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ÍíÈÂèÈØÇ§

ÀàÌ–ËíÈ–ÖÜÃ –Â×àÓ–ÜàÈ–ÅàÓàÈ–ÎèÍ–Éí× ÀèÍ–ÅßÑàÍ–ã×È–Ö‹ÜÓ –ÁÜÃ ãÌ×–ÑèÌ–âÁ¿àÙÞ×–ÑºÌ–âÓìÜÃ 
22 ãÌ×ÑèÌ –æÈ‹–âÝèÈ–ÔïŠ 9 ÄîÈ–ËíÈ–ÖÜÃ –åÌ– 3 ÑàÀ –âÆ¨Ì: ÑàÀ–âÙìÜ, ÑàÀ–ÀàÃ –ãÖß– ÑàÀ–åÉ‹, 
åÌÖßÈï ÐíÌ Îê 2004. –ãÌ×–ÑèÌ–ÑºÌ–âÓìÜÃ–âÁ¿àÙÞ×–âÛ³àÌ¸ –æÈ‹–ÂèÈ–âÖìÜÀ–Óà–ÄàÀ–ãÛŠÃ–âÆºÜÑèÌ–âÁ¿à–Öà× 
Æ±Ã–Óê–ÖèÀÅßÌß–ÎèÍ–Éí×–Èê –ãÖß– ÅàÓàÈ–åØ‹–ÏíÌ–ÏßÖéÈÅïÃ –åÌ–âÃ²ÜÌ–æÁ–Ìà–ÌçòàÐíÌ –äÈÇ–Ìçà–åÆ‹ –ãÌ×–ÑèÌ–
âÁ¿àÙÞ× –ËŠà–ÈÜÀ–Âçà 4 (TDK 4) –âÎèÌ–Éí×–ÎÞÍËÞÍ–. æÈ‹–×àÃ–ãÎÃËíÈ–ÖÜÃ–ãÍÍ–ãÎÃÂíÍÊ‹×Ì ãÖß 
ÄèÈ×àÃãÍÍÍèÃâÜêÌ (RCB) Óê 4 Æçòà –ãÖß ÁßÙàÈãÎÃ 1 Ó x 5 Ó. ÀàÌ–âÖìÜÀ–ÅßÊàÌ–Ë̄–ËíÈ–ÖÜÃ 
–ãÓŠÌ–ÜêÃ–åÅŠ ÈéÌ–Ë¯–âÎèÌ–Éí×–ãËÌ ÁÜÃ–ÀàÌ–ÎïÀ–âÁ¿àÌà–ÌçòàÐíÌ –âÎèÌ–ÅŠ×Ì–åØÇŠ. Á´ÌÉÜÌ–ÀàÌ–ÎßÉéÍèÈ 
ÀàÌ–ÎïÀ–ËíÈ–ÖÜÃ –ãÓŠÌ–Óê–Â×àÓ–Â‹àÇÂì–ÀèÌ –ÀèÍ–âÃ²ÜÌ–æÁ–ÁÜÃ–Æà×Ìà, –äÈÇ–ÎèÀ–Èçà 3-5 Àê–ÍÀ‹à– É¡–ÅîÓ 
–åÌæÖÇß–ØŠàÃ 20 x 20 ÆÉÓ –ãÖß –åÆ‹–ÐîŠÌ– åÌ–ÜèÈÉà 60-30-30 ÀÖ/ÝÉ ÁÜÃ–ÐîŠÌ N: P2O5:K2O. 

