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ABSTRAGT

o In the’ cocem&t grcming tropics, the pressure on arable
land is high becpuse of inpreasing human population, and the .
average size of coconut helding is diminishing, However, the
climatic conditions in these regiors are congenisl for high
productivity and the ¢coconu} palm is amenable to intenaive
cropping with othsg o $ile ¢rope; Moreover, the basic :
resouroes of ér roddetion §1 and sclay esergy - are not
'beinp‘ ntnii 4 inut pure palm- ntand. SN

- Yith & vis dueﬂ?ity per ynit area
*-of 1znd end unit’ fo 1 antatisns, various: eroming. -
,‘prosrammes have. been evolved ond put to 4rial at CTCRI, These
consist of coconut as thée pivotal orop ond compatible eombinae
‘eions of relatively short uratian crops (mtereropp:lne). long -
duration erops -fuixed oropping). ualtza ¢ies oron commu~
nity (aultisioreyed oroppl .f'nh&ah tes interception of
1ight at different strata by g aa and effective- e
‘301l harvesting' by thai : a;mtqm at Aistirnot zones. An
' 1ntegrated system of mixed farming beved on the concept of a -
balanced plant-animal-human ecoaxatem, particu] arly su:ltab,.c for
small farmers is also being? tcato

. The advantgggs ;n te of htgher roﬂucﬂv.tty, enhanced
et returna, moere favourdble coat 1 benefit ratio, generation
of additional employ ¢ potentidl, better efficiency in the .
.. use gf 'vazzr g;zd .othe ﬁi&é ga 3 iﬁnih gmrgistio‘ofgecf anmon-
. monetar are. sed 1in 8 paper reds for ure
,A.lim ofyworfuhm boénqlpdieatuaa . ' O e

P

"3

e

il W e

_Agronomist, mroat"or& and G
#'ﬂgipodtlvﬂ..y B ' ot

woa




i. INTRODUCTION : S
, ~ The coconut growing regions of tropics are characteriged
by a warm humid climate, plentifiua sunlight and 1ittle variatiom :
between maximum and minimum t‘e:ferat\'xru rourd the year., Ooine
- cldentally, these regions are als by e ‘
rate of population inersase and consequent fragmentation of
holdings and thus an increasing pressure on arable land, The =
average holding size of cocomt farm is only 0,22 ha in Indie
though it is much higher in other countries, Therefore, it hag
become imperative to enhance the productivity of land by resort-
-ing to more intensive ceropping programmes in coconut areas, :

. Ooconut palms are planted wide apart %0 accommodate !
the large canopy of the palm with g view to minimising the
overlapping and mutual shading of the leaves. The palm
density often ranges from 125 %o 175 per ha although as
many as 300 ms i;;erha are also met with, Realisation
of the fact that the effective root sone of coconut.is :
restricted to a few metres round the bese of the palm, has
persuaded the -enterprising coconut farmers to raising other
- cropa in the interspaces. 4s a result, growing other cro
4in the interspaces of coconut is not an unususl practice E
many of the coconut growing countries particularly in
regions where the pressure on arable iand is. high as in
India, where only less than 10 per cent of the area under . -
coconut is maintained as pure c¢rop. In other countries 1ike .
Sri Lanka, where extensive“plantationa,of coconut exist, )
intercropping is less popular .although common, grasses which
natwrally grow in the interspaces are utilised for grazing
cattle, However, the crops raised are by and large none- '
comgauble and the management pmcti’ou,a,doﬁqd are inade-
quate, This, in general, results not only in the lowering
0f the productivity of the main ;erog of coconut, but alse
that of the inter or mixed trop that is grown in the aves,

