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Abstract. Applied participatory research on large-ruminant health and production was conducted in six villages in
northern Lao PDR. Three villages were classified as ‘high intervention’ (HI) and the remaining three as ‘low intervention’
(LI) sites, with a suite of health and productivity interventions implemented in theHI sites enabling comparison of outcomes
with the LI sites, where only a vaccination program was introduced. A 3-year longitudinal study to establish baseline
production variables, including liveweight, average dailyweight gain (ADG) and reproductive performance,was conducted.
The study involved 1500 head of cattle and buffalo that were ear-tagged and weighed every 3–4 months between 2008 and
2011, producing10data-collection points. Significant differences inADGof the cattle between theprovinces (P<0.001), but
not betweenHIandLIvillages (P=0.39),wasobserved.Lowcalving rates (51–75%and41–52%)and inter-calving intervals
(13.6–15.7 and 18.6–20.6 months) for cattle and buffalo, respectively, were observed. An on-farm large ruminant-fattening
trial (n = 44) was conducted over a 4-month period to examine differences in productivity between cut-and-carry stall
fattening (n=26) and free-grazing (n=18) systems.Cattle andbuffalo in fattening stalls (320and217g/day) had significantly
greaterADG than those free-grazing (40 and 85g/day) (P<0.001 andP=0.001). The increase in sale value for fattened cattle
and buffalowasUS$78 andUS$123, respectively. The longitudinal study indicated that if risks of important diseases such as
foot andmouth disease and haemorrhagic septicaemia are controlled by vaccination and biosecurity, improved productivity
outcomes in northern Lao PDR can be achieved by establishing forage plantations to better manage variations in seasonal
availability of feed and enabling fattening.We conclude that improved large-ruminant productivity, by improving health and
nutrition practices, offers opportunities for smallholder farmers to increase livestock income, alleviate rural poverty and
improve regional food security in South-east Asia.
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Introduction

Future food security and poverty reduction remain complex
challenges, particularly with the susceptibility of the food-
supply system to threats from global financial shocks, impacts
of climate change and risks of trans-boundary and emerging
animal disease (Windsor 2011). Smallholder livestock farmers
are important in addressing the food security challenge as they
represent ~20% of the world population and farm most of the
agricultural land in the tropics (McDermott et al. 2010). In the
northern upland areas of the Lao People’s Democratic Republic
(Lao PDR or Laos), large-ruminant production is one of the most
important livelihood activities for farmers, using their stock for
cash reserves, ceremonial needs as well as provision of manure
for fertiliser (Wilson 2007). Cattle and buffalo production is
increasingly recognised as a national priority, both addressing
rural poverty and reducing reliance on shifting cultivation in
northern Laos (Khounsy 2012). However, this livestock sector

remains under-developed and requires enhanced understanding
of how tomanage themany health and husbandry constraints that
compromise smallholder livestock productivity (Windsor et al.
2008).

Currently, cattle and buffalo farmers in northern Laos are best
considered as livestock keepers rather than producers, generally
owning ~5–10 indigenous ‘yellow’ cattle (Bos indicus) and
buffalo (Bubalus bubalis) animals (Wilson 2007; Nampanya
et al. 2010). The majority of smallholder farmers manage their
stock according to the rice-cultivation calendar, with free-grazing
in amixedcrop–livestock system(McDermott et al.2010).On the
basis of levels of inputs and grazing management practices, three
subsystems can be described. First is an all-year-round free-
grazing system where cattle and buffalo are free-grazed in the
forest and on communal land throughout the year, with limited
inputs such as over-night shelter or provision of salts not
usually provided. This system is predominant in Huaphan
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(HP) province and other parts of northern Laos where land
allocation has not been completed (Thongmanivong and Fujita
2006). Second is a seasonal free-grazing system where livestock
are free-foraging in the dry season (December–May) and kept in
restricted areas in the rice–maize cultivated wet season, with
limited inputs including over-night shelter and salt provided. The
practice of seasonal free-grazing can be seen in some parts of
Luang Prabang (LPB) and other northern provinces, where land
allocation has been completed. Third is a seasonal daytime free-
grazing and opportunistic fattening system, with stock being
kept on communal land or on forage plantation areas during
the day and brought home for housing in the evening. This
practice can be seen in some villages of LPB and
Xiengkhoung (XK) province where improved husbandry
practices (e.g. cattle house, pits for faeces) and establishment
and expansion of forages and opportunistic fattening may also
occur. Differences in livestock husbandry practices across
northern Laos reflect these differing systems of crop–livestock
management, with livestock performance depending on
availability of land resources, seasonal feed and farmer
knowledge of large-ruminant health and production practices
(McDermott et al. 2010; Nampanya et al. 2010).

