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Study on Adaptation of 22 Traditional Glutinous Rice
Varieties in the Lao PDR.

Sengpaseuth Rasabandit', Prasit Jaisil’, Gary Atlin?, Casiana Vera Cruz’, Boonrat

Jongdee®, Poramate Banterng’
Abstract

Study on adaptation of 22 traditional glutinous rice varietise (TVs) was conducted on 9 sites
in three agricultural regions of Lao PDR, north, central and south in wet season 2004. These
traditional glutinous rice varieties (TVs) were selected from Lao Rice Germplasm (LRG),
with good adaptation and high yield to the Lao rainfed lowland conditions and using TDK4
as a check variety. The trials were laid out in Randomized Complete Block (RCB) design with
four replications and a plot size of 1m x Sm. The locations of the trials were based on soil type
that represent the main rice growing areas. All cultural practice was the same as farmers’ usual
practices. Rice was transplanted using 3-5 seedlings per hill with hill spacing of 20 x 20 cm
and fertilizer was applied at a rate of 60-30-30 kg/ha equivalent to N : PO, : K,O.

The objectives of this study were examined their adaptation and genotype x environment
interaction of these varieties in term of yield and some agronomic characters, and to evaluate
yield stability in TVs. The results showed the environmental variance had very large influence
compared to genotypic variance. This indicated that the suitable location should be identified

for growing each TVs.

In this study, grain yield had very high variation among these TVs and ranging from 2.235 kg/ha
(Kainoy) to 3.379 kg/ha (Ikhao). There were 12 varieties: Ikhao, Phouangmalay, Bongleuang,
Homnangnuan, Meuangnga, Khaola, Takhiet, Khaomeuay, Homdang, Leuathet, Yuando and
Makhing showed non-significant different and had yield performance as good as improved
variety (TDK4).

The days to maturity ranged from 129 to 163 days, which are acceptable for rainfed lowland
rice environment for different toposequence positions. The number of panicles per hill varied
from 4.7-6.8 panicles, which was quite suitable for traditional varieties and plant height ranged

from 114 to 152 cm. This means all traditional varieties are tall plant type.
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The result from stability analysis indicated that Ikhao, TDK4, Phouangmalay, Bongleuang,
Khaola and Takhiet are suitable genotypes for growing under favorable environments while
Homdang and Homdo could be adapted to unfavorable environments or poor environments.
Ikhao showed good adaptation to 3 regions but Kainoy was well adapted to only in its northern
origin. The correlation among regions of the mean grain yield showed a quite small correlation
between central and north, high correlation between central and south but no correlation for
north and south. The good TVs can be recommended across locations between central and
south, but can not be recommended across locations between central-south and north as they

had good adaptation only to their origin.

Pattern analysis to groups with similar interaction patterns showed there were two groups of

environments and four genotype groups were classified.

' The National Agriculture and Forestry Research Institute (NAFRI), Lao PDR.

2 Department of Agronomy, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002,
Thailand.

3 The International Rice Research Institute (IRRI), Philippines.

4 The Ubon Ratchathani Rice Research Center, Thailand.
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Introduction

Increasing rice production dramatically by
expanding on new lands is impossible. On the
other hand, some of the fertile soil for rice is
being lost to population growth and rapidly
expanding urban centers while the remaining
virgin lands are not suited for rice (IRRI 1992,
1993). Total area planted to rice worldwide
has remained the same since 1980 (IRRI,
1995), with the population of rice consuming
countries growing at a faster rate than the rest
of the world. It becomes clear, therefore, that
increasing rice production to meet the demand
for the next century could be attained only
through development and wide scale adoption

of improved varieties.

In the Laos approximately 85% of the rainfed
lowland rice area is located in provinces of
the central and southern agricultural regions
where seven rice producing plains are
recognized. All of these plains are adjacent to
the Mekong River valley and its tributaries,
with an altitude generally not exceeding 200
mASL. The remaining rainfed lowland areas
are scattered in rather narrow valleys of the
northern provinces with elevation from 300-
1000 m ASL. The rainfed lowland rice area
of the Lao PDR can be classified as ‘shallow
rainfed’, and be further subdivided into four
categories: favorable (10%), drought prone
(60%), drought and submergence prone (20%)

and submergence prone (10%). Rainfall in

most provinces adjacent to the Mekong River
Valley ranges from 1,200-2,000 mm, with
about 75% being received in the period May
to October.

In some more northern provinces, it drops
to between 1,200 to 1,300 mm. August and
September are generally the wettest months,
during this period, heavy rain can cause
localized severe flooding, with resulting
substantial crop losses. The soils through
much of the main rice producing area adjacent
to the Mekong River are derived mainly from
old alluvial deposits and in some provinces
(Saravane and Savannakhet), sandstone
materials. They are usually highly weathered,
moderately acid, loams, sandy loams and
loamy sands. They typically have a topsoil
sand content exceeding 65% (and occasionally
more than 80%), and clay content sometimes
as little as 5%. Low organic matter content,
CEC and base saturation percentage are usual.
Their low water retention capacity makes
them very drought prone. Recent research
has shown that many of these soils are acutely
deficient in P and N.

Parts of some provinces in central and south
have shown a response to K. Soils in the
rainfed lowland areas of northern Laos are
generally more fertile. However, parts of few
provinces shown to be P deficient; N responses
in the northern region are also widespread and

often large (Linquist et al, 1998).
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A single wet-season rice crop is the basic
production system in this environment.
However, rice accounts for only about 12% of
farm income; the major source of cash income
of households is from livestock (46%), with
off-farm income sources accounting for a
further 40%. The adoption of higher yielding
improved varieties in combination with the
use of appropriate fertilizer management has
taken place mainly in the plains of the Mekong
River valley in the central and southern

agricultural regions.

The mechanization of land preparation with
the use of small hand-operated tractors is
also becoming increasingly popular in the
country. In the rainfed lowland rice condition,
the improved rice varieties (modern varieties)
have been limited to the farmers in some
areas as well as specific adaptation, high
level of fertilizer, susceptible performance to
insect pests, small grain and semi-dwarf, but
traditional varieties have this these desired
characteristics. At present, many traditional
varieties are still using by the farmers who
are growing rice under diverse conditions in
each region. On the other hand, traditional
varieties still used widely are not only
exciting by main-ethnic group but also more
favorable among sub-ethnic groups in the

whole country.

The major objective is to study genotype by

environment (GxXE) interaction of traditional

glutinous rice varieties (TVs) in term of yields
and agronomic characters, (for using in the
future breeding programs). The study was
particularly aimed at to selecting the best TVs
that have high yield stability, good agronomic
characters and well adapted to wet season of
the Laos.

Materials and Methods

Twenty-two traditional glutinous rice varieties
(TVs) were used in this study, the trials were
conducted at nine locations across country.
These varieties were selected from the Lao
rice gene bank (LRG), which were identified
that they had good adaptation and high
yields to the Lao rainfed lowland conditions.
TDK4, an improved variety with high yield
and tolerance to saline soil that was released
in 1998 from the National Rice Research
Program (NRRP), was used as a check variety.
Inorganic chemical fertilizers 15:15:15 or
16:20:00 and 46:00:00 were used. The trials

were carried out in wet season 2004

The trials were laid out in Randomized
Complete Block (RCB) design with four
replications and a plot size of 1m x 5Sm. The
locations of trials were based on soil type that
represent the main rice growing areas as well
as transplanting period (from May to July) and
are the same as farmers’ usual practices. Rice
is transplanted using 3-5 seedlings per hill

with hill spacing of 20 x 20 cm and fertilizer is
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applied at a rate of 60-30-30 kg/ha equivalent
to N : P,O,: K,O. No pest control was
undertaken throughout the experiments except
in case of heavy damage by golden snail after
transplanting. For yield measurement, the
standard measurement of the International
Rice Research Institute (IRRI) was used: seed
yields were recorded after being adjusted to

14% moisture content.

100-MC (a)g rmmmaf

e G 00 —14% " 10002 (B)7

MC = Moisture content of sample
measurement

(a) = Grain yield of the sample / plot

(b) = Sample area / plot

Physiological maturity from seeding to 50%
flowering plus 30 days as well as number of
panicle per hill, grain shape, head rice, 1,000
grain weight and plant height were recorded
with average 10 hills before harvesting about
10 days. In addition, alkali digestion was also
considered in this study for testing eating

quality.

The Irristat 5.0 program for windows, which
was developed by the Biometrics division,
IRRI, Philippines was used to analyze and
determine the adaptation of these varieties.
This program for windows test is commonly
used to test a hypothesis concerning the
adaptation of the varieties within different
locations (G x E) and test for biplots of

hypothesis is a common application.

Analyses of variance were calculated
considering each location-year as a separate
environment. Genotypes and environments
were treated as fixed effects. Variance
components were estimated using expected
mean squares to compare the relative
magnitude of main effect and interaction
variances. Genotypes mean were compared
using Duncan Multiple Range Test (DMRT)
estimates (o= 0.05). Testing of homogeneity
of variances among environments used
Bartlett’s test (Steel and Torrie 1980). A
logarithmic transformation was used to reduce
error heterogeneity (Hinz and Eagles 1976).
The ratio of genotypic variance to phenotypic
variance as defined by Comstock and Moll
(1963) was used to estimate broad-sense
heritabilities.

Results and discussion

The twenty-two TVs have been tested at 9
locations across country, represented all main
rice planting areas which differ in climate,
topography and soil characteristics (Table
1.). Genotypes, environments and their
interactions contributed significant variation
for all observed characters (Table 2). The
environmental variance had a very large
influence compared to genotypic variance.
This indicated that the suitable location should
be identified for growing each TVs. Average

yield and some agronomic characters: grain
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yield, maturity, number of panicle and plant
height of TVs presented in Table 3.

The results show that grain yield had very
high variation among these 22 TVs, the yields
ranging from 3,379 kg/ha (Ikhao) to 2,235
kg/ha (Kainoy) and there were 12 varieties
which showed non-significant differences in
statistical terms with TDK4 (check). Ikhao
was highest yield got 3,379 kg/ha, followed
by TDK4 was 3,258 kg/ha, at the same time
TDK4 was significantly different in statistical
terms with the rest varieties. Therefore, these
12 TVs showed yield performances as good
as TDK4.

The days to maturity ranged from 129 days in
the earliest maturity (Homthong) to 163 days
in the latest maturity (Dokphao) among all
TVs, which are acceptable for rainfed lowland
rice environment for different toposequence
positions. The number of panicles per hill
varied from 4.7-6.8 panicles per hill, which
was quite suitable for traditional varieties and
plant height ranged from 114 cm (TDK4) to
152 cm (Pouangmalay). This indicated that all

traditional varieties are tall plant type.

Stability parameters are estimated to obtain
additional information about the genotype x
environment interactions (GEI). Regression
method to estimate stability for several crops
have been reported (Abou-El-Fittouh et al.
1969; Campbell and Kearn 1982; Chakroun

et al. 1990; Peterson et al. 1992; Pfeiffer
et al. 1995; Rasamivelona et al. 1995).
Yield stability in each genotype of TVs is
presented in Table 3. Ten varieties gave
high yield, but there were nine varieties i.e.
Ikhao, TDK4, Phouangmalay, Bongleuang,
Homnangnuan, Meuangnga, Khaola, Takhiet
and Khaomeuay rated stable based on the
regression coefficients. There were two
genotypes: Homdang and Homdo which
were rated as unstable due to the regression
coefficient being significant greater than unity
(Eberhart and Russell, 1966).

Therefore, this result showed that high
yielding genotypes may not necessarily be
yield stable and yield stable genotypes need
not be high yielding. On the other hand,
based on regression coefficients and standard
deviation value, the high yielding but unstable
genotypes could be identified for specific
environments. Ikhao, TDK4, Phouangmalay,
Bongleuang, Khaola, Homphama, Khaonong,
Kainoy, Iloup, Makhing, Homthong,
Homphouthai and Takhiet are suitable
genotypes for growing under favorable
environments while Homdang and Homdo
gave low regression indicating that they could
be adapted to unfavorable environments or

poor environments.

Predicted heritability (H) indicated the
repeatability of the trial. If the value is higher
than 0.5, it is indicated that the number of
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location and replication are acceptable. The
results from this study revealed that for the G
x E interaction study in the Lao PDR, at least
at 5 locations with 4 replications are need to
be conducted so that we can get an acceptable
repeatability (Table 4).

However, the result in Table 5 indicated
that these 22 varieties have been selected
from different agricultural regions: northern,
central and southern regions as their origin.
Ikhao showed good adaptation to almost 3
regions, it gave 3,648 kg/ha in the north, 3,457
kg/ha in the central (its origin) and 3033 kg/ha
in the south, respectively. Kainoy was well
adapted to only its original northern region
3,197 kg/ha and showed very poor adaptation
to central and southern regions with 1,550 kg/
ha in the central and 1,957 kg/ha in the south.
In addition, the result indicated that some
TVs: Ikhao, Phouangmalay, Bongleuang,
Homnangnuan, Meuangnga, Khaola, Takhiet,
Homdang, Khaomeuay, Leuathet, Yuando and
Makhing had yield performance as good as
improved variety TDK4.

These testing locations are differ in climate,
topography and soil characteristics. In the
north, elevations of 600 to 2,818 m are not
uncommon in the mountainous region but
central to southern areas consist of flat to
gently undulating lowland, alluvial plains
and terraces adjacent to the Mekong River at

an elevation of 130 to 300 m. The correlation

among regions: northern, central, southern
and combined central-southern by mean
grain yield (Table 6), showed a quite small
correlation between central and northern
regions only r = 0.36. In addition there was
high correlated between central and southern
regions (r =0.71) but no correlation between
north and south. On the other hand, combined
central-south showed high correlation to
central and south by r = 0.95 and r = 0.89
respectively. Therefore, if it is necessary
to reduce the experimental sites, at least
two regions one in the northern and one in
the central or southern could be used for

testing.

The result of combined analysis of yield
showed significant differences among varieties.
However location x variety interaction was
not significant. (Table 7), this indicated
that good TVs can be recommended across
locations between central and southern region.
The significant differences among varieties
and location x variety interaction were found
(Table 8). This indicated that some good TVs
can not be recommended across locations
between central-south and north. They had

good adaptation only in their origins.

Pattern analysis was done to reduce the
genotypes and environments to groups with
similar interaction patterns. The number of
clusters was made similar to the one generated

in data set (Figure 1), indicated two groups of
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environments. Group A with 5 sites located in
central and south while group B with four sites
located in the north except site of KM (central)
mixed with this group which might be have
similar environment reaction. Four genotype
groups were generated (Figure 2), group I
had seven genotypes while group II had nine
genotypes, group III had four and group IV
had only two genotypes. Varieties within a

group had similar interaction pattern.

However, varieties within a group could
differ greatly in their yield performance.
For instance, group I had seven genotypes:
Leuathet, Homdo, Yuando, Ikhao, Khaola,
Makhing and Homdang which showed wide
adaptation to almost all regions while group
IV had only two genotypes: Kainoy and
Khaonong showed good adaptation to only

their northern origin.

The results of some physical and chemical
grain properties of 22 traditional glutinous
rice varieties also have been considered for
evaluating the eating quality (Table 9). The
result indicated that 1000-grain weight ranged
from 21 g to 36 g. Most had big grains with
intermediate shape (I). Percentage of white
grain (%wg) varied from 61.2% to 74.2%
while percentage of head rice ranged from
37.7 to 67.5%. The TVs’ grain quality were
as good as improved variety TDK4. The alkali
digestion was almost same as TDK4 because

these TVs had good eating quality (soft).

Conclusion

Twenty-two TVs were used in this study
which was conducted at nine locations. These
varieties, with good adaptation and high yield
to the Lao rainfed lowland conditions were
selected from LRG using TDK4 as a check
variety. The trials were laid out in RCB design

with four replications.

The objectives were to examine the stability
of TVs in terms of yield and some agronomic
characters. The result revealed that grain
yield had very high variation among TVs,
the yields ranging from 3,379 kg/ha (Ikhao)
to 2,235 kg/ha (Kainoy). There were 12
varieties: Ikhao, Phouangmalay, Bongleuang,
Homnangnuan, Meuangnga, Khaola, Takhiet,
Khaomeuay, Homdang, Leuathet, Yuando and
Makhing showed non-significant different and
had yield performance as good as improved
variety TDK4.

The days to maturity ranged from 129 to 163
days, which are acceptable for rainfed lowland
rice environment for different toposequence
positions. The number of panicles per hill
varied from 4.7-6.8 panicles, which was
quite suitable for traditional varieties and
plant height ranged from 114 to 152 cm.
This means all traditional varieties are tall
plant type. Ikhao, TDK4, Phouangmalay,
Bongleuang, Khaola and Takhiet are suitable

genotypes for growing under favorable

10
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environments while Homdang and Homdo
gave low regression indicating that they could
be adapted to unfavorable environments or

poor environments.

Ikhao showed good adaptation to 3 regions
but Kainoy was well adapted to only its
northern origin. The correlation among
regions by mean grain yield showed a quite
small correlation between central and north,
high correlation between central and south
but no correlation for north and south. The
good TVs can be recommended across
locations between central and south, but
can not be recommended across locations
between central-south and north as they have
only good adaptation to their origin. Pattern
analysis to groups with similar interaction
patterns showed there were two groups of
environments and four genotype groups were

generated.
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Table 2: Combined analysis of variances across 9 environments of grain yield in

22 traditional glutinous rice varieties.

Source

Mean squares

Yield Maturity . Plant height
df (ke/ha) (days) Panicle No. (cm)
Environments (E) 8 18750500%* | 8669.35%* | 77.81%* | 8672.41%*
(81.1%) | (68.74%) (88%) (75.7%)
Genotype (G) 21 3028990%* | 3803.55%* | 7.26%* 2449 7%
P (13.1%) (30.16) (8.2%) (21.4%)
G1E 168 877696** | 130.32%* 1.96%* 188.86%*
(3.8%) (1.03%) (2.2%) (1.6%)
Ren/E 27 314122 4.67 0.86 116.36
p: (1.4%) (0.04%) (1%) (1%)
Pooled error 567 136373 3.981 0.55 25.70
(0.6%) (0.03%) (0.6%) (0.2%)
CV% 12.5 1.3 13.1 3.6
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Table 3: Mean of yield average and agronomic characters from 9 location

with regression coefficient and standard deviation

Varicty Maturity | Plant height | Panicles Yield Regression | Standard
(days) (cm) No. (kg/ha) coefficient | deviation

Leuathet 152 141 5.3 2984 bedef 0.956ns 0.468
Homdo 139 137 6.4 2878 cdefg 0.331* 0.238
Yuando 140 134 5.4 2978 bedef 0.727ns 0.437
Homphama 136 135 5.6 2868 cdefg 1.245ns 0.292
Meuangnga 156 148 5.6 3126 abed 0.953ns 0.244
Takhiet 153 149 5.4 3105 abede 1.229ns 0.317
Ikhao 147 138 5.8 3379 a 1.021ns 0.302
Khaonong 137 135 4.7 2733 fg 1.244ns 0.442
Bongleuang 157 143 5.9 3171 abe 1.250ns 0.380
Khaola 158 141 5.8 3126 abcd 1.049ns 0.312
Khaomeuay 155 147 6.1 3080 abcde 0.864ns 0.385
Kainoy 135 124 5.2 22351 1.234ns 0.513
Homnangnuan 159 136 5.9 3159 abc 0.951ns 0.339
Dokphao 163 140 53 2402 hi 0.749ns 0.354
Dokmay 149 140 5.8 2706 fgh 0.881ns 0.405
Phouangmalay 155 151 5.8 3256 ab 1.101ns 0.403
TDK4 157 114 6.0 3258 ab 1.203ns 0.415
Iloup 161 145 52 2787 efg 1.104ns 0.275
Makhing 155 139 5.4 2963 bedef 1.255ns 0.311
Homthong 129 137 5.8 2808 defg 1.153ns 0.450
Homphouthai 161 146 53 2556 ghi 1.128ns 0.283
Homdang 137 137 6.8 3206 ab 0.373* 0.186
Mean 150 139 5.7 2944 - -
LSD.05 53 6.4 0.7 436 - -

Means followed by the same letter are not significantly different (DMRT P=0.05)

* **  Indicate regression coefficients significantly different from 1.0 or deviation sum
of squares significantly greater than zero, respectively. All tests were at the 0.05
and 0.01 probability level, respectively.
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Table 4: Estimated variance component and predicted heritability (H) for grain

yield over locations.

c’, ¢, o’ No. of sites | No. of rep H
1 4 0.21
3 4 0.45

59758 185331 136373 5 4 0.58
7 4 0.66
9 4 0.71

Table 5: Mean yields of 22 glutinous traditional varieties at 3 regions Northern,
Central and Southern regions in WS 2004.

yield (kg/ha)

Variety Origin North Central South Ave
Meuangnga N 3254 3065 3059 3126
Takhiet N 3288 2999 3028 3105
Khaonong N 3530 2437 2231 2733
Bongleuang N 3239 3209 3066 3171
Khaola N 3213 3053 3112 3126
Khaomeuay N 3197 2855 3189 3080
Kainoy N 3197 1550 1957 2235

Average across origin 3274 2738 2806 2939
Ikhao C 3648 3457 3033 3379
Dokmay C 3222 2351 2545 2706
TDK4 C 3289 3315 3170 3258
Homthong C 3064 2260 3100 2808
Homdang C 3520 3072 3027 3206
Leuathet C 3698 2382 2872 2984
Homdo C 3004 2833 2796 2878
Yuando C 3694 2632 2611 2979
Homphama C 3182 2592 2830 2868
Homnangnuan C 3186 2980 3311 3159

Average across origin 3351 2787 2930 3023
Dokphao S 2675 1795 2736 2402
Phouangmalay S 3267 3292 3210 3256
Iloup S 3178 2316 2868 2787
Makhing S 3465 2394 3031 2963
Homphouthai S 2978 2080 2613 2557

Average across origin 3113 2375 2892 2793
Mean 3112 2375 2892 2944
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Table 6: Correlation among regions: Northern, Central, Southern and combined
Central-Southern by mean grain yield.
Region North Central South
North - - -
Central 0.360ns - -
South 0.003ns 0.71%* -
Central-South 0.233ns 0.955%* 0.889%**

Table 7:

Analysis of variance of variety and variety x region interaction for yield of

22 traditional glutinous rice varieties between Central and Southern
regions in WS 2004.

