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Abstract. In Cambodia, adoption of forage technology is recommended to smallholder cattle farmers as an alternative
to the widespread practice of feeding nutritionally inferior rice straw and collected or grazed native grasses. Although field
research has demonstrated the nutritional benefits to cattle of smallholders adopting forage technology in Cambodia,
we extended these studies by investigating the impacts and financial metrics of forage technology adoption in January 2011
by 120 smallholder participants from the ‘Best practice health and husbandry of cattle Cambodia’ (AH/2005/086) project.
Farmers were classified by intervention level (high (HI) or low (LI) intervention) and forage technology adoption (adopter
HI, non-adopter HI and non-adopter LI). Information on cattle-feeding practices, including household labour demands of
sourcing feed for cattle, plus input costs of forage-plot establishment by adopter HI farmers, was collected and analysed.
Resultswere thatwhile the establishment of forages didnot have a significant effect on the useof traditional feed sources such
as rice straw, crop bi-products and crop residues, grazing of cattle on native pastures was less common among adopter
households.Adopter households also reported a significant (P<0.05) reduction in daily time spent sourcing feed and reduced
involvement of women and children in sourcing feed for cattle compared with non-adopter households. Average total cost
of inputs to forage-plot establishment per 100 m2 ranged from US$1.40 to US$16.88, with an average cost of US$5.60.
Seed costs were estimated at US$0.50 per 100 m2 for a total input cost of US$6.10 per 100 m2. Partial budget analysis was
used to compare the value of forage feeding of the following two scenarios over a 6-monthwet-season period: (1) forage-plot
establishment and forage feeding across the herd; and (2) forage-plot establishment and target feeding (fattening) of one
animal. A net profit of US$139.01 was indicated for Scenario 1 and US$152.94 for Scenario 2 andMonte Carlo simulation
indicated similar financial outcomes for both scenarios, namely US$169.09 (95% CI: –17.00, 402.00) and US$172.33
(95% CI: 66.80, 305.80) respectively. We conclude that the reduced labour burden on women and children plus the
potential increased household income from forage establishment and forage feeding, support recommendations of forage
technology as a strategy to improve the livelihoods of smallholder cattle farmers in Cambodia.
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Introduction
The Kingdom of Cambodia is a nation centrally located in
mainland South-east Asia, with a total land area of 181 035
km2 and a population of ~15 million people (NIS 2015).
Agriculture is an important economic activity in Cambodia,
occupying 3.1 million hectares of land, engaging 48.7% of the
country’s total labour workforce and contributing 28.7% to GDP
(NIS 2013; MAFF 2014). Livestock and poultry form an integral
part of agricultural systems in Cambodia where animals provide
a source of income, assist with crop production and act as an asset
store for 1.9 million households (NIS 2014).

Broad-scale change is occurring in the cattle industry in
Cambodia, with an increased demand for high-quality animals
to supply urban markets in Phnom Penh, Siem Reap and, until
recently, Ho ChiMin City in the neighbouring Vietnam. This has
resulted in cattle that were mainly kept for draught purposes,

now increasingly being raised for breeding and sale (Serey et al.
2014; Samkol et al. 2015). However, most smallholders continue
to exist on a small-scale production level and are yet to develop
into commercial beef producers. This is likely due to several
factors, with traditional feeding practices identified as a major
constraint to smallholder production (Pen et al. 2013a; Young
et al. 2014a; Samkol et al. 2015).

Smallholder farmers in Cambodia traditionally keep cattle
to support rice production, producing, on average, 5.4 t of rice
per year on 2.22 ha of cultivated land (ADB 2014). In lowland
Mekong areas where rice production is widespread, the majority
of households own 1–6 cattle and rice straw forms the basis
of cattle diets and is provided year-round, with variable use of
supplementary feed sources according to season and farmer
cropping activities (Sath et al. 2008). During the wet season
(May–October) when the majority of the country’s 1400 mm
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average annual rainfall is received and rain-fed rice cultivation
occurs (Adamson and Bird 2010; Thoeun 2015), cattle are
tethered close to the household and rice straw is supplemented
with cut-and-carry and native grasses (Samkol et al. 2015).
During the dry season (November–April) when cut-and-carry
grasses are scarce, cattle are brought to thefield and grazed on rice
stubble and native pastures for extended periods of time (Sath
et al. 2008). Other supplementary feed resources may also be
provided at different times during the year, including rice bran,
maize stover, banana stems and palm fruit (Sath et al. 2008;
Samkol et al. 2015). In these traditionally managed smallholder
systems, cattle productivity is very low, with the average calving
interval estimated at 18.6 months, and mean growth rates of
non-lactating animals at less than 100 g/day (Pen et al. 2013a).