_~ Accepting the need to practice inter ana mixed oropp-
‘ing in coconut plantations, work on dmproving thé production
levels under the 'crgg mix attracted the attention of research
workers in the secon half of the century. Improved manage~ ‘.
ment practices for such orop mixds were suggested. - Inter~ ‘
eropp the cooomut plantations and evol vin a‘_‘?ro‘ r ;Zatu.
'of management, according %o Santhirasegaram (1967) depends .
upon the availabu-itg.o 801l moisture and adequate manuring, :
Trials at Kasaragod had shown that there. was no adverse g
© effeot due to raising Intercro s on ‘the main erop of ¢oconud,

provided both the orops were o equately and s Qi?ell‘l‘t;ly sanye
Tod, ' Similar results were réported by Oelino (1963) from
‘Philippines where money orops like vegetables, cassava, :
banana, coffee, pine afple and .cacao were grown, Rudrigo -and
langabat 01 964’ presented data on the net returns to show L.
- that cacao in. the shade of oooa?ut was more remunerative then -
the cocomt itself, Xhan (1962) & gested diversifying coconut
- owltivation in India by mixed oropﬁ% with rﬁor. olove, .-
mut meg and cacao, ~ Ziler and Premon -(1961) discussing oo
manuring of the cocomut paim -_t..t.d}httho,rom« b BRI St
. abseme of pine ‘ﬁu made no difference in the response dut
~potash fersilisation aid, SRR I Ny v
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In the 1ight of the concept of mitiple oropping in
£1eld orops that gained emphasis and popularily in the six-
ties, the feasibility of increasing agricul tural ‘
production from coconut plantations vhere the 1and remairs
committed %o the orop for decades, also veceived attentien -
at the hands of the research workers, The programmes that are - .
being persued in this direction in Indla and their prosmpects
are discussed in this papers S : ' fr
II. AMENABILTITY OF COCONUT PALM TO INTENSIVE CROPPINY -« BASIO

 FRINCIPLES e | T

Growth habits and crown shape of coconut palm neceasi. '
tate a 'agaclng of 7.5 x 7,5 m giving a glant population of
5 palme per hectare., Howevzr, th
at Oentral Plantation Crope Research Institute (CPCR1), Kaja= .
ragod, have shown that the two basic resources of orop products

Yon viz, soil and solar energy are not being utilised to the

fullest extent possible in a pure stand of coconut palms.

(1) Sofls The effective root 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 m and
vertically within 30-120 cm depth from the soil. surface. :
(Rushwah et al, 1973). This would mean that at a planting ~
distance of 7.5 m x 7.5 m between coconut palms, about 77% of *
the total soil area in a pure stand of ooconut 1s not effec~ -
tively utilised by the coconut roots. , :

(11) Sclar energy utilisation: Studies on the distribution

of 11ght profile 1in coconut Plantation and the pattern of
changes in the apparent coverage of ground by coconut canopy
with inorease in age of the palms have shown that during the
early ysars of growth, the rcentage of sunlight transmitted
through the coconut leaves decreases gradually with increase
in age til1l about B years after planting when the palm attains

.‘steady bearing, At this stage, the percentage transmission of

3

11>ht decreagses to about 20%, and this remains almost constant

t11] about 25 years, . Subsequently, the percent 1ight transmi-

-gsion increazes progressively and the canopy coverage of i

ground decreases in an inverse proportion, Ultimately by the
time the palms are about 40 years old, -the light transmission
increases to about 50% (Nelliat et ad. 1974). -~

(111) Water use efficiencys The amenability of coconut palm
to intensive cropping through parallel combinations of compa-
tible crops in the interspaces is revealeld from the above

analyses. In addition to these considerations, the water use

. efficliency 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 climte pertainin% t0 the area
wger'e the crop is grom. In other words, irrespeciive of the
number of crops grown in an area, the water requirement of the
ares which depends primarily on the tential evapo,’cranagirat-
jon, remains almost the same, Therefore, the water use effi-
ciency of a mixed community of orops is greally enhanced over

 thet of a pure pslm plantation. ' ..

e studies conducted = -



oropping prografimes are usually centred around crope
human beings as entrepreneurs, but an integrated system of
alternativa husbandry involving human beings as the fivotal

- hectare of coconut Flantation, can maintain a few milch

- animals, on pasture legumes and grasses grown in coconut
interspaces, which, in turn, are benefitted by the aowdung,

urine, ete, A gas plant working with cowdung will meet the

energy requirement of the farmer's family, Human ‘wagstes can

also be added to the soil, Thua, an effictent organic recycle

ing involving the whole ecosystem is possible, ; .