ÀàÌ–ËíÈ–ÖÜÃ–Ì¸– Óê–ÄîÈÎßÅíÃ –âÑ²Ü–Éê–ÖàÂà–Â×àÓ–ÜàÈ–ÅàÓàÈ–ÎèÍ–Éí× –ÁÜÃ–ãÌ×–ÑèÌ –ãÖß –ÏíÌ–ÀßËíÍ– 
ÁÜÃ–ÅßÑàÍ–ã×È–Ö‹ÜÓÉ¡–ãÌ×–ÑèÌ– ËàÃ–ÏßÖéÈ–ÉßÑàÍ ãÖß ÍàÃ–ÖèÀÅßÌß–ÑëÀÅß– ãÖß ÉêÖàÂà 
ÀàÌ–åØ‹–ÏíÌ–ÏßÖéÈ–ÔŠàÃ–ÅßÚçñàÅß–âÚê –ÁÜÃãÌ×–ÑèÌ–âÁ¿àÙÞ×–ÑºÌ–âÓìÜÃ–âÛ³àÌ¸. ÏíÌ–ÀàÌ–ËíÈ–ÖÜÃ 
–æÈ‹–Åß–ãÈÃ–åØ‹–âØèÌ–×Šà ÀàÌ–ÎŠÞÌ–ãÎÃ–ÁÜÃ–ÅßÑàÍ–ã×È–Ö‹ÜÓÑºÌË¯–ÎïÀ –æÈ‹–Å³Ã–ÏíÌ–ÀßËíÍ–Û×ÃÛàÇ 
Ê‹à–ËÞÍ–ÀèÍÀàÌ–ÎŠÞÌ–ãÎÃ– ÁÜÃ–ãÌ×–ÑèÌ, ÅßÌ´Ì –ãÌ×–ÑèÌ–Ë¯–ãÉÀ–ÉŠàÃ–ÀèÌ –ãÓŠÌ–Äß–Óê–Â×àÓ–âÚàß–
ÅíÓ–ÀèÍÑºÌË¯–ÎïÀÉŠàÃ–ÀèÌ––. –ãÌ×–ÑèÌ–ÉŠàÃ–ÀèÌ ––ãÓñÌÅàÓàÈ–åØ‹–ÏßÖéÈ–ÉßÑàÍ–ãÉÀ–ÉŠàÃ–ÀèÌ–ÛàÇ –ãÖß 
–åØ‹–ÏíÌ–ÏßÖéÈ –ãÉŠ 2,235 ÀÖ/ÝÉ (–âÁ¿à–æÀŠ–Ì‹ÜÇ) –âÊéÃ 3,379 ÀÖ/ÝÉ (–âÁ¿à–Ü¯–Áà×). Óê 12 –ãÌ×–ÑèÌ 
Âì: –âÁ¿à Ü¯–Áà×, Ñ×ÃÓà–æÖ, ÍÜÃ–âÛìÜÃ, ØÜÓ–ÌàÃ–Ì×Ì, –âÓìÜÃ–Ãà, –âÁíòàÛà, Éà–ÁÞÈ, –âÁ¿à–âÚìÜÇ, 
ØÜÓ–ÈèÃ, –âÖìÜÈ–ãÝÈ, Ç×Ì–Èç –ãÖß ÚàÀ–Ø¯–Ã –æÈ‹–Åß–ãÈÃ–æØ‹–âØèÌ–×Šà Óê–Â×àÓ–ÅàÓàÈ–åØ‹–ÏíÌ–ÏßÖéÈÈê–
âÚìÜÌ–ÀèÌ–ÀèÍãÌ×–ÑèÌ ËŠà–ÈÜÀ–Âçà 4 (Éí×–ÎÞÍËÞÍ). 