There have been several experimental and field research
trials demonstrating the nutritional benefit of introduced
forages. In an experimental setting, trials have shown that
forages are typically ready for harvest 2 months after planting,
to yield 6.2–7.4 kg/m2 for fresh grasses and 3.2 kg/m2 for fresh
legume (Mong et al. 2013). Analysis of feed composition
showed that dry-matter (DM) digestibility was more than 60%
for the four grass forages, including Panicum maximum cv.
Simuang, Brachiaria hybrid cv. Mulato II, Brachiaria
brizantha cv. Marandu and Paspalum atratum cv. Terenos,
whereas crude protein ranged from 11.7% to 15.9% and 17.8%
for the legume Stylosanthes guianensis cv. Stylo184 (Mong
et al. 2013). When fed ~21 kg of fresh forage per day, daily
weight gain ranged from 0.33 kg to 0.52 kg, with higher gains
achieved in cattle fed Mulato II and Terenos (Mong et al. 2013).
It has also been demonstrated that when a mixed rice-straw and
fresh-grass diet is supplemented with ~30% legume (DM basis),
significant improvements in DM and N intake can be achieved
(Pen et al. 2013b).

Improved large-ruminant (cattle and buffalo) health and
productivity has been identified as a means to reduce rural
poverty and food insecurity in Cambodia (Windsor 2011). The
‘Best practice health and husbandry of cattle, Cambodia’
(BPHH) project, conducted between 2007 and 2013, identified
forage technology as a mechanism to improve large-ruminant
productivity and profitability of smallholder cattle farmers in
rural southern Cambodia. BPHH participants were located in
six villages across three provinces, with two villages in each
province selected and engaged as either high intervention (HI) or
low intervention (LI). HI farmers received forage seedlings to
develop forage plots and BPHH extension staff provided training
and knowledge workshops in forage-plot management. Forage
species provided toHI farmers includedgrasses Simuang,Mulato
II, Marandu, Terenos and the legume Stylo184 (Bush et al.
2014a). Although LI farmers did not receive forage seedlings
or training in forage-plot management, their cattle received
free foot-and-mouth disease and haemorrhagic septicaemia
vaccination (similar to HI farmers) as a participation incentive.
A full description of BPHH project methodology has been
previously described (Young et al. 2014a).

Results of a longitudinal study conducted during the BPHH
project involving repeat sampling of 1500 cattle demonstrated
significantly higher mean liveweights and body condition scores
of HI cattle than of LI cattle (Young et al. 2013). Further, results
of a socioeconomic survey conducted at project conclusion

showed increased income and time savings of farmers in
villages where forages had been introduced, compared with
villages where forages had not been introduced (Young et al.
2014b). These findings are further supported by previous
research conducted in Cambodia regarding the social impacts
of forage establishment. The social and other impacts of forage
adoption were surveyed in two villages in Kampong Cham
Province where a large-scale project was being implemented;
smallholder households adopting forages reported improved
cattle production and, importantly, time savings with children,
improving their school attendance (Maxwell et al. 2012).
Similarly, another research group showed that households that
used forages used significantly less (P< 0.05) labour to feed cattle
throughout the year (including the dry season, early wet season
and the flood season) than did those that did not use forages, and
the introduction of forages reduced the time children spent
feeding cattle and increased the time available for them to
attend school (Dimang et al. 2009).

Despite evidence of significant uptake and adoption of
forages in the BPHH project sites and surrounding areas, it
was observed that instead of ‘target feeding’ individual cattle
in preparation for sale as trained, farmers chose to grow and feed
forages to all of their cattle, possibly missing out on the
opportunity to ‘fatten’ cattle to achieve optimum sale value.
Fattening guides suggested that the ideal amount of forage to
grow per cow was 800–1000 m2 (Stur and Varney 2007).
However, BPHH project data indicated that the mean size of
forage plots grown was much smaller at 356 m2 (n = 1171
households; Young et al. 2014a). These observations led to
the question of whether target feeding (a single cow) with a
finite forage resource would result in more or less profit
than feeding forages across the herd of several cattle? It was
considered important to ascertain whether individual target
feeding resulted in significantly more benefits, as this message
needed to be included in the extension training, particularly
by future projects aiming to scale-out forage adoption
(including the ACIAR-funded ‘Village-based biosecurity for
livestock disease risk management in Cambodia’ project
which commenced in 2015).

Therefore, the objective of the present study was to determine
the socioeconomic impact of forage-technology adoption by
smallholder cattle farmers in Cambodia. First, the impact of
forage adoption on the use of traditional cattle feed sources
and household labour demands was investigated. Second, the
cost of establishing a forage plot is reported and a partial budget
analysiswas undertaken to compare thefinancial benefit of forage
feeding based on the following two scenarios over a 6-monthwet-
season period: (1) forage-plot establishment and forage feeding
across the herd; and (2) forage-plot establishment and target
feeding of one animal. It is anticipated that this information
will be useful for farmers and other stakeholders seeking
strategies to improve cattle productivity and farmer livelihoods
in Cambodia and the wider Mekong region.

