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1. 	 INTRODUCTION 

Tree crops are perennial in nature and occupy the same land for decades. 
Traditionally farmers grow miscellaneous crops in. the inters paces of tree crops viz. 
coconut, arecanut, cashew, etc. and often maintain livestock as well as poultry. The 
wisdom and experience of tradi tional farmers gained from such farming practices 
provided the base for detailed scientific studies which have evolved tree crop based 
farming systems involving inter-cropping, mixed-cropping and integrated £arm­
ing. Among the systems developed, the cash crop based one is usually a combination 
of miscellaneous tree crops along with coconut, arecanut, cashewnut, cacao, rubber 
and oil palm. However, w ith regard to food production the combination of tree 
crops is not satisfactory, the exception being intercropping in the early s tages of the 
maincrop. 
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farming systems influence the environment in several ways. While some 
systems cause soil degradation and pollution problems, some may reduce the 
hazards of erosion and ensure better efficiency in the utilization of the 'native' and 
applied nutrients especially in woody perennial based cropping systems. Since the 
environment resources necessary for Ule growth of all the plants in a system are 
usually in short supply, competition almost always takes place atsome stage in the 
development of a plant commWlity. When the immediate supply of a single 
necessary factor fa lis below the combined demands of the plant community, inter­
plant competition begins. The time a t which the competition will commence 
depends on (i) level of supply of resources, e.g. soil fertility, radiation, moistu re 
balance and (ii) nature of plant community, plant population per Ullit area and 
spatial arrangements (Beets, 1982). 

2. COCONUT BASED CROPPING / FARMING SYSTEMS 

Coconut pahns which are generally spaced 7.5 ill apart on the square do not 
utilize crop production resources like soil, air space and solar radiation fully. 
Studies conducted at the Central Plantation Crops Research Institute (CPCIU), 
Kasaragod have revealed that about 75 percentofthe roots of a well managed adult 
palm are concentrated within a radius of 2 m from the bole (Kushwaha et al, 1973). 
Thls works out to about 22 per cent of the soil area in one ha. The remaining 78 
percent area, which is not fully utilised by the palms could be profitably used for 
raising compatible crops. However, the actual area available for inler-cropping 
wouJd depend upon Ule density of planting (Table 1). 

Table 1. Land space used by coconut trees per ha with various plant densities 

Pl.anl Land space needed by coconut 
m 2density ha'! Percentage 

100 1257.14 12.8 
120 1508.57 15.1 
140 1760.00 17.6 
160 2D11 .43 2il.1 
180 2262.86 22.6 
2D0 25]4.29 25.1 

Source: Dmwis S.N. 1988 

Based on the growth and canopy development, the life span of coconut palms 
could be divided into three distinct phases. The first phase lasts uplo eight years 
during which period only a small fraction of incident solar radiation is intercepted 
by the growing palms. The second phase covers the period eighllo 20 years when 
the interception increases with the age of palms reaching about 80 p r cent in the 
beginning and continues at this level till the 20th year. During the third and last 
phase, the interception gradually decreases due to increased trunk height and 
gradual reduction in crown size reaching about 50 per cent around Ule 4011 year of 
planting (~elliat et aI, 1974). A number of shade tolerant crops could be grown in 
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the inter spaces of coconut palms utilising the diffused sun light available in the 
iniLial years and after 20 01' 25 years. 

The CPCR! has s uggested fow' coconut based cropping systems covering inter­
cropping, mixed-cropping, multistoreyed cropping and high density multispecies 
cropping. Apart froll1lhese systems, coconut based mixed farmhlg system has also 
been developed and recommended for adoption by the farmers. When annuals or 
seasonal crops aregrown wldercoconutitisdesignaled as inter-croppmg and when 
perennials are grown it is called mixed cropping. In the multistoreyed cropping 
system, crops having varying morphological frame workand rooting habit are mix 
planted in such a manner that their canopies intercept solar radialion at varyhlg 
heights and their roots forage soil at different zones. When many arumal and 
perennial plant species are grown together in a definite pattern to accommodate 
maximum number of plants per uni t area of land for prod uclion of biomass hav ing 
high economic value and diverse end uses like food, fodder, fuel and timber, the 
system is known as multispecies cropping. And, lasUy, when livestock and poultry 
are raised with the hel p offodderor pasturegrown in the coconutgarden, it is called 
mixed farming. 

In Ule absence of scientific information on Ule total nutrient needs of crops in a 
cropping / farming system as a whole, fertiliser rates are restricted to the needs of 
pure stands of Utese crops. Thus, one hectare of a monocrop of coconut (175 palms) 
receives the recommended levels of nutrients within a limited area of about 22.24 
per cent leaving the rest of the area not being effectively utiJised by coconut roots. 
This area, if inter-cropped wilh miscellaneous crops, will receive additional 
nutrients through the fertilisers and manures applied to the inter-crops. Though 
most of the coconut root growth is restricted to about 2 m from the bole, the 
fertilisers applied to inter-crops and Ute cultural operations carried out will be 
indirectly contributing to the nutrition of coconut. Quantification of s uch benefits 
involves use of tagged nun-ients wiU\stable or radioactive isotopes. Suchinfomla­
tion, though available for annual crop based systems, is difficult to obtain for tree 
based fanning systems in view of the high cost of conducting such experiments. 
Nevertheless, the beneficial effect of improved soil chemical environment becomes 
apparent f!'Om the increased yield of coconut obtained under different cropping 
ystems, general im provement in soil fertility and enhanced soil life. 

Nair and Rao (1977 a and 1977 b) have investigated in detail U,e microbiology of 
the rhizosphere of sale crop of coconut and coconut-cacao crop mix. They observed 
Utat activity of nitrogen fixing bacteria like Beijerinckia and phosphate solubilisers 
like Pseudomonas sp. and Aspergillus niger was very much enhanced in the mixed 
crop stands. They also reported higher levels of organic carbon in the rhizosphere 
of coconut-cacao crop mix (Table 2). Recent studies on coconut based high density 
multispecies cropping system (Nambiar et CI/., 1989) have revealed a general in­
crease in all Ute P fractions as well as K fractions in soil during the three year period 
of study. 

