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Abstract
Existing forage plants may have applications as alternative protein resources for pigs in
smallholder farming systems. This thesis examined the effect of harvesting/defoliation
interval on the yield and chemical composition of taro leaves and stylo forage and
analysed appropriate ensiling methods for these materials. The effect of replacing
soybean crude protein (CP) with ensiled taro leaf and stylo forage CP on growth
performance and carcass traits of LY (Landrace x Yorkshire) and ML (Moo Lath) pigs
was also examined.
Taro leaf and petiole dry matter (DM) yield increased with increased harvesting
frequency in the two years studied, but there was no effect on tuber yield. The leaves
contained 160-260 g CP kg-1 DM. Stylo leaf DM yield was unaffected by harvesting
interval in the first year, while leaf DM yield was larger with the most frequent
harvesting in the second year. The leaves contained 170-235 g CP kg-1 DM, which was
much higher than in the stems or forage (leaves+stems).
Use of cassava root meal, sugar cane molasses and taro tuber meal as silage additives
affected pH and the DM, ash and NDF content of stylo forage and taro leaf silage, and
the NH3-N content of stylo forage silage. Level of additive affected pH and DM, NH3N, CP, ash and NDF content in taro silage, but not NH3-N, CP and NDF content in
stylo forage silage. Increasing duration of ensiling reduced pH and DM content in stylo
forage and taro leaf silage.
Dry matter intake (DMI) and CP intake (CPI) in growing LY and ML pigs were
unaffected by increasing replacement (25 and 50%) of soybean CP by taro leaf silage
CP in the diet, whilst for stylo forage silage DMI and CPI were highest when 25% of
soybean CP was replaced. Average daily weight gain and feed conversion ratio (FCR),
carcass weight, back fat thickness and dressing percentage were unaffected by
increasing replacement of soybean CP with taro leaf or stylo forage CP in the diet. LY
pigs had higher intake and better carcass traits than ML pigs.
The work confirmed that stylo forage and taro leaves can be used as protein sources
in smallholder pig production systems without negative effects on the performance of
growing LY and ML pigs.
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Introduction

Laos is a landlocked, mountainous country in South East Asia, with a total
population of 6.4 million people (LSB, 2012). Around 75% are engaged in
agricultural activities, and 66% live in rural areas and depend on farming and
renewable natural resources for their livelihoods (FAO, 2012). In 2011, the
agricultural sector accounted for 28% of GDP. The contribution of livestock
and crops to agricultural GDP was 80% (LSB, 2012).
In addition to providing food, livestock plays an important role as a source
of cash income and accumulation of capital for poor households in
mountainous areas where shifting cultivation is practised. Pigs are commonly
raised by smallholders, particularly in upland areas and in extensive systems
with low capital inputs, and consequently the productivity is low. Rice bran,
kitchen waste, maize, cassava, broken rice, vegetables and green plant material
are the most common feedstuffs in these smallholder pig systems. The
available feedstuffs mainly supply energy, while they are low in protein.
Feedstuffs such as green plant materials are usually collected from the garden
or from the wild. However, these plants are abundant in the rainy season, while
feed shortages always occur in the dry season (Phengsavanh et al., 2010;
Thorne, 2005). Green plant materials are regarded as protein-rich feed sources.
However, this is an increasingly scarce resource which results in lack of
protein in pig diets and thus poor pig performance. To overcome this, one
possibility could be to use cultivated low input crops (such as taro) and
cultivated legume crops (such as stylo) as protein sources for improving pig
diets in smallholder pig production systems.
Taro (Colocasia esculenta (L.) Schott) is grown for the edible corm as
human food in Pacific Asia, as well as in Laos. It is the main home garden crop
along with rice planting, but some farmers grow taro as a main crop for their
family income and as a starch source (The National Biodiversity Strategy and
Action Plan Project, 2003). It produces huge amounts of leaves during the
vegetation period and a corm at the final harvest. The leaves and petioles are

9

collected and are boiled with maize, rice bran, kitchen waste or cassava root
before feeding pigs.
The forage legume Stylo CIAT 184 (Stylosanthes guianensis (Aubl.) Sw.
var. guianensis) was developed in Columbia for infertile soils in tropical
climates, and can produce large quantities of good quality feed for cutting and
grazing. It has been introduced into many countries in South East Asia,
including Laos (Guodao et al., 1997). It was promoted as a feed for both
ruminants and pigs in the 1990s (Horn, 1998). In recent years, improving
livestock production systems has been the highest priority for the Lao
government in an attempt to alleviate poverty and reduce shifting cultivation.
In this context, stylo forage is considered a suitable feed for supplementing
village pigs, as manifested in many development projects and in advisory
programmes in eight provinces of Laos (Stür et al., 2010).
However, cultivated plants are only abundant in the rainy season (growing
season), while there is usually a feed shortage in the dry season. Therefore, in
order to ensure sufficient feed supply to the pigs throughout the year, without
negative impacts on the major crop product (e.g. taro corm as human food),
there is a need to find strategies that will allow optimal yield and quality, and
that can be applied throughout the year.

10

2

Objectives

The general aim of this thesis was to study ways to improve the nutrition of
growing pigs in smallholder farming systems in Laos using low-cost feed
resources that are possible to cultivate on-farm.
Specific objectives were to:
9 Investigate the effect of harvesting/defoliation interval on biomass yield
and chemical composition of different plant parts of taro and stylo.
9 Identify a simple method for ensiling taro leaves and stylo forage by using
different levels of cassava root meal, taro tuber meal and sugar cane
molasses.
9 Evaluate the potential of protein from taro leaf and stylo forage silage to
replace soybean protein in the diet of growing exotic and native Lao pigs.

2.1 Hypotheses
• Taro plants harvested frequently will produce greater leaf dry matter
(DM) yield and smaller tuber yield than plants harvested less frequently.
• Stylo plants defoliated frequently will produce lower DM yield, but of a
higher nutritional quality, than plants defoliated less frequently.
• Supplementation of pre-wilted plant biomass with 75 g cassava root meal
or sugar cane molasses per kg will produce well-fermented silage of high
nutritional quality.
• Up to 50% of soybean protein in the diet can be replaced by protein from
taro leaf and stylo forage silage without negative impacts on growth
performance and carcass traits in native Lao pigs, while a lower
replacement rate is needed for exotic pigs in order to maintain growth
performance and not impair carcass traits.
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3

B
Background

3.1 Pig productio
on in Laos
Livestockk productionn is firmly based
b
in the sm
mallholder secctor in Laos, with
over 95%
% of all anim
mals being raaised
by smalll farmers in both
b
the Mek
kong
corridor and on slopping land (Kn
nips,
2004). Most pigs are raised
d in
traditionaal smallhollder producction
systems, but there is a trend for
in
increasinng
production
pig
commerccial systems, close to den
nsely
populatedd areas, to meet
m the consu
umer
demand for pork. Pork
P
is the most Figure 1. Population of livestock in
i Laos,
popular meat consuumed by peeople 2005-22011 (LSB, 20122)
throughoout the counttry. In 2004, pig
meat prooduction was estimated to
o be 40,919 tton, of which
h 30,230 ton (75%)
originateed from smalllholders and
d 10,719 ton (25%) from
m commerciall farms
(MAF, 22005). Pig meat
m
productio
on increasedd to 47,000 ton
t in 2007, and is
continuinng to increasee. As a result, the total piig numbers almost
a
doubleed (Fig
1) from 2007 to 20111 (FAO, 2012). Nearly 700% of the pigs are produced on
small-scaale farms (Huuynh et al., 20
007).
Pig prroduction in Laos
L
can be classified
c
intoo three main categories:
c
1. Sm
mallholder pig
p productiion, which iis common in
i remote areeas. In
these systems, several indiigenous breedds (Moo Chit, Moo Lath
h, Moo
Daaeng and Mooo Nonghaett), with matuure weight 60-100 kg, arre used
(V
Vongthilath & Blacksell, 1999). Locaally available feed sources from
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villages, forests, along streams and gardens are used as pig feed. This
production system is widespread in the north of Laos. The extensive
management allows pigs to roam freely and scavenge for feed around
houses and villages. In contrast, the smallholder pig producers in
lowland areas keep weaned pigs for fattening in pens to supply the local
market. The pigs are fed for 3-4 months until they reach slaughter
weight at about 50 kg BW (Stur et al., 2002).
2. Semi-commercial pig production, which is mostly found near
population centres. In this production system, cross-breeds with
imported breeds such as Landrace, Large White and Xingjin (from
China) are commonly used (Wilson, 2007). The pigs are housed, and are
fed with a mixture of locally available feedstuffs (rice bran, broken rice,
cassava root and maize) and concentrate for 3-4 months to reach a
marketable weight of 90-100 kg.
3. Commercial pig production, which is small compared with either
smallholder or semi-commercial pig production. However, during the
last 10 years the number of commercial pig farms has increased,
particularly near the population centres in the Mekong corridor, due to
high demand for pork. The pigs used are imported breeds, such as Large
White, Landrace and Duroc. Feeding is based on concentrate and
bagged commercial feed. Rice bran is used to supplement finishing pigs.
Some commercial farms formulate and produce their own feed.
Considerable numbers of pigs are raised by smallholders using three
different production systems: 1) free-scavenging, 2) semi-scavenging and 3)
year-round confinement (Phengsavanh et al., 2011).
Free-scavenging system: Typical for more remote and less accessible areas
(inaccessible in rainy season and in dry season travel to the city market takes
three hours by car). In this system, pigs are allowed to scavenge freely all year
round. Additional feed is given occasionally. Pigs are kept in simple shelters,
under dwellings, under rice storage sheds or under trees and farmers keep 2-4
sows plus piglets. They fatten pigs for special purposes, such as traditional
festivals, weddings and cultural ceremonies.
Semi-scavenging system: Common in remote areas with cash crop
cultivation. Pigs are only allowed to scavenge freely after the main crops have
been harvested. During the free-scavenging period, farmers provide the pigs
with a small amount of feed each day, while the main part has to be found by
the pigs themselves. During the crop planting season, pigs are confined either
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in pens or enclosures near the village or close to crop production areas. During
this period pig owners provide feed such as rice bran, maize and cassava, and
green leaves which are available in the forest, on fallow areas, or along stream
banks. This system is used for both piglet production and for fattening pigs.
Year-round confinement system: Common in areas close to the district
centre. There are two types of confinement: pens and enclosure, and pigs are
commonly kept confined throughout the year. The penning system is used to
fatten pigs for sale, while the enclosure system is used to keep pigs away from
the crops and improve village sanitation. In this system, farmers use exotic and
crossbred pigs, feed concentrate to both piglets and growers and provide
regular vaccination and de-worming. Pigs in enclosures are fed traditional
feeds such as rice bran, maze, cassava and green plant material.
3.1.1 Main problems in smallholder pig production systems in Laos