The research project ‘Best Practice Health and Husbandry of
Cattle and Buffalo in Lao PDR’ is a collaboration between
the Lao and Australian governments, delivered through
the Lao Department of Livestock and Fisheries (DLF) and the
University of Sydney (UoS), with funding provided by the
Australian Centre for International Agricultural Research
(ACIAR). This 4-year project commenced in 2008 and has
been important in providing research for development of
large-ruminant production in northern Laos. The project
worked in six villages in three provinces of HP, LPB and XK
where a 3-year longitudinal survey was conducted. The aim was
to establish baseline production parameters including liveweight
(kg), average daily weight gain (ADG; grams per day, g/day)
and reproductive performance, plus identify any production
differences between the observed villages and provinces.
An on-farm fattening trial was also conducted to examine
productivity of local large ruminants under free-grazing versus
a cut-and-carry stall-fattening system. The present paper presents
results of this applied participatory research and provides
recommendations to improve large-ruminant production in
northern Laos.

Materials and methods

Study period and areas
The 3-year longitudinal survey was conducted between
December 2008 and November 2011 in six villages (n = 6) in
three northern provinces of HP, LBP and XK (two villages
per province). Three of the six villages were classified as
‘high intervention villages’ (HI) where a suite of project
interventions was gradually implemented to increase large-
ruminant productivity. The HI package included animal
health (vaccination, parasite management and biosecurity),
nutrition (forage establishment and fattening) and introduction
of reproductive management (husbandry and introduction of
castration) and marketing analysis. The remaining three
villages were designated as ‘low intervention villages’ (LI) or

control villages where only vaccination was conducted. The six
villages were selected through consultation between relevant
local and national agencies and the UoS research team, using
criteria that there was (1) a high level of cooperation among
farmers, local authority, district and provincial staff, (2) interest
in adoption of technologies to improve husbandry and health,
(3) evidence of interest in adoption of forage feeding systems,
(4) evidence of interest in intensification of cattle production such
as stall feeding, (5) at least 200 cattle in each village, (6) year-
round access and (7) distance between villages of at least 10 km
(Windsor et al. 2008).

The on-farm fattening trial was conducted for 4 months
between September and December 2012, in the HI villages in
LPB and XK.

Farmer selection
Farmers were selected through consultation between the project
staff, village chief and the farmer community, on the basis of
the criteria that they owned at least one head of cattle and or
buffalo and displayed a high level of receptivity to possible
introduction of new technologies. Availability of a potential
forage plantation area of at least 1000 m2 per fattening animal
and farmer’s willingness to share experience with other farmers
were included in the selection criteria for the fattening trial.

Animal selection
For the longitudinal survey, 1500 large ruminants (250 per
village) from the six villages were selected and ear-tagged.
The majority of farmers owning large ruminants in the six
villages participated in the study, with 232 of 293 households
having cattle or buffalo enrolled.

For the fattening trial, 18 cattle and 26 buffalo (n = 44) were
selected, on the basis of their similarity of age, weight and body
condition score for each species. The selected animals were then
divided into treatment and control groups either housed in
fattening stalls or free-grazed according to the usual practice of
northernLaos.The fattening group (n=26) involved 12 cattle and
14 buffalo and the remaining animals (n = 18) consisting of six
cattle and 12 buffalo were free-grazed. The trial involved 12
farmers in the HI village in LPB and XK, with each participating
farmer having more than one animal in the study.

