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Abstract A survey was conducted to better understand the
contribution of farm productivity to rural household income
and identify differences in production systems, feeding prac-
tices and development constraints to smallholder beef cattle
producers in the four agro-ecological zones (AEZs) of
Cambodia. A semi-structured questionnaire was used to inter-
view 360 households in the four AEZs: I, the Great Lake
Floodplain; II, the Mekong Floodplain; III, the Coastal and
IV, the Plateau/Mountainous. In addition, samples of common
nutritional resources used for cattle feed were collected for
nutrient composition analysis, plus cattle were scored for body
condition. Rice farming and cattle production were the most
common sources of income in all AEZs. The average cattle
herd size was 3.7 (SD=2.4), but the majority of households
raised 1–3 animals. The most common cattle management
system was grazing with supplementation, mainly with rice
straw and ‘cut-and-carry’ natural grasses fed during the wet
season in all AEZs. The body condition score of all cattle
types was 3.2 (SD=0.8), except for cows in lactation that
were 1.8. Major constraints to cattle production in AEZs I,
II and III were lack of quality feed resources, capital for cattle

production and concerns on breed quality, whereas in AEZ IV,
diseases were identified as the main constraint. This survey
confirms the importance of cattle to smallholders in the four
AEZs. Interventions including farmer education to improve
husbandry skills, increase the utilisation of forages and crop
residues and address disease issues are necessary to enhance
cattle production and rural livelihoods in Cambodia.

Keywords Agro-ecological zones . Body condition score .

Cambodia . Production constraints . Feed resources .

Smallholder beef cattle production

Introduction

Economic and population growth in the Mekong region is
leading to greater urbanisation and increasing the pressure
on food security, but also creating opportunities for small-
holder farmers to move from ‘cattle keepers to producers’
to meet the growing demand for diets containing red meat
(Young et al. 2014). Cattle are kept in the majority of
small-scale systems, providing income, draught power
and a family ‘asset bank’ for rural households in Cambodia
(Bush et al. 2014). Increasing cattle productivity for beef mar-
keting to meet the increasing regional demand provides a po-
tential pathway from poverty for smallholder farmers, with the
need to improve cattle nutrition identified as the most impor-
tant constraint to achieving optimal cattle productivity in these
systems (Young et al. 2014).

The main feed for cattle in Cambodia is natural pasture
supplemented with rice straw, despite the poor digestibility
and low nutrient content of straw that is insufficient to sustain
growth and resulting in animals frequently undernourished in
both wet and dry seasons (Nampanya et al. 2012). This po-
tentially compromises health and production, with animals
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more susceptible to diseases, having reduced draught power,
prolonged intercalving intervals and reduced sale values
(Young et al. 2014). In addition to grazing supplemented with
rice straw and cut-and-carry grass, there is an increasing vari-
ety of alternative supplements being used, including maize
stover, rice bran, banana stems, groundnut stems and sweet
potato vines (Sath et al. 2008; Pen et al. 2010), particularly
when availability of other feed is low. Increasing food crop
production enables cattle keepers to use by-products from
these crops as cattle feed. In Cambodia, about 8.0 million tons
of cassava, 0.9 million tons of maize, 0.6 million tons of sugar
cane, 0.12 million tons of soybean and 0.03 million tons of
groundnut were produced in 2013 (FAOSTAT 2013). Rice
bran may also be mixed with water and fed to cattle as a
supplement in the dry season (Sath et al. 2008). However, rice
bran is expensive as it is common practice to feed rice bran
with household waste as the main ration for pigs in Cambodia.
Convincing farmers of the benefits of investing in growing
and feeding introduced forages or better utilisation of food
crop residues other than rice straw is a major challenge, par-
ticularly as they traditionally feed available grasses and rice
straw at minimal or no monetary cost, despite the significant
investments of time by household members to achieve this
(Bush et al. 2014).