The main problems in smallholder pig production systems in Laos are low
growth rates, outbreaks of disease and high mortality of piglets. These
problems are common in free-scavenging systems and in semi-scavenging
systems. The management practices in these systems rely on traditional
methods, with poor feeding and no vaccination against epidemic pig diseases.
The feeding system varies depending on season. In the rainy season, which is
the cultivation period, pigs are only fed once a day or are only fed when
farmers do not work in the field. In the dry season, when crop harvesting has
been completed, pigs are fed twice a day and the feed mainly contains
agricultural by-products. Confinement in enclosures or pens allows better risk
management. However, a good road that improves market access may also lead
to exposure to epidemics of disease due to animal movement and uncontrolled
visits from animal and meat traders (Chittavong et al., 2012; Phengsavanh et
al., 2011).

3.2 Ensiling of forage
There are several methods to preserve forage for livestock. Ensiling is a cheap
and simple method of controlled fermentation under anaerobic conditions in
sealed containers that is used for preservation of high moisture crops in many
regions of the world. There are two main purposes of the ensiling process, the
first being to achieve anaerobic conditions by rapid filling of the silo and then
sealing in order to prevent re-entry of air during storage. At any time during
storage when oxygen comes into contact with the ensiled material, aerobic
microbial activity occurs and the ensiled material will gradually deteriorate.
The second purpose of ensiling is to encourage fermentation linked to
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microbial growth (e.g. lactic acid bacteria) by making use of naturally
occurring sugars (mainly glucose and fructose) in the material to be ensiled, by
addition of easily available carbohydrates or by addition of chemical additives
(McDonald et al., 2011). Wet crops should be pre-wilted prior to ensiling to
increase DM content and thereby facilitate the ensiling process. Similarly,
crops such as legumes which are low in water-soluble carbohydrates, and may
have high buffering capacity, must be treated with effective additives before
ensiling.
Tropical leaves, grasses and legume forages have successfully been
preserved as silage (FAO, 2000). Cassava leaves (Ly et al., 2010), sweet potato
leaves (An et al., 2005) and taro leaves (Chittavong et al., 2008) have been
preserved as silage, and have been used as pig feed. However, to obtain wellpreserved silage, these forages need a water-soluble, carbohydrate-rich (e.g.
molasses, starchy root) additive at an appropriate level and should preferably
be pre-wilted in order to encourage the growth of fermenting bacteria.

3.3 Energy and protein requirements of pigs
The pig needs energy for maintenance, growth, gestation and lactation. The
more the animal grows, the more energy is required to sustain this growth. The
description of energy systems for pigs is complicated by the hierarchy of
energy use in the animal and the complexity of diets and ingredients commonly
used (NRC, 2012). The energy requirement of the pig is influenced by the pig
itself (e.g. genetic strain, gender, health), the environment (e.g. temperature,
wind speed, pen/housing materials, housing density), the diet and other factors
(NRC, 1998). There is a lack of information on the optimal energy and protein
requirement of both indigenous and exotic pigs raised in tropical climates.
However, a few reports indicate that pigs raised in the tropics perform better
when they are fed an energy level that is 10% lower than the NRC
recommendations (Adesehinwa, 2008).
Generally, the protein supply in pig diets is formulated on the basis of crude
protein (CP), which refers to the nitrogen content * 6.25 (NRC, 2012). Proteins
are composed of amino acids, and a good quality protein should provide the 10
essential amino acids in proportions required for normal body functions of
pigs. Amino acids are critical nutrients required by all classes of pigs for
maintenance, growth, gestation and lactation. The quantitative requirements of
amino acids in pigs varies with weight and physiological stage (Table 1). In
general, the first limiting amino acid for pigs is lysine. In growing pigs, the
lysine requirement gradually decreases with increasing age (BW) from 1.2% of
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DM (at <20 kg BW) in young pigs to around of 0.7% of DM (at 100 kg BW) in
older pigs (NRC, 1998).
Table 1. Dietary amino acid requirements of growing-finishing pigs (NRC, 1998)
Body weight of pig (kg)
10-20

20-50

50-80

80-120

ME content of diets (MJ/kg DM)

13.6

13.6

13.6

13.6

CP (g/kg DM)

209

180

155

132

0.46

0.37

0.27

0.19

Essential amino acids (% in DM)
Arginine
Histidine

0.36

0.3

0.24

0.19

Isoleucine

0.63

0.51

0.42

0.33

Leucine

1.12

0.90

0.71

0.54

Lysine

1.15

0.95

0.75

0.60

Methionine

0.30

0.25

0.20

0.16

Phenylalanine

0.68

0.55

0.44

0.34

Threonine

0.74

0.61

0.51

0.41

Tyrosine

0.21

0.17

0.14

0.11

Valine

0.79

0.64

0.52

0.40

3.3.1 Feedstuffs available in Laos

Feedstuffs used in smallholder systems for pigs include rice by-products (e.g.
rice bran, broken rice and distiller’s waste), planted feeds (e.g. maize and
cassava), and various green plant materials. By-products and planted feeds
mainly supply energy and green plant materials (e.g. sweet potato leaves,
cassava leaves and taro leaves) mainly supply protein in pig diets. The
composition of dietary components in selected locally available feedstuffs is
presented in Table 2. In commercial complete feeds, the most common protein
sources are fish meal and soybean meal. These feedstuffs provide high quality
protein for pigs, but they are imported and are expensive. Due to their high
price, such protein sources cannot be used by smallholder farmers.
Based on origin, the main feed ingredients that are used in smallholder pig
production systems in Laos can be categorised into the following groups:
Rice by-products: Rice is the main staple crop in Laos. Rice by-products
such as rice bran and broken rice are commonly used for feeding pigs. In 2011,
Laos produced 3.6 million ton of rice, which, as a by-product, provided around
4 000 ton of rice bran. The use of rice bran is common in pig diets, in particular
by smallholder pig producers. The diet may include from 60% up to 100% rice
bran (Chittavong et al., 2012; Phengsavanh et al., 2010). Broken rice has a
high energy content and a low fibre content, and is used as an energy source in
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pig diets. Broken rice is usually fed together with vegetables and leaves from
cassava, yam, taro and sweet potato. All ingredients are boiled together in
water, and are mixed with kitchen waste before being fed to pigs. Rice
distiller’s waste is the by-product from rice wine production, and is a good
energy and protein source for pigs. However, this by-product is only available
occasionally, and is used as a supplement for fattening pigs.
Planted feed: Maize and cassava roots are cash crops in Laos. Laos
produced 1.1 million ton of maize and 323 000 ton of cassava roots in 2009.
Sweet maize is commonly inter-cropped with dryland rice and is used for
human consumption, while improved varieties of maize are planted in monocrop stands and used as animal feed. The maize grain is boiled with water
together with other feed ingredients before being fed to pigs. Maize is used as
an energy feed source for growing-fattening pigs in smallholder farms.
Green plant material: Taro leaves, cassava leaves and sweet potato leaves
are typical for this class of feed. The main characteristics of this group are a
high fibre content (Table 2) and a relatively high content of crude protein
(Chhay et al., 2012; Leterme et al., 2005; An, 2004). The feedstuffs are
commonly used in rural areas as pig feed at household level, but not in
commercial pig production or by the animal feed industry. The frequency of
use of taro leaves by smallholder pig farmers in the North of Laos is reported
to be 46% (Phengsavanh et al., 2010). Taro leaf has a high content of CP and a
high fibre level (Table 2), and the fresh taro leaf contains high levels of
calcium oxalate (443-589 mg/100 g fresh weight) (Oscarsson & Savage, 2007).
The calcium oxalate causes itching on the skin and mouth, and the content can
be reduced by either boiling or by ensiling. The reduction in oxalic acid during
ensiling has been reported to range from 79 to 86% (Chittavong et al., 2008;
Tiep et al., 2006).
Traditionally, farmers plant sweet potato in their garden and harvest the
vines for their pigs during the growing season and at harvesting of the sweet
potato tubers. Sweet potato leaves have high nutritive value for pigs, and can
be preserved by drying or ensiling (Ly et al., 2010).
Cassava is considered an important cash crop for Lao farmers. Cassava is
planted for root production and to provide human food and animal feed, and is
cultivated on an area of 11,015 ha, with production of 233,420 ton (MAF,
2008). However, cassava plant parts contain hydrogen cyanide (HCN), which
is toxic to animals and humans, and therefore cassava leaves are traditionally
boiled before feeding to pigs. Several studies have reported that the HCN
content in cassava can be reduced by sun-drying, ensiling or boiling (Hang et
al., 2006; Chinh & Ly, 2001; Phuc et al., 1996). Ensiled or dried cassava
leaves and sweet potato vines can replace protein from fish meal by up to 70%
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in the diet of growing pigs without negative effects on performance (Ly et al.,
2010). This feeding strategy results in a reduction in feed costs.
Table 2. Composition of feedstuffs available in Laos
Rice
bran A

