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Abstract
Coconut is commercially cultivated in Asia and Pacific countries predominantly as a small
holder crop, which is associated with lives o f millions o f coconut growers. Income and
productivity o f coconut directly affect on livelihood o f these people.
Generally, coconut lands are maintained as monoculture farming and recognized as an
inefficient land use system. Coconut palms are generally spaced 8 m x 8 m apart, thereby
75% o f the area remains below its production potential from the age o f 20 years or so.
Unlike other crops such as tea, and rubber, opportunities to grow inter crops in coconut
plantations are enormous.
Coconut based farming systems (CBFS) are well established and attractive to maximize
land use efficiency, increase productivity and to optimize profitability over to monoculture
coconut farming. Hence, monoculture to crop diversification is a must fo r income
generation fo r all levels o f coconut growers. Intercropping, multiple cropping, mixed
cropping, alley cropping and mixed farming are the main systems in CBFS. Any one o f
these intensive well designedfarming systems under good management practices would not
affected coconut yield. Many coconut + intercrops + animal systems have shown
complimentary effects and benefits on coconut. Increase soil fertility, improvement o f
coconut palm nutrients, creation o f favourable micro-climate and increase productivity o f
coconut lands are discussed in detail.
Coconut lands offer ample opportunities to grow large number o f crops, rearing animals
and combination o f those including agroforestry systems. In CBFS, differences within a
country, region to region are observed. Hence, a common approach is important to
promote CBFS as a viable farming system to increase productivity o f coconut cultivation.