Cambodia consists of four principal agro-ecological zones
(AEZs) reflecting heterogeneous agricultural activities, popu-
lations and livelihood systems (UNDP 2011): I, the Great
Lake Floodplain area; II, the Mekong Floodplain area; III,
the Coastal area and IV, the Plateau/Mountainous area.
AEZs I and II have the potential to use crop by-products for
cattle production, whilst AEZs III and IV are sparsely pop-
ulated and poverty rates are high, but there is potential for
cattle production due to availability of forest land and
pasture for grazing. This survey aimed to better understand
the diversity of farm production and the extent to which it
contributes to rural household incomes, plus document differ-
ences in production systems, feeding practices and constraints
to smallholder beef cattle productivity in the different AEZs in
Cambodia.

Materials and methods

Selection of study sites

Four villages were selected in each of the four provinces
of Battambang, Takeo, Kampot and Kampong Speu,
representing the AEZs I, II, III and IV, respectively, with
village selection based on the following criteria: (i) at least
50 % of households kept cattle, (ii) households kept cattle
the whole year round and (iii) there is potential to produce
agricultural products and by-products suitable for cattle
diets. In total, 360 households (90 in each AEZ) were

interviewed following random selection from a list of
smallholder beef cattle keepers provided by the village
chiefs and Village Animal Health Workers (VAHWs).

Data collection

Household members engaged in taking care of the animals
were interviewed in April–May 2014, using a semi-
structured questionnaire consisting of two parts: (i) livelihood
activities with a focus on occupational activities to generate
income for the households and (ii) cattle production related to
management system, herd size and composition, breed, feed
resources, vaccination, disease outbreaks and constraints.
Further, households were asked to rank their various sources
of income (1 to 5, where 1=most important and 5=least im-
portant), then rank feed availability and production constraints
(1 to 3 where 1=most available/most serious and 3=least
available/least serious).

Examination of the animals

An examination of the households’ animals was performed in
July–August 2014. The animals were characterised according
to breed, sex and age groups: young animals (<18 months),
cows including heifers and reproducing cows, castrated males
and bulls (≥18 months). A total of 338 cattle were then eval-
uated for body condition score (BCS), recorded on a 1 to 4
scale (1=very thin, 2=thin, 3=medium and 4=fat) following
the method described in Young et al. (2013a).

Collection of feed samples

Four common types of feeds used for cattle nutrition in the
four AEZs were collected for determination of nutrient com-
position, including the following: pasture grass mainly grazed
in the field, cut-and-carry fresh grass, rice bran and banana
stem. All feeds were collected from three different areas in
each AEZ, generating a total of 48 samples. The samples were
collected during feeding of cattle and chopped and placed in
plastic bags, then frozen at −20 °C until analysed.

Chemical analyses

The feed samples were analysed for dry matter (DM) by oven-
drying at 70 °C for 48 h until constant weight was achieved
(Pen et al. 2013). Analysis of nitrogen (N) was performed
by Kjeldahl digestion method, and Ash was determined by
combustion in a muffle furnace at 550 °C for 4.5 h
(AOAC 1990). The crude protein (CP) content was calcu-
lated as N×6.25 and organic matter (OM) as 100 - % Ash.
The analysis of neutral detergent fibre (NDF) was performed
using the filter paper method following the method previously
described (AOAC 1990).
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Statistical analyses

Data were analysed using the statistical package of MINITAB
16.1.1 (Minitab 2010). Data including animal herd size, type
and breed, nutrient composition of the feeds and BCS were
analysed using the ANOVA of the general linear model
procedures, with information on livelihood activities, man-
agement system and feed resources managed by cross-
tabulation analysis. Analyses included descriptive statistics
of percentages, least square means (lsm), median, mini-
mum and maximum values. The comparisons of different
AEZs using cross-tabulation and lsm values were performed
using two proportions model and pairwise comparison with
the significance level set atP<0.01. An ordinal regressionwas
used to estimate the significance level of the mean ranks of
different income sources of households.

