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ÍíÈÂèÈØÇ§

	 È¨Ã–Ë¯–Ýï‹–Ìá–ÀèÌ–ãÖ‹×–×Šà ÖèÀ–ÅßÌßÈêâÖêÈ –Ë¯–ÊñàÇÊÜÈ ÄàÀ Ñ¡ Ûì– ãÓŠ (heterosis) ÁÜÃãÌ× 
ÑèÌÖïÀÎßÅíÓ ãÓŠÌ–ÎèÈ–æÄ–ÛèÀ åÌ–ÀàÌ–ÇíÀ–ÅßÓèÈ–ÉßÑàÍ ÁÜÃ–ÍèÌÈàÑìÈÖïÀÌèÍËèÃ–âÁ¿à–. ÄîÈÎßÅíÃ–
ÁÜÃ –ÀàÌÂ¿Ì–Â×òàËíÈ–ÖÜÃ–Ì¸– ãÓŠÌâÑìñÜ: (1) ÅëÀÅà–âÍªÃ –Ýê–âÉê–äÕÅêÈ–Å –ÁÜÃ–ÅàÇ–ÑèÌâÁ¿àÙÞ×ÖïÀ–Îß 
ÅíÓ –ãÖß –âÁ¿àÄ‹à×ÖïÀ–ÎßÅíÓ –äÈÇ–Ìá–åÆ‹–ãÌ×–ÑèÌ–âÁ¿àÁÜÃ–Öà× –âÎèÌÑ¡–ÑèÌ; (2) ÅëÀÅà–âÍªÃ–ÂîÌ–Ìß 
Ñà–ÍËàÃ–ÈòàÌ–âÂÓê –ãÖß ÂîÌ–ÌßÑà–ÍÀàÌ–ÀéÌ ÁÜÃ–âÁ¿à–ÖïÀ–ÎßÅíÓ.  

	 ÏíÌ–ÁÜÃ–ÀàÌ–ÅëÀÅà–ÑíÍ–×Šà –âÁ¿à–ÖïÀ–ÎßÅíÓ– Ë¯–æÈ‹–Óà–ÄàÀ–ãÓŠ–ÑèÌ IR75589-31-27-8-33S 
–åØ‹––ÏíÌ–ÏßÖéÈ–Åß–âÖñÇ (4864 ± 303 kg/ha) ÛàÇ–À×Šà– âÁ¿àÖïÀ–ÎßÅíÓ–Ë¯–æÈ‹–ÄàÀ– IR58025B (4600 ± 
377 kg/ha) –ãÖß IR65 (3483 ± 627 kg/ha).  ÖßØ×ŠàÃ–Ñ¡ÑèÌ––Ì́Ì ÑíÍ–×Šà –âÁ¿à–ÖïÀ–ÎßÅíÓ Ë¯–æÈ‹–ÄàÀ 
TDK1, TDK3 –ãÖß LNT1 –åØ‹––ÏíÌ–ÏßÖéÈ–ÅïÃÅß–âÖñÇ 4813 ± 740 kg/ha, 4717 ± 255 kg/ha –ãÖß 
4633 ± 433 kg/ha ÉàÓ–ÖáÈèÍ.  –âÁ¿àÖïÀ–ÎßÅíÓ (IR75589-31-27-8-33S/TDK6) –åØ‹–ÏíÌ–ÏßÖéÈ–ÅïÃ–
ÅîÈ (5397 kg/ha) –ãÖß –âÁ¿àÖïÀ–ÎßÅíÓ (IR65/TDK9) åØ‹–ÏíÌ–ÏßÖéÈ–Éœ–ÅîÈ– (2146 kg/ha). 
 –
	 Â×àÓ–ãÉÀ–ÉŠàÃ– ËàÃ–È‹àÌ–ÛèÀÅßÌßÈêâÖêÈ ËêñÊñàÇÊÜÈ ÄàÀÑçñãÓñ ÁÜÃ–âÁ¿à–ÖïÀ–ÎßÅíÓ –åÌ–
Öß–ÍíÍË¯–Ìá–åÆ‹– ÅàÓ–ÅàÇ–ÑèÌ–åÌ–ÀàÌ–ÏßÖéÈ–âÁ¿à–ÖïÀ–ÎßÅíÓ ãÓŠÌ–ÅèÃ–âÀÈ–æÈò– ãÉŠ -23% Øà +25% 
ãÖß– –ãÉŠ -1% Øà +99% ÅáÖèÍ–Öß–ÍíÍ Ë¯–Ìá–åÆ‹– ÅÜÃ–ÅàÇÑèÌ. âÎê–âÆèÌâÁ¿àÅàÌ–âÓèÈ–âÉèÓ–Åê–æÈ‹ ÅèÃ–
âÀÈ–âØèÌ –ãÉŠ 43% Øà 67%. âÎê–âÆèÌ–ÜàÓ–ê–äÖ (amylose) Ë¯–ÑíÍ–ÔïŠ–åÌ–âÁ¿àÄ‹à×ÖïÀ–ÎßÅíÓ –ãÓŠÌ 7% 
Øà 31% –ãÖß ÑíÍÔïŠ–åÌ–âÁ¿àÙÞ× –ãÓŠÌ 0% Øà 2%. âÁ¿à–ÖïÀ–ÎßÅíÓ–ËèÃ–ÚíÈ– ãÓŠÌ–ÄèÈ–ÔïŠ–åÌ–Îß–âÑÈ–
ÜñÜÌ, ÂñàÂ×àÓÙÞ×ÁÜÃ×îòÌ (gel consistancy) ÎñÞÌãÎÃãÉñ 61 ÓÓ Øà 100 ÓÓ. ÜîÌØßÑïÓ–åÌ–
ÀàÌ–Øï–ÃÉ¿Ó (gelatinization temperature) ÁÜÃ–âÁ¿à–ÖïÀÎßÅíÓ Åè–Ã–âÀÈ–æÈ‹–ãÉŠ 62oC Øà 72oC. ÂîÌ 
–ÌßÑà–Í ÀàÌ–ÀéÌ–ÁÜÃ–âÁ¿àÙÞ×–ÖïÀ–ÎßÅíÓ –âØèÌ–×Šà Í¡–Óê–Â×àÓ–ÅáÑèÌ–ÀèÍ–âÎê–âÆèÌ Üà–ÓêäÖ –Ë¯–Óê–ÔïŠ–Ìá–
âÓèÈâÁ¿àÅàÌ –åÌ–ÁßÌß–Ë¯ ÂîÌ–ÌßÑà–ÍÀàÌ–ÀéÌÁÜÃ–âÁ¿àÄ‹à× –ãÓŠÌ–Óê–Â×àÓ–ÅáÑèÌ–ÀèÍ–ÄáÌ×Ì–âÎêâÆèÌ 
Üà–ÓêäÖ Ë¯–Óê–ÔïŠ–Ìá–âÓèÈ–âÁ¿àÅàÌ.  
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	 ––ÀàÌ–ÑèÈ–ËßÌà âÁ¿àÙÞ×–ÖïÀ–ÎßÅíÓ ÅáÖèÍ ÅÎÎ Öà× Ë¯–Ìá–åÆ‹ –ÖßÍíÍ 2 ÅàÇ–ÑèÌ (TGMS) 
Ì´Ì, ÔêÌ (gene) Ë¯–É‹ÜÃÀàÌ ÄàÀ IR75589-31-27-8-33S –ãÖß ÅàÇ–ÑèÌ–Ü²Ìƒ Ë¯ÔïŠ–ÑàÇ–åÉ‹–ÖßÍíÍ–
È¨ÃÀŠà× –Äß–É‹ÜÃ–æÈ‹–ÊŠàÇäÜÌ âÁ¿à–ÅïŠ–âÁ¿àÙÞ×ÁÜÃ–Öà×. ÅáÖèÍÖßÍíÍ–Ë¯–Ìá–åÆ‹ ÅàÓ–ÅàÇ–ÑèÌ (CMS) 
Ì´Ì, Äß–É‹ÜÃ–æÈ‹–ÆÜÀ–ØàÅàÇ–ÑèÌ Ë¯–ÄßÌçàåÆ‹–âÎèÌ–äÉ–ÝèÀÅà–ãÓŠÑèÌ (maintainer lines) –ãÖß ÅàÇ–
ÑèÌ–Ë¯–ÄßÌá–åÆ‹âÎèÌÑ¡–ÑèÌ (restorer lines) ÅàÀŠÜÌ ÄàÀ–ËßÌàÂàÌ–âÆºÜÑèÌ–âÁ¿à–Öà× ÀŠÜÌ–Ë¯–Äß–Êñà–Ç 
äÜÌÔêÌ (gene) Ë¯–É‹ÜÃÀàÌ ÄàÀ IR58025A –ãÖß ÅàÇ–ÑèÌÜ²Ìƒ ÄàÀ–ÖßÍíÍÈ¨ÃÀŠà× –âÁ¿à–ÅïŠ–âÁ¿à 
ÙÞ× ÁÜÃ –Öà×–.

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

1ÅïÌ–Â¿ÌÂ×‹à–âÁ¿à –ãÖß ÑìÈ–âÅÈÊßÀéÈ–, ÅÂÀÎ.
2Åß–Êà–ÍèÌ–Â¿Ì–Â×òà–âÁ¿à–ÅàÀíÌ, Îß–âËÈ–Òê–ÖéÍÎéÌ
3ÓßØà×éËßÇà–æÖ –Òê–ÖéÍÎéÌ–, ÖíÈÅßÍàäÇÈ, Îß–âËÈ–Òê–ÖéÍÎéÌ
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OPPORTUNITY AND CHALLENGES IN RESEARCH AND 

DEVELOPMENT OF WAXY HYBRID RICE IN LAO PDR

Phetmanyseng Xangsayasane1; Fangming Xie2; Jose E. Hernandez3 and 
Teresita H. Borromeo3

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 HYVs 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 62oC to 75oC.  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.

1Rice and Cash Crop Research Center, NAFRI, Ministry of Agriculture and Forestry, Lao PDR
2Plant Breeding, Genetic, and Biotechnology, International Rice Research Institute.
3Crop Science Cluster, University of the Philippines, Los Baños, Laguna, Philippines
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I. Introduction

The Lao people consume 171 
kilograms per capita of milled rice per 
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.  Rice self-sufficiency was reported 
to have been achieved in 1999 at more than 
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 strong cultural affinity for 
glutinous rice (Schiller., et al 2006).  In 

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).  Heterosis 
for yield in rice hybrids has been attributed 
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 (HYVs).

Hybrid rice technology was 
successfully developed in China since 1964.  
Since then, it has been adopted in 50% of 
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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).  Hybridity does not impair grain 
quality in terms of physical and chemical 
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 

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) cytoplasmic-genetic 
male sterility systems, the lines from this 
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 
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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.

II. 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 Baños 
(14011’N, 121015’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 (5m2) 
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 m2 (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.

Quantitative data (yield, yield 
components and some agronomic traits) 
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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 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:

      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 
1M 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 Bran+Luebbe). Amylose 
content was calculated by comparison with 
the absorbance of the standards, namely 
IR29, IR24, IR64 and IR8. 

 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.

III. Rrsults and Discusion

Performance of Hybrids. The 
performance of the hybrids in terms of grain 
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 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 (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; Palaniswamy and Palaniswamy, 
1973; Sivasubramaniam and Menon, 1973; 
Mohanty and Mohapatra, 1973; Virmani 
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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 HYVs 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 HYVs 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 showed positive 
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. 

In general, the mean heterosis for grain 
yield of the 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, 
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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, TDK5, 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 IR75589-31-27-8-33S 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 
is 61 ± 4%, 58 ± 4% and 58 ± 5%, when 
the female parent used is IR75589-31-27-
8-33S, IR58025B and IR65, 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 TDK5, 
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 



The Lao Journal of Agriculture and Forestry, No. 19

     January - June 2009
                 

12

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 namely, 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 
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 59oC to 
75oC (Table 6). Based on the classification 
of GT, three hybrids, IR58025B/TDK33-
9, IR75589-31-27-8-33S/TDK33-9, and 
IR65/TDK33-9 have high GT. Eight hybrids 
have intermediate GT. Forty-six hybrids (17 
waxy) have low GT and the lowest GT was 
observed in IR58025B/PNG1. The mean 
GT of the female parents ranged from 67 
± 3ºC (IR75589-31-27-8-33S); 68 ± 3ºC 
(IR58025B) and 69 ± 2ºC (IR65), while mean 
GT of the male parents ranged from 65 ± 3 
(TDK34-B-51-1-1-B) to 75 ± 0ºC (TDK33-
9). This means both parents evaluated in 
this study generated hybrids with low GT. 
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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/
TDK5 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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Fig. 1:	 Relationship between AC and EQ of waxy rice.

Fig. 2:	 Relationship between AC and EQ of Non-waxy rice
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IV. Conclusion and Recommendations

research in the future.  

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

Based of the results of the 
experiment the following conclusions and 
recommendations were made. The mean 
heterobeltiosis of IR58025B crossed with 
19 Lao HYVs 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 HYVs 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 
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VII.  Annexes

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

MALE PARENTS
FEMALE PARENTS

IR58025B
(4610) 

IR65
(2705) 

IR75589-31-
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

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 (%).

MALE PARENTS
FEMALE PARENTS

IR58025B 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 4 ± 25

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 10 ± 11

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 22 ± 34

TDK43-B-51-1-1-B -11 -4 28 4 ± 21

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.

MALE PARENTS
FEMALE PARENTS

IR58025B
(56)

IR65
(59)

IR75589-31-27-8-33S

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 62 ± 2

PNG 6 (62) 57 60 58 59 ± 2

TSN 1 (57) 59 57 61 59 ± 2

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 52 ± 5

TDK33-9 (62) 57 53 61 57 ± 4

TDK42-B-4-3 (46) 55 59 61 58 ± 3

TDK43-B-51-1-1-B (63) 55 62 65 61 ± 5

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.

Number enclosed in parenthesis is the % amylose content of the parents.

MALE PARENTS
FEMALE PARENTS

IR58025B
(14%)

IR65
(0%)

IR75589-31-27-8-33S

TDK 1 (1%) 10 0 19 10 ± 10

TDK3 (0%) 11 0 22 11 ± 11

TDK 5 (0%) 10 0 23 11 ± 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 22 ± 3

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 9 ± 8

TDK43-B-51-1-1-B (28%) 25 19 31 25 ± 6

11 ± 6 3 ± 8 22 ± 3
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Table 5:  Mean performance of the parents for GC of F1 hybrids.

Number in parenthesis is the GC content of the parents.

MALE PARENTS
FEMALE PARENTS

IR58025B
(94)

IR65
(100)

IR75589-31-27-8-33S

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 97 ± 5

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 97 ± 5

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

98 ± 5 98 ± 5 85 ± 8
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Table 6:  Mean performance of the parents for GT of F1 hybrids.

Number enclosed in parenthesis is the GT of the parents.

MALE PARENTS
FEMALE PARENTS

IR58025B
(69)

IR65
(69)

IR75589-31-27-8-33S

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 68±2

TDK 9 (70) 69 68 62 66±3

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 69±1

TDK47-3-6-1-2-B (70) 70 68 66 68±2

TDK49-B-9-1-3-B (66) 66 66 62 64±2

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

68 ± 3 69 ± 2 67 ± 3 68 ±
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Table 7:  Percentage of the panel evaluation of F1 waxy hybrids and parents/checks.