ËàÃ–È‹àÌ–ÜàÇî –ãÓŠÌ–Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ É´Ã–ãÉŠ 129 –âÊéÃ 163 ×èÌ Æ±Ã–âÎèÌ–ÜàÇî Ë¯–ÇÜÓÝèÍ–æÈ‹ 
–åÌ–âÃ²ÜÌ–æÁ–Ìà–Ìçòà–ÐíÌ Ë¯–Óê–ÑïÓ–ÅèÌÊàÌ–ÉŠàÃ–ÀèÌ –âÆ¨Ì: Ìà–äÌÌ, Ìà–ÀàÃ –ãÖß Ìà–ÛîÍ Ûì Ìà–ÙÜÃ. 
ÌÜÀÄàÀ–Ì́Ì ÄçàÌ×Ì–Ý×Ã–É¡–ÅîÓÅß–âÖ̈Ç ãÓŠÌ–Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ –ãÉŠ  4.7-6.8 Ý×Ã Æ±Ã–âÎèÌ–ÄçàÌ×Ì–
Ý×Ã–ËêñâÚàß–ÅíÓ –åÌ–ãÌ×–ÑèÌ–ÑºÌ–âÓìÜÃ –ãÖß –Óê–Â×àÓ–ÅïÃ –ãÉñ 114 –âÊéÃ 152 ÆÉÓ, Ì¸–æÈ‹–Åß–ãÈÃ 
–åØ‹–âØèÌ–×Šà –ãÌ×–ÑèÌ–ÑºÌ–âÓìÜÃ–ÅŠ×Ì–åØÇŠ –ãÓŠÌÎßâÑÈÖáÉ¿ÌÅïÃ. ÀàÌ–Éê–ÖàÂà–É¡Â×àÓ–ÅàÓàÈ–ÂíÃ–Éí× 
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–æÈ‹–Æ¸–åØ‹–âØèÌ–×Šà –ãÌ×–ÑèÌâÁ¿à– Ü¯–Áà×, ËŠà–ÈÜÀ–Âçà 4, Ñ×ÃÓà–æÖ, ÍÜÃ–âÛìÜÃ, –âÁ¿àÛà –ãÖß Éà–ÁÞÈ 
–ãÓŠÌ–âÚàß–ÅíÓÎïÀ– åÌ–âÃìñÜÌ–æÁÅßÑàÍ–ã×È–Ö‹ÜÓËêñ–Èê, –åÌ–â×Öà–ÈÞ×–ÀèÌÌ´Ì –ãÌ×–ÑèÌ ØÜÓ–ÈèÃ –ãÖß 
ØÜÓ–Èç ÅàÓàÈ–ÎïÀ–æÈ‹–åÌ–ËîÀƒâÃìñÜÌ–æÁ Ûì åÌ–âÃ²ÜÌ–æÁÈéÌÍçñÜîÈíÓÅíÓÍïÌ.

–ãÌ×–ÑèÌ–âÁ¿à–Ü¯–Áà× ÅàÓàÈ–ÎèÍ–Éí×–æÈ‹–Èê– åÌ–ËèÃ–ÚíÈ 3 ÑàÀ –ãÉŠãÌ×–ÑèÌ–âÁ¿à–æÀŠ–Ì‹ÜÇ– ÎèÍ–Éí×–æÈ‹–Èê– Åß–
âÑàß–ãÉŠ–ÑàÀ–âÙìÜ Ûì åÌÊªÌ–Àçà–âÌê–È–âË³à–Ì́Ì. ÄàÀ–ÀàÌ–ÅëÀÅà ÁÜÃÏíÌ–ÏßÖéÈ –æÈ‹–Åß–ãÈÃ–åØ‹–âØèÌ–×Šà 
–ãÌ×–ÑèÌ–âÁ¿à–ÑàÀ–ÀàÃ –ãÖß –ÑàÀ–åÉ‹ ÅàÓàÈ–ãÌßÌçàÎïÀ–æÈ‹–âÚìÜÌ–ÀèÌ ãÉŠãÌ×–ÑèÌ–Óê–ÊªÌ–Àçà–âÌê–È–åÌ–
ÑàÀ–åÉ‹ Í¡–ÅàÓàÈ–ÎèÍ–Éí×–æÈ‹–Èê åÌ–âÁÈ–ÑàÀ–âÙìÜ –ãÖß Íà–Ã–ãÌ×–ÑèÌ Ë¯–Óê–ÊªÌ–Àçà–âÌê–È–åÌ–ÑàÀ–ÀàÃ 
–ãÓŠÌ–ÅàÓàÈÎèÍ–Éí×–æÈ‹–Èê –åÌ–âÁÈ–ÑàÀ–âÙìÜ. 

ÌÜÀÄàÀ–Ì¸ ÀàÌ–ÅëÀÅàÏíÌ–ÀßËíÍ–ÁÜÃÅßÑàÍ–ã×È–Ö‹ÜÓ É¡–ÀèÍ–ãÌ×–ÑèÌ –æÈ‹–ãÍŠÃ–âÁÈ–ÅßÑàÍ–ã×È–
Ö‹ÜÓ –âÎèÌ 2 –âÁÈ Âì: ÑàÀ–âÙìÜ –ãÖß ÑàÀ–ÀàÃ ÀèÍ–ÑàÀæÉ‹, –åÌ–Ì´Ì– ãÌ×–ÑèÌ –æÈ‹ãÇÀ–âÎèÌ 4 ÀŠîÓ 
Ë¯–Óê–ÖèÀÅßÌß–ÉŠàÃ–ÀèÌ.