1. Introduction to Coconut Based Farming Systems (CBFS)
In all growing tree crops like coconut, which can exploit large volumes of air space, it may
be appropriate to state that sky, is the limit to increase the crop density. Efficient utilization
of air space, thus becomes important. The relevance of time in production also becomes
greater importance in coconut based farming systems (CBFS) due to the long life span of
the crops and animals and their slow growth rates. Recycling of biomass through soil for
fertility improvement and through animals for conservation into value added animal
products is yet to another important component of production. Thus production in a
cropping system involving different crop species, animal and human beings at micro level*
*
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has many dimensions. An agronomically desirable system should ensure that all the
components of production are exploited at optimal level ensuring that the long term
production capability of the system as a whole is not affected.
About 80% of the coconut lands in the world are cultivated by small scale farmers (with
only 2 ha or less) (Magat, 2007). Unfortunately, these smallholdings are mainly committed
to monocrop of coconut, which normally occupies the land for over hundred years. Under
such monocrop system, majority of the coconut holdings do not generate adequate income
and employment for the dependent families. From the land utilization point of view, a pure
stand of coconut utilizes only 22% of the area at a spacing of 7.5 x 7.5 m leaving nearly
78% of the area underutilized.
A hidden wealth needs to be tapped under the “tree of life.” A well-spaced coconut garden
provides adequate inter and intra-row spaces where it is possible to grow a variety of useful
seasonal and perennial crops. Even coconuts grown in atolls, have a number of crops and
livestock which could be included as components of coconut based cropping system.
Depending on other factors, e.g. the compatibility of crops, the farmer has a number of
options that could be adopted. When annuals or seasonal crops are grown under coconut, it
is called “intercropping”. With perennials, it is called “mixed cropping”. However, when
intercrops and mixed crops are combined, it is termed as “multi-storeyed cropping”. When
different crop combinations are introduced into coconut holdings, the system is generally
designated as “multi cropping”. It is “mixed farming” when livestock and poultry are raised
with fodder or pasture grown under coconut. Experiments conducted at the Central
Plantation Crops Research Institute, India showed that even under rain-fed and irrigated
conditions, the net return of coconut as monocrop is still low (Table 1) (Rethinam and
Siriniwasan, 2009).
The rational for the adoption of farming system in coconut plantations is to promote
effective use of land and other available resources, aimed at increasing the overall
productivity, using minimal inputs without depending the natural resources base (Liyanage
and Gunathilake, 1997). In CBFs, simultaneous growing of a variety of crops in a piece of
land to increase production per unit area and time is practiced. Basically, the added return
from the CBFS will help stabilize coconut farmers’ profit and provide a constant cash flow
and nutritious food. The success of a particular CBFS would be determined by the
environmental (eg. rainfall, soil type) economical (eg. marketability, profitability) and
sociological (eg. use of family labour) factors.
2. Improvement of Land Productivity with CBFS
Being a C3 plant, Coconut is considered as a moderately efficient in photosynthesis, hence
ultimate productivity is also moderate (Table 2). It is well accepted that resource capture by
coconut itself is not attractive.
The rate and extent to which biophysical resource are captured and utilized by the
components of CBFS is determined by the nature and intensity of interaction between the
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crops. The net effect of these interaction is often determined by the influence of the coconut
palms on the other crops and /or on the overall cropping system and is expressed in terms
of such quantifiable responses as soil fertility changes, micro climate modifications,
resources (water, nutrients and lights) availability and utilization, pest and diseases
incidences and allelopathy etc.
In worldwide, majority coconut lands belongs to small holders and maintained as
monocultures. In Sri Lanka too most of the coconut holdings are maintained as
monocultures. This inefficient from of land use provides only relatively low returns to the
grower. The problem has become very acute with the increasing price of inputs,
particularly fertilizers, and with stagnant, low farm - gate price for coconut. Thus, the
continuation of monoculture holdings at low production levels is becoming increasingly
difficult and uneconomic. CBFS is one strategy for improving the utilization of coconut
lands so that productivity is increased. The production alternative may be to use a single
intercrop and/ or animal, or through a mixture of intercrops or crop- livestock associations.
Coconut palms are generally spaced 8 m x 8 m apart; thereby 75% of the area remains below
its production potential from the age of 20 years or so. This land area can be made available
for multiple cropping in mature coconut stands. The area available for multiple cropping in
young plantations (age 0-5 years) could be as high as 80 to 90% (Liyanage, 1994). The inbetween years are less suitable.
Mixed cropping refers to a CBFS in which perennial food and cash crops are grown in
association with mature coconut palms. Cocoa, coffee, pepper, cinnamon, cloves, nutmeg,
tea, rambuttan, mulberry, lemonine, grafted cashew are suitable for growing in mature
coconut holdings in the wet, intermediate and dry zones of Sri Lanka. Several on - station
and on-farm experiments were conducted to develop suitable mixed cropping systems to
increase productivity of coconut lands in different agro- ecological region and to study the
effect of mixed cropping on coconut production. Table-3 shows the complementary
interaction between coconut yields and perennial mixed crops (Gunathilake, and Liyanage,
1995). The experiment clearly indicated that mixed cropping increase overall coconut
productivity from unit holdings without adversely the coconut production.
Further, several perennial intercrops like bud - grafted cashew has shown complimentary
effect even under harsh climate conditions prevailing in the dry zones (Table 4). Generally,
bud-grafted cashew demand very low level of nutrients; hence nutrient competition
between coconut -cashew is minimal.
This yield increment of coconut was because of the complimentary effects of CBFS by
perennial intercropping on soil fertility in terms of soil physical, chemical and biological
properties with nutrient supplying trees grown under coconut. The coconut palm also
serves as an economic shade tree by providing conditions to compliment the growth of
several shade loving/ shade tolerant crops such as cocoa, and pepper.
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3. Inter Cropping with Seasonal Crops, Semi - Perennials and Perennials
Coconut palms are generally spaced 8 m x 8 m apart; thereby 75% of the area remains
below its production potential from the age of 20 years or so. This land area can be made
available for multiple cropping in mature coconut stands. The area available for multiple
cropping in young plantations (age 0-5 years) could be as high as 80 to 90% (Liyanage,
1994). The in- between years are less suitable.
Consideration has to be given to the bio- physical environment when considering inter
cropping. In Sri Lanka, the coconut is grown primarily as a rainfed crop. Therefore, the
total rainfall as well as its distribution pattern are vital consideration for successful coconut
cultivation palms and cropping practices. The active root system of coconut is normally
found within 150-180 cm from the base of the stem (Rosairo, 1993). Fertilizer and mulch
are usually applied in this zone and it is advisable to established other crops leaving two
meters from the base of the palm in order to reduce competition for soil moisture and
nutrients.
All these factors highlight the considerable needs and the potential for multiple cropping in
coconut lands.
Potential yield of individual crop is also varied according to prevailing agronomic and
environmental factors (Table 5).
In Sri Lanka it could be seen that seasonal crops are popular in the Dry Zone (DZ) and
Intermediate Dry Zone (1MDZ), whereas semi - perennials are popular in the Wet Zone
(WZ) and Intermediate Wet Zone (IMWZ). Banana is intercropped in all agro -climatic
zones. Among perennials, cashew is an attractive intercrop for farmers in the DZ (Table 8 a
and 8 b).
Land Suitability Classification for Coconut and Possibilities for Multiple Cropping
Although coconut grows on a wide range of diverse soil types, other crops do not possess
the same adaptability and, in most cases, require specific soil conditions for optimum
growth. In coconut - based multiple cropping systems, therefore, adapted intercrops should
be chosen to suit particular soil types bearing in mind , also, that they should not compete
severely with coconut for soil nutrient and moisture. Moreover, the growth and
management of intercrops must not cause soil deterioration.
Coconut performs well in Land Suitability Classes 1 and 2 (Table 09) where priority should
be given to maximize the production of coconut alone (Somasiri et al., 1994). However, for
Classes 3,4 and 5 the lands policy should be to maximise productivity of land growing
coconuts through multiple cropping. Possibility for multiple cropping in Class 4 and 5 are
enhanced due to the moderate performance of coconuts because, on such lands, they tend to
have small crown which result in increased light infiltration to ground level. Also the soils
in these classes (e.g., well drained, sandy-clay loams) have favourable physical properties
for some intercrops. Therefore, a wide range of light -loving crops (e.g., ginger, cocoa) as
well shade - tolerant crops (e.g.,banana, cinnamon) are often suitable for such lands.
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4. High Density Multi Species Cropping Systems in Coconut Lands
The concept of multi-storeyed cropping is not new in the strict sense of the word. It is being
practiced in some form or the other in different regions but it had no reference in the
scientific, experimental or research literature (Dastane, 1973). It is a cropping system
aimed at maximum production per unit area of land per unit time wherein economic yields
of compatible crop species are harvested from different heights in the vertical plane. The
basement floor is the same for all the species. As, buildings began to increase in height for
maximum floor space and accommodation in urban areas, crop yielding floors too were
increased for more production. The land use efficiency rises beyond 100% in a multi
storeyed crop building plan. Top floor yielding species should preferably have a canopy
which would permit percolation of light. The ground floor species should have low light
requirements and be shade tolerant. There can be no other limiting factors for such a crop
building (Rethinam & Sirinivasan, 2009).
Multi-storeyed cropping in coconut garden refers to growing three or more crops having
differences in the morphological stature, which develop their canopies at different strata in
the field, simulating the features of a multi-storeyed cropping (Nelliat et al., 1974) to
intercept solar radiation at different levels and exploit different soil zones.
The multi-storeyed cropping system in coconut was conceived and put to practice in 197071. Crops having different stature and rooting pattern were selected to form compatible
combinations. In humid tropics, higher efficiency of utilization of the basic resources of
crop production viz., land, solar radiation and water can be achieved by adopting intensive
cropping systems like multi-storeyed cropping (Nelliat, 1973). The four-crop combination
included coconut, black pepper (trained on coconut trunk), cocoa and pineapple. In this
four-crop architecture, the feasibility and success depends on the top floor crop. The crown
habit of coconut, as stated earlier, is ideally suited for this when the coconut palms are over
20 years old. The pepper vine having its canopy at 2-8 height on the coconut trunk forms
the second floor crop. The spread of the above groundparts of cocoa, which are pruned
periodically, are confined to a height of less than 3.5m from ground level. This constitutes
the first floor. Pineapple forms the ground floor in this system. The solar energy incident
on the area is intercepted at differenteights and utilized more efficiently by the foliage of
these crops.
The distribution of the roots of these crops showed that they do not overlap to any
appreciable extent (fig 1&2). The rooting habit of cocoa is such that its roots have
relatively less lateral spread. A three and half year old cocoa plant had most of its roots
within a radius of 80-100 cm and the maximum concentration was at 20-60 cm laterally.
The fibrous roots of pineapple rarely extend beyond 50 cm laterally or vertically. This
system requires irrigation during the summer months and recommended dose of fertilizers
is to be applied for each of the component crops to avoid competition between crops. In
the above system, pineapple performed well in the initial years. However, once cocoa had
developed its full canopy, very little sunlight percolates down through its canopy to
pineapple. Thus pineapple could be grown only in the initial 5 or 6 years.
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When the photosynthetic canopy of a component crop is set higher than that of another
otherwise similar component, the taller canopy intercepts the greater share of light
(Trenbath. 1976). Measurements of light fluxed in leaf canopies showed that the inclination
of the leaves greatly influenced the amount of light that is intercepted by the canopies of
taller intercrop components or shade trees. Fish-eye photography technique has been
developed to evaluate canopy densities in relation to the physical light climate within the
canopy (Lakso, 1980). It has bene reported that Actual air space utilization (AASU) and
Average exposed surface area (AESA) showed considerable increase in all the mixed
cropping combinations. In the case of crops such as nutmeg and clove, with initial small
canopy and slow pace of growth, it is possible to increase AASU and air space use
efficiency considerably through mixed cropping (Jamaluddeen and Jacob, 1983).
As a step towards raising the cropping efficiency, combination of mixed and intercrops are
also being studied. Owing to the differences in the morphological stature, these crops
develop their canopies at different strata in a multi-storeyed crop building. A combination
of coconut+black pepper+cocoa+pineapple is a typical example of this system (Nelliat et
al., 1974). In the wet zone of Sri Lanka Coconut +Block Paper+ Ginger combination is
popular to increase productivity.
There was an increase in organic carbon content, available P and K status in coconut based
mixed cropping with pepper, cocoa. Increase in availability of available P was mainly
attributed to release of fixed P by increase in activity of P solubilizing enzymes. The
organic carbon, total N. P and k were higher in the root region of coconut multi-storeyed
cropping system involving cocoa, pepper and pineapple, than in the coconut monocropping
( Bopaiah, 1988; Bopaiah and Shetty, 1991).
General Features of High Density Multispecies Cropping Systems (HDMSCS) Are:
•

HDMSCS models consist o f a large number of crop species with at very high plant
density.

•

It includes annuals, biennials and perennials.

•

The crops selected include cash crops, food crops and fodder crops.

•

It includes large, medium, and small canopy arranged in a systematic way.

•

The soil disturbance should be kept minimum - only slash weeding is done.

•

The biomass (other than the economic part) is recycled within the system.

