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OPPORTUNITY AND CHALLENGES IN RESEARCH AND
DEVELOPMENT OF WAXY HYBRID RICE IN LAO PDR
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Abstract

Heterosis is known to be a major factor for increased production in several crops,
including rice. The objectives of this research are: (1) to study heterosis of waxy and non
waxy hybrid rice based on Lao HY Vs and (2) to evaluate grain quality (chemical and eating

quality) of waxy and non waxy hybrid rice.

Results show the performance of the hybrids in terms of grain yield varies depending
on the female parent used. Hybrids derived from IR75589-31-27-8-33S showed higher main
grain yield (4864 + 303 kg/ha) compared to IR58025B (4600 + 377 kg/ha) and IR65 (3483
+ 627 kg/ha). Among the male parents, TDK1 had the highest yield (4813 £+ 740 kg/ha),
followed by TDK3 (4717+255 kg/ha) and LNT1 (4633 + 433 kg/ha). Hybrid (IR75589-31-
27-8-33S/TDK6) has the highest grain yield with (5397 kg/ha) while the lowest yield was
observed in hybrid (IR65/TDK9) with 2146 kg/ha.

Positive and negative level of heterobeltiosis for three-line hybrid rice system ranged
fro -23% to 25% and heterosis over male parent for two-line hybrid rice system ranged from -
1% to 99%. Head rice recovery of the hybrids ranged from 43% to 67%. Amylose content of
non-waxy hybrids ranged from 7% to 31%, while the waxy hybrids ranged from 0% to 2%.
All of the hybrids have soft gel consistency ranged from 61 cm to 100 cm. Gelatinization
temperature of both waxy and non-waxy hybrids ranged from 62°C to 75°C. Eating quality
of the waxy hybrids was not associated to low amylose content, while those of the non-waxy

hybrids was associated to low, medium and high amylose content.
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To develop waxy hybrid rice for Lao PDR, using the two-line system, the thermo-
sensitive genic male sterility system (TGMS) of IR75589-31-27-8-33S and other lines
should be transferred to the back ground of waxy rice. For the three lines hybrid system, the
waxy maintainer and restorer lines should be identified from the Lao germplasm, before the
desirable gene from IR58025A or other lines under this system will be transferred in to the

background of waxy rice.

Key words:  heterosis, waxy hybrid rice, grain quality, grain yield, two-line system,

three-line system.
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[. Introduction

The 171

kilograms per capita of milled rice per

Lao people consume
annum, which constitutes almost 70% of
their calorie and protein intake (Maclean et
al.,2002). Achieving self-sufficiency in rice
at the national level has been a top priority
for the country since the introduction of
the New Economic Mechanism (NEM) in
1986.

to have been achieved in 1999 at more than

Rice self-sufficiency was reported

2 million tons. The area planted to rice in
2005 was 793,980 hectares, representing
more than 80% of the cropped land area
with production of 2,568 million tons and
an average yield of 3.49 t/ha (Lao-IRRI,
2005). The rice production systems in Laos
can be classified into three broad ecosystems
namely irrigated lowland, rainfed lowland,
and rainfed upland. The rainfed lowland
rice ecosystems can be divided into four
main sub-ecosystems, namely favorable
(10%), drought-prone (60%), drought and
submergence-prone (20%) and submergence
prone (10%) (Inthapanya et al., 1995;
Linguist et al., 2006).

Lao PDR has the highest per capita
production and consumption of glutinous
rice in the world. Lao people also have a
particularly
glutinous rice (Schiller., et al 2006). In

strong cultural affinity for

2005, approximate 93% of the total rice
areas in Laos were planted to glutinous rice
(Lao-IRRI, 2005). The highest proportion
of glutinous rice (about 91%) is grown in
dry season of irrigated environment. This
environment is almost exclusively useful
for the improved glutinous varieties released
by the Lao National Rice Research Program
(NRRP) since 1993 (Schiller et al., 2006).
The preference for glutinous rice by the
Lao people was seen in collecting mission
in 1995-2000 where over 85% of lowland
varieties collected were glutinous (Appa Rao
et al.,2002).

Hybrid rice technology exploits the
biological phenomenon of hybrid vigor
(heterosis) to increase the yield potential
of rice varieties (IRRI, 2002).
for yield in rice hybrids has been attributed

Heterosis

to their increased dry matter production
caused by higher leaf area index, higher crop
growth rate, and increased harvest index
resulting from increased spikelet number
and increased grain weight (Virmani and
Kumar, 2004). Rice hybrids have also shown
significant heterosis for earliness, the higher
yield coupled with slightly shorter duration
resulted in higher per day productivity than
inbred high yielding varieties (HY Vs).

Hybrid
successfully developed in China since 1964.
Since then, it has been adopted in 50% of

rice  technology  was
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the 30 million ha of rice area in the country
and applied in about 20 countries worldwide
(Ma and Yuan 2003). In China, rice hybrids
outyielded the inbred rice more than 15%,
and contributed 60% of its national paddy
production. Yield data of hybrid rice at
International Rice Research Institute (IRRI),
India, the Philippines, Bangladesh, Indonesia,
Vietnam, Myanmar, and Sri Lanka clearly
provided evidence for yield advantage of rice
hybrids over HYVs. Since 1979, IRRI has
been exploring the prospects of exploiting
heterosis in the tropics to increase rice yield
potential with the increasing rice demand,
decreasing land area and water resources for

rice production.

There are two systems for producing
hybrid rice: (1)

male sterility systems, the lines from this

cytoplasmic-genetic

system are controlled by the interaction
of cytoplasmic and nuclear genes. This is
also known as three-line hybrid system,
because of the involvement of three lines,
namely CMS (A line), maintainer (B line)
and restorer (R line) (Yuan, 1977), and (2)
environment-sensitive male sterile (EGMS)
system of which male sterility of the female
parent is controlled by recessive nuclear gene
(Maruyama et al., 1991) regulated by day
length and/or temperature. This is called the
two-line hybrid system, because it involves

only two parental lines, the EGMS line and

pollen parent line.

Currently, parental lines and heterotic
rice hybrids developed at IRRI are routinely
evaluated for grain quality characteristics
such as milling percentage, head rice
recovery, size, shape, chalkiness, amylose
content, gelatinization temperature, gel
consistency, and aroma of the grain and
compared with check varieties (Virmani,
2004).

quality in terms of physical and chemical

Hybridity does not impair grain

characteristics as long as both parents
possess acceptable grain quality (Khush et
al., 1988). Apparent amylose content (AC),
gel consistency (GC), and gelatinization
temperature (GT) are recognized as the most
important determinants of rice eating and
cooking qualities (Little et al., 1958; Juliana,
1971; Cagampang et al., 1973; Webb,
1980; McKenzie and Rutger, 1983; Tang et
al., 1991; Unnerve et al., 1992; Tan et al.,
1999).

Future rice demand and supply in
Laos is expected to grow substantially as
the population is expected to increase from
5.8 million in 2005 to 7.7 million in 2020.
At the current rate of population growth, the
projected paddy rice requirement to meet the
rice consumption need of the population in
2020 is about 2.8 million tons. (Inthapanya
et al., 2006). Assuming that the total rice
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area does not increase, the productivity of
rice will have to increase to 4 t/ha (current
average rice yield was 3.5 t/h), at the national

level by 2020 to maintain self-sufficiency.

The development of the rice sector is
always a priority of the Lao government for
economic growth and for food security. The
adoption of hybrid rice technology in China
and Asia had increased rice production and
had sustained food security. Therefore,
the introduction of hybrid rice technology,
especially glutinous hybrid rice technology
to Lao PDR may provide a good opportunity
to increase glutinous rice production in the
country. The objectives of this research are:
(1) to study heterosis of waxy and non waxy
hybrid rice based on Lao HYVs and (2) to
evaluate grain quality (chemical quality) of

waxy and non waxy hybrid rice.

I1. Materials and Methods

Evaluation of grain yield and
heterosis. Hybridization was done in the dry
and wet seasons of 2007 at the IRRI. All
field experiments and chemical quality traits
evaluation were conducted in the farm and
grain quality laboratory of IRRI, Los Bafios
(14°11°N, 121°15’E), Laguna, Philippines.
Three lines from IRRI (IR58025B, IR75589-
31-27-8-33S, and IR65) were used as female
parents and crossed to the 19 Lao HYVs. A

total of 57 crosses were made with 400 F1

hybrid seeds/cross. The hybrids and their
parents were laid out in a Randomized
Complete Block Design (RCBD) with 3
replications. Each plot was 1x5 m (5m?)
with spacing 20 x 20 cm (125 plants/plot).
A total of 78 entries (57 F1 hybrids + 19
male parents + 2 female parents IR58025B
and IR65) were grown in the field. F1
hybrid seeds were sown in December
15, 2007 and transplanting was done in
January 8, 2008 at one seedling per hill.
The harvested area was 2.76 m? (69 plants).
Fertilizer rate of 100:40:30 kg/ha (N-P-K)
was applied. At ripening stage, grain yield
and yield parameters were gathered from
random 10 plants per plot. Grain yield (kg/
ha) was measured after threshing, cleaning
and drying to 14% moisture content. The
harvested seeds from the hybrid plants were

used for evaluation of grain quality.

data  (yield,

components and some agronomic traits)

Quantitative yield
gathered from the field was analyzed
using IRRISTAT. The analysis of variance
(ANOVA) in RCBD was used to determine
treatment differences using the procedure
described by Gomez and Gomez (1983).
Comparison of treatment means were carried
out using the Least Significant Difference
Test (LSD) at 5% level of significance.
Heterobeltiosis and heterosis over male

parent were calculated using formula below:
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F1 — Male parent
Heterosis over male parent (0p) = ——————— % 100
Male parent

F1 — Better parent
Heterobeltiosis (%) = x 100
Better parent

Milling quality (MQ). A 125g of
rough rice sample with moisture content
of approximately 12% to 14% was used
to determine milling recovery. Rough rice
sample was dehulled by using a Satake
laboratory sheller. Brown rice was recorded
before milling in a McGill mill number 2
for one minute. The milled rice sample was
collected in a jar and was allowed to cool
before weighing; the weight of the total
milled rice was recorded. Whole grains
(head rice) were separated from the total
rice with rice-sizing device and recorded.
The percentage of milling recovery was
calculated as follows:

. Weight of Head rice
Head rice (%) =

- Weight of rough rice X100

Ampylose content (AC). The milled
rice sample was ground in an Udy cyclone
mill (sieve mesh size 60), and 100 mg of rice
powder was put into a 100 ml volumetric
flash. One ml of 95% ethanol and nine ml of
IM sodium hydroxide (NaOH) were added
respectively. The contents were heated in a
boiling water bath and then allowed to cool
for two hours before making up to 100 ml
with distilled water. Five ml of the starch

solution was put in a 100 ml volumetric flash

with a pipette. One ml of 1M acetic acid and
2 ml of iodine solution (0.2 g iodine and 2 g
potassium iodine in 100 ml aqueous solution)
were added and the volume was made up
with distilled water. The contents were mixed
using a vortex genie mixer and left to stand
for 20 minutes. Absorbance of solution was
measured at 620 mm with an AutoAnalyser
(Autoanalyser 3 Brant+Luebbe). Amylose
content was calculated by comparison with
the absorbance of the standards, namely
IR29, IR24, IR64 and IRS.

Gelatinization temperature (GT).
GT was measured by Differential Scanning
Calorimetry (DSC) (DSC Q100, TA
Instruments). The samples were ground in
an Udy cyclone mill (sieve mesh size 60),
and 4 mg of powder was mixed with water
(8 ml) in an aluminum hermetic pan, and then
the pans were sealed before heated under
pressure from 35°C - 100°C in increments
of 10°C/min in the DSC. The gelatinization
temperature was determined from the peak

of the endotherm.

Gel consistency (GC). The milled
rice sample and check (hard, medium and
soft gel rice varieties) were ground in the Udy
cyclone mill (sieve mesh size 100), and 100
mg of rice powder was weighed in duplicate
into the culture tubes (13 mm x 100 mm).
Ethyl alcohol (0.2 ml of 95%) containing
0.025% thymol blue and 2 ml of 0.2M KOH
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were added with a pipette, respectively. The
contents were mixed using a vortex genie
mixer before cooking in a vigorously boiling
water bath for 8 minutes, and left to stand
at room temperature for 5 minutes, and then
the tubes were cooled in ice-water bath
for 20 minutes. Then, the tubes were laid
horizontally on the laboratory table lined
with millimeter graphing paper. The length
of gel was measured in millimeters (mm)

from the bottom of the tube to the gel front.

