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Abstract: The aim of this study was to evaluate the economic feasibility of integrating Jamnapari
goats into underutilized pasture lands under coconut cultivations managed by the Coconut Research
Institute of Sri Lanka. Naturally grown and improved pasture samples were collected from coconut
estates in the intermediate zone of Sri Lanka. Samples were taken randomly using a quadrant, and
analyzed for dry matter (DM) yield (kg/ha), crude protein (CP), and crude fiber (CF) contents. An
economic feasibility analysis was carried out based on average DM yields and respective carrying
capacities of pastures and related production and economics data. The mean DM yield of natural and
improved pastures ranged from 2141 ± 193 kg/ha to 3314 ± 212 kg/ha and 4231 ± 407 kg/ha to
9152 ± 531 kg/ha, respectively. Accordingly, CP and CF of natural and improved pastures ranged
from 6.3 ± 0.2% to 18.5 ± 0.2% and 30.0 ± 0.4% to 33 ± 0.3%, respectively. Estimated Jamnapari goat
carrying capacities for natural and improved pastures were 8 heads/ha and 24 heads/ha, respectively,
including does, kids, and a buck. At a 15% discount rate for 10 years, the net present value (NPV)
for the coconut monoculture system was approximately 0.45 million rupees, and for integrated
systems with natural and improved pastures, it was 1.4 and 4.7 million rupees, respectively. This
study concluded that, when goats are integrated with improved and natural pastures rather than
maintaining a monoculture, the economic feasibility and profitability will be higher.

Keywords: coconut; natural pastures; improved pastures; dry matter yield; carrying capacity

1. Introduction

Coconut (Cocos nucifera L.) cultivated land in Sri Lanka spans approximately 505,000,
making the coconut the most widely cultivated plantation crop of the island nation [1].
Due to the morphological characteristics of the coconut tree, the land use efficiency can
be low when coconut is grown as a monoculture. Prior studies indicated that the coconut
monoculture system and its growth patterns effectively made use of merely 25% of the
total land area. Moreover, approximately 30% of the canopy space was put to use, with
solar radiation absorption reaching around 44% [2]. Meanwhile, livestock integration is
becoming popular among coconut cultivators, as it can benefit resource exchange, especially
in areas where arable land is limited for intercropping. Rising costs of inorganic fertilizer
and weeding have increased the cost of production of coconut, with the highest proportion
of expenditure being for manuring and weeding [3]. Integration of livestock is beneficial
to the productivity of coconut lands while reducing the cost of production, especially for
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manuring and weeding, and increasing nutrient recycling and soil fertility [4]. To continue
the high soil fertility of coconut lands, the organic matter content and other factors need
to be improved [5]. Naturally grown pastures under coconut trees contain indigenous
grasses, herbs, and legumes, and can be a good pasture source for integrated animals.
Therefore, introducing smaller ruminants such as goats and sheep into coconut lands can
be a potential further increment of productivity of coconut lands [6]. Integrating smaller
ruminants into the natural vegetation available in underutilized pastures in coconut lands
will bring additional food sources and income to the country using the existing resources.
If improved pasture, fodder, and creeping legumes are cultivated under the coconut, the
carrying capacity of animals can be multiplied depending on the inputs. However, there
can be many economic factors affecting the integration process. Therefore, before this
activity, assessing the economic feasibility of the integration to determine whether the
process is economically viable to proceed is essential [7]. If this activity is feasible enough,
other coconut lands with underutilized pastures can also be considered for small ruminant
integration. Therefore, this study aimed to assess the economic feasibility of goat integration
into the underutilized pastures in coconut lands, and to identify the level of goat carrying
capacity under natural and improved pasture categories in coconut lands.