Broken
rice B

Maize
D
distiller’ meal
Rice

waste C
DM, g kg

882

869

Cassava Cassava Sweet
root E
leaf F
potato
leaf G

Taro
leaf H
139

91

864

362

294

180

−1

g kg DM
CP

7.3

5.7

23.1

8.1

2.8

26.1

26.8

23.1

CF

20.4

2.8

-

2.2

3.0

10.5

12.8

13.0

NDF

29.2

-

15.4

10.4

9.3

43.9

28.5

29.8

12.6

-

15.5

14.9

10.6

9.5

-

ME (MJ/kg DM) 8.8

Essential amino acids (g 16 g−1 N ) †
Arginine

8.0

8.2

5.6

4.7

5.6

3.6

5.2

5.0

Histidine

2.6

2.0

-

2.9

2.0

1.5

2.2

1.9

Isoleucine

3.6

9.4

4.4

3.7

2.8

5.9

3.7

3.7

Leucine

7.1

4.9

8.0

12.5

5.8

3.5

8.6

7.5

Lysine

4.5

4.8

3.9

3.0

4.9

2.9

4.5

5.6

Methionine

2.2

2.3

2.0

2.1

2.3

0.8

1.5

1.8

Phenylalanine

4.6

5.8

5.3

4.9

3.5

3.9

7.1

4.7

Threonine

3.7

2.2

4.9

3.7

3.7

2.8

5.2

4.2

Tyrosine

1.8

-

-

4.2

2.3

-

4.1

1.3

Valine

5.3

4.3

6.0

5.0

4.0

3.1

5.6

4.8

A

Taysayavong and Preston (2010); † Sauvant et al. (2004)
Chittavong et al. (2008); † Chhay et al. (2012)
C
Manh et al. (2009)
D
Sauvant et al. (2004)
E
(AFRIS); † Sauvant et al. (2004)
F
Chhay et al. (2012)
G
An (2004)
H
Leterme et al. (2005)
B

3.4 Utilisation of forages in pig diets
Leaves and legume forages are usually added to pig diets in smallholder
farming systems, and are the main protein feed sources used since most other
feedstuffs available are high in energy, but low in protein. These plant
materials are either fed fresh or are processed before feeding. In Vietnam,
sweet potato vine silage has been successfully used as supplementation to the
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basal diet of pigs (Table 3). The daily allowance of sweet potato vine silage is
in the range 0.5-1.8 kg depending on the BW of the pigs (Peters et al., 2004).
In Laos, there is no reported use of forage in pig diets. However, surveys on
the frequency of feedstuff use by farmers in the North of Laos indicate that
46% of the farmers feed green plant material to their pigs (Phengsavanh et al.,
2010). The most common green plant materials used are leaves of taro
(Colocasia esculenta), banana stems, thickhead (Crassocephalum crepidiodes)
paper mulberry (Broussonetia papyrifera) and green amaranth (Amaranthus
viridis) (Phengsavanh et al., 2010). In addition, (Chittavong et al., 2012)
reported that elephant yam (Amorphophallus paeoniifolius) and taro leaves are
used in cooked form, with up to 32 and 35% in the diet, respectively, in
smallholder pig production systems in the central part of Laos. The green plant
materials have high contents of CP, ranging from 12 to 35% of DM. However,
these materials also have a high fibre content, with NDF ranging from 29 to
44% of DM (Table 2). Since most green plant materials have a high NDF
content and low energy content, there is a risk of reduced feed intake, due to
their bulkiness, if high levels are included in the diet.
Legume forage, particularly Stylo CIAT 184, has been promoted for many
years through the extension project “Forage legumes for supplementing village
pigs in Laos”. Stylo CIAT 184 is well known to farmers in many provinces in
Laos, and has been used as fresh forage for their livestock. Farmers have had
clear benefits from using legume forage in feeding their livestock, with daily
growth rates in native pigs of up to 207 g per day, which is twice the growth
rate achieved with traditional feeding (Stür et al., 2010). In addition, the
farmers save time and labour in collecting the green feed and in feed
preparation, as they can omit the cooking. However, this forage legume needs
appropriate management in order to produce high yields and an acceptable
nutritional quality to be used as pig feed.
Table 3. Studies on the use of tropical leaves or forages in pig diets
Forages
Cassava leaves

Processing

References

Ensiled/dried Ly et al. (2011); Ly et al. (2010)
Meal

Phuc (2000); Ravindran et al. (1987); Alhassan and
Odoi (1982)

Ensiled

An et al. (2005)

Stylo forage

Fresh

Stür et al. (2010); Phengsavanh and Stür (2006)

Taro leaves

Ensiled

Hang and Preston (2009); Buntha et al. (2008)

Boiled

Phengsavanh et al. (2010); Chittavong et al. (2012)

Sweet potato leaves
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4

Summary of materials and methods

4.1 Experimental sites
All experiments described in Papers I-V were carried out at the experimental
farm of the Faculty of Agriculture, National University of Laos (18º07´N
102º47´E, 172 m above sea level) located 40 km from the centre of Vientiane
Capital, Laos. Forage production experiments (Papers I & II) were carried out
from May to October 2007 and from May to November 2008, the ensiling
experiment (Paper III) from August to November 2008, and the growth
performance experiments (Papers IV & V) from September to December 2009.

4.2 Agronomy experiment (Papers I and II)
4.2.1 Land preparation, planting and management

Studies on biomass yield and chemical composition of different plant parts
were performed on taro (Colocasia esculenta (L.) Schott) in Paper I and on
Stylo CIAT 184 (Stylosanthes guianensis (Aubl.) Sw. var. guianensis) in Paper
II. Before soil preparation, the land was cleaned of weeds, which were
subsequently burned on-site. In addition, hand weeding was done during the
establishment phase and thereafter when necessary.
Taro (Paper I): The trials were carried out in a field of which 115.2 m2 was
used for planting and 72 m2 was border area. The size of each experimental
plot was 12.8 m2 (4.0 m x 3.2 m), and the total number of plots was nine. All
plants were cut at 20 cm above soil level nine weeks after planting.
Stylo (Paper II): A field of 72 m2 was used for planting and 38.5 m2 was
border area. The soil was prepared by ploughing followed by harrowing in the
first year of the study (2007). Stylo plants were transferred to the experimental
plots after 20 days of growth. The size of each plot was 6 m2 (4.0 m x 1.5 m),
with 12 plots in total. Eight weeks after planting all plants were cut at 25 cm
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above soil level and thereafter the treatments were applied. The same plants
were used in the second year (2008). Before the second year all plots were
weeded by hand. The plants were cut at 25 cm above soil level and treatments
were applied four weeks later.
4.2.2 Treatments, design, measurement and data collection

The treatments applied in Paper I were harvesting leaves and petioles at
intervals of 4 [H4], 6 [H6] and 24 [H24] weeks, respectively. In Paper II, the
treatments were three defoliation frequencies: four harvests [S4] (at 4-week
intervals), three harvests [S3] (at 6-week intervals) and one harvest [S1] (at the
end of the experimental period).
At each harvest of taro, a few young leaves were left for re-growth. Stylo
plants were cut with a stubble height of 25 cm. The experimental layout was a
completely randomised block design with three and four replicates per
treatment for Papers I and II, respectively.
Dry matter yield of taro leaf and petiole was determined for each harvest
occasion, and tuber yield was measured at the end of experimental period.
Plant height (Paper II) was measured before each defoliation occasion on five
randomly selected plants from each plot. Leaf and stem weights were recorded.
Proportion of leaf to petiole/stem was calculated for each harvest occasion.
Samples of leaves, petioles, stems and forage (leaves + stems) were taken
from each plot on each harvest occasion for analysis of dry matter (DM), crude
protein (CP), crude fibre (CF), neutral detergent fibre (NDF), acid detergent
fibre (ADF), and ash. A bulk sample composed of material from all harvests of
each treatment was used for amino acid analysis of taro and stylo leaves.

4.3 Ensiling (Paper III)
4.3.1 Silage making

Stylo forage and taro leaves were collected from the first harvests in the second
year of the field experiments. Forage and leaves were chopped into small
pieces of 1 cm (length), and then wilted in order to reduce the moisture
content. Cassava root meal (CR), sugar cane molasses (M) and taro tuber meal
(TR) were used as silage additives at levels of 25, 50 and 75 g per kg-prewilted forage. In addition, 5 g common salt (NaCl) was added in all treatments.
Thereafter the material was mixed thoroughly and put into plastic bags, which
were then sealed.
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4.3.2 Experimental treatments, design and data collection

The experiment comprised two trials, trial 1 with taro leaves and trial 2 with
stylo forage (Paper III). Each trial was arranged according to a completely
randomised factorial design, with additives and level of additives as factors and
with 10 treatments in total per trial.
Sampling time was at 0, 7, 14, 21, 56 and 84 days after ensiling. At each
sampling time the pH and the physical characteristics (e.g. smell, colour) of the
silage samples were immediately recorded. Fresh samples were collected for
analysis of NH3-N (except at 0 day) and DM, after which the samples were
oven-dried at 60 ºC before analysis of CP, NDF and ash.