Soil fertility and microbiological investigations conducted so far on coconut 
based croppingsystems suggest scope for rationalising fertiliser recommendations. 
Preliminary results from coconut based high density cropping system experiment 
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Source : Bopaiah, B.M . 1988 
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Table 2. Organic carbon content of rhizosphere soils of coconut and cacao in the at Kasaragod indica te that the hj: 
mixed cropping experiment at CPCRI could be sus tained w ith a lower IE 

during 1985-'88 under full, two-tl Cropping system 	 Rhizosphere of Organic carbon % 
fertilisers was 151, 149 and 156 m 

Coconut alone Coconut 0.42 The influence of coconul baSI 
Coconut + cacao single hedge Coconut 0.48 monocropping on some soil cherr 

Cacao 	 O.SO In the coconut-pepper-cinnarn 
Coconut + cacao double hedge Coconut 	 0.53 bon content were not pronouncec

Cacao 	 0.60 by each other by way of leaf litter
No crop 	 Non rhizosphere 0 .39 

po r. However, compared to rna 
had higher soil available p hospl 

Table 3. Soil chemical properties of coconut based multistoreyed cropping system pineapple system, however, ha c 
and coconut monocropping system monocrop of cocon ut. When the 

(a) 	 Coconut-pepper-cirmamon-pineapple system carbon to a depth of 1 m, the cacon 
organic carbon, indicating the ben Cropping system 	 Soil Ph Oranic Available nutrients (ppm) 
quantities of leaf litter. depth carbon % 

The beneficial interac tions of (cm) 	 P K 
reported from Sri Lanka (Liya nil 

1. Coconut 0-25 5.80 0.57 23.0 67.9 physical, chemical and biological , 
(in the system) 25-100 4.95 0 .31 13.5 SO.O content of the soil and earthwoIDl 

2. Cinnamon 0-25 5.10 0.55 18.5 60.0 indirect influence on the micro,; 
25-100 5.05 0.41 11 .7 SO.O component crops. 

3. 	 Pepper 0-25 5.54 0.48 21.0 65.0 
25-100 4.91 0.37 8.9 55.0 Table 4. Effect of mixe( 

4 . 	 Pineapple. 0-25 5.25 0.49 19.8 56.0 
25-100 4.96 0.44 7.3 51.0 Cropping system Physical 

5. 	 Coconut 0-25 5.J5 O.SO 17.5 31.0 
Bulk Mo (monocrop) 25-100 4.45 0 .37 4 .32 17.3 
den- tur 

(b) Coconut-pepper-cacao-pineapple system (mean of three replications) sity 
(g / cc)Cropping system 	 Soil Ph Organic Available nutrients (ppm) 

depth carbon % Coconut monoculture 1.56 0.0. 
(cm) P K Coc n ut + Cacao 1.26 18 .• 

Coconut + Coffee 1.23 12.51. Coconut 0-25 5.23 0.99 25 .8 121.5 
Coconut + pepper 1.::'1'(in the system) 25-50 4.58 O.SO 22.0 89.5 	 11.< 
Coconut + clove orSO-100 4.29 0.47 8.5 79.0 

banana 1.19 11.32. Cacao 	 0-25 5.26 0 .70 19.8 51.5 
Coconut + cinnamon 1.25 10.625-SO 4.70 0.61 6.4 34.5 

SO-100 4.40 0.44 1.0 31.0 SE 0.195 1.2.1 
3. Pineapple 0-25 5.00 0.61 14 .4 31.0 Source: Liyanage, M .de.S. lind Dassani 

25-SO 4.29 0.55 11.2 33.5 
In the studies carried outatthe 

(monocrop) 25-SO 4.59 0.38 4.2 13.5 to fertilisers is inversely related to 
monocrop conditions. However, 

4 . Coconut 0-25 5.15 0.50 17.5 31.0 
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at Kasaragod indicate that the high level of productivity achieved in this system 
could be sus tained with a lower level of fertiliser inpu l. The mean yield of coconut 
d uri ng 1985-'88 under fuli, two-third and one-third of total recommended dose of 
ferli lisers was 151, 149 and 156 nuts/palm/year, respectively. 

The influence of coconut based multistoreyed cropping system and coconut 
monocropping on some soil chemical properties is presented in Table 3. 

In the coconut-pepper-cinnamon-pineapple syslem differences in organic car­
bon content were not pronounced as componentcrops were not much influenced 
by each other by way of leaf litter shedding. In general, organic carbon status was 
poor. However, compared to monocrop-coconut, the coconut crop in the system 
had higher soil available phosphorus and potash. The coconut-pepper-cacao­
pineapple system, however, had higher organic carbon content compared to 
monocrop of coconut. When the coconut monocrop had 0.40 percent of organic 
carbon to a dep th of 1 Dl, the coconut basins in the system had recorded 0.65 percent 
organic carbon, indicating the benefit accrued from cacao d uc to shedding of large 
quantities of leaf litter. 

The beneficial interactions of mixed cropping on soil fertility have also been 
reported from Sri Lanka (Liyanage and Dassanayake, 1992) in terms of better 
physicaI, chemical and biological properties (Table 4). The increase in the moisture 
content of the soil and earUlworm activity was conspicuous. These features had an 
indirect influence on the microclimate to the benefit of the maincrop and Ule 
component crops. 