Male parents
IR65

 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
26 ± 13 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

64±22 29±11 7±12 21±12 54±13 25±15 13±5 51±3 36±2
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ÀàÌ–Éê–ÖàÂà–ËàÃÈ‹àÌ–ÂîÌ–ÌßÑà–Í âÁ¿à–ÑèÌ–ÎèÍÎîÃ ÁÜÃ –Öà×

–âÑèÈ–ÓßÌê–ãÅÃ Æ‹àÃ–æÆ–Çß–ÅàÌ1; Fangming Xie2 ãÖß Teresita H. Borromeo3

ÍíÈÂèÈØÇ§

	 –âÁ¿à–Ë¯–ÓêÂîÌ–ÌßÑà–ÍÈê –Äß–âÎèÌ–Ë¯–É‹ÜÃÀàÌÁÜÃÉßÛàÈ –ãÖ–ß Ïï‹–ÍçÖé–äÑ–À–. ÎßÄî–ÍèÌ Â×àÓ–
É‹ÜÃÀàÌ–âÁ¿à–Ë¯–Óê–ÂîÌ–ÌßÑà–ÍÈêÌ´Ì –âØèÌ–×Šà–ÌèÍ–ÓºÌèÍ–âÑêòÓ–ÁëòÌ –ãÉŠ–×Šà –âÁ¿à–Ë¯–Óê–ÂîÌ–ÌßÑà–ÍÌ´Ì Äß–Îß 
ÀÜÍ–È‹×Ç–ÛàÇ–ƒÎèÈæÄ– âÆ¨Ì: ÝïÍ–ÝŠàÃ–ÁÜÃ–âÓèÈ–âÁ¿à, Åê–ÁÜÃ–âÓèÈ, ËàÈ–ÜàØàÌ–Ë¯–Óê–åÌ–âÓèÈ–âÁ¿à       
ÉßÛÜÈ–ÝÜÈ–ÂîÌ–ÌßÑà–ÍÁÜÃ–ÀàÌ–Øï–ÃÉ¿Ó ãÖß ÂîÌ–ÌßÑà–ÍËàÃ–È‹àÌÀàÌ–ÀéÌ. ÄîÈÎßÅíÃ–åÌ–ÀàÌ–
ÅëÀÅàÌ¸ –ãÓŠÌ: (1) Éê–ÖàÂà ËàÃ–È‹àÌ–âÂÓê, È‹àÌÀàÇß–ÑàÍ –ãÖß– ËàÃÂîÌ–ÌßÑà–ÍÀàÌ–ÀéÌ ÁÜÃ–
âÁ¿à–ÑèÌ–ÎèÍÎîÃ–Ë¯–åØ‹–ÏíÌ–ÏßÖéÈ–ÅïÃ ÁÜÃ–Öà× –ãÖß (2) ÅëÀÅàÂ×àÓ–ÅáÑèÌ–ÖßØ×ŠàÃ–ÂîÌ–ÌßÑà–ÍÀàÌ–
ÀéÌ –ãÖß –âÎê–âÆèÌ–ÁÜÃ–ËàÈÜà–Ó–êäÖ Ë¯–Óê–åÌ–âÓèÈ–âÁ¿à. ÏíÌ–ÁÜÃ–ÀàÌ–ÅëÀÅà–ÑíÍ–×Šà –âÎê–âÆèÌ–âÁ¿à–ÅàÌË¯–
Åê–æÈ‹ËèÃ–ÚíÈ ÅèÃ–âÀÈ–æÈ‹–ãÉŠ 65% Øà 70%, –åÌ–ÁßÌß–Ë¯ –âÎê–âÆèÌ–âÁ¿àÅàÌ–âÓèÈ–âÉèÓ ÅèÃ–âÀÈ–æÈ‹–ãÉŠ 
46% Øà 65%. –âÎê–âÆèÌÁÜÃ–ËàÈ–Üà–ÓêäÖ Ë¯–ÑíÍ–åÌ–âÓèÈâÁ¿àÙÞ× ÅèÃ–âÀÈ–æÈ‹–ãÉŠ 0% Øà 1% ãÖß 
ÑíÍ–åÌ–âÓèÈâÁ¿àÄ‹à×–ãÉŠ 22% Øà 32%. ÂñàÂ×àÓÙÞ×ÁÜÃ×îòÌ ãÉŠ 84 ÓÓ Øà 100 ÓÓ. ÜîÌØß 
ÑïÓ–åÌ–ÀàÌ–Øï–ÃÉ¿Ó –ãÉŠ 67oC Øà 71oC. ÂîÌ–ÌßÑà–ÍÀàÌ–ÀéÌ– ÁÜÃ–âÁ¿àÙÞ×–ÑíÍ–×Šà Óê–Â×àÓ–ãÎ–Î×Ì 
–ãÖß– Í¡–Óê–Â×àÓ–ÅáÑèÌÀèÍ–âÎê–âÆèÌ–Üà–Óê–äÖ Ë¯–Óê–åÌ–âÓèÈ–âÁ¿à –ãÉŠÂîÌ–ÌßÑà–ÍÀàÌ–ÀéÌ– ÁÜÃ–âÁ¿à–Äòà× 
ÑíÍ–×Šà– Óê–Â×àÓ–Åá–ÑèÌ–ÀèÍ–âÎê–âÆèÌ–Üà–Ó–êäÖ Ë¯–Óê–åÌ–âÓèÈ–âÁ¿à. âÁ¿àÄ‹à×– Ë¯–ÓêËàÈ–Üà–Óê–äÖÉçñà Äß–âÎèÌ–
Ë¯–ÌéÇíÓ–ÁÜÃ–Ïï‹–ÍçÖé–äÑ–À ÁÜÃÆà×–Öà×. È¨Ã–Ì´Ì ÀàÌ–ÎèÍÎîÃ –ãÖß ÏßÖéÈ–âÁ¿íà–Ä‹à× ÅàÇ–ÑèÌ–åÚŠ Ì´Ì 
Äß–ÉòÜÃ–æÈ‹ÂáÌëÃ–âÊéÃÅŠ×Ì–ÎßÀÜÍ ÁÜÃ–ËàÈÜà–Óê–äÖ Ë¯–Óê–ÔïŠ–Ìá–âÓèÈ–âÁ¿àÅàÌÈ‹×Ç. 

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

1ÅïÌ–Â¿ÌÂ×‹à–âÁ¿à –ãÖß ÑìÈ–âÅÈÊßÀéÈ–, Åß–Êà–ÍèÌ– Â¿Ì–Â×òà– ÀßÅéÀá –ãÖß ÎŠà–æÓ‹ ãØñÃÆàÈ, ÀßÆ×Ã –ÀßÅéÀá 
–ãÖß ÎŠà–æÓ‹.
2Åß–Êà–ÍèÌ– Â¿Ì–Â×òà– âÁ¿à–ÅàÀíÌ, Îß–âËÈ–Òê–ÖéÍÎéÌ.
3ÓßØà×éËßÇà–æÖ –Òê–ÖéÍÎéÌ–, ÖíÈÅßÍàäÇÈ , Îß–âËÈ–Òê–ÖéÍÎéÌ
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Grain Quality Evaluation of Lao High Yielding Cultivars

Phetmanyseng Xangsayasane1; Fangming Xie2 and Teresita H. Borromeo3

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 67oC to 71oC. 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.

1Rice and Cash Crop Research Center, National Agriculture and Forestry Research Institute, Ministry 
of Agriculture and Forestry, Lao PDR
2Plant Breeding, Genetic, and Biotechnology, International Rice Research Institute.
3Crop Science Cluster, University of the Philippines, Los Baños, Laguna, Philippines. 
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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 
on quality characters and attach higher implicit 
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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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:

 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 
1M sodium hydroxide (NaOH) were added 
respectively. The contents were heated in a 
boiling water bath and then allowed to cool 

high GT, requires more water and time for 
cooking.  Gelatinization temperature can be 
grouped broadly in to three classes: low (less 
than 700C), intermediate (700C - 740C), and 
high (more than 740C) (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.

II. 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.
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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 

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 IR8. 

Gelatinization temperature (GT). 
GT was measured by Differential Scanning 
Calorimetry (DSC) (DSC Q100, TA Instru-
ments). 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 
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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 at 32% 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) 

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.

III. 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 TDK7). 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%.  Nine cultivars had 
head rice recover ranging from 61% to 65%; 
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).

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 
rice in this study ranged from 0% to 1%, 
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ranged from 66oC to 71oC (Table 3). Based 
on the classification of GT, three cultivars 
have low GT ranged from 66oC to 67oC and 
sixteen have intermediate GT ranged from 
70oC to 75oC. TDK33-9 was classified as 
intermediate GT with 75oC, while two, non 
waxy rice (TDK49-B-9-1-3-B and TDK43-
B-51-1-1-B) were classified as soft GT with 
66oC and 67oC, 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 TSN1), 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 LHYV 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 



35ÓèÃÀÜÌ - ÓéÊîÌà 2009

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò, ÅßÍèÍËê 19
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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.

Varieties % HULL % BR %TMR % HR Length 
(mm)

Wide 
(mm)

1,000-grain 
weight (g)

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 35.3
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 31.4
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 3.3 31.4
TDK33-9 23 77 68 62 10.4 2.5 29.6
TDK42-B-4-3 24 76 66 46 10.9 3.2 29.9
TDK43-B-51-1-1-B 20 80 70 62 9.3 3.3 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 (oC) 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 (%).

VARIETIES
CATEGORY

 Soft Taste  Medium Taste  Hard Taste  Total

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

28 ± 13 47 ± 9 25 ± 11
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Table 5: Eating quality evaluation of non waxy rice (%).

VARIETIES
CATEGORY

 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

23±25 36±20 41±27

Figure 1 : Gel consistency analysis
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Figure 2 : Graphic of gelatinization temperature at 69.59oC
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Figure 3 : Eating quality test by the 	
	    researchers in RCCRC.
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ÀàÌ–Îß–âÓêÌ –Â×àÓ–ÛàÀ–ÛàÇ ËàÃ–È‹àÌ–ÑèÌËî–Àá ÁÜÃ– ãÌ×–ÑèÌâÁ¿à––
ÎèÍÎîÃ ÁÜÃ –Öà× –äÈÇ–ÀàÌ–Ìá–åÆ‹ –âÉèÀÌéÀ–äÓ–âÖ–ÀïÌ

–âÑèÈ–ÓßÌê–ãÅÃ Æ‹àÃ–æÆ–Çß–ÅàÌ1; Fangming Xie2 ãÖß Teresita H. Borromeo3

ÍíÈÂèÈØÇ§

	 –ÀàÌ–ÎèÍÎîÃ–ãÌ×–ÑèÌÑìÈ –âÑ²Ü–åØ‹–æÈ‹–ÖèÀ–ÆßÌß–Èê– ÉàÓ–Ë¯–É‹ÜÃÀàÌÌ´Ì –ãÓŠÌ–Óê–Â×àÓ–Äá–âÎèÌ 
–Äß–É‹ÜÃ–æÈ‹–ÂèÈ–âÖìÜÀ– âÜíà–Ñ¡-–ãÓŠ–ÑèÌ Ë¯–ÓêÂ×àÓ–ÛàÀ–ÛàÇ–ËàÃ–È‹àÌ–ÑèÌËî–Àá –ãÖß ËèÃÓê–ÑºÌÊàÌ–ÑèÌ 
Ëî–Àá Ë¯–ãÉÀ–ÉŠàÃ–ÀèÌÈ‹×Ç. Ê‹à×Šà–Ñ¡-–ãÓŠ–ÑèÌ– Óê–ÑºÌÊàÌ–ËàÃÈ‹àÌ–ÑèÌËî–Àá–åÀ‹–ÂÞÃ–ÀèÌ Äß–âÝèÈ–åØ‹–ÀàÌ–
ÎèÍ–ÎîÃ–ãÌ×–ÑèÌ–ÑìÈ–ÎßÅíÍ–Â×àÓ–Åá–âÖèÈ–æÈ‹–ÇàÀ. ÄîÈÎßÅíÃ–ÁÜÃ–ÀàÌÂ¿Ì–Â×òà–ËíÈ–ÖÜÃ–Ì¸– ãÓŠÌ (1) 
âÑ²Ü–ÅëÀÅà–âÍªÃ–Â×àÓ–ãÉÀ–ÉŠàÃ–ËàÃ–È‹àÌ–ÑèÌËî–Àá– ÁÜÃ–âÁ¿à–ãÌ×–ÑèÌ–ÎèÍÎîÃ– Ëñê–åØ‹–ÏíÌ–ÏßÖéÈÅïÃ ÁÜÃ– 
Öà× –äÈÇ–ÀàÌ–Ìá–åÆ‹–âÉèÀÌéÀ –äÓ–âÖ–ÀïÌ (SSRs markers) –ãÖß (2) –âÑ²Ü–ÀáÌíÈ–âÍªÃ–Â×àÓ–ÛàÀ–ÛàÇ–
ËàÃ–È‹àÌÑèÌËî–Àá –ÁÜÃ–âÁ¿àãÌ×–ÑèÌÎèÍÎî–Ã ÁÜÃ–Öà× –âÑ²Ü–âÎèÌ–ÍŠÜÌ–ÜêÃ –åÌ–ÀàÌ–ÂèÈ–âÖìÜÀ –Ñ¡–-–ãÓŠ–ÑèÌ 
ÅáÖèÍ–ÀàÌ–ÎèÍÎîÃ–ÑèÌ–âÁ¿à–ÁÜÃ–Öà×– åÌ–ÜßÌàÂíÈ.  
–	
	 åÌ–ÀàÌ–ÅëÀÅà–Â´ÃÌ¸ –æÈ‹–Ìá–åÆ‹ 60 SSRs markers –âÑ²Ü–Åá–Û×È ÝïÍ–ÝŠàÃ–Ë¯–ãÉÀ–ÉŠàÃÀèÌ
(polymorphism) ÁÜÃ– 22 –ãÌ×–ÑèÌâÁ¿à. ÏíÌ–ÀàÌ–ÅëÀÅà–ÑíÍ–×Šà 45 SSRs markers ÅàÓàÈÂ¿Ì–ÑíÍ 
109 ÜèÌ–ÖéÈ (alleles). ÄáÌ×ÌÜèÌ–ÖéÌ Ëê–ñÑíÍ– ÅèÃ–âÀÈ–æÈ‹ –ãÉŠ 2 Øà 6 ÜèÌ–ÖéÌ –ãÖß –ÓêÂŠà–Åß–âÖñÇ 
2.44 ÜèÌ–ÖéÌ É¡Ì±ÃäÖÀà–È (locus). –æÖÇß–ØñàÃ ËàÃ–È‹àÌ–ÑèÌËî–Àá Ë¯–Ìá–åÆ‹–âÉèÀÌéÀÁÜÃ Jaccard
ÅàÓàÈ–ÀáÌíÈ Â×àÓ–ãÉÀ–ÉŠàÃ –ãÖß Â×àÓ–Â‹àÇÂì–ÀèÌ ÖßØ×ŠàÃ–ãÌ×–ÑèÌ. ÀàÌ–×é–âÂàß–ÀàÌ–ÄèÈ–ÀîŠÓ
–äÈÇ–ÀàÌ–Ìá–åÆ‹–æÖÇß–ØñàÃ–ËàÃ–È‹àÌ –äÓ–âÖ–ÀïÌÑèÌËî–Àá ÖßØ×ŠàÃ– 22 ãÌ×–ÑèÌ –æÈ‹–ÄèÈÀîŠÓÜÜÀ–âÎèÌ
7 ÀîŠÓ. åÌ–Ì´Ì –â–Á¿àÙÞ×–Öà× –æÈ‹–ÊìÀ–ÄèÈ–ÜÜÀ–âÎèÌ 4 ÀîŠÓ –âÆªÃ–æÈ‹–Åß–ãÈÃ–åØ‹–âØèÌ–×Šà –âÁ¿àÙÞ×–ãÌ×–
ÑèÌ–ÎèÍÎîÃ–ÁÜÃ–Öà× –ãÓŠÌ–ÇèÃ–ÓêÂ×àÓ–ÛàÀ–ÛàÇ ËàÃ–È‹àÌ–ÑèÌËî–Àá–. ÀàÌ–×é–âÂàß–ÀàÌ–ÄèÈ–ÀîŠÓ–Ì¸ Åà
ÓàÈ–ÀáÌíÈæÈ‹–âÊéÃ–Â×àÓ–ÅáÑèÌ ËàÃ–È‹àÌ–ÑèÌËî–Àá ÁÜÃ–ãÌ×–ÑèÌ–ÉŠàÃƒ. ãÌ×–ÑèÌ–/ÅàÇÑèÌ Ë¯–æÈ‹–
ÑèÈËßÌà–Óà–ÄàÀ–ÍèÌÑß–ÍïÖîÈÈÞ×–ÀèÌ Äß–ÊìÀ–ÄèÈ–âÁ¿àÔïŠ–ÀîŠÓ–ÈÞ×–ÀèÌ. –ÏíÌ–ÀàÌ–Â¿Ì–Â×òàæÈòÅß–ãÈÃ–åØ‹–
âØèÌ–×Šà âÉèÀÌéÀ–äÓâÖÀïÌ ãÓñÌ×éËê ÙòàâÆìñÜÊìËêñÅîÈ åÌÀàÌÀçàÌíÈÂ×àÓÅçàÑèÌ ãÖß Â×àÓÛàÀ
ÛàÇ ËàÃÈòàÌÑèÌËîÀçà ÖßØ×ñàÃ ãÌ×ÑèÌ.

Key words: 	 Genetic diversity, breeding materials, high yielding variety, molecular 		
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Assessment of Genetic Diversity of Lao High Yielding Rice 
Cultivars Using SSR Markers

Phetmanyseng Xangsayasane1; Fangming Xie2 and Teresita H. Borromeo3

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 (HYVs) 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 HYVs. 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.

1Rice and Cash Crop Research Center, National Agriculture and Forestry Research Institute, Ministry 
of Agriculture and Forestry, Lao PDR.
2Plant Breeding, Genetic, and Biotechnology, International Rice Research Institute.
3Crop Science Cluster, University of the Philippines, Los Baños, Laguna, Philippines. 
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I. Introduction

Lao PDR is located between latitudes 
14o10’ and 20o10’N. The country has 
geographic area of 236,800 km2 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.  Sufficient knowledge 
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 (HYVs) 
for genetic variation using SSR markers and 
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(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.

II. 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 Polymerase Chain Reaction 
(PCR) was carried out in a final volume of 15 
µl.  The PCR reaction mixture contained 1.5 
µl 10xTBE buffer; 1.5 µl dNTP, 0.75 µl each 
forward and reverse primers; 0.75 µl of Taq 
DNA polymerase; 2 µl of DNA template and 
7.75 µl  of ddH2O to reach the final reaction 
volume of 15 µl.  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 
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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 Averages (UPGMA). The 
analysis and dendrogram construction were 
performed using the NTSYS-pc.  Genetic 
distances were calculated using Jaccard’s 
coefficient formula as:

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. 