Materials and methods
Forage impact survey
A forage impact survey was developed by BPHH project staff
in late 2010. The BPHH project smallholder participants were
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the target population, so as to capture cattle-feeding practices
of both adopters and non-adopters of forage technology. Due
to limited resources, a sample size of 60 farmers for each HI
and LI group was chosen, giving a total sample size of 120
farmers. To gain coverage from all project sites, 20 farmers
were surveyed from each of the six project villages, including
Senson Tbong (HI) and Veal (LI) in Kampong Cham Province,
NorMo (HI) andDemPdet (LI) in Takeo Province and Preak Por
(HI) and Koh Kor (LI) in Kandal Province. The survey was
distributed in each village at the household level in January 2011.
Farmers were interviewed in Khmer and answers recorded
on a pre-prepared survey answer sheet. Information recorded
included farmer name, age, gender, number of cattle owned,
feeding practices, including types of feed provided, number of
times cattle fed per day, amount of feed provided per animal and
time spent sourcing feed by a household member. Types of feed
provided included rice straw, cut and carry grass (introduced
forages and native grass), grazing on native pastures, crop bi-
products including maize stover and soybean straw, and crop
residues including rice bran, cereal and feed concentrates.
Information regarding source of cut and carry grass and time
spent sourcing per day was also recorded. Sources of cut and
carry feed included forage plots (farmers own forage plots),
‘chamka’ areas (areas where fruit and vegetables are grown),
field (farmer-owned or communal fields), lakeside (area
surrounding nearby lake) and bought (cut and carry grass
purchased from a neighbour or seller). In addition, costs and
characteristics of forage-plot establishment were recorded for
HI farmers who had received forage seedlings and developed
forage plots. This included size of the forage plot established and
thecost of inputs for landpreparation, fencing, irrigation, fertiliser
and manure.

Data management and analysis
All survey answer sheets were collated, datawere transferred into
Microsoft Excel 2010 and translated from Khmer into English.
Responses tocattle-feedingpracticeswere converted into abinary
format with ‘yes’ answers converted to ‘1’ and ‘no’ answers
converted to ‘0’. Values were converted from Cambodian riel
(KHR) intoUnitedStates dollars (US$) according to the exchange
rate for January 2011 (4000 KHR = 1 US$; XE Currency, www.
xe.com, verified 26 September 2016). Time to source feed was
converted from minutes into hours for each household member
and combined, to provide total hours spent feeding per day by
a household. For forage-plot data collected from HI farmers,
forage-plot size was converted from the local measurement ‘A’1

into squaremetres and input costs were converted fromKHR into
US$ as per above.Datawere analysed usingGENSTAT 14th edition
(VSN International, UK) and significant differences among
groups were assessed using one-way ANOVA.

Adopter HI, non-adopter HI and non-adopter LI
To conduct a comparison of feeding practices in combination
with forage development, farmers were further classified into the
following three groups: (1) adopter HI (aHI), defined as an HI
farmer that received forage seedlings and developed forage

plots; (2) non-adopter HI (nHI), defined as an HI farmer that
received forage seedlings but did not develop forage plots, and;
(3) non-adopter LI (nLI), defined as an LI farmer that did not
receive forage seedlings and did not develop forage plots.

Partial-budget analysis for forage-plot development
and forage feeding
To compare the financial benefit of different forage-technology
uses, a partial-budget (PB) analysis was conducted to determine
and compare the expected profitability of forage establishment
and forage feeding on the basis of the following two scenarios
over a 6-month period: (1) forage-plot establishment and forage
feeding across the herd; and (2) forage-plot establishment and
target feeding of one animal. These two scenarios would help
differentiate the expected profit if a farmer adopted forage
technology and used the additional feed across the entire herd,
or alternatively, used their forage resource to fatten one animal for
sale. Both scenarios were based on a 6-month period during the
wet season (May toOctober)when rainfall is sufficient to conduct
forage growing activities.

A PB is a simple economic tool used to calculate the financial
impact of a specific change on-farm (Dijkhuizen and Morris
1997). A PB considers only items of return and costs that
change as a result of the specific change and does not take into
account other activities in the farming system left unchanged
(Moran 2009). In the situation of a single intervention, such as
forage technology, the PB-analysis technique is an effective
tool to assess economic viability of the technology, providing
evidenceof thebenefits of adoptionversusnon-adoption (Ibrahim
and Olaloku 2000). A PB analysis comprises the following four
components: (1) additional returns; (2) reduced costs; (3) returns
foregone; and (4) extra costs. It is calculated according to the
following equation: (additional returns+ reduced costs)– (returns
foregone + extra costs) = net profit or loss, where additional
returns represent the additional income received from the
change on-farm, reduced costs are the costs not incurred due
to discontinuation of the previous activity, returns foregone
represent the income the farmer would have received from
continuing the previous activity, and extra costs are costs
associated with the new on-farm activity. As a model decision
criterion, for a change on-farm to be considered profitable, the
additional returns and reduced costs must be greater than returns
foregone and extra costs, resulting in a net profit.