1 ÅßÊàÍèÌ Â¿ÌÂ×‹à ×éËßÇàÅàÈ âÉèÀÌéÀ ÀßÅéÀá ãÖß ÎŠàæÓ‹ (NAFRI).
2 ÀíÓÀßâÅÈ, ÂßÌßÀßâÅÈÅàÈ, ÓßØà×éËßÇàæÖ ÁÜÌãÀŠÌ, ÁÜÌãÀŠÌ 40002, ÎßâËÈæË.	     
3 ÅßÊàÍèÌ Â¿ÌÂ×‹àâÁíòà ãØŠÃÆàÈ (IRRI), ÎßâËÈÒéÖéÍÎéÌ.
4 ÅïÌÂ¿ÌÂ×‹àâÁ¿à ÜîÍíÌÖàÈÆßËàÌê, ÎßâËÈæË.



� ÀçÖßÀíÈ - ËèÌ×à 2007

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

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

Sengpaseuth Rasabandit1, Prasit Jaisil2, Gary Atlin3, Casiana Vera Cruz3, Boonrat 
Jongdee4, Poramate Banterng2

Abstract

Study on adaptation of 22 traditional glutinous rice varietise (TVs) was conducted on 9 sites 
in three agricultural regions of Lao PDR, north, central and south in wet season 2004. These 
traditional glutinous rice varieties (TVs) were selected from Lao Rice Germplasm (LRG), 
with good adaptation and high yield to the Lao rainfed lowland conditions and using TDK4 
as a check variety. The trials were laid out in Randomized Complete Block (RCB) design with 
four replications and a plot size of 1m x 5m. The locations of the trials were based on soil type 
that represent the main rice growing areas. All cultural practice was the same as farmers’ usual 
practices. Rice was transplanted using 3-5 seedlings per hill with hill spacing of 20 x 20 cm 
and fertilizer was applied at a rate of 60-30-30 kg/ha equivalent to N : P2O5 : K2O. 

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

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

The days to maturity ranged from 129 to 163 days, which are acceptable for rainfed lowland 
rice environment for different toposequence positions. The number of panicles per hill varied 
from 4.7-6.8 panicles, which was quite suitable for traditional varieties and plant height ranged 
from 114 to 152 cm. This means all traditional varieties are tall plant type. 
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The result from stability analysis indicated that Ikhao, TDK4, Phouangmalay, Bongleuang, 
Khaola and Takhiet are suitable genotypes for growing under favorable environments while 
Homdang and Homdo could be adapted to unfavorable environments or poor environments. 
Ikhao showed good adaptation to 3 regions but Kainoy was well adapted to only in its northern 
origin. The correlation among regions of the mean grain yield showed a quite small correlation 
between central and north, high correlation between central and south but no correlation for 
north and south. The good TVs can be recommended across locations between central and 
south, but can not be recommended across locations between central-south and north as they 
had good adaptation only to their origin. 

Pattern analysis to groups with similar interaction patterns showed there were two groups of 
environments and four genotype groups were classified.

1 The National Agriculture and Forestry Research Institute (NAFRI), Lao PDR.
2 Department of Agronomy, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002, 	   	
  Thailand.
3 The International Rice Research Institute (IRRI), Philippines.
4 The Ubon Ratchathani Rice Research Center, Thailand.
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Introduction

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

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

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

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

Parts of some provinces in central and south 
have shown a response to K. Soils in the 
rainfed lowland areas of northern Laos are 
generally more fertile.  However, parts of few 
provinces shown to be P deficient; N responses 
in the northern region are also widespread and 
often large (Linquist et al, 1998).  
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A single wet-season rice crop is the basic 
production system in this environment. 
However, rice accounts for only about 12% of 
farm income; the major source of cash income 
of households is from livestock (46%), with 
off-farm income sources accounting for a 
further 40%. The adoption of higher yielding 
improved varieties in combination with the 
use of appropriate fertilizer management has 
taken place mainly in the plains of the Mekong 
River valley in the central and southern 
agricultural regions. 