III. 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 
TDK7), 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-
33S), 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 HYVs 
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 (TDK5, 
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). TDK5, 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 
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shared common ancestor.  TDK7 and LNT1 
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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VII. Annexes

Table 1: Parental lines involved in the study

Varieties Pedigree Endosperm 
type

Country
/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 IR54081-CPA-3-B-1-3/IR41110-B-B-43
//SLK3-1-2-2 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 UBN6721-13-5-6/IR19660-73-4-2 Waxy Laos

PNG 3 IR60290-CPA-1-2-1-1-3/IR57519-PMI 5-2
//IR57458-PMI 17-B-1-1 Waxy Laos

PNG 6 IR49733-SRN-5-B-1-2/Malagkit SungSong
//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-IR19431-72-2 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 

MARKERS

CHROMOSOME 

LOCATION

No of 

ALLELES

RARE 

ALLELS

SSR 

MARKERS

CHROMOSOME 

LOCATION

No of 

ALLELS

RARE 

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

RM110 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

RM551 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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Group 1

Group 2

Group 3
Group 4

Group 5

Group 6
Group 7

Figure 1 : Dendrogram showing the genetic similarities of 22 parental lines of the 
      	    hybrids using SSR

Figure 2 : TDK11 variety
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ÅëÀÅàÝïÍãÍÍÀàÌÖòÞÃÚïÑèÌÑºÌâÓìÜÃåÅŠÁîÓ ÔïŠ ËàÃÑàÀâÙìÜ
ÁÜÃ ÅÎÎ Öà×

äÅÑà ÆàÇÏà1 ÂßÌß×íÃ ÖèÈÉßÌß×íÃÅêÌ1 ÅîÂèÌËÜÌ  ÁîÌÅßÓàËÜÃ1

×ÞÃÂá ×íÃÆíÓÑï1

ÍíÈÂèÈØÇ§

	 ÀàÌËíÈÖÜÃæÈ‹ÌáåÆ‹ÚïâÑÈãÓŠÑèÌÑºÌâÓìÜÃÖà× ÄáÌ×Ì 60 äÉ ÜàÇî 3-4 âÈìÜÌ ÌŸ 
ÙèÀäÈÇÅßâÖŠÇ 15 ÀéäÖÀðàÓ. ÅèÈÊìÀãÄÀÇàÇ âÁ¿àåÌÝïÍãÍÍÀàÌËíÈÖÜÃ ãÍÍ RCBD. Óê 
ÅÜÃÄîÀàÌËíÈÖÜÃ Âì: ÄîËê 1: åØ‹ÀéÌÜàØàÌÁÜÃË‹ÜÃÊªÌ ãÖß ÄîËê 2: åØ‹ÀéÌÜàØàÌÁÜÃË‹ÜÃÊªÌ 
ãÉŠåØ‹ ÅßæÉäÖ (CIAT 104) âÎèÌÜàØàÌâÅêÓ äÈÇÌáåÆ‹ÝáâÎèÌÜàØàÌÑºÌÊàÌ. æÖÇßÀàÌ 
ËíÈÖÜÃ 150 ×èÌ. ÅßÊàÌË¯ËíÈÖÜÃ ÔïŠ âÓìÜÃÌàÚ§ ãÁ×ÃÜîÈíÓæÆ ãÖß âÓìÜÃäÑÌæÆ ãÁ×ÃØð×Ã 
ÑßÍàÃ. ÄîÈÎßÅíÃ âÑ²ÜÉÜÍÅßÙÜÃÐîŠÌÂÜÀåÅŠæÓ‹åØ‹ÚàÀ, ÑìÈÏèÀ ãÖß Å×ÌÔàÃÑàÖà ÁÜÃ 
Æà×ÀßÅéÀÜÌ âÁÈÑïÈÜÇ, âÑ²ÜÅëÀÅàÝïÍãÍÍ ÀàÌÏßÖéÈÀßÅéÀá ãÍÍÎßÅíÓÎßÅàÌÝŠ×ÓÀèÍ 
Æà×ÀßÅéÀÜÌ ãÖß âÑ²ÜÅ‹àÃÖàÇÝèÍÈ‹×ÇÀàÌÖ‹ÞÃÚï ãÀñÆà×ÀßÅéÀÜÌ âÁÈÑïÈÜÇ. ÏíÌÄàÀÀàÌ 
×éâÂàßÁ§ÓïÌ Ë¯æÈ‹ÄàÀÀàÌËíÈÖÜÃÂ´ÃÌ¸ âØèÌ×Šà Í¡ÓêÂ×àÓãÉÀÉŠàÃÀèÌÛàÇ ÁÜÃÀàÌâÑêòÓÌŸÙèÀ 
ÁÜÃ ÅèÈ (ADG); ãÉŠ×Šà åÌÄîËê 2 ÈêÀ×ñà ÄîËê 1 ÁÜÃ ËèÃÅÜÃâÓìÜÃ äÈÇÅßâÑàß âØèÌÄßãÄ‹ÃË¯ÅîÈ 
ãÓŠÌÔïŠâÓìÜÃäÑÌæÆ Âì: 339 ÀðàÓ/äÉ/×èÌ, ÅŠ×ÌÔïŠâÓìÜÃÌàÚ§ ÓêÑÞÃ 230 ÀðàÓ/äÉ/×èÌ. 
ÜèÈÉàÀàÌ ãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì 11.3% ãÖß 13.7%; ÜèÈÉàÀàÌÉàÇ ÁÜÃÅèÈ 0% ãÖß 
13% ÉàÓÖáÈèÍ.

ÂáÅèÍÛèÀ: 	 ÚïÑèÌÑºÌâÓìÜÃÖà×, ÐîŠÌÂÜÀ, Ê³×ÅßæÉäÖ, ÀàÌâÑ¯ÓÌŸÙèÀ, 			 
		  ÜèÈÀàÌãÖÀÎŠÞÌÜàØàÌ, ÜèÈÉàÀàÌÉàÇÁÜÃÅèÈ.

1ÅïÌ–Â¿ÌÂ×‹à–ÀàÌÖòÞÃÅèÈ–, Åß–Êà–ÍèÌ– Â¿Ì–Â×òà– ÀßÅéÀá –ãÖß ÎŠà–æÓ‹ ãØñÃÆàÈ, ÀßÆ×Ã– ÀßÅéÀá –ãÖß ÎŠà–æÓ‹.
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Study on local pigs raising for compost utilization in 
upland area of  Laos

Sopha xaypha1, Khanavong Lattanavongsin1, Soukhanthon  Kounsamathong1,
and  Viengkham Vongsomphou1  

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.

1Livestock Research Center, National of Agriculture and Forestry Research Institute PO Box 811, 
Vientiane, Laos
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I. ÑàÀÅßâÙê

ÜêÃÉàÓÁ§ÓïÌ Ë¯ËêÓÃàÌæÈ‹ÖíÃÅáÛ×È åÌ 
ÖßØ×ŠàÃ âÈìÜÌÓèÃÀÜÌ Îê 2007 ÆëñÃÂÜÍÂí× 
ÀîŠÓÆà×ÀßÅéÀÜÌ Ïï‹Ë¯ÎïÀæÓ‹ÀéÌÚàÀ ãÖß 
Å×ÌÔàÃÑàÖà ÌÜÌåÌäÂÃÀàÌ Â¿ÌÂ×òà 
âÁÈÑïÈÜÇ ãÖß ÑèÈËßÌàÂ×àÓÅàÓàÈ ÔïŠ 
âÓìÜÃäÑÌæÆ ãÁ×ÃØð×ÃÑßÍàÃ ãÖß âÓìÜÃ 
ÌàÚ§ ãÁ×ÃÜîÈíÓæÆ æÈ‹åØ‹ÂáâØèÌ×Šà: É¿ÌæÓ‹ 
åØ‹ÚàÀ ãÖß ÔàÃÑàÖà âÁíàâÄ¿àÁàÈÐîŠÌ ÄëñÃ 
âÝèÈåØ‹ÑìÈâÉêÍäÉÆ‹à. È¨ÃÌ´Ì, ËàÃÂßÌßÝèÍ 
ÏéÈÆÜÍäÂÃÀàÌ Ä±ÃæÈ‹ãÌßÌáåØ‹ ËêÓÃàÌ 
×éÆàÀàÌ Â¿ÌÂ×òàÆÜÀØà×éËêãÀ‹æÁ ÍèÌØà 
È¨ÃÀŠà×  äÈÇåØ‹ÀîŠÓÆà×ÀßÅéÀÜÌ Ö‹ÞÃÚïÖàÈ 
åÅŠÁîÓ âÑ²ÜÏßÖéÈÐîŠÌÂÜÀÆê×ßÑàÍ åÅŠæÓ‹åØ‹ 
ÚàÀ ÁÜÃâÁíàâÄ¿àâÜÃ  ÆëñÃÅàÓàÈÆŠ×ÇÛîÈÏŠÜÌ 
É¿ÌËìÌÆºÎîôÇÔïŠÉàÓË‹ÜÃÉßÛàÈ. ÌÜÀÄàÀÄß 
æÈ‹ÐîŠÌÎèÍÎîÃÈêÌãÖ‹× âÁíàâÄ¿à ÇèÃÓêÀáæÖÄá 
Ì×ÌÌëñÃ ÄàÀÀàÌÁàÇÚïÌáÜêÀÈ‹×Ç. ÀàÌÂ¿Ì 
Â×‹àËíÈÖÜÃåÌÂ´ÃÌ¸ À¡âÑ²ÜãÀ‹æÁÍèÌØàÁàÈ 
ÐîŠÌ åÅŠÉ¿ÌæÓ‹ÀéÌÚàÀ ÀçÂìÑìÈÏèÀÜ²Ìƒ Ñ‹ÜÓÌ¸ 
ÀçÌáâÜíàÂ×àÓÝï‹ËàÃÈ‹àÌâÉèÀÌéÀ×éÆàÀàÌÖ‹Þ
ÃÅèÈãÍÍåÚ ŠÖíÃÄèÈÉ´ÃÎßÉéÍèÈÝŠ×ÓÀèÍÆà×À
ßÅéÀÜÌ âÆ¨Ì: ×éËêÀàÌÖ‹ÞÃÚïãÍÍÁèÃ åÌÂÜÀ 
äÈÇÓêÀàÌåØ‹Ê³×ÅßæÉäÖ âÎèÌÜàØàÌâÅêÓ, 
âÉèÀÌéÀÀàÌÀÞÓÁîÓ âÑìñÜÖ‹ÞÃÚï ÏßÖéÈÐîŠÌ 
ãÖß ×éËêÀàÌÏßÖéÈ ÌŸÅßÀèÈ  Æê×ßÑàÍ   (EM 
= effective micro-organism) âÑ²ÜåÆ‹ØíÈÑºÌ 
ÂÜÀÅèÈ ãÖß Ü²Ìƒ.

II. ËíÍË×ÌâÜÀßÅàÌ

ÑèÀ ãÖß ÖèÈÊßÍàÌ ÁÜÃÑ×ÀâÝíà Óê 
ÌßäÇÍàÇÎßÔèÈÓèÈËßÇèÈ ÏßÖéÈÀî‹ÓÉíÌâÜÃ 
âÑ²ÜÛîÈÏŠÜÌÀàÌÌáâÁ¿àÅêÌÂ‹à ÄàÀÉŠàÃÎß 
âËÈ ËîÀÝïÍãÍÍ, ÀàÌÌáåÆ‹ÌŸÅßÀèÈ Æê×ß 
ÑàÍ (EM=effectivemicro-organism) âÁ¿àåÌ 
×ÞÀÃàÌÎïÀÐèÃ ãÖß Ö‹ÞÃÅèÈ ÝèÀÅàÅªÃã×È 
Ö‹ÜÓ ÆëñÃãÓŠÌ×éËêÀàÌÌëñÃ ÎßÀÜÍÅŠ×ÌâÁ¿àåÌÌ
ßäÇÍàÇÈ¨ÃÀŠà×. ÌŸÅßÀèÈÆê×ßÑàÍ ÅàÓàÈ 
ÏßÖéÈâÜÃæÈ‹ äÈÇÀàÌÌáåÆ‹ ×èÈÊîåÌÂí×âÝìÜÌ 
Ûì âÅÈâÛìÜÀßÅéÀá ÓàÎîÃãÉŠÃâÑìñÜÌáåÆòâÁíòà 
åÌÀàÌÀáÄèÈÀêñÌâÚèÌ ÁÜÃÂÜÀÅèÈ, âÑêòÓÏíÌ 
ÏßÖéÈ, ÛîÈÏŠÜÌÀàÌÖßÍàÈÅèÈÉïÑìÈ, ÆŠ×Ç 
ÎèÍÎîÃÈéÌ, É¿ÌËëÌÉçñà ãÖß Ü²Ìƒ (ÎºÓÂïŠÓìÌŸÅß 
ÀèÈÆê×ßÑàÍ âÑ²ÜÀàÌÎïÀÐèÃ-Ö‹ÞÃÅèÈ ãÖß 
Å¯Ãã×ÈÖ‹ÜÓ, ÑßãÌÀ ÀßÅéÀá ãÖß ÎñàæÓ‹ 
Ìß ÂÜÌÛ×Ã×ÞÃÄèÌ 2004). ÏíÌÀàÌÂ¿ÌÂ×òà 
ËíÈ ÖÜÃ ÁÜÃ ËŠàÌ ÑÜÌÎßâÅêÈ âÑèÃÅßØ×èÌ 
åÌÎê 1997 æÈ‹åØ‹Ýï‹×Šà ÑìÈÉßÀîÌÊ³× STYLO 
184 ÅàÓàÈÎïÀ ãÖß ÎèÍÉí×æÈ‹Èê åÌÁÜÍâÁÈ 
Ë³×ÎßâËÈ ÆëñÃÍèÌÄîËàÈÆ¸Ì ãÉŠ 20 Øà 25% 
ÅàÓàÈÌáæÎÖ‹ÞÃÅèÈ ËîÀÎßâÑÈ ãÖß Í¡Óê 
ÏíÌâÅÇÉ¡ÅîÁßÑàÍÅèÈ ãÉŠÔŠàÃåÈâÖêÇ. ÀàÌ 
Ö‹ÞÃÚïÉàÓãÍÍËáÓßÆàÈ ÁÜÃâÀíàÛê ÌÜÀ 
ÄàÀ Ïï‹Ö‹ÞÃÓêÀáæÖÈê âÌ²ÜÃÄàÀÅàÓàÈÛîÈÏñÜÌ 
É¿ÌËìÌÜàØàÌæÈò 70% ãÖ‹× ÇèÃÅàÓàÈÛîÈ 
ÏŠÜÌãÝÃÃàÌ åÌÀàÌÖ‹ÞÃÅèÈ, ÀàÌÜßÌàæÓ 
ÂÜÀ, ÂÜÀÚïÍ¡ÓêÀ¯ÌâÚèÌ Í¡âÎºÜÌ ÄíÌÅà 
ÓàÈ ÝèÍÎßËàÌÜàØàÌ ÔïŠÑàÇåÌÂÜÀÚïæÈ‹ 
(Chokchai, 2004).
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ÅïÃÅîÈ 3,600 ÓÓ ãÖß ÉœÅîÈ 1,200 ÓÓ. 
æÖÇßâ×Öà ÀàÌËíÈÖÜÃ 150 ×èÌ âÖêòÓãÉŠ       
âÈìÜÌ 6-11 / 2007.

2. ÜîÎßÀÜÌ
ÜîÎßÀÜÌËêñÌáåÆ‹âÁ¿àåÌÀàÌÅëÀÅà Óê: ÂÜÀ 
ÚïÁßÙàÈ 3 Ó x 5 Ó, ãÌ×ÑèÌÚïÖàÈ ÄáÌ×Ì 
5 äÉ É¡ÂÜÍÂí×, ãÀŠÌØÇ‹àÊ³×ÅßÉàÇäÖ 184 
ÄáÌ×Ì 2 ÀéäÖ É¡ÂÜÍÂí× ãÖß ÌŸÅßÀèÈ 
Æê×ßÑàÍ (EM = effective micro-organism) 
ÄáÌ×Ì 2 ÖéÈ É¡ÂÜÍÂí×. ÂîÌÅíÓÍèÈ ãÖß 
×éËêÀàÌÌáåÆ‹ ÄîÖéÌÆê Ë¯âÎèÌÎßäØÇÈ EM 
ÁÜÃäÂÃÀàÌÜêâÜèÓ ÑßãÌÀ ÀßÅéÀá ãÖß Îñà 
æÓ‹ ÌßÂÜÌÛ×Ã×ÞÃÄèÌ ãÖß ÜíÃÀàÌ ÀßÅéÀá 
ËáÓßÆàÈ ÜàÆêÎàÆêÒéÀ (APNAN = Asian 
Pacific Natural Agriculture Network) ÓêÈ¨ÃÌ¸:

1. åÆòØíÈÑìÈÏèÀ, ÌàâÁ¿à, æÓ‹ÀéÌÚàÀ ÜàËéÈ  	
    Öß 1-2 Â´Ã åÌÜèÈÉà 1 Ðà É¡ÌŸ 1 Íí×.
2. ÎßÅíÓÀèÍÌŸåÌÜèÈÉà ÌŸÜêâÜèÓ âÂªÃÐà 	
    ÎßÅíÓÌŸÌ±ÃÍí× åØ‹ÅèÈÀêÌ ÅèÈÄßãÁÃãÝÃ 	
    ÜàÄíÓÍ¡ÓêÀ¯ÌâÚèÌ. 
3. åÆ‹Ö‹àÃÂÜÀÚï âÑìñÜÈèÍÀ¯ÌâÚèÌ
4. ÀáÄèÈãÀèÈ ãÖß ÈèÍÀ¯ÌâÚèÌÄàÀÓïÌÅèÈ
5. ÀáÄèÈÙÜÌ ãÖß ãÓÃ×èÌ
6. åÅŠÙÜÃÎà ÎèÍÎîÃÂîÌÌßÑàÍÌŸåØ‹ÈêÁëòÌ

3. ×éËêÀàÌ
À. È‹àÌÀàÌÄèÈÉ´Ã: ÀàÌÂ¿ÌÂ×‹àËíÈÖÜÃ æÈ‹ÄèÈ 
É´ÃÎßÉéÍèÈ åÌâÈìÜÌ 05\11\2007. äÈÇæÈ‹Îß 
ÅàÌÅíÓËíÍÀèÍÑßÌèÀÃàÌ×éÆàÀàÌÁÜÃÅïÌ 
ÑàÀâÙìÜ ãÖß Ïï‹ÎßÅàÌÃàÌäÂÃÀàÌ ÎßÄá 
ÑàÀÅßÙàÓ ÁÜÃ ÅÜÃâÓìÜÃÄîÈÅîÓ.