•

The annual crops are removed as the canopy size of perennial crops increase.

Unlike in annuals, the potential for increasing the productivity per unit area of land, time
and inputs through high density cropping is considerably higher in perennial crops
(Bavappa and Jacop, 1982). A concept of high density multi-species cropping system
)HDMSCS) involving tapioca, pineapple, banana, colocasia, papaya, elephant foot yam and
subabul has been developed for coconut (Bavappa et al., 1986), whichwas established at
Kasaragod in 1.2 ha of an 18 -year old coconut plantation spaced 8 m x 8 m during 1983 by
interplanting 17 additional crops. The yield of coconut increased by 176% and there was
no marked yield difference of the crops in the full, two-third and one-third levels of
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fertilizers applied. The air space utilization was 31%. There was also substantial increase
in the biomass production.
The crops included in the model are: tapioca, elephant foot yam, colocasia, banana,
pineapple, mango, bread fruit, jack nutmeg, clove, sapota, acid lime, guava, pepper,
papaya, San Ramon coffee and sababul. The annual crops (except banana) were withdrawn
from the system in stages as the perennials grew and utilized more and more space and
sunlight. Some perennials like lime, sapota, mango, guava, pepper, papaya and coffee were
also withdrawn from the system as there performance was not satisfactory. In the same
HDMSCS annual nutrient budget and balance of N, P, K and Mg was worked out for three
consecutive years, and results indicated that while there has been no buildup of N and Mg,
the levels of P and K doubled by the third year. In fact, there was a depletion ofN and Mg.
Further they have reported that, there has been an overall increase in the total microbial
population specially asymbiotic N fixers, P solubilizers and soil microbial biomass.
However, there appears to be displacement of Mg from its exchange site due to heavy input
of K and NH+ 4 fertilizers resulting in leaching of Mg (Ochs and Ollangnier, 1977).
In Sri Lanka, “Kandyan Garden System” is also widely popular in the world as a natural
multi stored cropping system, which was practiced over 100 years. The crops include
coconut and perennial spice crops such as black pepper, cocoa, cloves, nutmeg, and
cardamom. Recycling of leaf litter, sustainability of soil fertility reduce soil erosion,
distributed farmer income throughout the year are the environment and social friendly
features.
5. Nitrogen Fixing Trees (NFT’S) in CBFS
Much emphasis has been given to the possibilities for intercropping NFT’s as an essential
components of the CBF’s/ MFT’s has become increasingly popular due to their ability in
providing a number of useful products and services to the coconut farmer. These include
products like green manure, animal fodder, fuel wood, mulching and fencing material and
services like live support for certain intercrops like black pepper and vanilla, soil
improvement, erosion control, weed suppression and shade for young coconut (Liyanae
and Jayasundara, 1998).
Growth performance and biomass productivity are the factors that affect the soil fertility in
selected coconut based agroforestry system. Liyanage et al. (1993) studied growth
performance and biomass yield of four NFT’s (viz: Acacia auriculiformis, Calliandra
calothyrsus, Gliricidia sepium and Leucaena leucocephala) and their effect on coconut
yield. The tree species have been planted in double rows of 2 m x 1 m in the avenues of
coconut. This experiment showed that the coppicing ability of Gliricidia followed by
Calliandra was superior to that of Leucaena and Acacia as indicated by a higher number of
coppice shoots/roots (6.4 and 4.7 per tree, respectively) six months after pruning. Although
Gliricidia and Leucaena at initital pruning were similar. Leucaena showed significant
reduction in total dry matter over Gliricidia. Amont the tested NFT’s, Gliricidia produced
the higherst leaf (45 g per tree) and stem (592 g per tree). With regard to leaf crude protein
content, Gliricidia had the highest N value of 3.6% and crude protein of 22.5%. Due to the
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compatibility between coconut and NFT's, nut yield of coconut has also been increased by
15-26% in different NFT's plantings.
Another study conducted to evaluate the growth and biomass production of four
multipurpose tree species ( Viz: A awiculiformis, A. mangium, C. ccillothynis, G .sepium
and L.leucocephala) and their effect on coconut production in a 45 year-old coconut
plantations, showed that at initial pruning of Gliricidia produced the highest leaf biomass
(488 per tree) whereas leaf dry mater in Leucaena (257 g per tree) was comparable with
Calliandra (225 g per tree). Leucaena was the tallest indicating that it is not a bushy type
unlike the rest which is an important character in coconut lands. In other evaluation of bush
covers (viz; G. sepium and L. leucocephala) produced the higherst dry matter yields of
more than 3.0 m.t per hectare per year.
Gliricidia also performed better than Leucaena producing 3.4 m.t dry matter per hectare
when compared with 2.01 m.t per hectare in Leucaena after four years (CRI, 1998).
Further, Liyanage el al. (1990) studied the growth and biomass productivity of six selected
NFT's species (A. auriculiformis, A. mangium, C. calothyrsus. Enterolobium, cyclocarpum,
G. sepium and L. leucocephala) and showed that growth of Enterolobium and Acacia at 2nd
and 4lh years after planting was more vigorous that Leucaena or Gliricidia. Further they
found that growth performance of Leucaena was significantly better than in Gliricidia in
the low country intermediate zone of Sri Lanka. Among the above NFT species, Leucaena.
Gliricidia and Calliandra have been identified as the most promising candidates as green
manure for coconut and dry season fodder for livestock, in addition to the high potential for
use as renewable fuelwood sources.
Effects of mulching on soil microclimate have been studies using their mulches from six
NFT's (A. auriculiformis, A. mangium. C. calothyrsus, Enterolobium, cyclocarpum, G.
sepium and L. leucocephala) (Liyanage et al, 1990). It has been showed that mulching
with leaves from tree legumes significantly improved the soil micriclimate during the dry'
period. This has been evident from the significant reduction in soil temperature at 5 cm
depth and, by a marked reduction in weed growth in mulched plots over un-mulched
control plots. Of the NFT's species, pruning from A. auriculiformis, A. mangium,and
Gliricidia were found to be more effective as surface mulch than those from Leucaena,
Calliandra and Enterolobium.
Effects of Intercropping NFT’s on Coconut Yield
The main concern among coconut growers on the inter cultivation of tree species under
coconut is the competition by trees for soil moisture and nutrients. Therefore, growers are
reluctant to adopt such agroforestry systems in spite of the fact they improve soil
conditions, and supply green manure and fuel wood. It is obvious that unmanaged and
unsystematically planted and w'ell managed trees will not interfere with the functions of the
coconut palm.
Table -10 indicates results from a field experiment conducted at Rathmalagara estate.
Madampe (intermediate dry zone) to study the effect of inter-planted NFT's on the yield of
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coconut. It was revealed that the coconut yields are hardly affected by the under grown tree
crops which were pruned periodically, 2-3 times a year.
6. Gliricidia Based Agroforestry in Coconut Plantations
Coconut based Gliricidia agroforestry system refers to a farming system in which
Gliricidia serve as a multi-purpose and fertilizer component in coconut stand. Gliricidia
sepium Jac, Welp is a versatile multipurpose tree species introduced to Sri Lanka from the
West Indies for boundary planting. It has been used in the perennial agricultural systems
such as tea and spice crops and by small farmers in Sri Lanka over 300 years. It has been
clearly demonstrated that Gliricidia could be grown successfully in coconut plantations
without any detrimental effects on coconut yield (Anon, 2000). Nitrogen Fixing Trees
legumes such as Gliricidia offer opportunities to increase N levels. Gliricidia has been
identified as a good source for green manure, feeding ruminants, or to reclaim degraded
soils and reduced soil erosion (Liyanage et al 1998).
In Sri Lanka, it is advised to interplant Gliricidia either by matured cuttings or by seedlings
in avenues of coconut. The planting system depends on size of coconut holding, age of
palms and other farming activities in land. Generally, Gliricidia are planted in two rows of
a coconut avenue into 1 m x 1 m spacing giving 2400 trees per hectare. Gliricidia tree
should be lopped at 1 . 0 m height from the ground and planting after 2 year onward
branches could be harvested at 6 - 8 months intervals depending on growth. Leaves are
used as a green manure or animal fodder and sticks could be used as fuel wood.
Gliricidia as a Fertilizer Tree to Enhance Coconut Yield