ITI. SALIENT FINDINGS ON THR CROPPING PATTERNY TRIED
With the above principles in view, a fow érbgg;ng :
atterns have been evolved and put to trial at the 'RI,
he grogra.m’me involved coconut as the pivotal crop with come=
binations of relatively short duration erops (intercropping)
or long duration peremnials (mixed crops). An integrated .
Bystem of mixed husbandry involving humsm beings and animals f
in addition to crops, based on the concept of a-'balanced R
ecosystem 1s also being tried, Salient features and findings
on these are given below: ' _ S

(1) Intercropping:. Intercropping as applied amd peremnial
plantations refers to the practice of growing ammuals or other
relatively short duration crops in the interspaces., A number
of annuals and other short duration erops have been tried at
CICRI, ‘K_aa'aragod,g. These included tuber crops, rhizome g ices,
pulses, upland rice, banana, pine apple, ete, Most promising
among them were-tubers and rhizome spices, their Peld an
economic considerations are given in Tabdle 1, Owing to the ~ -
relative short duration, relative case of their management and 4
high calory output of the tubers, they have great potentialie
tles as 1ntercrop3. The pulgesa «iri’ed; include en gram
Phaseolus aureu black gram aseolus 0/, horse gram

' Iﬁoru 5

(Dollchos b 2)y as well as soyabean (Clyci x). How=
ever, » performance of pulses has not been saf %tory. ST
ses are known to require high intensity of light for ﬁggsr.

grain production, .Therefore, varieties adapted to lowl
conditions may have to be evolved, On the other hand - pine
aprle and banana perfom'ed‘_v'ery well (@FCRI 1972, 73, 74). g
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‘11) Mixed cropping: Mixed oropping 1s the practice of gro=ing
perenninla in %E‘e interepacea. The important erope tried are
cacao (Thepbroma cacao), ¢innamon (Cinnamon zeFanlcum),,‘nutmg
Myristlca I'r 3), clove gania ¢ Yilata) and-bladk

r nf

pper 5. Baged on ths obtalned so far
gfxgpmast promisﬁ‘;g amorg them is cacao, In a mixed cropping'
experimeni of coconut and cacao at CFORI, there was oonsidera~

ble increase in the yield of coconut over the pre-experimental
- yield ORI 1973, 74), - C

Increase in totgl productivity per iurnit:edne'a froa erop

combination of coconut and cacao 19 given in Tabdle 2. The

increase in productivity has been attriduted to the synergintie
effect of the compatible crop combination and a few eomponents
of non-monetary inputs involved have also been identiffed

(air et al, 1975), Tree apices such as einnamon, nutmeg,

. ¢love, etc, aleo have been ound to grow well as compatibdle
mixed crops with coconut, : '

(111) Mul%iatoreyd crogfigg: In order to further intensify ihe

cropping intensity, m tistoreyed crop combination ¢onsiating

- of crops of varyin canopy orientations and rooting habits have
'al80 been :volved %N_‘elliat et al, 1974). Such a.combination

- énables interception and utiTisation of 1ight at different

vertical intervals and facilitates "scil. harvesting" by the

root system in diatinct layers and columns, One such combinate

o ion is coconut + black pepper + cacao + pine apple, Ooconut,

8paced 7.5 m apart and growing 20 to %0 m tall unctions as the
top floor of this crop buillding, The second floor orop of pepper
develops the canopy on the cobenut_trunl_;r»at;a height of 3 to 8 m,
Cacao which grows ta 1,5 m %o 2.5 m he;g‘htjtoms:t!m firet floor
and- pine apple with i%s shallow jraot.syatem_constitnte‘s the v

ound - floor, This way, in an existing coconut Plantation of

75 palms per ha, 800 cacao lants and 3500 pine apple plants

could be accommodated in addition to the biack vepper vinep :
trailed on to each cocomut palm, Table 3 gives' the yield of eome,
of the crops 1 _an obmervatory trial Anitisted in 1970, More '
systematic oxpgz:mg.n;‘gqf this nature have been Aniti-ted in 1972,