Feeding and husbandry practice
In 2009, the project attempted to introduce forage technology
to all the HI sites, with information and training on establishing
forage plots and provision of seeds of four forage species of
Panicum maximum (Guinea Simuang), Brachiaria ruziziensis
(Ruzi), Brachiaria spp. hybrid (Mulato) and Stylosanthes
guianensis (Stylo 184). These species were chosen for
cultivation development as they are known to be well adapted
to the climate of uplandLaos and have nutritional quality superior
to that of native grasses for large ruminants. The location, number
of farmers and plot size of forage development was recorded. In
2010, bag silage technology was introduced to all the HI sites.
Farmers were advised by district extension staff to cut and chop
young grass in 4–6-cm lengths and preserve it in 18–25-kg plastic
bags, retaining it for feeding their stock in the dry season.
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For the longitudinal survey, the majority of the observed
animals were free-grazed on community grasslands and
forests. When farmers grew forages, their livestock were free-
grazed in the available forage areas. Each study animal was
vaccinated against haemorrhagic septicaemia (HS) every
6 months from the commencement of the project (December
2008) and against foot andmouth disease (FMD) every 6months
from early 2010.

For the fattening trial, chopped leafy forage grasses (90% of
the diet) and Stylo 184, (10% of the diet) were given to the
fattening group. Feed quantity was based on fresh weight and
provided according to the weight of the animal, being 12–15% of
the bodyweight. Animals were fed twice daily (half in the
morning and half in the afternoon), with water and mineral
blocks being permanently available. All trial animals were
vaccinated for HS and FMD before the trial began.

Data collection
For the longitudinal study, the weight of each study animal was
recorded every 3–4 months by using portable electronic scales
(Tru-Test EC2000, Tru-Test Limited, New Zealand) by district
livestock extension staff working together with the participating
farmers. Data, including age, sex, body condition score (BCS: on
a scale of 1–3: 1 for skinny, 2 for medium, 3 for fat) and coat
condition (normal and abnormal), were recorded. Between 2008
and2011, 10data collectionswere obtained althoughnot all of the
enrolled animals could be measured at each collection as some
were culled, sold, died or impossible to restrain. In the initial
stages of the project, animals that left the project due to sale or
deathwere replaced. Itwas calculated that the annualmean loss of
animals from the project sites was ~11%.

Reproductive data were also collected from the 2 LI and 2 HI
villages in LPB and XK between 2009 and 2011, with calving
records of the ear-tagged female cattle and buffalo collated at the
end of the 3-year study period.

For the fattening trial, age, body condition score (BCS on a
scale of 1–5) and weight of each observed animal were measured
using portable electronic scales (as mentioned above) at the
commencement (after a week of a transitional period) and at
the completion of the trial by district extension staff and
participating farmers. The current value of each selected
animal was determined in consultation between the village
chief, owners, and livestock extension staff, on the basis of the
sale price expected if the animal was sold that day. The district
livestock extension staff and farmers collectively monitored the
progress of the trial and farmer meetings were held monthly to
discussprogress.This providedopportunities for theparticipating
farmers, extension staff aswell as other interested farmers to learn
and share their knowledge as part of village group learning
activities.

Data management and analysis
The longitudinal survey data were transcribed into a customised
database (Microsoft Access 2003). The datasetswere checked for
errors and anomalies, which were excluded from the datasets
before data analysis. Due to inconsistency of the subjective
measurement of BCS and coat condition, only quantitative
traits of liveweight and ADG were analysed, with cattle and

buffalo groups being determined separately. ADGwas calculated
on the basis of the differences of the current and previous weight
measures divided by the number of days between the
measurements. This provided nine sets of ADG from the 10
data collections. A descriptive analysis was conducted and a
restricted maximum likelihood (REML) in GENSTAT 14th edition
(VSN International, Hemel Hempstead, UK) was utilised.
Province, village category (HI and LI), Data collections 1–10,
age and sex were defined as fixed variables in themodel, whereas
animal identification and the number of days between the
consecutive measurements were random variables. Linearity,
homoscedasticity and normality assumptions were checked by
diagnostic plots of standardised residuals of the quantitative
traits on model checking options of REML. Comparisons
between the observed provinces and villages were made, with
a P-value of <0.05 indicating significant differences. Post hoc
testing was conducted by comparing the prediction means of the
interest group with 5% least significance difference.

The calving rate was determined as the percentage of females
that calved of the total number of females assumed to be exposed
to breeding (in the present survey we considered all observed
female animals as potential breeders as they were more
than 3 years old and were continuously exposed to bulls in the
free-grazing system). As it was impossible to estimate inter-
calving interval for a cow that did not have 2 calves, the inter-
calving interval of actively reproductive cows was calculated on
consideration of the months between successive calving periods
where a cow gave birth to two or more calves during the 3-year-
study period. Hence, the result data should be interpreted with
caution and the true inter-calving intervals are likely to be much
longer.