Table 4 . Effect of mixed cropping on soil fertility parameters 

Soil characteristics 
Cropping system Physical Chemical Biological 

Bulk Mois- Orga- Total Avai- Avai- Earthworm 
den- ture nic N lable lable population/ 
sity C% kg ha-J P(ppm) K(ppm) M2 

(g/cc) 

Coconut mono culture 1.56 0.06 0.86 957 9.6 55 28 
Coconut + Cacao 1.26 18.55 1.42 1184 29.4 70 214 
Coconut + Coffee 1.23 12.91 1.36 1022 27.8 59 218 
Coconut + pepper 1.27 11.20 1.27 1461 55.9 47 191 
Coconut + clove or 

banana 1.19 11.30 1.20 1154 32.3 70 204 
Coconut + cinnamon 1.25 10.69 1.44 1249 28 .9 63 233 

SE 0.195 1.20 0. 275 8.7 2.4 

Source: Liyanage, M.de.s. and Dassanayake, K.B., 1992. 

In the studies carried outat the cpeRIit was observed iliatthe response of palms 
to fertilisers is inversely related to ilie pre-experimentaJ yield level of palms under 

. monocrop conditions. However, with mixed cropping of coconut + cacao, the 
pattem of yield of palms was almostdirectlypioportional to the pre-treatment yield 
for all yield groups (Table 5). 
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Table 5. Yield of coconut palms of di fferent yield groups before and after planting 
refuse from the tank Le., theslurrcacao as a mixed crop 
fodder grass and coconut. Estim 

Yield group Average yield of nuts palm'! system at Kasaragod showed tha 
of palms urine were recycled in a year w
(pre exp ri - Coconut alone Coconut + Cacao Coconut + Cacao 

This altered the soil chemical pI 
mem yield ) in single hedge in double hedge 

crops. The increase in organic carlNo. of nuts 
in soil fertility under a grass cov palm'! year'! PEY EY Incr- PEY EY Incr- PEY EY Incr­
(Table 7).ease ease ease 

30 19 57 38 22 74 52 15 85 70 
30-60 50 125 75 42 141 99 53 118 65 
60 88 178 90 83 170 87 78 190 112 

PE ~ : Pre experimen tal yield, average for two years, - 1968 and 1969 . 

EY : E"llerlmental yield (aftL7 planting cacao), average for three years - 1972-73 to 1974-75 


Cacao has been identified as a suitable component crop in coconutgardens a9 it 
improves the productivity of coconut (Table 6). Though single and double hedge 
systems of planting have been advocated in normally spaced (7.5 mx 7.5 m) coconut 
gardens, the ingle hedge system is preferred as the possibility of root competition 
with the main crop for soil resources is likely to be less. 

Table 6. Influence of mixed cr pping of coconut with cacao on productivity of 
coconut 

Table 7. Soil chemical properti 
me 

Crop Soil depth 

(cm) 

Coconut 0-25 
(system) 25-50 

50-100 

Napier grass 0-25 
25·50 
50-100 

Coconut 0-25 
monocrop 25-50 

50-100 

Coconut 0-25 
monocrop 
interspaces 

25-50 
50-100 

Cropping system Coconut (Nuts palm'! year!) 
Pre-experiment Experimental 
period (1966-70) period (1972-87) 

Coconut - sole crop 68.0 106.6 
Coconul + cacao single hedge 56.7 108.3 
Coconut + cacao double hedge 39.1 88.5 

Varghese et aI. (1978) have estimat d that the amount of organic ma tter added 
to the oil through hed leaves and prunings of cacao under singIe and double hedge 
sys tems of mix d cropping of cacao in coconut holding was 818 and 1985kg (oven 
dry weight) ha-1 year -1 . As much as 50 kg N, 11 kg PzOs and 35 kg K20 ha-1 could 
be returned Lo the soil every year through leaf fall of cacao under double hedge 
system. Addition of large amounts of organic refuses also helps to improve the 
organic matter content of soil. They have fUl'ther observed lower range of 
fluctuations in soil t mperature in Ule crop mix . 

Studies conducted by Nair and Balakrishnan (1977) have revealed that the 
microclima te inside a crop mix is more equitable than that in monocropped stands. 
The crop mixes recorded lower mean maximum temperature, higher relative 
huntidity and reduced evaporative demand. In coconut based mixed farming 
system where milch animals are integrated and green ~odder is cultivated in ~e 
inte paces, biological recycling of nutrients especially rutrogen ~es ~Jac: benefit­
ing the entire system. In farms where biogas (gohar gas) plant IS mamtamed, the 
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refuse from U1e tank i.e_, the sl urry is recycled wiUlin the system to the benefi t of the 
fodder grass and coconu t. Estimates from a one hectare model of mixed fanning 
system at Kasaragod showed that about 14.6 tonnes of cowdung and 3600 litres of 
urine were recycled in a year when five crossbred milch cows were maintained. 
This altered the soil chemical profile of the system to the advantage of both the 
crops. The increase in organic carbon conlent of the soil and other beneficia Ichanges 
in soil fertility under a grass cover are weiJ illustrated by the resuJts of the study 
(Table 7). 

Table 7. Soil chemical properties of coconut based mixed farming and coconut 
monocropping system 
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Crop Soil depth pH Organic Available nutrients (ppm) 

(cm) C% P K 

Coconut 0-25 5.50 0.71 22.0 88 
(system) 25-50 5.10 0.50 18.4 97 

50-100 5.00 0.26 16.2 50 

Napier grass 0-25 5.35 0.36 17.2 23 
25-50 5.30 0.19 18.4 32 

50-100 5.43 0.18 1.9 2A 

Coconut 0-25 5.55 0.22 13.2 60 
monocrop 25-50 5.28 0.15 12.0 56 

50-100 4.44 0.10 8.4 40 

Coconut 0-25 5_48 0.18 9.9 27 
monocrop 25-50 4.93 0.09 0.8 23 
interspaces 50-100 4.80 0.06 0.7 13 

Mean of 3 replications 
Source: Bopaiah, B.M., 1988 

A general increase in pH and organic carbon status of the soil and enhanced 
nUcrobial activities (bacteria, fungi and actinomycetes) were observed in all the 
mixed farming trials carried out by the c.P.c.R.I. 