. N t D inat
Source of variance umerator enominator F-test Pr>F
df Df
Region (R) 1 4 0.32ns 0.60
Variety (V) 21 84 3.62%* <.0001
RxV 21 84 0.76ns 0.76
Table 8: Analysis of variance of variety and variety x region interaction for yield
of 22 traditional glutinous rice varieties between Northern and Central-
Southern regions WS 2004.
Source of Numerator Denominator
. F-test Pr>F
variance df Df
Region (R) 1 7 2.78ns 0.139
Variety (V) 21 147 2.53%%* <.0006
RxV 21 147 1.65* 0.045
17
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Table 9: The physical grain property of 22 traditional glutinous rice varieties.

Variety 1000 grw % Brg Length BrS | Shape | % wg Head rice AlkD
(2 (mm) (%)

Leuat Het 32 78 6.89 2.3 I 70 59.76 7
Homdo 22 77.28 6.17 2.5 1 67.84 58.68 7
Yuando 34 76.96 7.08 2.5 I 68 37.76 6.9
Homphama 33 79.12 6.48 29 I 70.8 57.6 7
Meuang Nga 35 79.36 6.64 2.2 I 71.28 51.44 7
Takhiet 34 75.68 6.55 2.1 I 68.08 54

Ikhao 34 79.76 7.79 2.8 I 70.24 59.52

Khao Nong 27 75.52 6.07 2.1 I 64.72 55.6 7
Bong Leuang 27 77.92 7.17 2.7 I 71.04 59.68 7
Khaola 34 78.32 7.52 29 I 61.2 42.32 7
Khao Meuay 31 78.64 7.01 24 I 68.72 50.08 6
Kai Noy 21 80.08 4.94 1.6 B 71.68 60.16 7
Homnangnuan 28 74.72 7.58 34 SL 65.76 56.8 7
Dokphao 33 78.88 7.49 29 I 72.32 67.52 7
Dokmay 36 78.56 7.33 2.7 I 71.68 65.68 7
Phuangmalay 33 80.8 6.69 2.1 I 72.48 44.64 6.9
TDK 4 28 76.32 7.39 34 SL 68.72 59.52 7
Iloup 34 78.56 6.57 2.1 1 72.32 64.8 7
Makhing 28 80.64 7.08 2.6 I 74.24 63.6 7
Homthong 32 78.88 7.35 29 I 70.72 57.84 6.4
Homphouthai 32 77.44 7.44 2.8 1 70.08 64.48 7
Homdeng 23 76.8 6.53 2.6 I 65.76 53.6 7

% Brg = % brown rice; BrS = Brown rice shape,

I = Intermediate; SL = Slender,

B = Bold, 1000 grain weight (g), %wg = whole white grain after milling,

% head rice, AIkD = Alkili digestion
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Fig 1: Dendrogram of environments structured by interaction pattern of 22

traditional glutinous varieties.
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KM = Khammouan,;
SV = Savannakhet;
SL = Salavane;
AT = Attapeu;
CP = Champasak
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Fig 2: Dendrogram of genotypes structured by interaction pattern of 22 traditional

glutinous varieties
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The use of cassava leave silage in diets for growing of
crossbred pigs in Laos

Sopha xaypha', Soukanh keonouchanh' , Viengsavanh Phimmachanhvongsoth’
Reinhard Howler’ and Tin Maun Ay’

Abstract

Twelve crossbred and four of local pigs with 50% of male castrated and weighing on average
21 kg, were used in CRBD arrangement to study the effect of graded levels 20% of cassava
leave silage (CLS) and 80% used rice brand (RB) plus maize as basal in diet. The pigs were
housed in individual pens and allotted at random to the four treatments. The feeding trial
lasted for 12 weeks (84 days).

There was a significant on feed intake between treatment and DM intake tended to increase in
LRLW and to be less LCLC . Level of cassava leave silage had no effect on daily live weight

gain but tended to improve the feed conversion ratio.

There appear to be advantages in terms of pig growth and feed conversion adding 20% cassava

leave silage as the main protein source base on rice bran and maize as basal in diet .

Key words: Cassava leave silage, rice bran, maize, crossbred and local pig, live

weight gain and feed intake

Livestock Research Center (LRC)
CIAT
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00299 3:  nwidiuln (ADG) kar nakandjusamay (FCR)
YNV LRMC LRLW DRLW LCLC SE Pro.
vhsinnaSo (n:) 19.75 23.37 21.87 19.62 - -
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FCR = Feed conversion Ratio
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90 34.5 27.5 4.5 40
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Measuring fertility of soils by the bio-test method

Bounlieng Khoutsavang'; Soukhanh Keonouchanh' ;

Dr. Bounthong Bouahom?
Abstract

The experiment was conducted at Livestock Research Center Eight kinds of soil were taken
from different placer around Livestock Research Center to measure fertility of soil by wring
the bio — test with maize (zea mays) and rice (oryza saturc ) as indicators, according to a 8
x 12 factorial arrangement with three replica tins the soil were sand ( negative control) . clay
soil, loam mixed with compost 1:1 , loam with leaves and compost from the shade under the
trees, sandy loam, sub — soil under loam , sub — soil under sandy loam (sub — soil taken at
more than 20 cm . depth) and compost (positive control). The soil samples were put into 2
liters capacity plastic bags and 3 seeds of either maize or rice was planted in each bag (3 bags
per soil / indicator plant) Date to germination, plant height at every 5 days intervals and final

weight of biomass after 28 days were measured.

There were significant differences between soil in the growth in height and the amount of
biomass of both the maize and rice after 28 days , and a significant interaction for soil * plant
for both measurements . Physical composition of soil was positively correlated to plant growth
particularly in maize. For maize, there is a positive curvilinear response of biomass weight to
revel of organic matter and percentage of N in the soil (R* = 0.67 and 0.92), but no response
in rice (R?=0.03 and 0.015 ).

It is suggested that measuring fertility of soil by the bio-test method is a simple. Practical and
low cost procedure in integrated farming systems the maize bio — test

Indicator was better suited to measuring fertility of soil than rice.

Key words: bio-test method, maize, organic matter, pH, rice, soil fertility.

"Livestock Research Center, NAFRI, email: Irc @ nafri.org.la
“National Agriculture and Forestry Research Institute.

Ao - sluoa 2007 32



The Lao Journal of Agriculture and Forestry

I. Jova

cﬂwzh“ﬁm'ﬁw&cﬁaéﬂ aoawgduiuyuzey
v ccﬂnﬁamuéﬂéﬁnﬁ]’@o dnauneSna
Judlutoladin figoslunauEoduls
ﬁsuzﬁwggjnﬁodﬂggﬁj\w. naudoLnn
a09u90USuyV2990 Inned oy
z}’mnw&m“mgmﬁ 2990U0MNINSWV
28980 (Bu: ‘ciﬁmsmw (N), TUmo%]u
(K), BodiEo (P) war Suv deuajofiviiy
NiaSnauSocantnggageegdu tUdionT
Hu. Bgnaudeae, Slacdaibiy degtden
Lstiesfioass, 89g9onednauiiotd Hga
ua0E0t0 louszwae c:q'maﬁzcﬁuuﬁee.
nauyndoudo JocnnnauvzEuiiu o
tar BuozSozegdio Weuindgs
aoaugduduyuzey, Lﬁh%ﬁqja?ﬁaﬂo
NEENBUIIWINE0L0. (JUYneu disw
fisUe 2003).

gug3oy clusoviiadesseiio wav
80 (www. heinzctr.Org/ecosystems/farm/
soil-slnt. shtml), SugosFvEngada tay
FEYNINDINIVNIYLNT0 Kt Judy
gauaodndegnauieasiasuasgdu, @y
vengealnzegiio uay Folsyuazeio
zﬁm‘iagjzﬁnﬁw Solinduiaongiudy
Yu. §u§50gzﬁﬁug§?u8u, nauteaasy
2998V, BUEL tar GoutanagBordny
g92990u Lﬁwﬁgguen&;uﬁnmwaagﬁu
Wevrtdonguaunaunals gar nawdo
naulouaesy, §ndiey tar YoUslnuo
Q]%J?jlll?},m MU, (w w wl. Agric.gov.
ab.ca/$depratment/dyotdocs. nsflall/agdex

890? opendowment).

pH guunaudSocnnaoau ufio - 099299
&u war nawSosnn pH 18desSowun
pH G5 @anmae «o 0 w9 14, faoa pH
gazmoag 0-7 Saadufio wofaaa pH
gaznoag 7 v 14 Saaduaag Gogay
Daguanuao gar VaRowty Seaazndag
0-7 wuea80 § Ho Agfusay Danew §
(Suda (alkaline) Jaating aznoay 7-14
pH Dafiudiunagfen pH hafiu 7, €9 pH
2990V wuvlaougadugae waslu
‘cﬁguan%ﬁééﬂ naaganaunag?) ¢ udu
Bu: ‘En?mc% (N), Tnaogju (K), iﬂazﬂso
(P) S9fiodizgnau Tm‘mauavcwﬂv e
navazSudolo cax Aunaudweeandu
nom'mg'j (ltp ww w .gsfe.nasa.gov/glob/
nftgame.htm) .

898 4z 29 Wudofifiotdd way Yn
nUEJ‘]f)LEfJin“]EJ slnamawafjao zn ssaiuau
(wsuno 2001) ogim Twmiuznoasgcmsw
S9cSeoni8afiofigzeygedo Wudiofio
geun1980e (W tdunaudognnaoay
g0uduyuzedu.
(o XX

I1. SQUBJ']SIJ €L NN
2.1 svLuunIwiioasy

naufioasy 183 uduamnseggsfioasy
(2808w tar Hod9d), S90SV KVU 8 x
2 factorial with 3 replications in a randomized
complete block design (RCB).

G 8 gelio Dauavmueviinagiv gluzey

33

July - December 2007



099U NedNI G UILL

L20283§m5w95ﬂ NwJIR0, toduylat
9909 220190 2 30. tORfgtOYndio ko
2t 3 (J0 890w keIniioasy (manea99 1)
(1Y ‘iﬁt*«v%§§;1§nﬁ3 Weazuautagen.
zgnjtéﬂ war 19 1oRotalgdagiods
tar LOF9modnaucond gy nauas
Buuinzegdio WwibedgiSuua 1 § 2
&u Y&finoen %3&5@351)@05%.

22  nauiung ke 5?@2"{/11

n0uBiy (DM); 8u8307) (OM); N «as
pH 29981 1650unneansuEulunay
fioae9. 209992890 1aT0wnnyn?) 5 ij
YuRud9 28 I 2e9naufioas. figvan 28
§ Yofndadussnaanty Sa9:898ueen
Hgaantu 30 vaf Y G6890nain, sendadiu
gaz lu eonamsnzegiu.

naudlanagal taS9naudiiesy (AOAC
1988), 611c3U DM Steedos micro-wave
radiatin (Undersanderetal 1993).

nﬂnﬁ‘t'«vé"gnmﬂjﬁqnasﬁﬁ: é"uvaumiu
00299 VIO Tn990wF[H tow
naud{a Variance £ mwfm“ﬁé General
Linear Model (GLM) 299tUsgnuy
Minitab software version 13.31 (2000)
éﬂaaca‘l’aesgfyﬁoaeg fideoauconiag
na90ausei8 luasSuaoauuiuto
(Probability) P<0.05 todnaudunju
Tounaunalgdiinau 299 Tukey pairwise

comparison.

. &uiosSu cas 3990

3.1 S9enouna9ia ieoIiy

DM fJJlJ'fgeJaﬁlJalJaﬂeJ Negative control
(Nc) g9n092)) uaw 5612?'1’&30 FUTINCVY
Compost. positive conlrol (Pc). (1908899 2)
009 Pe Hoduqwondugdoy (OM) kas
N 298¢ kar wondugae (Ne) Dmag OM
gae N L?ﬁ@@. g duigodudu alkaline
(pH>7) EntSu Ll SpH5.8.N Jugg Pe g9
(1.82%) gaz é’lmgqm Tu Ne (0.05 %).

3.2  nawEondy

298 €£ONWIoNoa 29 (P<0.001) €OV

Seoaugongagfunagzeds s9fusuy
Fugeloge90u (P=0.21) (m90£299 3).

3.3  Guetzao (Biomass) 2990

P o @ & N Eo 1
Bugzlogegiio HduindySiygey Uy
EONO9HU (0908994, WU 1 kaE 2 Az
UL KO 2).

TGy Pc §98 1O Biomass g9noawy 19
fugau Ll 39 Y& Biomass g9 Bueeo
561@0293&)615 gUULOR9Nn Ss luesuy
HSa Buesedo Biomass 09 tU Ne (090
99 4).

'
Q QO Q

nosvugaonuay (Su: P,

q o~

WoNAU

Ll H§98uH8ld ernnaueE8o Biomass
dou0n wondugSoydigyas gouivEn
g09tU8u tar naosamay Yendo
Boiug939tIu tar 290018 erSoneiiy

To019) (28n9g wax wWul 2001).

Ao - sluoa 2007

34



The Lao Journal of Agriculture and Forestry

uNaelizad nauwedo Biomass Njogey
Togfsfiuwondugdoy (OM) (R* = 0.67)
oy N (R2=0.92) Dwaw 3 o 4 DBudag
aruNuNIVAIL9IL 299 wSuNo (2001)
€d95uSa HoiBuAgHusanivgad. v
auzéﬁﬁs%wé’ﬁogzﬂw Sonamovdgjozesilio
o way dabw) gINOISIN (W 3).

34 20999 &y NWIHEUTU L

299 U0

898 D8onmnausxi@uiivlo tas 20989
g9 Twbu (Lo) oruEdiida awdu@uintd
8 T8 (LD, xeoadnauazdudolo cay
aoa@gasgﬁjm&'}ﬁ ¢glubugrdonyofiv (No)
(1902899 5).

4

se0 1Na)9iiv asuda9a09gIee9an
U (e U 6z Gugzdo Biomass H9010
wﬂnéou‘%’%occas 8N) (W 6 kE 7)

2

B &

—

D

Q2

SuennoIUYY Kaw NI RV TN 209
o o & P

298 waely 25 I sauaouentdon Sudu

Goguenaoiuetuduyuzeiuto.

IV. 3&zpu
~

TumUUanJU GBLNEISFEFIIEER Y
598 WuBosuentddnoacsa, 20989 UL
nwar RV ln2993958 €Ay Biomass
HowofiSquwandiy 28 § Feoaudaduy
cﬁeUJumJUﬁuazﬁoawdﬂgﬁu g9 D9
Ua%ozﬁ?ﬁq}jﬁnﬁué’wé’ﬁog taz N Ay
3¢/ Tudw.

V. a929ul9

wonsawetan 2gruosnoauzsuly wax
Suugu tWdgmenady auUad9 Snreaz0
(EN0N Nedna war Jatd wax %1151]&515‘]
NIRJIFO fisoufofiusen way Wi
aoauszoonlunaufioasgiel dould &
29v9 (WHIN0NEN9U Kar I29N9U 299
@ugnaﬁﬂ NIVRJIKO Hgoulunausody
JeBUonauiioasy gounaulzinoausou
Szegtivoamnaudiad 39Eoliduaedo
JeFuBugaRo tdoosd.

VL. (9Nz39U99999

AOAC 1990 Official methods of analysis.
Association of Official Analytical Chemists,
Arlington, Virginia, 15" edition, 1298 pp.

Chamnanwit Promkot 2001 Study of the
use of maize and water spinach in a biotest
for evaluation of soil fertility. MSc. Course
2001-2003, Sida-SAREC http:/www. mekarn.
org/MSc 2001-03 minipro/cham.htm

Christy S 2001 About soil pH. Itpwww.gsfc.
nasa.gov/globe/soil pH/plant pH.htm

Food and Agricultural Organization. Zea

mays. www.fao.org/ag/aga/agai/far/afris/

data

35

July - December 2007



The Lao Journal of Agriculture and Forestry

Lickacz J and Penny D 2001 Soil organic
matter, Plant Industry Division, Alberta.

http://www.agric.gov.ab.ca/$department/

Soil organic matter 2002 Soil organic mater.
www.heinzctr.org/ecosystems/farm/soil_slnt.

shtml

deptdocs.nsf/all/agdex890?0opendocument.

Minitab 1993 statistical software Version
13.

Nguyen Phuc Tien, Ngo Tien Dung, Nguyen
Thi Mui, Dinh Van Binh and Preston
T R 2003: Improving biomass yield and
soil fertility by associations of Flemingia
(Flemingia macrophylla) with Mulberry
(Morus alba) and cassava (Manihot esculenta)
on sloping land in Bavi area. In: Proceedings
of Final National Seminar-Workshop on
Sustainable Livestock Production on Local
Feed Resources (Editors: Reg Preston and
Brian Ogle). HUAF-SAREC, Hue City, 25
—28 March, 2003. Retrieved September 23,
2003, from http://www.mekarn.org/sarec03/

tienbavi.htm.

Rice web History and general information

www.riceweb.com

Undersander D, Mertens D R and Lewis B
A 1993 Forage analysis procedures. National
Forage Testing Association. Omaha pp 154.