The net profit or loss of both scenarios was determined by
calculating within a purpose built PB model in Microsoft
Excel (2010; Microsoft Corporation, Redmond, WA, USA)
the following: (1) additional returns; (2) reduced costs;
(3) returns foregone; and (4) extra costs. Values for variable
inputswere obtained from the present study or through a literature
search, and are referenced for the latter. Additional returns were
calculated to be the value of additional weight gain achieved in
cattle fed forages on a daily basis either across the herd or via
target feeding. The value ofweight gainwas calculated as average
daily weight gain multiplied by the value of liveweight per
kilogram. Reduced costs were determined to be the reduced
labour costs for managing the previous activity undertaken.

1‘1A’ is a common term used in Cambodia, representing a land measure of 100 m2.

Socioeconomic impact of forage technology Animal Production Science C

www.xe.com
www.xe.com


In the case of Cambodian farmers, the development of forage
plots is likely to be on land previously utilised for rice production;
therefore, reduced costswere determined to be the reduced labour
cost of managing the area of rice replaced by the forage plot.
Reduced time spent sourcing cut and carry grass was also
considered to be a reduced cost; however, it was difficult to
put amonetary value on this. Returns foregonewere calculated to
be the incomenot received from rice previously grownon the land
now replaced by the forage plot. This was determined by
multiplying the average rice yield the farmer would expect
from the area replaced by the forage plot and the average farm
gate price of paddy rice. Extra costs were calculated to be the
costs associatedwith establishingandmaintaining the forageplot.
These included land preparation, fencing, irrigation, manure
and fertiliser. Values for each were obtained during farmer
interviews and were converted into values per 100 m2.

Partial-budget sensitivity analysis
So as to strengthen the predictive accuracy of the PB analysis, a
sensitivity analysis was conducted to model variations regularly
encountered in heterogeneous smallholder systems. Variable
inputs to the PB analysis were considered to be number of
cattle owned, area of forage plot, daily weight gain of cattle
fed forages, liveweight value and farm-gate price of paddy rice.
The sensitivity analysis used the lower and upper quartile results
from the current study for number of cattle owned and forage plot
area andobtained lower and upper quartile values for dailyweight
gain, liveweight value and farm-gate price of paddy rice from
other published sources. The upper and lower bounds for these
variables were applied to the Monte Carlo model using @Risk
Excel Add-on (Palisades), each using a Triang probability
distribution and 10 000 iterations. The model produced 95%
confidence intervals for the net profit or loss on the basis of
the simulated output. The @Risk program produces both a
probability density, from which 95% confidence intervals can
be calculated, as well as a ‘Tornado’ diagram, indicating which
input variables have the highest output influence to the model.

Results
Forage impact survey

Number of farmers, adopter category and number
of cattle owned

Number of interviewed farmers, adopter category and number
of cattle owned are shown in Table 1. In total, 119 smallholder
cattle farmers were interviewed, with one farmer being identified
as an outlier and removed from the study because of being
considered a semi-commercial beef producer, with both
number of cattle and forage-plot size >2 standard deviations
above the mean. Of the 59 farmers interviewed from HI
villages, 31 farmers (53%) developed forage plots and were
classified as aHI, while the remaining 28 farmers (47%) did
not develop forage plots and were classified as nHI. All 60
farmers (100%) interviewed from LI villages were classified as
nLI as no forage establishment had occurred. Overall, average
number of cattle owned was 2.89 per farmer, with no significant
differences among adopter groups.

Type, frequency and amount of feed provided to cattle

Interviewed farmers reported usage of the following fivemain
feed types: (1) rice straw; (2) cut and carry grass; (3) grazing on
native pastures; (4) crop bi-products; and (5) crop residues
(Table 1). Adopter farmers reported usage of rice straw, crop
bi-products and crop-residues similar to those of non-adopters
and, while reporting a higher percentage of cut and carry grass
use, there were no significant differences. However, there was a
significant (P < 0.05) difference in the percentage of adopter HI
farmers reporting grazing of cattle on native pastures (32%)
compared with non-adopter LI farmers (67%).

Household labour demands for sourcing feed for cattle

There were significant (P < 0.05) differences among adopter
groups in both the daily time spent sourcing feed and the
involvement of different household members in sourcing feed
(Table 1). Adopter households reported spending significantly
(P < 0.05) less time spent sourcing feed on a daily basis (1.82 vs
2.90 and 3.41 h) than did non-adopter households, and reported
reduced involvement of women and children in sourcing feed for
cattle compared with non-adopter households (Table 1).

Sourcing of cut and carry grass and time spent
sourcing per day

Farmerswho reported feeding cut and carry grass to their cattle
also reported the source and time spent sourcing per day
(Table 2). The majority of adopter HI farmers sourced cut and
carrygrass from their own forageplot and spent an averageof 0.21
h performing this activity. Non-adopter HI farmers mainly relied
on chamka areas to supply cut and carry grass and spent 2.08 h
eachday, on average, collectinggrass from these areas. In villages
where forages had not been introduced (nLI), the majority of
farmers (39) sourced cut and carry grass from the field, taking an
averageof 2.30hper day,while the remaining20 farmers reported
spending 2.1 h each day sourcing cut and carry grass from an area
surrounding a nearby lake and one farmer reported purchasing cut
and carry grass (Table 2).