To obtain ranking of feed availability and production con-
straints, an index was calculated as follows: index=(3×num-
ber of responses for 1st rank+2×number of responses for 2nd
rank+1×number of responses for 3rd rank)÷(3×total number
of responses for 1st rank+2×total number of responses for
2nd rank+1×total number of responses for 3rd rank).

Results

Livelihood activities

On average, the number of income sources was 4.9 (SD=1.6)
ranging from 2 to 11 per household. Apart from cattle keep-
ing, rice farming was the most common source of income in
all AEZs (Table 1). There was significant variation (P<0.01)
in vegetable farming, pig keeping, domestic work and migra-
tion work between the different AEZs, respectively. A major-
ity (91 %) of households ranked rice farming as the most
important source of income although 69 and 17 % ranked
the production of cattle and buffalo as the main contributor
to the household income. Migration work was ranked as the
most important source of income in 18 % of the households.
Other crops ranked as the major contributor in 8 % in AEZs I
and II but was not ranked in AEZs III and IV. Few households
(5 %) ranked vegetables as the main share of income, and it
was not ranked in AEZs I and IV. Less than 3% ranked pigs or
poultry as main income contributors. Employee salary and
trading were ranked as most important income by 8 and 4 %
of households, respectively. The mean ranks of rice farming
and cattle keeping were higher than other sources of income in
all AEZs with an average of 1.1 and 1.4. Other sources of
income were ranked with a mean value ranging from 2.6 to
3.3. Across the AEZs, the only significant differences
(P<0.01) were in other crop farming and poultry production.
Other crop farming was higher ranked in AEZ I (2.1) com-
pared with 3.2, 4.0 and 3.3 in AEZs II–IV, respectively.

Poultry production was ranked 2.8 in AEZ II compared with
3.3, 3.3 and 3.5 in AEZs I, III and IV, respectively.

Management system

The most common cattle management system was grazing
pasture with supplementation, whilst few practiced full graz-
ing or full confinement. Grazing with supplementation was
the main practice in AEZs II and IV, while the full confine-
ment system was more common in AEZs I and III compared
to the other AEZs. The variation across the AEZs was high
(P<0.01) in different types of cattle raised. It was common to
have breeding cows in all AEZs, but draught animals were
mainly found in AEZ II and beef cattle were mainly raised in
AEZ I (Table 2).

Herd size

Overall, the cattle herd size was 3.7 (SD=2.4) with a median
of 3.0 cattle per herd. There was a significant difference
(P<0.01) in herd size across AEZs with larger herds in AEZ
IV compared to the other AEZs (3.8, 3.5, 2.0 and 4.8 heads in
AEZs I–IV, respectively). The number of breeding cows and
calves were also higher (P<0.01) in AEZ IV compared with
the other AEZs (1.9, 1.6, 1.7, 2.4 cows and 0.9, 0.9, 0.7, 1.6
calves in AEZs I–IV). Local cattle were more common in
AEZ IV, and the numbers were significantly lower (P<0.01)
in AEZs I–III with the average of 1.3, 1.5 and 1.0 heads
compared to AEZ IV (3.2 heads). However, the number of
crossbreed cattle did not differ (P>0.01) across the AEZs with
2.5, 2, 1.9 and 1.6 heads in AEZs I–IV, respectively. Table 3
shows proportions of households and number of animals per
herd in each of the four AEZs.

Feed resources and nutrient composition

The majority of cattle households depended mainly on rice
straw and grazing pasture. Cut-and-carry grass was commonly
fed during the wet season but showed a shortage in the dry
season. Crop residues were mainly used by households in
AEZ IV during the wet season. The feeds used in the different
AEZs during the wet and dry seasons are shown (Table 4).

The ranking of feed availability showed that the most avail-
able feed resources were pasture grass and rice straw across
the AEZs in both wet and dry seasons. Cut-and-carry grass
was also available in the wet season, but less so in the dry
season. The availability of rice bran was ranked as third or
fourth in both seasons.