Gliricidia is now popular as the 4th plantation crop in Sri Lanka due to its multiple uses
(Gunathilake and Wasantha, 2004). It has the ability to fix atmospheric N and enrich soils
by green manuring. On the other hand, it is a valuable animal feed supplement for protein.
Management of soil fertility in coconut plantations is now being addressed to sustain
coconut yields economically. As at present, soil degradation is obvious. Application of
chemical fertilizers is not the answer for management of sustainable soil fertility. Hence,
the application of organic/green manure for coconut as well as other crops is becoming a
popular practice. It has been clearly demonstrated that Gliricidia could be grown
successfully in coconut plantations without any detrimental effect on coconut (Anon, 2000).
(Table 11).
It has been reported that the foliage of Gliricidia contains about 4% nitrogen and is
therefore an excellent source of green manure for coconut palms. On decomposition, this
can restore the physical condition of the soil. The CRI recommendation is to incorporate 50
kilograms of fresh prunnings from Gliricidia into soil, to a depth of 15-20 cm aiming to
meet the entire N requirement of a palm (Liyanage, 1993). The use of this technique can
result in a substantial saving when compared with the cost of using chemical fertilizers.
Application of organic manures such as green tree loppings, cattle, goat, poultry manures
plays a significant role in restoring the fertility of degraded marginal coconut lands. The
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issues associated with organic fertilizers are the high volume, bulkiness, unavailability to
find large quantities and their transport. The remedy to those is in situ production of
organic martial within the coconut lands. To study this long term experiment over 7 years
has been conducted at Rathmalagara estate, CRI in a coconut plantation aged 50 years and
different treatments are detailed in Table 12. In this, comparison has been done with
application of in situ grown Gliricidia loppings for palms along with ex situ supplied cattle
dung. Table 12 shows that over the period of seven years, there were no significant
difference between in situ production of organic matter and ex situ supplied organic
materials. Hence, inter cultivation o\' Gliricidia for green manuring is the best solution for
soil fertility improvement. Further, there was no difference in nut production between
palms with in situ grown Gliricidia manuring and palms with application of inorganic
APM coconut fertilizer mixture (Anon, 2000).
As a dedicated energy plantation of Sri Lanka, a study has been conducted in a 50 year old
coconut plantation, planted with three rows of Gliricidia, 1 m apart in the avenue of
coconut keeping 1 m distance within a row giving density of 3,750 trees per hectare in land
extent of 20 hectares including 80,000 Gliricidia trees. The objectives were to study the
productivity of Gliricidia for green manuring of coconut and for fuelwood production. The
results showed that inter-cultivation of Gliricidia in coconut lands improved microclimate
by increased utilization of sunlight, reduce soil temperature and as a result, soil moisture
has been elevated in soils of coconut with Gliricidia over coconut with no Gliricidia plants.
Nutrition of coconut palms was increased in Gliricidia plots and this was prominent in
nitrogen probably due to fixation of atmospheric N by Gliricidia (Tables 13a - 13c).
Except K, other plant nutrients such as P, Ca and Mg levels were also elevated in soils with
Gliricidia plus coconut that assumed Gliricidia is mining nutrition from deeper lagers to
surface of soils through the process of pruning and decomposing of foliage (Gunathilake
and Wasantha 2004).
High biomass production nutrient,t recycling atmospheric N fixation, reduce soil erosion,
increase facility for macro and micro nutrient activity are several advantages of Gliricidia
based farming in coconut lands.
7. Integrated Pasture / Fodder / Livestock Systems
This refers to a farming system in which livestock, mainly cattle and small ruminants such
as goats form the major component w'ith facilities for grazing under coconut. It is estimated
that about 25 per cent of the national herd of cattle in Sri Lanka is concentrated in coconut
growing areas grazing on natural pastures (Jayawardena, 1966). Due to low productivity of
natural pastures, several improved pasture and fodder species such as Brachiaria
milliformis B. brizantha and Guineagnxss have been recommended (Santhirasegaram,
1966). Due to less competitive effect of B. milliformis, it is widely accepted by coconut
growers over other species. Pasture productivity' of B. milliformis is also high under shade
conditions of coconut stand (Table 14). This productivity of pasture is sufficient to
maintain 1.5 cattle / ha of land.
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However, the adoption rate of improved pastures for animal husbandry is very much
disappointing and the highest was only 11.7% in Sri Lanka (Somasiri et al. 1993). This
obviously means the additional expenditure in maintaining pastures, perhaps acts
detrimentally in expanding improved pasture in the smallholding, where the farmers have
limited cash for expenditure such as fertilizer on pasture. As a remedy, it is advisable for
smallholders to grow improved pasture along with N FT s (e.g. Gliricidia) and animals
could be fed with straw during dry seasons (Anon, 1999). Conversely, as shown in Table
151ocal animals could be reared with local pastures with added straw and molasses.
Adaptability of different pasture and fodder species vary depending on several factors and
shade is the most important. Table 14shows adaptability of different pasture spp. under
coconuts.
Among cattle, Jersey x Sindhi or Jersey x Local crosses is the most suitable breeds
recommended for coconut lands in Sri Lanka (Santhirasegaram, 1966). Production of 5.0 1
of milk per head is easily possible with these cross breeds. In an mixed faming model
established in a 0.8 ha of mature coconut stand in the intermediate zone, four Jersey x
Local crossbred cattle have been raised successfully on improved mixed pasture integrated
with Gliricidia and Leucaena established one row in the center of the coconut avenue and
along the fence (Liyanage et al. 1998) (Table 15 & 16).
In a study, 4% urea treated paddy straw mixed with Gliricidia lopping at the ratio 3:1
proved to be an excellent source of supplementary feed to tide over scarcity of pasture
herbage during the dry seasons. Table 16 shows the productivity increases with this mixed
faming model.
Buffaloes are well known as efficient converters of roughages. Recently, popularizing of
buffalo farming under coconut was commenced on CRISL. Five year experimentation with
buffalo in coconut at Makandura Seed Garden showed that maintenance of one buffalo per
ha is possible and such faming is beneficial to increase coconut yield (Table 17) over no
grazing or cover cropping with Pueraria. Each buffalo was able to produce 4.5 liters of milk
per day and profitability of animal was Rs. 120.00 per day by selling milk as curd (Anon,
2003).
There is a large potential for raising goats on natural/ improved pastures integrated with
nitrogen fixing trees in the Dry and dry Intermediate Zones of Sri Lanka. It has been
reported that the carry ing capacity of goats (breed: Sri Lankan Boer) with improved pasture
(B. milliformis and Greed panic) and gliricidia (tree fodder) is 15 per hectare in the Dry
Zone (Anon, 1997)
Beside ruminants in coconut lands, it has been found that there is a large potential for
developing poultry farming. This system is called “Free range poultry farming in coconut
lands” Trials commenced by the CRISL showed that CPRS x Indigenous is the ideal for
small coconut holder’s lands. Profitability of this system is always higher them the
intensive poultry farming (Table 18). This system is now well taken by growers and system
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is expanding as an environmental friendly organic farming enterprise. Further contribution
of thisto reduce poverty among rural community is also considerable.

