm, 4 dairy unit of a _
few milch animals are maintained, the animals are fed with fodder
" grass (Hybrid Napier) and legumes cdl1is) culti~

vated in the interspaces, Hiaock pepper vines are tralled on to .

ar 972 with the main objeotive of determining

goconut trunk, The whole unit ik 1ooked after by a. farmer ang
hig family and the cos t~income u:algau 18 made according te
‘the past two ye ngn

pov 6=

PR §
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. that yierd of coconut gglmé4in the axperimental plot has inopee
ased by 29%.\53ven,w1t‘ ut accounting for this, the fnput-output . °
_‘relationship worked out to 1 § 1,2, The #nployment potential = =
- generated b{'weg;”r the 1abour of the farmer and his femfly .
a L

‘worked out to about 1000 man-hour rer-year per hectare.

+
"

IV, ADVANTAGES OF THE SYSTEM S T A

. (1) Higher productivity: The pro~ramme is 1ts~1f dirented

+ towards the goal of attaininz maximum productivity per unit

* area of land and time, 1In attaining this even a ¥1tt1e decline
in production of coconut or the main crop cannot be reckoned
as a serious handicap, provided the total proiuctivity per unit
~area is enhonced in the. process, However, in 211 the crooping

- atterns tried (elucidated earlier), the yleld of coconut h-e in

; most cases Increased, as a result of the synergistic effect of
the crop combination (Nair et al. 1975). The magnituds of the
increage 'in productivity can be secn from the frct thet the yileld
of intercrons anil mixed crops r-ised in the interspaces is an
aditional item of production (fable 2). In the case of inter-
cropping the total area ovailable for Intercrops is about T70-807%
of the gross area of plantations (Nair et al. 1974), Therefore,
the yield of intercrons on unit areas hais (Table 1) is nbout
75% of the yield of pure crop of the same species,

(11) Enhanced returngt: ‘‘he increase in productivity ia often more
than proportional to the exrenses »n? conssqusntly the net reiurn
per unit amount of investment ig considerably enhanced. The advan=
. Ytages of these croppine «vatems in terms of betier water uge offie-
v clency have Alrrady bdon digcugsed earlier, Other inputs, like
" fertilisers are 1130 utiliced more efficiently in these crop mixes.
Bome of the cultur.l operationg 1like jrrigation, care of nlants o
etc, are common to all the srecies involved in the crop mix and
sertalin others such as intercultivation can be even dispensed with.

'Y (111) Employment potentislt The generation of employment potene

2, t1al throurh the Intenzive cropping is substantinl, Under 3outh

* Indian conditions, the total labour requirement for the m~intenance .
“ of a hectare of adult berring coconut plantation 1s estimnted to

“. be 150 man dnys per year vwhereas in a multistoreyed cror combinats .
. lon of coconut + peprer + cacao # pine apgle, the total labour ‘
¥ requirement per year is 600 and in a mixed farming unit, it is

‘» more than 1000. Thus the feeling of inertia resulting from

. underempl oyment of a small farmer who cultivates only one cro '
: can be overcome by intensive cropping. Moreover, under conditions .

¢ of monocul ture, a farmer runs the risk of market gzlut resulting .

“» in low nrices for produce, On the other hand, crop diversification

4748 an ihsurance against such a risk aml helps to keep the farmer

K, and his family better occupled for greater part of the year,

> "(iv) Non-monet nputs: Intensified research on various asp-

,j ects of new and even eristing croE combinations may oien up new .

n.wigtas in management by exploifation of non-monetary inputs vhich.
hawe 8o Tar remained hiddén,  For'exsmple, preliminary invdstige=

" tiens on the rhizosphere micro-organisms. uf the coconut-cecno
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mixed cropping rlots have reveaisd tha.froeame'of bene f1cial
micro~organisms such as free nitrogen fixdrs (Beiierenkia s ) B
~* phesphate solubilisers (Pseudomona gp. and | =
and Indol Acetic Acid SyntReslzers ohe:
gphere o

- ;lgxgg and Asgirg;;lug fumigatus) in the rhises coComst,
., and cacao, thelr number more when riant population of i
cacao (mixed erop) was more alr, 1974), Sim arly, the microe
- elimate of the irrigated coconut cacao aystems wags reported to
- .bs mil4 as compared to thet of pure stand of coconut palms N
11" (Balakrishnan et al., 1975). The available nutrient statug,
particularly that of phosphorus was also more under this erop .
- combinatfon (air, P.K.R, ~ unpublisLed data). These ape some .
0f the identified aspects of non-mone tary inputs of this parti-
cular crop ¢ombination. More elaboraté studies on these and.
- other aspects of different eropping systems are warranted,

V. FUTURE LINE OF WORK

(1) Evolving warieties suitable for croppin : In crop combina-
‘tionEflnvolving coconut as Sase‘crop, tEe palm utilises the 1and '
and 1ight to varying extents. Since the demand for 1light by ‘
coconut palm is relatively more than for land space, it is obvious
‘that species to be interpiented with coconut should be those vhich
are capable of coming up under low light intens’'ty. This 13 am
clear from success that has been obtained with cacao which is orne
erop requiring shade to some extent. Very systematic trials with
varieties of different erop plants to isclate thoge adaptabdble to
low 1isht have to be taken up. Even within certain groupa of
pPlants (2g. pulses) which do not come up well under low-light
conditions it may be possible to evolve varieties adaptable to
such conditions, : : : : v

- (11) Crop mix and ro:ation studies: The efficient use of the
~1and Incoconut will depend upon not only the growing of a few
crops but also identifying favourable combinat ons, Mhere are ' -
“sequences in growing the crop as well as related management \
. aspects of these crop combinatiors which have great influence on-

' Yotal productivity of the land and food needs of the farmer, -
{'While grass and legumes for basing a dairy programme in coconut ‘-
'.are possible, integration of a production programme of tubers = {
vhich will meet at least a portion of the calory requirement of *
the family will be most welcome. The effort has. to be maximi-
-sation of the net return with built in mechanism for the mainte~. "
hance of soil structure and fertility. This will mean that a. . °
rlant-animal ~human ecesystem, mutually complementing and supporte=
1ing. 1y production line, should be . worked out at the micro 1eve; ‘3

' ¢f the average farmer.

: (141) Detatled study on the compatibility of erop combinationst
'Indications are available that certain orop combinations 11ke -
i3 acad and coconut can have Bynergistic effect which enhances ¥,
gost 1 Penefit ratio., Soil microflora, soil putrient modili-
agation;. the microolimate. that comés up in. such orop mixes .and :
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othet interactions in totalldy for all areas are %o be worked out
in greater depth in order to understan! ths mechanism of the
favourable effect of these erop combinations,

(iv) Cha in the existin migaeﬁment actices: The coniitlons
existIng gn the Tarmers ' ?fe 18 that have been already planted
up with coconut vary very widely both in relation to 8pacing of
coconut and other plant species. The study of the situation for
effecting an apnropriate changs over will be necesaary 90 that
the recommendations could be made according to the actual condi-
tions available in the field.

4 ococonut farmer, who i3 at present a monocul turist, when
introduces otker crops 1ike cacso and tuber erops on his farm,
has to be thoroughly trained in the management aspects as well
as post-harvest technology of each of these species, The farmer
should be ever alsrt and vigilant to safeguard his crops from
bioclogical hazards and management pitfalls. Yet the prosramme
has tremendous potentisl and looks feasible and commendable,
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