4.4 Pig performance (Papers IV and V)
4.4.1 Animals, diets and design

Castrated crossbred Landrace x Yorkshire (LY) and native Lao Moo Lath
(ML) pigs were used in the experiments described in Papers IV and V. A total
of 24 individually housed pigs, 12 of each breed, were used in each
experiment. The average initial body weight (BW) was 15.2 kg for LY pigs
and 9.1 kg for ML pigs in Paper IV, and 31.0 kg for LY pigs and 9.0 kg for ML
pigs in Paper V. The experiments lasted for 105 days in Paper IV and for 98
days in Paper V.
The control diet was composed of rice bran, cassava root meal, maize meal,
vitamin premix and soybean meal as the main crude protein (CP) source. In the
silage diets, soybean meal and cassava root meal was replaced with ensiled taro
leaves (ET, Paper IV) and ensiled stylo forage (ES, Paper V) to comprise 25%
and 50% of the CP in the diet, respectively. The diets were formulated to have
the same CP content and to meet nutritional requirements for growing and
finishing pigs according to NRC (1998).
The taro and stylo silages were prepared from fresh material collected from
the same field, then chopped (1-2 cm length), and wilted for 4-8 hours before
being ensiled. For this, 5 g common salt (NaCl) and 75 g or 50 g sugar cane
molasses were added per kg wilted taro leaves or stylo forage and mixed
thoroughly before pressing and sealing in plastic containers.
For the silage diets, the taro and stylo silage were mixed with the other
dietary ingredients at each feeding. Pigs were fed twice daily at 4% DM of BW
and had free access to drinking water.
The experiments were arranged according to a completely randomised
factorial design, with diet (three levels of silages) and breed (LY and ML) as
factors, giving four replicates per treatment.
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4.4.2 Measurements

Feed offered and refused was recorded daily and pigs were weighed every 15
days. At the end of experiment all pigs (Paper IV) and three ML and two LY
pigs of each dietary treatment (Paper V) were slaughtered after 12 h of feed
withdrawal by captive bolt and exsanguination. The carcass traits and organ
weights were measured

4.5 Chemical analysis
Leaves, petioles, stems, forages, silages and feed ingredients, feed offer and
feed refusal samples were analysed for DM using microwave radiation
(Undersander et al., 1993). The content of CP, CF and ash was determined
according to AOAC (1990). NDF was analysed according to Van Soest et al.
(1991) and ADF according to Undersander et al. (1993). A bulk sample
composed of material from all harvests (Papers I & II) of each treatment in
2007 and a bulk sample of feed ingredients (Papers IV & V) was used for
determination of amino acid content according to Spackman et al. (1958).

4.6 Statistical analysis
Data were subjected to analysis of variance (ANOVA) using the General
Linear Model (GLM) procedure of Minitab software version 15.1 (Minitab,
2007) for Paper I and version 16.1 (Minitab, 2010) for Papers II-V. When the F
test was significant (P<0.05), Tukey’s pair-wise test for comparison was used
to determine differences between means of treatments for Papers I & II, levels
of additives in silages for Paper III, and dietary treatments, pig breeds and
interaction between diets and pig breeds for Papers IV & V.
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5

Summary of results

5.1 Biomass yield and chemical composition of taro and stylo
The taro plants always had 5-7 green leaves. The size of the leaves was larger
during the peak of the rainy season (July-August) and the number of leaves
produced was 2 per week. Leaf proportion did not differ between treatments
and was on average 52% in 2007 and 62% in 2008.
Leaf and petiole DM yields were larger when the taro plants were harvested
at 4- and 6-week intervals, whilst one harvest at the end of the experimental
period gave the smallest yield. Total leaf DM yield was 2146, 1654 and 364 kg
ha-1 in 2007 and 1483, 1346 and 691 kg ha-1 in 2008 for treatments H4, H6 and
H24, respectively. However, root production was not affected by the treatments
and was on average 3667 and 2732 kg ha-1 in 2007 and 2008, respectively.
Leaves had higher CP and NDF contents than petioles, while the difference
in CF, ADF and ash content was smaller. Treatment H24 had a significantly
larger content of CP and NDF compared with treatments H4 and H6. Total
essential amino acid content of taro leaves ranged from 40 to 45 g 16 g-1
nitrogen.
Stylo leaf DM yield was unaffected by defoliation treatments in 2007 (6-10
ton ha-1). In 2008 treatments S4 and S3 had larger leaf DM yields (by on
average 4 ton ha-1) than treatment S1. Stem DM yield in treatment S1 was
largest, while in 2008 there were no significant difference between treatments.
Leaf proportion did not differ significantly between treatments S4 and S3 and
was on average 55 and 60% in 2007 and 2008, respectively, while treatment S1
had a significantly lower leaf proportion in both seasons.
Stylo leaves had a higher CP content than stems, while CF, NDF and ADF
contents were lower (Table 4). The CP content was highest in both leaves and
stems from treatments S4 and S3 compared with treatment S1, while the NDF
content showed the opposite pattern. The ash content of leaves and stem was
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lower in treatment S1 compared with treatments S4 and S3. Defoliation
treatments had no effect on the NDF content in stylo forage, while treatments
S4 and S3 had a significantly higher CP content. The CF and ADF contents
were lowest in treatment S4. Total essential amino acid content of leaves
ranged from 45 to 50 g 16 g-1 N and from 40 to 42 g 16 g-1 N in the stylo forage
from treatments S4 and S3, respectively.
Table 4. Chemical composition of taro leaf, petiole and stylo leaf, stem and forage (leaf + stem),
g kg -1 DM
Plant parts
Paper I,

Leaf

taro

Petiole

CP

CF

NDF

ADF

Ash

179-262

169-206

532-648

191-416

110-145

39-82

195-229

353-451

254-314

153-171

Paper II,

Leaf

170-235

179-206

510-570

296-372

69-89

Stylo

Stem

73-108

434-446

686-722

547-607

48-91

Forage

85-182

268-332

583-621

494-580

48-89

5.2 Ensiling of forage and leaves
After 7 days of ensiling, stylo forage had turned brown and taro leaves had a
yellow colour (Paper III). At 56 days of ensiling, the silage colour had become
darker for stylo and yellow brown for taro leaves. Both silages had a distinct
silage odour at 7 days of ensiling, which became stronger at 14 days onwards.
The silage odour was stronger with cane sugar molasses (M) as additive than
with cassava root meal (CR) and taro tuber meal (TR).
Silage additive sources affected DM, pH, ash and NDF content of stylo and
taro silages and NH3-N content of stylo silage, while the CP content was
unaffected (Table 5). The lowest DM content and pH were recorded when M
was used as the additive in both stylo and taro silage. Ash content was highest
in both stylo and taro silage with M as the additive, while NDF content was
lowest in both stylo and taro silage with M as the additive.
Level of additive had an effect on DM, pH, NH3-N, CP, ash and NDF in
taro silage but not on NH3-N, CP and NDF in stylo silage. Increasing additive
level resulted in significantly increased DM content and reduced pH and ash
content for both stylo and taro silage, and reduced NH3-N, CP and NDF
content for taro silage.
Increasing duration of ensiling resulted in a reduction in DM content and
pH in both stylo and taro silage, while NH3-N and NDF content increased in
stylo silage. The NH3-N content in taro silage showed an irregular pattern with
duration of ensiling, while the NDF content of taro silage was reduced.
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Table 5. Summary of the impact of additive source, level of additive (g kg -1 pre-wilted matter)
and duration of ensiling (days) on dry matter (DM, g kg -1), pH, ammonia-nitrogen (NH3-N, g
kg -1 total N), crude protein (CP, g kg -1 DM), ash (g kg -1 DM), neutral detergent fibre (NDF, g
kg -1 DM) in stylo silage and taro silage
DM

pH

NH3-N

CP

Ash

NDF

Additive

273-287

5.2-5.7

62-69

166-169

84-89

510-533

Level of additive

258-301

5.4-5.6

64-67

165-269

81-91

511-531

Time of ensiling

271-306

5.2-6.2

60-77

164-172

85-87

499-542

Additive

160-173

5.1-5.4

99-108

182-185

167-179

356-382

Level of additive

138-192

5.2-5.5

92-116

167-199

156-188

306-410

Time of ensiling

157-177

4.9-6.4

91-118

177-184

168-174

344-399

Stylo forage silage

Taro leaf silage

5.3 Effect of replacing soybean protein with silage protein on
feed intake, growth performance and carcass traits
The results in Papers IV and V showed that taro and stylo silage CP can
replace the CP from soybean meal by up to 50% in the diet of growing Lao LY
and ML pigs without negative effects on growth performance and carcass
traits. Pig DM intake (DMI) and CP intake (CPI) were highest with diet ES25
in Paper V, while DMI and CPI were unaffected by increasing replacement of
soybean CP in Paper IV. Average daily weight gain (ADG) and feed
conversion ratio (FCR) were unaffected by increasing replacement of soybean
CP in the diet, while calculated metabolisable energy intake was affected.
Carcass weight, back fat thickness and dressing percentage were not affected
by soybean CP replacement, while organ weight was affected, except for the
spleen in Papers IV & V. In Paper IV, the weight of lung, liver, heart, kidney,
intestine and stomach increased when soybean CP was replaced with ensiled
taro leaf CP. In Paper V, lung and large intestine weight was significantly
increased when soybean CP was replaced with ensiled stylo forage CP, and the
weight of the stomach was highest with diet ES25. LY pigs had higher DMI,
CPI, and ADG than ML pigs. LY pigs had higher carcass weight, lower back
fat thickness and higher organ weight than ML pigs when soybean CP was
replaced in the diet. In Paper V, there were interactions between diet and breed
on final BW in the growing period, but not in the finishing period. There were
also interactions between diet and breed on ADG in the finishing period, but
not in the growing period or overall, and finally on FCR in the growing and
finishing periods and overall.
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Table 6. Summary of effects of silage protein on nutrient intake (g kg BW0.75), growth
performance (g/day) and dressing percentage (%) of LY and ML pigs

Paper IV
Taro leaf silage
Paper V
Stylo forage silage

Daily intake (g kg BW0.75)
DMI
CPI
MEI
107-110
16.3-16.8
1.3-1.4

ADG
280-302

FCR
3.8

Dressing %
80-83

89-100

331-356

3.6-3.9

85-87

13.1-14.9

1.0-1.2

DMI=dry matter intake; CPI=crude protein intake; MEI=metabolisable energy
intake; ADG=average daily weight gain; FCR=feed conversion ratio;
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6

General discussion

6.1 Effect of harvesting/defoliation interval on biomass yield and
chemical composition of taro and stylo
The management of forage crops is crucial to obtain both high yield and high
nutritional quality. However, despite the importance of taro as food for humans
and the potential of taro and stylo as feed for livestock on smallholder farms in
Laos, there is lack of data on suitable management of both cultivated taro and
stylo.
6.1.1 Yield