X. CBFS for Sustainable Soil Management
In Sri Lanka more than 50% of the coconut area is inherently low in soil fertility. Poor soil
physical conditions, and depletion of topsoil are the two major contributing factors to low
coconut yields in such marginal lands. Beneficial effects of multiple cropping on soil
fertility hence been reported in all intensively cultivated soils would eventually require
fertilizers to compensate the harvest removal of nutrients. The removal of N,P.K and Mg
bv a hectare of exclusive coconut plantation that produces 7500 nuts is presented in
Table 19.
Potassium loss is the largest amongst the nutrients, followed by N. Amongst the biological
components, shell and kernel deplete high amount ofN .A large amount of K is consumed
by husks, founds, kernel and coconut water, followed by leaf, shell and kernel. The
fertilizer doses recommended by the Coconut Research Institute of Sri Lanka (CRISL) for
N.P and Mg are below the amounts depleted from soils. Similarly. K removal is 265kg ha
but recommended dose is 2400 kg. ha"1. Unlike tea and rubber, coconut requires large
amount of K, which as a crucial nutrient for yield of nuts and quaiity of kernel. Potassium
also plays beneficial role for flower setting, and withstanding of drought situation. A part of
the amount of K that is depleted in soils. The leaves contain 45 percent mineral mass ofN .
therefore, recycling of leaves may partly compensate the N loss. Another source ofN could
be under- planting of legumes (eg: Puereria spp.)
Many planters prefer to grow cocoa, coffee, pepper, cinnamon, tea, cashew and vegetables
as intercrops in coconut plantation. The plantations are simultaneously used as pasture.
Nutrient management in mixed plantations is particularly challenging, because nutrient
fluxes for both coconut and intercrops became enigmatic. Balanced use of various nutrients
to compensate loss from soil must be seen from this angle (Table 20).
In Sri Lanka, more than 50% of the coconut area is inheritantly low in soil fertility. Poor
soil physical condition, and depletion of top soil are the two major contributing factors to
low coconut yields in such marginal lands. Beneficial effect of CBFS on soil fertility have
been reported in Sri Lanka (Livanage, 1994). In terms of soil physical, chemical, and
biological parameters (Table 21) illustrate some experimental work with CBFS (mixed
cropping with cocoa, coffee, pepper, and clove).
9. Renewable Energy Production with CBF’S:
Biogas and biomass (Wood) are categorized as renewable energy sources. It pollutes less,
makes less dependence on imported fuel, requires less foreign currency and has almost no
net carbon dioxide emission (Lomborg, 2005). Along with the price increases of fossil fuels
and electricity, there is also an increased realization in the world that traditional petroleum
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fuel energy is going to be more expensive with time. Therefore, a greater utilization of
alternatives have to be actively promoted by the share to sustain the economic growth
specially in the developing countries. Further, self-reliance is now viewed as an important
aspect in both food and energy in view of global political and economic developments.

Hence, development of alternative energy production systems within the plantation/
agricultural sector is vital for national energy security and sustainable agricultural
production. Gunathilake and Joseph (2008) conducted a study to maximize farm income
through an integrated (Coconut + Gliricidia + Paddy straw + cattle) farming system using
the theoretical model given below (figure3) and to develop a sustainable bio energy system
to meet energy requirement of the household.
Figure 3 - Theoretical model prior to the trials consists of coconut, buffalo, gliricidia,
paddy straw and natural grasses to produce green energy.

In the third year of implementation, installment for a gassifire coupled with generator,
(excluding value of generated electricity) actual income of one coconut hectare was Rs.
572,815 (Figure, 4) from coconut, milk, calves, bio fertilizer, fuel wood and biogas for
house hold use. This was almost a 100% increase of the initial estimation, indicating the
success of the model. Of the total income of the model, 1/3 was by coconut and 2/3 was by
milk, calves, wood, bio fertilizer and biogas. Income by selling of calves was double the
income of milk indicating scarcity of improved breeds of buffaloes in Sri Lanka (Table 22).
In general income generation in monoculture coconut plantation could be increased by 3.5
fold by integrated buffalo farming itself (Gunathilake, Joshep, 2009).
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On the other hand, gliricidia wood is ideal for generation of electrical and heat energy
through gasification. 2 2 . 0 m.t (at 2 0 % moisture) is sufficient to generate 1 . 0 mw electrical
energy. In Sri Lanka, Coconut lands are now popular to inter cultivation gliricidia for
selling gliricidia wood and private sector has been invested heavily in supply chain of
gliricidia wood.
10. Economics of Coconut-Based Farming Systems in Sri Lanka
Economics of Existing Coconut Monoculture Systems
The economics of existing monoculture coconuts is presented in this section as it is need to
compare whether maintaining existing coconut monocropping is worthwhile than
introducing intercrops or vise versa. As this compares the operation of existing cultivations,
establishment cost of coconut monocropping is not included. Coconut being a perennial
crop, it takes around 3-5 years to start flowering and it will take 17-20 years to pay back the
initial investment cost even under well managed condition. As the result of this income lag,
growers have to wait around 20 years to earn economic yield. One of the strategies that
growers can adopt to reduce this income lag the incorporation of intercrops into the system.
The pay-back periods of 0.4 hectare land which is grown in land suitability class S4.
Studies of the Agricultural Economics Agribusiness Management Division of CRI have
revealed that the main contributors for these initial cost components are fertilizer (around
28%) and labour (around 35%). At present the introduction of fertilizer subsidy scheme has
reduced the fertilizer cost significantly.
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Coconut Based Farming Systems in Sri Lanka
Coconut based farming systems are mainly comprised with annual, semi-perennial,
perennial crops and in some models livestock components also included. Agronomy
Division of the Coconut Research Institute of Sri Lanka has introduced around 64 cropping
models including crop and livestock components as for coconut based farming systems.
These crop-livestock combinations have been tested by the CRI and the results have shown
that most of those crop combinations contribute additional income to the growers. Among
the many cropping systems tested for coconut based farming systems, only few cropping
systems are popular among the coconut growers. This may be mainly due to the
profitability and the area specificity of cropping systems. Table 22 present the most
common cropping models which farmers prefer to adopt in coconut plantations.