In mature coconut plantations improved pasture species is maintained for 
grazing by animals. Observa tions recorded inSri Lanka have shown that improved 
pasture species like Brachia-ria miliformis (cori grass) and B. brizantha cultivated in 
coconut gardens where caWe are allowed to graze has increased coconut yields by 
six per cent relative to control. Undersuch conditions, only shade tolerantJegumes 
can persist. Grazing animals enhance nitrogen cycling via nitrogen inputs in urine 
and dung. According to Liyanage et al. (1988), mixed Janning benefited the low 
income group farmer by contributing 73 kg of dung and 30 I of urine for each palm 
per year which could substitute for entire nitrogen and part of phosphorus and 
potassium, thus saving about 69 percent on the cost of fertiliser. Its impact on 
fertility parameters was revealed as changes in pH, organic carbon, nitrogen and 
phosphorus (Table 8) to result in 11.4 percent increase in the yield of palms. 
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Table 8. Effect of mixed farming system on soil chemical characteristics 
- - ­
Farming system pH Organic Total Available 

C % N% P(ppm) 

Integrated system 6.0 1.63 0.101 27 
Monoculture system 5.9 0.96 0.077 10 

Experiments with fodder g rass (hybrid napier-Gajaraj) and legumes (Mimosa 
in visa, Pueraria javanica and Centrosema pubescens), as intercrops and integrating 
cattle in coconu t gardens have improved the so il physical and chemical properties 
in a root (wilt) disease affected tract in Kerala, I ndia. 

The aggrega te analysis of soil ind icated d ifferences between the trea tments but 
was not statistically sig nificant. Chemical proper ties showed highly significant 
d ifferences in the status of organic carbon, exchangeable Ca and Mg. Available K 
was higher in the legume p lo ts compared to plots d evoted to Napier grass. 

The health of the palms was found increased w ith reference to nu tritional sta tus, 
foliar colour, regeneratio n of roo ts e tc. Though the progress of disease could not be 
a rrested, the changed soil chemical conditions and microbial activity could increase 
the yield o f disease affected palms by 26 percent 

In a crop mixing experiment with hybrid napier as fodder grass in coconut 
holdings, there w as a favourable alteration in the soil m icroflora and the micro­
organisms colonising on the surface of the coconu t roots. Both the total bacteria, 
nitrogen fixing bacteria and phosphate solubilising fungi showed a Significant 
increase in the rhizosphere of experimental palms compared to the control The 
incidence of microflora as observed in the root zone of experimental palms is shown 
in Table 9. 

Table 9. Distribution of micro flora in the rhizosphere of coconut palm 

Treatment Coconut & Grass Coconut alone 

Organisms/ 
condition 

Healthy Root (wilt) 
affected 

Healthy Root (wilt) 
affected 

of palm 

Bacteria 2.70 x 106 1.96 X 106 6.80 X 105 5.80 x lOs 

* 
Fungi 
N2 - Fixing bacteria 

1.23 x 104 

1.46 x 104 

1.20 x 104 
1.77 X 104 

1.00 x 10' 
6.04 X 103 

6.80 X 10' 
8.71 X 103 

Phosphate solubilising * 
Fungi 
Bacteria 
Actionomycetes 

6.51 x 103 

4.82 x 10' 
4.87 x 103 

5.26 X 103 

4.61 X IDS" 
2.40 X 103 

2.40 X 103 

Q.93 x 104 

6.48 X 103 

1.00 X 103 

4.00 x 10' 
2.00 X 103 

* Significant at 5 percent level 

3. ARECANUT BASED CROPPING/FARMING SYSTEMS 

Similar to coconut, arecanut palm is also amenable to multispecies cropping. 
Sannamarappa (1983) estima ted that in a 17 year old arecanut garden, 58 to 61 
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percent of the incident light passed 
and it increased to 64 t0 66 percent at 
that at 2.7 x 2.7 m spacing, nearly 80 
of 75 cm from the base. This works 
nearly 69 percent of the area is not 

Table 10. pH and available nutrient c( 

Orgi 
Treatment pH 

(kg] 

Monocrop Areca basin 6.3 8. 
interspace 5.7 6. 

T1 	 Areca basin 6.1 9. 
Cacao basin 5.5 6. 
Interspace 5.7 5. 

T2 	 Areca basin 5.5 11. 
Cacao basin 4.9 8. 
Interspace 5.5 7. 

T3 	 Areca basin 5.9 8. 
Cacao basin 5.4 7. 
Interspace 5.5 6. 

T4 	 Areca basin 5.9 15. 
Cacao basin 5,2 8. 
Interspace 5.7 7. 

LSD 	 Areca basin 0.11 2.S 
Cacao basin 0.17 1 . ~ 

Inters pace 0.09 I .e 

P = 0.05 

Table 11. Spacing and manuric 

Treatment Crop Spac 

T1 

T2 

Arecanut 
Cacao 
Arecanut 
Cacao 

(b) 2.7) 
2.7 ) 
2.7) 
2.7) 

T3 Arecanut 
Cacao 

3.3 ) 
3.3) 

T4 Arecanut 3.3) 

Cacao 3.3) 

(a) N - as urea P - as superphosphate and K 
(b) bllUidition,12 kggrun leaves and 12 kg. 
each year in september. Fertiliserswereappliec 
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soil chemical characteristics i percent of the incident light passed through the canopy at a spacing of 1.8 to 3.6 m 

Total Available 
N % P (ppm) 

0.101 27 
0.077 10 

er-Gajaraj) and legumes (Mimosa 
IS), as intercrops and integrating 
physical and chemical properties 
Id ia. 
ences between the treatments but 
~rties showed highly significant 
ngeable Ca and Mg . Available K 
ts devoted to Napier grass. 
rith reference to nutritional status, 
Ie progress of disease could not be 
i microbial activi ty could increase 