Paper I showed that different harvesting intervals had an effect on leaf and
petiole DM yield in taro, but no effect on tuber DM production in either year of
the study. Frequent harvesting intervals yielded larger leaf and petiole biomass
DM than less frequent harvesting intervals in both years. This can be explained
by the high leaf turnover rate recorded in the present study, which was higher
than rates reported by Johnston et al. (1997) and Sivan (1979). Moreover,
Sivan (1979) reported that leaf turnover was different among cultivars, and that
cultivars with high leaf turnover had larger leaf and petiole DM yields. To
obtain a high biomass yield the soil should be fertilised with manure (Paper I).
Applications of nitrogen fertiliser at levels of 200-400 kg ha-1 can increase
aboveground biomass of taro more than two-fold (Hartemink et al., 2000).
Paper I showed that taro is well suited for both leaf and tuber production. This
is in contrast to results on sweet potato, which showed that its tuber yield
declined with frequent harvests of leaves (An et al., 2003).
In Paper II, the production of stylo leaf differed between years and among
treatments in the second harvest year. In the first year (2007), there was no
difference in leaf DM yield among defoliation treatments, but stem yield was
almost three-fold larger with a single harvest compared with frequent
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harvesting. In the second year, stem DM yield was unaffected by defoliation
treatment, whereas leaf DM yield was least with a single harvest. The data in
Paper II suggest that stylo should be regularly defoliated throughout the year in
order to maintain the growing point close to the ground for re-growth (Cook et
al., 2005) and to obtain a quantity and quality of forage that is suitable for
feeding pigs. Moreover, in order to maintain high yield and nutritional quality,
manure and phosphorus fertiliser should be applied regularly.
6.1.2 Chemical composition

The chemical composition of taro leaves differed from that of petioles (Paper
I), in agreement with previous findings (Chay-Prove & Coebel, 2004). The CP
content of taro leaves was much higher than that of petioles (Paper I), again in
agreement with previous studies (Pheng et al., 2007; O'Hair et al., 1982). Leaf
CP content was highest in the treatments with the least frequent harvest
interval, followed by those with the most frequent harvest intervals. These
treatments produced leaves with the most suitable levels of protein for growing
pigs. However, the biomass yield was lowest in the least frequent defoliation
treatment. Thus, a 4-week harvesting interval gave optimum biomass yield
with a high CP content.
In Paper II, the defoliation frequency had an effect on CP content of both
leaf and stem, and the CP content of the leaf was always higher than of the
stem, as reported previously (Adjei & Fianu, 1985; Gardener et al., 1982).
However, separation of leaves and stems is not practical and thus the quality of
the forage (leaf + stem) is the most important trait. In Paper II, defoliation at 4week intervals was the most suitable management regime in order to achieve a
good quantity of high quality forage for pigs. The CP content of stylo forage in
the frequently defoliated treatments was higher than that of stylo forage
harvested at 125 days after sowing (Liu et al., 2011). Thus, the quality of stylo
forage is closely related to the defoliation management. With regular
defoliation at 4- to 6-week intervals, a leaf proportion of up to 60% of the
biomass can be maintained.

6.2 Ensiling taro leaves and stylo forage
Several tropical forages and leaves have been successfully preserved by sundrying for use as animal feed. However, sun-drying is not an option during the
rainy season in the tropics, which is the period of the year when potentially
useful forages and leaves are abundantly available. During the wet season, the
ensiling technique can be used to preserve material with a high moisture
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content through controlled lactic acid fermentation under anaerobic conditions
(McDonald et al., 1981).
In all experiments (Papers III, IV & V), pre-wilted stylo forage and taro
leaves were successfully preserved as silage. However, the fermentation
process was slow in the treatments without additives, which was manifested by
a high pH value in the silage without additive in Paper III. Ensiling without a
carbohydrate-rich additive resulted in high pH values, which indicates that the
fermentation process was not sufficient (Paper III). This can be explained by
the low natural content of water-soluble carbohydrates in both stylo forage and
taro leaves (Liu et al., 2011; Bradbury & Holloway, 1988). In addition, the DM
content was low in the pre-wilted taro leaves (around 15%) and the buffering
capacity is high in stylo forage (Liu et al., 2011), which makes it more difficult
to initiate an efficient fermentation process in the material (McDonald et al.,
2011; McDonald et al., 1981). Bradbury and Holloway (1988) reported that
taro leaves contain about 9.2 g sugars and 0.7 g starch per kg DM and
according to Liu et al. (2011), stylo forage contains 20.3-30.4 g water-soluble
carbohydrates per kg DM. In addition, stylo forage has a high buffering
capacity (320.0-427.3 mE per kg DM), which adds to the problem of making a
stable silage of high quality (Liu et al., 2011). Wilting is recommended for
high moisture forages and leaves, and for crops with high buffering capacity
(Liu et al., 2011; Nelson & Bozich, 1996), in order to increase DM content
before making silage. However, it may be difficult to reach the target DM
content within a reasonable time during periods of high relative air humidity.
Earlier studies have demonstrated that wilting of forages and leaves before
making silage results in successful ensiling of grasses (Vendramini et al.,
2010), legume forages (Liu et al., 2011; Nelson & Bozich, 1996) and leaves
from tropical plants (e.g. cassava, sweet potato, taro) (Chittavong et al., 2008;
An & Lindberg, 2004; Phuc, 2000). An increased DM content in the material
will minimise clostridial and enterobacterial activities in the silage, and benefit
the growth of lactic acid bacteria (LAB) (McDonald et al., 2011; McDonald et
al., 1981).
Cassava root meal, sugar cane molasses and taro tuber are locally available
in Laos, and can be obtained at a low price. They are all carbohydrate-rich
feedstuffs, but they differ in composition of the carbohydrate fraction. While
sugar cane molasses is characterised by a high content of water-soluble sugars
(mainly as sucrose) and contains no starch, both cassava root meal and taro
tuber meal are characterised by a high content of starch and low content of
water-soluble sugars (Bradbury & Holloway, 1988). They are all potential
sources of energy for growth of LAB, but with more easily available
carbohydrates in sugar cane molasses than in cassava root and taro tuber meal.
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This was also reflected in a more rapid drop in pH at day 7 when sugar cane
molasses was used as additive at all levels of inclusion (Paper III). In contrast,
the drop in pH at day 7 was much less pronounced with cassava root meal and
taro tuber meal as additives at all levels of inclusion. However, the data on pH
in stylo silage indicated that the availability of carbohydrates for fermentation
was higher in cassava root meal than in taro tuber meal (Paper III). This could
be related to more available sugars in cassava root meal than in taro tuber meal
(Bradbury & Holloway, 1988).
The NH3-N content (g kg-1 total N) was on average 65 g in stylo silage and
101 g in taro leaf silage (Paper III). The lower value for stylo silage indicates
good quality and compares favourably with values reported for well-preserved
temperate forage silage (McDonald et al., 2011; McDonald et al., 1981),
cassava leaf silage (Phuc, 2000) and sweet potato leaf silage (An & Lindberg,
2004). The average NH3-N value for taro leaf silage (Paper III) was also within
the range (8-12 g) for acceptable silage quality (McDonald et al., 1991).
However, the NH3-N content of taro leaf silage (Paper III) was higher than
reported for cassava leaf silage (Phuc, 2000) and sweet potato leaf silage (An
& Lindberg, 2004). This indicates that ensiling of taro leaves may require other
measures to obtain silage with lower NH3-N content.

6.3 Effect of taro and stylo silage on growth performance and
carcass traits of Lao pigs
6.3.1 Feed intake

Crude protein from taro (Paper IV) and from stylo silage (Paper V) was able to
replace up to 50% of CP from soybean meal in the diet without negative effects
on growth performance and carcass traits of growing LY and ML pigs.
However, increasing inclusion of ET and ES in the diet resulted in a reduction
in the ME content.
Replacing soybean CP with CP from ensiled taro leaves had no effect on
DMI (Paper IV), which was in agreement with results reported by Hang and
Preston (2009) and Rodriguez et al. (2006). Feeding ensiled cassava leaves and
sweet potato vines does not affect DMI of crossbred pigs (Ly et al., 2011; Ly et
al., 2010). In contrast, replacing soybean CP with CP from stylo forage silage
increased DMI (Paper V). Similarly, inclusion of fresh stylo forage increases
DMI of pigs (Khoutsavang, 2005; Keoboualapheth & Mikled, 2003). The
increase in DMI in Paper V can be explained by a lower ME content in the
stylo forage silage than in the taro leaf silage used in Paper IV, which induced
a higher DMI to maintain the ME intake. This reduction in ME content was
partially compensated for by an increase in DMI. The pigs fed diet ES25 (25%
32

of the CP in soybean meal replaced with CP from stylo forage silage) managed
to compensate for the lower ME content in the silage by consuming more DM
(Paper V). However, the pigs fed diet ES50 (50% of the CP in soybean meal
replaced with CP from stylo forage silage) were not able to compensate for the
lower ME by consuming more, probably due to the bulkiness of the feed. There
was a marked increase in DMI, CPI and MEI in ML pigs in the growing period
on diet ES25 compared with the other diets (diets ES0 and ES50). DMI
increased on diets ES25 and ES50 compared with diet ES0 in LY pigs,
resulting in the highest CPI and MEI on diet ES25 in the finishing period. In
ML pigs, the DMI followed the same pattern over the experimental period,
resulting in a lower CPI and MEI on diet ES50. These breed-related differences
in feed intake had implications for the growth performance of LY and ML
pigs. However, the reason for the difference in response in feed intake between
breeds is unclear.
6.3.2 Growth performance