For the on-farm fattening trial, weight, ADG and sale price of
the trial animals among the observed groups were determined.
Cost margin (US$ per animal) was calculated on the basis of the
difference between the sale value of the animal at the trial
completion and variable costs (costs of vaccines, medication,
forage seeds, mineral blocks and miscellaneous items) plus the
initial value at the trial commencement as a buying price.

Results

Implementation of forage plantations

The uptake of forage plantations varied considerably among the
observed provinces, with most interest shown in LPB where the
success of forages in theHI villagewas apparently communicated
to the LI village, with some farmers establishing their own
plantations (Table 1). Forage was also established in the HI
village in XK but no forages were established in the LI village
in XK and the only forages occurring in HP were at project
demonstration sites.

Therewere 11 and35 farmers in the projectHI sites inLPBand
XK, respectively, who participated in producing 772 bags of
silage in 2010 (18–25 kg/bag) as preserved feed for their stock
during the dry season. This was the first time for these farmers to
trial this technology. Although the quality of the silage was not of
a high standard due to lack of effective vermin control during
storage, their interest and participation was high and still
continues.
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Longitudinal survey

Mean age,weight and number of observed cattle and buffalowere
tabulated (Table 2). The mean weight of cattle at HI and LI sites
was 153–227 kg and 146–215 kg in the Data collections 1–10,
respectively, with an overall mean ADG of 70 and 73 g/day in HI
and LI, respectively. The weight of the buffalo in HI and LI was
285–380 kg and 304–349 kg in the Data collections 1–10,
respectively, with an overall mean ADG of 86 and 96 g/day in
HI and LI, respectively.

Cattle group

There were significant differences in cattle predicted mean
weight both among provinces (P< 0.001) and between the village
categories (P < 0.001), with cattle in LPB and HI significantly

Table 1. Summary of a number of total households, households with
large ruminants and forage plots and total areas of forage plantation by

province and village category dated in December 2011
HP,Huaphan; LPB, Luang Prabang; XK, Xiengkhoung. LI, low-intervention

village; HI, high-intervention village

Variable Province Village category
HP LPB XK LI HI

No. of total households 122 108 63 101 192
No. of households that
own large ruminants

85 84 63 85 147

No. of participated
households

3 36 35 18 56

Total forage area (ha) 2.0 23.7 9.6 8.2 27.1

Table 2. Summary of descriptive analysis of the large-ruminant longitudinal survey 2008–11 by village category
Values are mean � s.d. HP, Huaphan; LPB, Luang Prabang; XK, Xiengkhoung. LI, low-intervention village; HI, high-intervention village

Sampling time Variable Cattle Buffalo
LI HI LI HI

Collection 1, Dec. 2008 No. of animals observed 597 400 138 347
Mean age (years) 3.4 (±4.9) 3.2 (±1.9) 4.2 (±2.7) 4.0 (±2.9)
Mean weight (kg) 146 (±70.2) 153 (±70.3) 304 (±113.4) 285 (±114.5)

Collection 2, Mar. 2009 No. of animals observed 624 416 137 366
Mean age (years) 3.5 (±4.7) 3.6 (±1.9) 4.6 (±2.7) 4.3 (±2.9)
Mean weight (kg) 149 (±63.6) 151 (±63.9) 301 (±110.5) 290 (±105.9)
Mean ADG (g/day) 71 (±190) –9 (±253) –21 (±163) 23 (±290)

Collection 3, June 2009 No. of animals observed 606 407 136 358
Mean age (years) 3.8 (±4.7) 3.6 (±1.9) 4.7 (±2.7) 4.6 (±2.9)
Mean weight (kg) 170 (±63.4) 174 (±64.2) 323 (±117.0) 320 (±101.2)
Mean ADG (g/day) 208 (±186) 212 (±154) 282 (±249) 223 (±206)

Collection 4, Oct. 2009 No. of animals observed 602 408 129 344
Mean age (years) 3.9 (±4.7) 3.8 (±1.9) 5.0 (±2.8) 4.9 (±2.9)
Mean weight (kg) 180 (±59.7) 183 (±63.0) 335 (±111.0) 332 (±97.9)
Mean ADG (g/day) 122 (±200) 102 (±185) 147 (±287) 123 (±245)