Ipier as fodder grass in coconut 
le soil micro flora and the micro­
lul rooLs. Both the total bacteria, 
sing fungi showed a Significant 
n5 compared to the control The 
le of experimental palms is shown 

uzosphere of coconu t palm 

;s Coconut alone 

Nilt) Healthy Root (wilt) 
d affected 

and it increased to 64 to 66 percentat wider spacings. Bhatand Leela (1969) reported 
that at 2.7 x 2.7 m spacing, nearly 80 percent of the roots were found within a radiusI 

I 
of 75 cm from the base. This works out to 31 percent of the land area available and 
nearly 69 percent of the area is not effectively used by the areca palms.I 

I 

Table 10. pH and available nutrient content (0-100 em) in soil under different treatments 

Organic Available nutrients (gm3) 
Treatment pH C 

(kg m·3) P K Cu Zn Fe Mn 

Monocrop Areca basin 
interspace 

T1 Areca basin 
Cacao basin 
Interspace 

T2 Areca basin 
Cacao basin 
Interspace 

T3 Areca basin 
Cacao basin 
Interspace 

T4 Areca basin 
Cacao basin 
Interspace 

LSD 	 Areca basin 
Cacao basin 
Interspace 

P =0,05 

6.3 
5.7 

6.1 
5.5 
5.7 

5.5 
4.9 
5.5 

5.9 
5.4 
5.5 

5.9 
5.2 
5.7 

0.11 
0.17 
0.09 

8.4 
6.5 

9.1 
6.2 
5.9 

11.D 
8.9 
7.7 

8.4 
7.3 
6.1 

15.3 
8.9 
7.8 

2.99 
1.29 
1.08 

22.2 
1.5 

47.6 
9.3 
5.5 

72.5 
97.9 
3.3 

23.4 
17.2 
1.6 

81.3 
55.0 
5.5 

NS 
24 .9 
2.2 

353 
153 

200 
155 
170 

152 
293 
132 

130 
89 
98 

259 
180 
120 

StU 
78.9 
39.2 

10.3 
7.9 

14.2 
11 .2 

5.4 

18.5 
15.0 
9.1 

16.3 
14.3 
11.4 

32.5 
21.7 
13.7 

10.1 
6.1 
3.3 

11.2 
1.6 

5.3 
6.6 
0.8 

2.8 
2.9 
1.0 

14.5 
8.5 
1.8 

30.9 
9.8 
3.5 

12.3 
4.7 
1.1 

34.3 
32.0 

78.8 
44.8 
30.9 

62.4 
88.8 
46.0 

42.3 
59.4 
37.7 

121.1 
81.6 
49.8 

26.8 
13.7 
5.1 

Table 11. Spacing and manurial schedule of the arecanut-cacao treatments 

105.6 
60.6 

107.4 
108.5 
65.4 

88.2 
113.4 
61.9 

114.4 
143.6 
94.8 

229.9 
152.9 
77.5 

78.2 
N S 
8.5 

Treatment Crop Spacing (m) Manurial schedule (a) 
106 6.80 x lOs 5.80 X 105 

g / palm/year 

N pps Kp1()4 1.00 x 104 6.80 X 104 

104 6.04 X 103 8.71 X 103 T] 	 Arecanut (b) 2.7 x 2.7 100 40 140 
Cacao 2.7x5.4 100 40 140 
Arecanut 2.7x 2.7 100 40 140103 2.40 x 103 1.00 X 103 . 	

T2 
Cacao 2.7 x 5.4 200 80 280:lOS' 2.93 x 104 4.00 X 104 

T3 Arecanut 3.3 x 3.3 100 40 140
103 6.48 x 103 2.00 X 103 I' 

Cacao 3.3 x 3.3 200 80 280 
T4 Arecanut 3.3 x 3.3 100 40 140 

. SYSTEMS Cacao 3.3 x 3.3 200 80 280 

(a) N - as urea P - as superp/wsphate and K - as muriate of potash
enable to multispecies cropping. (b) In addition, 12 kggreen leaves and 12 kg cattle manure were added to the basin ofevery arecanut palm, 
if old arecanu t garden, 58 to 61 each year in september. Fertilisers were applied in two doses, halfduring February and half during September 
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Arecanut and cacao are compatible crops. Manikandall et aI., (1985) examined 
the nutrient profile in such a system after 13 years of planting as influenced by 
spacing of arecanut and cacao and supply and exhaustion of nutrients. The details 
of observations recorded in the study are shown in Table 10 and II. 

It is evident{romlhe results presented thatorganic carbon contentand available 
Pstatus of the interspaces were influenced positively by cacao litter fall. Interest­
ingly, available K status of the soil wa low in mixed cropping compared to 
monocropping. Arecanut palms and cacao are heavy feeders of potassium and 
probable luxury consumption and immobilisation of K jn plants (Von UexkuU, 
1978) and root competition in mixed cropping may lead to lower a vai lable K status 
inmixed croppingcom pared tomonocropping(Manikandan etal., 1985). Von Uexkull 
(1978) observed tha ta good crop of cacao would remove over170 kg ha-1Kand even 
good soil willnol be able tosupply Kat uchrates (piusK immobilised in the living 
tree) for I ng. Hence higher K dtes ings are needed for component crops in areca­
cacao mixed crop system. 

An assessment of the ystem on one hectare ba is ind icated the higher reo 
quirement! uptake of K by both crops and its consequent importance in the 
nutrition of arecanut·cacao system. Inclu ·jon of Zn in the system if the crops are 
clo ely p lanted is also desirable (Table 12). 