III. ÄîÈÎßÅíÃ

1.	 âÑ²ÜÉÜÍÅßÙÜÃÐîŠÌÂÜÀåÅŠæÓ‹åØ‹	
	 ÚàÀ, ÑìÈÏèÀ ãÖß Å×ÌÔàÃÑàÖà	
	 ÁÜÃÆà×ÀßÅéÀÜÌ âÁÈÑïÈÜÇ.

2. 	 âÑ²ÜÅëÀÅàÝïÍãÍÍÀàÌÏßÖéÈÀßÅé 	
	 Àá ãÍÍÎßÅíÓÎßÅàÌÝŠ×ÓÀèÍÆà×	
	 ÀßÅéÀÜÌ âÁÈÑïÈÜÇ.

3. 	 âÑ²ÜÅ‹àÃÖàÇÝèÍÈ‹×ÇÀàÌÖ‹ÞÃÚïãÀŠ	
	 Æà×ÀßÅéÀÜÌ âÁÈÑïÈÜÇ.

 

IV. ÜîÎßÀÜÌ ãÖß ×éËêÀàÌ

1. ÅßÊàÌË¯, ÑïÓÜàÀàÈ ãÖß â×Öà ÁÜÃ 
ÀàÌËíÈÖÜÃ
ÀàÌËíÈÖÜÃÂ´ÃÌ¸ æÈ‹ÈáâÌêÌÝŠ×ÓÀèÍÆà×Àß 
ÅéÀÜÌ åÌ 6 Í‹àÌ Âì: ÍòàÌËñàäÑåÉ‹, ËŠàäÑâÙìÜ 
ãÖß Í‹àÌÌŸÍ¡ âÓìÜÃäÑÌæÆ ãÁ×ÃÛ×ÃÑß 
ÍàÃ ãÖß Í‹àÌÌàÚ§âÙìÜ, ÌàÚ§åÉ‹ ãÖß 
Í‹àÌÎàÃËÜÃ âÓìÜÃÌàÚ§ ãÁ×ÃÜîÈíÓæÆ. Îß 
ÉéÍèÈ 5 âÈìÜÌ ÆëñÃâÖêòÓãÉñ âÈìÜÌÓêÊîÌà Øà 
âÈìÜÌÑßÄéÀ Îê 2007. ÅßÑàÍÑºÌË¯ ÔïŠåÌ 2 
âÓìÜÃ ÓêÂ×àÓãÉÀÉŠàÃÀèÌ ÜîÌØßÑïÓÉœÅîÈ 
ÓêÀàÌÎŠÞÌãÎÃ ãÉŠ 0 Øà 17 ÜíÃÅà ãÖß 
ÜîÌØßÑïÓÉœÀ×Šà 8 ÜíÃÅà âÀêÈÁ¹ÌåÌÆŠ×Ã 
âÈìÜÌ 11 Øà âÈìÜÌ 3; ÅŠ×ÌåØÇŠãÓŠÌâÀêÈÁ¹Ì
åÌÑàÀâÙìÜ ãÖß âÁÈË¯ÓêÅßÑàÍÑïÓÅèÌÊàÌ
ÅïÃÆèÌ. ÜîÌØßÑïÓÅïÃÅîÈ æÈ‹ÓêÀàÌÎŠÞÌãÎÃãÉŠ 
13 Øà 36 ÜíÃÅà åÌâÈìÜÌ 4 ãÖß ÜîÌØßÑïÓ 
ÅßâÖŠÇ ÓêÀàÌÎŠÞÌãÎÃ ãÉŠ 6.9 Øà 27.7  
ÜíÃÅà. ÀßÄàÇÎßÖéÓàÌÌŸÐíÌ ÅßâÖŠÇ Îê 
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Á. âÃ²ÜÌæÁÏï‹ÄßâÁ¿àÝŠ×ÓäÂÃÀàÌ:   ËàÃËéÓ ÃàÌ 
æÈ‹ÖíÃÅáÛ×ÈâÜíàÖàÇÆ²Æà×ÀßÅéÀÜÌ Ïï‹Åß 
ÓèÀâÁ¿àÝŠ×ÓÀéÈÄßÀá äÈÇÜêÃ ÉàÓÛèÀÀàÌ 
Âì: Ïï‹ÀŠÞ×ÄßÉ‹ÜÃÓêÅ×ÌæÓ‹åØ‹ÚàÀ Ûì Å×Ì 
ÔàÃÑàÖà, Ûì Å×ÌÑìÈÏèÀ, Ûì ÌàâÁ¿à, ÓêãÝÃ 

ÃàÌÖ‹ÞÃÅèÈ, ÓêâÌºÜË¯ÎïÀÑìÈÅßæÉäÖ, É‹ÜÃâÎèÌ 
ÂíÌÈîÚ¨Ì âÜíàåÄåÅŠËáÀàÌÏßÖéÈ ÀßÅéÀá ãË‹ 
ÄéÃ. åÌÌ´Ì ÓêÄáÌ×ÌÂÜÍÂí×Ë̄âÁ¿àÝŠ×Ó âÝèÈ 
ÀàÌÂ¿ÌÂ×‹àËíÈÖÜÃ ËèÃÚíÈ 12 ÂÜÍÂí× åÌ 
6 Í‹àÌ, ÄáÌ×ÌæÈòËíÈÖÜÃ ËèÃÚíÈÓê 60 äÉ.

ÉàÉßÖàÃ 1: ÖàÇÆìñÆà×ÀßÅéÀÜÌ ÏïòâÁíòàÝñ×ÓÀéÈÄßÀçà

Ö/È ÖàÇÆ²Æà×ÀßÅéÀÜÌ ÖàÇÆìñÍ‹àÌ ÄáÌ×ÌÅèÈËíÈÖÜÃ

1 ÂáÏîÇ ÌŸÍ¡ 5 äÉ

2 ×éâÅÈ ÌŸÍ¡ 5 äÉ

3 ËÜÃÑèÈ ËñàäÑåÉ‹ 5 äÉ

4 ÂáÅéÃ ËñàäÑåÉ‹ 5 äÉ

5 ÆÇÃÑèÈ ËñàäÑâÙìÜ 5 äÉ

6 ÆÞÃÏîÇ ËñàäÑâÙìÜ 5 äÉ

7 ËÜÃæØÖ ÌàÚ§âØÌìÜ 5 äÉ

8 âÄëÜØÜÓ ÌàÚ§âØÌìÜ 5 äÉ

9 ÅÜÌÄèÌ ÌàÚ§åÉ‹ 5 äÉ

10 âÄìÜâÓêÃ ÌàÚ§åÉ‹ 5 äÉ

11 âÔÇÖêÓí× ÎàÃËÜÃ 5 äÉ

12 ×àÔéâÖíà ÎàÃËÜÃ 5 äÉ

Â. È‹àÌÜàØàÌÅèÈ: ÜàØàÌÑºÌÊàÌË¯ÌáåÆ‹åÌ 
ÀàÌÖ‹ÞÃÚï ãÓŠÌÜàØàÌÑºÌÍ‹àÌ (Ýá, ÅàÖê) 
ÅŠ×ÌÜàØàÌâÅêÓ ãÓŠÌÍÜÌ ãÖß Ê³×ÅßæÉäÖ. 
âÌºÜË¯ÎïÀØÇ‹àÅßæÉäÖ ãÓŠÌ 2 æÖŠ É¡ÂÜÍÂí×, 
ÅŠ×ÌåÍÍÜÌ ãÓŠÌÓêÔïŠÉàÓÎŠà ËáÓßÆàÈ, 
ÀàÌåØ‹ÜàØàÌ  ãÓñÌ ÅÜÃ ÂàÍ É¡×èÌ âÆ¿à 
ãÖß ãÖÃ åØ‹ÀêÌÉàÓåÄ. 

Ã. È‹àÌÅèÈËíÈÖÜÃ: ÂèÈâÖìÜÀâÜíàÚïÖî‹ÌâÑÈãÓŠ 
ÑèÌÑºÌâÓìÜÃ Ë¯ÓêÌŸÙèÀãÉñ 15-20 ÀÖ ÜàÇî 
ÎßÓàÌ 3-4 âÈìÜÌ ÆëñÃãÓŠÌÑßÌèÀÃàÌ ×éÆà 
ÀàÌ ÎßÄáÑàÀÅßÙàÓ âÎèÌÏï‹æÎÆºÔïŠÉàÓÍç
Öéâ×ÌæÀ‹ÂÞÃÀèÍÍŠÜÌËíÈÖÜÃ. ÅèÈËîÀÉí×É‹ÜÃ 
æÈ‹ÝèÍÀàÌÅèÀÔàÎ‹ÜÃÀèÌÑßÇàÈÜßØé×àÚï 
ãÖß Á‹àãÓŠË‹ÜÃÈò×ÇÔàæÜä×âÓèÀ ãÖß åÆ‹â× 
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ÖàÎèÍÉí× âÁ¿àÀèÍÅßÑàÍã×ÈÖ‹ÜÓ 3 ÜàËéÈ 
ãÖ‹×ÄëñÃâÖêòÓÖ‹ÞÃËíÈÖÜÃ ÔïŠåÌÂÜÀ.

Ä. ÖßÍíÍÀàÌÖ‹ÞÃ: ãÓŠÌÖ‹ÞÃãÍÍÁèÃ ÔïŠÂÜÀ 
ÁßÙàÈ 3 ãÓèÈ x 5 ãÓèÈ . ÜèÈÉàÎŠÜÇÅèÈ 5 
äÉ É¡ 1 ÂÜÀ.

Å. ×éËêÀàÌÀÞÓâÝèÈÑºÌÂÜÀ: ÁîÈÁîÓâÖéÀ 90 
ÆÉÓ ãÖß ãÍŠÃÖ×ÃâÖéÀÁÜÃÁîÓâÎèÌ 3 Æ´Ì (30 
ÆÉÓ/Æ´Ì) ãÉŠÖßÆ´ÌÊíÓÈ‹×ÇãÀÍÈéÌÆ´ÌÙ‹à, 
âÀìÜ ãÖß ØíÈÈ‹×ÇÌŸÅßÀèÈÆê×ßÑàÍ ÜêâÜèÓ, 
ÊíÓãÀÍÄíÌâÉèÓÁîÓ. ÀàÌØíÈÑºÌÂÜÀÈ‹×ÇÌŸ 
ÅßÀèÈ ÜêâÜèÓ, É‹ÜÃÎßÉéÍèÈËîÀƒÜàËéÈ åÌæÖ 
Çßâ×ÖàÀàÌËíÈÖÜÃ.

Æ. ÀàÌÜÜÀãÍÍÀàÌËíÈÖÜÃ: æÈòÌáåÆ‹ÝïÍ 
ãÍÍ RCBD ÎßÀÜÍÓê ÅÜÃ ÄîËíÈÖÜÃ Âì:

ÄîËê 1	 =    Ýá  + ÍÜÌ (É¿Ó)
ÄîËê 2	 =    Ýá + ÍÜÌ (É¿Ó) +  Ê³×ÅßæÉäÖ

	 ÀàÌÂ¿ÌÂ×‹àËíÈÖÜÃÂ´ÃÌ¸ æÈ‹ÄèÈÉ´ÃÎß 
ÉéÍèÈÝŠ×ÓÀèÍÆà×ÀßÅéÀÜÌ ÔïŠ 2 âÓìÜÃ, Óê 2 
ÄîËíÈÖÜÃ ÔîïåÌ 6 Í‹àÌ ãÉŠÖßÍ‹àÌ ÎßÀÜÍ 
Óê 2 ÂÜÍÂí×, Ö×ÓËèÃÚíÈ Óê 12 ÂÜÍÂí× 
ãÉŠÖßÂÜÍÂí× ÓêÅèÈËíÈÖÜÃ 5 äÉ,  Ö×ÓËèÃ 
ÚíÈ Óê 60 äÉ.

ÉàÉßÖàÃ 2: ÀàÌËíÈÖÜÃ Ôïñ 2 âÓìÜÃ

ÄîËíÈÖÜÃ

âÓìÜÃäÑÌæÆ âÓìÜÃÌàÚ§

ÌŸÍ¡ 
(BL1)

ËñàäÑåÉ‹
(BL2)

ËñàäÑâÙìÜ
(BL3)

ÌàÚ§âÙìÜ
(BL1)

ÌàÚ§åÉ‹
(BL2)

ÎàÃËÜÃ
(BL3)

1 2 3 4 5 6 1 2 3 4 5 6

ÄîËê 1 5 0 5 0 5 0 5 0 5 0 5 0

ÄËê 2 0 5 0 5 0 5 0 5 0 5 0 5

V.     ×éËêÀàÌâÀèÍÀáÁ§ÓïÌ

	 ÓêÎºÓåØ‹×éÆàÀàÌâÓìÜÃ ãÖß Æà×Àß 
ÅéÀÜÌ ÍèÌËëÀÎßÖéÓàÌÜàØàÌË¯åØ‹, ÀàÌÌá 
æÆ‹Ôà ãÖß ÅîÀÁßÑàÍÁÜÃÅèÈ,  ÑßÌèÀÃàÌ 
âÓìÜÃ ãÖß ãÁ×Ã ÖíÃÉéÈÉàÓ×ÞÀÑàÀÅßÙàÓ 
ÎíÀÀßÉé, ÑßÌèÀÃàÌ ÄàÀäÂÃÀàÌÇŠÜÇ ÖíÃ 
À×ÈÀàÎßâÓêÌÏíÌ 3 âÈìÜÌ/Â´Ã ãÖß ÁÞÌÍíÈ 
ÖàÇÃàÌ. 

ÀàÌâÀèÍÀáÁ§ÓïÌ
1. ÀàÌÄßâÖêÌâÉêÍäÉÁÜÃÚï: Æ¨ÃÌŸÙèÀÅèÈ 
ÀŠÜÌâÖêòÓÉ¿ÌÀàÌËíÈÖÜÃ ÛèÃÄàÀÌ´Ì ãÓŠÌÆ¨Ã 
ËîÀƒâÈìÜÌ äÈÇÀáÌíÈ×èÌËê åØ‹ÊìÀÉ‹ÜÃ ÂèÀ ãÌŠ. 
×êËêÀàÌÆ¨ÃÌŸÙèÀÅèÈ ãÓŠÌÉ‹ÜÃâÝèÈåÌÉÜÌ 
âÆ¿à ÀŠÜÌåØòÜàØàÌ.

2. âÀèÍâÜíàÉí×ÔñàÃÜàØàÌ âÑ²Ü×éåÄØàËàÈ 
DM, CP ãÖß Æ¨ÃÌŸÙèÀÐîŠÌ, âÀèÍÉí×ÔŠàÃÐîŠÌ
ÂÜÀâÑ²Ü×éåÄØàËàÈ NPK.



67ÓèÃÀÜÌ - ÓéÊîÌà 2009

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò, ÅßÍèÍËê 19

ÉàÉßÖàÃ 3: ÜíÃÎßÀÜÍËàÃâÂÓê NPK ÁÜÃÐîŠÌÂÜÀ (%)

ËàÈâÂÓê
ÄîËíÈÖÜÃ Ëê 1 ÄîËíÈÖÜÃ Ëê 2

ÌàÚ§ äÑÌæÆ ÌàÚ§ äÑÌæÆ
N% 0.76 0.37 0.47 0.59
P% 0.53 0.36 0.54 0.71
K% 0.75 0.96 0.68 0.81

	 ÏñàÌÀàÌ×éåÄØàÜíÃÎßÀÜÍËàÃâÂÓê NPK ÁÜÃ ÐîŠÌÁ¸Úï ÔïŠÅÜÃâÓìÜÃ ÖßØ×ŠàÃÅÜÃÄî 
ËíÈÖÜÃ ãÓŠÌÍ¡ÓêÂ×àÓãÉÀÉŠàÃÀèÌ ËàÃÈ‹àÌÅßÊéÉé, ãÉŠâØèÌ×Šà ÔïŠâÓìÜÃÌàÚ§ åÌÄîËê 1 ËàÈ 
N% ãÖß P% ÓêÅïÃÀ×ñà âÓìÜÃäÑÌæÆ; ÅŠ×ÌâÓìÜÃäÑÌæÆ ÔïŠåÌÄîËê ÅÜÃ ËàÈ N%, P% ãÖß 
K% ÓêÅïÃÀ×ñà âÓìÜÃÌàÚ§.