Collection 5, Jan. 2010 No. of animals observed 591 405 133 330
Mean age (years) 4.3 (±4.8) 4.0 (±1.8) 5.2 (±2.7) 5.2 (±2.9)
Mean weight (kg) 175 (±55.4) 183 (±60.3) 327 (±98.8) 329 (±91.5)
Mean ADG (g/day) –40 (±187) 9 (±18) –67 (±249) 2 (±263)

Collection 6, May 2010 No. of animals observed 584 395 139 329
Mean age (years) 4.5 (±4.8) 4.3 (±1.9) 5.2 (±2.8) 5.5 (±2.9)
Mean weight (kg) 186 (±56.7) 186 (±57.6) 333 (±102.2) 343 (±85.6)
Mean ADG (g/day) 117 (±227) 41 (±195) 176 (±207) 129 (±285)

Collection 7, Sep. 2010 No. animals observed 562 394 141 314
Mean age (years) 4.9 (±4.8) 4.7 (±1.8) 5.4 (±2.9) 5.8 (±2.8)
Mean weight (kg) 196 (±56.7) 205 (±57.2) 340 (±97.2) 357 (±80.8)
Mean ADG (g/day) 77 (±154) 142 (±128) 139 (±195) 133 (±209)

Collection 8, Feb. 2011 No. of animals observed 505 359 121 248
Mean age (years) 5.1 (±2.4) 5.1 (±1.8) 5.7 (±3.0) 6.1 (±2.9)
Mean weight (kg) 197 (±54.6) 201 (±58.0) 327 (±81.2) 355 (±72.8)
Mean ADG (g/day) 0 (±148) –1 (±157) –48 (±222) 20 (±222)

Collection 9, July 2011 No. of animals observed 425 317 89 177
Mean age (years) 5.4 (±5.3) 5.3 (±1.9) 6.2 (±2.9) 6.2 (±2.6)
Mean weight (kg) 206 (±52.4) 216 (±59.0) 355 (±72.7) 368 (±70.1)
Mean ADG (g/day) 61 (±138) 88 (±148) 107 (±193) 76 (±24)

Collection 10, Nov. 2011 No. of animals observed 367 269 71 145
Mean age (years) 5.8 (±5.7) 5.6 (±1.8) 6.2 (±2.9) 6.5 (±2.6)
Mean weight (kg) 215 (±53.5) 227 (±59.4) 349 (±79.3) 380 (±72.8)
Mean ADG (g/day) 44 (±121) 53 (±125) 54 (±211) 53 (±242)

D Animal Production Science S. Nampanya et al.



heavier than in the other groups (Table 3). The predicted mean
weight in LPB was 187 (�1.7) and 214 (�2.0) kg in Data
collections 1 and 10, respectively, with an overall mean
weight of 203 (�0.7) kg. The mean weight in HI was 169
(�1.7) and 197 (�2.2) kg in Data collections 1 and 10,
respectively, with an overall weight of 186 (�1.9) kg. A
seasonal reduction in weight was observed in all provinces and
village categories betweenCollections 1 and2,4 and5 and7and8
(Figs 1, 2).

There was a significant difference in cattle predicted mean
ADG among the provinces (P < 0.001) but not betweenHI and LI
village categories (P = 0.39). The cattle mean ADG of 84 (�2.6)
g/day in LPBwas significantly higher than that in other observed
provinces (Table 3). The mean ADG in LI and HI was 69 (�2.5)
and 66 (�3.3) g/day, respectively.

Buffalo group

There was a significant variation in buffalo predicted mean
weight among theprovinces (P<0.01)but not between thevillage
categories (P = 0.56). The buffalo overall predicted mean weight
in LPB was significantly greater than that in other provinces of
358 (�3.1) kg (Table 3). Reduction in predictedmeanweightwas
observed between Collections 1 and 2, 4 and 5 and 7 and 8,
between villages and across the provinces (Fig. 3).

There was no significant difference in buffalo predicted mean
ADG among the provinces (P = 0.05) and between the villages
(P = 0.79). The overall predicted mean ADG in LPB and HI sites
was 106 (�10.7) and 94 (�5.3) g/day, respectively (Table 3).

Reproductive performance

The calving rates for the cattle and buffalo groups were 51–75%
and 41–52%, respectively (Table 4). The inter-calving intervals
for the cattle and buffalo groups were 13.6–15.6 and
18.6–20.6 months, respectively.