Eating quality (EQ). EQ was done
based on endosperm type. For glutinous
hybrids, the milled grains and the checks
were soaked in water for 3 hours, followed by
steam cooking for 30 minutes in the woven
bamboo basket (1 sample/basket). For non-
glutinous rice, milled grains and checks were
steam cooked for 30 minutes at the water-rice
ratio of 1:1 (1 sample/beaker). All samples
were cooked using the similar techniques
and duration of cooking. Tactile senses were
tested based on standard descriptor (soft;
medium and hard). A sensory panel composed
of 40 farmers and researchers were invited
for sensory evaluation. The preference test
was completed over a period of 2 days with
one replication being completed in a day.
Samples were numbered and presented to
the panel. For assessing quality using non-
visual perceptions, they were blind-folded
so that they will not be biased by the visual
appearance of the rice sample.

[II. Rrsults and Discusion

of Hybrids. The

performance of the hybrids in terms of grain

Performance

yield varies depending on the female parent
used. In this study, hybrids with IR75589-
31-27-8-33S showed higher grain yield
(4864 £ 303 kg/ha) compared to IR58025B
(4600 + 377 kg/ha) and IR65 (3483 £ 627 kg/
ha). Among the male parents, TDK1 had the
highest yield (4813 + 740 kg/ha), followed
by TDK3 (4717 + 255 kg/ha) and LNTI
(4633 + 433 kg/ha). Hybrid (IR75589-31-
27-8-33S/TDK6) has the highest grain yield
with (5397 kg/ha) while the lowest yield was
observed in hybrid (IR65/TDK9) with 2146
kg/ha (Table 1). The grain yield of the parents
ranged from 2648 kg/ha (TDK9) to 4631 kg/
ha (TDK33-9). Three out of 38 hybrids have
significantly higher yield compared to the
better parent and 18 out of 19 hybrids have
significantly higher yield compared to the

male parent.

Heterosis for grain yield. Table 2
presents the magnitude of heterobeltiosis for
grain yield of the 19 hybrids derived from
IR58025B crossed with Lao HYVs ranged
from -14% to 12%, this is lower than the
reported heterosis by many workers (Purohit,
1972;
1973; Sivasubramaniam and Menon, 1973;
Mohanty and Mohapatra, 1973; Virmani

Palaniswamy and Palaniswamy,
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et al., 1981) which ranged from -90.7% to
161%. Out of the 19 hybrids evaluated, 9
hybrids showed positive heterobeltiosis for
grain yield but lower than 15%. The highest
magnitude of heterobeltiosis (12%) was
observed in IR58025B/TDK1 and the lowest
was detected in IR58025B/TDK37-B-9-1-3-
B with -14%. The average performance of
IR58025B for heterobeltiosis when crossed
to 19 Lao HYVs was relatively low 0 +
8%. This indicates that, IR58025B had low
general combining ability (GCA), due to
low heterobeltiosis. However, some hybrids
showed positive heterobeltiosis, indicating
a specific combining ability (SCA) to the
specific male parent. The hybrid which
had 8% heterobeltiosis had grain yield of
4965 kg/ha, which is significantly higher
than TDK1 (4416 kg/ha), the most popular
cultivar in Lao PDR. Therefore, IR58025A
and IR58025B could be important sources
of breeding materials for future waxy hybrid

rice development.

The magnitude of heterobeltiosis for
the grain yield of the 19 hybrids derived from
the crosses of IR65 with Lao HY Vs ranged
from -39% to 25%. Out of the 19 hybrids
evaluated, two hybrids (IR65/47-3-6-1-2-B
and IR65/TDK37-B-3-2-1) showed positive
heterobeltiosis, 24% and 25%, respectively.
Six hybrids showed positive heterobeltiosis

but lower than 15%. The mean performance

of IR65 for heterobeltiosis when crossed
with 19 Lao HY Vs was relatively low -3%
+ 15% . Similarly, IR65 had very low GCA,
even though, some hybrids showed positive
heterobeltiosis at 24% (4103 kg/ha) and 25%
(4056 kg/ha), but their yield was lower than
TDK1 (4416 kg/ha).

The magnitude of heterosis over male
parent for the grain yield of the 19 hybrids
derived from the crosses of R75589-31-
27-8-33S with Lao HYVs ranged from -
1% to 99%. Most of hybrids derived from
IR75589-31-27-8-33S
heterosis. Seventeen hybrids outyielded the
male parent by 20% to 99%. The highest
heterosis over male parent was observed in
IR75589-31-27-8-33S/TDK9 (99%), while
the lowest (-1) was observed in IR75589-31-
27-8-33S/TDK33-9. The mean performance
of IR75589-31-27-8-33S for heterosis over
male parent was relatively high 38 + 22%.
The results suggest that IR75589-31-27-8-
33S had high GCA.

showed  positive

In general, the mean heterosis for grain
yield ofthe hybrids derived from IR75589-31-
27-8-33S was higher compared to IR58225B
and IR65 as female parents. Therefore, the
two-line system may be adopted for further
development of waxy hybrid rice in Lao
PDR, where fertility and sterility of the
TGMS line can be promoted in the northern,

10
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and central and southern parts of the country,
respectively. Positive heterosis was observed
in hybrids involving the three female parents
when crossed with TDK3, TDKS5, LNT1 and
TDK37-B-3-2-1. The heterosis however was
low (2-9%) when IR65 and IR58025B were
used as female parents compared to heterosis
observed when I[R75589-31-27-8-33S was

used in the cross.

Evaluation of Grain Quality

Milling quality. Milling recovery is
one of the most important criteria of rice
quality, especially from a marketing stand
point (Graham, 2002). A good variety should
possess a high turn out of whole grain (head)
rice and total milled rice (Webb 1985). In
this study, head rice recovery of the hybrids
ranged from 43% (IR65/TDK1) to 67%
(IR75589-31-27-8-33S/TDK3), while the
parents ranged from 46% (TDK42-B-4-3) to
65% (TDK3). Twenty hybrids had head rice
recovery ranging from 60% to 65 (Table 3).
The mean head rice recovery of the hybrids
1s 61 + 4%, 58 £ 4% and 58 + 5%, when
the female parent used is IR75589-31-27-
8-33S, IR58025B and IR6S5, respectively.
This means that all female parents generated
hybrids with high head rice recovery. The
highest mean head rice recovery of the
hybrids is 63 £ 3% and 63 = 2%, when
the male parents used is TDK3 and TDKS,
respectively. TDK25-B-51-1-1-B generated

hybrids with the lowest head rice recovery
(52 + 5%).

Amylose content (AC). AC is the
most important criterion of grain quality of
milled rice and is an indicator of amylose/
amylopectin ratio. Amylose content of waxy
hybrids rice and parents ranged from 0% to
2%, while non-waxy hybrids and parents
ranged from 7% to 32% (Table 4). Three
non-waxy hybrids, namely IR58025B/TDK
33-9, IR75589-31-27-8-33S/TDK33-9 and
IR75589-31-27-8-33S/TDK43-B-51-1-1-B
had 26%, 30% and 31% amylose, respec-
tively. The male parents, TDK34-B-51-1-1-
B and TDK33-9 of these hybrids have high
AC, 28% and 32%, respectively. Eighteen,
9 and 11 hybrids have intermediate, low
and very low amylose content ranging from
20% to 25%, 10% to 19% and 7% to 9%,
respectively. However, amylose content was
almost absent in waxy hybrids rice and the
parents, only 2 hybrids (IR65/TDK42-B-4-
3 and IR65/TDK37-B-3-2-1) had amylose
content at 2%. The mean amylose content of
the female parents are from 3 = 8 (IR65); 11 +
6 (IR58025B) and 22 + 3% (IR75589-31-27-
8-33S), while that of the male parents ranged
from 9 + 8% for TDK42-B-4-3 to 25 + 6% for
TDK34-B-51-1-1-B. In general, the results
show that hybrids derived from the crosses
among waxy with low amylose parents

have low to very low amylose content. The
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crosses among waxy with intermediate or
high amylose parents generated hybrids with
intermediate amylose content. The crosses
among low amylose with intermediate or
high amylose parents generated hybrids
with intermediate to high amylose content,
and the crosses among intermediate amylose
with high amylose parent generated hybrids
with high amylose content, due to, genes for
high amylose content were dominant over

intermediate and low amylose content.

Gel consistency (GC). GC is a good
index of cooked rice texture. In this study,
all hybrids and parents have soft GC ranging
from 61 mm to 100 mm (Table 5). Three
hybrids IR75589-31-27-8-33S/
TDK34-B-51-1-1-B, IR75589-31-27-8-
33S/ TDK33-9 and IR58025B/TDK33-9
have soft GC with 61 mm, 91 mm and 100
mm, respectively, but their amylose content
is 31%, 30% and 26%, respectively. This
results were similar to the parents (TDK33-
9 and TDK34-51-1-1-B) having high AC at
32% and 28%, respectively, but with soft

namely,

GC at 100 mm and 84 mm, respectively.
Nevertheless, this result was contrary to the
findings by Tang et al 1989, who found out
that the varieties with high AC appeared to
have hard gel consistency. However, varieties
with intermediate and low amylose exhibited
soft gel consistency. The mean GC of the
female parents is 85 = 8 mm (IR75589-31-

27-8-33S), 98 £ 5 mm (IR65) and 98 £+ 5
mm (IR58025B), meaning all female parents
generate hybrids with soft GC. The mean GC
of the male parents ranged from 76 + 13 mm
(TDK34-B-51-1-1-B) to 98 + 3 mm (TDK
9), which is similar to the female parents and
generated hybrids with soft gel consistency
(Table 5). In general, parents which have soft
GC would also give hybrids with soft GC, all
hybrids have soft GC since all parents used
in this study have soft GC.

Gelatinization Temperature (GT).
GT is associated with cooking time and the
texture of the cooked rice. Rice cooked by
steaming does not absorb much water and the
relationship between GT and time required
for steaming is unknown. In this study, GT
of hybrids and parents ranged from 59°C to
75°C (Table 6). Based on the classification
of GT, three hybrids, IR58025B/TDK33-
9, IR75589-31-27-8-33S/TDK33-9,
IR65/TDK33-9 have high GT. Eight hybrids
have intermediate GT. Forty-six hybrids (17

and

waxy) have low GT and the lowest GT was
observed in IR58025B/PNGI1. The mean
GT of the female parents ranged from 67
+ 3°C (IR75589-31-27-8-33S); 68 + 3°C
(IR58025B) and 69 +2°C (IR65), while mean
GT of the male parents ranged from 65 + 3
(TDK34-B-51-1-1-B) to 75 + 0°C (TDK33-
9). This means both parents evaluated in

this study generated hybrids with low GT.

12
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In general, hybrids derived from the crosses
between varieties with high GT and low GT
parents generate hybrids with high GT. The
crosses between varieties with intermediate
GT generated low and intermediate GT
hybrids and the crosses between low GT
generated low GT hybrids. The hybrids
which have high GT have high AC.

Eating quality test (EQ). Evaluation
eating quality for both waxy and non-waxy
rice was classified as: soft, medium and hard
taste. Among the waxy hybrids, two (IR65/
TDKS5 and IR65/TDK9) were rated as soft,
9 were rated as medium and 3 were rated as
hard (Table 7). The mean percentage of EQ
of the hybrids was rated medium (46+£15%)
when IR 65 was used as female parent.
However, some hybrids with soft taste were
highly preferred by the panel. In general,
the panel evaluated the hybrids as having
medium taste. This indicated that waxy

hybrids are acceptable to the Lao people.

Among non-waxy hybrids, 18 hybrids
were rated soft, 23 were rated medium and
only two were rated as hard. Almost 90%
of hybrids had soft to medium texture in
the non-waxy hybrids (Table 8). Results
show that lower variation among the panel’s
evaluation of eating quality of the non-waxy
hybrids. They were also acceptable to the
panel meaning that the non-waxy hybrids are

acceptable to Lao’s evaluation panel.

It was also found out that, the soft,
medium and hard taste category of the
waxy hybrid rice which was preferred by
Lao consumers was not associated with low
amylose content (Figure 1). In this study, two
waxy hybrids rice, which have low AC (0% to
2%) and high GC (100%) were rated as hard.
The soft, medium and hard taste of non-waxy
rice was associated to low, medium and high
amylose content (Figure 2). Since most of
the hybrids in this study were rated as soft
and medium taste, hence they also had low
to medium amylose content. Since hybrids
derived from the crosses between low AC
parents with waxy parents were rated as soft
to medium by the panel, this indicated that
the non-waxy hybrids rice is also acceptable

to Lao people.
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IV. Conclusion and Recommendations

Based of the the

experiment the following conclusions and

results of

recommendations were made. The mean
heterobeltiosis of IR58025B crossed with
19 Lao HY Vs was low (0 = 8%). However,
some hybrids though showed positive
heterobeltiosis indicating the presence of
a specific combining ability to the specific
male parent. Therefore, the CMS-WA line,
IR58025A and its maintainer line, IR58025B
can be useful breeding materials for future

waxy hybrid rice research in Lao PDR.