Table 12 . Net gain (+) or loss (-) in the system over monocropping in 1 ha, 1 m depth 
of arecanut due to mixed cropping with cacao 

Available Nulrient conlent of treaLments (kg ha·1m·1) 
nulrients 

T1 T1 T T. 
Organic C - 1715 + 17819 + 5055 + 30169 
p + 72.7 + 284.2 + 12.8 + 200.3 
K - 367 -488.8 - 1071.4 - 608.4 
Cu + 1.4 + 40 .1 + 43.8 + 104.2 
Zn -7.9 - '2IJ .7 + 18.6 + 58.4 
Fe + 129.3 + 266.3 + 121.5 + 379.8 
Mn + 133.5 + 78.4 + 405.5 + 523.6 

considerable distance from Lhe Lru 
seeds, flowers, branches and leav~ 
available to cacao tree (Table 13) 

Table 13. NitToger 

Pla nt part 

ecently fa llen leaves 
Fa[len flowers 
Seeds 
Nodules 

* 	Mean of ix observatiol1S 

Aranguren et (II , (1982) reporte. 
soU by shade tTee leaf litter alone 
almonds by a fac tor of more than 
occurred continuously during the 
leaves made up61 percenlof tolal j 

of total nitrogen was 35 x 103 kg N 

Table 14. Nitrogen transfer rate! 
Venezuelan cacal 

C 
MonLh Leaves 

Shade 
r es 

March 25.2 

April 14.3 

May 10.6 

June 14. 


Ju ly 6.5 

August 25.5 

September 6.6 

Odober 10.7 


4. 	CACAO-SHADE TREE COMBINATIONS 

In cacao plantations intensive transfer of nitrogen through biomass recycling 
has been recorded. In these plantations most of the N needed to sustain cacao 
productjon is absorbed from the uppersoil or titter layel'S. Shade treeslike Erythrina 
take up nitrogen from deeper soU layel'S not exploited by cacao, and may tllUS 

enhance nitrogen availability for cacao by transferring this nitrogen to the soil 
surface via IiUer fall. In a proper! y managed adult cacao plantation under Erythrina 
hade, the entryof nitrogen through litter fall plus input via rainfall could be greater 

than UlOse removed by a harvest of even 1500 kg dry beans ha-I . Under most 
situations, the contribution of cacao litter fall is ubstantial to the extent of 50-90 kg 
N ha·l . 

Erythrina enriches the nitrogen content of soil and this enrichment extend Lo a 
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November 15.6 
December 8.3 
January 15.9 
February 14.0 

Tota l 168.0 

first 20 cm depth. 
Considering the monthly Ime 

Aranguren et aT. , (1982) indicated tI­
percent from shade tree leaves lea, 
output by harvest was 45 kg N ha'] 
field with pods and shell after pr< 

In addition to nitrogen recydin 
ilia tconsiderable quantities of o the 



/.1anikandan et al. , (1985) examined 
,years of planting as influenced by 
~xhaustion of nutrients. The details 
10 in Table 10 and 11. 
rganic carbon contentand available 
ilively by cacao liller fall. lnterest­

in mixed cropping compared to 
e heavy feeders of potassium and 
Ilion of K in plants (Von Ue~kulI, 
'lay lead to lower available K status 
ilanikandanetal., 1985). Von Uexkull 
reOlove over 170 kg ha-1Kand even 
es (pI us K inunobilised in the living 
!ded for component crops in areca­

are basis indicated the higher re­
its consequent importance in Lhe 
)f Zn in the system if Lhe crops are 

~r monocropping in 1 ha, 1 m depth 
'ping with cacao 

rlt of treatments (kg ha- l mol) 

T3 T4 

9 + 5055 + 30169 
2 + 12.8 + 200.3 
B -1071.4 - 608.4 
1 + 43.8 + 104.2 
7 + 18.6 + 58.4 
3 + 121.5 + 379.8 
4 + 405.5 + 523.6 

trogen through biomass recycling 

T7'ee based Farming Systems 

considerable distance from the trunk of these trees. The Erythrina sp. through its 
seeds, flowers, branches and leaves contribute fmther to the amount of nitrogen 
available to cacao tree (Table 13). 

Table J3 Nitrogen conten t of £rylhrina planl paris 

Plant part %N 

Recentl y fallen leaves 2.74 
rallen flowers 3.32 
Seeds 6.15 
Nodules 3.95" 

.. Mean of six observations 

Aranguren et al., (1982) reported that in northern Venezuela, the N input to the 
soil by shade b'ee leaf litter alone exceeded the net output by harvest of cacao 
almonds by a factor of more than six. The Oux of nitrogen in the fonn of liller fall 
occurred continuously during the year with marked peaks (Table 14). Shade tree 
leaves made up 61 percenlof total nitrogen in the litter on the soil. Mineral sOurce 
of lotal nitrogen was 35 x 103 kg N ha-1 yr-t, 40 percenl of which was found in the 

Table 14. Nitrogen transfer rales (kg N ha·1 month") in tiller fall fractions in a 
Venezuelan cacao plantallon under shade trees 

Month Leaves Flowers 
Shade Cacao Twigs and Total 
Trees frui ts 

March 2.5.2 2.2 6.2 6.6 40_2 
April 14.3 3.5 3.0 8.3 29.1 
May 10.6 3.8 4.4 8.4 27.2 
June 14.8 5.4 7.0 9.5 36.7 
July 6.5 3.7 2.8 7.3 20.3 
August 2.5.5 3.7 10.4 6.9 44.5 
September 6.6 2.7 2.6 6.6 18.5 
October 10 .7 3.9 4.0 5.3 23 .9 
November 15.6 3.1 2.2 3.0 23 .9 
December 8.3 1.2 3.1 1.8 14.6 
January 15.9 2.2 3.5 1.6 23.2 
February 14.0 1.2 2.2 1.1 18.5 

of the N needed to sustain cacao 
er layers. Shade trees like Erythrina 
!xploited by cacao, and lllay thus 
1Sferring this nitrogen to the soil 
It cacao plantation under Erythrina 
sinput via rainfall could be greater 

1I kg dry beans ha- . Under most 
ubstantial to the extent of 50-90 kg 

II and this enrichment extends to a 

Total 168.0 36_6 51.4 66.4 320.6 

first 20 cm depth. 
Considering the monthly litter fall (20.9 x 103 kg dry leaf during the year) 

Aranguren et Ill., (1982) indicated that major nitrogen contribution to Ule soil was 50 
percent from shade tree leaves leading to a N transfer of 321 kg N ha-1. Nitrogen 
output by harvest was 45 kg N ha-1 yr-l with some 20 kg N ha-1yr1 returned to the 
field with pods and shells afler processing. 