ÑàÇÛèÃ Æà×ÀßÅéÀÜÌÁàÇÅèÈ ÜÜÀÅïŠÉßÛàÈ 
(æÖÇßâ×ÖàÖ‹ÞÃ 5 âÈìÜÌ).

3. ÂéÈæÖŠÜèÈÉàÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì

4.  ÜèÈÉàÀàÌÉàÇÁÜÃÅèÈ

5.  æÖŠÖÞÃâÅÈÊßÀéÈ

VI. ÀàÌâÀèÍÁçòÓïÌ
	
	 ãÓŠÌÀàÌâÀèÍÀáÁ§ÓïÌâÅÈÊßÀéÈ 
È‹×Ç×éËêÀàÌ ãÖß ÝïÍãÍÍÀàÌÅíÌËßÌà ÀèÍ 
Æà×ÀßÅéÀÜÌ Ë¯âÁ¿àÝŠ×ÓäÂÃÀàÌ,  ÀàÌÌá 
åÆ‹ãÝÃÃàÌ ÁÜÃÆà×ÀßÅéÀÜÌ, åÌÌ´Ì Îß 
ÀÜÍÓê ×èÈÊîÜîÎßÀÜÌË¯ÌáåÆ‹ âÁ¿àåÌÀàÌËíÈ 
ÖÜÃ âÆ¨Ì: ãÌ×ÑèÌÅèÈ, ãÌ×ÑèÌØÇ‹à, Üà 
ØàÌ, ãÝÃÃàÌ ãÖß Ü²Ìƒ. âÑ²ÜÂáÌ×ÌØà 

ÖàÇÝèÍ, ÖàÇÄŠàÇ ãÖß ÂŠàÏéÈÈŠÞÃ âÑ²ÜÄßÌá 
ÓàÎÞÍËÞÍ ãÉŠÖßÄîËíÈÖÜÃ.

VII. ÀàÌ×éâÂàßÁçòÓïÌ
	
	 Á§ÓïÌË¯âÀèÍÀá åÌÆŠ×ÃæÖÇßÀàÌÂ¿Ì 
Â×‹àËíÈÖÜÃ Ö×ÓËèÃÁ§ÓïÌË̄æÈ‹ãÉŠÖßÂÜÍ 
Âí×Ì´Ì ÄßÎ‹ÜÌÁ§ÓïÌË¯æÈò âÁ¿àåÌÂÜÓÑê×âÉê 
ãÖ‹×ËáÀàÌÂéÈæÖŠ äÈÇÌáåÆ‹ÀàÌ×éâÂàßÁ§ 
ÓïÌ È‹×ÇÖßÍíÍ ANOVA, ÌáåÆ‹ General 
Linear Model (Minitab, 2000). âÑ²ÜØàÉí× 
âÖÀ Â×àÓãÉÀÉŠàÃÀèÌ ËàÃÈ‹àÌÅßÊéÉé À¡Âì 
ÖßÈèÍÂ×àÓâÎèÌæÎæÈ‹ (Probability) P<0.05.

VIII. ÏíÌæÈ‹ÝèÍ 
	
1. ÏíÌÀàÌ×éåÄÐîŠÌÂÜÀæÈ‹ÄàÀÀàÌÖ‹ÞÃÚï
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ÝïÍÅßãÈÃ 1: ÅíÓËÞÍÀàÌÍèÌÄîËàÈ N (%)
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ÝïÍÅßãÈÃ 2: ÅíÓËÞÍÀàÌÍèÌÄîËàÈ P (%)
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ÝïÍÅßãÈÃ 3: ÅíÓËÞÍÀàÌÍèÌÄîËàÈ K (%)
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1. È‹àÌÜàØàÌÅèÈ
	 ÜàØàÌÁÜÃÚïËíÈÖÜÃ ãÓŠÌæÈ‹ÌáåÆ‹ÜàØàÌË¯ÓêåÌË‹ÜÃÊ¯Ì ÆëñÃâÚàßÀèÍãÌ×ÑèÌÚï 
ÖàÈâÁÈÑïÈÜÇ âÆ¨Ì: ÎßâÑÈÝá, ÅàÖê, É¿ÌÍÜÌ. ÜàØàÌÎßâÑÈÌ¸ âÁíàâÄ¿àØàæÈ‹ÃŠàÇ ÓêÖà 
ÂàÊìÀ, ÅŠ×ÌåÍÍÜÌ ãÓŠÌÓêË³×æÎÉàÓÎŠàËáÓßÆàÈ.

ÉàÉßÖàÃ 4: ÜíÃÎßÀÜÍËàÃâÂÓêÁÜÃÜàØàÌ

ÆßÌéÈÜàØàÌ
äÑÌæÆ ÌàÚ§

DM % CP% DM% CP%

ÝáÜŠÜÌ 90 10 87 09

ÅßæÉäÖ 20 19 20 18

ÍÜÌ (É¿Ó) - - - -

	 ÜêÃÉàÓÏíÌÁÜÃÀàÌ×éåÄÜàØàÌÅèÈË¯âÁíàâÄ¿àÌáåÆ‹ âØèÌ×Šà ÂîÌÂŠàÜàØàÌÅèÈ äÈÇÅß 
âÑàß ãÓŠÌ DM, CP ÁÜÃÜàØàÌÎßâÑÈ Ýá ÁÜÃ âÓìÜÃäÑÌæÆ ÄßÅïÃÀ×ñà ÁÜÃâÓìÜÃÌàÚ§ 
ÑÞÃâÖèÀÌ‹ÜÇ.

ãÛñÃÁçòÓïÌ ÄàÀ: ÅïÌÂíòÌÂ×òàÀàÌÖòÞÃÅèÈ 2007
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2. ÀàÌâÑêòÓÌŸÙèÀ ÁÜÃ ÅèÈ É¡Óº äÈÇÅßâÖŠÇ  
	 ÅíÓËÞÍÀàÌåØ‹ÌŸÙèÀ ÁÜÃ ÅèÈ åÌÅÜÃÄîËíÈÖÜÃ åÌãÉŠÖßâÓìÜÃ âØèÌ×Šà: ÀàÌâÑêòÓÌŸ 
ÙèÀÅèÈ åÌÄîËêÅÜÃ ãÓŠÌÈêÀ×ñàÄîËêÌëñÃ ãÉŠ×Šà Í¡ÓêÂ×àÓãÉÀÉŠàÃÀèÌ ËàÃÈ‹àÌÅßÊéÉé (P>0.05). 
åÌÌ¸ ÌŸÙèÀÅèÈ ÁÜÃ âÓìÜÃäÑÌæÆ ãÓŠÌÈêÀ×ñà ÁÜÃ âÓìÜÃÌàÚ§.

ÉàÉßÖàÃ 5: ÀàÌÄßâÖêÌâÉêÍäÉÁÜÃÅèÈ (ÀðàÓ/äÉ/×èÌ)

ÄîËíÈÖÜÃ äÑÌæÆ ÌàÚ§

 1 310.6 230.6
 2 339.6 276.6

ÝïÍÅßãÈÃ 4: ÀàÌÄßâÖêÌâÉêÍäÉÁÜÃÅèÈ (ÀðàÓ/äÉ/×èÌ)

ÅíÓËÞÍÀàÌâÉêÍäÉÁÜÃÅèÈ

230.67
310.6276.67
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3. ÜèÈÉàÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì (FCR)  
	 ÜèÈÉàÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì (FCR) ÖßØ×ŠàÃ ÅÜÃÄîËíÈÖÜÃ ÁÜÃ ÅÜÃâÓìÜÃ 
ãÓŠÌÍ¡ÓêÀàÌãÉÀÉŠàÃ ËàÃÈòàÌÅßÊéÉé, ãÉŠ×Šà FCR ÁÜÃ âÓìÜÃäÑÌæÆ ÈêÀ×ñà âÓìÜÃÌàÚ§ Âì: 
ÄîËê 2 âÓìÜÃäÑÌæÆ ãÓŠÌ 11.3 ãÖß âÓìÜÃÌàÚ§ ãÓŠÌ 13.7 ÉàÓÖáÈèÍ.

ÉàÉßÖàÃ 6: ÀàÌãÖÀÎŠÞÌÜàØàÌ (ÀéäÖÜàØàÌÅíÈ/ÀéäÖÆ¸Ì)

ÄîËíÈÖÜÃ äÑÌæÆ ÌàÚ§

 1 12.4 15.2

 2 11.3 13.7

ÝïÍÅßãÈÃ 5: ÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì (FCR)

feed conversion ratio

15.27
12.4313.77
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4. ÜèÈÉàÀàÌÉàÇÁÜÃÅèÈ (%)  
	 ÜèÈÉàÀàÌÉàÇÁÜÃÅèÈ åÌÄîËê 1 ãÓŠÌÅïÃâÊéÃ 33% ÁÜÃ âÓìÜÃÌàÚ§ 13% ÁÜÃ âÓìÜÃ 
äÑÌæÆ. ÜèÈÉàÀàÌÉàÇÉœÅîÈ ãÓŠÌÔïŠÄîËê 2 Âì: 13% ÁÜÃ âÓìÜÃÌàÚ§ ãÖß 0% ÁÜÃ âÓìÜÃ 
äÑÌæÆ.

ÝïÍÅßãÈÃ 6: ÜèÈÉàÀàÌÉàÇ ÁÜÃÅèÈ (%)
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IX. ÀàÌÉêÖàÂà ãÖß ÎßâÓêÌÏíÌ ãÍÍÓêÅŠ×ÌÝŠ×Ó ÁÜÃ Æà×ÀßÅéÀÜÌ 		
      ËèÃÅÜÃâÓìÜÃ	

ÄîÈÈê

- æÈ‹ÐîŠÌÂÜÀ ËêñÓêÂîÌÌßÑàÍ 5-6 äÉÌ/ÁîÓ (ÅàÓàÈåÅŠÉ¿ÌæÓ‹åØ‹ÚàÀ æÈ‹

   800 - 1,000 É¿Ì)

- ÓêÀáæÖÄàÀÀàÌÖ‹ÞÃÚï ÅßâÖŠÇ ÂÜÍÂí× Öß 400,000 Øà 600,000 ÀêÍ

- ÝèÀÅàÅªÃã×ÈÖ‹ÜÓæÈ‹Èê ÂÜÀÚï Í¡ÓêÀ¯ÌâÚèÌ

- Ýï‹×éËêÀàÌÏßÖéÈÌŸØí×âÆºÜ Æê×ßÑàÍ (EM) È‹×ÇÉíÌâÜÃ

ÄîÈÜŠÜÌ

- ×èÈÅßÈîÝÜÃÑºÌÂÜÀ Í¡ÑÞÃÑç âÆèñÌ: ãÀÍ

- ÎïÀØÇòàÅßæÉäÖ ÆèÀÆ‹à Í¡ËèÌÖßÈïÀàÌ

- ÁßÙàÈ ÁÜÃ ãÌ×ÑèÌÅèÈ Í¡ÅßÚœÅßâÚêÀèÌ

- ÁàÈÝáâÀìÜÚï åÌÖßÈïÀàÌÏßÖéÈ

äÜÀàÈ

- ÀàÌÉßÛàÈÈê  ÖàÂàÁàÇÚïÈê

- ÅàÓàÈÌáåÆ‹ÜàØàÌåÌË‹ÜÃÊ¯Ì ÖàÂàÊìÀ ÎßÇèÈÉ¿ÌËìÌæÈ‹Èê

- ÓêËìÌÝÜÌ ãÖß ÑßÌèÀÃàÌ ×éÆàÀàÌ ÁÜÃ äÂÃÀàÌ ÖíÃÅ³ÃâÅêÓÀàÌÖ‹ÞÃÅèÈ

ãÌ×äÌ‹Ó - ÓêÆà×ÀßÅéÀÜÌ 20 ÂÜÍÂí× É‹ÜÃÀàÌÔàÀÖ‹ÞÃÚï ÁÜÃ äÂÃÀàÌÉ¡æÎÜêÀ
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X. æÖŠÖÞÃâÅÈÊßÀéÈ

ÉàÉßÖàÃ 7: 	 ÖàÇÝèÍ ãÖß ÖàÇÄŠàÇ åÌÀàÌÖ‹ÞÃÚï ÏßÖéÈÐîŠÌÂÜÀ åÌÅÜÃÝïÍãÍÍ ÁÜÃÅÜÃ 		
		  âÓìÜÃ  (ÂéÈæÖŠÅßâÖñÇ É¡Ì±ÃÂÜÍÂí×)

ÖàÇÀàÌ ãÝÃÃàÌ
Øí×ÙŠ×Ç 
ÀêÍ/äÉ

Ö×Ó
ÓïÌÂŠàÀêÍ ÚàÇâØÈ

É¿ÌËìÌ ÁÜÃ ÀàÌËíÈÖÜÃ ÄîËê 1

ÂŠàãÝÃÃàÌËèÃÚíÈ 740,000

ÜîÎßÀÜÌÝèÍåÆ‹ 100,000

ãÌ×ÑèÌÅèÈ 900,000

ÜàØàÌÅèÈ 100,000 Ýá, ÍÜÌ

Ö×ÓÉ¿ÌËìÌ (ÖàÇÄŠàÇ) 1,840,000

Ö×ÓÖàÇÝèÍ 450,000 x 5 2,250,000

ÈîŠÌÈŠÞÃ (ÖàÇÝèÍ-ÖàÇÄŠàÇ) +410,000

É¿ÌËìÌ ÁÜÃ ÀàÌËíÈÖÜÃ ÄîËê 2

ÂŠàãÝÃÃàÌËèÃÚíÈ 740,000

ÜîÎßÀÜÌÝèÍåÆ‹ 100,000

ãÌ×ÑèÌÅèÈ 900,000

ÜàØàÌÅèÈ 150,000 Ýá,ÍÜÌ,ÅßæÉäÖ

Ö×ÓÉ¿ÌËìÌ (ÖàÇÄŠàÇ) 1,890,000

Ö×ÓÖàÇÝèÍ 500,000 x 5 2,500,000

ÈîŠÌÈŠÞÃ (ÖàÇÝèÍ-ÖàÇÄŠàÇ) +610,000



75ÓèÃÀÜÌ - ÓéÊîÌà 2009

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò, ÅßÍèÍËê 19

	 ÀéÈÄßÀá Â×ÌâÖêòÓÉ¿ÌÄèÈÉ´ÃÎßÉêÍèÈ 
ÑàÇÛèÃ ÀàÌâÀèÍÀï‹ÏíÌÏßÖéÈ ÁÜÃ Æà×ÀßÅé 
ÀÜÌ.
	 Â×ÌÂèÈâÖìÜÀãÌ×ÑèÌÅèÈ Ë¯ÄßâÝèÈ
ÀàÌËíÈÖÜÃåØ‹âÙàßÅíÓ ãÖß ÅßÚœÅßâÚê 
ÀèÌ äÈÇÓêÌŸÙèÀ ãÉŠ 15 Øà 20 ÀÖ.

	 Â×ÌâÝèÈÀàÌËíÈÖÜÃÌáåÆ‹ãÌ×ÑèÌ
ÚïÖïÀÆÜÈ ÝŠ×ÓÀèÍÆà×ÀßÅéÀÜÌ.

	 ÑßÌèÀÃàÌ ×éÆàÀàÌ ÑàÀÅßÙàÓ 
Â×ÌÖíÃÆîÀÇï‹ ÉéÈÉàÓ ×ÞÀÀàÌÂ¿ÌÂ×‹àËíÈÖÜÃ 
ÝŠ×ÓÀèÍÆà×ÀßÅéÀÜÌ åØ‹âÎèÌÎíÀÀßÉé.

	 ×éÆàÀàÌ Â×ÌÓêÀàÌÂ¿ÌÂ×òàËíÈÖÜÃ
ÌáåÆ‹ÐîŠÌ ÀèÍÑìÈÉŠàÃƒ âÑñìÜÓêÁ§ÓïÌÑºÌÊàÌ.

XII.	 âÜÀßÅàÌÜ‹àÃÜêÃ
	
	 ÎºÓÂïŠÓìÌŸÅßÀèÈÆê×ßÑàÍ âÑ²ÜÀàÌ 
ÎïÀÐèÃ Ö‹ÞÃÅèÈ ãÖß ÅéñÃã×ÈÖ‹ÜÓ, ÑßãÌÀÀß 
ÅéÀá ãÖß ÎñàæÓ‹ ÀáãÑÃÌßÂÜÌ×ÞÃÄèÌ 
2004.

	 Phengsavanh. P 1997; Environ-
mental adaptation of forage species in Laos, 
Dept of Livestock and  Fisheries, Ministry of 
Agriculture and Forestry Vientiane Laos.

	 Chanphone  K. 2003; The potential 
use of Stylosanthes guineasis Ciat 184 
as a protein source for indigenous pigs 
in the upland farming systems in Laos.