36

July - December 2007



099U NedNI G UILL

VI (9N EVVNY

00299 1:  GEIUNIVNORDY

Block | S1 M1 Lo M1 Pc M1 SmR1 Ss M1 | Nc Ml Pc R1 LoRI1

1 LiRl [ NcRl1 [ CIMI | SmMI1 | SsR1 | CIM1 | CIRl | SLRI1
Block [ SIM2 | SLR2 | SmM2 | SsM2 [ SmR2 | CIR2 [ NcR2 | LIM2
2 LIR2 [ SsR2 | CIM2 LoR2 [ NcM2 | LoM2 | PcM2 | PcR2
Block | SIM3 | LoR3 | Sm M3 SsR3 | SmR3 | NcM3 | PcR3 | PCM3
3 LIR3 [ CIR3 | LIM3 SsM3 [ NcR3 | CIM3 | LoM3 | SIR3

A 8 g0; ﬁoﬁﬂg (indicator)

1. Sand (Nc) .M 9%

2. Clay soil (Cl) 2.R 29

3. Loam with compost (Lo)

4. Sub soil loam (Sm)

5. loam with leaf (LI)

6. Sandy loam (SI)

7. Sub soil sandy (Ss)

8. Compost (Pc)

0099 2:  S9Usnsunage o8y

000U g;??gg ?)11’\??;? pH Twigeu
Sand (Nc, Negative control) 96.6 4.0 7.6 0.05
Sub soil sandy (Ss) 74.1 28.5 7.8 0.11
Sandy loam (SL) 72.7 29.5 7.6 0.11
Clay soil (CL) 71.9 32.0 7.4 0.11
Sud soil loam (Sm) 71.7 33.0 7.5 0.26
Loam with cornysost (Lo) 64.0 42.0 7.4 1.32
Loam with leaf (LI) 61.8 52.0 5.8 0.63
Compost (Pc, positive control) 29.2 85.1 7.2 1.82
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oe99 3 Jeono

28000V 299 (29 a9z
Sub soil sandy (Ss) 4.7 53 5
Sandy loam (SI) 3.7 4.7 4.2
Sand (Nc, Negative control) 4 6.7 5.3
Clay soil (Cl) 2.7 5.7 4.2
Sub soil loam (Sm) 33 4.7 4
Loam with leaf (LI) 3.7 5 4.3
Loam with cornysost (Lo) 3.7 53 4.5
Compost (Pc, Positive control) 33 53 4.3
Mean 3.63 5.33
SEM / P between plants 0.19/0.001
SEM / P between soils 0.533/0.21

SMB = Standard error of mean,

P = Probability level
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0L 5. 500900909 4Ry NIWIRVEUTIN 209598 €Iy (29

Height at 25 days (cm) grow rate (cm/day)
Types of soils

Maize Rice Maize Rice
Sand (Nc, negative control) 30.2¢ 13.22 1.2¢ 0.5
Clay soil (Cl) 34.32 36.3%® 1.4 1.5°
Sub soil sandy (Ss) 34.8° 22.3% 1.4 0.9
Sandy loam (SI) 34.8° 26.7% 1.4 1.1
Sub soil loam (Sm) 52.8% 38.3% 2.1% 1.5°
Loam with leaf (LI) 67.2° 4420 2.7° 1.8
Loam with compost (Lo) 74.3° 33.8%® 3.0° 1.4
Compost (Pc, positive control) 71.3b 26.5% 2.9° 1.1
SEM / P between soils 3.247/0.001 0.130/0.001
SEM / P between plants 1.418/0.001 0.065/0.001

SEM = Standard error of mean,
P = Probability level
ab = Value within the same column without superscript in common differ at
P<0.05
40
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Figure 1: Green biomass yield of maize in different soils
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Figure 2: Green biomass yield of rice in different soils

Ss = Sub soil sandy

S1 = Sandy loam

Ne = negative control

Cl = Clay soil

Sm = Sub soil loam

LI = Loam with leaf

Lo = Loam with compost
Pc = positive control
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Figure 3: Relationship between organic matter of
soils and biomass yield of maize and rice
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=
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Figure 4: Relationship between N content of

soil and biomass yield of maize and rice
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Figure 5: Proportion of roots, stems and leaves of plants grown in different
kinds of soil
Ss = Sub soil sandy
S1 = Sandy loam
Nc = negative control
Cl = Clay soil
Sm = Sub soil loam
LI = Loam with leaf
Lo = Loam with compost
Pc = Positive control
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Figure 7: Relationship between plant height and

total biomass yield for maize
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Increasing the nutritive value of pig diets using local feed
resources

Bounlieng Khoutsavang' Bounhong Norachack' and Soukanh Keonochanh'
Abstract

The proposed experiment aims to use a Combination of cassava root meal and water spinach
to increase the nutritive value of diets for pig based on rice bran, the research was carried out
in the Livestock Research centre Namxuang, (NAFRI) the four treatments were: ws 10: rice
bran 90% and fresh water spinach 10% (DM basis); ws 20: rice bran 70%, Cassava root meal
10% and fresh water spinach 20% (DM basis); ws 30: rice bran 50% Cassava root meal 20%
and fresh water spinach 30% (DM basis); ws 40: rice bran 30% Cassava root meal 30% and
fresh water spinach 40% (DM basis) There were 4 pigs crossbred (Large white x Mongcai)
with average of 20.4 kg Initial weight on each treatment and three replicating in Individual

pens in a completely random design (n: 12) for the growth trial (90 days).

Mean total daily DM intake were 462, 470, 538 and 498g for treatments ws 10, ws 20, ws 30
and ws 40 (p>0.05) Average daily gains (ADG) were 112, 129, 154 and 131 for treatments ws
10, ws 20, ws 30 and ws 40 (p<0.05) feed conversion ratios (FCR) were 4.11, 3.63, 3.48 and
3.73 kg feed for treatments ws 10, ws 20, ws 30 and ws 40 (p>0.05) Economical efficiency
was improved by offering the combination of cassava root meal and water spinach, and feed
cost/kg lie weight gain was 4,918; 4,147; 3,513 and 3,750 for the ws 10, ws 20, ws 30 and ws
40 treatments. It was concluded that the combination of cassava root meal and water spinach
fed together improved the guilty of overall diet, which resulted in higher intake, growth rate,

better-feed conversion ratio and economical efficiency.

Key words: pigs, cassava root, water spinach, feed intake, rice bran
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Hydro-acoustic Survey of Deep Pools in the Mekong River
in Southern Lao PDR and Northern Cambodia

Dr. Sinthavong Viravong!, KaviphonePhouthavongs', Lieng Khamsivilay', Jeppe
Kolding' and J. Valbo Jorgensen'

Abstract

Deep pools in the mainstream of Mekong are important habitats in the life cycle of many
commercially important fish. Despite their commercial importance, little detail is known of
the ecology and biology of these habitats and the fauna they support. Much of what is known
comes from interviews with local fishers and surveys of their catches. These provide a lot
of information about the type and number of fish living in the pools, but little data on the

distribution of fish in the pools, especially data on the microhabitats preferred by many fish.

Echograms produced from the hydro-acoustic data clearly showed individual fish and shoals
of fish both in the open water and congregating near topographic features such as crevices
and steep banks in the riverbed. Statistical aggregation of data from all the pools was used to
map biomass and fish density. This revealed that fishes showed preference for particular water
depths. In general, both biomass and fish density increase until a depth of about 30 m below
which these measures fall-off reaching a minimum at around 50 to 60 m. At greater depths,
both biomass and fish density increase once more and there is some evidence of larger fish
(greater than 1-2 m) living in the deepest pools. The data also showed that while biomass was
greater during the wet season, fish density was lower, suggesting more larger fish live in the
pools during these times. Other observations, such as the greater biomass and fish density in
Cambodian pools than in the pools in Lao PDR, remain unexplained, but probably relate to
the preference of particular species (or communities of fishes) for particular micro-habitats

within individual deep pools.

The CPUE data broadly supported the information provided by the hydro-acoustic surveys,
showing similar variations with depth and season. These sources of data are complementary,
hydro-acoustic data provide information on the location, distribution and size of fish and
CPUE give data on the type and number of fish. Together, these survey methods could provide

a set of tools with which to monitor fish populations and abundance in the deep pools. Many
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fisheries experts believe these factors are indicative of the health of the whole river system and

the fisheries it supports. However, more sustained and complete surveys are required before
this possibility can be realised.

"Livestock Research Centre (LRC)
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12 299 N9z Syazis 4 Syazmgon
13 Q90 Buizw Butsw 34

14 299 i Sghazi 20

15 299 i F9asugay 11

16 299 N91909UL09 SgmagEan 10

17 nhjiae Kaoh Chheu Teal Un Loong Phsot 35

18 nJiag Ou Svay Veun Khao 29

19 n4ayve Ou Run Un Loong Ky Ke 21

20 nhjiae Ou Svay Bung Krak 20

21 n4yse Veun Sien Veun Sen (Veun Phong) 30

22 nﬁg [$1] Koh kan theay Un Loong Koh Kan Theay 33

23 nhyJae Chom Thum Un Loong Kambor 60

24 nhyiae Phae Un Loong Ta Prum 35

25 Ny Koh Snaeng Un LoongThmorThum 18

26 n4yve Koh Kan Din Un Loong Koh Kaden 77

27 n4ayve Tmei Veun Duc 76

28 nhjiae Ba Chong Un Loong Ou Trel 50

29 n4ayae Mon Un Loong Svay 11

30 nhyJae Siem Bouk Un Loong Siembok 36
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o

oa0ang 2. Ui 23 gelo Higadiu Sonatdmae Tunaudnga CPUE 289i20
9000

Total Nov-Dec Jan-Feb Mar-Apr
selioya No % No [ No% No | No% No | No% No
Pangasius spp. 266 15.10 91 1520 | 131 13.00 | 44 27.80
Hemisilurus mekongensis 203 11.50 39 6.50 | 163 16.20 1 0.60
Helicophagus waandersi 161 9.10 67 11.20 | 48 4.80 | 46 29.10
Pangasius conchophilus 150 8.50 59 990 | 89 880 |2 1.30
Micronema spp. 141 8.00 48 8.00 | 91 9.00 |2 1.30
Labeo chrysophekadion 116 6.60 34 570 | 82 810 | O 0.00
Scaphognathops spp. 113 6.40 77 12.90 | 11 1.10 25 15.80
Gyrhinocheilus spp. 102 5.80 13 220 | 88 8.70 1 0.60
Mekongina erythrospila 69 3.90 22 3.70 | 39 390 | 8 5.10
Cosmocheilus harmandi 52 2.90 28 470 | 24 240 |0 0.00
Hemibagrus sp. 42 2.40 14 230 | 27 2.70 1 0.60
Labeo dyocheilus 36 2.00 15 2.50 | 20 2.00 1 0.60
Hypsibarbus/Barbonymus spp. 29 1.60 11 1.80 | 16 1.60 | 2 1.30
Chitala blanci 29 1.60 3 0.50 | 25 250 |1 0.60
Cyclocheilichthys enoplos 28 1.60 8 130 | 6 0.60 14 8.90
Hemibagrus wyckioides 27 1.50 13 220 | 14 140 [0 0.00
No Name 25 1.40 16 270 | 8 080 |1 0.60
Hemibagrus wyckii 24 1.40 12 2.00 | 11 1.10 1 0.60
Henicorhynchus spp. 20 1.10 0 0.00 | 18 1.80 |2 1.30
Belodontichthys dinema 18 1.00 1 0.20 | 17 1.70 | 0 0.00
Cirrhinus microlepis 13 0.70 0 0.00 | 13 1.30 [ O 0.00
Notopterus notopterus 13 0.70 2 030 | 11 1.10 0 0.00
Bagarius spp. 12 0.70 2 0.30 | 10 1.00 | 0 0.00
23 Most

Abundant 1689 95.50 575 96.10 962 95.60 152 96.10

Species
Other Species 75 4.50 233.90 44 4.40 63.90
Total 1764 100.00 598 100.00 1006 100.00 158 100.00
No Gear Set 541 175 333 33
Catch per No Gear Set 3.27 3.42 3.02 4.79
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3

nnzang 3. sxlioda Higagunagdaunaudzly g2099900
No. 2 a90 3 Suweagao
1. J99090 Chitala ornata
2. Ja999¢ Chitala blanci
3. Jangy Notopterus notopterus
4. Jaguanesng Tenualosa thibaudeaui
5. Jagruanuoy Lycothrissa crocodiles
6. Jaoy Paralaubuca typus
7. JaSunaLoy Probarbus jullieni
8. YASun9290 Probarbus labeamajor
9. Jatlan Cosmochilus harmandi
10. Jalanfiougu Cyclocheilichthys enoplos
11. Jagenagua Puntioplites proctozysron
12. Uagenay Puntioplites falcifer
13. Jadanua Barbonymus gonionotus
14. Jadanuwon Hypsibarbus malcolmi
15. Uﬂgjmayﬂf]'«v"? Hampala dispar
16. Uﬂ@@éﬂgccan Hampala macrolepidota
17. Janeim Catlocarpio siamensis
18. Jandazlan Bangana behri
19. Jaiiuon Labeo chrypsophekadion
20. Jawau Cirrhinus microlepis
21. Yagsuilguual Henicorhynchus siamensis
22. Jadtw, Yaiinida Osteochilus hasselti
23. Uaged Mekongina erythrospila
24, Jay Botia modesta
25. Yangoln Botia helodes
26. Yaniogiey Hemibagrus nemurus
27. Jafoud Hemibagrus wyckii
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oweang 4 gedoda Higadunagdaunaudele ¢(2059900 ()
No. 2 290 2 Snweaza0
28. Jaganoay Bagarius yarrelli
29. Jag9o Bagarius bagarius
30. Jayagens Hemisilurus mekongensis
31. JaSau Kryptopterus cryptopterus
32. Uﬂasmﬁo Hemibagrus wyckii
33. Jauag Micronema bleekeri
34. U990 Wallago attu
35. Jagu Wallago leeri
36. U‘mﬁﬂny Helicophagus waandersii
37. Jagon Pangasius conchophilus
38. Jaregng Pangasius bocourti
39. Uagoagmantl Pangasianodon hypophthalmus
40. UJagoae, Uﬂg@ﬂsmﬂgﬁJU Pangasius krempfi

41. Jagou Pangasius polyuranodon
42. Uﬂﬁf] Pangasius larnaudii
43, Ut Pangasius sanitwongsei
44, Jawounegny Pangasius macronema
45. BEEEIED! Pangasius pleurotaenia
46. Jagoudu Pangasius siamensis
47. Jagounata Laides hexanema
48. Jagaood Mastacembelus armatus
49. Janoag Boesemania microlepis
50. Jana Pristolepis fasciata
51. Janedo Trichogaster trichopterus
52. Ui Osphronemus exodon
53. Jag Channa striata
54. Jang9od Chitala lopis
55. Jadnin Micronema cheveyi
56. Jatiolu Pangasius kunyit
71
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Testing a pilot scheme for fattening cattle with rice straw,
cassava foliage and oil drench

Bounlieng Khoutsavang!, Soukanh Keonouchanh’,
Viengsavanh Phimprachanhvongsod®

Abstract

Eight local “Yellow” cattle with mean live weight of 120 kg (SE =+ 4.35), received a basal
diet of adlibitum rice straw and a rumen supplement (13% urea; 3% diammonium phosphate)
at 300g/head/day. The 4 treatments, arranged according to a completely randomized design
(CRD). The dietary treatments were as follows: The basal diet of rice straw and rumen
supplement (RS). The basal diet and single oil drench (cooking oil at Sml/kg live weight)
(RSO). The basal diet with dried cassava foliage at 3% of live weight (RSC) The basal diet
with cassava foliage and oil drench (RSCO) to study the effect of feeding on intake, growth
performance and economical analysis.

Mean total daily DM intakes were 3,643; 3,582; 3,937 and 3,579¢g for treatments RS, RSO,
RSC and RSCO, (P>0.05). Average daily gains (ADG) were 167, 200, 367 and 600g for
Treatments RS, RSO, RSC and RSCO, respectively (P<0.001). Feed conversion ratios (FCR)
were 22, 18, 11 and 6 kg feed/kg gain for treatments RS, RSO, RSC and RSCO, respectively
(P<0.001). Economical efficiency was improved by offering cassava foliage and feed cost/kg
live weight gain was 6,555; 5,655; 4,420 and 2,590 kip for the RS, RSO, RSC and RSCO,
respectively.

It was concluded that when offering a combination of soybean oil and cassava foliage improved
the quality of the diets, which resulted in higher intakes and growth rate as well as lower feed
conversion ratios compared to the diet without cassava foliage. The inclusion of foliages in
low protein diets (rice straw) appears to be a feeding strategy with the potential to improve
the CP and energy supply to cattle, when other protein-rich feeds are not available. Utilization
of inexpensive, locally available feed resources, such as cassava foliages, has the potential to
improve the economical efficiency of smallholder cattle production in Laos.

Key words: Cattle; Growth performance; Cassava foliage; oil drench; Economic
benefit; Feed intake.

! Livestock Research Centre (LRC)
2 National Agriculture and Forestry Research Institute (NAFRI)
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0IER9) 1. FOVUENSUL29INSVESNINDINIUS U
Ingredient Percentage by weight
Rice bran 30
Urea 13
Molasses 43
Diammonium phosphate 3
Salt 5
Lime 5
Sulphur 1
oot 2. goudsnsumageizegluivdy, ey uax feucsnan
Item Cassava foliage Rice straw Rumen supplement
DM, % 93 91.5 85
% in DM
NDF 67.7 89.4 63.1
ADF 41.7 52.6 42.9
ADL 13.2 10.3 67
CP 22 4 344
OM 91.9 87.2 87.2
Ash 8 12.7 12.8
n0Ean 3 eagriSudaSuButasy MNIWIJFonouiles, wivbu gae
vabudio
Dietary treatment
Parameters RS RSO RSC RSCO SE | P-value
Initial LW, Kg 157° 148° 150° 1242 3.16 0.007
Final LW, Kg 177 172 194 196 5.00 0.061
DM intake, g/day 3,643 3,582 3,937 3,579 211 0.623
CP intake, g/day 242¢ 210¢ 3532 335%® 21 0.024
Daily LW gain, g 167° 200° 367® 600° 18.56 0.000
FCR, Kg DM/Kg LWG 22¢ 18° 112 6° 0.86 0.001

»b.¢ Mean values within rows with different superscript letters are significantly different

(P<0.05)

87

July - December 2007




099U NedNI G UILL

0099 4: 909F2UdN2 U

Feed stuff Kip/Kg as fed Kip/ Kg DM
Cassava foliages 500 600
Rice bran 1,000 1,500
Molasses 2,000 2,000
Urea 2,000 2,000
Diammonium phosphate 1,920 1,920
Salt 1,000 1,000
Lime 600 600
Sulphur 100,000 10,000

Kip (Lao currency) Exchange rate 9,800 Kip: 1 USD

0L 5. Doz FonzRonIuionsy

Parameters Diets SE P-value
RS RSO RSC RSCO

Number of cattle 2 2 2 2

Days in experiment 120 120 120 120

LW gain, kg 20° 24¢ 44> 728 2.23 0.000

DMI, kg/day 3.64 3.58 3.94 3.57 0.21 0.062

FCR kg DM/kg 21.85¢ | 18.01¢ | 10.73%® | 5.942 0.86 0.001

Feed cost/kg 300 314 412 436

Feed cost/ kg LWG 6,555 5,655 4,420 2,590

Kip: (Lao currency) Exchange rate 9,800 Kip: 1 USD
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Figure 1. Least square means of daily live weight gain of
local "Yellow" cattle with or without oil drench
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Study on Fingerling Stage of Silver barb Cage Culture by
Different Frequencies Feeding

Keomany Vongphanoulom', Lieng Khomsivilay', Daovieng Lihtdate’

Abstract

The experiment was conducted at Huay Sieth reservoir, Huay Sieth village, Pakson district,

Borikhamxay Province. The duration is 8 weeks from 19™ August to 20™ October 2004.

The experiment was set up in 3-4 m water depth by RCBD experiment design, three replications
and 3 treatments by different frequencies feeding, the first treatment (T,) was fed 2 times/day,
the second treatment (T,) was fed 3 times/day and the last treatment (T,) was fed 5 times/day,
that feed is complete feed of cat fish, fish were stocked in cage size 2m x Sm x 0.9m (wide,
length and depth) by 100fish/m? and the measure growth performance (weight and length)

were measured every 2 weeks.

Mean of initial weight and length were T, 7.37 ¢cm, T, 7,73 cmand T, 7.53cm After 8 weeks
the fish grew and measured final weight and length were T, 8.37g ,T,9 g and T,

8.42 g. The survivor rate of three treatments were to closely but T, was higher then to treatments
those were average T, 73.37%. , T, 78.4%, T, 74.27%. The profite of T, was 419,000 kip, T,
269,000 kip and T, 230,000 kip.

The fingerling had low mortality; the next research should be considering higher density for

more economic.

'Living Acqatic Resoures Research Center (LAReC)
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T, 3,000 26.63 2,201
T, 3,000 21.60 2,352
T, 3,000 25.73 2,228
WU 9,000 24.65 6,781

7.5. Staw2yuna90 WL
7.5.1. N3O0 WH9D;

0wER19 9 aowyaRiidosnntalueatiogonas Cm

yén/?jjﬁaasg Bl B2 B3
T, 7.5 7.5 7.1
T, 7.55 7.65 8.0
T, 7.55 7.50 7.55
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7.5.2. Guaannaudcanas:

0I0E99 9 A9 (RYNIWHIDNI0 LN (XEMS)

%350&93 mcﬁlyaowmaeajm 110/ Cm
T, 7.36 +- 0.133
T, 7.73 +- 0.136
T, 7.53 +- 0.016
%CV =3.104

FannauS ooz aoaufizegnau ldisananya ﬁﬁ@u“ﬁumudJUctUgeagaawmo
waefgiisautd 8 eafio duda WedasdofioasstTaoauconcagmagdauaeds
(pr > 0.05 ) u@eFuoa nauldigamauya 3 §9/5u Dunagygliinaudjucdgnagdaunaay
990 g9n09 T, kaw T, B9daadiofiu 7.73, 7.53 «ae7.36 om / To mauahdiv.

o

7.5.3. nauSaazuhuin:

g’ o

naea99 100 vArindiggtoeatioganae Cm

ven / 9fioasy Bl B2 B3
T, 7.5 9.25 8.35
T, 75 9.5 10.0
T, 8.0 8.25 9.0

# Buaannaudaae
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na0Eaag 11:  dageSauhiingegUaiisgtd (XEMS)

Sofoasy guiEe (2)/ 30
T, 8.36 + 0.50
T, 9.00 + 0.76
T, 841 + 0.30
%CV =7.539

mnmuocmaamun asfjmu“imsﬂzmauuﬂ znucmmmwdpngasgmmn wﬂyzngznssw
10 8 eatio duoa Tunnmaaagmoasg UumamuLcmnmgmﬁ)mnmwmnm (pr > 005)
ccmcmuaﬁ mu"’immmwuﬂ 3 E‘lf] / Su UZﬂ‘]SJf]TZJ’Iﬂ’]‘]UUJlJLLUﬁZﬂ“lf]O‘qul‘]Zm:’] af]mﬂ T,
e T, 23umcmnu 9.00, 8.42 wax 8.37 (g) / I&) ©9UR™GY.