_ ) d ¢ nRY  Experiment on mixed farming was init{ated at.
CPCRI, a'ga.ra‘fo 1 1972 with the main objeotive of determining
the optimum size of the Yiable family farm, A dairy unit of a .
- few_muél; animals are maintsired, the animels are fed with fodder
~grass Uiybrid Napier) and legumes Qaanthes gracilijas) culti-

"~ vated in the interspaces, HRiack vines are Iralled on to

coconut trunk, The ‘whole unit ia ,15’3’;2«: after by a farmer and
his family and the cosi-income analy is 18 msde according to ,
*.ecoz‘iomic-principlcs._,_the results of the past %o years indicated

|¢¢o' 6/"
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", .that yield of coconut palms in the experimental plot hae incre~
.. ased by 294, Even without accounting for this, the input-output
<. relationship worked out to 1 t 1,2, The employment potential
..J-generated by way of the labour of the farmer and his fomily

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

1V, ADVANTAGES OF THE SYSTUM

A1) Higher productivity: The prorramme {8 1tsclf direated
‘towards the coal of attaining maximum productivity per. unit
-area of land and time, In attaining this even a 1little decline
An production of coconut or the main erop cannot be reckoned
8 a serious handicap, provided the total produz tivity per unit
rea i3 enhanced in the process, However, in all the erooping
erns tried (elucidated earlier), the yield of coconut h-¢ in
most cases increased, as g result. of the synergistic effect of
Jhe crop combination (Nair et al. 1975). The magnitude of the
#oreagse in productivity can be seen from the fact thet the yield
f intercrops ani mixed erops raised in the intevspaces 1g an
@litional item of production (lable 2).. In the case of inter=
”?gfping the total area available for intercrops is about 70-803%
he grosg area of plantations (Wair et al. 1974). Therefore,
phe .yleld of intercrors on unit areas masis frable 1) 1s about
»" of the yield of pure crop of the same species, -

) Enhanced returng: The increase in ‘productivity is often more
roportional to the expenses and consequently the net return
it amount of investment is considerably enhanced, The advane
of “these eropping systems in terms of better water uss effi-

F-have Already been discussed earlier, Other input-, 1like
jilisers are also utilised more efficiently in these crop mixes,

T the cultural operations 1ike irrigation, care of planta

age common to all the species involved in &he crop mix and
in-others such as intercul tivation ocan be even dispensed with,

)gmﬁlo§2%nt'fotential: The generation of employment poten=
2hrouch the intensive cropping is substantinsl, ~Under South
comditions, the total labour requirement for the maintenance
L -heotare of adult bearing coconut pPlantation i3 estimated to
50.man days per year vhereag in a mdtistoreyed orop combinat-
oL oconut + pepper + cacao ¢ pine apple, the total labour
rement per year is 600 and in a mixed farming unit, it is
than 1000. ~ fThus the feeling of inertia resul ting from ,
saployment of a small farmer vho cul tivates only one crog
8 overcome by intensive cropping. Moreover, under conditions
noculture, a farmer runs the risk of market glut resulti
r7-prices for produce, On the other hand, erop diversification
nsurance against such a risk and helps to keep the farmer
if g

otary inputat Intensified research on various asp-

5 ‘and even existing erop combinations may Ofen up new

' 10 management by exploitation of non-monetary inputs vhieh
9 TAr remained hidden. Por example, preliminary invéstiga-
the rhizosphere micro-organisms of the coconut-cacao
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. mixed cropping plots have revealsd the presence of beneficial
~ micro-organisms such as free nitrogen fixdras (Beijerenkia sp,) . .
~ phosphate solubiligers gudomonas sp. and Aspe rgiilug sp.y o

and Indol Acetic Acid Synithesizers (Eschericf 8p., Aapergil:
flavus and Aegi-ggﬂ;us fumigatus) in the ¥h _nsphere,o% 'e.ocanu¥
and cacao, elr number be more when plant popul&tion of
‘cacao (mixed crop) was more (Nair, 1974). Similarly, the microe 3
climate of the irrigatéd coconut cacao aystéms was reported to
. b8 mild as compared to thet of pure stand of coconut palmg |