In general, the growth performance of the pigs in Papers IV & V was rather
low compared with earlier studies (Ngoc, 2012; Keonouchanh et al., 2008; Len
et al., 2008; Keoboualapheth & Mikled, 2003). Poor growth potential may
explain the lack of response to replacement of soybean CP in the diet with CP
from taro leaf silage and stylo forage silage, as the requirement for essential
amino acids can be expected to be low (NRC, 1998). It has been reported that
existing pig breeds in Laos have poor genetic growth potential compared with
other breeds (Wilson, 2007). However, the ML pigs fed ensiled taro leaves
(Paper IV) and ensiled stylo forage (Paper V) had two- to three-fold higher
ADG than ML pigs in the North of Laos, raised under traditional conditions
and fed by-products, planted feed and green plant material (Phengsavanh et al.,
2010) and pigs fed rice bran, water spinach and rice distiller’s by-product
(Taysayavong & Preston, 2010).
Overall, growth performance of LY pigs in Papers IV & V was higher than
of ML pigs. However, the observed ADG of LY pigs was rather low compared
with other data on crossbred pigs on a similar feeding regime in Laos and in
the region (Ly et al., 2010; Toan & Preston, 2010; Rodriguez et al., 2006; An
et al., 2005). LY pigs have a high genetic growth rate potential among the
crossbred genotypes when fed a nutrient-sufficient diet (Gu et al., 1991). This
applies at any age and under different environmental conditions (Becerril et al.,
2009). The poor growth of Lao LY pigs in Papers IV & V could be related to
limited digestive capacity, as shown in other exotic pig breeds when fed stylo
forage or taro leaves (Stür et al., 2010; Rodriguez et al., 2009).
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The low growth rate of ML pigs can be related to lower genetic capacity,
similar to that reported for Vietnamese local pigs (Tu, 2010). However, ML
pigs may have a higher capacity than LY pigs to utilise ensiled stylo forage and
taro leaves. Len et al. (2009) reported that local Vietnamese (Mong Cai) pigs
had better developed digestive capacity than exotic (LY) pigs and digested
plant fibre better than exotic pigs.
Composition of the diet (e.g. essential amino acids, energy, fibre level) is a
major factor influencing the performance of pigs. Taro leaves and stylo forage
have a lower content of essential amino acids (lysine) and energy than soybean
meal, while they contain more fibre (NDF). Thus, replacing soybean meal CP
with CP from taro leaf and stylo forage silage decreases the content of essential
amino acids in the diet, while it increases the fibre (NDF) content. Here,
increased fibre level in the diet linearly decreased the DMI and MEI, which
resulted in reduced ADG. Similar results have been reported for exotic and
native pigs in Vietnam (Ngoc, 2012).
6.3.3 Carcass traits and organ weights

In Papers IV & V, the exotic crossbred LY pigs had higher carcass weight than
the native ML pigs, which was similar to findings by Jiang et al. (2011) and
Len et al. (2008). This is related to the greater mature BW of exotic pig breeds
than of native pig breeds.
Dressing percentage was on average 4-% units higher in LY than in ML
pigs (Papers IV & V). This can be explained by different genetic potential for
lean meat deposition between the two breed types and is reflected in higher fat
content in the carcass of native pig breeds in China and South East Asia than in
exotic pig breeds (Affentranger et al., 1996).
In general, visceral organ and digestive tract weights (Papers IV & V) were
numerically higher in LY than in ML pigs, while their proportions of the empty
body weight were comparable between breed types. Increasing visceral organ
and digestive tract weight with inclusion of ensiled stylo forage (Paper V) and
taro leaves (Paper IV) in the diet could be explained by the increasing fibre
content in the diet, confirming earlier studies (Ngoc, 2012; Len et al., 2009;
Nyachoti et al., 2000). In addition, the increased intake of calcium oxalate
from ensiled taro leaves may have contributed to higher liver and kidney
weights (Paper IV). Chai et al. (2004) and Liebman et al. (1999) reported that
in humans a small proportion of ingested oxalate is absorbed (8-13% of
ingested) and excreted in urine. Moreover, calcium oxalate is deposited in the
kidneys as crystals, and may be deposited in the liver and other soft tissues as a
non-crystalline complex of calcium oxalate and lipid (Zarembski &
Hodgkinson, 1967).
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7

Conclusions and implications

7.1 Conclusions
¾ Harvesting taro leaves did not affect tuber yield. There were only small
differences in chemical composition of the leaves between different
harvesting interval treatments. Therefore, taro leaves can be harvested
from plants grown for tubers any time during the season and used as
animal feed.
¾ Stylo CIAT 184 harvested at 4- to 6-week intervals gave a high yield of
biomass of high nutritional quality suitable for use as a protein
supplement for growing pigs in rural areas of Laos.
¾ Pre-wilted cultivated stylo forage and taro leaves can be preserved as
silage by using locally available carbohydrate-rich feed sources as silage
additives. Addition of sugar cane molasses, at a level of 50 g per kg prewilted matter, resulted in better silage quality than addition of cassava
root meal and taro tuber meal.
¾ Stylo forage and taro leaf silage crude protein can replace up to 50% of
crude protein from soybean meal in the diet of growing Landrace x
Yorkshire and Moo Lath pigs in Laos without negatively affecting
growth performance and carcass traits.
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7.2 Implications and future research
The findings presented in this thesis can be applied to optimise the production
and use of existing forages and leaves as alternative protein sources in
smallholder pig production. The experiments showed that cultivated stylo
provides an adequate quantity of good-quality forage in terms of nutritional
value, especially crude protein. A taro crop can provide feed for animals and
food for humans, as leaves can be harvested at any time during the rainy season
without affecting tuber production.
Ensiling technology can be applied at farm level and should be introduced
to farmers to provide a cheap and easy method to preserve abundant forage and
leaves in the rainy season. Introducing the ensiling technique could be a way to
improve the nutritional quality of pig feed and provide sufficient feed for
small-scale pig producers during periods of feed shortage in the dry season.
Using ensiled stylo forage and taro leaves can improve the performance of
pigs, particularly native Lao (Moo Lath) pigs, and thereby improve the
economy of resource-poor farmers.
Further studies should be performed on the digestibility of ensiled forages
and leaves in order to fully evaluate the nutritional properties and assess their
potential as feed sources for both exotic and native pigs. In addition, growth
performance studies using forages and leaves in different forms, with and
without addition of synthetic essential amino acids, in existing pig breeds
should be prioritised in future research in order to evaluate the potential and to
identify limitations of existing feedstuffs in Laos.

36

References
Adesehinwa, A.O.K. (2008). Energy and protein requirements of pigs and
utilization of fibrous feedstuffs in Nigeria: A review. American Journal of
Biotechnology 7(25), 4798-4806.
Adjei, M.B. & Fianu, F.K. (1985). The effect of cutting interval on the yield and
nutritive value of some tropical legumes on the coastal grassland of
Ghana. Tropical Grasslands 19, 164-171.
Affentranger, P., Gerwig, C., Seewer, G.J.F., Schwörer, D. & Künzi, N. (1996).
Growth and carcass characteristics as well as meat and fat quality of three
types of pigs under different feeding regimens. Livestock Production
Science 45, 187-196.
AFRIS
(Animal
Feed
Resources
Information
System).
In.
http://www.fao.org/ag/AGA/AGAP/FRG/afris/default.htm.
Alhassan, W.S. & Odoi, F. (1982). Use of cassava leaf meal in diets for pigs in the
humid tropics. Tropical Animal Health and Production 14, 216-218.
An, L.V. (2004). Sweet potato leaves for growing pigs. Doctoral theis. Swedish
University of Agricultural Sciences, Uppsala, Sweden.
An, L.V., Frankow-Lindberg, B.E. & Lindberg, J.E. (2003). Effect of harvesting
interval and defoliation on yield and chemical composition of leaves,
stems and tubers of sweet potato (Ipomoea batatas L. (Lam)) plant parts.
Field Crops Research 82, 49-58.
An, L.V., Hong, T.T.T., Ogle, B. & Lindberg, J.E. (2005). Utitlization of ensiled
sweet potato (Ipomoea batatas (L.) Lam.) leaves as a protein supplement
in diets for growing pigs. Tropical Animal Health and Production 37, 7788.
An, L.V. & Lindberg, J.E. (2004). Ensiling of sweet potato leaves (Ipomoea
batatas (L.) Lam) and the nutritive value of sweet potato leaf silage for
growing pigs. Asian-Australasian Journal of Animal Science 17(4), 497503.
AOAC (Ed.) (1990). Official methods of analysis: Association of Official
Analytical Chemists. Arlington, VA, USA.
Becerril, M., Lemus, C., Herrera, J.G., Huerta, M., Alonso-Spilsbury, M., RamirezNecoechea, R., Mota-Rojas, D. & Ly, J. (2009). Studies on growth of

37

Pelon Mexicano pigs: Effect of rearing condition on performance traits.
Journal of Animal and Veterinary Advances 8(2), 208-212.
Bradbury, J.H. & Holloway, W.D. (1988). Chemistry of tropical root crops:
Significance for nutrition and agriculture in the Pacific: Australian Centre
for International Agricultural Research (ACIAR). Canberra. Monograph
No. 6, 201 p.
Buntha, P., Borin, K., Preston, T.R. & Ogle, B. (2008). Effect of taro (Colocasia
esculenta) leaf silage as replacement for fish meal on feed intake and
growth performance of crossbred pigs. Livestock Research For Rural
Development 20.
Chai, W., Liebman, M., Kynast-Gales, S. & Massey, L. (2004). Oxalate absorption
and endogenous oxalate synthesis from ascorbate in calcium oxalate stone
formers and non-stone formers. American Journal of Kidney Disease 44,
1060-1069.
Chay-Prove, P. & Coebel, R. (2004). Taro: The plant. Department of Employment
Economic Development and Innovation, Queensland.
Chhay, T., Ngoan, L.D. & Phung, L.D. (2012). Effect of fresh cassava leaves and
water spinach as protein sources in diets on N and amino acid digestibility
in growing crossbred pigs. In: Preston, T.R., et al. (Eds.) Livestock-Based
Farming Systems, Renewable Resources and the Environment. Dalat,
Vietnam: http:/www.mekarn.org/workshops/dalat2012/html/chhay.htm.
Chinh, B.V. & Ly, L.V. (2001). Studies on the processing and use of cassava tops
as animal feed. In: Use of cassava as animal feed. Khon Kaen Univisity,
Thailand: http://www.mekarn.org/procKK/chinh.htm.
Chittavong, C., Preston, T.R. & Ogle, B. (2008). Ensiling leaves of Taro
(Colocasia esculenta (L.) Shott) with sugar cane molasses. Livestock
Research
For
Rural
Development
20.
http://www.lrrd.org/lrrd20/supplement/mala1.htm.
Chittavong, M., Lindberg, J.E. & Jansson, A. (2012). Feeding regime and
management of local Lao pigs in Central Laos. Tropical Animal Health
and Production doi: 10.1007/s11250-012-0186-1.
Cook, B.G., Pengelly, B.C., Brown, S.D., Donnelly, J.L., Eagles, D.A., Franco,
M.A., Hanson, J., Mullen, B.F., Partridge, I.J., Peter, M. & SchultzeKraft, R. (2005). Stylosanthes guianensis var. guianensis. Tropical
forage: an interactive selection tool http://www.tropicalforages.info.
FAO (2000). Silage making in the tropics with particular emphasis on
smallholders. Food and Agriculture Organisation of the United Nations.
Rome.
FAO (2012). FAO Statistical Year Book. Food and Agriculture Organisation of
the United Nations. Rome.
Gardener, C.J., Megarrity, R.G. & Mcleod, M.N. (1982). Seasonal chamges in the
proportion and quality of plant parts of nine Stylosanthes lines. .
Australian Journal of Experimental Agriculture and Animal Husbandry
22, 391-401.
Gu, Y., Schinckel, A.P., Forrest, J.C., Kuei, C.H. & Watkins, L.E. (1991). Effect of
ractopamine, genotype, and growth phase on finishing performcane and