7.6. NI YFONETI0:
7.6.1. Hunlseaovau:

o9 12:  Huagn

° - | 2%nau | aowaa
2999 | doduigu . .
Q0 | 9NIU /oy | /U F) 20 15990 VUV
t3) Jrahd
1 ngégoagep S 9 1 130,000 | 1,170,000 3 390,000
2 cé“sgfémcmn pH 20 1 |585,000 585,000 4 146,250
3 c%egﬁmmn D.O 20 1 |226,200 226,200 4 56,550
4 cé%sg%jmnznn NH, 20 1 [ 179,400 179,400 4 44,850
@egSounneune | .
5 & ? o1 1 | 247,000 247,000 5 4,200
WU U9 €REDIMNI0
6 §3§3 oy | 1 | 114,400 114,400 6 22,880
7 | neneglinualos Su | 2 5,000 10,000 4 2,500
U (U (NV) 667,230
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7.6. N soneio:
7.6.2. Hunlseaovau:

oanea99 13: Humuoju

/0 | 98N9U /oy | /U | 989 (Fv) gouduiiu
1 nUayan o | 9,000 100 900,000
2 mznﬂiuzgnmgnﬁsy N 90 5,850 526,500
3 | :genlo N 1.5 14,000 21,000
4 | weugagshvzjudaviionsy | weu 1 15,000 15,000
5 | figgdglagnuatey na 0.5 25,000 12,500
6 | gaglofy N2 0.2 2,300 4,600
7 | §929n8rau 39 1 25,000 25,000
8 | tute 2% 12 2,000 24,000
9 | toga9tw % 16 1,500 24,000
10 | @9us999u ij 60 5,000 300,000
UGV (H) 1,852,600
FoUIWIRAYDO = Rudgi + Humyuoju
2,519,830 fiu = 667,230 iy + 1,852,600 Hiv
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7.6.3. 200298998 UOAETIN09Y;

0099 14; 1YV EOR

(=]

900299

o

. 29I (Jugu SouUrnoun9?) | aoURIWIE
SRIBER! a o a
NN (V) (M) (Nv)
X 28.44 166,374 664,444 830,818
T, 31.80 186,030 664,444 850,474
T, 29.76 174,096 664,444 838,538
VI CVO; 09999190 1 N = 5,850 v
7.6.4. 2985U:

090Ea99 15: 1uSuiitdaannauzagdadan Hsaulgnede 60 Su 299unazgh

/o %32‘}1“0;083 'av%manmﬁsezc}l’ﬁgcﬁe A9a929gUaU9y SIS
T (to) (Foulto) (Fiv)

1 T, 2,201 500 1,100,500

2 T, 2,352 540 1,270,080

3 T, 2,228 520 1,158,560

U (G (HV) 3,529,140
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7.6.5. fotayuaasoudiu:

00299 16; Yyuaagoufinzeguiasdiioass (a980aj9)

g - RuSUIMNIVL98U9 NaURYRVHILO a9800]9
90299 - - -
(1) (M) (V)
T, 1,100,500 830,818 269,682
T, 1,270,080 850,474 419,606
T, 1,158,560 838,538 320,022
VIII. 999U mapezao Wubugivdada wax Jago

gaunaugngaauaoa Njofiunausaugn
Uauanlsnesy 89lsmwanBudiolggauan
Seae tar G989 LO09U:;

8.1. NI IUIL:

Lﬁ@%umJuwﬁnﬁ”ﬂ (RE 2LVWINODIVLID
o9 luEnREretinra WHuoadsinoay
CoONBa9iy Hebndeusn nauldeamau
Jaguiu Wueamauiotme Eoldiua
UsuRueamaud 168 war Snaawois
wovdsuazwauduvdagina Snaudju
cUgnediudiu sedy S9dugamoEold
HoBuneduonauss SuBuingsgya
Joamagdaunoauean nanagdauuhsin
§RE SONINIWISONIE.

8.2.  S0019N9UR80019L):

&ﬁ%umuswaﬂmmn“ﬁuﬁgﬁ w0
eﬂgmayggm #0evmaoiofn 150 noa
(En0a iy Ummmmmﬁ‘t oofvya

29 Uudaadwonfuay Musunraay
dFvdadseiisautslunesy Judiugae
oy HEaluadssRueamaud 16
warda Jadssgonduonautagousey
Jaggnao z"ﬁdéeumfég saous9tUnoaiy
va9g0989EaldivaiisaulgneSgugan
Sn8au §98uncfiudnaussSud@oln
tar Somanauasonae 8915gLE0999nN
Woaadiugda @ivoadonanavasonae

guide: T, = 73.37%, T, = 78.4%, (e
T, = 74.27% thadv.

8.3. navlmeamau:

Jaan WudagedoiiBuandnoagdaulo

napldieamaughiioguuagniey wiu
Jeauaedy wardasamauildiciuloe two
(SoldvatssRueamautogan. nausdn
galudat 1618 onanoautcondagfiu
Yoonauld ye8uausamau oy I
Suudinlnftdnifotdnaunaudy
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mogaSunauldieamaucyn 2 §9/5.
gounauldioamaw 5 §9/5 G9modiuoa Ua
UeowluinauasSudulnddiafiu wa
99 Yoitmenon sxRugaendatodse.

4. nawlagmon=io:

mw%nmﬁoasgswgnuﬂuggﬁ $9fi0
2931 5%U@U8ﬂé‘1@tmu T, 29158089
419,606 fiu, se9R9uaELU T, 29t58u
320,022 fiu war T, wiuidBuezSony
ndawY 269,682 Fv.

IX. =00
q

egaunaudedodody lunaudnganauas
[@uiiulo wag SonmnauasnnIu209N
Jaan fisaulsness Twaes sauaaiuns
é”;”m war seguulionn VTl i

9.1. navvsEUdUIo:

navae v duinzeggnyadan w209
Hfsanlanesy Wuoa srgvaonoweao
sae vhiinlucoareaRo Hedanoauwon
ta9riu Tuadarofioasy &:

#T, 0 8298990 = 7.37 20U
vAalin = 8.37 pau

#T,. @29W89D = 7.73 2000
VAl = 9 paw

#T,. ©29U899 = 7.53 g0
vAziin = 8.42 pw.

9.2. SO0V

Tugognausaugnualaneds, UatoSudiu
Neiiv aﬂnmwﬁuLcaoésmﬁﬁmmﬁmwg
glagnedivdiu &: SOuBnmae wax Juada,
Jago HoAunesy S9ugawoEald
Somanavasonagnh Saiutdaanyadi
Jsungh wuv 3,000 Yo waefislisautd 8
2990 IrL0geen 595 :

#T,:  Sonanauasonae  =73.37%
Pwondaiidyde = 2,201%0
#T,:  Sonanauasoniy  =78.4%
wonUaiidyfe = 2,352%0
#T;: DSocamauasoniy  =74.27%
wondaiidyfe = 2,228%0
9.3. naulyigawau:

nawdngaluagl cuutolgeanaushilo
suzegdagnies J 7910 890mna05w

o o é.ﬁﬁ»u el ! d o
30% S9U2AMMIVN L2NYUVOENREFYINO
299 UG9:

#T,:  1Zoawmandigiio 28.44 na
#T,:  1Zsamandigwio 31.80 N2
#T,:  1Zsamandigio 29.76 N2

9.4. nwlaa gmon=iio:

ButoSumagoautsonsRo lunaudnga
fioasy 895 %gﬁoasgz‘ﬁ‘(ﬁ%uﬁ'ﬁwwaﬁo;ﬁ
no'ﬂu;g €Uy T, 89%7inhta (B9 419,606
fu HoRgua wuu T, tonhta 320,022
fiu was T, tOnAtaw)ue 269,682 fiu.
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X. a3uuzLa

NIUNjUNIINEEY muﬁmumuasmumé
Uigre908, nounagneS9tSnsugegl,
neuasviyauados (s, duiaougauna
Uﬁﬂggnwsncw&’sazjnél]f)%oggmzﬁmﬁwm
U9,

gamaulnuavos eouctdusamaucol
A8J0 W cwaeguRvyavsaiisauto,
Bna0gugs wWeBoldyas@udiving.

nausaugnualaneEs AEOVUIVOOV SN
Aty Sunaoug Wwazdu 2-3 wlo.

QNUa28900290899 3-5 204 O9U
sryua § saulutagwoan 2 ey Tu
ne89 Sonagou 200-300 to/oacdo.

mustnUﬂTugaﬁ tOSuBuGnoay LUy
T, SqwanSanoudaaarua tar UhtUBa
Snsafioasydn Weaowsoru cax o
Y6EuBuBnda .

nausauNYa 5lHu 2 (Sou F99:8
Sonanoauuardugy, aouiadgiudes
megUasud Y.

XI. (9Nz391U99999

SoavggaudEnin nwwdnsasaugndadan
Tan£89 Tounaulgisanaudadicanmagiu
(gubuaoanaudsiy U 2004).

Jovgunaunaudngs 2sylinsjuns
iwos0ua09 F9dndiogd guauaoanay
Jed9 §nJ 2004.

mszJgUﬂUﬂn“Elma’ég (ENEFWIZINI
sedu § 8. negUelquanes AuusDs viia
16 (tw).

N luney tay nausaudalunegs
eneguEUEUh Audel oua 19 (tn) .

Yug WwRVEU 4ar J00sig nawiioasy
aj9dalunegy Younauldisamauicon
09970, (BNEFWUENSU SUNEUIDZNIU
Jrahd 2534 axgaag Sufl 18-21 Huea
2534, gznadunaudelquaio cn9290
Audely ol 7 (tw).

3gju 89080 mui‘ﬁoasﬂa’Uf}UﬂUﬂﬁ"Zu
nedq Qogoamautlo enegwdganau
sedueni 5/2533 senaduinse. S9m30
ave99 gua 15 (o).

Jocuzuhinauajodadan guauaona
JeD9 (Tagnavdatiucdeg) 2003.
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nawoagueuud isSuwsamauiion (hegojwe,
(2090129099 ..U 992 S90 J 2015

o luR90 Funwd9av', wnou niuedy, Is Noa9dn’, (Heg Gncoay’
o @ 4
unanny

tDegojywean Wulegyosy 2996209Y09uhna ¢ wanle 29 8.U.U 299, Sidei
NHUE290 194,900 SO €y aoautagslugegiivasileg Jeuau 10 au/1 Nav?, Wy
cﬁegz‘ﬁﬁ?éuzuzmﬂam‘n"ﬁn{ﬁgﬁu%ugtu (Y ﬁdﬂ‘tﬁ{]n&;ucﬁeuiﬁaﬁwﬁ NauSngaLIU
é'o‘gna%nﬁljo?ﬁuccwu{h?m, ceruiinauutlsiidy, woufinoaumuaedy tar twuRionsgay
nauus18idu, B9Bueegnavaunss T59 Ud:

Gueeytlegojowan tovhuuneendu 5 ewoadu &: Fluvisols, Nitisols, Leptosols, Acri-
sols L@ Cambisols, J 11 Uz wody war 26 26508y, 39nnauahcundud, ey
Ua009g2U 1:50,000 2005 102 ﬁomiowﬁc’au ke J 58 §Ucwuaaﬂucmma§u2832h°
Gu 8930 14 gelodioyn. ﬁnﬁnnﬂumﬂjﬁwguwwﬂu (1Y @uﬁnmnwegﬁiau, N9y
n’q“ﬂézﬁﬁmlsfyiju, QoL UILS L2998y Ko fﬁsn\tzmgﬁwLaonsﬁo%gﬁugu'j,
Wenalonauoagueunauualsidusen I 2015 wdaunaueeSo nednd cax Jatd
wouduuay uar JurdoniBugs locnidbegojowen.

1 Py > ho oo
@Uﬂum@ﬂmmnnaanﬂ
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LAND USE PLANNING TOWARS 2015 IN
VINEGPHOUKHA DISTRICT, LUANG NAMTHA
PROVINCE, LAO P.D.R.

Anolat Chanthavongsa’, Phouthone Thammavong', Ho Kouangdouk’,

Loueng Douktouane’

Viengphoukha is a mountainous district of Luangnamtha Province in the North Region of Lao
PDR. With total Natural Area of 194.900 ha, and Population density is around 10 People per
square kilometer. The district is rich in Land resources and forest Land covers most of total
Area. This study focused on soil map compilation, Existing land use map, Land evaluation

and Use Planning. The results of study and as follow:

Soil resource of district is classified in to 5 major soil groupings: (Fluvisols, Nitisols, Leptosols,
Acrisols and Cambisols, with 11 Soil Unit and 26 Soil Subunits). From This Soil Classification,
Soil map at scale 1:50.000 have been compiled. There are 102 land units and 58 land suitability
units of 14 crop types were determined. Based on land quality and characteristics; Analyzing
present land use situation land suitability and Order socio-economic factures. The land use
planning towards 2015 has been prepared aim to serect sustainable agricultural and forestry

production in Viengphoukha district.

'Agriculture Land Research Center, ALRC
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1. ou®;

Suwrewaneuiicu SaorushEy shSunay
05398302098u(S9, wowaeloBunsiiv
sogmaetnla, Tovsaugaewszuounay T
qumﬁngognaaguayo, SuwreanoU
#EuI9aoviSenigndy eavvisy,
SeouSuwrsansy fogauaofiowny tax
Danszueadfio 299u0asds 0 tay (0

ardiggfu, S9u, twnaveeSo degto
ﬁB{ﬁ %"Eé’fﬁ"mﬁgnnmag gae JUs
Soieu.

(Te9ojywaa Jutleizoynsy 299
cceof]z,naf]u‘gzm, ﬁtiﬁeﬁﬁgzﬁ?o 194,900
s0, waeluboy ﬁmﬂagucﬁ?ﬂ 0939830
gJsoUfiu. tarduda sovudS€oney
Jewl, Dgucuunauwedo FHuonoaghiv,
srwaunaudotiniaieda duaslubes
g90¢). navnagdauSols wiuddinay
gr80dud 2o98u098uda gdi20y008
2991099, gauvaduoagasd Guin
fowgay, Saulsw, Lﬁszc}]‘zgz’ﬁaiéuﬁuﬁ
SumaeSy.

naundfonaausangauandosy 2998
Suwaelucdey, (Sguhuazegionay
nauoa9eeuLalsfiSunE8ny way Ja
Y Hwaedu, nsugswegFunause
nuaufionag0uIONENO-F90U 299
tDe9 send 2015 cé’gnmwaq]mwfﬁgﬁéiu
€E 9.

2. woly uaz SNnauauaaa:
2.1. (e lu:

- gho0 G909 srwaunauuh1SHEV.
- 999uesuNawVA1SHEY 209(5990]9u
a9 s920U 2015.

2.2. Sinav:

- FAPO0FNFWNILIVIL: FAWINZID
nedneunjofiugey zwaunauuhlsSHgu
PN Unm§umwm°iaznon, 20208,
Jufinguyedivgudu was fiudadio
ga98v, enaudla naudfinaugdnoo
FaguwuRvaonasouine 2e9negog
ne&nd m9jouau (10TCNG 8-84).

- 31adoda98u: Godagdu 103Tanau
uaoTAU2e9 FAO-ISRIC (1987-1995) ko
299 IrNUVEY Kaw tju (1998).

- Fagueudt: Juoagedonaudl §ngag
Su Younauuslsdindn GIS Tuwaona
$ou 1:50,000 asulceuiinouussduy
(Tounaugunju 811999 NWLUWIY
NIYNI929N90 e NIVIIN20NIHD
F9luwanszmway was 1odounyd v
Fegnauceuisy Yosgaunauslado
ga98u, Fhuun waz Eozeuczogdwan
grouay, cguiinoauwuardy, Toanay

291 Lcwwz}]“dJo (Thematic map).

o.

ohunaunilo aoauuaES U299

Sulviendo, coviinavoaguaauudlsi
Gunednd-datd, Toudglsdunavayw
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ﬁJa?ﬁumnnﬁ"Eézﬁ"w, LeIURBY, noaw
(azSuee9idy, Juoadolanag
daus0neN0-F960 war Honagnau
oneua2e9r209 «ax (U999, 0hlu
NIV EEIU LAFE iRonagnauut SRy

Nednt se0d 2015.
3. Gu2ognNIuavaOd:;

3.1.  godigodeutanivegao,

(FONEHO-F9OL:

T 2J9Wa cuucTo9d 9
ﬁggmgﬁo?ﬁ 299 ©209009uhNa, J
Deitigdo 194,900 so, veuluduss
guau § 20°19’ ;19 20°59’ N (Hu o9 1000
49’ ma 101°20’ E, tassnag galanag
(JogmauFunag R3 mag209 Uzuay 60

NaU.

+ NOYWLII0:

+ SrwWIWBVH: 08 (20200 2993%
wauBui, wugunavzegiley wuuiy
oagaewgy indiony9, Toes'ecuzg Gy
LAY e, srwauduituy wg9Bu &o
cU9gagSuseu noutdy 70% 29U,

as

@

srwaudiviigesyley Jansvueliud &
Q91

- SrwwlLHYg9 F0U BTV «o
1,000 U 2utd AouFVLNIRawle Las
HonaSugenzgeyiee.

- srwwdivdiyoy: Jeoangg 700 -
1,000 v njpldasivvhnze, dasuong
[20YWJIN LY ([20WFI.

- avwﬂuwuﬁwm ssuw (§F? mgwjau
02909 Ut‘ﬁg 700 U gUUSTWAVDUN
Andocugley, aow?myaegwumogmo
Wui20uivy «ar savwj9 aoug 20

a1 Y
N0V D9.

- yuenao: (Degojiwan veugdluizo

U QU U
29N9089Y, gU uauﬂiodmﬁazgcam
woes Jasguuaody. ounsyy swiRe/
3 23.6°C, UeSuauuhly seide/d 2,195
VU, 9u2ul008udn 133 0/, Yeluau
nauL iy seee/d Jeuau 1,233 UL,
mmug'u e/l 77%.

- Uuaﬂneumoweg g 2005 U 18,727

Su, flocdey § 46 Jau, 3,177 asudo,
§ 3 Buifia 0439830gwaslucbes. Su
Lﬁ?ﬂ&ﬁaéﬁuﬁ 760 8, Nou 4.05%, 23U
Lcsﬂmozzng I 13,018 &u, nou 69.51%,
2111;133615)%@3 I 4,949 8y, NoU 26.42%.
SonauSveegduaridey dsuay
2.5%/3. ahuovasygauiiocfeg Tud
2005 D 8,427 &y, (Nou 45% 299iiuay
(Jo9). iy usg9aubud § 7,163 &,
£s999us9899 U 1,264 6iu, NaUeIEd0
ne§nd wuugzengdud 299Ya9us
neutganERogegtiey, nousonagou
(99 95% 2o9iiuariley, Twd 2005 &u
weSocda 5189 5,372 Yo, 98 1,921 00w
(1Y w"os&a‘uj SnyaegElo.

3.2, Gug9InIuIEUn Gy 599
IUGEIVNHU:

Gueeonaughyon, Ng9, ILUN Jx
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woyloidivoa: Gueeyifegojgwen I 5
Wo0HOUO 90 tUL:

- Wo0duRVTY (Fluvisols.Fl) 2000 1 Ue
wodu e 12000, Do 223.98 s0,
now 0.11% 299istinoclo).

- Wo0dVFVAaU: (Nitisols-Ni) 2000 1
Jeiwodu 6 1 2e000u, JiUoi 847.34
S0, NoU 2.49% 2o9istinioles.

- woodudu: (Leptosols-Lp) aoud 2 Uy
wody, 2 gedody, Jed 5,335.55 s,
nou 2.74% 2g99iistitiocdes.

- wooﬁm‘ﬁm%uﬁuwp: (Acrisols-Ac)
2005 6 Uztwodu, 10 gd08y, Sdis
& 180,514.50 0, nou 92.61% hedito
tDe.