The nutritive values varied markedly between the feeds.
The CP content of cut-and-carry grass and pasture grass was
higher than of rice bran and banana stem. Nutrient composi-
tion within feeds did not differ (P>0.01) across the AEZs. The
mean values of DM content of cut-and-carry grass, pasture
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grass, rice bran and banana stem were 20.4, 24.5, 91.1 and
5.3 %, whilst the OM was 88.7, 89.1, 86.1 and 84.1 %,
respectively. The average CP composition of cut-and-carry
grass, pasture grass, rice bran and banana stem was 13.1,
11.4, 8.3 and 5.6 %, and NDF was 66.8, 73.5, 61.6 and
64.7 %, respectively.

Constraints in cattle production

Various constraints in cattle production were identified across
the AEZs. Lack of good quality feed resources and capital for
cattle production were ranked second and third most serious
constraints among cattle keepers in AEZs I through III, with
lack of good quality breeding animals ranked as the major

constraint. However, in AEZ IV outbreaks of diseases,
including foot and mouth disease (FMD), haemorrhagic
septicaema (HS) and diarrhoea (of unknown aetiology),
were ranked as the number one constraint, followed by
lack of good quality breeding animals and lack of skills
in quality cattle production.

Examination of the animals

On average, the BCS of the cattle was 3.2 (SD=0.8) with a
median of 3.5 across the AEZs. The BCS of all types of cattle
was medium to fat levels, except for lactating cows that were
scored as thin (Table 5).

Table 1 Frequency1 (%) of cattle
keeping households depending on
various sources of income in
AEZs I, II, III and IV in
Cambodia

AEZs

I II III IV

Total number of households 90 (100 %) 90 (100 %) 90 (100 %) 90 (100 %)

Rice farming 96 100 100 99

Other crop farming 59 42 51 60

Vegetable farming 39b 42ab 53a 19c

Buffalo keeping 3 7 3 7

Pig keeping 17c 40b 64a 30b

Poultry keeping 78 69 89 76

Domestic work2 24c 51ab 40b 57a

Migration work3 23a 13a 4b 21a

Salary employee 12 6 2 9

Trading 13 11 19 12

abc Frequency of households within a row with different superscript are significant different (P<0.01)
1Multiple answers were possible, thus frequency will add up to more than 100
2Mainly work in garment factory
3Mainly work in Thailand

Table 2 Frequencies (%) of
management system and type of
cattle raised of smallholder cattle
keepers in AEZs I, II, III and IV in
Cambodia

AEZs

I II III IV

Total number of households 90 (100 %) 90 (100 %) 90 (100 %) 90 (100 %)

Management system

Full grazing 7a 0b 0b 0b

Grazing with supplement 80c 96b 83c 100a

Full confinement 13a 4b 17a 0c

Type of cattle raised1

Draught animal 3c 40a 17b 10bc

Breeding bull 1 1 6 0

Breeding cow 99ab 90b 88b 100a

Beef cattle 18a 2b 2b 1b

abc Frequencies of management system and type of cattle raised within a row with different superscript are
significant different (P<0.01)
1Multiple answers were possible, thus frequency will add up to more than 100
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Discussion

Most interviewed households relied on unimproved pasture
grazing, supplemented with available feeds. Cattle are usually
tethered at home and/or in a small plot of land near the house
as available land for grazing is minimal (Sath et al. 2008). In

addition to pasture grass, households generally fed rice straw
and rice bran. There is a strong link between rice farming and
the use of rice straw and bran for cattle as rice by-products are
in abundance and collected and stored during the rice harvest.
Feeding rice bran was common in AEZs II and III, and this
may be linked to pig keeping; households can either share feed

Table 3 Proportion of
households and herd size of cattle
(%) raised by smallholder cattle
keepers in AEZs I, II, III and IV in
Cambodia

Herd size AEZs

I II III IV

Number of households 90 (100 %) 90 (100 %) 90 (100 %) 90 (100 %)