XI. ÅßÛîÍ
	
	 ÀàÌÖ‹ÞÃÚï ÏßÖéÈÐïŠÌÂÜÀ ÝŠ×ÓÀèÍ      
Æà×ÀßÅêÀÜÌ âÁÈÑïÈÜÇ ËèÃÅÜÃÄîËíÈÖÜÃ  
Åà ÓàÈÆŠ×ÇåØ‹âÁíàâÄ¿à æÈ‹ÐîŠÌÂÜÀÂîÌÌßÑàÍ 
5-6 äÉÌ É¡ÌëñÃÂÜÍÂí× ÅàÓàÈÌáæÎåÅŠÉ¿Ì 
æÓ‹åØ‹ÚàÀ Ûì ÔàÃÑàÖà æÈ‹âÊéÃ 1-2 âÝèÀÉà.

	 ÑàÇÛèÃÄáÙŠàÇÚïÜÜÀÅï ŠÉßÛàÈ 
âÁíàâÄ¿à æÈ‹ÀáæÖ 400,000 - 600,000 ÀêÍ 
É¡ÌëñÃÂÜÍÂí× ãÖß æÈ‹Â×àÓÝï‹×éËêÀàÌÏßÖéÈ 
ÌŸÅßÀèÈÆê×ßÑàÍ È‹×ÇÉíÌâÜÃ; ÍàÃÂíÌÇèÃæÈ‹ 
ÅéÈÅÜÌâÉèÀÌéÀåÚŠÌ¸ åØ‹ãÀŠÏï‹Ü²Ì Ë¯ÅíÌåÄÌá 
ÜêÀ.

	 Æà×Í‹àÌ ÅàÓàÈÌáåÆ‹ÀÜÃËìÌÖ‹ÞÃÚï 
È¨ÃÀŠà× âÎèÌÜàÆêÍÂíÃË¯, ÛîÈÏŠÜÌÀàÌÊàÃÎŠà 
âÝèÈæÝŠ ãÖß ÆŠ×ÇÛîÈÏŠÜÌÂ×àÓÇàÀÄíÌ åØ‹ 
ãÀŠ 12 ÂÜÍÂí× ÌáÜêÀ.

	 ÀàÌÖ‹ÞÃÚï ÏßÖéÈÐïŠÌÂÜÀ ÉàÓâÉèÀ 
ÌéÀåÚŠÌ¸, ÌÜÀÄàÀ Í¡âÎèÌÜèÌÉßÖàÇÉ¡ÅîÁß 
ÑàÍÁÜÃÂíÌâÝíàãÖò× ÇèÃÅ‹àÃÖàÇæÈ‹Èê ãÖ‹×   
ÓèÌÇèÃÆŠ×ÇÝèÀÅàÅßÑàÍã×ÈÖ‹ÜÓ ÜòÜÓÁ‹àÃ 
æÈ‹ÈêÜêÀ, Ì¸ãÓŠÌÅàâØÈÌëñÃ Ë¯æÈ‹ÓêÆà×ÀßÅé 
ÀÜÌ ÄáÌ×Ì 20  ÂÜÍÂí× ÓêÂ×àÓÉ‹ÜÃÀàÌåØ‹ 
äÂÃÀàÌÅìÍÉ¡æÎÜêÀ.

XII. Á§ãÌßÌá
	
	 Â×ÌÁßØÇàÇ ãÖß Å³ÃâÅêÓÏíÌæÈ‹ÝèÍ
ÄàÀÀàÌÂ¿ÌÂ×‹àËíÈÖÜÃÂ´ÃÌ¸ åØ‹ãÀŠÆà×ÀßÅé
ÀÜÌÔŠàÃÀ×‹àÃÁ×àÃ.
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	 Âï ŠÓìÀàÌÖ‹ÞÃÚïãÍÍËáÓßÆàÈÁÜÃ 
âÀíàÛê, Northern Sustainable Development 
Leaning Center (Thailand) Email adress: 
chokchai26@hotmail.com

ÝïÍÅßãÈÃ 7: ÚïÑèÌÑìòÌâÓìÜÃÖà× ËêñÖòÞÃåÌÁîÓ
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ÅëÀÅà ÀàÌÂáÌ×Ì Phosphorus Buffer Coefficients
ÁÜÃ ÆîÈÈéÌ Ë¯âÎèÌÉí×ãËÌåÌÀàÌÏßÖéÈÅàÖê Ôïñ ÅÎÎ Öà×

ÂÜÌ–ÎàÌê ÈîŠÌÏà–Èê1, Tasnee Attanandana2 ãÖß Russell Yost3

ÍíÈÂèÈØÇ§

	 Phosphorus Buffer Coefficient (PBC) –âÎèÌÎèÈ–æÄ–Ì±ÃË¯ÅáÂèÌåÌ–äÎÕãÀÓ Phosphorus
Decision Support System (PDSS). –Ë¯–åÆ‹åÌÀàÌÂéÈæÖŠ ÜèÈÉàÐîŠÌÒíÅÒçÕèÈ–âÑ²ÜãÌßÌáÉ¡–ÀàÌ–
ÏßÖéÈ–ÅàÖê. ÆîÈÈéÌ 7 ÆîÈ Ë¯âÎèÌÉí×ãËÌÅáÂèÌ åÌÀàÌÏßÖéÈÅàÖê Ôïñ ÅÎÎ Öà× ãÖß 1 ÆîÈ Ôïñ 
ÎßâËÈæË æÈ‹ÌáÓàÅëÀÅàØàÂŠà PBC. ÂŠà PBC Øà–æÈ‹–äÈÇ–ÀàÌ–ÎßÅíÓ–ÈéÌÉí×ÔŠàÃÀèÍ– potassium 
dihydrogen phosphate (KH2PO4) –åÌÜèÈÉà 0, 25, 50, 100 –ãÖß 200 mg P kg-1 ÈéÌ– ãÖ‹×–
Í³Ó åÌ–ÜîÌ–ØßÑïÓ 30 ÜíÃÅà–âÆ –âÎèÌ–â×Öà 2 ÜàËéÈ, ÄàÀ–Ì´Ì ÌáÈéÌÓà×é–âÂàß–Øà–ËàÈ ÒíÅÒçÕèÈ 
È‹×Ç–×éËê ÁÜÃ Mehlich 1(PBCMehlich 1), Bray 2 (PBCBray 2) –ãÖß Pi-test (PBCPi-test) ÏíÌ–ÀàÌ–×é–
æÄ –Åß–ãÈÃ–åØ‹–âØèÌ–×Šà: ÂŠà–ÁÜÃ PBC Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ– ÉàÓ–×éËê–ÀàÌ×é–âÂàß –ÒíÅÒçÕèÈ ãÖß 
ÀàÌ–ÅëÀÅà–Â×àÓ–ÅáÑèÌ– ÖßØ×ŠàÃ ÂŠà PBC ÀèÍ–ÂîÌÅíÓÍèÈ–ÉŠàÃƒ–ÁÜÃ–ÈéÌ –äÈÇ–ÀàÌ–åÆò Muliple 
recgeasesion analysis ÑíÍ–×Šà ÂŠà PBCBray -2 ãÖß PBCMehlich-1 Óê–Â×àÓ–ÅáÑèÌ–ÀèÍ–âÎê–âÆèÌ–ÈéÌ–ÙÞ× 
(Clay) –äÈÇ–ÓêÂŠà adjR2= 0.64, 0.43 ÉàÓ–ÖáÈèÍ. âÎê–âÆèÌ–ÈéÌ–ÙÞ× (Clay) ãÖß aluminum Ë¯–×é–
âÂàß–È‹×Ç–Üà–äÓ–ÌÞÓ–ÜíÀ–Æà–âÖÈ (Alo)– ãÓŠÌÎèÈæÄÅáÂèÌÀßËíÍÉ¡ÂŠà PBC Pi-test äÈÇ–ÓêÂŠà 
adjR2= 0.89.

ÂáÅèÍÛèÀ: 	 phosphorus buffer coefficient, ÈéÌ–ÎïÀ–ÅàÖê, ÀàÌ–ÈïÈ–ÆèÍËàÈÒíÅÒçÕèÈ, –×éËê–ÀàÌ––	
		  åÆ‹–âÄòÇ–âÂìÜÍ–ËàÈ–âÛèÀ–ÜíÀ–ÆàÇ–×é–âÂàßËàÈÒíÅÒçÕèÈ.

1Agriculture Land Research Center, National Agriculture and Forestry Research Institute, Lao PDR. 	
2Dept of Soil Science, Faculty of Agriculture, Kasetsart University, 50 Phaholyothin Rd, Bangkok, 
Thailand.
3Dept of Tropical Plant and Soil Sciences, Univ. of Harwaii at Manoa, 3190 way, Honolulu, HI 96822.  
*corresponding author (Khonpany@yahoo.com) 
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Predicting Phosphorus Buffer Coefficients of Some 
Representative Soils for maize production in Lao PDR by 

three soil analysis methods

ÂÜÌ–ÎàÌê ÈîŠÌÏà–Èê1, Tasnee Attanandana2 ãÖß Russell Yost3

 
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 (KH2PO4) at the rates of 0, 25, 
50, 100 and 200 mg P kg-1. All soil samples were kept in the incubator at 30oC for two 
weeks. The extractable P was analyzed by three methods: Mehlich 1 (PBCMehlich 1), Bray 2                  
(PBCBray 2) and iron oxide-impregnated filter paper method or Pi-test (PBCPi-test). The results 
showed different PBC values of soils with different extractants. Multiple regression analysis 
was used to study the relationship between the PBC and soil properties. It revealed that 
PBCBray-2 and PBCMehlich-1 was correlated with percentage of clay content with adjR2=0.64 and 
and 0.43, respectively.  The percentage of clay and Alo were the main factors affecting the 
PBC Pi-test with adjR2 of 0.89.

Key words: 	 phosphorus buffer coefficient, maize soils, phosphorus sorption, iron 		
		  oxide-impregnated filter paper method.

1Agriculture Land Research Center, National Agriculture and Forestry Research Institute, Lao PDR. 	
2Dept of Soil Science, Faculty of Agriculture, Kasetsart University, 50 Phaholyothin Rd, Bangkok, 
Thailand.
3Dept of Tropical Plant and Soil Sciences, Univ. of Harwaii at Manoa, 3190 way, Honolulu, HI 96822.  
*corresponding author (Khonpany@yahoo.com)
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I. 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-1 cover about 97% of the total 
cultivated area of the country, soils with 
extractable K of less than 40 mg kg-1 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-1 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 Fe2O3 
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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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 Bc soil which is an Oxisol.  All 
soil samples were collected from the surface 
horizon 0-20 cm depth.  Air-dried soil 
samples were ground and passed through a 
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-dithionite methods (Loeppert and 
Inskeep, 1996) and by 1M KCl.  Extractable 
Fe, Cu, Mn, and Zn were determined by 
diethylenetriaminepentaacertic acid, (DTPA) 
pH 7.3 (Tan, 2005).  Exchangeable K, Ca, 
Mg and Na by NH4OAc pH 7 (Jones, 2001).  
Available P was extracted by Bray 2 (Bray 
and Kurtz, 1945), Mehlich-1 (Mehlich, 

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.

II. 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 



81ÓèÃÀÜÌ - ÓéÊîÌà 2009

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò, ÅßÍèÍËê 19

1953), and Pi-test methods (Myers et al., 
1995; Chardon, 1996; Chardon et al., 2000).  
Total P was analyzed by Conc. HNO3-H2SO4 

-HClO4, 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 
(KH2PO4) at the rates of 0, 25, 50, 100 and 
200 mg P kg-1.  The soil mixtures were then 
added with distilled water to reach field 
capacity moisture level. All soil samples 
were kept in the incubator at 30oC 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 µm pore openings) was immersed 
in acidified FeCl3 for 5 minutes.  The paper 
was drip dried at room temperate for 1 hour.  
The paper was then treated with NH3 vapor 
through a bath containing 5% of NH4OH 
until the paper color changed from yellow 
to brown.  Since NH4Cl 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 NH4Cl. 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 CaCl2 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-1 
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 
H2SO4 for 1 hour, then filtered and the filtrate 
was saved for P measurement.
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III. 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-1, except Kk soil which was very low in 
clay with 63 g kg-1 while the highest was the 
Vp soil with 574 g kg-1.  The amounts of Fe 
extracted by citrate-dithionite (Fed) ranged 
from 1.19 to 55.2 g kg-1 and Ald ranged from 
23.3 to 31.5 g kg-1.  The amounts of Fed and 
Ald in the Bc 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-1, 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, Feo, Fed and Alo 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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PBCBray 2 and PBCMehlich-1 was correlated with 
% clay content alone with adjR2 of 0.64 and 
0.43, respectively. The percentage of clay 
and Alo were the main factors affecting the 
PBCPi-test with adjR2 of 0.89 (Table 3). 

To describe the relationships between 
the soil properties and PBC values, the clay 
and Alo were important soil properties.  The 
PBCBray-2 and PBCMehlich-1 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 µg P g-1, and it was 
closely related with Alo and clay content.  
PBCPi-test was correlated with % clay content 
and Alo with adjR2 of 0.89. Bruland and 
Richardson (2004) found that Alo had the 
highest correlation with phosphorus sorption 
index.  Also Maguire et al. (2001) reported 
that sorption of P was strongly correlated 
with the amounts of Alo and Feo.  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 Alo 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 were substituted 
into models (1), (2) and (3) to predict the 
PBCBray 2, PBCMehlich-1 and PBCPi-test. The 
predicted PBC was plotted against the 
observed PBC to compare the predictability 
of the models (Figure 1).

The relationships in (Figure 1A and 
1B) showed that the predicted PBCBray 2 
and predicted PBCMehlich-1 were higher than 
the observed PBC for several soils.  The 
predicted PBC in model (3) was very close 
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 2 was higher than 
PBCMehlicl-1 and PBCPi-test. The PBC values 
were correlated with some selected soil 
properties, the PBCBray 2 and PBCMehlich 1 
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 PBCPi-test.
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VII. Annexes

Table 1: Characteristics of the eight soil samples before conducting experiments

Soil properties
Contents

Hs Bc Pe Ps Vp Hk St Kk

Texture 
Silt

loam
Clay

Silty clay 
loam

Silt
loam

Clay
Silty clay

loam
Clay Sand

Clay (g kg-1)1 245 407 270 215 574 203 289 63.0

Soil pH2 5.5 4.3 4.6 4.8 5.5 4.7 5.3 4.4

OM (g kg-1) 3 21.1 49.6 55.2 54.1 16.6 12.7 30.0 8.6

CEC (cmolckg-1)4 14.6 24.7 17.8 22.4 20.6 8.6 17.8 3.00

Total N(g kg-1)5 0.60 0.80 1.00 1.80 0.50 0.40 0.80 0.20

Total P (g kg-1) 6 4.50 1.90 2.40 4.00 2.60 3.00 3.90 0.00

P (mg kg-1)7 41.2 1.56 1.80 6.26 0.26 0.42 14.7 6.29

P (mg kg-1)8 15.6 0.12 0.16 0.67 0.10 0.16 4.09 3.40

P (mg kg-1)9 18.0 4.17 3.33 3.56 0.82 2.01 4.86 3.04

K (cmolckg-1)10 0.24 0.11 0.12 0.10 0.08 0.27 0.23 0.09

Ca (cmolckg-1)10 1.18 0.21 0.56 0.09 0.72 0.32 0.78 0.30

Mg (cmolckg-1)10 0.68 0.18 0.09 0.05 1.02 0.30 0.68 0.13

Na (cmolckg-1)10 0.34 0.31 0.33 0.49 0.46 0.31 0.35 0.53

Feo (g kg-1)11 3.15 2.93 1.62 0.94 2.56 1.53 2.19 0.58

Fed (g kg-1)12 11.9 55.2 16.5 2.56 13.1 9.03 9.58 1.19

Alo (g kg-1)13 0.80 3.60 1.55 5.57 1.64 1.16 2.68 0.43

Ald (g kg-1)14 23.3 31.5 28.2 27.8 28.0 25.2 27.4 27.5

1 Pipette method (Day, 1965); 2 Glass electrode, 1:1 soil: water ratio; 3 Walkley Black titration (Walkley 
and Black, 1934); 4 NH4OAc, pH7 replacement method (Rhoades, 1982); 5 Macro Kjeldhal methods 
(Bremner, 1996); 6 Conc. HNO3-H2SO4- HClO4, ratio 5:1:2 (Yoshida et al. 1972); 7 Bray 2 method (Bray 
and Kurtz, 1945); 8 Mehlich-1 method (Mehlich, 1953); 9 Pi-test (Myers et al., 1995, Chardon, 2000, 
Chardon et al., 1996); 10 NH4OAc pH 7 (Jones, 2001); 11, 13 Acid ammonium oxalate method (Loeppert 
and Inskeep, 1996); 12, 14 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.