-wooﬁm‘ﬁﬁmwdycwg%ﬁ: (Cambisols-
Cm), 220D 1 Jzwodu uaz 1 2:000u,
Sdeii 147.99 s», now 0.08% 289
Hoce.

gaunaudlafiodagdu 32 2u «ax 16
foda9dutalnednd (aoud 3,100 &Gu
naw3la) njofivguinasuelsn uay
002098y sxga9lodivoa: Juoaus
wodu ﬁtﬁsﬁdewcLUfJgﬂa wofuduy
sujomadunjo, Suguinay «ar due
U &ngal;ﬂnﬁmccsg...ﬁc‘ﬁsamﬁﬁéaw
U”ﬂSULﬁOﬁUUﬂJOU]‘]Qﬂ’]OI‘] 30% Quiiv
fu, ouuanoumga auomnga Diiv
asyae, Sibeduibanoa, 8061‘]2%5%‘10
tio8ugaesovgaslmenoa 35%, ¢

vdumyo war 299 g9

sougasducuuuio ma Aossu
pHH,0=4.1-6.4 &8¢ pHKCL=3.6-5.9.
ﬁwuanm%’é‘gmndy CEC w2z BS%
289utasdrwady Jnavdjucdggae
SURUWI00Y €r Jziwody, Guuan
n9389uandju w989 tuarnang 0.6-
10.2meq/100g Gu, CEC djuudgluas
01099 5.2-25.4 meq/100g OU, &ar 10.8-
47.0 meq/100g Guoujo, BS% UJlJcchTw
A U]Oﬂf) 8.0-73.0%. L‘t]jEJ‘]f)iJiJﬂ’]m“lU
Twdvoadrwody aovend CEC gax
BS% 0f 219 ohdaunag (Juaguziwoze9
wooGuszdudumo J BS ¢luasby
8, sougasduoadeiwady JTdzduau
naoeanavg wazdudaunagnad, o
gUUUER UauNINUausgaznan (0C%)
tae WIneau (N%) § OC Suvia govygae

[ h

> 1.4%0C, Duagdziwoduluvdadedo D
Usﬁmuagnéﬂ, Yrauauluigeau aould
Jruaw 0.03-0.24% N, UeSuanBogedion,
wolunrogjugluazdvyaunas. dogwd
200 0.02-0.21% P,0, Dosedioh, sougae
<15.0mg P,0,/100g Gu, TUna0gjuaou
Suringeguaguzwodu > 1.0% K,0, U
Suaud ohnoasuiu, TUna0gju away
Jeuay 3.6-30.0mg K,0/100g Au.

3.3. Bu299nIuga9seIvnfomos Nou
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Development of rodent management strategies for the
upland farming system in Lao PDR

Peter R. Brown!, Khamouane Khamphoukeo’, Sonekham?, Invanh?, Simonée’, Vison?,

Chanthi®’, Khamphamy?, Lanfeuang®, Alex McWilliam® and Soulivanthong Kingkeo’
Abstract

A series of three workshops were held involving farmers, extensionists and researchers
throughout a two-year project to identify rodent management strategies for the rainfed upland
farming system of Lao PDR. Rodents are a significant problem for these upland farmers and
the problem they have least control over. Using an active participatory learning framework,
rodent management strategies were initially developed, then tested by farmers, modified and
re-evaluated, re-tested in the field and then final practices were recommended based on the
results of the field trials. The key principle for rodent management in this complex system
is to encourage farmers to work together at key times. The main practices recommended
for the upland system were: set traps continuously, use pitfall traps (1-1.2 m deep and 0.5 m
wide at opening), establish bait TBS (plastic fence set with traps surrounding piles of seed/
grain to encourage rats), and work together to hunt rats in field stores. In the lowland/garden
habitats: set traps continuously, work together to hunt rats in after harvest, set up pitfall traps,
and dig burrows and hunt with dogs. For village environments: establish rule and regulation
for sustainable management (stop use of rodenticide, stop eating predator of rat and promote
village campaign and working together), raise cats and dogs, clean up piles of rubbish and
weeds (sanitation), set up grain store TBS, use students to trap rats, and village campaign at

key times.

Keywords: rodent management, workshops, control practices

I CSIRO Sustainable Ecosystems, GPO Box 284, Canberra, ACT, 2601, Australia
2 National Agriculture and Forestry Research Institute, Vientiane, LAO PDR
3 Australian Youth Ambassador for Development, Luang Namtha, LAO PDR
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Introduction

Rodents cause significant crop losses in the
upland farming system of Lao PDR (Schiller
et al. 1999; Aplin et al. 2006). The upland
region is the predominant agricultural system
and provides food for the majority of poor
rural villages. Rodents have been identified
as the most important pest to rice, corn and
job’s tear (a type of sorghum) with mean
yield losses estimated at 19% (range 0-100%)
(Brown & Khamphoukeo in press). Farmers
often apply control after damage has already

occurred.

A two-year project was undertaken to
determine possible effective integrated
methods for the management of rodent
pests using an understanding of the ecology
and biology of the key rodent pest species
in the upland system of Laos. The project
was based on results of similar projects
in lowland irrigated rice agroecosystems
(Vietnam and Indonesia; Brown et al. 2006;
Singleton et al. 2005) and lowland rainfed
rice agroecosystems (Myanmar; Brown et
al. In Press). The upland farming system and
rodent fauna of Laos is completely different
to that of Vietnam, Indonesia and Myanmar
so the results may not be directly transferable
to the situation in the upland system of Laos.
The rainfed upland farming system in Laos is
very complex and the principle rodent pest is

Rattus rattus (Aplin et al. 2006; Khamphoukeo

et al. 2006) which easily moves between the
upland cropping environment (upland rice,
upland maize, other cops), the irrigated rice
in the pockets of lowland cropping along
streams and rivers, and village environments
(Khamphoukeo et al. 2006). It is therefore
important to consider these three habitat
components together in order to effectively
manage damage caused by rats to crops and

stored grain.

Through a series of three workshops with
farmers, extentionists and researchers, we
identified a range of rodent management
strategies to test in upland, lowland (in the
upland system) and village environments.
These rely on applying control before
breeding commences for the main rodent
pest species (Rattus rattus) and through
encouraging farmers to work together over
a wide area so that management is strategic
rather than reactive. This paper will report on
how these recommendations were developed
leading the final list of recommendations for
the management of rodent pests in the upland

system of Laos.

Methods

There were three workshops held over
the course of the 2-year project (Initial
Workshop, Mid-Project Review and Final
Workshop). These workshops were attended

by farmers, researchers, extension staff
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and representatives from NGOs. Rodent
management practices were developed for
lowland, upland and village habitat systems,
as these were considered as important habitats
for rats as they could easily move between
them (Aplin et al. 2006; Khamphoukeo et
al. 2006). These practices were based on
workshops and projects in lowland irrigated
and lowland rainfed systems in Vietnam,
Indonesia and Myanmar (Brown et al. 2006;
Jacob et al. 2003).

Study sites were established in Luang Prabang
(2 treated; 2 reference sites), Luang Namtha
(3 & 3 sites), Oudomxay (1 & 1 sites) and
Houaphan (1 treated) provinces. Farmers on
treated sites were encouraged to undertake
these practices for the wet and dry seasons
for 2005, whereas farmers on reference sites
were not influenced in their decisions for
rodent management. Data were collected
on damage to rice crops, yield loss, number
of farmers conducting activities, and time
and money spent controlling rats to compare
the effectiveness of these practices between
the treated and untreated sites. The focus of
this paper is to present the process used to
develop the rodent management practices.
The results of the effectiveness and impact
of the rodent management practices will be

reported elsewhere.

Results

Initial workshop

The workshop was held at the Houakhot
Research Station, Luang Prabang (27-28
April 2005) and was attended by 49 people,
including 19 farmers from two provinces
(Luang Prabang and Luang Namtha). This
first day was designed to review what was
known about the impact of rodents in the
upland farming system through a series of
presentations and discussion. Workshop
participants were asked to consider practices
for the upland system, lowland system
(including some areas of lowland irrigated rice,
particularly for Luang Namtha) and village
environments. For workshop discussions,
participants were split into four groups with
farmers, extension staff and researchers

represented in each group.

Each group reported back and gave a short
presentation and described the rodent
management practices selected and provided
a rating/priority based on their experiences
and what they heard and discussed during
the workshop. These were then collated and
summarised. The workshop as a whole voted
for the practices to obtain an overall a rank
on the order of importance. This was done
separately for Luang Prabang and for Luang
Namtha because of the slightly different

farming systems. A list of rodent management
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practices was compiled for upland, lowland
(+irrigated) and village habitats. This list was
then used on the treatment sites by farmers to

implement rodent management (Table 1).

Mid-project workshop

The workshop was held at the Luang Namtha
Regional Rice Research Centre, Luang
Namtha, and was attended by 29 people (from
Luang Prabang (n = 4), Oudomxay (2), Luang
Namtha (13), Vientiane (2), Bokeo (7) and
Australia (1)). There were seven students
were from the Agricultural College in Bokeo
Province visiting the Luang Namtha Regional
Rice Research Centre. The purpose of this
workshop was to review the results of the
project so far and to modify the recommended
rodent management strategies based on the
collective experience of all involved in the
project and then to implement the modified
practices for the final wet season of the

study.

There was a series of presentations on the
KAP survey (knowledge, attitudes and
practices survey of farmers), changes in
breeding of rodents through different crop
stages, damage assessment and yield loss
and farmer activities (diaries) with questions
and discussion. Provincial staff from Luang
Prabang, Luang Namtha and Oudomxay gave
a short presentation about their activities

over the last 12 months, including numbers

of rats captured, number of TBS set up (in
field, village etc), number of farmer diaries
collected, number of community rat campaigns
conducted and training activities with
farmers. The Australian Youth Ambassador
for Development (AYAD) provided some
preliminary results on his study of post-

harvest damage to grain stores.

Some of the key activities were:

1. Rice store TBS —seemed to be successful
in protecting rice stores and trapping

rats

2. TBS set up in lowland rice — was not
very successful because of problems the
crop inside the TBS was not sufficiently
advanced to attract rats. There were also
some problems with maintenance and

quality of plastic.
3. Linear TBS — few rats trapped.
4. Bait TBS — relatively successful.

5. Pitfall traps — were successful in Luang
Namtha.

6. Raising cats — many villages encourage
people to keep cats. Some of the

control sites also had many cats.

7. Community campaigns — these are
successful in capturing rats, but were

difficult to organise.

8. School kids trapping rats — this was very
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successful in Luang Prabang because
traps were given to the school and
children were encouraged to go out and
capture rats and a prize was given for the

most number of rats captured.

9. Farmer training— important to demonstrate

techniques.
Some of the key constraints were:

1. Problems setting up the TBS — selecting
farmers, availability of water, maintenance
of the TBS (plastic and traps), heavy

rain.

2. Some farmers still using rodenticides,
so difficult to promote raising cats and

dogs.

Activities identified for the future:

1. Suggested using metal fence instead
of plastic fence (but much more

expensive).
2. Increase capacity of staff.
3. Increase facilities in the field.
4. Provide more traps to farmers.

The workshop was divided into three groups,
and each group visited one of the Treatment
villages in Luang Namtha to discuss with
farmers about the activities the have been
conducting, why they conducted them,

would they continue to conduct, would they

recommend to other farmers and to provide
a priority ranking for each activity. Each
group reported back and there was some
general discussion where other points were
raised. The three groups then discussed what
activities should be conducted during the
coming wet season (2006). Practices were
combined and prioritised by participants by
voting on each activity (Table 2).

During the afternoon, there was further
discussion about control activities in each
habitat, and then the participants worked
in three groups (farmers, researchers and
extension staff, and students) to consider
communication plans and activities for the

coming wet season crop. They were asked:

1. How to scale out (introduce) methods to

other farmers to control rats?

2.  What tools and methods should we use to

teach other farmers?
Farmers:

1. Meetings with farmers to introduce and

discuss control options for rats.

2. Cross visits to other sites to see other

activities.

3. Farmers liked the idea of posters and
leaflets and involvement with training and
would be happy to receive other farmers

to see what they do.
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Students:

1. Train family and village to understand
cause of damage and value of rodent

problem.

2. Train farmers in rodent control

techniques.

3. Provide support equipment and give

prizes for farmers who do the best.

4. Demonstrate equipment directly and

promote successful activities to village.
NAFRI staff:

1. Introduceto village head to understand and

select key person to promote activities.

2. Demonstrate with key farmers and train

and take to other villages.
3. Use posters and leaflets on techniques.

4. Use media such as radio and TV and

utilise existing extension network.
Extension staff:
1. Liked these ideas.

2. Will give poster and leaflets to media unit
in the extension department and introduce

in wet season where rat problems exist.
Final Workshop

The final workshop was held at Naviengkham

Hotel in Luang Prabang, and was attended

by 44 people (22 farmers, 4 extension
staff, 13 researchers and 5 others). There
were representatives from Luang Prabang
(15), Luang Namtha (15), Oudomxay (3),
Houaphan (2), Vietnaine (7) and Australia (2).
There was a series of presentations covering
the main data collected over the past 18

months of the project.

In the afternoon of the first day we visited
the two treatment villages (Hadsoua and
Latthahae, Luang Prabang) to observe the
activities that the farmers had been conducting
and to discuss various aspects of the practices
to share ideas and observations. The second
day of the workshop started off by reporting
back about their observations from the site

visits.

The workshop was divided into four groups to
consider what rodent management strategies
to recommend, the positive and negative
aspects and any other comments. A final
list was compiled and workshop participants
voted on which rodent management strategies

were important.
Rodent management strategies

The following figures provide a visual
indication of what the various rodent control
strategies have been tested throughout
the project. A comment on each action is

provided.
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Discussion

The farming system in Lao PDR is complex,
and rodents utilise and track resources within
and between these environments. The system
required to manage the impacts of rodents
must also be complex, using a combination
of multiple methods at various times and
needs to be based on a good understating
of the species causing damage and their
biology and ecology so that the management
strategies, but the underlying process is really
quite simple because it essentially relies on
farmers working together and managing key
This is the

same broad concept that was also applied to

habitats and resources for rats.

managing rodents in lowland irrigated rice
and lowland rainfed rice agroecosystems, but
the actual techniques are sometimes different.
The results presented here are preliminary, but
we are starting to see some benefits of farmers
being more aware of applying control early

and working together.

These practices include using traditional and
wire traps, pitfall traps, “bait” traps (where
rats are encouraged into a small fenced
area provided with free food, then traps are
set for 2-3 days every week), community
campaigns, field sanitation, plastic fences
set with traps around grain stores in villages
and encouraging the use of cats and dogs in

villages.

Farmers are starting to work together to
conduct community campaigns at key times
for rodent management. At one village, about
20 farmers worked together to hunt rats in
key habitats such as grain stores and around
vegetable gardens in the village environment
and collected 25 rats in 1.5 hours. The
campaign demonstrated the importance of
habitat and cover for rats, so now the farmers
on treated sites try to reduce areas with long

grass, shelter and food for rats.

The three workshops seemed to be highly
successful in gaining the collective wisdom of
a cross section of farmers, extensionists and
researchers. Through an active participatory
learning approach, we achieved a good
level of involvement of contribution from
all involved. This led to a high degree of
ownership of the recommended strategies by

the farmers.

Comments from farmers after the final
workshop indicate that the project has been
highly successful and has already led to
significant impacts. These observations also
enhance the potential for future sustainable

rodent management.

e Farmers now understand that rodenticides
are harmful and have now stopped use.
Farmers now eating rat again after cease

using rodenticide.
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e Farmers now increasing the number of

cats and dogs in their villages.

e Farmers exchanged a lot of information

during the workshops and cross-visits.

e Farmers want to continue the project.
They will continue trapping, which they
can do by themselves (make their own

traps) because it is effective.

e In the past, farmers reported serious
rodent damage to lowland rice (around

25%), but now is much lower.

e Other villages have copied what they
are doing for rodent management, but
one farmer thinks that they have a poor
understanding of what they are doing so
they have made some mistakes. This is
a challenge to us to ensure appropriate
information and demonstrations are

available for farmers.

e Farmers implement rice store TBS and
trapping in their villages to reduce rat

damage.

e Farmers recognised that rats move around
a lot (over large areas), so management

needs to be conducted over large areas.

The recommended rodent management
strategies developed here ultimately need
to be incorporated with other management
systems in the upland environment to
ensure that management of weeds, insects
or disease do not contradict those for rodent

management.

The next stage of this work is to scale-out
these results and to ensure some degree of
adoption among farmers and to introduce the
recommended practices into other regions and
Provinces of Laos. It would also be desirable
to introduce these results and finding to other
upland systems in neighbouring SE Asian
countries where similar cropping systems and
rodent fauna may exist (eg, highland areas
of Vietnam, Thailand, Cambodia, Myanmar
and China).
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V. Annexes

Table 1.

Summary of rodent control practices from the initial workshop to develop

rodent management strategies for Lao PDR (29 April 2005, Houaykhot

Research Station, Luang Prabang).

Action

Timing

Upland crop

Trap crop (rice husk, job’s tear, ..)

May-July

Rice straw pile

November-February

Line TBS July
Campaign at sowing of corn and melon May
Campaign at ripening of corn and melon July

Lowland crop

TBS (early maturity, dibbing, aroma )

3 weeks before other farms
(end May-June)

Campaign (one or two times/month May & August
Plastic fence around seedbed End of November
Digging November-February
Pitfalls (dry season) for Luang Namtha only November-May
Village

TBS around grain store rice available All year every day
Prohibit use of rodenticide (village rule) All year

Community campaign

Raise cat All year and village rule
Metal trap November to June work with school
Metal guards around poles rice store All year
Hunting in rice store and rice straw at night November & April

February & May and when

sec many rats

Pitfall traps Dry Season
Develop model rice store before harvest
Poison “sweet seed” should be pre test
in research station
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Table 2. Ranking of priority actions for rodent management in upland, lowland and
village habitats for wet season 2006 (Mid-project Workshop, Luang
Namtha Regional Rice Research Centre, Luang Namtha).
Habitat | Priority | Activity Timing | Votes
Upland 1 Bait TBS Early crop stage 21
1 Trap (metal, noose, thump whatever) All the time 21
2 Sanitation Early crop stage 11
3 Hunting rice straw pile After harvest 10
4 Pitfall All the time 6
5 Community campaign Early crop stage 1
6 TBS Prior to planting 0
Lowland 1 Sanitation Early crop stage 25
2 Trapping (metal, snare, bamboo etc) All the time 22
3 Bait TBS All the time 14
4 Pitfall All the time 12
4 Pitfall bait TBS All the time 12
5 Seed bed TBS Sowing 8
6 Dig burrows + fumigation Early crop stage 5
7 Cats and dogs All the time 4
8 Rodenticide When many rats 2
9 TBS Prior to planting 1
9 Hunting rice straw pile After harvest 1
9 Community campaign Early crop stage 1
10 Hunting Early crop stage 0
Village 1 Cats and dogs All the time 26
2 Rice store TBS All the time 24
3 Sanitation All the time 17
3 Campaign with school After harvest 17
4 Trap (metal, bamboo etc) All the time 15
5 Hunting in rice store at night After harvest 5
6 Community campaign After harvest
7 Pitfall All the time 0
134
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Table 3. Summary of activities conducted by farmers in Hadsoua village, Luang

Prabang, during 2005/06 dry season and 2006 wet season.