Adopter HI farmer forage-plot development

Number of cattle owned and forage-plot size

Descriptive parameters for aHI farmers who developed forage
plots are tabulated (Table 3). The number of cattle owned by
adopter households ranged from one to five, with a median of
three cattle per household. There was a large range in average
forage-plot sizes, from 100 m2 to 1200 m2, with an average
forage-plot size of 400 m2 per farmer.

Cost of inputs to forage-plot establishment

Adopter HI farmers provided estimates of input costs to
forage-plot establishment per 100 m2 (Table 4). Fencing was
the most expensive input, averaging US$5.50 per 100 m2 plot
(n=17).Thiswascalculatedbymultiplying theestimatedvalueof
the materials used (wood, bamboo and nails) and the quantity
required. However, there was a large range in reported values
from US$0.83 to US$12.50 per 100 m2. The average cost of
manure per 100m2 ranged fromUS$0.13 toUS$6.88 per 100m2,
with an average value of US$1.67 (n = 18). These values were
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calculated on the basis of the amount of manure used (kg)
multiplied by the estimated farm-gate value of manure
(US$ per kg). Land preparation was estimated by farmers to
be the third-most expensive input at US$1.00 per 100m2 (n=31).
This value was based on the labour costs of ploughing and raking
the land either by traditional methods (cattle draught) or
newer technologies (hand-tractor). Irrigation and fertiliser
were estimated to be the lowest cost inputs to forage-plot
development at US$0.52 (n = 15) and US$0.44 (n = 30) per
100 m2 respectively. Overall, the average total cost of inputs to
forage plot establishment per 100m2 ranged fromUS$1.40 toUS
$16.88, with an average cost of US$5.60. Seed costs were
estimated at US$0.50 per 100 m2 for a total input cost of US
$6.10 per 100 m2.

Partial-budget analysis for forage development
and forage feeding on the basis of two scenarios

The input values and references used in the deterministic PB
analysis are tabulated (Table 5). The results of the PB analysis
(Table 6) indicated a net profit for both Scenario 1 and Scenario 2.

Scenario 1, forage-plot establishment and forage feeding across
the herd over a 6-month period, resulted in a net profit of
US$139.01. Scenario 2, forage-plot establishment and target
feeding of one animal over a 6-month period, resulted in a net
profit of US$152.94.

Stochastic model outputs

AMonte Carlo simulation model was run with 10 000 iterations,
using the results of the PB analysis and the input values shown
in Table 7. Scenario 1 resulted in a net profit of US$169.09
(95% CI: –17.00, 402.00). Scenario 2 resulted in a net profit of
US$172.33 (95% CI: 66.80, 305.80). Order of model influence
was daily weight gain, number of cattle fed, liveweight value
per kilogram, forage-plot area and input costs (Scenario 1) and
number of cattle fed, daily weight gain, liveweight value per
kilogram, forage-plot area and input costs (Scenario 2).

Discussion
Thecurrent studyhas provideddetailed informationon the impact
of forage adoption in smallholder cattle systems in Cambodia,

Table 1. Number of farmers interviewed, adopter category, gender, age, number of cattle and feeding practices,
with sample size (n) for proportions and standard deviations (s.d.) for variables

Values followed by different letters are significantly different within a row across adopter categories (at P = 0.05). HI, high
intervention; LI, low intervention; n.a., not available

Parameter Overall Adopter HI Non-adopter HI Non-adopter LI

Number of interviewed farmer (n) 119 31 28 60
Mean age of interviewed farmer (years) 47 44a 43a 51b
Number of cattle per farmer (head) 2.89 (±1.34) 2.81 (±1.17) 2.75 (±1.24) 3.00 (±1.47)

Type of feed fed to cattle (%)
Rice straw 98 (n = 117) 97 (n = 30) 100 (n = 28) 98 (n = 59)
Cut and carry grass 90 (n = 107) 97 (n = 30) 86 (n = 24) 88 (n = 53)
Grazing on native pastures 51 (n = 61) 32a (n = 10) 39a (n = 11) 67b (n = 40)
Crop bi-products (excl. rice straw) 25 (n = 30) 13a (n = 4) 57b (n = 16) 17a (n = 10)
Crop residues 23 (n = 27) 23 (n = 7) 14 (n = 4) 27 (n = 16)