Profitability of Coconut and Coconut Based Farming System
Figure 5 - Pay-back Period of Monocrop Cultivation Rs. Per Acre
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-2 0 0 0 0 0

— Net p ro fit

— C um ilative value

Intercropping systems have mainly developed by incorporation of perennial, semi-perennial
and annual crop. These crops can contribute to compensate the initial investment costs of
coconut plantation. Figure 5 shows the recovery process of initial investment cost when we
incorporate intercrops into the system.
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Figure 6 - Pay-back period of coconut cultivation with intercrops Rs. Per Acre
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Viability of Cropping Systems
Viability of cropping systems can be measured using annual gross margins and by using
Internal Rate of Return (IRR). Table 24 presents the gross margins calculated for moncrop
coconut and mixed farming systems. The calculated results showed that mixed farming
systems generate higher gross margins when compared with the monocrop systems.
Initially cash flow shows very high negative values in the mixed cropping systems when
compared with the mono-crop systems. This is because of the very high initial investment
costs required in establishing the corp. Annual and semi-perennial crops have low gestation
period to recover initial investment cost. But cropping systems such as pepper under
coconut, rambutan under coconut takes comparatively higher gestation period but those
cropping systems generates income for the investors considerable long period. Among the
available cropping systems, most common and popular highly viable cropping systems are
pineapple under coconut, banana under coconut.
Net Present Value (NPV)
CRI has established around 30 intercropping models in different coconut growing areas of
Sri Lanka. The experiment result revealed that calculated Net Present Values (NPV) vary
from marginal to four to five times higher than the monocrop systems. This variation is due
to the nature of the crop as crops such as pepper, cocoa and pepper takes around 3 to 8
years to start to produce economic yield.
Benefit Cost Ratio
This is one of the parameter which we can be used to measure financial viability as well as
the complexity of coconut based intercropping systems. Cost benefit Ratio (BCR) value
become smaller when compared with the high value intercrops. Even though these models
utilize more resources, the generated returns to investments are very high when compared
with the monocrop systems. These crop combinations have been tested by the CRI and the
results have shown that most of those crop combinations contribute additional income to
the growers.Besides that there are micro-climatic effect created as the result of added
cropping system.
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Total Gross Margin
Table 24 shows the gross margin of different intercropping systems. Coconut pineapple
system generated the highest total gross margin. All most all the intercropping systems
produce high total gross margin compared to monocopping coconuts.

12. Challenges Ahead
Despite positive attributes, adoption of CBFS has shown relatively slow progress due to
presence of several constraints. Risk of drought, price fluctuation and marketing difficulties
has been cited by growers as constraints to adoption of CBFS. It has been shown that,
although the Net Present Value (NPV), cost - benefit ratio and return to labour were higher
for intercropping compared to coconut monocropping, return to labour and cost- benefit
ratio yet continued to be sufficiency attractive for the coconut monoculture ( Fernando et
al. 1996). Hence CBFS have given higher income per unit of land than coconut monocrop,
so, is could be argued that the low rate of adoption of CBFS is not a problem of lowproductivity but thus refute the conventionally held view that the low adoption of CBFS
system. The problem may rest on some other factors. Several of them could be: demand for
the management of the crop and its inputs, and a skilled knowledge compared to
monocropping. These management demands include provision of: disease free planting
materials, fertilizer etc. (Fernando et al. 2000). In a point of national level, land
fragmentation, shortage of hired and family labor, absentee landlords, theft of harvestable
products. Ethical and religious reasons for raising livestock are the socio - economic
constraints. (Liyanage and Gunathilake, 1997).
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Table 1 - Estimated Income from Various Coconut Farming Systems (in USS/ha/vear)
Net return

Gross return
Under rain-fed conditions
1 369

319

Cassava

2 153

694

Ginger

3 535

896

Coconut as monocrop

2 988

1 450

Multi-storeyed cropping

4 108

1 895

Mixed fanning

5 965

1

Coconut as monocrop
With intercrop

Under irrigated conditions

821

Source: Rethinam and Siriniwasan, 2009

Table 2 - Classification to tall coconut yield levels under normal ecological conditions

General
classification

Copra per palm (kg)

Nuts/
palm/year

Very bad

0 - 1 0

0 - 2

Copra per ha (kg)

0-300

Bad

1 1 - 2 0

2-4

100-600

Fair

21-30

4-6

600-900

Moderate

31-50

6 - 1 0

Good

51-70

10-14

1500-2100

Very Good

71-90

14-18

2100-2700

>90

>18

>2700

Excellent
Source: Rethinam & Sivaraman, 2009
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900-1500

Tabic 3 - The effect of mixed cropping systems on coconut yield (1977-1989) at Sri
K andura estate, Dodanduwa (wet zone)
Cropping system

o/
/0

Mean yield
nuts /ha/yr

Mean copra
yield m t/ha/vr
1.79

Increase

Coconut only (control)

6123

-

Coconut +Cocoa

7504

2 2

2.18

2 2

Coconut + Coffee

8216

34

2.26

26

Coconut + Pepper

6424

05

2.03

13

Coconut + Clove

7191

17

2.13

19

Coconut + Cinnamon

7623

26

2.35

31

% Increase
-

Source: Liyanage, 1995

Table 4 - Effect of mixed cropping Models on coconut yield in on farm trials in
different Agro Ecological regions
Crop Model and Agro
Ecological Zone

Mean Nut Yield Nuts/ha/yr

Mean Copra Yield g/nut

No Mixed

With Mixed

%

No Mixed

W ith Mixed

%

Crop

Crop

Increase

Crop

Crop

Increase

6,406

7,427

16.0

197.3

217.8

10.4

+

5,738

6,657

16.0

197.7

219.5

11.0

+

4,541

6,970

53.5

204.1

237.6

16.4

Coconut + Mango +

6,688

6,934

3.7

202.3

229.3

13.3

5,139

6,794

32.0

163.6

185.4

13.3

Coconut +pepper
Coffee+ Ginger
w l3

Coconut

+

Cacao

Pepper + Ginger
WL;
Coconut

+Paper

Coffee+ MFT’S
IL,

Lime + Banana
il 3

Coconut + Cashew +
Banana
ILj

Source: Gunathilake and Liyanage
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Table 5 - Selected suitable crops for inter/mixed cropping under coconut (15 - 40
years old) (Philippines Coconut Development Authority, 1984)

Intercrop

Under field conditions

Light
requirement

Without

(ft-cx 100

With CLP

** CLP
3-8

NR

R

3-8

NR

R

3-8

NR

R*

BlackPepper (Piper nigrum) 1-3

1-3

R

NR

Cacao (Theobroma cacao) . 1-3

1-3

R

NR

Cashew (Anacardium occidental)
3-8

3-8

NR

R

3-8

NR

R

Citrus (Citrus/all varieties)

3-8

1-3

R

NR

Coffee (Ccffee/all varieties) 1-3

3-8

NR

R*

Durian (Durio zibethinus)

3-8

3-8

NR

R

Grapes (Vilis vinifera)

3-8

3-8

NR

R*

3-8

NR

R*

3-8

NR

R

(Garcinia 3-8

NR

R*

3-8

NR

R

Abaca (Musa textilis) 3-8
Amla (Emblica officinalis)
Banana (Musa spp.)

3-8

3-8

Lanzones (Lansium domesticum)
3-8
Mangosteen
mangostana) 3-8

Mango (Mangifera indica)

3-8

3-8

Papaya (Carica papayae)

3-8

3-8

Pineapple' (Ananas comosus)
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Table 6 - Yield of seasonal and annual intercrops under coconut in Sri Lanka
Type of crop

Crop

Yield t. h a -'y r '1

1. Food crop
Root and tubers

Grain legumes

Fruit crops

Cassava

Manihot esculenta

Sweet potato

Ipomea batatas

4.8

Taro

Colosasia sp.

6.5

Cocoyam

Xanthosoma sp.

Cowpea

Vigna usguiculata

0.8

Groundnut

Arack is hypogea

1.3

Pigeon pea

Cajanus cajan

1 .0

Banana

Musa sp.