Activity Number of rats captured | Priority Village Field
Grainstore TBS* 110 1 Y Y
Pitfall trap 2 Y
Cat (43 cats in village) 3 Y

Village campaign 243 4 Y Y
Sanitation 5 Y Y
Student trapping 3,500 6 Y Y
Dog 7 Y Y
Bait TBS 8 Y

* There was only 1 grain store TBS set up in Hadsoua, because most farmers store their

grain inside their houses, so no more were required.
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Table 4. Summary of activities conducted by farmers in Lattahae village, Luang
Prabang, during 2005/06 dry season and 2006 wet season.
Number
Activity of rats | Priority Positives aspects Negatives aspects
captured
Cheap e Difficult to find
Trap 1,647 1 Easy good material to
Needs few people make
Good to catch rat
Cat 28 (cats) 2 ooc to catch Tats
Protect house
Catch many rats all
year
tch rats bef E i
Bait TBS 5 3 Catc . rats before e Expensive
planting e Needs many people
Catch rats before
pregnant
Catch rats fi
Students 1,560 3 SR s o
large area
Village
i 1l
campaign (a 126 3 Village rule
people catch
rats together)
Rice store TBS 14 4 Catch many rats all | e Expensive
year e Needs many people
Need
Hunting 12 ceds homoney e Use lot of time
Do by themselves
. e Cannot use in wet
Pitfall trap 10 Do by themselves
season
F tch Catch for food
armers catc
1,009 Reduce damage e Need to have trap
10 rats each
Cheap
Digging rat in e Need people to go
D 50 (d
°8 (dogs) upland & lowland e with dog
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Table S. Final list of recommendations for the management of rodents in upland,
lowland and village environments in Lao PDR (Final Workshop,
Naviengkham Hotel in Luang Prabang. There were 33 participants that
voted and agreed on the priorities for management (farmers, extension

staff and researchers):

Rodent management strategy Votes Priority
Upland
e Trap continuously 33 1
e Pitfall trap 28 2
e Bait TBS 25 3
e Work together to hunt rats in field stores 22 4
Lowland/garden
e Trapping 32 1
e Work together to hunt rats in after harvest 26 2
o Pitfall trap (1-1.2 m deep & .5 m wide at opening) 25 3
e Digging burrow & hunting with dog 12 4
Village

e FBstablish rule and regulation for sustainable management
(stop use of rodenticide, stop eating predator of rat and 33 1

promote village campaign and working together)

e Raising cats and dogs 33 2
e Sanitation 32 3
e QGrain store TBS 25 4
e Students working to trap rats 23 5
e Village campaign 20 6
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Fig 1. TBS constructed in lowland rice. Heavy rain washed away a previous TBS,
and rice crops were replanted. The crop inside the fence should be planted

3 weeks earlier than the surrounding fields to attract rats.

Fig 2. A “bait TBS” set up near upland rice and upland maize to lure rats into and

then catch them in traps.
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i

Fig 4. A linear TBS being set up in the uplands system on boundary between
forest and corn
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Fig 5. Grain store TBS. Single-capture local traps were set in small holes around

the base of the plastic fence.

Fig 6. Bait TBS (plastic fence surrounding the structure not yet built). Some grain was
stored within the structure and small holes in the bottom of each side allowed
access by rats.
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Fig 7. Single-capture wire traps with Jobstear as bait

Fig 8. A rat hunter showing two types of traps he uses.
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Fig 9. Community campaign with village members working together to local rats and
kill them.

Fig 10. Community campaign successful in catching a rat in some weeds.
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Fig 11. Grain store with support legs covered in corrugated metal to prevent rats

gaining access to stored grain (unsure if effective).

Fig 12. Attempt to prevent access to grain stores by rats through use of empty beer

bottles attached to legs of grain store (unsure if effective).
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Fig 13. Local “thump” type trap. A small bamboo fence guides rats through an opening

where a small trip wire is set, when triggered, the sprung bamboo squashes the rat.

Fig 14. Pitfall trap dug near upland crops. The lip of the pitfall trap is 0.5 m across, the
depth is 1-1.2 m deep and the width at the bottom of the pitfall trap is 0.7-0.8 m wide.
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VARIETAL SCREENING FOR DROUGHT RESISANCE
IN RAIN-FED LOWLAND RICE IN THE LAO PDR.

Sipaseurt’, Phoumi Inthapanya', Dr. Monthathip Chanphengxay?, Dr. S. Fukar®
Abstract

Drought is recognized as a primary constraint for rainfed rice production. A series of
experiments were conducted in rainfed lowland conditions to identify drought resistant rice
varieties at the Agricultural Research Center (ARC) in Vientiane municipality and Tasano
Research and Seed Multiplication center (Tasano) in Savannakhet province in Lao PDR. The
study consisted of sixty-six rice genotypes grown under two water treatments, well water
(WW/Irrigated control), and water-stress (WS/ imposed drought) conditions. The rice seed
were sown on July 25th 2005 and transplanted on August 25th 2005 which is somewhat later

than the normal sowing date.

The late sowing aimed to increase the likelihood of drought occurring during grain filling.
The water was drained from the WS field 25 days after transplanting (DAT) to impose the
drought treatment. A large genotypic variation existed for grain yield under both WW and WS
conditions, depending on timing, duration and severity of plant water deficit. Grain yield of
rice genotypes under WS, in relation to that under WW conditions was reduced approximately
80%, and 60% at ARC and Tasano, respectively. Some genotypes were able to maintain grain
yield ranged from 51 to 403 kg/ha at ARC and 342 to 2,126 at Tasano are also an indicator of
drought tolerance and associated with other drought tolerance traits during the drought stress
period that developed just before flowering produced higher grain yield, and yield components.
When water stress occurred prior to flowering, the onset of flowering was delayed. A long
delay in flowering is generally considered a disadvantage for rice genotypes grown under WS

environments.

Therefore, genotypes have a short delay in flowering during WS are one indication of drought

tolerance in rice.

Key word: Lao PDR; rice; flowering delay, rain fed lowland rice.

'Rice Research Center (ARC)
“National Agriculture and Forestry Research Institute (NAFRI)

3Queensland University Australia
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INTRODUCTION

Rice is the single most important crop in
the Lao People’s Democratic Republic (Lao
PDR.). In 2004 the rice growing areas was
increased to approximately 667,710 ha
representing 89.7% for rain-fed lowland
areas (Ministry of Agriculture and Forestry
(MAF). The main rain-fed lowland rice area
extends from in the upper central region to
the southern province and is characterized by
erratic rainfall, which can result in drought
damage in any given year. The rainfall pattern
is typically weakly bimodal with a minor peak
in May-June and a major peak in August-
September (Fukai et al., 1998).

Under such conditions farmers are concerned
with risk avoidance rather than optimizing
yields. Cultivars currently grown in the
rainfed lowland ecosystem are almost
exclusively glutinous endosperm types
with more than 85% of the area being sown
to traditional, photoperiod sensitive rice
varieties. Therefore, they produce high yields
in drought-prone areas and well adapted
to these conditions are required. Thus, an
agronomic practice is an important factor to
minimize drought effects and development
of them that yield well even under water-
limiting conditions are required for enhancing
rice production. Drought is also common
problems for rainfed lowland rice in many

rice growing areas, estimated to reduced yield

of rainfed lowland rice by 15-35% (Jongdee
et al., 1997).

There is a large genotype by environment
(GXE) interaction for yield and can greatly
influence the efficiency of the breeding
program. These interactions may be caused
by phenology differences among genotypes.
Other possible reasons causing the large GXE
include the genotypic variation in drought
resistance. A screening method against late
season drought was developed in Thailand
(Pantuwan et al., 2002), and early drought in
Cambodia (Ouk et al, 2004) utilized in their

variety testing programs.

The methods of screening for drought
resistance in different growth stages have
been developed and few drought resistant
genotypes are now available in the Lao
national breeding program. (Inthapanya et
al., 2004). Drought resistant rice varieties
may be considered that possess drought
resistant traits and produce higher yields
than others under drought conditions. If the
drought is severe, predictable and terminal,
then yield is maintained by escaping the
drought through the use of early maturing
varieties. If the drought is severe, mid -
season and unpredictable, a mechanism for
drought tolerance is required. Thus Fukai et
al. (1999) indicated that only phenology, high
potential yield and ability to maintain high

leaf water potential (LWP) were associated
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directly with higher grain yield (GY) in the
target drought environments. Pantuwan et
al., (2002) demonstrated the importance of
yield potential under mild stress (less than a
yield loss of 50%). Rice is highly sensitive
to water deficit during the reproductive stage
prior to flowering (Lilley and Fukai, 1994).
At flowering stage, grain yield reduction due
to water deficit is mainly associated with
increased spikelet sterility (O’Toole and
Namuco, 1983; Sibounheuang et al., 2001).

The maintenance of high leaf water potential
has been reported to be associated with
maintenance of high spikelet fertility during
periods of water deficit at the flowering
stage (Ekanayake et al., 1989; Garrity and
O’Toole,1994; Jongdee,1998). These indicate
a role in minimizing the adverse effect
of water deficit on grain yield. The main
objective of the experiment is to identify
drought resistance in rainfed lowland rice
varieties for their usage in the development
of drought resistant cultivars in the future in
the Lao PDR.

MATERIALS AND METHODS

Experiments were carried out at the
Agricultural Research Center (ARC), latitude
18°19°N longitude 102°44, in Vientiane
municipality and Tasano Research and Seed
Multiplication Center, latitude 16°20°N
longitude 105°00’E, in Savannakhet province.

The experiments were arranged under WW,
and WS conditions. In the WW treatment as
control relied on rainfall supplemented with
irrigation to provide non-stress conditions. In
the WS treatment, the field was drained about
25 days after transplanting (DAT) and onward
to simulate drought. In addition, small ditches
about 10 cm deep were dug between replicates
in the fields to collect water into 50-cm deep

pit in the corner of the fields.

The water was pumped from the field during
the rain in order to drain water quickly. The
level of the soil water table was recorded
weekly using PVC tube placed in each corner
of the main water treatment plots. Total of
sixty-six rice genotypes were tested at two
sited over one year, included 61 genotypes that
were previously tested for drought screening
trial, 1 genotype from International Rice
Research Institute (IRRI), and 4 genotypes

from Thai breeding program.

The seed was sown on 25th July and thirty
day-old seedlings were transplanted manually
on 25th August 2005 using three seedlings/hill
with 20 x 20 cm spacing. After ten days any
missing hills were re-transplanted. Irrigation
was applied at transplanting to maintain a
water level of 3-5 cm in all treatments and
continued at both sites until about 25 days
after transplanting (DAT) in the WS treatment,
and until harvest in the WW treatment.

The experimental design was randomized
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complete block (RCB) with three replications.
The plot size was 1 m (5 rows) x 4 m. The
field was fertilized with 60-30-30 kg/ha of N-
P205-K20. N as urea (46%N) was split two
times the first half as a basal and the second
half at 20 days after transplanting, while the
P20S5 as triple super phosphate (48% P205)
and K20 as potassium chloride (60% K20)
were applied once as a basal application.
Weeds were controlled two times by hand
both in the WW and WS fields. Pests and
diseases were controlled to avoid any yield

losses as necessary.

Data collection included free water depth
above and below soil surface, days to 50%
flowering (DTF) and percentage of filled
grain. Any grain with less than 75% filled
endosperm was considered as an empty grain.
Grain yield adjusted to 14 % moisture content

was also measured.
RESULTS

Environmental conditions:

The rainfall pattern throughout most of Lao
PDR is weakly bimodal, with a minor peak
in May to early June, and a major peak is
in August to September. About 75% of the
annual rainfall is received during May and
October. The rainfall pattern can be varied
from year-to-year, causing large fluctuations
in rice production. The potential impact of

different management practices on minimizing

the impact of both early and late wet-season
drought in the rainfed lowland environment is
outlined in the following sections. The weekly
rainfall and water levels under the WW and
WS treatments are presented in Figure 1. The
peak monthly rainfall was observed during
July and September in both provinces. The
total amount of rainfall during the three
months was 19 to 34 % of the rainfall during
the wet season in Vientiane municipality and
17 to 43 % in Savannakhet province. The
rainfall pattern in Vientiane municipality
was similar to that in Savannakhet Province.
However, the total amount of rainfall was
greater in Vientiane municipality (1442 mm)

than in Savannakhet province (1200 mm).

Water level during drained period:

The WW treatment has standing water until
maturity, except in early September, when the
rain was less and supplementary irrigation was
supplied to maintain water level. In the WS
treatment the water was drained out 25 DAT
and there was no free standing water from the
10th October (vegetative time) onwards. Free
water levels were monitored in WW and WS
treatments during the experiment Figure 2.
Under WS conditions re-watering occurred
twice on 30th October and 10th November
2004 at ARC and at Tasano on 14th October
and 8th November 2004 to survive the rice
when the leaf show 50% rolled symptom at 85
and 83 DAS at ARC and Tasano, respectively.
Elinequam por que diertu que te nit.
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Fig 1: Rainfall distribution for a 10 days period at ARC, Vientiane municipality (a)

and at Tasano, Savannakhet province (b)
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Rice grains yield and yield component:

In this study, the mean responses of genotypes
in all experiments are summarized in Table
1, i.e., mean of rice grain yield, days to
50% flowering, and delay in flowering. The
genotypic variation for those characters was
highly significant difference under WW and
WS conditions at both sites. Mean grain yield
under WW (1770 kg/ha) was higher than of
those WS (360 kg/ha) (P<0.01) and there was

a positive relationship (R2 =0.19 **) between

Table 1:

grain yield under WW and WS conditions at
ARC. Similarly, mean grain yield of WW
(2620 kg/ha) condition was higher than of
those WS (1040 kg/ha) (P<0.01) and there was
a positive relationship (R2 =0.26**) between
grain yield under WW and WS conditions at
Tasano. The effect of severe WS was imposed
in 2004 wet season with a yield reduction of
80% at ARC and 60% at Tasano. There was
lower spikelet fertility and subsequently lower
grain yield in the WW treatments at ARC

compared to Tasano (Tablel).

The analysis of variance on days to flower (DTF), spikelet sterility, grain

yield and plant height of rice under WW and WS conditions at ARC

and Tasano in 2004 WS
Well water (WW) Water stress (WS)
Mean P-value Mean P-value
ARC (Vientiane municipality)

DTF (Days) 87 P<0.001 98 P<0.001
Spikelet sterility (%) 38 P<0.001 73 P<0.001
Grain yield (kg/ha) 1,778 P<0.001 360 P<0.001
Plant height (cm) 102 P<0.001 76 P<0.001

Tasano (Savannakhet)
DTF (Days) 89 P<0.001 98 P<0.001

Spikelet sterility (%) 27 P<0.005 39 P<0.001
Grain yield (t/ha) 2,620 P<0.001 1,040 P<0.001
Plant height (cm) 105 P<0.001 82 P<0.001

NN - hlvoa 2007 152



099U NedNI G UILL

When WS occurred prior to flowering, the
onset of flowering was delayed. A long
delay in flowering is generally considered a
disadvantage for rice genotypes grown under
WS environments. Therefore, genotypes that
have a short delay in flowering during WS are

one indication of drought tolerance in rice.
Delay in flowering and grain yield.:

The relationship between days to flowering
under WS and flowering delay were examined
at ARC and Tasano (Table3 and 4). At ARC
the early flowering genotypes had a shorter
flowering delay than medium and late
flowering genotypes under the WS conditions.
The medium and late flowering genotypes
have a greater delay in flowering, enabling
them to take benefit from the second re-

watering during flowering and grain filling.

At Tasano the medium flowering genotypes
had the longest delay in flowering due to
flowering of early and late genotypes occurred
during re-watering. The WS conditions
generally delayed flowering time in most
genotypes compared to WW conditions. The
delay ranged from 6 to 12 days in early group,
2 to 14 days in medium group and 2 to 23
days in late maturity group at ARC and delay
ranged from O to 17 days in early group, 7 to
19 days in medium group, and 4 to 15 days
in late maturity group at Tasano. The early

group flowering experienced less water deficit

at the flowering stage because they flowered
during the period when sufficient water was
still available. The medium and late flowering
genotypes, which flowered close to the time
of relieving the water deficit, experienced
greater WS stress and generally greater delays

in flowering.

However, the delay in flowering was not so
great in the very late flowering genotypes as
they were irrigated just prior to flowering in
WS treatments. The delay in flowering time
was negatively associated with grain yield
reduction percentage (r2=0.25 **) for the
three groups under WS at ARC (Fig 3a) but
the delay in flowering was not associated
with grain yield reduction percentage was not
significantly difference among three groups of

maturity at Tasano.

Relationships between grain yield and days to
flowering were positive at ARC and Tasano
for WS mainly because of re-watering during
the stress period. The late flowering genotypes
had more opportunity to recover from drought
before flowering at ARC and Tasano. The
early flowering genotypes were not exposed
to WS than that of the late maturity genotypes.
Therefore, the genotypes were grouped
into early, medium and late exposure to
drought based on their flowering under WW
conditions. The capacity to drought resistance
among genotypes was compared within these

groups. The relationship between grain yield
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under WS conditions and delay flowering was
investigated at ARC. Delay in flowering was
estimated by taking the days difference for
flowering of each genotype under WS and WW
conditions. There was a positive association
between delay flowering and grain yield. The
late maturing varieties had more advantage
of re-watering during the stress cycle and
were able to produce relatively higher yield
than the early flowering genotypes. The yield
reduction was low in long delay flowering for
late maturing genotypes (Fig 3 b). However,
the relationship between flowering delay and
yield reduction was not so strong at Tasano

(data not shown).

Days to flowering and spikelet fertility:

There was a positive relationship between
days to flower and spikelet fertility in
WS conditions at ARC and Tasano. The
relationship was stronger at ARC than at
Tasano, indicating the severity of prolonged
drought on spikelet fertility in early flowering
genotypes at ARC. The early flowering group
had higher spikelet fertility because they used
the available soil moisture during flowering
and early grain filling, which may not have
been available for medium and late flowering

genotypes.
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DISCUSSIONS

There is a clear difference between varieties for
the expression of yield and yield component
under WS conditions. The result of these
experiments suggested that Vientiane and
Savannakhet provinces which in the upper
central region need different rice genotypes
due mostly to different soil type and rainfall
pattern. Late maturity was affected by long
drought period. Therefore, the genotypes that
had a short period of delay in flowering and
low levels of unfilled grain (%) which can be

escaped from drought.

The effects of drought can be reduced by
appropriate cropping practices, including
by matching crop phenology with water
availability (Fukai, et al., 1999). Pantuwan
(2000) suggested that genotypes with larger
yield reduction due to drought were those
that flowered late and had larger delay in
flowering time. Delay in flowering time
was approximately 1 to 15 days under WS
conditions. Fukai and Cooper (1995) have
demonstrated that late-season drought alone
can reduce grain yields by an average of 30%.
In the study, drought environments were
established successfully by draining paddies
at different crop growth stages so different
types of drought environments were available

for screening genotypes.

The types of drought varied in timing with

crop development from prolonged drought
being affected from the vegetative stage or
being restricted to a short duration in the
grain filling stage. However, the actual
stress mainly developed late in the season
as such presents the target environments.
The drought effect ranged from a 12-46%
reduction in grain yield (GY). Similarly,
Wonprasaid et al.(1996) reported that 40%
yield reduction was obtained when draining
the paddies about one month before flowering,
while Pantuwan et al. (2002) reported that

yield reductions ranged from 19-80%.

The DRI was used to determine drought
resistant/susceptible genotypes with DRI
greater than 1.3 were considered drought
resistant and those with less than —1.3 were
drought susceptible. In general, LWP declined
continuously with time after imposition of
water deficit. Boonjung and Fukai (1996)
found that genotype with small canopies used
water more slowly and were able to maintain
higher midday LWP, while Lilley and Fukai
(1994) found that a few lines of similar canopy
size differed in midday LWP.

Grain yield under water deficit at flowering
stage is negatively associated with spikelet
sterility. Some mechanisms involved in
maintenance of LWP have been identified but
further research is required to fully understand
the morphological and physiological reasons

for breeding program in Lao PDR.
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CONCLUSIONS

Development of a drought screening
methodology it was then used to identify
drought resistant varieties which can be
crossed with current varieties to develop
drought resistant with high yield potential
and good grain quality when grown by the
farmers under various growing conditions.
As a result of drought resistance screening
experiment in Lao PDR, a number of rice
varieties are currently in different stages of
development in the rice-breeding program.
They have the potential to be released as new

varieties in the future.
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ANNEXES

Table 2: Grain yield, days to flowering and maturity of rice under well-water (WW) and water
stress (WS) at agricultural research center (ARC) in Vientiane municipality.

Genotype Mat Yield(kg/ha) YR Days to flowering Delay in
Ry wWw WS % Ww WS Flowering
IR74371-3-1-1 E 1,729 254 85.33 78 84 6
Namheng 1 E 1,463 403 72.45 78 81 3
Nam heng 2 E 1,131 204 81.93 78 75 -3
Angdo 1 E 711 41 94.21 79 74 -5
Angdo 2 E 1,324 83 93.71 79 83 4
Eaphon 2 E 2,342 261 92.45 79 89 10
Hangvi E 829 44 94.64 79 85 6
Hom keo E 1,868 171 90.83 79 88 9
I Khao E 1,962 148 86.29 79 89 10
Leng 1 E 1,599 136 91.49 79 81 2
Mackmouy E 1,241 146 88.23 79 91 12
Noon soung 2 E 2,274 293 95.34 79 86 7
Peud nam 3 E 941 327 65.26 79 83 4
Peud nam 4 E 2,199 171 90.37 79 85 6
Peud nam 5 E 2,193 208 90.53 79 86 7
Eaphon 8 E 2,182 102 87.12 80 86 6
Noon soung 1 E 1,960 456 76.75 80 87 7
Eaphon 1 E 1,352 203 84.99 81 87 6
Eaphon 3 E 1,773 112 93.66 81 87 6
Eaphon 5 E 1,382 133 92.23 82 85 3
IR77298-5-6 E 2,410 330 88.85 82 89 7
Eaphon 6 E 1,627 148 90.93 83 95 12
Eaphon 9 E 1,836 141 923 83 90 7
Peud nam 1 E 1,738 234 86.53 83 92 9
Chao america E 1,417 147 89.62 84 98 14
Chaodeng E 1,974 168 91.47 84 99 15
Eaphon 7 E 1,279 53 95.83 84 89 5
TDK 114-4B88-B2 E 2,517 592 76.46 84 96 12
B6144F-MR-6-0-O E 1,698 414 75.64 85 95 10
Chao E 1,137 333 96.52 85 97 12
Eaphon 4 E 2,019 108 94.63 85 98 13
Chaodeng M 1,324 100 86.05 86 99 13
Hom lai M 1,470 51 70.67 86 97 11

_ 1/ Mat = Maturity, E = Early, M = Medium, L = Late, YR(%) = Yield reduction
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Table 2: (Cont.)