38

carcass value in swine: I. Growth performance and carcass merit. Journal
of Animal Science 69, 2685-2693.
Guodao, L., Phaikaew, C. & Stür, W.W. (1997). Status of Stylosanthes
development in other countries: Stylosanthes development and utilization
in China and South-east Asia. Tropical Grasslands 31, 460-466.
Hang, D.T., Linh, N.Q. & Preston, T.R. (2006). The effects of simple processing
methods of cassava leaves on HCN content, intake and performance by
growing pigs. In: Workshop-seminar "Forages for Pigs and Rabbits.
MEKARN-CelAgrid,
Phnom
Penh,
Cambodia:
http://www.mekarn.org/proprf/hang.htm.
Hang, T.D. & Preston, T.R. (2009). Taro (Colocasia esculenta) leaves as a protein
source for growing pigs in central Vietnam. Livestock Research For Rural
Development 21(10), from http://www.lrrd.org/lrrd21/10/hang21164.htm
Hartemink, A.E., Johnston, M., O'Sullivan, J.N. & Poloma, S. (2000). Nitrogen use
efficiency of taro and sweet potato in the humid lowlands of Papua New
Quinea. Agriculture Ecosystems and Environment 79, 271-280.
Horn, M.P. (1998). Securing the livelihood of farmers in upland areas of Laos. In:
Chapman, E.C., et al. (Eds.) The upland farming system in the Laos problems and opportunities for livestock. Vientiane, Laos: Australian
Centre for International Agricultural Research (ACIAR). pp. 156-162.
Huynh, T.T.T., Aarnink, A.J.A., Drucker, A. & Verstegen, M.W.A. (2007). Pig
production in Cambodia, Laos, Philippines, and Vietnam: A review. Asian
Journal of Agriculture and Development 4(1), 69-90.
Jiang, Y.Z., Zhu, L., Li, X.W. & Si, T. (2011). Evaluation of the Chinese
indigenous pig breed Daha and crossbred Dawu for growth and carcass
characteristics, organ weight, meat quality and intramuscular fatty acid
and amino acid composition. Animal 5, 1485-1492.
Johnston, M., Onwueme, I.C., Dowling, A.J. & Rodoni, B.C. (1997). Comparison
of suckering, leaf and corm characteristics of taro grown from tissue
culture and conventional planting material. Australian Journal of
Experimental Agriculture 37, 469-475.
Keoboualapheth, C. & Mikled, C. (2003). Growth performance of indigenous pigs
fed with Stylosanthes guianensis CIAT 184 as replacement for rice bran.
Livestock Research For Rural Development 15(9), from
http://www.lrrd.org/lrrd15/9/chan159.htm.
Keonouchanh, S., Phengsavanh, P., Stür, W., Kopinski, J.S. & Leterme, P. (2008).
Performance of the lao local pig breed “moolath” fed a nutrient dense diet.
In: The 13th AAAP congress: Animal Agriculture and the role of small
holder farmers in a global economy. Hanoi, Vietnam. p. 199.
Khoutsavang, B. (2005). Effect of fresh Stylosanthes guianensis (CIAT 184), and
cassava foliages (Manihot esculenta Crantz), fed separately or in a
mixture, on feed and nutrient intake and growth performance of pigs.
Diss. MSc thesis, Swedish University of Agricultural Sciences, Uppsala,
Sweden.
Knips, V. (2004). Review of the livestock sector in the Mekong countries:
Livestock sector report Cambodia, Laos, Thailand and Vietnam. Livestock
Information, Sector Analysis and Policy Branch (AGAL), FAO, 39.

39

Len, N.T., Hong, T.T.T., Ogle, B. & Lindberg, J.E. (2009). Comparison of total
tract digestibility, development of visceral organs and digestive tract of
Mong cai and Yorkshire x Landrace piglets fed diets with different fibre
sources. Journal of Animal Physiology and Aniimal Nutrition 93(2), 181191.
Len, N.T., Lindberg, J.E. & Ogle, B. (2008). Effect of dietary fiber level on the
performance and carcass traits of Mong Cai, F1 crossbred (Mong Cai x
Yorkshire) and Landrace x Yorkshire pigs. Asian-Australasian Journal of
Animal Sciences, 21, 245-251.
Leterme, P., Londono, A.M., Estrada, F., Souffrant, W.B. & Buldgen, A. (2005).
Chemical composition, nutritive value and voluntary intake of tropical
tree foliage and cocoyam in pigs. Journal of the Science of Food and
Agriculture 85, 1725-1732.
Liebman, M., Harvey, E. & Chai, W. (1999). Olestra and fat inhibit oxalate
absorption. Nutrition Research 19, 1277-1285.
Liu, Q., Zhang, J., Shi, S. & Sun, Q. (2011). The effect of wilting and storage
temperatures on the fermentation quality and aerobic stability of stylo
silage. Animal Science Journal (DOI 10.1111/j.1740-0929.2011.00873.x).
LSB (2012). Statistical of Agricultural year book. In. http://www.nsc.gov.la/: Lao
Statistics Bureau.
Ly, N.T.H., Ngoan, L.D., Verstegen, M.W.A. & Hendriks, W.H. (2010). Ensiled
and dry cassava leaves, and sweet potato vines as a protein source in diets
for growing Vietnamese Large White x Mong Cai pigs. Asian-Aust
Journal Animal Science 23(9), 1205-1212.
Ly, N.T.H., Ngoan, L.D., Verstegen, M.W.A. & Hendriks, W.H. (2011). Inclusion
of cassava KM94 leaves in diets for growing pigs in Vietnam reduce
growth rate but increase profitability. Asian-Aust Journal Animal Science
24(8), 1157-1163.
MAF (2005). Agricultural Statistics year book 2004. In: Department of planing.
Vientiane Capital, Laos: Ministry of Agriculture and Forestry.
MAF (2008). Agricultural statistics year book 2007. In. Vientiane Capital, Laos:
Department of Planing. Ministry of Agriculture and Forestry.
Manh, L.H., Dung, N.N.X., Kinh, L.V., Binh, T.C., Hang, B.P.T. & Phuoc, T.V.
(2009). Composition and nutritive value of rice distillers' by-product
(hem) for small-holder pig production. Livestock Research For Rural
Development 21(12).
McDonald, P., Edwards, R.A. & Greenhalgh, J.F.D. (1981). Animal Nutrition 3.
ed: Longman Scientific & Technical, John Wiley and Sons Inc., New
York.
McDonald, P., Edwards, R.A., Greenhalgh, J.F.D., Morgan, C.A., Sinclair, L.A. &
Wilkinson, R.G. (2011). Animal Nutrition. 7. ed: Ashford Colour Press
Ltd., Gosport, England.
McDonald, P., Henderson, A.R. & Heron, S.J.E. (1991). The biochemistry of
silage. 2. ed: Chalcombe Publications, Marlow, Bucks, UK.
Minitab (2007). Minitab reference manual. Version: 15.1.0. USA: Minitab Inc.
Minitab (2010). Minitab reference manual. Version: 16.1.0. USA: Minitab Inc.

40

Nelson, M.L. & Bozich, M.J. (1996). Effect of storage temperature and time on
fiber content of fresh and ensiled alfalfa. Journal of Animal Science 74,
1689-1693.
Ngoc, T.T.B. (2012). Utilisation of fibre-rich feedstuffs for pigs in Vietnam.
Doctoral thesis, Swedish University of Agricultural Sciences, Uppsala,
Sweden.
NRC (1998). Nutrient Requirements of Swine. 10. ed: The National Academies
Press. Washington, D.C.
NRC (2012). Nutrient requirements of swine. 11. ed: The National Academies
Press. Washington, D.C.
Nyachoti, C.M., Lange, C.F.M.D., McBride, B.W., Leeson, S. & Schulze, H.
(2000). Dietary influence on organ size and in vitro oxygen consumption
by visceral organs of growing pigs. Livestock Production Science 65, 229237.
O'Hair, S.K., Snyder, G.H. & Morton, J.F. (1982). Wetland taro: A neglected crop
for food, feed and fuel. Proceedings of the Florida State Horticultural
Society 95, 367-364.
Oscarsson, K.V. & Savage, G.P. (2007). Composition and availability of soluble
and insoluble oxalates in raw and cooked taro (Colocasia esculenta var.
Schott) leaves Food Chemistry 101(2), 559-662.
Peters, D., Thinh, N.T., Minh, T.T., Ton, P.H., Yen, N.T. & Hoanh, M.T. (2004).
Pig feed improvement through enhanced use of sweet potato root and
vines in northern and central Vietnam: A practical guide for farmers and
extensionists to raise pigs effeciently with local feedstuffs [online]:
International Potato center (CIP).
Pheng, B., Khieu, B., Preston, T.R. & Ogle, B. (2007). Survey of taro varieties and
their use in selected areas of Cambodia. Diss. MSc Thesis, MEKARNSLU.
Phengsavanh, P., Ogle, B., Frankow- Lindberg, B.E. & Lindberg, J.E. (2011).
Smallholder pig rearing systems in Northern Laos. Asian-Australalian
Journal of Animal Sciences 24(6), 867-874.
Phengsavanh, P., Ogle, B., Stür, W., Frankow-Lindberg, B.E. & Lindberg, J.E.
(2010). Feeding and performance of pigs in smallholder production
systems in Northern Laos. Tropical Animal Health and Production 42,
1627-1633.
Phengsavanh, P. & Stür, W. (2006). The use and potential of supplementing village
pigs with Stylosanthes guianensis in Laos. Livestock Research For Rural
Development.
Phuc, B.H.N. (2000). Tropical forages for growing pigs - Digestion and nutritive
value. Doctoral thesis. Diss. Doctoral thesis. Swedish University of
Agricultural Sciences, Uppsala, Sweden.
Phuc, B.H.N., Ogle, B., Lindberg, J.E. & Preston, T.R. (1996). The nutritive value
of sundried and ensiled cassava leaves for growing pigs. Livestock
Research For Rural Development 8(2).
Ravindran, V., Kornegay, E.T., Rajaguru, S.B. & Notter, D.R. (1987). Cassava leaf
meal as replacement for coconut oil meal in pig diet. Journal of the
Science of Food and Agriculture 41, 45-53.