Soils
PBC values 

Bray 2 Mehlich-1 Pi -test

Hs 0.77 0.17 0.65
Bc 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 adjR2

(1) PBCBray 2              =    1.05-0.01% clay  0.64*
(2) PBCMehlich-1        =    0.67-0.01clay 0.43*
(3) PBCPi-test              =    0.96-0.01% clay -0.10 Al o  0.89**
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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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ÀàÌËíÈÖÜÃãÌ×ÑèÌ ãÖß ÅàÇÑèÌÅàÖêÖïÀÎßÅíÓ
Ôïñ ËíñÃÑÞÃ ×ÞÃÄèÌ ÅÎÎ Öà×

ÂçàÉÜÓ ×èÌËàÌî×íÃ1 Ø×ÞÌâËÝîñÃ2

ÍíÈÂèÈØÇ§

	 ÅàÖê (Zea mays L.) ãÓñÌÑìÈÎïÀÎßâÑÈÌëñÃ ËêñÎßÆàÆíÌÖà× ÌéÇíÓÀèÌÎïÀÓàãÉñÈíÌÌàÌ.
ÎßÄîÍèÌ Êì×ñà ÅàÖê âÎèÌÑìÈâÅÈÊßÀéÈ ãÖß âÎèÌÅéÌÂòàÅíñÃÜÜÀ ËêñÅòàÃÖàÇÝèÍåØòãÀñÆà×ÀßÅé 
ÀÜÌ âÝèÈåØòÆê×éÈÀàÌâÎèÌÔïñ ÁÜÃâÁíàâÄíòà ÌèÍÓìòÌèÍÈêÁëòÌâÖìòÜÇƒ. åÌæÖÇß 7 Îê ÏñàÌÓà, âÌìòÜËêñ 
ÏßÖéÈÅàÖê, ÏßÖéÈÉßÑàÍ ãÖß ÏíÌÏßÖéÈ æÈòâÑêòÓÁëòÌÔñàÃ×ñÜÃæ×, ÜéÃÉàÓÁçòÓïÌÅßÊéÉé ÁÜÃ ÀíÓ 
ÎïÀÐèÃ, ÀßÆ×Ã ÀßÅéÀçà ãÖß ÎñàæÓò Îê 2007, Ö×ÓÇÜÈÏíÌÏßÖéÈ ÁÜÃ Öà× æÈòâÑêòÓÁëòÌ âÎèÌ 
620,550 äÉÌ. ÏßÖéÈÉßÑàÍ ÅßâÖñÇ 4.68 äÉÌ/âÝèÀÉà. âÑìñÜÉÜÍÅßÙÜÃÀàÌÏßÖéÈ åÌãÉñ
ÖßÎê åØòÛàÇÁëòÌ ÉòÜÃæÈòÂíòÌÂ×òàËíÈÖÜÃ ãÖß ÂèÈâÖìÜÀãÌ×ÑèÌÅàÖê ÔñàÃâÎèÌÎíÀÀßÉé âÑìñÜåØò 
æÈòãÌ×ÑèÌËêñÈê ÓêÂîÌÌßÑàÍ åØòÏíÌÏßÖéÈÅïÃ ãÖß ãËÈâÚàßÀèÍâÃìñÜÌæÁÅßÑàÍã×ÈÖòÜÓ 
ÁÜÃ ËòÜÃÊêñÌ.

	 ÀàÌËíÈÖÜÃ æÈòÎßÉéÍèÈ åÌ 2 ÖßÈï Âì: ÖßÈïãÖòÃ ãÖß ÖßÈïÐíÌ Îê 2007.
	 - ÖßÈïÐíÌ Ö×ÓÓê 9 ãÌ×ÑèÌ ãÖß 3 ÅàÇÑèÌ
	 - ÖßÈïãÖòÃ Ö×ÓÓê 8 ãÌ×ÑèÌ ãÖß 7 ÅàÇÑèÌ

	 ÅàÇÑèÌÈèñÃÀñà× æÈòÓàÄàÀ ÅàÖêÂïñÎßÅíÓ ÁÜÃ ÍíÈ×éËßÇàÌéÑíÌ ÀàÌÂíòÌÂ×òàÅàÖê Åñ×Ì 
ãÌ×ÑèÌ ãÓñÌÅßÊàÍèÌÂíòÌÂ×òàÅàÖê ãÖß äÝÃÝÞÌÀßÅéÀçà ÝñàäÌòÇ ÅÅ ×ÞÈÌàÓ ÅßÙÜÃåØò 
âÑìñÜÎïÀËíÈÖÜÃ ãÖß ÅíÓËÞÍÀèÍ ãÌ×ÑèÌ LVN10 ãÖß CP888 ÆëñÃâÎèÌÉí×ÔìÌ.

	 ÅßÊàÌËêñËíÈÖÜÃ: ÅïÌÂíòÌÂ×òàâÁíòà ãÖß ÑìÈâÅÈÊßÀéÈ, ×àÃãÎÃËíÈÖÜÃãÍÍ RCB Óê 3 
Æçòà ãÉñÖßÆçòà ÓêâÌìòÜËêñËíÈÖÜÃ 14 Ó2, æÖÇßØñàÃÖßØ×ñàÃãÊ× 70 ÆÉÓ, ÖßØ×ñàÃÉíòÌ 25 ÆÉÓ.
ÅßâÖñÇ 57,000 ÉíòÌ/ÝÉ. ÀàÌåÅñÐîñÌÅñ×ÌÛàÇãÓñÌÐîñÌÂÜÀ äÈÇåÅñÎßÅíÓÀèÍ ÐîñÌ×éËßÇàÅàÈ
150N + 60P2O5+60K2O.

1ÀÜÃÅíñÃâÅêÓ– ÀßÅéÀá –ãÖß ÎŠà–æÓ‹ ãØñÃÆàÈ, ÀßÆ×Ã– ÀßÅéÀá –ãÖß ÎŠà–æÓ‹.
2ÅßÊàÍèÌÂíòÌÂ×òàÅàÖê ãÖß äÝÃÝÞÌÀßÅéÀçà ÝñàäÌòÇ, ÅÅ ×ÞÈÌàÓ
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GRAIN YIELD TRIAL OF NEWLY HYBRID 
MAIZE VARIERIES AND COMBINATIONS IN THE 

VIENTIANE DELTA, LAO P.D.R.

Khamtom vanthanouvong1 and Nguyen The Hung2

 
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 m2. 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 P2O5 
+ 60 kg K2O ha.

1National Agriculture and Forestry Extention Service, Lao PDR.
2National Maize Research Institute and Hanoi University of Agriculture, Vietnam.
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I. ÍíÈÌçà

ສາລີ (Zea mays  L.) ແມນ່ພືດທນັຍາຫານ 
ປະເພດນຶ່ ງ ທ່ີປະຊາຊນົລາວ ນຍິມົປກູມາແຕດ່ນົ 
ນານ. ປະຈບຸນັ ສາລີ ຖວືາ່ ເປັນພືດເສດຖກດິທ່ີ 
ສາ້ງລາຍຮບັ ໃຫແ້ກຊ່າວກະສກິອນ ແລະ ເຮັດ 
ໃຫຊ້ວີດິການເປັນຢູ ່ ຂອງເຂົາເຈົາ້ ນບັມ ືນ້ບັດ ີ
ຂຶນ້ເລ້ືອຍໆ ທງັເປັນສນິຄາ້ສ ົ່ງອອກ ທ່ີສຳຄນັ. 
ໃນຊວ່ງ 7 ປີ ທ່ີຜາ່ນມາ, ເນືອ້ທ່ີ, ຜະລິດຕະພາບ 
ແລະ ຜນົຜະລິດສາລີ ແມນ່ໄດເ້ພ້ີມຂຶນ້ຢາ່ງວອ່ງ 
ໄວ, ຕາມຂໍມ້ນູສະຖຕິ ິຂອງ ກມົປກູຝງັ (ກະຊວງ 
ກະສກິຳ ແລະ ປ່າໄມ)້ ປີ 2007, ລວມຍອດຜນົຜະ 
ລິດສາລີ ຂອງລາວ ແມນ່ໄດເ້ພ້ີມຂຶນ້ 620,550 
ໂຕນ, ຜະລິດຕະພາບ ສະເລຍ່ 4.68 ໂຕນ/ຮຕ. 
ເພ່ືອຕອບສະໜອງ ການຜະລິດ ໃນແຕລ່ະປີ ໃຫ ້
ນບັມ ືຫຼ້າຍຂຶນ້, ບນັຫາທ່ີສຳຄນັ ແມນ່ແນວພນັປກູ 
ຕອ້ງໄດມ້ກີານຄ ົນ້ຄວາ້ ທດົລອງ ແລະ ຄດັ 
ເລືອກ ເປັນປະຈຳ ເພ່ືອໃຫໄ້ດແ້ນວພນັທ່ີດ ີ ມ ີ
ຄນຸນະພາບ, ໃຫຜ້ນົຜະລິດສງູ ແລະ ແທດເໝາະ 
ກບັເງ ື່ອນໄຂສະພາບແວດລອ້ມ ຂອງ ທອ້ງຖີ່ນ.

ສຳລບັ ແນວພນັສາລີລກູປະສມົ ທ່ີຊາວ 
ກະສກິອນປກູໃນປດັຈບຸນັ ແມນ່ນຳເຂ້ົາຈາກຕາ່ງ 
ປະເທດ, ເຊິ່ ງເປັນບນັຫາຫຍຸງ້ຍາກໃຫແ້ກເ່ຂົາ 
ເຈົາ້ ໃນການປກູສາລີ ແຕລ່ະປີ, ຍອ້ນແນວພນັ 
ບ່ໍໄດຄ້ນຸນະພາບ, ບ່ໍທນັກບັລະດກູານ ແລະ ມ ີ
ລາຄາແພງ ເຮັດໃຫສ້ິນ້ເປືອງຕ ົນ້ທຶນ ການຜະລິດ 
ສະນ ັນ້ ເພ່ືອຕອບສະໜອງແນວພນັ ໃຫມ້ຄີນຸນະ 
ພາບ ແລະ ທນັກບັລະດກູານ, ຈຶ່ງໄດທ້ດົລອງ 
ສມົທຽບສາຍພນັ ແລະ ແນວພນັສາລີໃໝ ່ເພ່ືອ 
ຮບັໃຊໃ້ຫແ້ກກ່ານຜະລິດ ຢູທ່ ົ່ງພຽງວຽງຈນັ ກໍ່ຄ ື
ໃນທົ່ວປະເທດ.

II. ÜîÎßÀÜÌ ãÖß ×éËêÀàÌ

2.1 ÜîÎßÀÜÌ 

• 	 ລະດ​ູທີ 1: ລະດ​ູຝນົ​ ລວມມີ​ 3 ສາຍ 	
	 ພນັ, 9​ ແນວ​ພນັ​ ຈາກ ວຽດນາມ​ 		
	 ແລະ ​ໄທ​ ຄື: 3106x33338, 		
	 3150x3220, 324x3115, LVN61, 		
	 LVN99, LVN45, LVN10, KK575, 	
	 8960, H06-2, Se161171 ​ແລະ 		
	 CP888.

• 	 ລະດ​ູທີ 2: ລະດ​ູແລງ້​ ລວມມ ີ7 ສາຍ	
​	 ພນັ​ ຈາກ​ ວຽດນາມ ​ແລະ ​ໄທ 		
	 ຄື: 3335x3186, 3249x3172, 		
	 3375x3363, R7xT1, P7XT2, 		
	 R8XT3, R7Xr3, LVN61, 		
	 LVN99, LVN45, LVN10, KK575, 	
	 LVN25 ​ແລະ CP888.

• 	 ສາຍ​ພນັ ​ແມນ່​ໄດ​້ຈາກ​ ສາລີ​ຄູ​່ປະສມົ ​	
	 ຂອງບດົວທິະຍາ​ນພິນົ​ ຄ ົນ້ຄວາ້ສາລ,ີ 	
	 ສວ່ນ​ແນວພນັ​ສາລີ​ ແມນ່ ສະ​ຖາ​ບນັ​ 	
	 ຄ ົນ້ຄວາ້​ສາລີ ​ແລະ ​ໂຮງຮຽນ ກະສກິຳ - 	
	 ຮາ່​ໂນ​້ຍ ສ.​ສ ວຽດນາມ ສະໜອງ​ໃຫ​້ 	
	 ເພ່ືອ​ປກູ​ທດົ​ລອງ​ສມົທຽບ (ແນວ​ພນັ 	
	 LVN10 ​ແລະ CP888 ​ເປັນ​ຕວົ​ຢືນ).

2.2 ×éËêÀàÌ

	 ການທດົລອງ ​ແມນ່​ໄດ​້ປະຕບິດັ ​ໃນ 2 
ລະດ ູ​ຄ:ື ລະດຝູນົ ​ແລະ ລະດ​ູແລງ້​ ປີ 2007.



The Lao Journal of Agriculture and Forestry, No. 19

     January - June 2009
                 

94

À. ÅßÊàÌËêñËíÈÖÜÃ

	 ສນູ​ຄ ົນ້ຄວາ້​ເຂ້ົາ ແລະ ພືດເສດຖະກດິ ​ 
ນາ​ພອກ. ການວາງ​ແປງ​ແບບ RCB ມີ ​3 ຊຳ້, ​
ເນືອ້ທ່ີ​ແປງແມນ່ 14 ມ2 ​ໄລຍະ​ຫາ່ງ​ ລະຫວາ່ງ ​
ແຖວ 70 ຊຕມ, ​ໄລຍະຫາ່ງ​ ລະ​ຫວາ່ງ​ ຕ ົນ້ 25 
ຊຕມ, ສະ​ເລຍ່ 57,000 ຕ ົນ້/ຮຕ.

Á. ÅßÊàÌËêñËíÈÖÜÃ

	 ເປັນດນິຕມົແກມຊາຍ (SL), ປະຕກິລິິຍາ 
ຄວາມເປັນກດົສງູ (pH) = 4,78-5,27, ປະລິ 
ມານສານອນິຊວີດັຖ ຸ(P2O5) = 15,15–15,60 
ແລະ ທາດໂປຕດັຊຽມ (K2O)=4,8–5,6. (ຜນົວ ິ
ໄຈດນິ ຈາກ ສນູຄ ົນ້ຄວາ້ ກະສກິຳ ແລະ ພືດ 
ເສດຖະກດິ).

Â. ÜèÈÉàÐîñÌ

	 ຝຸນ່ຄອກ 10 ໂຕນ/ຮຕ, ໃສຝຸ່ນ່ເລ່ັງ 
ດວ້ຍຝຸນ່ວທິະຍາສາດ 150N + 60P2O5 + 60 
K2O.

Ã. ÀàÌåÅñÐîñÌ

- 	 ຝຸນ່ຄອກ ແລະ ຝຸນ່ເຄມ ີP2O5 ປະສມົ 	
	 ເຂ້ົາກນັ ໃສຮ່ອງພ້ືນທງັໝດົ ກອ່ນປກູ.

- 	 ໃສຝຸ່ນ່ເລ່ງັ ຄ ັງ້ທີ 1: ຫຼງັປກູສາລ ີໄດ ້	
	 3-4 ໃບ = 1/3 N + 1/3 K2O.

- 	 ໃສຝຸ່ນ່ເລ່ງັ ຄ ັງ້ທີ 2: ຫຼງັປກູສາລ ີໄດ ້	
	 8-9 ໃບ = 1/3N + 1/3K2O.

- 	 ໃສຝຸ່ນ່ເລ່ງັ ຄ ັງ້ທີ 3: ກອ່ນສາລີຈະ		
	 ອອກ 10 - 15 ວນັ ແມນ່ໃສໝ່ດົ 	
	 ຈຳນວນຝຸນ່ທ່ີເຫືຼອ.

- 	 ຄດິໄລຂ່ໍມ້ນູດວ້ຍລະບບົ IRRISTAT 	
	 version 3.1

III. ÏíÌæÈòÝèÍ ÁÜÃ ÀàÌËíÈÖÜÃ

ຜາ່ນການທດົລອງ ເຫັນວາ່ ການຈະເລີນ 
ເຕບີໂຕ ແລະ ຜນົຜະລິດ ຂອງ ແນວພນັ, ສາຍ 
ພນັສາລີ ໃນ 2 ລະດກູານ  ແມນ່ໃຫຜ້ນົຜະລິດ 
ດສີມົຄວນ (ຕາຕະລາງ ທີ 1).

ÖßÈïÐíÌ ການຈະເລີນເຕບີໂຕ ຂອງ 
ແນວພນັ ແລະ ສາຍພນັສາລີ ນບັແຕປ່ກູຫາ 
ອອກດອກ ປະສມົພນັ ແມນ່ໃຊເ້ວລາ 61-68 
ວນັ, ໃນນີ ້ ແນວພນັ Se-161171 ປະສມົພນັ 
ຊາ້ກວາ່ໝູ ່ 68 ວນັ, ແນວພນັ LVN61, 
LVN99 ແລະ ສາຍພນັ 3150x3220 ແຕປ່ກູ 
ຫາ ອອກດອກ ປະສມົພນັໄວກວາ່ໝູ່ ່61 ວນັ, 
ອາຍແຸຕປ່ກູ ຫາເກບັກູ ້ຂອງແນວພນັ, ສາຍພນັ 
ສາລີ ແມນ່ມ ີ ອາຍແຸຕ ່ 115 – 126 ວນັ, 
ໃນນີ ້ ສາຍພນັ 3150x3220, 3204x3115, 
ອາຍແຸຕປ່ກູ ຫາເກບັກູ ້ ສ ັນ້ກວາ່ໝູ ່ 115 ວນັ, 
ທຽບໃສບ່ນັດາແນວພນັອື່ ນ ແມນ່ມອີາຍຍຸາວກວາ່ 
ແຕ ່117 – 126 ວນັ.