Mat Yield(kg/ha) YR Days to flowering Delay in
Genotype
Ry wWw WS % wWw WS Flowering
TDKS M 2,717 379 92.48 87 99 12
IR55423-01 M 1,942 578 70.23 88 96 8
IR74590-67-1-1-3-1 M 2,514 387 84.61 88 103 15
IR57514-PMI-5-B-1-2 M 1,647 712 56.79 89 105 16
Hom 1 M 2,046 344 83.17 90 103 13
Khaml5 M 1,744 607 61.34 90 106 16
Meuang nga M 2,774 799 71.19 90 106 16
Kam19 M 1,485 299 79.84 91 109 18
KK12 M 2,243 329 79.08 92 115 23
IR57514-TDK-9-1-2 M 1,389 537 65.18 92 106 14
IR74371-3-1-1 M 1,382 382 5291 92 114 22
Kamll1 M 2,005 419 85.32 92 115 23
KDML105 M 1,800 675 65.13 92 109 17
Hom 3 M 1,994 461 68.41 93 111 18
Kaml14 M 981 342 62.51 93 109 16
TDK 114-4B-5 M 1,954 749 61.66 93 108 15
TDK4 M 1,224 500 59.16 93 103 10
Eabok M 475 205 56.86 94 92 -2
TDK 47-6-1-2-3 M 2,385 819 65.65 94 116 22
BL6 M 1,948 547 71.92 95 123 28
IR 68101-TDK-31-1 M 2,677 846 76.87 95 111 16
TDK 37-1-2-51 M 1,269 403 68.27 95 109 14
TDK42-4-1-1--2 M 2,417 501 79.26 95 114 19
IR69502-6-SRN-3-UBN L 2,021 617 69.44 96 112 16
BL2 L 1,710 294 82.78 96 113 17
NTN1 L 2,296 580 74.76 96 115 19
TDK21-B-6-2-1-B L 2,577 925 64.09 97 111 14
TDK 114-4B-88-B1 L 1,564 276 82.35 99 130 31
TDK1 L 1,750 793 54.7 99 116 17
TDK 114-4B-79 L 1,925 122 93.67 101 130 29
TDK 27-13-131-1-1-1 L 1,645 594 63.87 102 118 16
TDK21-B-24-19-1-B L 1,812 853 72.35 102 114 12
BLI L 1,616 227 85.95 105 111 6
Mean 1,770 360 79.47 87 100 12
F. test Hk Hk sk sk sk

Ao - sluoa 2007 159



099U NedNI G UILL

Table 3: Grain yield, days to flowering and maturity of rice under well-water (WW) and
water stress (WS) at Tasano Rice Research and Seed Multiplication center in

Savannakhet province

Mat Yield(kg/ha) YR Days to flowering Delay in
Genotype

1/ WwWw WS % wWw WS flowering
ANG DO E 1,263 508 60 74 78 4
Nam heng 2 E 2,455 536 78 78 82 4
Hangvi E 2,457 545 78 79 86 7
Nam heng 1 E 3,266 540 83 80 84 4
Eaphon 1 E 1,965 965 51 81 82 1
Eaphon 5 E 1,800 600 67 81 94 13
Mack mouy E 4,182 519 88 81 84
Peud nam 3 E 1,850 682 63 81 84 3
Eaphon 3 E 1,801 | 1,144 36 82 88
Eaphon 7 E 1,876 247 87 82 94 12
Eaphon 8 E 2,739 804 71 82 99 17
IR74371-3-1-1 E 2,378 | 1,110 53 82 84 2
Leng 1 E 2,306 748 68 82 85 3
Angdo E 2,165 682 68 83 84 1
Chao E 2,666 | 1,033 61 83 86 3
Hom lai E 2,722 319 88 83 94 11
I Khao E 2,659 642 76 83 97 14
Noon Soung 2 E 2,496 753 70 83 88 5
Peud Nam 1 E 2,799 362 87 83 94 11
Eabok E 1,512 467 69 84 84
Eaphon 2 E 2,338 | 1,112 52 84 89 5
Hom Keo E 2,590 | 1,167 55 84 99 15
Noon Soung 1 E 1,742 505 71 84 87
Peud nam 5 E 2,654 942 64 84 92 8
Chao america E 2,163 926 57 85 86
Chao deng 1 E 2,347 597 75 85 96 11
Chao deng 2 E 2,395 535 78 85 102 17
Eaphon 4 E 1,908 342 82 85 99 14
Eaphon 6 M 2,378 907 62 86 98 12
Hom 1 M 2,649 981 63 86 96 10
IR77298-5-6 M 2,348 | 1,251 47 86 102 16
Peud Nam 4 M 2,690 | 1,094 59 86 91 5
IR74590-67-1-1-3-1 M 2,826 | 1,297 54 87 99 12
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Table 3: (cont.)

Mat Yield(kg/ha) YR Days to flowering Delay in
Genotype -
1/ wWw WS % wWwW WS flowering

Kam14 M 2,151 448 | 79 87 102 15
Kaml9 M 2,120 401 | 81 87 91 4
TDK4 M 3,293 1,101 | 67 87 100 13
B6144F-MR-6-0-O M 3,956 769 | 81 88 102 14
IR55423-01 M 3,155 1,652 | 48 89 102 13
Kham15 M 1,851 992 | 46 89 102 13
Meuang nga M 2,899 1,445 50 89 108 19
TDK 114-4B88-B2 M 3,373 1,319 | 61 90 99

TDKS5 M 3,249 1,339 | 59 90 99

Hom 3 M 2,998 982 | 67 91 105 14
TDK 47-6-1-2-3 M 3,059 1,625 | 47 91 105 14
KDML105 M 1,908 674 | 65 92 99 7
TDK 37-1-2-51 M 2,460 1,609 | 35 92 103 11
Eaphon 9 M 1,868 703 | 62 93 86 -7
KK12 M 3,770 1,469 | 61 94 106 12
IR74371-3-1-1 M 2,515 895 | 64 94 107 13
IR57514-TDK-9-1-2 M 2,612 1,328 | 49 95 101 6
BL6 L 3,120 1,940 | 38 96 107 11
IR69502-6-SRN-3-UBN L 2,575 1,110 | 57 96 107 11
BL2 L 2,925 836 | 71 96 111 15
TDK 114-4B-5 L 3,046 1,699 | 44 96 111 15
IR 68101-TDK-31-1 L 2,485 2,126 | 14 97 100
IR57514-PMI-5-B-1-2 L 2,553 1,662 | 35 98 102
TDK42-4-1-1--2 L 2,225 1,109 | 50 99 105 6
TDK21-B-6-2-1-B L 3,093 1,413 | 54 100 111 11
TDK 114-4B-79 L 2,634 1,693 | 36 101 110 9
Kamll L 1,583 404 | 74 102 105 3
NTN1 L 3,601 1,470 | 59 102 107 5
TDK 27-13-131-1-1-1 L 3,740 1,409 | 62 102 111 9
TDK21-B-24-19-1-B L 4,279 1,849 | 57 102 111 9
BLI L 3,820 1,885 | 51 103 111 8
TDK 114-4B-88-B1 L 2,835 1,435 | 49 103 113 10
TDK1 L 3,477 1,828 | 47 104 108 4

Mean 2,630 1,022 61.22 89 98 9
F. test Hk w0k w0k w0k ok
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Rice yield stability of rain-fed and irrigated lowland rice

Sipaseurt!, Phoumi Inthapanya', Dr. Monthathip Chanphengxay?, Dr. S. Fukai’
Abstract

A study was carried out under rain-fed and irrigated lowland conditions at the Agricultural
Research Center (ARC) Vientiane municipality, Tasano Rice Research and Seed Multiplication
Center (Tasano) Savannakhet province and Phonngam Rice Experiment Station (PNG)
Champasack province in wet season 2005 and dry season 2006.

The main objective of this study was to determine the stability and their interactions on the
phenological development in grain yield at different growing conditions. The combined analysis
of variance was determined on twenty-five rice varieties under rain-fed and irrigated conditions.
Mean grain yield showed highly significant difference, TDK21-B-6-2-1-B, TDK7, TDK6
and TDK42-4-3-2-1 gave the highest yield and ranged from 3,899 to 4,091 kg/ha and PNG
3 gave the lowest yield, 2,979 kg/ha at PNG. TDK47-2B-6-1-1 gave the highest yield 2,499
kg/ha, but TDK7 and TDK37-236-2-1-2 gave the lowest yield, 875 and 977 kg/ha at Tasano,
respectively. TDK37-B-21-1-2-1-1 gave the highest yield at 4,181 kg/ha, but TDK42-4-1-1-2
gave the lowest yield 1,468 kg/ha at ARC.

Based on mean yield, regression coefficient and deviation from regression (S2d) using Eberhart
and Russell method (1966) TDK1, TDK37-236-2-1-2, TDK21-B-24-19-1-B, TDK42-4-3-
2-1 and TDK27-13-131-1-1-1 are specifically adapted to favorable environments. On the
other hand, TDK114-4B-88-B2, TDK6, TDK47-2B-6-1-1, TDK43-41-2-3-1 gave high grain
yield but low regression coefficients, indicating that they could be adapted to unfavourable

environmental conditions.

It was concluded that TDK 1, TDK42-4-3-2-1 and TDK7 should be recommended to the farmers
who are growing rice under favourable conditions. Whereas TDK6, TDK 47-2B-6-1-1 and
TDK43-41-2-3-1 could be used for growing under unfavourable conditions.

'Rice Research Center (RRC)
*National Agriculture and Forestry Research Institute (NAFRI)
3Queensland University Australia
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FEWIVEDOIDLNINNAVEZI0 FASUNIU
cavﬁonvz%n%] Sanfi0 Su: QBRSNS
Unzsgoum amummo?nmusum
nse, dulSngzvedufio S 8uaaonm
GRE Usauﬂwman%mgmsgnwuwﬁw
& Yruau 1,000-1,200 vy 6. Dudodn
(Ooudioszwa gax Gnvinludeuivea 3u
EoldRovdtouuageny Soldfonoau
Laymwuﬁzﬁo w“ozﬁawﬂou:ﬁ‘cﬁaau
l;wmuommaf)mumzmay Y Un‘too?n
mnmuamusouauuwm

YuUa’yﬁuﬁ gaouaniio ﬁgﬁ‘téu‘%ﬂécgu
05 2alunaveeSody nauuilsya
Jo9niu uax mwnﬁﬁo%omﬁo’égfrﬁ?ﬁo Sz
wﬁuanmamwuaﬂ‘caman ’le:fjngi”
wR adigLde onmuaaﬂuemuauuwm
saodolanaueeSo Bu: sjﬂaﬂcwj‘tu Ko
gucal.

cuodiucda zﬁﬁnﬁuggzﬁ'uﬁsgnﬂu UsN
NI LOBVEIER0FILR0 HIwtioginoay
gauaotufioBafivaswaunonasnnag
1038 Weoeed woawasgnIy tay O

£229t0g99n0992099 nauduliogeydio

guvaoawgawanlunauuliogegunas
EUDWL. mm'JJmcUgmwﬂuccoostaucé'jiu
Sumaisheu 890 ldinaududo 2e9uuo
%Uﬁozﬂ‘cﬁﬁciﬁﬂzﬁaaw (Cooper et al., 1999;
Fukai et al., 1999).

nauduBogsgruodivida Saoauwon
ga9fiumae § wee guﬁumndjmwg
2993xWIVL0HDL ONILEES 029910
QzrUoWliu (genotypes by environment
interaction GxE) Lﬂllﬂmcﬂ‘wj]’[;goczzﬁ
nausELogeensstualiuda dAgHy
z]'jnzgn%nﬁﬁglj cﬁegnww%aswwuao
Soufconnagfy %f]cijusaqzjzén‘fumu
SoSonSnsruriiciegnau wazsn SNy
Led9nao 99008 L099oNUa fad9y
wIWKo0SsLHY w8y § sraogeen
anndﬂg@ﬁnaaﬂucé’j‘u%g Henderson et al.
(1996); Cooper et al.(1997) ta183Hna
n199eR8200 lunawd e JedAluasou
2u1099 Tuyndhfiugrwaucooae (GxE)
Seamae azugawmoldaoauniaona
Giwmw%ﬁoﬁen’uimgﬂwoﬁg 9109 Huet
802998980,

FanBunaufioasgficuua Busa wuoiiy
Lgﬂzf'ﬁ‘ﬁaowdyccUgmgﬁﬂm‘ﬁwgm g9
vaoduliofivgzwavonasutddnaa 4
Snurnauly SUedRSuafusruautoo
Sourlisanda grxagoa Bagauantudio
0 Tugeutenadfio (Muir et al., 1992;
Cooper and DeLacy, 1994; Cooper et al.,
1996). Eberhart et al. (1964) t0&na9naw U]
unuBuEESn2e9IqNULIUa 1520
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£y INUeEU 3 199 60 g0 At Gaannay
UeSUTuarmoay saeiiuky 6 s9ediuv J
nauSonuzesszwawLonael thuuawdy
Ky IWI0YoLIuBuNsiivesIRswa
LLOQ;Saauuﬁey{h’@o U099y wawy
S9x00d9U (GXE) 16 Tounauynlvge
mw&“ﬁmwﬂuccamﬁsu‘fﬁaﬁﬁw (Bu: nay
N¥390299U90U SUNEYL Gy ANSTLy
aoawgduduyu2e90y Ay G93wwiion
mucﬁemwa%mﬁﬁmmuaawﬂu N1909U
Buwedogy IwgrvIoyoaeudunsiiv
2e9luyNh tae FeWWKD0I8L (GXE) 10
dagfueSofway warda HobulUeBRS
gadia é"mﬂndqjmwgasgmwﬁucaaoé&u
Satiu %WMijnm”eggnﬁoasg Toitagu
nauodentugaesenaud car gauge
W Ko0aeu esoslunavioSencuo
’zﬁuzﬁﬁﬁ‘mmﬁogﬂm WetariiogRy.

Sz 099 SydudrroiindSgliony
V9, gaouagouing civyngan navifas
tigaonatuysdu Tosnaulsgy, Tdud
taz nhHIocugts Fogdio dagwydecy
E0tGean. S9iu mnijuijgﬁmgﬂzﬁ‘cﬁ@u
©eR0g9 taz swandudiofivarwavron
Seu tar 168UEES0dTu $9tudHitian
mogo?}mﬁumuwaﬁo 29929209100
ZJI1°§)0 (Inthapanya et al., 2001).

naudnga89i ﬁ'gaUaé‘acz‘fTssJﬁnédﬂ
nauduBogegruaiiuida #LoBuweSod
waeldgrwautondsuiiwaciy Weld
FousYnuouneaouadty.

gUrnay Kaw NN

nawiinasy tooaluluarguad 2004 tay
vacgg J 2005 vhlgguodivi@aniddu
UoU 25 wuodU é”f]i’ﬁoaef]gn v 3

' { 1
(3 (%4 Q.

Frnwn (Su: m§n5n95ﬂc§ﬂ NhKWIUY
QENBIG @Ugbﬂ5ﬂ R 28N U0
TV NPT (209I8MIVVEI20 (L Iz
nadfioasy twugaw weo9akdadn.

NIVN099L0099UCVUAUTN O KaY
F0099xuuT98U rando-mized complete
block design (RCB) Ugnaudoy 3 29 2w
WI02996U9N0a99 1x4 ko tavzdnad
20x20 20U f'éomg'mz"ﬁ'ié ghRvazgilu J
2004 v 60-30-30 Na/st 299 N-P,0.-
K,0 42 azQuagz9 2005 §omgﬁn§1‘?§
€Uy 90-30-30 na/so 299 N-P,0-K,0.
BueIER0 ‘tﬁu%miﬁu"ﬁnamuaﬁ'u Ua019u
14% gaz vaU939 na90uSERG:

1. ST@maﬂiﬁmLUaegggu lueraese
WIVEOOSBL (HON00ISUNDILONGIY
LMD Lcna"zﬁmgﬂmﬂu§u (UU22INIVNO
299uu RCB 83%:

Yij = p+ Ti+ Bj + GE(ij)

2. nauiossuandal Wuensway naugd
anzegt’ﬁwwsé’m (Test for homogeneity of

error variance) (Gomez and Gomez, 1984).

3. 3laaoaugUdouaoy eagégn'm
nNavNoasgu0aeen9U (Combined
analysis) (j2ii089u (GxE) OWSVUVY
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299n9UH0a99 tisdiuoa Taoauwonoay
N91909U9:08 993 lananaudufiozey
guatiu W roaesrwIu o0 (Stability

parameter)

ijk=p+Lk+Ti +Bj(k)+(LXT)ki +sijk

Sz‘n’nﬂnﬁﬁﬁcaqs&:&ag Eberhard
Russell (1966)

naufiogsusuoiiuida aouEowasldise
wavgonaouushvouy Iy diisaa
mo@auguéagasgmmuccoostauci‘ﬁﬂfﬁ
LTS F9z9ua0l8UL w0 9 pa-
rameter 9annau3lagsjuarwauiogae
naudlenoau cUdoufiu regression Buedz

80299tz suoiiuiEananioseiarway
£9090 (Environment Index) 0903299
Eberhard Russell (1966) sau908z6091u
Model 2199583 So5:

Y, = p+G,+E + (BL +8) + g,

Bl = @9 regression 299KUaWUR i
No0selgzWIVED09U
(Environment Index)

[j = av8oselgzwavwooaoudi J

oij = éﬂ@@ﬂuﬁJﬂLUD (regression

deviation) 299(0E LTV
i lusrwavcooasw J.

0099 1:  SUEONN9 Kae Judnod zﬁ@ué‘?umfwmé’m%, uzzmeag oy
N9ty €ae Fenaliuvgaw lwsswaunauegslo vad tag VIKgY.
axgflu J 2004 Arguay ¥ 2005
grnaui SUONNA Judnod SuONNa Judnod
RRC 2-Jul 25-Jul 20-Dec 22-Jan
Tasano 25-Jun 25-Jul 22-Dec 25-Jan
PNG 11-Jun 8-Jul 26-Dec 20-Jan
WILNO: RRC = @ugumé;ﬂtgﬂ,
Tasano = FUAVADI29 NIRE T,
PNG = guaVaI 2 twugI
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GUNIWNOADY

BunaudTenoau gUdou na9nauiiuesSo
Wedardiegiy Hlgrwauoodouwnn
099510 6 €y (2 agnau x 3 gEnauiitio
299) 103x609 lwnaneaay & 2. iy
naufioasgfiuda wuatividafiga U
BuweSocondasiu Wedazdesiucay
KoRzaUadiv nag0wsEtdgy waziu

aoauBadiu 95% luktasd war woay
wuoiiucSa (Genotypes x environment in-
teractions) (Jadiaq aruafignaudjucys
29998WIV L0 09 1dFHiuda coef-
ficient variation g9 a&1999 BuweRouad
(ot UKey Hegrmnsrwautondey TGy
nefudSngrur 299utavcuaiiucda
ﬁgn“ﬁmmasaag Sofiu 3980090 conmag
N99090FEND (99 0 2).

oozt 2.  naudlegefBaon 2998uaedaiSa sthwou 25 wuoliy arndag uad
gar vaKgg J 2004 wax J 2005.

Source of variation DF Sum of Squares Mean Squares
Environment 5 21036.00 4207.2 **
Variety (Vty) 24 512644 21360.167 **
En x Vty 120 697437 5811.975 **
Total 300 698476
En + (GxE)SS 125 718473.00 5747.784 *
E (linear)ss 1 21063.00 21063.00 *
Residual 298 69252194 232390

* ok L OFeH09009U60N099 (URESUaIU S0l 1% & 5% OOV €y

ns UEONN9.
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090299 3: UJumJuéﬂaaL59 2998uEES08a 25 twoliu Hifoasy Tuazguad
2004 «aw azguauzg U 2005 (Alanaau/sy).