41

Rodriguez, L., Lopez, D.J., Preston, T.R. & Peters, K. (2006). New Cocoyam
(Xanthosoma sagittifolium) leaves as partial replacement for soybean
meal in sugar cane juice diets for growing pigs. Livestock Research For
Rural
Development
18(7),
from
http://www.lrrd.org/lrrd18/7/rodr18091.htm.
Rodriguez, L., Preston, T.R. & Peters, K. (2009). Studies on the nutritive value for
pigs of New Cocoyam (Xanthosoma sagittifolium); digestibility and
nitrogen balance with different levels of ensiled leaves in a basal diet of
sugar cane juice. Livestock Research For Rural Development 21(2), from
http://www.lrrd.org/lrrd21/2/rodr21027.htm.
Sauvant, D., Perez, J.M. & Tran, G. (2004). Tables of composition and nutritional
value of feed materials. INRA, Paris, France & Wageningen: Academic
Publisher, The Netherland.
Sivan, P.S. (1979). Growth and development of taro (Colocasia esculenta) under
dryland condiction in Fiji. International Symposium on Tropical Root and
Tuber crops, 637-646.
Spackman, D.H., Stein, W.H. & Moore, S. (1958). Automatic recording apparatus
for use in the chromatography of amino acids. Analytical Chemistry 30,
81-91.
Stur, W., Gray, D. & Bastin, G. (2002). Review of the livestock sector in the Lao
People's Democratic Republic. International Livestock Research Institute
(ILRI), 49.
Stür, W., Phengsavanh, P., Keonouchanh, S., Phimphachanvongsod, V.,
Phengvilaysouk, A. & Kopinski, J. (2010). Forage legumes for
supplementing village pigs in Laos. Australian Centre for International
Agricultural Research (ACIAR).
Taysayavong, L. & Preston, T.R. (2010). Effect of rice distillers' by-product on
growth performance and digestibility in Moo Laat and Mong Cai pigs fed
rice bran and water spinach. Livestock Research For Rural Development
22(9).
The National Biodiversity Strategy and Action Plan Project (2003). Biodiversity
country report. Ministry of Agriculture and Forestry (MAF) and Science,
Teachnology and Envorornment Agency (STEA), p. 42-63.
Thorne, P. (2005). Pig raising in Northern Laos. In: Working paper No 4
Participatory Livestock Development Project (ADB PPTA No 4287-Lao).
CIAT/ILRI, Vientiane, Laos.
Tiep, P.S., Luc, N.V., Tuyen, T.Q., Hung, N.M. & Tu, T.V. (2006). Study on the
use of Alocasiamacrorrhiza(roots and leaves) in diets for crossbred
growing pigs under mountainous village conditions in northern Vietnam.
In: Workshop-seminar "Forages for Pigs and Rabbits". MEKARNCelAgrid,
Phnom
Penh,
Cambodia.
http://www.mekarn.org/proprf/tiep.htm
Toan, N.H. & Preston, T.R. (2010). Taro as a local feed resource for pigs in small
scale household condition. Livestock Research For Rural Development
22(8), from http://www.lrrd.org/lrrd22/8/toan22152.htm.

42

Tu, P.K. (2010). Evaluation of the optimum protein requirements for Vietnamese
pigs. Diss. Doctoral thesis. Hue University of Agriculture and Forestry,
Hue, Vietnam.
Undersander, D., Mertens, D. & Thiex, N. (1993). Forage analyses procedures:
National Forage Testing Association, Omaha, NE 68137, USA.
Van Soest, P.J., Roberstson, J.B. & Lewis, B.A. (1991). Methods for dietary fiber,
neutral detergent fiber and nostarch polysacchalides in relation to animal
nutrition. Journal of Dairy Science 74, 3583-3597.
Vendramini, J.M.B., Desogan, P.A.A., Silveira, M.L.A., Sollenberger, L.E.,
Queiroz, O.C.M. & Anderson, W.F. (2010). Nutritive value and
fermentation parameters of warm-season grass silage. The Professional
Animal Scientist 26, 193-200.
Vongthilath, S. & Blacksell, S. (1999). Classical Swine Fever in Laos. In:
Blacksell, S. (Ed.) Classical Swine Fever and Emerging Diseases in
Southeast Asia. Canberra, Australia: ACIAR. pp. 122-125.
Wilson, R.T. (2007). Status and prospects for livestock production in the Lao
People's Democratic Republic. Tropical Animal Health and Production
39, 443-452.
Zarembski, P.M. & Hodgkinson, A. (1967). Plasma oxalic acid and calcium levels
in oxalate poisoning. Journal of Clinical Pathology, 20, 283-285.

43

Acknowledgements
The experiments described in this thesis were carried out at the Department of
Livestock and Fisheries, Faculty of Agriculture (Nabong campus), National
University of Laos. The Swedish International Department Agency,
Department for Research Cooperation (Sida-SAREC) provided financial
support through the Mekong Basin Animal Research Network (MEKARN)
project. Both are gratefully acknowledged for making this thesis possible.
This thesis would not have been completed without the guidance, help and
encouragement of my supervisors. I would like to express my special thanks to:
Professor Jan Erik Lindberg, my main supervisor, for support, valuable
comments, fruitful discussion.
Professor Bodil E. Frankow-Lindberg, my co-supervisor, for great guidance of
my initial scientific writing in agronomy and for kindly listening to me.
Associate professor Maria Neil, my co-supervisor, for support, comments and
fruitful discussion.
Dr Magdalena Presto, my co-supervisor, for support.
I am greatly indebted to Professor Brian Ogle, my former main supervisor in
the initial period of my studies, who gave me a great start on my work.
I also would like to express my thanks to:
Dr Bounthong Bouahom, director general of NAFRI, for giving me the
opportunity to study for both MSc and PhD degrees through the MEKARN
project, and his encouragement.
Dr Vanthong Phengvichith, and the members of the SAREC/MEKARN
committee for their help, support and encouragement.

45

Mr Somboun Xayasan, Mr Sombath Phommaketkeo and Mr Somphanh
Phanthadavong, my research assistant, for all their help in the field and with
the animals in my studies, which made all experiment possible.
My colleagues at the Faculty of Agriculture, who helped me carry out chemical
analyses in Laos.
Dr Chu Manh Thang and his colleagues, for help and for facilitating the
analysis of amino acids of over 100 samples in NIAH, Vietnam.
My friends: Daovy for help, sharing cooking Lao food, telling funny stories
when we held dinner parties; Malavanh for friendship and help in searching for
references when I was unable to access the resource; Tida, Hao Yu, Hue,
Tham, Sath Ngoc, Suan and her family for their friendship, fun and great talk
with nonsense topics for relaxing.
້ ຍ-ອາ້ ຍ-ນອ
ຂໍຂອບໃຈຄອບຄ ົວຂອງຂອ
້ ຍ, ພໍ່ ແລະ ແມທີ່່ ໜາ້ ຮ ັກຂອງຂອ
້ ຍ, ເອືອ
້ ງຂອງຂອ
້ ຍ, ຫຼ ານ
ສາວ, ຫຼ ານຊາຍ ແລະ ລູກຊາຍຂອງຂອ
້ ຍສ ໍາລ ັບຄວາມຮ ັກແພງ, ການຊວ
່ ຍເຫຼືອ ແລະ ການໃຫ້
້
ກາລ
ອ
ໍ ັງໃຈຂອງເຂົາເຈົາ້ ຕະຫຼ ອດມາ. ຂອບໃຈທີ່ ທຸກຄ ົນມີຄວາມເຊື່ ອໜັນໃນໂຕຂອງຂ
້ ຍ. ຂໍຂອບໃຈ

ຜ ົວຂອງຂອ
ົ ທີ່ ລາວໃຫກ
້ ຍ, ທາ້ ວ ສ ົມສະໜຸກ ດາວຍ ັນ ສ ໍາລ ັບຄວາມຮ ັກທັງໝດ
້ ັບຂອ
້ ຍ, ສ ໍາລ ັບ
້ ສຸດ, ສ ໍາລ ັບຄວາມອ ົດທົນຜາ່ ນຜາ່ ອຸປະສ ັກ, ສ ໍາລ ັບການແບງ່ ເບົາພາລະ ແລະ ການ
ກາລ
ໍ ັງໃຈທີ່ບໍ່ ສິນ
ຊວ
້ ຍ.
່ ຍເຫຼືອທຸກ ໆ ຢາ່ ງໃນໄລຍະການສຶກສາຂອງຂອ

Lastly, I would like to express my appreciation to all those who in one way or
another contributed to this study but are not mentioned here.

46