The mean performance of hybrids
involving a TGMS line, IR75589-31-27-
8-33S for and the Lao HYVs was high
(38 = 22%) and most of hybrids derived
from IR75589-31-27-8-33S gave heterosis
over male parent. This means IR75589-31-
27-8-33S has a good general combining
ability, therefore, this TGMS line should be
considered as a source of breeding materials
for two-line hybrid rice breeding program in
the Lao PDR.

The mean performance of hybrids
involving IR65 and the 19 Lao HY Vs was
relatively low (-3% =+ 15), two hybrids though
gave 24% and 25% heterosis indicating
specific combining ability. IR65 therefore
could also be tapped for waxy hybrid rice

research in the future.

The crosses between low amylose
parent (IR58025B) with waxy parents
with  low

generated hybrids amylose

content. Therefore, for hybrid waxy
rice development, both parental sources

should be of low amylose content (waxy).

The sensory panel, the soft, medium
and hard taste of waxy rice is preferred
by Lao consumers. This is however not
associated with amylose content. In breeding
for waxy rice, the preferred eating quality
(soft texture) should be considered. For non-
waxy rice, the soft, medium and hard texture
was associated to low, medium and high
amylose content. The hybrids in the study
that were rated as soft had also low amylose
content.

To develop waxy hybrid rice using the
two-line system, the thermo-sensitive genic
male sterility system (TGMS) of IR75589-
31-27-8-33S and other lines should to be
transferred to the back ground of waxy rice.
For the three lines hybrid system, the waxy
maintainer and restorer lines should be
identified from the Lao germplasm, before
the desirable gene from IR58025A or other
lines under this system will be transferred in

to the back ground of waxy rice.

Danew - Uyua 2009
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Table 1: Mean performance of the parents for the grain yield of F1 hybrids (kg/ha)

FEMALE PARENTS
MALE PARENTS IR58025B IR65 IR75589-31-
(4610) (2705) 27-8-33S

TDK 1 (4416) 5175% 3962 5304%* 4813 + 740
TDK 3 (4341) 4971 4461 4720% 4717 + 255
TDK 5(2896) 4692 3057 4585%* 4111 £ 915
TDK 6 (4274) 4965 3296 5397* 4553 +1.110
TDK 7 (3850) 4488 3738 4825% 4350 + 556
TDK 9 (2648) 4037 2146 5263* 3815+ 1.570
PNG 1 (3760) 4486 3503 4923* 4304 + 728
PNG 3 (3709) 5041 2264 4919% 4075 + 1.569
PNG 6 (3777) 4984 3572 4704* 4420 +£749
TSN 1 (3177) 4395 3457 4554% 4135 + 593
NTN 1 (3201) 4393 3363 5043%* 4266 + 847
LNT 1 (4042) 4820 4138 4941%* 4633 + 433
TDK37-B-3-2-1 (3246) 5028 4056* 4559% 4548 + 486
TDK47-3-6-1-2-B (3319) 4589 4103* 5151% 4614 + 524
TDK49-B-9-1-3-B (3695) 3950 3356 5177* 4161 + 929
TDK25-B-14-3-B (3115) 4099 2804 4432% 3778 + 860
TDK33-9 (4631) 4730 4281 4580 4530 + 228
TDK42-B-4-3 (3058) 4442 3310 4926* 4226 + 830
TDK43-B-51-1-1-B (3459) 4116 3309 4414% 3946 + 572
MEAN +8Dx 4600 + 377 3483 + 627 4864 + 303

Number enclosed in parenthesis is the grain yield of the parents.

LSD 5% =466

*Significant at LSD 5% compared to better parent for the crosses of IR58025B and R65, and compared
to the male parent of the cross of IR57789-31-27-8-33S.
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Table 2: Percentage of the mean performance of the parents for heterosis/heterobeltiosis of the

hybrids (%).
FEMALE PARENTS
MALE PARENTS TSI IR65 IR75589-31-27-8-
33S*
TDK 1 12 -10 20 7+16
TDK 3 8 3 9 6+3
TDK 5 2 6 58 22+32
TDK 6 8 -23 26 4425
TDK 7 -3 -3 25 7+16
TDK 9 -12 -19 99 22+ 66
PNG 1 -3 -7 31 7+21
PNG 3 9 -39 33 1+37
PNG 6 8 -5 25 9+15
TSN 1 -5 9 43 16 +£25
NTN 1 -5 5 58 19 £33
LNT 1 5 2 22 1011
TDK37-B-3-2-1 9 25 40 25+16
TDK47-3-6-1-2-B 0 24 55 26 £28
TDK49-B-9-1-3-B -14 -9 40 6 +30
TDK25-B-14-3-B -11 -10 42 7 £30
TDK33-9 3 -8 -1 2+5
TDK42-B-4-3 -4 8 61 22434
TDK43-B-51-1-1-B -11 -4 28 4+£21
MEAN + SDx 0+8 3+15 38+£22
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Table 3: Mean performance of the parents for the head rice recovery to F1 hybrids.

FEMALE PARENTS
MALE PARENTS IR58025B  IR65 IR75589-31-27-8-33S
(56) (59)

TDK 1 (62) 62 43 59 55+ 11
TDK 3 (65) 61 62 67 63+3
TDK 5 (59) 61 61 65 63+2
TDK 6 (62) 60 60 59 60 + 1
TDK 7 (63) 57 63 64 62+ 4
TDK 9 (57) 56 61 56 58+3
PNG 1 (61) 59 63 64 62+3
PNG 3 (62) 64 59 61 6242
PNG 6 (62) 57 60 58 5942
TSN 1 (57) 59 57 61 5942
NTN 1 (59) 62 54 62 59+5
LNT 1 (59) 62 55 60 59+3
TDK37-B-3-2-1 (49) 59 57 64 60 + 4
TDK47-3-6-1-2-B (54) 58 52 61 57+4
TDK49-B-9-1-3-B (51) 52 58 54 55+3
TDK25-B-14-3-B (55) 46 54 55 5245
TDK33-9 (62) 57 53 61 57+4
TDK42-B-4-3 (46) 55 59 61 5843
TDK43-B-51-1-1-B (63) 55 62 65 6145
MEAN + SDx 58 + 4 58+5 61+4

Number enclosed in parenthesis is the head rice recovery of the parents.
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Table 4: Mean performance of the parents for AC of F1 hybrids.

FEMALE PARENTS

MALE PARENTS IR58025B  IR65  IR75589-31-27-8-33S

(14%) (0%)
TDK 1 (1%) 10 0 19 10+ 10
TDK3 (0%) 11 0 22 1111
TDK 5 (0%) 10 0 23 1+11
TDK 6 (0%) 8 0 20 9+10
TDK 7 (0%) 8 0 21 10+ 10
TDK 9 (0%) 10 0 22 11+11
PNG 1 (0%) 11 0 20 10+ 10
PNG 3 (0%) 9 0 22 10+ 11
PNG 6 (0%) 8 0 23 10+12
TSN 1 (0%) 9 0 20 10+ 10
NTN 1 (0%) 8 0 23 10+12
LNT 1 (0%) 7 0 20 9+10
TDK37-B-3-2-1 (0%) 8 2 20 10£9
TDK47-3-6-1-2-B (0%) 9 0 22 10+ 11
TDK49-B-9-1-3-B (22%) 23 19 24 2243
TDK25-B-14-3-B (0%) 8 0 20 9+10
TDK33-9 (32%) 26 23 30 26+3
TDK42-B-4-3 (0%) 8 2 18 948
TDK43-B-51-1-1-B (28%) 25 19 31 25+6
MEAN + SDx 11+6 3+8 22+3

Number enclosed in parenthesis is the % amylose content of the parents.
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Table 5: Mean performance of the parents for GC of F1 hybrids.

FEMALE PARENTS
MALE PARENTS IR58025B IR65  IR75589-31-27-8-33S

94) (100)
TDK 1 (100) 99 100 89 96 + 6
TDK 3 (100) 100 100 84 95+ 10
TDK 5 (100) 100 100 88 96 + 7
TDK 6 (100) 100 100 91 9745
TDK 7 (100) 100 100 86 95+ 8
TDK 9 (100) 100 100 95 98 + 3
PNG 1 (100) 100 100 88 96 + 7
PNG 3 (100) 100 100 82 94+ 11
PNG 6 (100) 100 100 75 92 + 14
TSN 1 (100) 99 100 91 97+5
NTN 1 (100) 100 100 73 91+ 16
LNT 1 (100) 100 100 89 96+ 6
TDK37-B-3-2-1 (100) 99 100 85 95+ 8
TDK47-3-6-1-2-B (100) 100 100 92 9745
TDK49-B-9-1-3-B (100) 84 89 89 87+3
TDK25-B-14-3-B (100) 97 100 90 96 +5
TDK33-9 (100) 100 100 91 97+5
TDK42-B-4-3 (100) 99 100 87 95+ 7
TDK43-B-51-1-1-B (100) 85 82 61 76 £ 13
MEAN +S8Dx 98+5 98 +5 85+8

Number in parenthesis is the GC content of the parents.
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Table 6: Mean performance of the parents for GT of F1 hybrids.

FEMALE PARENTS
MALE PARENTS IR58025B IR65  IR75589-31-27-8-33S
(69) (69)

TDK 1 (70) 69 69 67 68+1
TDK 3 (71) 69 69 67 69+1
TDK 5 (70) 69 69 66 68+2
TDK 6 (67) 68 69 67 68+1
TDK 7 (70) 70 69 67 6842
TDK 9 (70) 69 68 62 663
PNG 1 (71) 59 69 68 65+5
PNG 3 (70) 69 69 67 68+1
PNG 6 (71) 69 67 67 68+1
TSN 1 (70) 70 68 69 69+1
NTN 1 (71) 67 70 67 68+2
LNT 1 (70) 70 68 67 68+1
TDK37-B-3-2-1 (71) 70 70 67 691
TDK47-3-6-1-2-B (70) 70 68 66 6842
TDK49-B-9-1-3-B (66) 66 66 62 6442
TDK25-B-14-3-B (70) 69 69 68 69+1
TDK33-9 (75) 75 75 75 75+0
TDK42-B-4-3 (71) 70 68 68 69+1
TDK43-B-51-1-1-B (67) 61 66 67 65+3
MEAN +SDx 68+3 69 +2 67+3 68 +

Number enclosed in parenthesis is the GT of the parents.

Danew - Uyua 2009 25



The Lao Journal of Agriculture and Forestry, No. 19

Table 7: Percentage of the panel evaluation of F1 waxy hybrids and parents/checks.

Male parents 1RO
Soft taste Medium taste Hard taste

TDK 1 11 37 53
TDK 3 32 32 37
TDK 5 47 37 16
TDK 6 32 58 11
TDK 7 32 53 16
TDK 9 47 42 11
PNG 1 16 63 21
PNG 3 11 53 36
PNG 6 30 45 25
TSN 1 11 72 17
NTN 1 16 58 26
LNT 1 16 42 42
TDK37-B-3-2-1 0 11 89
TDK47-3-6-1-2-B 26 53 21
TDK25-B-14-3-B 32 53 16
TDK42-B-4-3 0 28 72
Max 47 72 89
Min 0 11 11
MEAN +5Dx 2613 45+13 29+18
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Table 8: Percentage of panel evaluation of F1 non-waxy hybrids rice and parents/checks.