In addition to n.itrogen recycling reported, analysis of cacao leaf litter indicates 
tha t considerable quanti ties ofother nutrients can a Iso be add ed making the system 
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Table 15. Some characteristics of soil and nitrogen store in a Venezuelan cacao 
plantation 

Soil depth (cm) pH Organic C TotalN 

% (103 kg N ha·1) 

0-20 7.4 1.50 0.62 13.9 
20-40 7.1 0.29 0.47 9.7 
40-60 6.1 0.21 0.18 10 .6 

seU ustainable to certain extent. 

5. COFFEE BASED CROPPING SYSTEMS 

In coffee plantations where hade is provided through Erythrina sp. and lnga sp. 
with little or no fertilisation, the nilTOgen ouput by harvest can be exceeded by 
nitrogen transfers from shade tree leaves alone, while total inpulsinclud ing all litter 
and nitrogen in lhroughfaU can be over ten times higher than the net nitrogen 
output by harvest. Aranguren et al., (1982) examined some such coffee plantations 
which received no fertilisers for 10 years and indicated a substantial nitrogen store 
in lhe 0-60 em soil depth. Thenitrogen flow a<;sociated with litterfall was dominated 
by tile shade tree fraction accounting for a transfer of 86 kg N ha -1 yr -1 of lhe total 
of 189 kg ha -1 yr-1. The decomposition of litterfall was rapid and some evidence of 

Table 16. Nitrogen transfer rates (kg N ha·1 month·l 
) in litterfall frac tions in a 

Venezuelan coffee plantation 

Month Leave Twigs Flower and Total 

Shade Cacao Fruits 

January 5.8 1.3 1.4 0.2 8.7 
February 10.9 0.3 1.7 1.1 14 .0 
March 11.2 3.1 3.3 4.0 21.6 
April 3.8 2.3 2.3 2.5 10.9 
May 6.2 2.3 3.1 2.5 14.1 
June 5.4 0.8 6.7 1.6 14.5 
July 7.9 4.9 6.8 5.2 24.8 
August 7.7 4.2 8.2 1.1 21.2 
September 
October 6.7 0.7 4.4 0.7 12.5 
November 7.1 4.6 4.5 1.7 17.9 
December 5.8 3.4 1.3 1.3 11.8 

Total 78.5 Zl.9 43.7 21 .9 172.0 

synchrony was found between peaks of nitrogen transfer to the soil (TabJe 16) by 
litter and periods of high nitrogen demand by the crop plants. 

The litter recycling in coconut, arecanut, cacao and coffee based systems 
provides organic substrate for the growth of micro-organisms. The better 
soLubilisation of phosphate, fixation of nitrogen and production of organic eom­
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Table 17. Effect of COy 

Level 
Cover crop of N 

ap pliec 
(kg) 

legume (pure 0 
for two years) 803 

1606 

Natural 0 
(without 803 
Mikanill) 1606 

Natural 0 
(wit h 803 
Mikllnia) 1606 

Natural 0 
(mown) 803 

1606 

* Plan led Novemb,,'1 1967; harvest CO/ I 

Over a period of Len year.; of h 
of oil palm grown in association '" 
nitrogen applied to itwa 803 kg. ( 
with natural cover with or withou 
be applied to Ule palms. 

Pushparajah (1982) referring 
besides nitrogen economy, legum 
physical properties of soil also, suc 
retention and reducing leaching I ( 

In rubber plantations of Ma: 
CalapogOtlium caemlellm was intr<x 
nitrogen return was as high as 69: 



gen store in a Venezuelan cacao 

Total N 

% (103 kg N ha·l 
) 

0.62 13.9 
0.47 9.7 
0.18 10.6 

through Erythrina sp.and Inga sp. 
It by harvest can be exceeded by 
rhiletotal inputs including all litter 
mes higher Ulan the net nitrogen 
ined some such coffee plantations 
icated a substantial nitrogen store 
iated withlitterfaU was dominated 
fer of 86 kg N ha -1 yr -1 of the total 
tIl was rapid and some ev id ence of 

,onth·1) in li tterfall fractions in a 
Ilta tion 

Flower and Total 

Fruits 

0.2 8.7 
1.1 14.0 
4.0 21.6 
2.5 10 .9 
2.5 14.1 
1.6 14 .5 
5.2 24.8 
1.1 21.2 

0.7 12.5 
1.7 17.9 
1.3 n.8 

21.9 172.0 

'fi transfer to the soil (Table 16) by 
he crop plants. 
cacao and coffee based systems 
)f micro-organisms. The better 
tl. and production o f organic com-
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pounds as well as antibiotic substances in the rhizosphere would influence the 
productivi ty of the crop community in the system. 

6. OIL PA LM AND RUBBER BASED SYSTEMS 

In commercial plantations of rubber and oil palm fast growing leguminous 
cover crops are cultivated . Tan and Ng (1973) had shown that leguminous cover 
crops have enhanced the yield of fresh fruit bunches (ffb) of oil palm, the y ield 
increase being 6 percen t on coastal soils and ranged from one to two t ha-1 over a 
period of 5-10 years in coastal marine clayey soils of Malaysia. 

TIle residual effect at legume covers, both natural and planted, in oil palm 
planlalions was reported to persist upto 10 years (Table 17). 