Number of times feed provided per day
Rice straw 1.86 (±0.71) 1.73 (±0.64) 1.82 (±0.61) 1.93 (±0.76)
Cut and carry grass 1.21 (±0.43) 1.20 (±0.41) 1.25 (±0.44) 1.19 (±0.44)
Grazing on native pastures (h) 4.74 (±0.98) 4.70 (±0.95) 4.55 (±1.13) 4.80 (±0.96)
Crop bi-products (excl. rice straw) 1.23 (±0.43) 1.50 (±0.58) 1.19 (±0.40) 1.20 (±0.42)
Crop residues 1.15 (±0.36) 1.14 (±0.38) 1.25 (±0.50) 1.13 (±0.34)

Amount provided per head per time (kg)
Rice straw 1.49 (±1.13) 1.50 (±0.94) 1.65 (±1.35) 1.41 (±1.11)
Cut and carry grass 1.85 (±2.70) 1.83 (±1.92) 1.51 (±2.28) 2.03 (±3.20)
Grazing on native pastures n.a. n.a. n.a. n.a.
Crop bi-products (excl. rice straw) 2.19 (±2.82) 1.71 (±1.70) 2.47 (±3.46) 1.91 (±2.09)
Crop residues 1.53 (±1.12) 1.05 (±0.58) 1.00 (±0.41) 1.87 (±1.31)

Household members involved in sourcing feed (%)
Adult male 77 (n = 92) 97a (n = 30) 82a (n = 23) 65b (n = 39)
Adult female 29 (n = 34) 19 (n = 6) 36 (n = 10) 30 (n = 18)
Children 29 (n = 34) 10a (n = 3) 14a (n = 4) 45b (n = 27)

Daily time spent sourcing feed (h)
Adult male 2.01 (±1.35) 1.33a (±1.50) 2.29b (±1.16) 2.38b (±1.15)
Adult female 2.02 (±1.21) 2.00 (±1.23) 2.05 (±1.07) 2.01 (±1.34)
Children 2.49 (±1.23) 1.75a (±2.84) 2.00a (±1.23) 2.65b (±1.00)
Per household 2.87 (±2.35) 1.82a (±2.43) 2.90b (±1.79) 3.41b (±2.38)
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with regard to use of traditional feed sources and household
labour demands. Nutrition is considered to be themost significant
constraint to improving smallholder cattle productivity in
Cambodia and, thus, interventions such as forage technology

are required to ensure that smallholders gain access to emerging
regional beef-market opportunities.

The findings of the present study suggest that forage
establishment does not have a significant effect on the use of
traditional feed sources, with the exception of grazing of cattle
on native pastures. Households that had established forage plots
continued to utilise traditional feed sources such as rice straw,
crop bi-products and crop residues, but differed in the use of
native pastures as a feed source for cattle. This likely suggests that
this practice became less common for households that established
forage plots and represents a change from traditional practices.
Reducing the number of cattle grazing on common areas may
have implications on infectious-disease control, by reducing
opportunity for animal-to-animal direct contact, supporting the
notion that productivity and biosecurity interventions should be
interlinked (Young et al. 2014a).

The establishment of forages had an effect on household
labour demands. The higher the level of intervention and
uptake of forages, the greater the percentage of adult males
involved in sourcing feed for cattle. The opposite was reported
with regard to adult females and children in the household, with
a lower of percentage of adult females and children being
involved in sourcing feed for cattle in adopter households than
in non-adopter households. This finding is further supported
by previous research conducted in the Philippines and
Vietnam, where introduction of forages reduced involvement
of women and children in cut and carry activities (Bosma
et al. 2003; Nguyen et al. 2013). Therefore, especially when
considering what women and children do with that extra time,
is an important socioeconomic outcome of the intervention.
For women, reduced involvement in cattle feeding presents
opportunity to spend more time on other income generating
activities such as fruit and vegetable growing and pig and
poultry raising to improve the socioeconomic status of their
household. For children, previous research has shown that
children who no longer have to spend significant amounts of
time feeding cattle each day spend more time in school and
are able to assist with household activities (Bosma et al. 2003;
Maxwell et al. 2012).

Establishment of forages also reduced the overall time
spent feeding cattle on a daily basis at the household level.
Households that established forages were shown to experience
a significant overall daily time saving compared with non-
adopter households. However, this daily time saving did not
appear to be distributed evenly among household members,
with adult males and children, but not adult females, shown
to experience reduced time spent feeding cattle compared with

Table 2. Sources of cut and carry grass and time spent sourcing
per day, with sample size (n) for proportions and mean and standard

deviations (s.d.) for variables
Values followed by different letters are significantly different within a row
across adopter categories (at P = 0.05). HI, high interevention; LI, low

intervention

Parameter Overall Adopter HI Non-
adopter HI

Non-
adopter LI

Total number
of responses

117 30 27 60

Source of cut and carry grass (%)
Forage plot 17 (n = 20) 64 (n = 19) 0 (n = 0) 0 (n = 0)
Chamka 21 (n = 25) 13 (n = 4) 78 (n = 21) 0 (n = 0)
Field 43 (n = 51) 23 (n = 7) 22 (n = 6) 65 (n = 39)
Lakeside 17 (n = 20) 0 (n = 0) 0 (n = 0) 33 (n = 20)
Bought <1 (n = 1) 0 (n = 0) 0 (n = 0) 2 (n = 1)