Male parents IR58025B IR75589-31-27-8-33S IR65
Soft Medium Hard Soft Medium Hard Soft Medium Hard

TDK 1 77 23 0 22 61 17 - - -
TDK 3 77 23 0 13 78 9 - - -
TDK 5 77 23 0 21 63 17 - - -
TDK 6 77 23 0 21 66 14 - - -
TDK 7 77 18 5 38 48 14 - - -
TDK 9 77 23 0 26 43 30 - - -
PNG 1 68 27 5 35 35 30 - - -
PNG 3 77 23 0 8 63 29 - - -
PNG 6 73 23 5 9 59 32 - - -
TSN 1 68 32 0 43 43 13 - - -
NTN 1 77 23 0 24 53 24 - - -
LNT 1 68 32 0 35 43 22 - - -
TDK37-B-3-2-1 65 26 9 17 65 17 - - -
TDK47-3-6-1-2-B 73 27 0 13 65 22 - - -
TDK49-B-9-1-3-B 20 52 28 17 58 25 17 48 35
TDK25-B-14-3-B 74 26 0 35 52 13 - - -
TDK33-9 14 55 32 10 30 60 13 52 35
TDK42-B-4-3 58 29 13 22 65 13 - - -
TDK43-B-51-1-1-B 14 48 38 0 33 67 8 54 38
Max 77 55 38 43 78 67 17 54 38
Min 14 18 0 0 30 9 8 48 35
MEAN +SDx 64+22 | 29+11 712 | 21+12 | 54+13 | 25£15 | 1345 513 36+2

Danew - Uyua 2009 27



The Lao Journal of Agriculture and Forestry, No. 19

nawdanamagawguuzaay (2aiuduys 299 290
(oLelEg9 29980890, Fangming Xie® &a¢ Teresita H. Borromeo’

JOOOMS)

i2ailguurwand [wuiidenaugeinsyao tay GORTwn. Jsadu aoaw

9

a1 '

ﬁsgmmé‘mﬁﬁ@uwwﬂuaﬁw udatuludbudy woda caﬂﬁlmqmuuzmwuw Uy
nsudougrendota S §Uéﬂ3283£1‘im§ﬂ, Soo9o, naosamausitluioda
mgmeossoeguwwauaegmuggﬁyu €Ar QUUsWIVNIIOIWNIWHAY. J0Usd9lunay
Sngal wou: (1) Baaea nagdaued, daunivsway gay N9UUEwIUNIWHY 299
cgﬂ’zﬁu?jugmmaﬁﬁwmsé’m%@ 299299 4 (2) FNII00IWFHTVALNDYUULLUNIY
AU war WBuzegmansadla H5luioda. Sussgnaudngaduda DBudBaganii
StoF9mo H9motdws 65% ma 70%, usrued Didudagauiomy $9motdud
46% 09 65%. (Ji8U299190990 1 mwu?wwocaﬂm{jo 908060 0% 019 1% K
BulucioBasaont 22% 09 32%. mmowwpzegau (;cm 84 vy 1 100 VL. UV
wu"iumumgmu %6 67°C ;9 71°C. E]iJiJ‘“ZlJ‘]UJ’]‘]iJﬂiJ 283E2‘]2]1]JOZUUO‘] Deaoauudyou
€L Uuamumwnnucﬁcauawia 5% coda EEC]@lJlJuZU‘]Uﬁ’]‘]lJﬂ‘U 29959999
Tuoa Jeoawsdiliviu@iBusalla #0uoda. Bavao Hlnaooadiada xdu
z"ﬁﬁé‘uzsgc@zﬂé’?wn 299290099, 90U nawduyy tas grSoidatao gauiiule Ju

2099100309 (H90uUenouU 299090990 1a HhduhioEagaudae.

Y

Key words:  grain quality, amylose content, gel consistency, gel temperature, waxy rice,

eating quality.

1§1J51m561c§ﬂ tar DowoneRo, senady Sunon nednh war Jatd wn9gao, negog nednh
gar Jatd.

2grnatiu Huaoa (2agafiu, UzanodSudy.

sprmadnesnta Tavdy, R0geuatun , UemnoBudu

28 January - June 2009



099¢89U Ne&NT KAy Jaty, edius 19

Grain Quality Evaluation of Lao High Yielding Cultivars

Phetmanyseng Xangsayasane'; Fangming Xie’ and Teresita H. Borromeo’®
Abstract

Rice quality is one of the most important characters as it exerts large effects on
the market value and consumer acceptance. The demand for high quality rice cultivars is
increasing owing to recent changes in consumer preferences and strong market requirement.
Grain quality of rice is determined by many factors such as grain appearance, nutritional
value, amylose content, gel consistency, gelatinization temperature, cooking and eating
qualities. The objectives of this research are (1) to evaluate chemical, physical and cooking
quality of Lao High Yielding Cultivars and (2) to evaluate the relationship between amylose
content and eating quality. Total milled rice recovery ranged from 65% to 70%, while head
rice recovery ranged from 46% to 65%. Amylose content of waxy rice ranged from 0% to
1%, while non waxy rice ranged from 22% to 32%. Gel consistency ranged from 84 to 100
mm. Gelatinization temperature ranged from 67°C to 71°C. Eating quality of waxy rice
was not associated with amylose content, while non waxy rice was associated with amylose
content. There for, breeding for non waxy rice in the further, low amylose content should be

considered; due to Lao consumers prefer low amylose rice.

Key worlds: grain quality, amylose content, gel consistency, gel temperature, waxy rice,

eating quality.
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I. Introduction

Grain quality has probably used as
a criterion to select rice since human first
cultivated it. Consumers purchase rice based
onquality charactersandattachhigherimplicit
prices to these attributes. Development of
cultivars with good grain qualities is an
important objective of rice improvement
program today, and its relevance is much
greater (Pingali et al 1997). For the rice
breeding program in Laos, grain quality is the
key role in research from the rice breeding
program has begun. The increased yield of
improved rice cultivar alone does not ensure
profitability to farmers if grain quality is
not acceptable. Major determinants of rice
grain quality are (1) hull and pericarp color,
(2) grain size, shape, weight uniformity and
general appearance, (3) milling and head rice
recovery, (4) grain chalkiness, translucency
and color, and (5) cooking, eating and
processing characteristics. Among the above
quality traits, apparent amylose content (AC),
gel consistency (GC), and gelatinization
temperature (GT) are recognized as the most
important determinants of rice eating and
cooking qualities (Cagampang et al., 1973;
Juliano, 1971; McKenzie and Rutger, 1983;
Little et al., 1958; Tan et al., 1999; Webb,
1980).

AC is the most important criterion
of grain quality of milled rice and is an
indicator of amylose/amylopectin ratio.
It is usually expressed as a percentage of
milled rice dry weight rather as starch basis
(Juliano, 1979). Based on the amylose
content, the rice varieties are classified as
waxy (0%-2%) and nonwaxy (>2%). Non
waxy rice is categorized into four groups:
very low amylose (3%-9%), low (10%-
19%), intermediate (20%-25%) or high
(>25%) amylose content (Kumar and Khush,
1986a, 1987, 1988, Khush et al., 1979; Dala
Cruz and Khush, 2000).

GC in rice differs in gel consistency
from soft to hard (Cagampang et al., 1973).
GC test is a good index of cooked rice
texture; the test is based on the consistency
of milled rice paste that has been gelatinized
by boiling dilute alkali and then cooled to
room temperature (Cagampang et al., 1973;
Juliano, 1979). Gel consistency is classified
as hard (<35 mm), medium hard (36-40 mm),
medium (41-60 mm), and soft (60-100 mm).
Rice with soft GC is tender and remains soft

after cooking (Juliano, 1979).

GT is defined as the range of
temperature at which nearly all the starch
granules start to swell irreversibly in hot water
with simultaneous loss of birefringence and

crystallinity. Generally, rice varieties with
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high GT, requires more water and time for
cooking. Gelatinization temperature can be
grouped broadly in to three classes: low (less
than 70°C), intermediate (70°C - 74°C), and
high (more than 74°C) (Beachell and Stansel,
1963). The objective of the research is (1)
to evaluate grain quality (chemical quality
and cooking quality) of Lao High Yielding

Cultivars.

I1. Matrials and Methods

Planting materials

A total of nineteen Lao High Yielding
Cultivars (LHYC), sixteen waxy and three
non-waxy were evaluated (Table 1). All
cultivars were grown under irrigated lowland
condition during dry season, 2008 at IRRI
farm. Fertilizer rate of 100:40:30 kg/ha
(N-P-K) was applied. Weeds were controlled
by hand weeding. Rice grain sample was
harvested at ripening stage for evaluation
of grain quality. The samples were collected
after threshing, cleaning and drying to 14%

moisture content.

Grain quality evaluation

Chemical quality was done in grain
quality laboratory, IRRI, while physical
andeating quality was done in Rice and Cash

Crop Research Center.

Milling quality (MQ). A 125g of
rough rice sample with moisture content
of approximately 12% to 14% was used
to determine milling recovery. Rough rice
sample was dehulled by using a Satake
laboratory sheller. Brown rice was recorded
before milling in a McGill mill number 2
for one minute. The milled rice sample was
collected in a jar and was allowed to cool
before weighing; the weight of the total
milled rice was recorded. Whole grains
(head rice) were separated from the total
rice with rice-sizing device and recorded.
The percentage of milling recovery was

calculated as follows:

Neight of brown rice
* 100

Brownrice (%) = — = —
Weight of rough rice

. Weight of Total milled rice

Total milled rice (%) x 100

Weight of rough rice

Weight of Head rice

= x 100
Weight of rough rice

Head rice (%)

Amylose content (AC). The milled
rice sample was ground in an Udy cyclone
mill (sieve mesh size 60), and 100 mg of rice
powder was put into a 100 ml volumetric
flash. One ml of 95% ethanol and nine ml of
IM sodium hydroxide (NaOH) were added
respectively. The contents were heated in a

boiling water bath and then allowed to cool
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for two hours before making up to 100 ml
with distilled water. Five ml of the starch
solution was put in a 100 ml volumetric flash
with a pipette. One ml of 1M acetic acid and
2 ml of iodine solution (0.2 g iodine and 2 g
potassium iodine in 100 ml aqueous solution)
were added and the volume was made up
with distilled water. The contents were mixed
using a vortex genie mixer and left to stand
for 20 minutes. Absorbance of solution was
measured at 620 mm with an AutoAnalyser
(Autoanalyser 3 Bran+Luebbe). Amylose
content was calculated by comparison with
the absorbance of the standards, namely
IR29, IR24, IR64 and IRS.

Gelatinization (GT).
GT was measured by Differential Scanning
Calorimetry (DSC) (DSC Q100, TA Instru-

ments). The samples were ground in an

temperature

Udy cyclone mill (sieve mesh size 60), and
4 mg of powder was mixed with water (8
ml) in an aluminum hermetic pan, and then
the pans were sealed before heated under
pressure from 35°C - 100°C in increments
of 10°C/min in the DSC. The gelatinization
temperature was determined from the peak

of the endotherm.

Gel consistency (GC). The milled rice
sample and check (hard, medium and soft
gel rice varieties) were ground in the Udy
cyclone mill (sieve mesh size 100), and 100

mg of rice powder was weighed in duplicate

into the culture tubes (13 mm x 100 mm).
Ethyl alcohol (0.2 ml of 95%) containing
0.025% thymol blue and 2 ml of 0.2M KOH
were added with a pipette, respectively. The
contents were mixed using a vortex genie
mixer before cooking in a vigorously boiling
water bath for 8 minutes, and left to stand
at room temperature for 5 minutes, and then
the tubes were cooled in ice-water bath
for 20 minutes. Then, the tubes were laid
horizontally on the laboratory table lined
with millimeter graphing paper. The length
of gel was measured in millimeters (mm)

from the bottom of the tube to the gel front.

Eating quality (EQ). EQ was done
based on endosperm type. For glutinous
hybrids, the milled grains and the checks
were soaked in water for 3 hours, followed by
steam cooking for 30 minutes in the woven
bamboo basket (1 sample/basket). For non-
glutinous rice, milled grains and checks were
steam cooked for 30 minutes at the water-rice
ratio of 1:1 (1 sample/beaker). All samples
were cooked using the similar techniques
and duration of cooking. Tactile senses were
tested based on standard descriptor (soft;
medium and hard). A sensory panel composed
of 40 farmers and researchers were invited
for sensory evaluation. The preference test
was completed over a period of 2 days with
one replication being completed in a day.

Samples were numbered and presented to
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the panel. For assessing quality using non-
visual perceptions, they were blind-folded
so that they will not be biased by the visual

appearance of the rice sample.

I11. Results and Discusion

Milling quality (MQ). Milling
recovery is one of the most important criteria
of rice quality, especially from a marketing
stand point (Graham, 2002). A good variety
should possess a high turn out of whole grain
(head) rice and total milled rice (Webb 1985).
In this study, total milled rice ranged from
60% (TDK37-B-3-2-1) to 70% (TDK43-
B-51-1-1-B, PNG6 and TDK?7). Head rice
recovery ranged from 46% (TDK42-B-4-
3) to 65% (TDK3). The highest head rice
recover was observed in TDK3 with 65%
and TDK7 with 63%.

head rice recover ranging from 61% to 65%;

Nine cultivars had

this is the most desirable trait of the new
high yielding cultivars, which have high
head rice recovery. Eight cultivars had head
rice recover ranging from 51% to 57% and 2
cultivars had head rice recover ranging from
46% to 49% (Table 2).