49.0

Pineapple

Ananas comosus

14.0

Passion fruit

Passiflora edulis

6.0

Papaya

Carica papaya

10.0

Ginger

Zingiber officinale

20.0

Turmeric

Curcuma longa

1 1 .0

19.6

2. Spices
7.3

Source: Liyanage and Dassanayake, 1993

Table 7- Yield of perennial mixed crops under coconut in Sri Lanka
Mean Yield ( Kg ha - 1 yr ‘')

Crop
Cocoa

Theobroma cacao

720

Coffee

Coffea canephora

445

Black Pepper

Piper nigrum

930

Clove

Euhenia caryophyllus

136

Cinnamon

Cinnamomum verum

435

Lemonime

Citrys sp.

24.000

Lime

Citrus sp.

5,000

Betel

Piper betel

35,500

Mulberry

Morus alba

1 2 , 0 0 0

Source: Liyanage and Dassanayake. 1993
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Table 8a -Distribution of popular intercrops under coconut in Sri Lanka
a) Agro - climate Zones
WZ

IMWZ

IMDZ

I)Z

Cassava

0.9

1.2

1.9

0 .0

Chillie

2.7

1.2

5.7

13.3

Ginger

8 .0

3.5

0 . 0

0 . 0

Pulses

0 .0

1 .2

7.6

0.7

Vegetable

0 . 0

0 .0

2 0 . 8

6.7

Yams

0.9

0 .0

1.9

0 . 0

Banana

55.4

62.8

39.6

40.0

Betel

2.7

7.0

1.9

0 . 0

Pineapple

5.4

8.1

oo
ro

0 . 0

Arecanut

3.6

0 .0

0 . 0

0 .0

Cashew

0.9

8.1

11.3

6.7

Cinnamon

6.3

0 .0

0 . 0

0 . 0

Coffee

2.7

0 .0

3.4

0 .0

Cocoa

0.9

0 .0

0 . 0

0 .0

Pepper

6.3

4.7

0 . 0

0 .0

Mango

0.9

1.2

0 . 0

0 . 0

Lime

0 .0

1.2

0 . 0

6.7

Seasonal Crons

Semi- Perennials

Perennials

Source: Somasiri et al., 1993
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Table 8b - Land size
Intercrops

Land Size Classes (ha)
0 .8

Seasonal Crons
Cassava

2-4

-2

4-8

>8

8 .6

4.7

0 .0

0 . 0

1 0 .0

0 .0

Chillie
Ginger

1.7

2 .1

5.2

11.9

0 . 0

0 .0

Pulses

0 .0

5.0

16.7

0 . 0

Vegetable

1.7

2.4

25.0

0 . 0

Yams

1.7

2.4

5.0

0 . 0

10.3
3.4

16.7

0 .0

16.7

Semi- Perennials
Banana

5.0

0 . 0

8.9

4.8
21.4

1 0 .0

0 .0

Perennials
Arecanut

0 .0

0 .0

0 .0

0 .0

Cashew

0 .0

2.4

5.0

6.7

vo
CO

Betel
Pineapple

0 . 0

0 .0

0 .0

20.7

4.8

0 . 0

0 . 0

0 .0

2.4

0 .0

0 .0

1 0 .0

0 . 0

Cinnamon
Coffee
Cocoa
Pepper
Mango
Lime

10.3
1.7

9.5
2.4

2 0 . 0

0 .0

7.1

0 .0

16.7
0 .0

Source: Somasiri et al., 1993

Table 9 - Potential coconut yields of different land suitability classes
Potential Yield (nuts ha 1year _1)

Suitability Class
Si

>15,000

s2

12,000- 15,000

S3

1 0

s4

5,000-10,000

S5

2,500 - 5,000

,0

0 0

-

Source . Somasiri et a i, 1994
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1 2 , 0 0 0

T able 10 - E ffects of d ifferen t N F T ’s on coconut yield in the low c o u n try dry
interm ediate zone in Sri L a n k a (A ndigam a Series, m oderately shallow phase.)
N ut yield (nut/palm /
year)

T re a tm e n t

C o p ra yield
(kg/palm /year)

A verage for 4 years ( 1992-1995)

Acacia auriculiformis
Coconut

+

76

14.6

Calliandra
Coconut

calothyrsus

+

73

14.6

Gliricidia
Coconut

sepium

+

68

13.0

Gliricidia
Coconut

sepium

+

69

13.1

Coconut only

65

12.9

Significance

NS

NS

Source: Liyanage, 1998 Unpublished
-

T able 11 - C om parison of ino rg an ic and organic nitrogen supply su p p lem en ted with
P, K and M g on n u t yield o f coconut (1990-1999)
A verage n u t yield

T re a tm e n ts (p er palm p e r year)

(n u ts p e r palm p e r y ear)

l,600g

76

Puerarua cover + 300g ERP+l,000g MOP+500g
dolomite

77

Gliricidia 50 kg + 300g ERP + l,000g MOP +
500g dolomite (in situ)

66

Gliricidia + Pueraria = 300g ERP+l,000g MOP
+ 500g dolomite

76

APM - 800g urea +600g
MOP+l,OOOg dolomite

ERP+

Source: Gunathilake 2011
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T able 12 -

Effect o f application o f Gliricidia loppings and ex tern ally su p p lied ,
goat m an u re on coconut yield (n uts/palm /vear)

T reatm en ts

C oconut Yield (nuts/palm )
2003

2004

2005

2006

2007

2008

2009

2010

A verage
fo r
7
y ears

3 kg of APM+ I
kg of colomite

40

63

74

86

65

89

76

69

70

50
kg
of
Gliricidia^ 230
coconut husks+
600g of ERP+1
kg o f dolomite

35

79

55

85

57

81

91

71

69

5 kg of Goat
manure+
130
coconut husks+
600 g of F.RP+ 1
kg of dolomite

41

51

75

104

65

87

94

69

73

50kg
of
Gliricidia+ 230
coconut husks+
600g o f ERP+ 1
kg o f dolomite+
Pueraria cover
crop

34

62

60

79

58

84

88

76

68

Table 13a - Effect of Gliricidia inter-cultivation on coconut nutrition indicated a t 14,h leaf

N (% )

P (% )

K (% )

M g (% )

C a (% )

Coconut
alone

1.66

0.11

0.911

0.35

0.39

Coconut +
Gliricidia

2.5

0.12

0.84

0.33

0.54

1.9-0

0.11-0.13

1.2-1.5

0.25-0.35

0.35-0.5

Situation

Sufficiency
range/level

Source: Gunathilake 2011

Table 13b - Effect of Gliricidia inter-cultivation on soil N, P, K, Ca and Mg
Situation

N (ppm )
0.15-15.30

P (ppm )
0.15 16-30

K (% )
0.15 16-30

M g (% )
0.15-16.30

490 327

3.4 trace

0.15 0.17

0.8 0.7

644 471

8.1 5.6

0.23 0.26

1.1 1.1

Coconut only
Coconut
Gliricidia

+

T able 13c - Effect o f G liricid ia inter-cultivation on soil organic m a tte r (% )
C ro p category

Soil d ep th (cm ) om %

0-15

16-30

Coconut only

0.46

0.5

Coconut + Gliricidia

0.76

0.55

T able 14 - P ro d u ctiv ity of several p a stu re s u n d e r coconuts (dry w eight)
Type o f p a stu re

P a stu re yield (kg/ha/year- d ry w eight)

B. milliformis

7 700

B. ruziziensis

7 400

B. brizantha

9 000

Guinea B

7 700

Setaria

7 600

Source: Santhirasegaram, 1966
T ab le 1 5 - P roductivity o f cattle u n d e r coconuts u n d e r d ifferen t feeding system s
T ype