2. Materials and Methods
2.1. Location and Sample Collection

This experiment was carried out in the Agronomy Division, Coconut Research Institute,
Lunuwila (7◦20′37′′ N, 79◦51′42′′ E), which is located in the intermediate zone of Sri Lanka.
Pasture samples were collected from natural (uncultivated) and improved (cultivated)
pastures from Bandirippuwa and Makandura estates, respectively. Coconut lands in the
Bandirippuwa estate contained uncultivated or natural pastures for a long period. The
Makandura estate contained separately cultivated fields of improved pasture varieties of
Brachiaria brizantha, Brachiaria ruziziensis, and Brachiaria milliformis. Natural pastures were
further categorized according to identified fields with high grass composition (high_grass),
high legume composition (high_legume), low grass composition (low_grass), and grass-
legume balanced composition (grass_legume mixed). Quadrant-cut samples (1 m2) were
collected randomly from each identified field under coconut to estimated dry matter
(DM) availability.

2.2. Determination of DM Yield

Each quadrant-cut sample was dried at 60 ◦C to a constant weight. The following
equation was used to calculate the percentage of field DM yield (kg/ha).

Dry matter (kg/ha) =
(Dry quadrant− cut sample weight (kg)

Area of the quadrant(1 m2)
× 10, 000

2.3. Proximate Composition of Pasture Samples

The dried sample used for DM content estimation was ground and sieved and used to
determine laboratory DM content, crude protein (CP), and crude fiber (CF) percentages.
CP content was determined using the Kjeldahl distillation unit (Kjeltec™ 8100, Hilleroed,
Denmark), and CF content was determined using a fiber-determining apparatus (Fibertec™
8000, Hilleroed, Denmark).

2.4. Estimation of Carrying Capacity of Jamnapari Goats

The mean DM yields were used to determine DM availability for the integration of
goats. The area reserved for manure circles per hectare was reduced from the calculated
DM yield (1607.4 m2). As all of the DM would not be utilized, 80% and 90% utilization
of the natural and improved pastures, respectively, were considered. The remaining DM
availability was divided from the average DM. The average DM intake of goats (3% of
body weight) was used to estimate the carrying capacity of goats. The average weight of
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a doe through the productive period, the average weight of a kid before selling, and the
average weight of a stud buck through the productive life were calculated to determine
the average DM intake of the herd with does, kids, and a buck. The first batch of does and
bucks were assumed to be bought at the breeding age of 11 months, and then replaced with
the kids born when they reach sexual maturity, and were serviced at 11 months.

Carrying Capacity =
Available DM (kg/ha)×Utilization (%)

DM intake of the herd (1 doe + 2 kids + 1 buck) per year

2.5. Cost–Benefit Analysis

According to the data collected and calculations performed, a cost–benefit analysis
was performed, and net present value (NPV) and benefit–cost ratio (BCR) were calculated
to assess the costs, benefits, and net cash flow of coconut monoculture, mono goat farming,
and integration (Bt = value of benefits in the tth year, Ct = value of costs in the tth year,
r = discount rate (15%), t = time period/year).

NPV =
n

∑
t=1

Bt
(1 + r)t −

n

∑
t=1

Ct
(1 + r)t BCR =

∑n
t=1 Bt/(1 + r)t

∑n
t=1 Ct/(1 + r)t

3. Results and Discussion
3.1. DM Yield of Pastures

DM yield ranged between 2141 kg/ha and 9152 kg/ha from all pasture categories
(Figure 1). The highest DM yield was observed in B. brizantha (9152 kg/ha), and the
lowest was in the grass–legume mixed category (2141 kg/ha). However, improved pasture
categories indicated significantly different DM yields among natural categories, except
for high grass. According to [8], DM mass under farmlands was around 2500 kg/ha in
the rainy season, and 2000 kg/ha in the drought season, which is in the range of DM
yields of natural pastures observed in this study. DM yields of improved pasture varieties
found in a previous study were 9000 kg/ha, 7700 kg/ha, and 7400 kg/ha in B. brizantha,
B. milliformis, and B. ruziziensis, respectively [9]. B. brizantha shows the highest DM yield,
which agrees with the findings of the current study. Although in the current study, the
yield of B. milliformis was lower than the above findings, according to [10], the DM yield
of Pueraria phaseoloides is 4.46 t/ha under coconut, which is the prominent legume in the
high-legumes category of natural pastures, and resulted in 3.31 t/ha in the current study.
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Figure 1. DM yield of improved and natural pasture categories under coconut. (Means that do not
share the same letters are significantly different at p < 0.05 level).