On-farm fattening trial

No significant differences were observed in the trial cattle initial
weight but significant differences in the mean weight emerged
during the trial (P = 0.44 and P = 0.03, respectively). The initial
mean weights of the free-grazed cattle versus the fattened cattle

Table 3. Overall predicted mean weight (kg) and ADG (g/day) of the
observed cattle and buffalo by provinces and village category

Values are predicted mean � s.e. Means within the province and village
categories followed by the same letter are not significantly different from each
other. HP, Huaphan; LPB, Luang Prabang; XK, Xiengkhoung; LI, low-

intervention village; HI, high-intervention village

Variable Province Village category
HP LPB XK LI HI

Cattle
Weight 182 (±1.4)a 204 (±0.7)b 161 (±0.9)c 178 (±0.7)a 186 (±1.9)b
ADG 63 (±5)a 84 (±3)b 55 (±3)a 69 (±2)a 66 (±3)a

Buffalo
Weight 325 (±1.8)a 358 (±3.1)b 327 (±2.0)a 337 (±2.4)a 336 (±1.5)a
ADG 95 (±7)a 106 (±11)b 92 (±7)a 102 (±8)a 94 (±5)a
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across the Data collections 1–10. HP, Huaphan; LPB, Luang Prabang; XK,
Xiengkhoung.
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were 105 (�12.1) and 121 (�17.1) kg, respectively, with mean
weights at completion being 109 (�12.9) and 151 (�18.2) kg
(Table 5). The fattening stall cattle had a significantly (P < 0.001)
increased ADG of 320 (�40) g/day compared with that of the
free-grazed cattle of 40 (�28) g/day.

The initial and final weights of the free-grazed and fattened
buffalo were not significantly different despite the fattened
animals having significant increases in weight and ADG
(P = 0.001 and P = 0.001, respectively). The fattened buffalo
had a mean weight increase of 24 (�2.7) kg and mean ADG of
217 (�27) g/day, which were more than double the free-grazed
buffalo.

The fattened cattle and buffalo had significant increases in
mean sale value compared with the free-grazed animals, with an
increase in value of US$78 and US$123 per head, respectively.
The estimated gross margins of the fattened cattle and buffalo
were US$57 (�37) and US$103 (�57), respectively, compared
with the free-grazed cattle and buffalo of US$11 (�13) and
US$48 (�14), respectively.

Discussion

The longitudinal study established baseline production
parameters of local cattle and buffalo, providing evidence of

Table 4. Contingency table of large ruminant reproductive performance in 2009–11 survey
LPB, Luang Prabang and XK, Xiengkhoung. LI, low-intervention village; HI, high-intervention village.

Variable LPB XK
LIA HI LI HI

Cattle
No. of cows observed 435 417 111 228
No. of cows that calved 315 312 57 117

1 calf 22 (7%) 25 (8%) 14 (24%) 32 (27%)
2 calves or more 293 (93%) 287 (92%) 43 (76%) 85 (73%)

Calving rate (%) 72 75 51 51
Inter-calving interval (months)B 14.5 (±4.5) 13.6 (±3.1) 14.7 (±4.6) 15.7 (±5.4)

Buffalo
No. of cows observed 120 66 66
No. of cows that calved 63 27 33

1 calf 17 (27%) 13 (48%) 10 (30%)
2 calves 46 (73%) 14 (52%) 23 (70%)

Calving rate (%) 52 41 50
Inter-calving interval (months)B 20.6 (±6.1) 19.8 (±5.3) 18.6 (±5.1)

AFew buffalo were available as many farmers replaced their stock by a hand tractor.
BMean � standard deviations.

Table 5. Data analysis of cattle and buffalo performance when free-grazed compared with fattening
Values are predictedmean� s.e.Meanswithin each species followed by the same letter are not significantly different

from each other. Exchange rate at US$1 = LAK 8000. BCS, body condition score

Variable Cattle Buffalo
Free-grazed Fattened Free-grazed Fattened

No. of animals observed (heads) 6 12 12 14
Female 4 5 6 6
Mean age (years) 2.3 (±0.2)a 2.2 (±0.1)a 4.2 (±1.4)a 3.5 (±1.1)a