Time spent sourcing per day (h)
Forage plot 0.22 (±0.13) 0.21a (±0.14) 0.00 (±0.00) 0.00 (±0.00)
Chamka 2.03 (±1.14) 1.75b (±1.55) 2.08b (±1.55) 0.00 (±0.00)
Field 2.30 (±1.08) 1.91b (±1.26) 2.80b (±1.48) 2.30b (±0.99)
Lakeside 2.10 (±1.20) 0.00 (±0.00) 0.00 (±0.00) 2.10b (±1.20)
Bought 0.08 (±0.00) 0.00 (±0.00) 0.00 (±0.00) 0.08c (±0.00)

Table 3. Descriptive results of adopter high-intervention farmers
who developed forage plots

Farmer n Mean Minimum Lower
quartile

Median Upper
quartile

Maximum

Number of cattle owned (head)
Nor Mo 15 2.67 1 2 3 3 5
Senson Tbong 12 3.00 1 2 3 4 5
Preak Por 4 2.75 1 1.5 2.75 4 5

Total 31 2.81 1 2 3 3.75 5

Forage-plot size (m2)
Nor Mo 15 270 200 212 300 300 300
Senson Tbong 12 525 100 250 500 800 1200
Preak Por 4 500 100 250 550 750 750

Total 31 400 100 212 300 500 1200

Table 4. Descriptive results of costs associated with forage-plot development per 100 m2

Cost variable (US$) n Mean Minimum Lower quartile Median Upper quartile Maximum

Land preparation 31 1.00 0.25 0.77 1.00 1.25 2.50
Fencing 17 5.50 0.83 2.32 3.75 9.53 12.50
Irrigation 15 0.52 0.06 0.20 0.33 0.94 1.43
Fertiliser 30 0.44 0.19 0.33 0.38 0.50 1.25
Manure 18 1.67 0.13 0.65 1.06 1.56 6.88

Total cost 5.60 1.40 1.80 3.20 6.53 16.88

F Animal Production Science K. Ashley et al.



non-adopters. This result is interesting, andmay suggest that time
savings at the household due to forage-technology adoption are
utilised by adult males and children foremost; however, further
research is warranted.

The effect of forage establishment on household labour
demands was further supported by the differences in the
sources of cut and carry grass and associated labour hours
reported by adopter households. The majority of adopter
households sourced cut and carry grass from their own forage
plot and spent significantly less time doing so (0.21 h) than non-
adopter households that reported spending over 2 h sourcing cut
and carry grass from chamka and field and lakeside areas on a
daily basis. However, it was interesting to note that a large
percentage of adopter households also reported sourcing cut
and carry grass from chamka and field areas (13% and 23%
respectively) and spent a considerable amount of time doing so
(nearly 2 h per day). This likely suggests that theywere not able to
generate sufficient feed from their own forage plots to feed their
cattle and this may have been due to several reasons, including
land availability, water resources and/or poor forage-growing
practices.

The financial benefits of forage feeding in smallholder cattle
systemshas been reportedwidely by previous research conducted
in the Philippines, China, Laos, China, Indonesia, Vietnam
and Cambodia (Bosma et al. 2003; Lisson et al. 2010; Millar
and Connell 2010; Ho et al. 2013; Stur et al. 2013; Young et al.
2014a; MacLeod et al. 2015). A study conducted in Indonesia
investigating the financial benefit of target-feeding tree legumes
to Bali calves in East Java over a 6-month period reported an
increased profit value of Rp 1.9 million (US$141.47; Priyanti

Table 5. Input values of deterministic partial-budget model for plot
establishment and forage feeding

Input value Value Source

Average number of cattle per farm 2.81 Table 3, present study
Average daily weight gain

(g; Scenario 1)
116 (Young et al. 2014a)

Average daily weight gain
(g; Scenario 2)

250 (Cook et al. 2005)

Value of liveweight per kg (US$) 6.08 (Young et al. 2014c)
Reduce timespent sourcingcut and

carry grass (h)
1.54 Table 2, present study

Ricegrowingcosts (seed, fertiliser,
labour; US$/ha)

376.85 (Liese et al. 2014)

Average forage plot size (m2) 400 Table 3, present study
Average rice yield (t/ha) 2.26 (Yu and Fan 2009)
Average farm gate price of paddy

rice per kg (US$)
0.24 (Ly et al. 2012)

Average cost of developing forage
plot per 100 m2

5.60 Table 4, present study

Cost of forage seed per 100 m2 0.50 Assumption

Table 6. Deterministic partial-budget model input and output for Scenario 1 (forage-plot establishment
and forage feeding across the herd) and Scenario 2 (forage-plot establishment and target feeding of one animal)

Code Parameter Scenario 1 Scenario 2
Input
values

Total
(US$)