1–3 heads 50 60 58 53

4–6 heads 41 30 32 38

7–10 heads 7 8 8 7

>10 heads 2 2 2 2

Table 4 Self-reported use of feed
resources for cattle during the wet
and dry seasons (%) of
smallholder cattle keepers in
AEZs I, II, III and IV in
Cambodia

Feed resources AEZs

I II III IV

Number of households 90 (100 %) 90 (100 %) 90 (100 %) 90 (100 %)

Wet season feed1

Rice straw 88b 100a 100a 80b

Pasture grass 68c 66c 90b 99a

Cut-and-carry grass 87 93 79 79

Rice bran 38c 52b 73a 33c

Banana stem 19a 12ab 2b 7b

Maize stover 22b 2d 9c 68a

Maize grain 2ab 0b 1b 8a

Cassava leaves 0b 0b 1b 27a

Sugarcane tops 0b 0b 6b 40a

Soybean vine 2b 2b 2b 17a

Cassava roots 0b 1b 1b 7a

Forage crops 0c 2bc 12a 7ab

Sugar palm seed 0b 9a 9a 0b

Dry season feed1

Rice straw 87b 100a 99a 98a

Pasture grass 94b 75c 100a 100a

Cut-and-carry grass 15b 29a 41a 13b

Rice bran 40b 74a 79a 48b

Banana stem 12b 39a 3c 7bc

Maize stover 11a 0c 6ab 2bc

Cassava leaves 1 0 4 0

Sugarcane tops 0c 0c 7b 31a

Soybean vine 1 3 0 0

Cassava roots 0 1 1 0

Forage crops 0b 0b 9a 4a

Sugar palm seed 0b 11a 6a 0b

abcd Frequencies of feed resources within a row with different superscript are significantly different (P<0.01)
1Multiple answers were possible, thus frequencies will add up to more than100
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for both species or cattle may compete with pig production
since the energy and protein content of rice bran makes it
suitable as feed for pigs and it accounts for up to 50 % of
the feed for pigs in Cambodia (Samkol et al. 2006). Crop
residues from the cultivation of maize, cassava and sugarcane
were mainly used in AEZ IVwhere these crops are commonly
produced. Although other crop farming was reported to be as
common in AEZ I as in AEZ IV, households used fewer crop
residues for the cattle in AEZ I. This was probably due to the
following: (i) crops are mechanically harvested on large areas
of land, thus the crop residues are not as suitable for feed; and
(ii) there is general lack of awareness in smallholder house-
holds of the importance of feeding forages and the potential
use of crop residues as feed unless specific training programs
have been introduced to enhance livestock husbandry
(Nampanya et al. 2012).

The findings suggest that feed supplied for cattle in the wet
season would generally be adequate for non-lactating cattle as
indicated by the BCS for all surveyed types of cattle.
However, cows with a suckling calf were generally thin unless
they were supplemented. Milk production places substantial
energy demands on a lactating cow and when diets are nutri-
tionally poor, as during the dry season, cows will lose BCS
and experience prolonged anoestrus (Lalman et al. 1997).
Although the average calving interval has been reported as
about 18 months in Cambodia (Pen et al. 2009), a study by
Serey et al. (2014) indicated that cows with access to good
quality feed in the wet season had a calving interval of
14 months. The breeding cycle generally occurred during
the wet season when feed resources were abundant, resulting
in calves born in the dry season when feed is less available for
lactation and calf growth. In the present study, cattle were not

scored for body condition during the dry season. However,
Young et al. (2013a) assessed the BCS of cattle in the dry
season, and it was observed that all types of animals were thin
during that period since the cattle were mainly offered rice
straw and grazed low-quality feed in the fields after rice
harvest.