Mean BCS
Initial BCS 2.4 (±0.1)a 2.3 (±0.2)a 2.6 (±0.2)a 2.7 (±0.4)a
Final BCS 2.3 (±0.1)a 3.1 (±0.2)b 3.2 (±0.2)a 3.6 (±0.4)b
Difference –0.1 (±0.2)a 0.8 (±0.2)b 0.6 (±0.1)a 1.1 (±0.8)b

Mean weight (kg)
Initial weight 105 (±12.1)a 121 (±17.1)a 338 (±29.4)a 310 (±27.3)a
Final weight 109 (±12.9)a 151 (±18.2)b 349 (±29.5)a 334 (±27.3)a
Difference 4 (±3.8)a 30 (±2.7)b 11 (±2.5)a 24 (±2.7)b
ADG (g/day) 40 (±28)a 320 (±40)b 85 (±25)a 217 (±27)b

Mean value (US$)
Initial value 160 (±25)a 193 (±35)a 464 (±37)a 480 (±40)a
Final value 173 (±30)a 271 (±43)b 513 (±41)a 604 (±45)a
Difference 13 (±9)a 78 (±12)b 49 (±10)a 123 (±13)b
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low mean weight and ADG plus the significant seasonal
fluctuations of the current production system in northern Laos
with limited feed availability in the dry season from December
toMay. The lowADG in Collections 1 and 2, 4 and 5 and 7 and 8
reflects this seasonal shortage of feed available for grazing.

Although the project introduced forage plantations in all of
the HI villages, there was variable uptake of this intervention
among the provinces, with only LPB successfully adopting this
practice from 23.7 ha in 2011 to over 50 ha by project completion
in 2012, explaining the higher ADG in this province than at other
sites. Of interest was that the LI village in LPB also adopted
forages, resulting in a mean ADG that was against the general
trend observed, namely, that animals in the HI villages increased
their weights more than did those in the LI villages as the project
progressed. However, the ADG indicated that there was not a
statistically significant difference between HI and LI villages,
with the lowADGsof 66 and68g/day, respectively, reflecting the
fact that although the forage plantation was introduced to all HI
sites, the uptake of the intervention was variable among the HI
sites. A similar study in southern Cambodia showed that cattle
in HI villages had significantly higher ADG than did those at LI
sites, gaining 116 g/day compared with the low intervention
group of 49 g/day during the 4-year study (Young et al. 2013).
The different outcomes of two similar projects conducted in
neighbouring countries were considered mostly attributable to
differences in the uptake of forage plantations between the sites.

In our longitudinal study, temporal variation in the weight of
cattle between the province and village categories was greater
than in buffalo, probably reflecting the usual practice of providing
better care for buffalo, especially when used for draught power,
although few are now used for this purpose due to the widespread
introduction of hand tractors (Wilson 2007). Superior care for
buffalo in South-east Asian rural communities is common, with
their retention closer to home rather than for cattle, which are
being sent out for grazingoncommon land, as previously reported
(Cleland et al. 1995).

Mean cattle weights were significantly higher in HI than that
in LI villages, with the predicted mean weight in HI of 169 and
197 kg in the Data collections 1 and 10, although this data are
indicative of the low mature weight of indigenous cattle in
northern Laos. A study in northern Vietnam showed mature
weight of cow and bull of the yellow cattle which are similar
to Lao local cattle of 120 and 300 kg, respectively (Burns et al.
2002). Further studies of the mature weight, carcass percentage,
first calving age and herd age structure of Lao cattle are
recommended.

Nutritional deficiency is very likely to be the major factor
affecting the failure of the observed cattle and buffalo to gain
weight. However, infectious disease outbreaks from are also
considered to be a contributing factor to weight variations in
cattle and buffalo in XK, particularly in the early data-collection
points, before the commencement of the FMD vaccination
campaign when a series of FMD outbreaks was reported in
many villages, including the surveyed sites (Rast et al. 2010;
Nampanya et al. 2013). FMD infections seriously compromise
efforts to improve large ruminant productivity, by decreasing
weight gains and increasing financial losses through treatment
costs, time spent for sick animals and potentially, costs of feed, to
replace weight lost following the extended periods when affected

animals are unable to eat (Rast et al. 2010). Further, an extreme
climatic shock in March 2011 affected many villages across
northern Laos, including the study areas. This may also have
had an impact on variations in weight and ADG of the study
animals, particularly in XK, the most severely affected province
(Khounsy et al. 2012). Without the preservation of silage and the
ability to feed this to animals in theHI village inXK, the impact of
the hypothermia episode in this village would likely have been
more severe.