Ampylose content (AC). AC is the
most important criterion of grain quality of
milled rice and is an indicator of amylose/
amylopectin ratio. Amylose content of waxy

rice in this study ranged from 0% to 1%,

while non-waxy ranged from 22% to 32%
(Table 3). Amylose content of non waxy rice
(TDK43-B-51-1-1-B, TDK34-B-51-1-1-B
and TDK33-9) was observed from 22%, 28%
and 32%, respectively, while almost of waxy
rice had AC of 0%, accept TDK1 has 1%.
AC of non waxy rice, which was developed
by Lao National Rice breeding Program,
was classified at intermediate (22%) to high
(28% to 32%).

Gel consistency (GC) is a good index
of cooked rice texture. In this study, all
cultivars (waxy and non waxy) have soft
GC ranging from 84 mm to 100 mm (Table
3). These mean that all LHYC have soft gel
consistence. TDK33-9 and TDK43-51-1-1-B
having high AC at32% and 28%, respectively,
but with soft GC at 100 mm and 84 mm,
respectively. Nevertheless, this result was
contrary to the findings by Tang et al 1989,
who found out that the varieties with high
AC appeared to have hard gel consistency.
However, varieties with intermediate and

amylose exhibited soft gel consistency.

Gelatinization Temperature (GT)
is associated with cooking time and the
texture of the cooked rice. Rice cooked
by steaming does not absorb much water
and the relationship between GT and time
required for steaming is unknown. In this

study, GT of LHYC (waxy and non waxy)
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ranged from 66°C to 71°C (Table 3). Based
on the classification of GT, three cultivars
have low GT ranged from 66°C to 67°C and
sixteen have intermediate GT ranged from
70°C to 75°C. TDK33-9 was classified as
intermediate GT with 75°C, while two, non
waxy rice (TDK49-B-9-1-3-B and TDK43-
B-51-1-1-B) were classified as soft GT with
66°C and 67°C, respectively. These data
show that, TDK33-9 would need more time
and water for cooking compare to TDK49-
B-9-1-3-B and TDK43-B-51-1-1-B.

Eating quality test (EQ). A total of
40 farmers and researchers were invited for
sensory evaluation. Evaluation for both waxy
and non-waxy rice was classified as: soft,
medium and hard taste. Among the waxy
rice, three were rated as soft (TDK7, PNG6
and TSNI), 12 were rated as medium and
one were rated as hard. The mean percentage
of EQ of the waxy rice was rated medium
(47 £ 9%). These results show that most of
waxy rice cultivars which were developed
by the National Rice Breeding Program are
accepted by the testers. However, there was
variation in the sensory evaluation, due to
difference tester prefer difference taste. In
this study, one waxy rice, which have low
AC (0%) and high GC (100%) was rated as
hard. This main that, the soft, medium and
hard taste category of the waxy rice which

was preferred by Lao’s consumers was not

associated with low amylose content and

high gel consistency.

Among non-waxy, one was rated
medium, two were rated as hard (Table 5).
Two checks used for comparison such as:
KDML105 was rated as soft taste, while
CR203 was rated as hard taste. The soft,
medium and hard taste of non-waxy rice was
associated to low, medium and high amylose
content. Since the cultivars in this study
were rated as medium and hard taste, hence
they also had intermediate to high amylose

content.

IV. Conclusion and

Recommendation

Based on the results of the experiment,
show that most of the LHYV, which were
developed by the National Rice Breeding
Program, have high head rice recovery for
both waxy and non waxy rice. AC of waxy
rice is always about 0% to 2% in modern
improved cultivar and it may go up to 7% in
traditional cultivars, while for non waxy rice
it is ranging from 7% to 35% or even higher.
Most of LHY'V for both waxy and non waxy
have soft gel consistency. The GT of LHYV
ranged from intermediate to high. Sensory
evaluation of the LHYC for waxy rice was
rated as medium taste and for non waxy rice,

sensory evaluation was rated as medium to

34

January - June 2009



099¢89U Ne&NT KAy Jaty, edius 19

hard taste, due Lao people prefer low amylose
rice. The evaluation of eating quality is quite
difficult to evaluated, because it is measure by
panel or sense of the testers and it always has
variation among the testers; due to different
testers prefer difference taste. Eating quality
of waxy rice which was prefer by Lao testers
was not associated with low amylose content
and gel consistency, there for, breeding for
waxy rice, panel evaluation is necessary
before release a new cultivar. Eating quality
of non waxy rice was associated with low
amylose content, there for, breeding for non
waxy rice, low amylose content with soft gel

consistency should be considered.
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VII. Annexes

Table 1: Planting materials

PARENTS ENDOSPERM YYPE COUNTRY/SOURCE
TDK 1 Waxy Laos
TDK 3 Waxy Laos
TDK 5 Waxy Laos
TDK 6 Waxy Laos
TDK 7 Waxy Laos
TDK 9 Waxy Laos
PNG 1 Waxy Laos
PNG 3 Waxy Laos
PNG 6 Waxy Laos
TSN 1 Waxy Laos
NTN 1 Waxy Laos
LNT 1 Waxy Laos
TDK37-B-3-2-1 Waxy Laos
TDK47-3-6-1-2-B Waxy Laos
TDK49-B-9-1-3-B Non Waxy Laos
TDK25-B-14-3-B Waxy Laos
TDK33-9 Non Waxy Laos
TDK42-B-4-3 Waxy Laos
TDK43-B-51-1-1-B Non Waxy Laos
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Table 2: Milled rice recovery, Characteristic of paddy rice and 1,000 grain weight of LHYC.

Length Wide 1,000-grain

Varieties % HULL % BR %TMR % HR Ty | ) | o)
TDK 1 24 76 68 62 10.4 2.9 31.5
TDK 3 23 77 69 65 9.7 2.8 26.5
TDK 5 24 76 67 59 9.8 2.8 27.8
TDK 6 22 78 69 62 9.0 2.6 31.9
TDK 7 21 79 70 63 11.4 2.7 31.0
TDK 9 25 75 65 57 10.8 2.8 353
PNG 1 25 75 66 61 11.0 2.7 31.5
PNG 3 24 76 67 62 9.7 2.7 27.4
PNG 6 22 78 70 62 11.1 2.8 31.6
TSN 1 23 77 65 57 9.7 2.6 27.2
NTN 1 24 76 66 59 11.0 2.8 30.9
LNT 1 25 75 68 59 10.9 2.8 30.7
TDK37-B-3-2-1 25 75 60 49 10.9 2.8 31.1
TDK47-3-6-1-2-B 24 76 66 54 10.7 2.7 314
TDK49-B-9-1-3-B 23 77 67 51 10.7 2.8 32.6
TDK25-B-14-3-B 24 76 66 55 10.9 33 31.4
TDK33-9 23 77 68 62 10.4 2.5 29.6
TDK42-B-4-3 24 76 66 46 10.9 32 29.9
TDK43-B-51-1-1-B 20 80 70 62 9.3 33 33.4

BR= Brown rice, TMR = total milled rice, HR= head rice.
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Table 3: Chemical quality of Lao High Yielding Rice Cultivars.

CROSSIES NO AC (%) GC (mm) GT (°C) CATEGORY
TDK 1 1 100 70 Waxy
TDK 3 0 100 71 Waxy
TDK 5 0 100 70 Waxy
TDK 6 0 100 67 Waxy
TDK 7 0 100 70 Waxy
TDK 9 0 100 70 Waxy
PNG 1 0 100 71 Waxy
PNG 3 0 100 70 Waxy
PNG 6 0 100 71 Waxy
TSN 1 0 100 70 Waxy
NTN 1 0 100 71 Waxy
LNT 1 0 100 70 Waxy
TDK37-B-3-2-1 0 100 71 Waxy
TDK47-3-6-1-2-B 0 100 70 Waxy
TDK49-B-9-1-3-B 22 90 66 Non waxy
TDK25-B-14-3-B 0 100 70 Waxy
TDK33-9 32 100 75 Non waxy
TDK42-B-4-3 0 100 71 Waxy
TDK43-B-51-1-1-B 28 84 67 Non waxy
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Table 4: Eating quality evaluation of waxy rice (%).

CATEGORY
VARIETIES
Soft Taste Medium Taste Hard Taste
TDK 1 35 41 24 100
TDK 3 26 58 16 100
TDK 5 32 47 21 100
TDK 6 35 47 18 100
TDK 7 39 33 28 100
TDK 9 37 47 16 100
PNG 1 32 52 16 100
PNG 3 21 53 26 100
PNG 6 38 36 26 100
TSN 1 47 42 11 100
NTN 1 21 42 37 100
LNT 1 26 53 21 100
TDK37-B-3-2-1 0 63 37 100
TDK47-3-6-1-2-8 26 32 42 100
TDK25-B-14-3-B 28 56 16 100
TDK42-B-4-3 2 51 47 100
Max 47 63 47
Min 0 32 11
MEAN + SDx 28+13 47+9 25+ 11
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Table 5: Eating quality evaluation of non waxy rice (%).

CATEGORY

VARIETIES

Soft Taste Medium Taste  Hard Taste Total
TDK49-B-9-1-3-B 4 66 30 100
TDK33-9 4 43 52 100
TDK43-B-51-1-1-B 5 24 71 100
CR203 18 32 50 100
KDML105 86 14 0 100
Max 86 66 71
Min 4 14 0
MEAN +SDx 23425 36+20 41+27

Figure 1 : Gel consistency analysis
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Figure 2 : Graphic of gelatinization temperature at 69.59°C
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Assessment of Genetic Diversity of Lao High Yielding Rice
Cultivars Using SSR Markers

Phetmanyseng Xangsayasane'; Fangming Xie’ and Teresita H. Borromeo’®
Abstract

Breeding for good quality traits requires selection of parents with a wider genetic
diversity. A narrow genetic base in the breeding materials limits genetic gains in breeding.
The objective of this study were (i) to analyze Lao High Yielding Varieties (HY Vs) for genetic
variation using SSR markers and (ii) to determine the genetic diversity of Lao improved rice
cultivars as the first step for proper identification and selection of suitable parents for future

breeding program in Lao PDR.

In this study, 60 SSR primers were used to survey the polymorphisms among 22
cultivars. Results show that, 45 SSR polymorphic markers detected with a total of 109
alleles identified across cultivars. The number of alleles ranged from 2 to 6 with a mean of
2.44 per locus. Jaccard genetic distances can be used to estimate of genetic similarity and
dissimilarity among the cultivars. Cluster analysis using molecular genetic distances among
the 22 varieties generated 7 groups. The Lao glutinous varieties belong to 4 different groups,
indicating diversity among the Lao HY Vs. Cluster analysis was also able to detect pedigree
relationships of the varieties. The varieties/lines that have shared common ancestor and
sister lines based on the pedigree record were grouped together in one cluster. This results
show that SSR is the most reliable tool in the determining relationships and genetic diversity

between genotype.

Key worlds: Genetic diversity, breeding materials, high yielding variety, molecular marker.

'Rice and Cash Crop Research Center, National Agriculture and Forestry Research Institute, Ministry
of Agriculture and Forestry, Lao PDR.
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I. Introduction

Lao PDR is located between latitudes
14°10° and 20°10°N. The country has
geographic area of 236,800 km’? and is
inhabited by about six million people. The
collection of rice germplasm in the country
began in 1995 and about 15,000 accessions
of cultivated rice were collected. It has
the second rice germplasm collection in
the world which was conserved at IRRI’s
Rice Genebank and at Lao National Rice
Genebank of which about 85% are waxy
(Appa rao., et al 2000).

By 2005, the rice varietal improvement
program had developed specific variety
recommendation for the main lowland rice
growing areas of Laos, the Mekong River
Valley. There is a high level of farmer’s
acceptance and adoption of improved
varieties developed and distributed during the
1990s. Adoption was more than 70% during
wet season in the Mekong River Valley and
100% in irrigated condition in the dry season
(Inthapanya et al., 2006).

Development of cultivars  with
high yielding and good grain qualities is
an important objective of improvement
programs today. However, rice improvement
for these traits, using conventional breeding

methods is difficult for plant breeders. Most

of the traits that determine the quality are
quantitative in nature. Polygenic inheritance
and environmental interaction have
compounded the difficulties in attempts
at improving these complex traits through
conventional breeding. Sufficientknowledge
about genetic diversity in the genepool is a
prerequisite to adopt an efficient and valuable

breeding approach.