Input
values

Total
(USD)

Additional returns
a Number of cattle fed forages (head) 2.81 1.00
b Weight gain of healthy animals (kg/day) 0.116 0.250
c Weight gain of traditionally fed cattle (kg/day) 0.049 0.049
d Increased weight gain (kg/day) = b – c 0.067 0.201
e Days of forage program 180 180
f Value per kg of liveweight (USD) 6.08 6.08

Total additional returns (a · d · e · f) 206.04 219.97

Reduced costs
g Reduced time spent sourcing cut and carry grass (hours) 1.54 1.54
h Rice costs (seed, fertiliser, labour) (USD/ha) 376.85 376.85
i Area rice plot reduced by (400 m2) (ha) 0.04 0.04

Total reduced costs (h · i) 15.07 15.07

Returns foregone
j Average rice yield (kg/ha) 2260 2260
k Average rice yield (kg) per plot = j · i 90.40 90.40
l Average value per kg of rice (USD) 0.24 0.24

Total returns foregone (k · l) 21.70 21.70

Extra costs
m Forage seed per 100 m2 0.50 0.50
n Input costs per 100 m2 5.60 5.60
o Total costs per 400 m2 [(m + n) · 4] 24.40 24.40
p Maintenance labour cost/day (USD) 0.20 0.20
q Maintenance labour total = e · p 36.00 36.00
r Total extra costs (o + q) 60.40 60.40

Net profit 139.01 152.94
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et al. 2010). Another study conducted in Cambodia reported
higher daily cattleweight gains (0.23 kg/day) and increased value
of animals (US$61.29) by farmers who practiced target feeding
over a 3-month period (Bush et al. 2014b).

However, the present study appears to be the first published
study comparing the financial benefit of target feeding an
individual animal, to feeding forages across the herd in
smallholder cattle systems in Cambodia. The practice of
‘target feeding’ is generally recommended by livestock
advisors, although the present analysis indicated that there are
financial benefits in spreading forage-feeding resources across
small herds. Financial analyses such as these are useful in
supporting decision-making by farmers and rural investors,
plus advising those involved in developing policies and
recommendations, including those in government and donor
agencies. For forage-technology adoption in Cambodian
smallholder systems, the present study has provided evidence
for these decision makers to consider both target feeding and
forage feeding across the herd as financially beneficial activities
to undertake.

The PB analysis used input values sourced from farmers in the
present studyand relevant literature, anda sensitivity analysiswas
undertaken to account for variability in input values. Both
scenarios were based on a 6-month period during the wet
season when there were sufficient water resources to grow
forages. However, the authors acknowledge that periods of
extended dry-season conditions may limit the productivity of
forage-growing activities, unless households have access towater
and irrigation resources. For these households, irrigation would
provide opportunity to generate further monetary benefits from
forage growing and forage feeding year-round. Conservation of
forage as silage would also generate additional benefits for
farmers, extending the productivity of forage-growing periods
and providing feed during the dry season when feed sources are
limited. Additional weight gain represented the main benefit of
forage feeding in the present study. However, there are further
benefits of forage feeding, such an increased body condition,
draught power and manure production, which were not included
in the current study, warranting further research. It is also
recommended that further research is conducted regarding the
use of forages for cow calf production, and the profitability of
this activity compared with the scenarios presented in this
current study.

We conclude that both practices provide an opportunity for
farmers to increase financial returns from cattle ownership by

smallholders in Cambodia, while reducing available land for rice
production only by a small margin. When considering
average annual household income in rural Cambodia
(US$2538; NIS 2014), both activities present as an
opportunity to increase average household income by 5% and
6% respectively. However, smallholder farmers need to consider
input costs and potential risks associated with forage-plot
establishment before undertaking either activity. The authors
note the large variation in input costs reported; therefore,
ongoing research is warranted. Further, forage establishment
requires monetary investment and appropriate knowledge and
skills and it is recommended that farmers seek advice from
experienced forage growers to develop the required expertise
and capabilities.

The present study has provided valuable information on the
impact of forages on cattle-feeding practices in smallholder cattle
systems in Cambodia, with regards to use of traditional feed
sources and labour demands. Households that established
forage plots experienced significant time savings and reported
reduced involvement of women and children in sourcing feed for
cattle. These findings, combined with the potential financial
benefits demonstrated by the PB analysis, present evidence for
forage technology to be recommended to smallholder cattle-
owning households in Cambodia, to increase income and
improve livelihoods.

Pressures associated with production, price variation and
climatic events mean that farmers relying on rice alone for
farm income are at an increasing financial risk and
smallholders need alternative income-generating activities to
mitigate this risk. Ideally, these new activities will be capable
of broad-scale adoption, enabling both improved household
incomes, plus meet the growing regional demand for food of
higher-quality protein. PB analysis has provided a simple tool
to investigate the financial costs and benefits associated with
forage technology and could be promoted to researchers and
policy makers implementing single interventions on-farm.
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