(Bal akrishnan et al. 1975%. The avallable nutrient status,;
particWlarly that of phosphorus was also more under this crop
combination (Nair, P.K.R. - unpublished data). Thed¢ are gomé
of the identified aspects of non-mon? tary inputs of this parti.
cular orop combination., More eYaborat® atudies on ‘these and’
other aspects of different oropping systeme are warrasnted, '

V. PUPURE LINE OF WORK

(£) Bvolving warieties suitable. for cropping: In crop combina=

, 8 involving coconut as base crop, the pelm utilises the land
and light to varying extents, Sinee the demand for light by
goconut palm i3 relatively more than for land space, 1t 1s obvious
that species to be interplented with coconut should be those vhich
are capable of coming up nder low 1ight intengsity, .This is amply
olear from success that has been obtained, with cacao which is ore
’gzre{ requirmg, ghade to some extent., Very systematie trials with
yarieties of different crop plants to isolate those adartable to
low 1ight have to be taken up. Even within certain groups of
plante (eg. pulses) which do not come up well under low=l1izht -
gonditione it may be possible to evolve varieties adaptable to

» % pix. and rotation studiess The efficient use of the
}and' In cootput will eE- d_upon no¥ only the growing of a few
~props tat axgga;&&gtif{ g favourable combinations, There are
- sequences mé%ewing the crop as well ayg ‘related monagement :
aspecty of thesgc;;g% combinatiom which have great influence on
total productivity ol the land and food needs of the farmer. ;
While grass and legumes. for basing n dairy programme in coconut
are gﬁos’sible, integration of ¢ fgr:odue‘tiip ogramme of tubers
‘which will meet at leant r%lon of the calory requirement of
the family will be most welcome, The effort has 4o be madmi.
3ation of the net return with tuilt in machanism for the mainte-
nance of soil structure and fertility, Ehis will-mean that a.
lant-animal ~human ecosystem, mutuall'{'ccnplsmeaﬂng and support-
zng in production line, should be worked out at the mioro level
of the average farmer, . e S - - g

 (111) Deta: ' 1 £15114ty of crop combinationst
Indications are aevailable that oertain orop combinat

ons 1Tke

~cecao and coconut ocan bave synergistic effect which enhancea .
. -cost § benefit ratio. Soll microflora, soil nutrient mobili- . -
sation, the microolimate that comes up in such orop mixes and -




;otl‘xor\ interaoffonb kin :‘totaliv for all aread’ are. 0 b workeq out -
in greater depth in order to understand the mechanism of the -
~ favourable erfeof;\ot these: crop_o‘qmbﬁimtipgnc_.' o o ‘

‘ .ua ine'nt'- : cticest The Oon'diti‘o'ni

(1v) Change in the existin

existIng Eiﬁe Tarmers ' ?ields av. have been already planted
up with coconut vary very widely both in relation to a pacing of
-coconut and othe:\mant_speciea.“ ‘The study of the situation for
effecting an appropriate change over will be necessary so that
the recommendations could be made according to the aci

tions available in the field, T _

e . A coconut farmer, who 13 at present a monooul turist, when
. introduces other crops 1ike cacso and -tuber orops on his farm,
" has to be ,thoroughlgntrained in the management aspscts as wel]
as post-harvest tec ology of each of these g cles, The farmer
should be ever alert and vigilant to safeguard his erops fronm
‘blological hazards and management pitfalls, Yet the pro

has tremendous potential . and'looks feasible and commendable,
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