The recent development of DNA
markers has provided new opportunities for
the genetic improvement of rice breeding
program. Molecular markers have been
found to be powerful tools in the assessment
of genetic variation. Microsatellite loci, also
known as simple sequence repeats (SSRs) are
among the most commonly used molecular
markers. These markers can detect a
significantly higher degree of polymorphism
in rice (Ni et al. 2002, Okoshi et al. 2004).
SSR marker can estimate genetic diversity
between cultivars e.g. between parents of a
genepool or between plants extracted from a
population (Panaud et al. 1996, Akagi et al.
1997) or between populations. Olufowote
et al. (1997) reported that microsatellites
were more powerful for the identification of

within cultivar variation.

The objective of this study were (i) to
analyze Lao High Yielding Varieties (HY Vs)

for genetic variation using SSR markers and

48
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(i1) to determine the genetic diversity of Lao
improved rice cultivars as the first step for
proper identification and selection of suitable
parents for future breeding program in Lao
PDR.

I1. Matrials and Methods

Planting materials

A total of 22 varieties, three varieties
were obtained from IRRI and 19 varieties
were obtained from Rice and Cash Crop
Research Center, Lao PDR (Table 1). All
varieties were grown under favorable
conditions at the IRRI screen-house for DNA

extraction.

Genomic DNA extraction and SSR

assay.

The standard management practices
for raising rice seedling were followed to
ensure healthy and disease free seedlings.
DNA was extracted from leaves of 25
days old seedlings following the modified
CTAB method (Murray and Thompson
1980). Molecular analysis was conducted
at the Gene Array and Molecular Marker
Application (GAMMA) laboratory at IRRI.
Sixty SSR markers were randomly selected
from the list of Cornell’s rice microsatellite
markers displayed at the Cornell University
Rice Gene web site, http://www.gramene.

org/microsat/ssr.html (Table 2).

The

(PCR) was carried out in a final volume of 15

Polymerase Chain Reaction

ul. The PCR reaction mixture contained 1.5
ul 10xTBE buffer; 1.5 u/ ANTP, 0.75 ul each
forward and reverse primers; 0.75 ul of Taq
DNA polymerase; 2 u/ of DNA template and
7.75 ul of ddH,O to reach the final reaction
volume of 15 u/. Reactions were overlaid
with mineral oil. Amplification was carried
out in PTC-100 thermocycle machine. The
PCR programs consisted of the following
steps: initial denaturation for 5 min at 94°C;
followed by 35 cycles of 1 min denaturation
at 94°C, 1 min annealing at 55°C, 2 min
extension at 72°C; followed by a final
extension of 5 min at 72°C and holding at
15°C until recovery. Amplification products
were subjected to electrophoresis in 8 %
polyacrylamide gels with 1X TBE buffer at
100 volts for 1.5 to 3 hours, depending on
the size of rice microsatellite (RM) and PCR
product. After electrophoresis, gels were
stained with SYBR Safe TM for 30 minutes.
DNA bands were visualized under UV light
using the Gel Documentation System. The
molecular weights of PCR products were
estimated relative to a 1-kb ladder that served

as the size standard.

Data analysis
The clear and unambiguous SSR
markers were scored. Allelic bands were

scored on the basis of the presence or absence

Danew - Uyua 2009
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of the amplified products, when a product is
present in a genotype it was designated as 1,
and when absent, designated as 0. Genetic
similarities were estimated from the matrix
of binary data using Jaccard’s coefficient in
the NTSYS-pc Numerical Taxonomy and
Multivariate Analysis System (Rohlf 2000).
The standardized value of the Jaccard’s
coefficient ranged from 0 to 1, with 1
indicating a maximum of similarity and
0 indicating a maximum of dissimilarity.
The similarity coefficients were used for
cluster analysis of the rice cultivars utilizing
the Unweighted Pair Group Method with
Arithmetic (UPGMA). The

analysis and dendrogram construction were

Averages
performed using the NTSYS-pc. Genetic
distances were calculated using Jaccard’s

coefficient formula as:

{ N(1,1)
GDj=1—|—— — ——
"_"'lu :__l l_} T .""n |\1_'D_,| T .'"'-' ['D.l )

Where:

N (1, 1) is the number of loci with both
accessions having the bands

N (1, 0) is the number of loci with band
present in the first accession and
absent in the second accession.

N (0, 1) is the number of loci with band
absent in the first accession and

present in the second accession.

I11. Results and Discusion

Polymorphism microsatellite

marker

Table 3 summarizes the results
obtained based on the analysis of the 22
rice cultivars using the polymorphic SSR
loci. The number of alleles varied widely
among these loci. A total of the 60 SSR
markers distributed throughout the entire
rice chromosomes were used to survey the
polymorphisms among 22 cultivars. Among
the 60 markers used in the analysis, 45 (75%)
showed polymorphism. Two alleles were
detected at thirty two loci, three alleles at 9
loci, four alleles at 3 loci and 6 alleles at one
locus. Eight primers were monomorphic and
7 had faint or no amplifications. The 45 SSR
polymorphic markers detected with a total of
109 alleles identified across cultivars. The
number of alleles ranged from 2 to 6 with a
mean of 2.44 per locus, which is within the
range of 2 to 5.5 alleles per locus for various
classes of microsatellites reported by Cho et
al (2000) and 2.5 alleles per locus reported
by Caldo (1996). Rare alleles can also
be used to measure genetic diversity; the
higher the number of rare alleles, the higher
is the variability of the sample. The allele
is considered to be rare when it is revealed
in less than 5% of the genotype under
analysis (Jain et al 2004). In this study, rare
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alleles were only 3.66 % of the total alleles
detected.

Genetic distances among cultivars.

Jaccard genetic distances of all
possible pairs of the cultivars are presented in
Table 4. The estimation of genetic similarity
and dissimilarity among the cultivars ranged
from 0.33 to 0.97. The genetic distance
among the Lao cultivars ranged from 0.33
(TDK33-9 vs TDK6) to 0.97 (TDK6 vs
TDK?7), with an average of 0.53, while the
IRRI cultivars ranged from 0.48 (IR58025B
vs IR65) to 0.57 IR65 vs IR75589-31-27-8-
338S), with an average of 0.52. This results
show that Lao cultivars have more genetic
divergence or more diversity compared to
the IRRI cultivars. This is also indicates that
the high yielding varieties (HYVs) from

Laos are diverse.

Clustering of rice varieties.

The dendrogram based on the SSR
markers used is presented in Figure 1.
Based on the longest arm, the 22 cultivars
used in the study formed 7 clusters, where
IR58025B IR75589-31-27-8-33S and IR65
belong to the different clusters (group 3,
6 and 7, respectively). IR65 is a modern
glutinous variety and can be different from
Lao glutinous varieties and IR58025B is a
maintainer line used for three-line hybrid

rice. IR75589-31-27-8-33S is a line used for

two-line hybrid rice and group with TDK33-
9, none waxy rice from Laos. Interestingly,
the Lao glutinous varieties used in this
study belong to 4 different groups (groups
1, 2, 4 and 5). This results show that, there
is divergence among Lao glutinous HY Vs
derived from the same national breeding
program. Group 1 was comprised of 4
varieties (TDK1, TDK9, TDK47-3-6-1-2-
B and TDK49-B-9-1-3-B) which clustered
at similarity coefficient of 59%. Group 2
was the most diverse than the other group.
This group comprised of 7 varieties (TDKS,
TDK37-B-3-2-1,TDK25-B-14-3-B, TDK42-
B-4-3, PNG1, TSN1 and PNG3). Group 4
contained of 2 varieties (TDK3 and TDK43-
B-51-1-1-B). Group 5 was comprised of 5
varieties (TDK6, TDK7, PNG6, NTN1 and
NTN1). The grouping in general conform
with the pedigree data (Table 1), varieties
and lines known to be genetically related
through their pedigree record belong to the
same group such as: TDK9 and TDK47-3-
6-1-2-B were shared common ancestor to
TDK1, there fore they belong to the same
cluster (cluster 1). TDKS, TDK37-B-3-2-
1 and TDK42-B-4-3 were shared common
ancestor; therefore they belong to the same
cluster (cluster 2). TDK3 is one of the parent
of TDK43-B-51-1-1, so they were grouped
in the same cluster (cluster 4). TDK6 and
PNG6 were also group together, due to they

Danew - Uyua 2009

51



The Lao Journal of Agriculture and Forestry, No. 19

shared common ancestor. TDK7 and LNTI1
are known as sister lines, therefore, they
belong to same cluster (cluster 5). Results of
this study also proved the efficiency of SSR
in detecting genetic diversity in rice as report
by several workers (Caldo 1996 and Xu
et al. 2002).

IV. Conclusion and

Recommendation

Information on genetic relationship
and diversity among the parental lines are
very important in identifying heterotic gene
pools. Advancement in biotechnology made it
possible to analyze diversity at the molecular
level. This information can be used as a basic
source for implementing the rice breeding
program. In this study, 60 SSRs primers were
used to survey the polymorphisms among
22 cultivars. Results show that, 45 SSRs
polymorphic markers detected with a total
of 109 alleles identified across cultivars. The
number of alleles ranged from 2 to 6 with a

mean of 2.44 per locus.

Jaccard genetic distances can be
used to estimate of genetic similarity and
dissimilarity among the cultivars. In this
study, genetic distance among cultivars
ranged from 0.33 to 0.97. This main that, Lao
high yielding varieties have more genetic
divergence or more diversity. There fore,

genetic distance data can is useful to estimate

genetic diversity of the parental lines which

will be use for hybridization.

Cluster analysis using molecular
genetic distances among the 22 cultivars
generated in to 7 groups. The Lao glutinous
varieties belong to 4 different groups,
indicating diversity among the Lao varieties.
Cluster analysis was also able to detect
pedigree relationships of the cultivars. The
varieties/lines that have shared common
ancestor and sister lines based on the
pedigree record were grouped together in
one cluster. This results show that SSR is
the most reliable tool in the determining
relationships and genetic diversity between
genotype. However, genetic distances of the
parents can not be used a reliable indicator
or predictor of heterosis for grain yield, due
to the complexity of the trait (yield), because
of the trait was controlled by polygene and

easily affected by the environment.
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Table 1: Parental lines involved in the study

Endosperm Country

Varieties Pedigree e /source
IR58825B - Non Waxy IRRI
IR65 BATATAIS/IR36//IR52 Waxy IRRI
IR75589-31-27-8-33S | - Non Waxy IRRI
TDK 1 SPT77149/IR13423-10-2-3 Waxy Laos
TDK 3 - Waxy Laos
TDK 5 RD10/B1014 Waxy Laos
TDK 6 }/Iéﬁ(();%_ll _(;ITZA 3-B-1-3/IR41110-B-B-43 Waxy Laos
TDK 7 IR63943-25-B-1/IR55810-UBN-1-1-2-1-1 Waxy Laos
TDK 9 TDK1/RD6//RD6 Waxy Laos
PNG 1 UBNG6721-13-5-6/IR19660-73-4-2 Waxy Laos
PNG 3 IR60290-CPA-1-2-1-1-3/IR57519-PMI 5-2 Waxy Laos

//IR57458-PMI 17-B-1-1

IR49733-SRN-5-B-1-2/Malagkit SungSong

PNG6 //IR54081-CPA-3-B-1-3 Waxy Laos
TSN 1 NSPT/IR21015-80-3-3-1-2 Waxy Laos
NTN 1 NSPT/KKN7409-SRN-501-1R19431-72-2 Waxy Laos
LNT 1 IR63943-25-B-1/IR55810-UBN-1-1-2-1 Waxy Laos
TDK37-B-3-2-1 RD10/TDK1 Waxy Laos
TDK47-3-6-1-2-B RD23/TDK5/TDK1 Waxy Laos
TDK49-B-9-1-3-B RD10/PSBRC10 Non Waxy Laos
TDK25-B-14-3-B Makhing/IR57514-PMI-5-B-1-2 Waxy Laos
TDK33-9 IR43070-UBN-501-2/IR57514-PMI-5-B-1-2 | Non Waxy Laos
TDK42-B-4-3 TDK1/IR65//TDK3 Waxy Laos
TDK43-B-51-1-1-B CR203/RD10//TDK3 Non Waxy Laos
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Table 3: Number of alleles detected by individual SSR markers and their chromosome location.