The average CP content in pastures and cut-and-carry grass
(11.4 and 13.1 %, respectively) probably provided sufficient
nitrogen for the animals, as confirmed by Nampanya et al.
(2014). However, the CP contents of rice bran and banana
stem were low, at 8.3 and 5.6 %, respectively. Rice straw also
has a poor CP content, of about 4.0 % (Sath et al. 2012). Crop
residues and foliage have the potential to increase protein
intake of the animals. Sath et al. (2012) reported that the CP
content of cassava foliage and leucaena leaf ranged from 18 to
25 % and 27 to 28 %, respectively. Crop residues may be
useful supplements to feeds of poor quality such as rice straw,
although anti-nutritional factors and seasonal availability may
limit their use. Several projects have examined methods of
reducing the impact of anti-nutritional factors and preserving
cassava foliage through ensiling and sun-drying. Sun-drying
cassava significantly reduced the content of the anti-
nutritional compound hydrogen cyanide (HCN) (Promkot
et al. 2007). Sokerya et al. (2009) found that ensiling cassava
foliage for 21 days reduced the HCN content from 585 to
170 mg/kg without negative effects on protein content and
goat health.

Although local breed cattle generally are more adapted to
the climate, can reputedly survive with limited supply of feed
of poor quality and may be more resistant to parasitic diseases
(Sath et al. 2008) and thus easier to raise; households kept
crossbred animals rather than local breed cattle. This finding

Table 5 Body Condition Scores of different types and breeds of cattle in smallholder cattle production systems in the wet season in AEZs I, II, III and
IV in Cambodia

AEZ I AEZ II AEZ III AEZ IV

n M Med Min-Max n M Med Min-Max n M Med Min-Max n M Med Min-Max

Type

DC 4 3.3 3.4 2.7–3.7 8 3.6 3.6 2.7–4.0 10 3.2 3.1 3.0–3.5 5 3.7 3.5 3.5–4.0

AM 3 3.9 3.4 3.7–4.0 6 3.1 3.1 2.5–3.5 8 3.1 3.1 2.2–3.5 21 3.5 3.5 2.5–4.0

BB 4 3.9 4.0 3.7–4.0 2 3.4 – 3.2–3.5 3 3.8 3.7 3.7–4.0 3 3.4 3.5 3.2–3.5

BC1 15 2.1 2.0 2.0–2.5 23 1.7 1.7 1.0–2.5 9 1.6 1.5 1.0–2.5 12 1.7 1.7 1.0–2.5

BC2 12 3.6 3.6 3.0–4.0 7 3.2 3.2 2.7–3.5 10 3.1 3.0 2.5–3.5 2 3.4 – 3.2–3.5

H 15 3.7 3.7 3.0–4.0 17 3.4 3.5 2.7–4.0 20 3.1 3.2 2.0–3.7 8 3.1 3.4 2.0–3.7

YC 28 3.8 3.7 3.0–4.0 26 3.7 3.7 3.0–4.0 23 3.5 3.7 2.7–4.0 34 3.6 3.7 3.0–4.0

Breed

LB 24 3.2 3.6 2.0–4.0 18 3.0 3.0 2.0–4.0 22 3.0 3.0 1.0–3.7 34 3.4 3.5 1.0–4.0

CB 57 3.5 3.7 2.0–4.0 71 3.0 3.5 1.0–4.0 61 3.1 3.2 1.0–4.0 51 3.2 3.5 1.0–4.0

n number of cattle,M mean,MedMedian,MinMinimum,MaxMaximum, DC draught cattle, AM adult male, BB breeding bull, BC1 breeding cow in
lactation period, BC2 breeding cow in gestation period, H Heifer, YC young cattle, LB local breed, CB crossed breed
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is in agreement with a previous report that local cattle
accounted for about 32 % while the crossbreds accounted
for 68 % of the total number of cattle in AEZ II. Crossbreds
are likely to be favoured because of their larger frame score,
improving their draught and walking ability, and a higher
market price (Sath et al. 2008). There was a high number of
local breed cattle raised in AEZ IV, of about 58 % of house-
holds compared with 9 % in AEZ I and none in AEZs II and
III, respectively, probably due to the more common practice of
natural herd breeding in AEZ IV.