3.2. CP Content of Pastures Categories

The CP content of natural pastures varied from 9.9% to 18.5%, while it ranged from
6.3% to 7.7% in improved pastures (Figure 2). The CP content of natural pasture categories,
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low-grass, high-legumes, and grass–legume mixed categories were significantly higher
(12.8% to 18.5%) than other improved pasture categories (6.3% to 9.9%). The highest CP
percentage was observed in the high-legume category of natural pasture (18.5%), mainly
due to the high proportion of legumes in the pasture. All categories were compared with
the lowest CP content in B. brizantha (6.3%). It has also been found that the role of legumes
in a mixed pasture is important for increasing nutritive value, as well as digestibility and
aiding in fixing nitrogen and transferring it into grasses in the mixture [11].
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Figure 2. CP content of improved and natural pastures under coconut cultivation. (Means that do
not share the same letters are significantly different at p < 0.05 level).

3.3. CF Content of Pastures

The CF content of pastures shows less variation among pasture categories. There
were fewer significant differences between improved and natural pastures. CF content
varied from 30.1% to 33% among pastures (Figure 3). The highest CF percentage was in
B. miliformis (33%), and the lowest CF content was in the grass–legume mixed category
(30.1%). CF content increases when the pasture matures and affects the digestibility of
pastures in animals [12]. Therefore, the high CF contents observed in this study could
be due to the high maturity levels of pastures. It is likely, therefore, that the digestibility
of pastures can be low in animals; however, organized rotational grazing can be used to
alleviate this issue.
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3.4. Carrying Capacity of Goats under Natural and Improved Pastures

From the results of the carrying capacity calculation considering 80% and 90% utiliza-
tion of available natural and improved pastures, it was found that with natural pasture
under 1 ha land of coconut, 2 does, 5 kids, and a stud buck would be able to integrate; with
improved pasture, it would be 8 does, 16 kids, and a stud buck. Total herd sizes under
natural and improved pastures were 8 goats and 24 goats per hectare, respectively.

3.5. Feasibility Tools for Assessing the Profitability of Integration

The results showed that coconut-improved pasture–goat integration has the highest
NPV and BCR for 10 years, at a 15% discount rate, while the lowest is for coconut mono-
culture (Table 1). Therefore, it is feasible and profitable to practice the integration of goats
under coconut rather than waste resources under coconut by monoculture system, and
increase the profitability and productivity of coconut lands. According to [13], livestock
integration substantially improved the income-per-unit-cost from the total system. Ad-
ditionally, that integrated system represents a key solution for enhancing livestock and
coconut production, and safeguarding the environment through prudent and efficient
resource use.

Table 1. Variation of NPV and BCR between coconut monoculture and integration of goats into one
ha coconut land.

Cropping System BCR (%) NPV (Million Rupees)

Coconut monoculture 1.16 0.45
Coconut goat integration (natural pasture) 1.41 1.4
Coconut goat integration (improved pasture) 2.04 4.7

4. Conclusions

The results from this study have shown that the underutilized pastures under coconut
lands can be used as potential resources for goat integration with sufficient DM yield and
other nutritive components, such as CP and CF. With resource availability, integrating
goats into natural and improved pastures is more profitable than coconut monoculture.
With improved pastures, the size of the herd increased three-fold more than the natural
pastures. The BCR is almost twice as high in coconut-improved pasture–goat integration
than coconut monoculture. When comparing the coconut–natural pasture–goat integration
system and coconut-improved pasture-goat integration, the NPV showed a three-fold incre-
ment in coconut-improved pasture–goat integration. Therefore, it is profitable to practice
integrating goats with pastures under coconut, while integrating goats with improved
pastures rather than natural pastures.
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