SSR CHROMOSOME No of RARE SSR CHROMOSOME No of RARE
MARKERS LOCATION ALLELES ALLELS MARKERS LOCATION ALLELS ALLELS

RM200 1 2 0 RM190 6 2 0
RM428 1 2 0 RM340 6 2 0
RM431 1 2 0 RM586 6 2 0
RM48 2 2 0 RM172 7 2 0
RMI110 2 2 0 RM478 7 2 0
RM318 2 2 1 RM481 7 6 0
RM452 2 2 0 RM501 7 3 0
RM475 2 2 0 RM126 8 2 0
RM168 3 3 0 RM152 8 3 0
RM218 3 3 0 RM105 9 2 0
RM570 3 3 0 RM219 9 4 0
RM119 4 2 0 RM228 10 4 0
RM241 4 3 0 RM244 10 3 0
RM261 4 4 0 RM271 10 2 0
RM273 4 2 0 RM590 10 2 0
RM349 4 2 0 RM144 11 2 0
RMS551 4 2 0 RM209 11 3 0
RM159 5 2 0 RM332 11 2 0
RM421 5 2 0 RM4 12 2 0
RM430 5 2 1 RM101 12 2 0
RM574 5 2 0 RM235 12 3 1
RM136 6 2 0 RM453 12 2 0
RM162 6 2 0
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Figure 1 : Dendrogram showing the genetic similarities of 22 parental lines of the
hybrids using SSR

7y
Figure 2 : TDK11 variety
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Study on local pigs raising for compost utilization in
upland area of Laos

Sopha xaypha', Khanavong Lattanavongsin’, Soukhanthon Kounsamathong’,
and Viengkham Vongsomphou'

Abstract

Sixty female of local pigs and weighing on average 15 kg, , were used in RCBD
arrangement to study the effect of the Stylo 184 in growth performance and composts
production. The main feed used rice brand (RB) plus maize as basal in diet. The pigs were
housed in groups with five pigs per one group, and allotted at random to the two treatments.
The feeding trial lasted for 05 months (150 days). There was non significant on live weight
gain (ADG) and feed conversion ratio (FCR) between treatment .But the supplement diet
was improved growth performance and FCR . There appear to be advantages in terms of
local pig growth and feed conversion with addlibitum of Stylo 184 in fresh form as the

main protein source base on rice bran or maize as basal in diet.

Key words: local pigs, composts, stylo 184,live weight gain, feed conversion mortality rate.

'Livestock Research Center, National of Agriculture and Forestry Research Institute PO Box 811,

Vientiane, Laos
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Predicting Phosphorus Buffer Coefficients of Some
Representative Soils for maize production in Lao PDR by
three soil analysis methods

aovdal 697'11&7‘757 , Tasnee Attanandana’® €3¢ Russell Yost?

Abstract

Phosphorus buffer coefficient (PBC) is one of the important factors in the phosphorus
fertilizer recommendation prediction by PDSS program. The study on PBC of 7 representative
maize soils from Laos and one Thai soil was conducted. The PBC determination was done
by mixing the soils with potassium dihydrogen phosphate (KH,PO,) at the rates of 0, 25,
50, 100 and 200 mg P kg'. All soil samples were kept in the incubator at 30°C for two
weeks. The extractable P was analyzed by three methods: Mehlich 1 (PBC,, .. ), Bray 2
). The results

showed different PBC values of soils with different extractants. Multiple regression analysis

(PBCBray ,) and iron oxide-impregnated filter paper method or Pi-test (PBC

Pi-test

was used to study the relationship between the PBC and soil properties. It revealed that

PBC " and PBC was correlated with percentage of clay content with adjR?>=0.64 and

Bra Mehlich-1

and 0.43, respectively. The percentage of clay and Al were the main factors affecting the
PBC with adjR? of 0.89.

Pi-test

Key words: phosphorus buffer coefficient, maize soils, phosphorus sorption, iron

oxide-impregnated filter paper method.
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1. Introduction

The rates of recommended phosphorus
fertilizer for maize production in the Lao
PDR are not widely known. The major
problems of maize production are the
infertile soils with high soil acidity and low
phosphorus content. Fertilizer application
for maize production is very different in the
production areas depending on the economy
of the farmers rather than on the nutrient
needs of the plants (Lathvilayvong, 2000).

The soils are poor in N, P and K.
Soils with content of extractable P of less
than 10 mg kg! cover about 97% of the total
cultivated area of the country, soils with
extractable K of less than 40 mg kg' cover
about 71%, soils with pH ranging from 4.1
to 5 cover 78%, and soils with the percentage
of organic matter of less than 2 g kg!' cover
87% (Vonghachack, 2000).

In Thailand, the new technology
for phosphorus and potassium fertilizer
requirement prediction using Phosphorus
Decision Support System (PDSS) program
has been successfully used for maize
production. The use of the decision-
aids has resulted in reduced fertilizer P
applications, and the farmers accepted the
recommendations (Attanandana et al., 2000).

Phosphorus buffer coefficient (PBC) is an

important variable in the PDSS program
(Chen et al., 1997).

In Thailand, Bray-2 extraction is
widely used to estimate soil available P.
The second most popular extractant used by
Kasetsart University is Mehlich-1 method, a
dilute double acid extractant. Both of these
methods have been found to correlate well
with total P uptake of maize (Attanandana et
al., 1999).

Yost et al. (1992) suggested that
characterization of the buffer coefficient
should be possible by quantifying soil
properties that determine P sorption. Wright
et al. (1992) estimated P buffering coefficient
by relating the P buffering coefficient to soil
pH and P retention as estimated by Saunder
(1965)’s method. Hughes and Gilkes (1994)
and Cox (1994) predicted P buffering
coefficient by clay content in the soil. Smyth
and Sanchez (1982) proposed that the soils
having the highest clay and free Fe,O,
contents had the highest P sorption capacity.
Soil pH significantly influences other soil

chemical properties.

Brady (1990) suggested that, when the
pH falls below 6.0, the availability of nutrients
such as phosphorus, potassium, calcium,
and magnesium decreases. Phosphate
availability also tends to decrease at high

soil pH, because of precipitation as insoluble
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calcium phosphate compounds. The pH
range of greatest phosphate availability is
about 6 to 7 for most agricultural soils (Bohn
et al., 1985). Also Shahandeh et al. (1994)
observed that soil with high levels of oxalate
extractable Fe sorbed more P under reduced

conditions.

The objective of this study is, therefore,
to study the PBC of eight representative soils
for maize production in Laos and Thailand
by Mehlich-1, Bray 2 and Pi-test methods.
Moreover, the study on relationship of PBC
with soil properties using stepwise multiple

regression analysis was also included.

I1. Materials and Methods

Soil

Seven soils representing the important
soils for maize production in the Lao PDR
were selected for the experiment. These
included the Hoysay soil (Hs), which was
collected in Northern part of Laos in Hoysay
district, Borkeo province. Three soil samples
were selected from Central Laos, namely:
Pek soil (Pe), and Phasay soil (Ps), which
were collected in Pek and Phasay districts,
Xiengkhouang province, and the Saythong
soil (St) was collected in Nasaythong
district, Vientiane capital, Laos, respectively.
Two soil samples; Bachieng soil (Bc) and

Hoythakoune soil (Hk) were selected in

Southern part in Bachieng and Pathomphone
districts, Champasak province, and Vapi
soil (Vp) was selected from Vapi district,
Saravanh province, Laos, respectively. In
addition the Khon Kaen soil (Kk) from
Thailand was included. Most soils from
Laos and that from Thailand were Ultisols
except for the Be soil which is an Oxisol. All
soil samples were collected from the surface
Air-dried soil

samples were ground and passed through a

horizon 0-20 cm depth.

2-mm sieve and thoroughly mixed.
Soil analysis

Soil chemical and physical properties
were determined as follows: Soil texture
was determined by the pipette method (Day,
1965), soil pH by glass electrode (soil water
ratio of 1:1), organic matter by Walkley
Black titration (Walkley and Black, 1934)
and cation exchange capacity (CEC) by
ammonium acetate pH 7 method (Rhoades,
1982). Extractable Al and Fe were measured
by acid ammonium oxalate, citrate-
bicarbonate-dithionitemethods(Loeppertand
Inskeep, 1996) and by 1M KCI. Extractable
Fe, Cu, Mn, and Zn were determined by
diethylenetriaminepentaacertic acid, (DTPA)
pH 7.3 (Tan, 2005). Exchangeable K, Ca,
Mg and Na by NH ,OAc pH 7 (Jones, 2001).
Available P was extracted by Bray 2 (Bray

and Kurtz, 1945), Mehlich-1 (Mehlich,
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1953), and Pi-test methods (Myers et al.,
1995; Chardon, 1996; Chardon et al., 2000).
Total P was analyzed by Conc. HNO,-H,SO,
-HCIO,, with the ratio of 5:1:2 (Yoshida
et al., 1972). Total N was analyzed by the
Kjeldhal method (Bremner, 1996).

Phosphorus buffer coefficient (BPC)

of soils

Soil incubation

Five grams of each soil sample was
mixed with potassium dihydrogen phosphate
(KH,PO,) at the rates of 0, 25, 50, 100 and
200 mg P kg!'. The soil mixtures were then
added with distilled water to reach field
capacity moisture level. All soil samples
were kept in the incubator at 30°C for two
weeks. The extractable P was analyzed
by three methods: Bray 2, Mehlch-1 and
Pi-test.

PBC calculation and correlation
with soil propertiesSeven

Phosphorus buffer coefficients (PBC)
were estimated from the slope of linear
regression of extractable phosphorus versus
phosphorus fertilizer added after 2 weeks
of incubation. The PBC values of each soil
from the three methods were correlated with
some soil properties using stepwise multiple

regression analysis.

Iron oxide-impregnated filter
paper method (P-test)

FeO paper preparation: A 5.5 cm disc
of ash free, hard filter paper Whatman no
50 (2.7 pm pore openings) was immersed
in acidified FeCl, for 5 minutes. The paper
was drip dried at room temperate for 1 hour.
The paper was then treated with NH, vapor
through a bath containing 5% of NH,OH
until the paper color changed from yellow
to brown. Since NH,CI can lower pH level,
causing the increase of P concentration in
soil solution, the FeO paper was washed
with distilled water several times to get rid
of NH,Cl. After air-dried, the paper was kept
in the closed pack.

Shaking soil suspension with FeO
paper: one gram of soil was shaken with 40
ml of 0.01 M of CaCl, solution. One FeO
paper protected by polyethylene screen with
0.1 mm opening in a fix position was shaken
with soil suspension on a reciprocating
shaker at a speed of 30 excursions min’!
for 16 hours. The paper was taken out and
thoroughly rinsed with distilled water to

remove adhering soil particles.

Determination of P extracted by
FeO paper: The FeO with adsorbed P was
dissolved by shaking in 40 ml of 0.1 M
H,SO, for 1 hour, then filtered and the filtrate

was saved for P measurement.
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I11. Results and Discussion

Soil properties studied

Soil chemical and physical analyses
are shown in Table 1. All soils were acidic
with pH ranging from 4.3 to 5.5. The clay
content of these soils was higher than 200 g
kg!, except Kk soil which was very low in
clay with 63 g kg!' while the highest was the
Vp soil with 574 g kg!. The amounts of Fe
extracted by citrate-dithionite (Fe,) ranged
from 1.19 to 55.2 g kg™ and Al ranged from
23.3t0 31.5 gkg'. The amounts of Fe, and
Al in the Be soil was the highest among the
selected soils studied. Extractable P of the
Hs soil by Bray 2, Mehlich-1 and Pi-test was
higher than those of the other soils of 41.2,
15.6 and 18.0 mg kg, respectively.

Phosphorus buffer coefficient
(PBC)

A phosphorus buffer coefficient is an
indicator of the change in extractable P per
unit change of P added. High values indicate
less reaction of the soils with the added P
and low values indicate a higher degree of

reaction of the soils with the added P.

In this study, the PBC values of each
soil from the three methods were different.
The PBC values of Kk soil from the three

methods were higher than those of the other

soils (Table 2). This high PBC value indicated
low P sorption. The Kk soil amounts of clay
content, Fe , Fe, and Al were lower than the
other soils. In contrast the PBC of Bc, and
Vp soils by three extractants were lower than

the other soils.

It was noted that the clay content,
amount of Fed in Bc soil, Ald in Vp soils were
higher compared to the other soils (Table 1).
Clay mineral and extractable Al, Fe all play
an important role in P sorption (Agbenin,
2003). In the same way Wiriyakitnateekul
et al. (2005) reported that in Thai soils, 81%
of variability in P sorption was related to
Fe and Al dithionite and oxalate extraction.
Normally PBC values estimated by Bray 2
are higher than PBC estimated by Mehlich-1
and Pi-test, respectively (Yampracha, 2006).
In contrast, in this experiment the PBC
values of some soils which were estimated
by Pi-test method were higher than PBC
value estimated by Mehlich-1 except for the
Kk soil.