U ngrazed

C ontinuous
grazing

G razing +
straw

G razin g + stra w
+ supplem ents

Live weight (kg/head)

-

65.5

78.2

100.5

Age at 1st lactation
(months)

-

52

47

41

Milk
/
(kg/head)

-

299

338

525

41.1

47.9

50.6

57.4

lactation

Coconut yield
(nuts/palm/year)

(Note: * urea, molasses, rice polish and mineral mixture (15-125g/head/day)
Source: Anon 1999
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T ab le 16 - P erform ance o f p a stu re / fo d d er / N F T ’s and c a ttle in m ixed fam ing
system s
C om ponent

P ro d u ctiv ity

Coconut yield ( monoculture)

10 934 nuts /ha ( period 1987-91)

Coconut yield ( mixed farming)

12 095 nuts/ha (period 1987-91)

Brachiaria milliformis

17. 9 5 t/h a /y r (DM)

Purearia phaseoloides

7. 46 t/ ha /yr (DM)

Leucaena leucocephala

7. 19 t/ ha /yr (fresh fodder)

L. leucocephala + Glicidia sepium

2. 0 Xl ha /yr (fresh fodder)

Jersey x Local cattle

306-681 g/head/day (live weight gains)
3.48 1/day (milk yield- 1st lactation)
5.201 1/day (2nd lactation)

Source: Liyanage and Dassanayake, 1993
T ab le 17 - E ffect of buffalo grazing, cover cro p p in g and slashing on yield o f coconut
a t M a k a n d u ra
C o co n u t yield (n u ts/p alm /y ear)

T reatm en ts

Year 1999-2001

Y ear 2002

Slashing

81

65

Cover cropping

76

51

Buffalo gazing

86

Significance

Ns

69
*
6

LSD (p = 0.05)
Source: Anon 2013
T ab le 18 - P erform ance o f d iffe re n t b reed s/ s tra in s o f poultry
Egg P ro d u ctio n

B reed / Strains

% egg
p ro duction

( eggs/year /replicate*)

F C R **

E gg w eight
(g)

4 172

46

2.17

53.8

CPRS
Indigenous

x 3 839

39

2.91

48.9

Indigenous

3 516

42

2.51

45.9

Significance

NS

-

-

-

CV (%)

9.8

-

-

-

CPRS

*Replicate - 25 birds;

* *

FCR - Feed Conversion Rate (Feed requirement fo r 12 eggs)
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Table 19 - Nutrient removal by coconut monoculture (7500 nuts or 150 palms ha _1)
P a rt

Rem oval (kg ha -1)
N

K

P

Mg

Inflorescence

7.9

1.9

16.3

3.2

Fronds

33.4

3.3

43.6

20.3

Nut water

0.3

0.1

3.3

0.1

Shell

1.8

0.1

3.1

0.2

Kernel

19.9

2.8

10.5

1.6

Husk

10.6

1.2

63.2

2.5

Total

73.9

9.3

139.9

27.9

Equivalent (kg)

Urea -160

ERP-71

MOP-2 7 9

Dolomite - 232

Application (kg)

Urea - 120

E R P-90

MOP - 240

Dolomite - 150

Nuts

Source: Somasiri et al, 2003
Table 20 - Recommended fertilizer amounts for several intercrops under coconut cultivation
Crop

Cacao

Scientific name

Theobroma

Trees

Frequency

ha'1

of fertilizer

Fertilizer dosage ( Kg ha

application

N

( times

fertilizer

y r ')

Urea

ER

Super

Saphos

P

P

P

988

2

212

266

1088

2

134

168

101

665

399

P fertilizer

yr ')

K

Mg fertilizer

fertilizer
MOP

Dolomite

Kiserite
53

160

Cacao
Coffee

Coffee

34

arabica

Pepper

Pepper nigrum

1235

2

532

Cinnamon

Cinnamomum

8151

2

90

704

2

211

80

1

28

107

26

164

40

67

133
22

67

zeylanicum
Lime

Critrus

486

359

Aurantifolia
Cashew

Anacardium

Nut

Occidental e

Rambutan

Nephelium spp

80

2

37

Papaya

Carica papaya

741

4

177

118

370

Banana

Musa

902

3

541

361

1128

Paradisiaca

Source: Gunathilake, 2006
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Tabic 21 - Effect of mixed cropping on soil fertility (0 -15 cm depth)
—

Cropping System

Physical

Chemical

Biological

Bulk Density

Soil

Organic Carbon

Total N

Avail.!’

Exch.K

Earthworms

(g cm'1)

Moisture

<%)

(ppm)

(ppm)

(meq lOOg'1)

(no.m'2)

1.56

9.06

0 86

957

9.6

0.14

28

Coconut + Cocoa

1.26

18.55

1 42

1,184

29.4

0.18

214

Coconut + Coffee

1.23

12.91

1 36

1,022

27.8

0.15

218

Coconut + Pepper

1.27

11.20

1.27

1,461

55.9

0.12

191

Coconut + Clove

1 19

11.30

1.20

1,154

32.3

0.18

204

Coconut + Cinnamon

1.25

10.69

1.46

1249

28.9

0.16

233

Coconut

only

(control)

Source: Liyanage and Dassanayake, 1995

T able 22 - Estim ated gross retu rn of the model at the 3 rd year including value o f energy

Actual yield

Unit Price (Rs.)

Gross return
(Rs./ha/yr)

%

9000 nuts/ha

Rs. 20/- per nut

180,000.00

25.5

5 calves

Rs.41,244/- at the age of 16
months

206.220.00

29.3

622 liters x5
buffalos

Rs. 30/- per liter

93,300.00

13.2

Saving of fertilizer
for coconut

150 palms /ha

Rs. 300/ X per coconut palm

45.000.00

6.4

Value of energy
eqaulent diesel

2,565 liters

Rs. 70/- per liter

179,550.00

25.5

Item

Coconut
Selling of calves

Buffalo milk

704,070.00

Total gross return
Source: Gunathilake and Joseph, 2012
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Table 23 - Coconut Based inter/mixed cropping
Type of model

C om ponent

1

Intercropping

Pineapple

2

Intercropping

Pineapple, Banana

3

Intercropping

Pineapple, Banana, Ginger

4

Mixed crop

Pepper, Banana, Ginger

5

Mixed crop

Pepper, Coffee, Ginger

Mixed crop

Cashew, Lime and Banana

Mixed crop

Pepper, Coffee, Banana and Ginger

Mixed farm

Pepper, Pasture, Cattle

No.

6

7
8

T ab le 24 - S um m ary o f cro p gross m arg in s and production p a ra m e te rs
C ro p

U nit

No of
plants

G estation
period y ears

C onsidered
period for
gross
m argin
calculation
- years

G ross
m argins
Rs./ac

IR R

BCR

Main crop
Coconut

Nuts

64

17

25

221,351

7

0.78

Banana

Bunch

400

0

5

200,053

107

1.58

Pineapple

Fruit

4000

1

5

1,349,534

235

2.62

Papaya

Kg

325

1

4

591,845

243

2.36

Fruit crops

Tree crops/beverage and other crops
Cashew

Kg

40

3

10

530,971

78

8.16

Rambutan

Kg

32

3

10

810,428

141

1.46

Pepper

Kg

350

4

10

939,254

156

1.44

Cocoa+
banana

Kg

430

4

10

77, 397

128

1.12

200

1

5
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