The results of the survey of reproductive performance
indicated low calving rates of large ruminants in northern
Laos, with ~70% and 50% calving rates for cattle in LPB and
XK, respectively. This is consistent with farmer reports that their
cows usually produce a first calf at 3 years of age and miss a
breeding season once every 2–4 years (Stür et al. 2002). The low
calving rates of cattle and buffalo have also been described in
other parts of South-east Asia (Steane et al. 2002; Moran 2009;
Perera 2011). As the calving intervals could be determined only
on the most reproductively active cows that produced two calves
in 3 years, this data should be interpreted with caution and the
true inter-calving intervals are likely to be much longer (Stür
et al. 2002; Huyen et al. 2011; Perera 2011). An important
consideration is that routine reproductive management of
large ruminants is not currently practised in Laos. Husbandry
practices including sex segregation, castration of male calves
not required for breeding, selective breeding of superior animals
and recording of joining dates, calving dates, gestation length,
weaning practices and other aspects of breeding management
are rarely observed and such data are unavailable. Improving
breeding husbandry practice in Laos remains a significant
challenge and requires multiple interventions to improve
animal health, nutrition and farmer husbandry knowledge
(McDermott et al. 2010; Windsor 2011).

The on-farm fattening trial demonstrated that an ADG of 320
and 217 g/day for local cattle and buffalo, respectively, can be
achieved with a modest improvement in quality and quantity of
feed, combined with improved husbandry and biosecurity
practices. Although the present study promoted feeding rates
of 10–15% of bodyweight per animal per day, this was very
unlikely to have occurred and, despite the best of intentions, an
accurate measure of the amounts fed could not be achieved.
A study in northern Vietnam showed that local cattle under
different feed supplements including cassava, Stylo and a
mixture of foliages had an ADG of 337, 408 and 477 g/day,
respectively (Thang et al. 2010). In our trial, a significant
difference was observed in ADG between the fattened and
free-grazed buffalo, with fattened animals having double the
ADG than those free-grazed. Of interest is that crossbred
buffalo in a study in the Philippines fed a mixture of corn
silage and concentrated feed increased their ADG from 591 to
1066 g/day (Lapitan et al. 2004). This further supports the notion
that improving feed quality and quantity will very likely achieve
superior ADG for stall-fattened animals in future studies of this
nature in northern Laos.

The gross margin for the fattened animals in the present study
may be underestimated as the current estimation of animal sale
values in Laos is conducted by visual assessment, which is
prone to human error and bias by traders (Machila et al. 2008;
Nampanya et al. 2010). Nevertheless, the present study has
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demonstrated that farmers can increase the value of cattle and
buffalo by US$78 and US$123 per head, respectively, by stall
fattening their animals for 4 months. The result of the present
pilot field trial has encouraged the participating farmers to
continue livestock fattening activities, so as to increase
household income. The participation of other farmers requires
their gaining knowledge on the planting, care and harvesting of
forages, the level of investment required, plus the improved
husbandry and basic biosecurity practices that are necessary to
protect the increased investment. For those with available land,
capital to invest and willingness to learn, higher returns from
fattening activities can be used to further strengthen their large-
ruminant production investments (Dorward et al. 2009).

Of potential importance to farmers considering fattening is
that theweight datasets plus girthmeasurements (data not shown)
in our studywere used to develop aweigh tape for local cattle and
buffalo that is more appropriate than the current visual estimation
of the animal values (Machila et al. 2008; Bush et al. 2012). The
DLFhas now introduced the use of this tape in villages in northern
Laos to extend the pilot fattening trial described in the present
paper.

Our study indicated that improved productivity of local
cattle and buffalo can be achieved in northern Laos.
Addressing nutritional, health and husbandry constraints by
forage and disease risk management interventions, including
basic biosecurity practices and regular vaccination for
important trans-boundary animal diseases such as FMD and
HS, offers significant opportunities for smallholder famers to
increase livestock income. Importantly, adoption of this strategy
provides a means to alleviate rural poverty and improve regional
food security in the upper Mekong region (Windsor 2011).
However, this requires major improvements in smallholder
husbandry knowledge, preferably approached by increased
efforts to support participatory applied livestock research and
extension activities on farms.
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