Predicting PBC using soil
properties

The relationship between soil proper-
ties and PBC values was determined by
stepwise multiple regression analysis. The
soil properties affecting the PBC calculation
for each method were different with different
methods. In model (1) and model (2)
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PBC,,,, and PBC,, . was correlated with
% clay content alone with adjR? of 0.64 and
0.43, respectively. The percentage of clay
and Al were the main factors affecting the

PBC,  _ with adjR? of 0.89 (Table 3).

Pi-test

To describe the relationships between
the soil properties and PBC values, the clay
and Alo were important soil properties. The
PBC and PBC

Bray-2 venieny  decreased  with

increasing % clay content (Table3). Wang et
al. (2000) observed that clay content had little
correlation with PBC but high correlation
of P sorption capacity was observed with
the amorphous materials, mainly Al and Fe
oxides. Poudel and West (1999) reported that
the maximum phosphate sorption of Oxisols,
Ultisols and Inceptisols in Philippines ranged
from 6,944 to 14,208 ug P g, and it was
closely related with Alo and clay content.
PBC, o
and Al with adjR* of 0.89. Bruland and
Richardson (2004) found that Al had the
highest correlation with phosphorus sorption
index. Also Maguire et al. (2001) reported

was correlated with % clay content

that sorption of P was strongly correlated
with the amounts of Al and Fe . In addition,
Wang et al. (2001) mentioned that many soils
with high P retention contained high levels
of Fe and Al extractable-oxalate. The effect
of Al on PBC occurring in the third model
was not uncommon because the ammonium

oxalate extraction is selective for amorphous

Fe and Al compounds that contain large

amounts of surface area reactive with P.

Soil properties substituted
into models (1), (2) and (3) to predict the
PBCBray » PBC ..., and PBC The
predicted PBC was plotted against the

Were

Pi-test”

observed PBC to compare the predictability
of the models (Figure 1).

The relationships in (Figure 1A and
1B) showed that the predicted PBC
and predicted PBC

the observed PBC for several soils.

Bray 2
were higher than

The
predicted PBC in model (3) was very close

Mebhlich-1

to the observed PBC, the points being
distributed along with the 1:1 line (Figure
1C), these illustrates that the PBC of the Pi-
test could be better predicted that of other

extractants.
IV. Conclusions
The major problems of maize

production in Laos are acidic soil and low P
content. Seven sites representative of maize
production areas in Laos and in addition the
Khon Kaen soil from Thailand were selected
to predict P requirements by Phosphorus

Decision Support System (PDSS) program.

Phosphorus buffer coefficients (PBC)
were determined using three soil extraction

methods namely: Bray 2, Mehlich-1 and
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Pi-test. The PBC values of eight selected
soils differed with different methods of
P extraction. As expected from strong
extractants the PBCBray , was higher than
PBC,, .., and PBC The PBC values

were correlated with some selected soil
and PBC

2 Mehlich 1

Pi-test”

properties, the PBCBmy
decreased with the increasing of percentage
of clay content. Percentage of clay content
and acid ammonium oxalate extractable
aluminum were the main factors affecting
the PBC

Pi-test”
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Table 1: Characteristics of the eight soil samples before conducting experiments

Soil properties Confens
Ps Vp
Texture Silt Clay Silty clay Silt Clay Silty clay Clay | Sand
loam loam loam loam

Clay (g kg™h)! 245 407 270 215 574 203 289 63.0
Soil pH? 5.5 43 4.6 4.8 5.5 4.7 5.3 4.4

OM (g kg)? 21.1 49.6 55.2 54.1 16.6 12.7 30.0 8.6

CEC (cmol kg")* 14.6 24.7 17.8 22.4 20.6 8.6 17.8 | 3.00
Total N(g kg')* 0.60 0.80 1.00 1.80 0.50 0.40 0.80 | 0.20
Total P (g kg™)¢ 4.50 1.90 2.40 4.00 2.60 3.00 3.90 | 0.00
P (mg kg'y’ 41.2 1.56 1.80 6.26 0.26 0.42 14.7 | 6.29
P (mg kg1)® 15.6 0.12 0.16 0.67 0.10 0.16 4.09 | 3.40
P (mg kg!')’ 18.0 4.17 3.33 3.56 0.82 2.01 4.86 | 3.04
K (cmol kg")" 0.24 0.11 0.12 0.10 0.08 0.27 0.23 | 0.09
Ca (cmol kg")" 1.18 0.21 0.56 0.09 0.72 0.32 0.78 | 0.30
Mg (cmol kg™)' 0.68 0.18 0.09 0.05 1.02 0.30 0.68 | 0.13
Na (cmol kg™)" 0.34 0.31 0.33 0.49 0.46 0.31 035 | 0.53
Fe_(gkg")" 3.15 2.93 1.62 0.94 2.56 1.53 2.19 | 0.58
Fe, (gkg")" 11.9 55.2 16.5 2.56 13.1 9.03 9.58 | 1.19
Al (gkg")® 0.80 3.60 | 1.55 5.57 1.64 1.16 2.68 | 0.43
Al (gkgh)" 233 31.5 | 282 27.8 28.0 25.2 274 | 275

! Pipette method (Day, 1965); 2 Glass electrode, 1:1 soil: water ratio; * Walkley Black titration (Walkley
and Black, 1934); * NH,OAc, pH7 replacement method (Rhoades, 1982); * Macro Kjeldhal methods
(Bremner, 1996); ® Conc. HNO,-H,SO,- HC,0,, ratio 5:1:2 (Yoshida et al. 1972); 7 Bray 2 method (Bray
and Kurtz, 1945); ® Mehlich-1 method (Mehlich, 1953); ° Pi-test (Myers et al., 1995, Chardon, 2000,
Chardon et al., 1996); ' NH,OAc pH 7 (Jones, 2001); ' "* Acid ammonium oxalate method (Loeppert

and Inskeep, 1996); > * Citrate-bicarbonate-dithionite Method (Loeppert and Inskeep, 1996).
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Table 2: Phosphorus buffer coefficient (PBC) values of 8 soil samples as determined by three

extractant methods.

PBC values

Mehlich-1 Pi -test
Hs 0.77 0.17 0.65
Be 0.21 0.03 0.12
Pe 0.72 0.13 0.65
Ps 0.45 0.12 0.19
Vp 0.29 0.07 0.21
Hk 0.60 0.31 0.51
St 0.80 0.22 0.40
Kk 0.91 0.99 0.85

Hs=Hoysay soil, Bc= Bachieng soil, Pe=Pek soil, Ps=Phasay soil, Vp=Vapi soil, Hk=Huoytakuoane
soil, St=Saythong soil, Kk=Khon Kaen soil.

Table 3: Models and coefficients describing the PBC prediction of the soils studied.

Statistical model adjR?

(1)PBC,,, = 1.05-0.01%clay 0.64*
(2)PBC,,,, = 0.67-0.0Iclay 0.43*
(3)PBC,,, = 0.96-0.01% clay -0.10 Al 0.89%*

Dansv - Jyua 2009 88



The Lao Journal of Agriculture and Forestry, No. 19

Predicted PBC

Predicted PBC

1.0 o
A Bray 2
0.8 - ° b
°

0.6 °

0.4 °

0.2

00 T T T T

0.0 0.2 0.4 0.6 0.8 1.0
Observed PBC
1.0
B Mehlich-1
0.8
0.6
o
0.4
° °
°
0.2
°

0.0 ° L . . .

0.0 0.2 0.4 0.6 0.8 1.0

Observed PBC

89

January - June 2009



The Lao Journal of Agriculture and Forestry, No. 19

1.0

0.6

Predicted PBC
=

0.2

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Observed PBC

Figure A, B & C : Relationships between predicted and observed PBC by three different
extractants

Figure 2: Maize experiment plot at Seandin, Naxaythong district, Vientiane Municipality.
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GRAIN YIELD TRIAL OF NEWLY HYBRID
MAIZE VARIERIES AND COMBINATIONS IN THE
VIENTIANE DELTA, LAO P.D.R.

Khamtom vanthanouvong' and Nguyen The Hung’
Abstract

Maize (Zea mays L.) is one of the most important cereal crops in Lao P.D.R. Maize
production was also a substantial source of income for farmers and for export. During the
last 7 years, the planted area, grain yield and total production of maize have been increasing
rapidly in Laos. The total maize production in 2007 was 620,550 tons and the average yield
was 4.68 tons per ha. In order to further increase maize yield in Laos, it is necessary to
introduce and select suitable varieties for the agro-ecosystem conditions in each region.
The objective of this work, therefore was to evaluate the adaptability and yield potential of
newly maize hybrid varieties and combinations received from international institutions in the

Vientiane Delta, Laos.

Nine newly hybrid maize varieties and three combinations was evaluated under the
experimental field conditions in the summer cropping season at National Plant Breeding
Research Center, Naphok, Laos. Another variety testing including eight hybrid varieties
and seven combinations was also conducted in the winter cropping season. These hybrid
varieties and combinations were received from National Maize Research Institute and Hanoi
University of Agriculture, Vietnam. The check variety were LVN10 (Vietnamese variety) and
CP888 (Thailand variety).

Experiments were laid out in the Randomized Complete Block Design (RCBD)
with three replications. The plot area was 14 m* The spacing between rows was 70 cm and
between hills was 25 cm. There was one plant per hill so that the plant population was 57,000
plants/ha. Fertilizer was applied basally at the rate of 10 tons manure + 150 kg N + 60 kg P O,
+60 kg K,O ha.

"National Agriculture and Forestry Extention Service, Lao PDR.
“National Maize Research Institute and Hanoi University of Agriculture, Vietnam.
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Bueedo 209wl «ar Iwiivgad luasguay il gUALADIEI tae
fiotzoneno (uawsn) J 2007.

CUoliu  @o9w90  209N09%9 . Vi . o
D Do '-vlln ((947s] WO 1,000 JUEIZIO
e - - ENU/vay ENU/END o (gaw) (W)
1 LVN-10 18.1 4.4 12.3 394 360.0 8.97
2 R7xT1 18.1 4.8 12.2 36.9 393.2 8.39
3 R7xT2 16.1 4.8 13.5 34.1 386.6 7.39
4 | R8xT3 17.6 4.9 12.6 38.1 393.2 8.62
5 R7xR6 17.8 4.9 14.0 38.6 380.0 8.81
6 3335x3186 17.5 5.2 15.2 37.0 386.6 8.49
7 3249x3172 17.3 4.9 14.8 37.6 350.0 7.99
8 3375x3363 18.8 4.5 12.4 43.0 345.0 8.79
9 LNN -25 16.1 5.1 16.2 333 356.6 7.97
1 KK 575 17.7 4.9 14.2 37.3 376.6 8.46
11 | LVN-99 18.3 4.6 14.2 40.8 3533 9.09
12 | LVN -45 20.5 5.0 12.7 44.0 400.0 10.07
13 | LVN-61 17.9 5.1 15.0 38.9 360.0 9.17
14 | 8960 18.2 4.6 13.5 39.1 360.0 8.89
15 | CP888 18.3 4.4 11.9 39.7 350.0 8.17
CV% 3.2 2.0 2.3 3.0 6.8
LSD 0.05 9.8
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Bue=do(Tou/so)

110.0

100.0

90.0
80.0

]
:
:

70.0

R7xT1
R7x T2
R8XT3

R7xR6
3335x3186
3249x3172

€ 3375x3363
LVN25
KK575

LVN99

LVN45

LVNG1

CP8ss

8960

LVN10

g
3
IS
g

SUILROY % 2. Buwedo 209uVoiil tar IwlVET TWALQuay il FUALNDIRI LAY
fotgonzno (uawen) J 2007.

$URLLOI A 3:  tuoiiu 393 LVN61 79N 88 2J0uIw.
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eFruNaufoae9 SUNJU  NIVED
(Nenuuodiy ke edugald U 2 av
qQ divon Jyreuvodiu way wdivgnd
TnGueeiogs “ay mesé)‘g ﬁuaalwﬂu
wooaey ¢ludywygargdu Né TuioUs
(0.

avQdu I 3 wuodiu lniduwsdo
g9 &: 8960, LVN61, LVN99 Tuiffueszdo
ko 7.28-7.41 Tow/sn waz Jeaguo
115-124 Sv.

axQuag J 5 swdiu Tnduwedio
0 &: R8xT3, R7xR6, R7xT1, 3106x3338,
3375x3363. l@ueeSo «o 8.39-8.81
Tow/sn wae Doy wo 115-124 S,
5 5 wwodiy lofueelogs LTt
W 2 a=g waupa & 8960, LVNIO,
LVN61, LVN99, LVN45, laifueela wo
8.89-10.07 tow/so «aw Jeagun 117-
124 S cigmmmﬁﬁ‘wcw%gmﬁ g Tu

YUY 290.
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