ÖßÈïãÖòÃ ຜາ່ນການທດົລອງ ແນວພນັ 
ແລະ ສາຍພນັສາລີ, ແຕປ່ກູຫາອອກດອກປະສມົ 
ພນັ ໃຊເ້ວລາ 65 - 71 ວນັ, ແນວພນັ CP888 
ອອກດອກປະສມົພນັ ຊາ້ກວາ່ໝູ ່71 ວນັ, ສາຍ 
ພນັ R7xT2, R8xT3, R8xT3, 3375x3363 
ແຕປ່ກູ ຫາອອກດອກປະສມົພນັໄວກວ່າ 63 ວນັ 
ບນັດາແນວພນັ, ສາຍພນັສາລີ ມອີາຍ ຸ ແຕປ່ກູ 
ຫາເກບັກູແ້ຕ ່115 – 129 ວນັ ແລະ ແນວພນັ 
CP888 ມອີາຍແຸຕປ່ກູຫາເກບັກູ ້ ຍາວກວາ່ໝູ ່
129 ວນັ, ສາຍພນັ R7xT2, R8xT3, R7xT6, 
3375x3363 ມອີາຍແຸຕ ່ ປກູຫາເກບັກູສ້ ັນ້ກວາ່ 
ບນັດາແນວພນັສາລີ ທດົລອງ 115 ວນັ.
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ÉàÉßÖàÃ 1: 	 ÀàÌÄßâÖêÌâÉêÍäÉ ÁÜÃãÌ×ÑèÌ ãÖß ÅàÇÑèÌÅàÖê åÌÖßÈïãÖòÃ ãÖß ÖßÈïÐíÌ Ëêñ 		
		  ÅïÌÂíòÌÂ×òàâÁíòà ãÖß ÑìÈâÅÈÊßÀéÈ (ÌàÑÜÀ) Îê 2007.

ì/©
   ãÌ×ÑèÌ

ÅàÇÑèÌ

ì½©øÁìÉ¤

ì/©

ì½©ø±öÌ

º¾¨÷ºº¡
©º¡°øÉ
(×èÌ)

º¾¨÷ºº¡
©º¡Á´È

(×èÌ)

º¾¨÷
À¡ñ®¡È¼¸

(×èÌ)

º¾¨÷ºº¡
©º¡°øÉ
(×èÌ)

º¾¨÷ºº¡
©º¡Á´È

(×èÌ)

º¾¨÷
À¡ñ®¡È¼¸

(×èÌ)

1 LVN10 62 64 124 LVN10 64 66 124

2 3106x3338 61 63 117 R7xT7 64 66 124

3 3150x3220 59 61 115 R7xT2 61 63 115

4 3204x3115 60 62 115 R8xT3 61 63 115

5 LVN61 59 61 118 R7xR6 61 63 115

6 LVN45 64 66 117 3335x3186 64 66 124

7 8960 64 66 117 3249x3172 64 66 124

8 KK575 63 65 120 3375x3363 61 63 115

9 LVN99 59 61 117 LVN25 63 65 121

10 Se161171 65 68 126 KK575 64 66 124

11 H-06-2 61 63 120 LVN99 63 65 121

12 CP888 64 66 117 LVN45 64 66 124

13 LVN61 64 65 121

14 8960 64 66 124

15 CP888 68 71 129
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3.1 ÅßÓèÈÉßÑàÍ ãÖß ÏíÌÏßÖéÈ ÁÜÃ 	
      ãÌ×ÑèÌÅàÖê åÌÖßÈïÐíÌ

	 ໃນຕາຕະລາງ ທີ 2 ແລະ ເສັ້ນສະແດງ 
ທີ 1: ລະດຝູນົ ລວງຍາວຂອງມານ ຂອງແນວພນັ, 
ສາຍພນັສາລີ ມຄີວາມແຕກຕາ່ງກນັ ແຕ ່16.6- 
19.3 ຊຕມ. ບນັດາແນວພນັ ລວ້ນແຕມ່ລີວງ 
ຍາວມານ ສງູກວາ່ ບນັດາສາຍພນັ, ໃນນີ ້ແນວ 
ພນັ LVN45 ມລີວງຍາວມານ ສງູກວາ່ໝູ ່19.3 
ຊຕມ ແລະ ສາຍພນັ 3150x3220 ມລີວງຍາວ 
ມານ ນອ້ຍກວາ່ໝູ ່16.6 ຊຕມ, ລວງກວາ້ງມານ 
ຂອງແນວພນັ, ສາຍພນັສາລີ ແມນ່ມລີວງກວາ້ງ 
ແຕ ່4.2-5.0 ຊຕມ. ແນວພນັ LVN61 ມລີວງ 
ກວາ້ງມານ ສງູກວາ່ໝູ ່5.0 ຊຕມ ແລະ ແນວພນັ 

LVN10, CP888 ມລີວງກວາ້ງມານ ນອ້ຍກວາ່ 
ໝູ ່4.4 ຊຕມ, ຈຳນວນໜວ່ຍ ແກນ່/ມານ ແມນ່ 
ມແີຕ ່12.1-16.6 ແຖວແກນ່/ມານ ໃນນີ ້ສາຍ
ພນັ 3106x3338 ມຈີຳນວນແຖວແກນ່/ມານ 
ສງູກວາ່ໝູ ່16.6 ແຖວ ແລະ ແນວພນັ CP888 
ມຈີຳນວນແຖວແກນ່/ມານ ນອ້ຍກວາ່ໝູ ່ 12.1 
ແຖວ/ມານ, ຈຳນວນແກນ່/ແຖວ ກໍ່ຄາ້ຍຄກືບັ 
ແນວພນັ LVN45 ມຈີຳນວນແກນ່/ແຖວ ສງູກວາ່ 
ໝູ ່41.1 ແກນ່/ແຖວ, ແນວພນັ Se-161171 
ມຈີຳນວນແກນ່/ແຖວ ຕ ໍາ່ກວາ່ໝູ ່ 35.4 ແກນ່/
ແຖວ, ໃນນີ ້ ແນວພນັ LVN61, LVN10, 
LVN99 ໃຫຜ້ນົຜະລິດສງູກວາ່ໝູ ່ ແຕ ່ 7.36-
7.41 ໂຕນ/ຮຕ, ທຽບໃສຜ່ນົຜະລິດ ຂອງສາຍ 
ພນັ ແມນ່ຕ ໍາ່ກວາ່ ແຕ ່6.62–6.94 ໂຕນ/ຮຕ.

ÉàÉßÖàÃ 2: 	 ÏíÌÏßÖéÈ ÁÜÃãÌ×ÑèÌ ãÖß ÅàÇÑèÌÅàÖê åÌÖßÈïÐíÌ Ëêñ ÅïÌÂíòÌÂ×òàâÁíòà ãÖß 		
		  ÑìÈâÅÈÊßÀéÈ (ÌàÑÜÀ) Îê 2007.

ì/©
ÁÌ¸-²ñÌ

¦¾¨-²ñÌ

ì¸¤-¨¾¸
-´¾Ì
(cm)

ì¸¤¡¸É¾¤
´¾Ì
(cm)

¥çàÌ×Ì
Á«¸/´¾Ì

¥çàÌ×Ì
ÁÀñÌ/´¾Ì

ÌÕÎñ¡
1000 À´ñ©

(ÀðàÓ)

°ö-Ì°½ìò©
(-Âª/»ª)

1 LVN- 10 17.5 4.3 12.9 37.0 317.4 7.38

2 3106x3338 17.2 4.9 16.6 36.9 293.2 6.85

3 3150x3220 16.6 4.8 15.2 36.5 284.0 6.62

4 3204x3115 17.3 4.9 15.1 38.7 273.3 6.94

5 LVN - 61 17.5 5.0 15.6 38.2 326.6 7.36

6 LVN - 45 19.3 4.7 12.6 41.1 333.3 7.19

7 8960 18.3 4.5 13.7 39.1 326.6 7.28

8 KK575 18.1 4.6 14.1 36.4 320.0 7.17

9 LVN99 18.4 4.4 14.9 37.8 342.2 7.41

10 Se -161171 18.0 4.5 14.0 35.4 306.6 7.36

11 H-06-2 17.8 4.6 15.9 37.4 293.4 6.43

12 CP888 17.8 4.2 12.1 38.8 299.2 7.27

 
CV%
LSD 0.05

 
1.8

 
1.1

 
2.5

 
2.0

 
6.6
8.0
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°ö­°½ìò©(Âª­/»ª)

À­¸²ñ­ ແນວພນັ

ÝïÍÅßãÈÃ Ëê 1: 	 ÏíÌÏßÖéÈ ÁÜÃãÌ×ÑèÌ ãÖß ÅàÇÑèÌÅàÖê åÌÖßÈïÐíÌ Ëêñ ÅïÌÂíòÌÂ×òàâÁíòà ãÖß 		
		  ÑìÈâÅÈÊßÀéÈ (ÌàÑÜÀ) Îê 2007.

3.2 	 ÅßÓèÈÉßÑàÍ ãÖß ÏíÌÏßÖéÈ 	
	 ÁÜÃ ãÌ×ÑèÌÅàÖê åÌÖßÈïãÖòÃ

	 ຕາມຂໍມ້ນູ ຢູ ່ຕາຕະລາງ ທີ 3 ແລະ 
ເສ້ັນສະແດງ ທີ 2: ເຫັນວາ່ ລວງຍາວ ຂອງ 
ມານ ຄ ືແນວພນັ, ສາຍພນັສາລີ ລະດແູລງ້ ມ ີ
ລວງຍາວມານ ແຕ ່ 16.1-20.5 ຊຕມ ໃນນີ ້
ແນວພນັ LVN45 ມລີວງຍາວມານ ສງູກວາ່ໝູ ່
20.5 ຊຕມ, ແນວພນັ LVN25 ແລະ ສາຍພນັ 
R7xT2 ມລີວງຍາວມານ ນອ້ຍກວາ່ໝູ ່ 16.1 
ຊຕມ, ສາຍພນັ 3335x3186 ມລີວງກວາ້ງມານ 
ສງູກວາ່ໝູ ່ 5.2 ຊຕມ. ແນວພນັ LVN10, 
CP888 ມລີວງກວາ້ງມານ ຕ ໍາ່ກວ່າໝູ ່ 4.4 
ຊຕມ, ຈຳນວນແຖວແກນ່/ມານ ຂອງແນວພນັ, 
ສາຍພນັສາລີ ແມນ່ມແີຕ ່ 11.9-16.2 ແຖວ/  

ມານ. ແນວພນັ LVN25 ມຈີຳນວນແຖວແກນ່/
ມານ ສງູກວ່າໝູ ່16,2 ແຖວ/ມານ ແລະ ແນວພນັ 
CP888, ມຈີຳນວນແຖວແກນ່/ມານ ໜອ້ຍກວາ່ 
ໝູ ່ 11.9 ແຖວ/ມານ, ທຽບໃສສ່າຍພນັແມນ່ມ ີ
ຈຳນວນແຖວແກນ່/ມານ ແຕ ່12.4-15.2 ແຖວ 
ແກນ່/ມານ, ຈຳນວນແກນ່/ແຖວ ຂອງແນວພນັ 
ແລະ ສາຍພນັສາລີ ແມນ່ມແີຕ ່ 33.3-44.0 
ແກນ່/ແຖວ. ສາຍພນັ 3375 x 3363 ແລະ 
ແນວພນັ LVN45 ມຈີຳນວນແກນ່/ແຖວ ສງູກວາ່ 
ໝູ ່ 43.0-44,0 ແກນ່/ແຖວ ແລະ ແນວພນັ 
LVN25 ມຈີຳນວນແກນ່/ແຖວ ໜອ້ຍກວາ່ໝູ ່
33.3 ແກນ່/ແຖວ, ຜນົຜະລິດຂອງແນວພນັ, 
ສາຍພນັສາລີ ໃນລະດແູລງ້ ເຫັນວາ່ ໃຫຜ້ນົຜະ
ລິດສງູກວາ່ລະດຝູນົ, ຖາ້ປກູຖກືລະດກູານ ແລະ 
ຕອບສະໜອງນ ໍາ້ໃຫພ້ຽງພໍ, ເພາະວາ່ ສາລີ ໃນ 
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ລະດແູລງ້ ໃນຊວ່ງສາລີອອກດອກ ປະສມົພນັ 
ມອີນຸຫະພມູທ່ີເໝາະສມົ, ບ່ໍມຝີນົຫຼາຍ ແລະ ມ ີ
ລມົແຮງຄລືະດຝູນົ ເຊີ່ ງເປັນເງ ື່ອນໄຂອນັດ ີ ໃຫ ້
ແກກ່ານອອກດອກປະສມົພນັ ຂອງສາລີ, ຜາ່ນ 
ການທດົລອງເຫັນວາ່ ຜນົຜະລິດຂອງແນວພນັ 
ແລະ ສາຍພນັສາລີ ໃນລະດແູລງ້ ໃຫຜ້ນົຜະລິດດ ີ
ແຕ ່7.39 - 10.07 ໂຕນ/ຮຕ ໃນນີ ້ແນວພນັ 

LVN45 ໃຫຜ້ນົຜະລິດ ສງູກວາ່ໝູ ່ 10.07 
ໂຕນ/ຮຕ, ທຽບໃສບ່ນັດາສາຍພນັ R8xT3, 
3204x3115, R7xR7xR6 ຜນົຜະລິດ 8.62-
8.81 ໂຕນ/ຮຕ ສງູກວາ່ແນວພນັ LVN25, 
KK575 ແລະ CP888 ແລະ ສາຍພນັ R7xT2 
ໃຫຜ້ນົຜະລິດຕ ໍາ່ກວາ່ໝູ ່7.39 ຕ/ຮຕ.

ÉàÉßÖàÃ 3: 	 ÏíÌÏßÖéÈ ÁÜÃãÌ×ÑèÌ ãÖß ÅàÇÑèÌÅàÖê åÌÖßÈïãÖòÃ Ëêñ ÅïÌÂíòÌÂ×òàâÁíòà ãÖß 		
		  ÑìÈâÅÈÊßÀéÈ (ÌàÑÜÀ) Îê 2007.

ì/©
ãÌ×ÑèÌ

ÅàÇÑèÌ

Ö×ÃÇà× 
ÓàÌ

 (ÆÉÓ)

Ö×ÃÀ×òàÃ 
ÓàÌ

 (ÆÉÓ)

Ä/Ì ãÊ× 
ãÀñÌ/ÓàÌ

ÄçàÌ×Ì
ãÀñÌ/ãÊ×

ÌçòàÙèÀ 
1,000 

âÓèÈ (ÀðàÓ)

ÏíÌÏßÖéÈ
(É/ÝÉ)

1 LVN-10 18.1 4.4 12.3 39.4 360.0 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 33.3 356.6 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 40.8 353.3 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%
LSD 0.05

 3.2
 

2.0 2.3  3.0 
 

6.8
9.8
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Á­¸²ñ­

ÝïÍÅßãÈÃ Ëê 2: 	 ÏíÌÏßÖéÈ ÁÜÃãÌ×ÑèÌ ãÖß ÅàÇÑèÌÅàÖê åÌÖßÈïãÖòÃ Ëêñ ÅïÌÂíòÌÂ×òàâÁíòà ãÖß 		
		  ÑìÈâÅÈÊßÀéÈ (ÌàÑÜÀ) Îê 2007.

ÝïÍÅßãÈÃ Ëê 3: 	 ãÌ×ÑèÌ ÅàÖê LVN61 ÄàÀ ÅÅ ×ÞÈÌàÓ.
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IV. ÏíÌæÈòÝèÍ

ຜາ່ນການທດົລອງ ສມົທຽບ ການຄດັ 
ເລືອກແນວພນັ ແລະ ສາຍພນັສາລີ ໃນ 2 ລະ 
ດ ູເຫັນວາ່ ມຫຼີາຍແນວພນັ ແລະ ສາຍພນັສາລີ 
ໃຫຜ້ນົຜະລິດສງູ ແລະ ເໝາະສມົ ກບັສະພາບ 
ແວດລອ້ມ ຢູໃ່ນທ ົ່ງພຽງວຽງຈນັ ກໍ່ຄ ືໃນທົ່ວປະ 
ເທດ.

ລະດຝູນົ ມ ີ 3 ແນວພນັ ໃຫຜ້ນົຜະລິດ 
ສງູ ຄ:ື 8960, LVN61, LVN99 ໃຫຜ້ນົຜະລິດ 
ແຕ ່ 7.28-7.41 ໂຕນ/ຮຕ ແລະ ມອີາຍແຸຕ ່
115-124 ວນັ.

ລະດແູລງ້ ມ ີ5 ສາຍພນັ ໃຫຜ້ນົຜະລິດ 
ດ ີ ຄ:ື R8xT3, R7xR6, R7xT1, 3106x3338, 
3375x3363. ໃຫຜ້ນົຜະລິດ ແຕ ່ 8.39-8.81 
ໂຕນ/ຮຕ ແລະ ມອີາຍ ຸ ແຕ ່ 115-124 ວນັ, 
ມ ີ5 ແນວພນັ ໃຫຜ້ນົຜະລິດສງູ ສະໝ ໍາ່ສະເໝີ 
ໃນ 2 ລະດ ູ ຜາ່ນມາ ຄ:ື 8960, LVN10, 
LVN61, LVN99, LVN45, ໃຫຜ້ນົຜະລິດ ແຕ ່
8.89-10.07 ໂຕນ/ຮຕ ແລະ ມອີາຍແຸຕ ່117-
124 ວນັ ເຊິ່ ງສາມາດນາໍໄປເພາະປກູໄດ ້ຢູ ່ໃນ 
ສປປ ລາວ.
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