Households raised cattle for breeding purpose especially in
AEZs I and IV, where fewer animals were raised for draught
power. This is consistent with previous findings that small-
holder households in AEZ I reared cattle for breeding and
growing for sale rather than for draught power (Serey et al.
2014). This may reflect increased mechanisation of land prep-
aration (Young et al. 2013b) as well as the current prolonged
boost in cattle market prices (MAFF 2013). A high proportion
of households in AEZ II kept draught animals for farming
activities, probably due to smaller land areas for farming that
can be operated by animals rather than require mechanisation.
Further, in the present study, it was found that the number of
beef cattle was high in AEZ I. This may be due to the in-
creased demand for red meat in the region in recent years
(Windsor 2011). Most households raised 1–3 heads of cattle,
and therefore, an increase in the number of animals is likely to
enhance the income of the households. Increasing the num-
bers of cows and calves in the production systemwould create
an opportunity for development of beef cattle production.

In this study, the low level of good quality feed resources,
lack of capital and concerns on breed quality for cattle pro-
duction were identified as major constraints according to most
households. These findings differed somewhat to the results of
others who identified the main constraints to cattle production
as diseases and lack of feed resources (Serey et al. 2014). This
may reflect improved provision of veterinary services that has
been occurring at the village levels, with village animal health
workers (VAHWs) now trained and delivering some health
outcomes, particularly vaccination for HS which has been
increasing in recent years (Young et al. 2013a). In the present
study (data not shown), when diseases occurred, about 98 %
of the households across the AEZs treated their herds and a
high rate (86 %) of the animals recovered. This suggests that
the most likely disease being described was FMD as a major
FMD epidemic occurred throughout Cambodia in 2010
through 2012 (Young et al. 2013b) and re-emerged in 2014
(data not shown). Despite high morbidity with FMD, mortal-
ity rates in cattle are generally low and both ‘treated’ and
‘untreated’ animals usually recover (Young et al. 2013b).
Strategies to overcome the nutritional and health constraints
identified in this survey could be to provide rural credits and
other incentives in order to allow households to be able to
invest in improving their cattle production and disease control,

particularly by investing in forages and improving biosecurity
practices and HS and FMD vaccination (Windsor 2011;
Young et al. 2013b).

A recent survey found that rice was themain crop grown by
Cambodian rural households, complemented with other crops
and vegetables. Further, cattle production was also ranked as
the primary source of income for the households due tomarket
demand. Other sources are pig and poultry production, which
enable contribution to the household income within a year of
commencement, noting that cattle production takes several
years to establish before household gains are achieved.
Diversification of production and increased variation in in-
come sources spreads the risks involved in cattle production
and/or crop failure, thus improving the resilience of small-
holder farming households.

In conclusion, this study improves our understanding of
potential strategies to enhance cattle production by smallhold-
er farmers in the four AEZs of Cambodia, potentially address-
ing food insecurity and rural poverty. The results should be
helpful to government institutions and development agencies
in devising policy and planning future rural development pro-
jects. Rice farming and cattle production were the main con-
tributions to household income in all four AEZs. Fattening of
beef cattle is a potential small to medium enterprise business
opportunity, capable of significantly increasing the income of
smallholder cattle producers. Feed resources were considered
to be abundant in the wet season, with the potential of local
crop resources to supply additional nutrients to cattle produc-
tion during periods of feed shortages, particularly if feed pres-
ervation is improved. Smallholders identified that better qual-
ity ‘breeds’ (genetics) are needed. Breeding programs should
be strengthened to enable cattle producers to breed their
existing cows with good quality bulls, by natural service or
potentially by artificial insemination. Other interventions are
needed to create incentives (e.g., provision of credit) and
could be the focus in AEZ I, II and III, with more effort on
disease control required in AEZ IV. Widespread farmer edu-
cation programs are suggested as a means to overcome the
production, health and marketing constraints that currently
compromise smallholder cattle productivity in Cambodia.
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