QNI ARC CPK TSN fagEde
&3@&;53 (2005) 3,287 3,321 3,843 3,484
aggau (2004) 3,119 3,573 1,701 2,798
Sz Sy 3,203 3,447 2,772

LSD5% 207 JJumjuasnoaRsQnau

LSD5% 123 djumjuasnoaggenani

Bunau3la 99983 299 25 wuodiv Tu
3 90810899 ALU1099 AvQUd kAT ALY
vargy togrroglodivog Guaslose
Se Twasguauzg 10 3,484 1ita AEnoa
andﬂﬁu’wwsﬁomgﬁe tuasquad 10
2,798 Ala OEnng. BuweSoze9 25 wuo
TuBuda HgrnaDdlwugau BusSogonoa
@ngnaﬁﬂcfgﬂ GE @ugum:}] LR 2w
neae ol nagetu figazgual 4w U9
€29. wueazqo Fhoney 2 QrQ Bueiedo
Ba guSo 14 3,447 Ala GEnoa &
srnad Swugau, § gq;iué?:ua:;mgﬂ o
3,203 A2 OEnna ax m"“@ugua:;ﬁ
gz 2eMgasdoliv magelu 2,772 Rl
AEnea. Saeouudo rOUILZIBUIER0
SE(SUR0U L1099 3 0810299 10 3,843
Ala HiEnoe gaonos BuaeSose (Suaou
0 3 30 azguad 10 1,701 Ala BEnna
e Fx w0 lhiidivaowshlivasudgasg
NI KT GUaER0 (O090Ea99 3).

Agfiusay vaguuaiiuida taBueESose
(5e wazguangy Hzrqadlwugan «o
3,899 (®9 4,091 Al GEnea Bu: quo
f#iutEa TDK21-B-6-2-1-B, TDK7, TDKS6,
TDK42-4-3-2-1 gar guoidiuida PNG 3
YEBuEB0suEe 2,757 Ala 0 (Enoe tay
cuotiucda TDK47-2B-6-1-1 toBuei=d0
guide 2,499 Ala AEnO9 z‘n"g)wguafm
tar 2enuaeboiiuiEa nagely TDK7
Koz TDK37-236-2-1-2 10GUGER0 St
(Set «o 875 (B9 977 Rla OEnoa &
@ngua:?mgﬂ TDK37-B-21-1-2-1-1 &
BueedogIgo 4,181 Al GEnna ga
TDK42-4-1-1-2 t08uezdow)iue 1,468
Ala AEnoa. gRUazQily Buuslosy
(Bo 299u0azauoiiu €t 1,701 (B9 3,573
Ala OEnna car rQuIKg) Buwedoy
Bozogurarauoiiu o 3,287 (B9 3,843
AYa OEnoa wooa Hzenad Twugau
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cwo Fuida TDKI 168ueedo guiFe
4,551 Ala 55%3’10161 G2z TDK42-4-1-1-2
168 wedo guidy 1,935 Ala HEnoa
tay H gUAUaDT KAy aemmywoww
Magelu Y6BueEdo sude 4,706 Al
OEnoa tar TDK114-4B-79 tG8uesed0
guSe 1,491 Ala BeEnea 51’@1151)95%56}
TDK21-B-24-19-1-B YdBuwedo swide
4,031 A%a OEnna war TDK7 168ueeS0
guiSe 4,189 Ala Enoa wax PNG3 14
BuwedSo sxide 2,089 Hla AEnoa.

vsnaani €do F9RUNWH099IEQUA
g9 H9Juaguuaiiuda fgauantGEudu
weSo0 ¥y gaonsa 3,000 fla O
(Snoa c§u: wuoliutEa TDK42-4-3-1-1,
TDK6, TDK7, TDK74-13-2-1-1, TDK74-
237-3-1-1, TDK114-4B-88-B1, TDK114-
4B-88-B2,TDK74-13-2-1-1. 43uazqtly
cuodinida TDK6 td8ueeSod v 3
08099 €029 Suaguuoiiuda #rS6
wrSoseide Sousa9d (Su: TDK37-1-
2-51, TDK114-4B-79, TDK 114-4B-88-B1,
TDK114-4B-88-B2, TDK42-4-3-1-1 ¢
TDK7 ZJI1°§)115D€15‘1E§‘1 gaE el WU
(01708299 4 €z 5).

navdecTuGueeSo 2o9guodivid
lugswavnooaouc1 992 (Stability

analysis):

(Ue999n99 Bunaudlenou Hlaoauwon
D990 RE 209Us8RRu g TuaL

019099 CUDTU X FEWIWLDOISU (gen-
otypes x location x season interaction)
tGaEc0gn0IuLonsag magdausERd 59
T %f)iﬁwm&ggwﬁgmo vadlanjofiv
Buntiiveessrwautoodey OFuBugES0
toalsda 299 Eberhart and Russell
(1966) (Judiinaudzciuaa 299tuoiiu
lutnaegzwav g0 9U (genotypes
across six locations) meacﬁUéﬂﬁlgma
LI;JJ' Ua 9299 regression coefficient (b)
, deviations regression (S2d) €&
csiucavamaf] 29910arEUady UK
srgrnani nawdlensaucddou deusy
touBueszRoiivon uamuccmnmgmgmn
2200 299 25 wuodiv aguamummoi’fu
mo?‘u&vwﬂuuaoaeumcccmmgmj Su:
cuoducda TDKI way TDK42-4-3-1-1
‘cﬁﬁuwsﬁomndmwaﬁngug w0 3,598
Ala AEnna car 3,596 Ala GEnoa
nawahdy sar H9Buon wuodiuida TDK1
Yoaanaudulio lusesswau o0 (re-
gression coefficient) @33’10"1 1 (b>1).

Sotiu F9mau9059t639 2 wuaiiy Hinaoua
Hugpaiiv HizauaoduBoto Wsrwaw oo
Seuditmardu W10 0T VLR 09
gU2WV (2 TDK7, TDK21-B-6-2-1-B tax
TDK6 5909068u0eS0 sviSe 3,586,
3,503 wav 3,449 Ala HENN nauahdy
gau90dufofugswIVEo0 22U100
MU uoiiucEa TDKA47-2B-6-1-1, TDK43-
41-2-3-1, TDK114-4B-88-B2 e TDK3
toBueedogauiouiiv codgaua0dud
oBafugrwautondsy 6. Suagd wax
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v197080299 cancssao Bnda a9 regres-
sioncoefficients msmm 1 maucwawmm
TDK74-237-3-1-1,TDK114-4B-88-B1,
TDK114-4B-5, PNG3 g TDK42-4-
1-1-2 YdBueeSona 2,925, 2,911,
2,854, 2,572 Ala AEnna nawadSu
douiigan regression coefficients Ganoda
1 WucvaiiuBaifiuazdu

tar 39090Ju80108 TuynszwavKon
9L tJlJG:‘J‘“&OZJUJlJLLUf] 281J2°13&“?)1]°1§)”
(0 ccmmsuavweamm{jmwg mavwﬂu
LLDO&)&UTU§Ucanmgmczmnmgﬂn iyBL)
0 5UEBRSuaarndLUoliy tay Srwa
K009U §l AxdU regression 299K0AE
wuodiueag)baoau ddoutunauszway
toodsudgasdialo tax a90]9uT0Y
L5 O LoN0a9ImMnoIl cUdouaol

(Poolederror).

FEL0929 éygauu'z]jcuumn regression
§3mﬂU3’]‘]iU5Gf’Qﬁij 299 regression co-
efficient §9Nn99 1 (b>1) tdunuvody
LS‘] TDK1, TDK37-236-2-1-2, TDK21-

'
<2

B-24-19-1-B a0B TDK42-4-3-2-1 #
188uBuweSo luszwavgaodsud
uardu Fusrwauwoodsuiis. wuaiiu
9090080168 wuvrvoduEais
regression coefficient faFo 1 (b=1) 1O
SufBiueedogy war Standard deviation
&9 toun cuoiiuda TDK6, TDK43-41-
2-3-1, TDK114-4B-5 g TDK74-237-
3-1-1 guadiucEaiifaa regression coef-

ficient @929 1 (b<1) TO&NLVDTVEEY

TDK47-2B-6-1-1, TDK42-4-1-1-2, TDK 114-
4B-88-B1 waw TDK3 sauaaynta 1u
SEWIVEDOABU zﬁﬁamugﬁu%ugm‘%
cualinfigauanduBotdd wluguoiiuda

'
=3

TDK1, TDK42-4-3-2-1 gz TDK7 &
waﬁuqﬂuﬁmﬁl’ﬁamu898;1%1123118
AgFugay guoiiuida TDK6, TDK 47-2B-
6-1-1 «aw TDK43-41-2-3 wwazduyniy

i2odilaou9duyuda (09099 6).
(o]
99U

naufioasy naudubozeguuaiiuidan
FLWIWLD0IDU M99 VAl 2004 K
vaKg9 2005 0UxE9 WenaoduwxSo
aegtmaﬁufﬁmmo‘c5&1)03350@9 Tuuo
AW 209U, Bunaudlaoudse
£09029U EONN9NY90 USRS luwn
230010299 €AT KOILILONIY S0
navdUz (Ju299 Eberhart and Russell (1966)
Hegaanada BunstivzeBonatiy axnong
U9 € VIE29 JO29UEONNYY KRy
FrwauEa0d oun Jnoauconaagsiy.
Suaguuoiiufea sxEe 299 regression
coefficients (b>1) g9n0a gwa0Tudiotad
Wwasguad «as vauzy (81: TDK47-2B-
6-1-1, TDK42-4-1-1-2, TDK114-4B-88-B1,
PNG3, TDK3, TDK74-13-2-1-1. Aigfiugau
L9y (Bu: TDK 114-4B-88-B2, TDKG,
TDK47-2B-6-1-16 TDK43-41-2-3-1
toBuedoguliouiin tio9aa  regres-
sion coefficient B9 S98zw09ld (Fuoa
saua0dudioto Tnmwﬂuﬁnfﬁﬁamugﬁu
ﬁuguéﬁ
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g warguaiiuida TDKI t68ueseSo 29
noawY 3,595 Al &En0a gar TDK42-4-
1-1-2 Y68ueSoda 2,050 Ala GEnne.
S9tu naustrosBugESosegurartua
dnlueoarqo Jooauonaasiivnagday
GUNENU299UUDTV (AT FLWIVLDOIDL
HdnauduBadafivsrwavtoodeu nau
nauge ey Cooper et al. (1997) 99008
naufioasgluenens.

VYU
q

NIWENSBUNENY 299FxWIV L0
OBuEES025 guaiiu w3 0[S R109
arQuargy uar vad 1oelg3uinaudla
66y Eberhart and Russell (1966) Zﬁ&l%dwv
10909 9o9usAWUALND9Y €UTU Ky
W E0a9U Jaoauconaaghiuiuee
aed §98v eouunlgwuodiu: TDKI,
TDK37-236-2-1-2, TDK21-B-24-19-1-B,
TDK42-4-3-2-1, TDK27-13-131-1-1-1
Ségti’hu LEiJOiTJlJLSﬂUBJO (AT 292UFIUIOUA
tuyn YSegJagnoagzoag wwannag caw
wanldoy.

aa29ulq

gazg09naau29ula :U%]gq):ugwasgﬂcgﬂ
tar Frnabuags fehuosaoauszaon,
TO9NIu90t9899 Australian Center
for International Agricultural Research
(ACIAR) HtSuznougoniiu cgﬂ"iuaJmW
NON99.
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(ONEINM LVVNNL

oo 4 JjunjuBueelossRy 2990w LUdidiuEa 25 wuodiv Tu 3 900
299 ALU1099 ArQua?) U 2005 kar axgilu T 2004.

azqflu J 2004 [eguay U 2005
0 | wuowu
PNG Tasano ARC PNG Tasano ARC
1 TDK21-B-24-19-1-B 3,402 b 1,466 ¢ | 3,675ab | 3,221ab | 4,446 a 4,029 ab
2 TDK21-B-6-2-1-B 3,939 a 1,995¢ | 3,994a | 3,663ab|4,292a |3,134b
3 TDK27-13-131-1-1-1 3,498 b 1,648 c | 3,432b | 3,098b | 4,375a | 3,810ab
4 TDK37-1-2-51 3,479 a 1,224 ¢ | 3,755a | 3,228 ab | 3,476a | 2,557Db
5 TDK114-4B-79 3,480 a 1,562b | 3,336 a | 3,042a 3,907a 3,283a
6 TDK42-4-1-1-2 3,345 a 1,252b | 1,468 b 1,935b | 1,491b | 2,809 a
7 TDK114-4B-5 3,625a 1,642 ¢ | 2,433 bc | 3,144 ab | 3,460a | 3,130 ab
8 TDK114-4B-88-B1 3,477 a 1,843b | 3,182 a 2,738 a 3,178 a 3,047 a
9 TDK114-4B-88-B2 3,823 a 1,707b | 2,939 a 3,294 a 3311 a 3,534 a
10 | TDK47-6-1-2-3 3,247b 1,576 ¢ | 3,666 ab | 3,261b 4,249 a 3,432 ab
11 | TDK42-4-3-1-1 3,850 a 1,924b | 3,935a 3,538a | 4,400 a 3,927 a
12 | TDK6 3,921a |[2,086a |3,445a |3447a |4,068a [3,730a
13 | TDK7 4,091a 1,875b | 3,837a | 3,731a |3,949a |4,031a
14 | PNG3 2,979 a 1,822b | 1,788b | 3,165a | 3,591a | 2,089b
15 | TDK1 3,636 ¢ 1,288 d | 3,834bc | 4,551 ab | 4,706a | 3,574 ¢
16 | TDK3 3,586a |2,026b |2,506b |3,602a |3,616a |2,712b
17 | TDKS5 3,017b 1,687¢c | 3,136b | 2,866b | 4,379a | 3,736 ab
18 | NTN1 3,662 ab | 1,684 ¢ | 3,025b | 3,794ab | 4,093a | 3,272 ab
19 | TDK47-2B-6-1-1 3244 ab | 2499b | 3,549a | 3,431a | 3,520a | 3,796a
20 | TDK37-B-21-1-2-1-1 | 3,719ab | 1,471¢ | 4,181a | 3,197b | 3,530ab | 3,016b
21 | TDK74-13-2-1-1 3,704 a 1,854b | 1,491b | 3,475a | 3,46la |3,137a
22 | TDK74-237-3-1-1 3,546 a 1,723 b | 2,016 b | 3,186a | 3,725a | 3,354 a
23 | TDK37-236-2-1-2 3,627 a 977 ¢ 2,686b |3,893a |4,194a |2,683D
24 | TDK42-4-3-2-1 3,809ab | 1,769¢ | 3,042b | 3,066b | 4477a | 3,433Db
25 | TDK43-41-2-3-1 3,541ab | 1,920c¢ | 3,623 ab | 3,463 ab | 4,189 a | 2912b
éﬂaaca‘bs 3,573 1,701 3,119 3,321 3,843 3,287

09988 NnauooedotlyFilsuivivenoveou U5ao9uEoNA 9N WILTE
Tuasduaoau oy 5% toalg DMRT.
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090299 5: UJUZDJU[%DCSBZ%O&BCS)&EJ 299u0aE LTS 25 cuodiu 1w 3 F0{i0
299 Ae11999 ArQua9 U 2005 uaw axqiu T 2004.
Ne azgfu J 2004 eguay U 2005
PNG Tasano ARC PNG Tasano ARC
\%! 3,402 abc | 1,465bcd | 3,675 a-e 3,221 bed 4446abc | 4,189a
V2 3940a | 1,995abc | 3,994 ab 3,663 be 4292 a-e 3,134 b-h
V3 3,498 abc | 1,648 bed 3,432 a-f 3,098 bed 4,375 a-d 3,810 abc
V4 3,479 abe | 1,224 cd 3,756 a-¢ 3,228 bed 3,477 efg 2,557 hi
V5 3,480 abc | 1,562 bed 3,336 b-f 3,042 bed 3,908 a-g 3,283 a-h
V6 3,345 abe | 1,252 bed 1,468 j 1,935 ¢ 1,491 h 2,809 e-i
V7 3,626 abc | 1,642 bed 2,433 ghi 3,144 bed 3,460 efg 3,130 b-h
V8 3,477 abc | 1,843 abc | 3,182 b-g 2,738 d 3,178 g 3,047 c-h
V9 3,823 abe | 1,707 a-d 2,939 efg 3,294 bed 3,311 fg 3,534 a-f
V10 3,247 abc | 1,576 bed 3,666 a-¢ 3,261 bed 4,249 a-e 3,431 a-g
Vil 3,850 ab 1,924 abc 3,936 abc 3,538 bed 4,400 a-d 3,927 ab
V12 3921 a 2,086 ab 3,445 a-f 3,447 bed 4,068 a-f 3,730 a-d
V13 4,091 a 875d 3,838 a-d 3,731b 3,949 a-g 4,031 a
V14 2,978 ¢ 1,822 abc 1,785 ij 3,165 bed 3,591 d-g 2,089 1
V15 3,636 abc | 1,288 bed 3,834 a-d 4,551 a 4,706 a 3,574 a-e
V16 | 3,586 abc | 2,026 abc | 2,506 ghi 3,602 be 3,616¢c-g | 2,712 1
V17 | 3,017bc | 1,687 a-d 3,136 c-g 2,866 cd 4379a-d | 3,736 a-d
V18 3,662 abc | 1,684 a-d 3,025 d-g 3,794 b 4,093 a-f 3,272 a-h
V19 3,244 abc | 2,499 a 3,549 a-e 3,431 bed 3,520 efg 3,796 abc
V20 3,719 abc | 1,471 bed 4,180 a 3,197 bed 3,530 efg 3,016 c-h
V21 3,703 abc | 1,854 abc 1,491 j 3,475 bed 3,461 efg 3,137 b-h
V22 3,546 abe | 1,723 a-d 2,016 hij 3,186 bed 3,725 b-g 3,174 b-h
V23 | 3,627 abc | 977d 2,686 fgh 3,893 ab 4,194 a-¢ | 2,682 ghi
V24 |3,899a | 1,769 a-d 3,041 d-g 3,066 bed 4,477 ab 3,433 a-g
V25 3,541 abc | 1,920 abc 3,623 a-¢ 3,463 bed 4,189 a-e 2,912 d-h
Mean | 3,573 1,701 3,119 3,321 3,843 3,287

99x(d8 Hinawoosdotydwioviulucnousy OinoaugonognIgILFRE luay
Suaoau Sy 5% toe18 DMRT.
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0IER9 6;  BueElosdy (Al OESnn9) regression coefficient (b), the deviation
from regression (S2d) 8930 25 «uodiv TV 6 FIrWIVEDOIDW.

Regression Deviation
Variety name Yield(kg/ha)
Coefficient from regression(S$%d)

TDK21-B-24-19-1-B 3,373abc 1.27ns 0.26%*
TDK21-B-6-2-1-B 3,503ab 1.02ns 0.81%*
TDK27-13-131-1-1-1 3,310bc 1.16ns 0.86%*
TDK37-1-2-51 2,953f 1.09ns 0.31*
TDK114-4B-79 3,102de 1.05ns 0.11%*
TDK42-4-1-1-2 2,050 0.51%%* 0.50 ns
TDK114-4B-5 2,906g 0.93ns 0.17%%*
TDK114-4B-88-B1 2911g 0.70* 0.16*
TDK114-4B-88-B2 3,101de 0.91ns 0.19%*
TDK47-6-1-2-3 3,238cd 1.11ns 0.21%*
TDK42-4-3-1-1 3,596a 1.11ns 0.16%*
TDK6 3,449ab 0.94ns 0.07**
TDK7 3,586ab 1.08ns 0.17%%*
PNG3 2,572i 0.72% 0.37 ns
TDKI1 3,598a 1.53ns 0.30%*
TDK3 3,008f 0.77* 0.25%
TDKS5 3,137de 1.05ns 0.30%*
NTNI 3,255¢d 1.11ns 0.13%*
TDK47-2B-6-1-1 3,340abc 0.49%* 0.17*
TDK37-B-21-1-2-1-1 3,186d 1.03ns 0.35%
TDK74-13-2-1-1 2,854h 0.86%* 0.46 ns
TDK?74-237-3-1-1 2,925¢g 0.96ns 0.29%
TDK37-236-2-1-2 3,010e 1.48ns 0.27**
TDK42-4-3-2-1 3,281cd 1.17ns 0.19%*
TDK43-41-2-3-1 3,275¢d 0.95ns 0.81%*

* k¥ Qagy (8699098 (hoUAL U D009 LONN9N990UKETEa 09U (898U 5% LoY
12 DMRT.
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