Table 17. Effect of covers and nitrogen on yield of oil palm· 

Level Cumulative Yield in N (%) in fronds 
Cover crop of N yield 9th year (1978) 

applied (tons ffb ha·1) 

(kg) 

Legume (pure 0 149 8.3 2.11 
for two years) 803 196 12.9 2.19 

1606 22B 20.2 2.48 

Natural 0 104 5.5 2.89 
(without 803 167 12.0 2.20 
Mikania) 1606 194 16.4 2.29 

Natural 0 119 7.2 2.05 
(wj th 803 174 ]2.6 2.21 
Mikania) 1606 194 14.6 2.32 

Natural 0 104 6.0 2.06 
(mown) 803 158 11.2 2.06 

1606 192 15.8 2.48 

• Planted November 1967; halvest commenced lIlly 1970; yield is JOT a pt-'riod upto December 

Over a period of ten years of harvesting, the cwnulative yield o f ffb of a stand 
of oil palm g rown in association wilh a legume cover was 196 toones, whereas the 
nitrogen apptied to it was 803 kg . On the oUler hand, to geta similar yield in an area 
with natural cover with or wi lhou l Mikimia double that amount of nitrogen had to 
be applied to the palms. 

Pushparajall (1982) referring to Ule work carri.ed out in Malyasia stated that 
besides n itrogen economy, Legume covers had long-term beneficial effect on the 
physical properties ofsoil also, such as bulkderisity, porosity, infiltration, moisture 
retention and red ucing leaching losses. 

In rubber plantations of Malaysia when a shade tolerant legume cover 
Cnlapogonium caeruleum was introduced, it persisted for eight years and the lotal 
nitrogen return was as high as 695 kg ha-1 from third to ('ighl year (Table 18). 
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Table 18. Organic matter and nitrogen from legume cover (a) 

Year after Drymatter (b) Total N in (c) 
establishment of li tter t ha-1 litter kg ha-1 

0-2 	 10.5 284 (16) 
3 9.6 267 (101) 
4 6_0 163 (127) 
5 	 4.5 123 (101) 
6 	 2.9 83 (75) 
7 	 1.6 46 (45) 
8 0.4 13 (13) 

Total 35.5 979 (478) 

Less research has gone into th( 
involving coconut, arecanu l, cashE 
in the soil during different pha ( 
Judgement of nutrient budgeting. 

Partition.ing of nutrient uptak( 
ve ted prod uce remove cart" ider: 
every need to balance inputs alld 
productivity. 

onsidering the complementa 
community, the approad, of app 
men of each individual crop ma~ 

(a) 	Mixture of Puerana phasealaides and C. caeruleum 
(b) P. Phasealaides accounted for about 40 percent of total litter return, mos t of these 
returns being in first 3 years 
(c) 	Data from 3rd to 8th year from Tan et al., (19"79). 

Date from 1st and 2nd year from Pushparajah (1979). 
Figures in parenthesis refer to N from C. caeruleum. 

Watson et al., (1%3) report d that 170 kg excess nitrogen in soil was facilitated 
by growing Calopogonium muconoides, C. pubescens and Pureria phaseoloides as cover 
crops in Malaysia and according to Broughton (1977) the enrichment to the tu ne of 
151 - 200 kg N ha-1 was possible in Hevea plantation. 

Thus, large benefits in nitrogen economy are possible for farm ers growing 
rubber and oil palm by maintaining leguminous covers. Pushparajah and Tan 
(1979) estimated that for Malaysia, the use of leg uminous cover crops could entail 
a theoretical savings of 64,665 tonnes of nitrogen per year. Similar benefits are 
possible in oil palm planta tions as well which are under a legume cover. 

7. 	 CONCLUSION 

From the results of various studies it is evident that considerable scope exists for 
reti ucing reliance of lre crops on fertiliser nutrients especially nitrogen ifa suitable 
cr"pping/ farming system is pracli ed . A closer monitoring of the system will 
enabl the cultivator to scale down the inorganic fe rtiliser inputs . In the high 
density cropping sy~lems, over a period of years, the component crop' can even 
become self-sustaining with reference to nutritional requirement if mois tu re is not 
a limiting factor. 

The effect o f leg uminous cover crops in the nutrient economy of oil palm and 
rubber plantations wa found to last fo r many years. This calls for the need to study 
tile roolsystem of tree crops (coconut, oil palm, arecanut and rubber) and its ability 
to exploit soil and fertiliser inputs. 

The contribution of fine root decay to nitrogen cycling also needs to be de ter­
mined. Ex tensive sampling using soil coring under trees and use of infield root 
observa tion facilities may provide valuable insight into nitrogen cycling / rooting 
re lationship (Stephenson and Raison, 1988). 
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utilising the nutrients tha t are eith 
soil. Khanna and Nair (1977) pro 
coconutand coconut +cacao comt 
take into consideration the fluxe 
growth increments, plant cycling 
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Tree based Farming Systems 

Less research has gone into the dynamicS of nutrients in tree cropping systems 
involving coconut, arecanul, cashew, oil palm and rubber, and reserves of nutrien ts 
in the soil during different phases of the development of a system for objeclive 
judgement of nutrient budgeting. 

Partitioning of nutrient up take in tree crops needs better wldel'standing. Har­
vested produce remove considerable potash, chlorine and nitrogen and there is 
every need to balance inputs and outputs by proper management for sus tainable 
productivity. 

Considering the complementary effect of growth sharing substances in a plant 
community, the approach of applying fertilisers according to estimated require ­
ments of each individual crop may not be the most efficient and economical way of 
uLiJising the nutrients thal are eilher externally applied or inherently present in the 
soil. Khanna and Nair (1977) proposed nutrjent cycling models for pure stand of 
coconut and coconut +cacao combinalion based on system approach. Such models 
take into consideration the fluxes of nutrients viz., inputs and outputs besides 
g l'OWU1 increments, plant cycling tractions (Ulfough fail, contribution from leaf 
litter) and offer means to scale downlhe inputs. 
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