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

The major objective is to study genotype by 
environment (GxE) interaction of traditional 

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

Materials and Methods

Twenty-two traditional glutinous rice varieties 
(TVs) were used in this study, the trials were 
conducted at nine locations across country. 
These varieties were selected from the Lao 
rice gene bank (LRG), which were identified 
that they had good adaptation and high 
yields to the Lao rainfed lowland conditions. 
TDK4, an improved variety with high yield 
and tolerance to saline soil that was released 
in 1998 from the National Rice Research 
Program (NRRP), was used as a check variety. 
Inorganic chemical fertilizers 15:15:15 or 
16:20:00 and 46:00:00 were used. The trials 
were carried out in wet season 2004

The trials were laid out in Randomized 
Complete Block (RCB) design with four 
replications and a plot size of 1m x 5m. The 
locations of trials were based on soil type that 
represent the main rice growing areas as well 
as transplanting period (from May to July) and 
are the same as farmers’ usual practices. Rice 
is transplanted using 3-5 seedlings per hill 
with hill spacing of 20 x 20 cm and fertilizer is 
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applied at a rate of 60-30-30 kg/ha equivalent 
to N : P2O5 : K2O. No pest control was 
undertaken throughout the experiments except 
in case of heavy damage by golden snail after 
transplanting. For yield measurement, the 
standard measurement of the International 
Rice Research Institute (IRRI) was used: seed 
yields were recorded after being adjusted to 
14% moisture content.

MC = 	 Moisture content of sample 		
	 measurement

(a)  = 	 Grain yield of the sample / plot

(b)  =  	 Sample area / plot

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

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

hypothesis is a common application.

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

Results and discussion

The twenty-two TVs have been tested at 9 
locations across country, represented all main 
rice planting areas which differ in climate, 
topography and soil characteristics (Table 
1.). Genotypes, environments and their 
interactions contributed significant variation 
for all observed characters (Table 2). The 
environmental variance had a very large 
influence compared to genotypic variance. 
This indicated that the suitable location should 
be identified for growing each TVs. Average 
yield and some agronomic characters: grain 
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yield, maturity, number of panicle and plant 
height of TVs presented in Table 3. 

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

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

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

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

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

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

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

These testing locations are differ in climate, 
topography and soil characteristics. In the 
north, elevations of 600 to 2,818 m are not 
uncommon in the mountainous region but 
central to southern areas consist of flat to 
gently undulating lowland, alluvial plains 
and terraces adjacent to the Mekong River at 
an elevation of 130 to 300 m. The correlation 

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

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

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

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

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

Conclusion

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

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

The days to maturity ranged from 129 to 163 
days, which are acceptable for rainfed lowland 
rice environment for different toposequence 
positions. The number of panicles per hill 
varied from 4.7-6.8 panicles, which was 
quite suitable for traditional varieties and 
plant height ranged from 114 to 152 cm. 
This means all traditional varieties are tall 
plant type. Ikhao, TDK4, Phouangmalay, 
Bongleuang, Khaola and Takhiet are suitable 
genotypes for growing under favorable 
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environments while Homdang and Homdo 
gave low regression indicating that they could 
be adapted to unfavorable environments or 
poor environments. 

Ikhao showed good adaptation to 3 regions 
but Kainoy was well adapted to only its 
northern origin. The correlation among 
regions by mean grain yield showed a quite 
small correlation between central and north, 
high correlation between central and south 
but no correlation for north and south. The 
good TVs can be recommended across 
locations between central and south, but 
can not be recommended across locations 
between central-south and north as they have 
only good adaptation to their origin. Pattern 
analysis to groups with similar interaction 
patterns showed there were two groups of 
environments and four genotype groups were 
generated. 
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Table 2:	 Combined analysis of variances across 9 environments of grain yield in 		
22 traditional glutinous rice varieties.

Source Mean squares

df Yield
(kg/ha)

Maturity
(days) Panicle No. Plant height

(cm)

Environments (E) 8 18750500**
(81.1%)

8669.35**
(68.74%)

77.81**
(88%)

8672.41**
(75.7%)

Genotype (G) 21 3028990**
(13.1%)

3803.55**
(30.16)

7.26**
(8.2%)

2449.7**
(21.4%)

G x E 168 877696**
(3.8%)

130.32**
(1.03%)

1.96**
(2.2%)

188.86**
(1.6%)

Rep./E 27 314122
(1.4%)

4.67
(0.04%)

0.86
(1%)

116.36
(1%)

Pooled error 567 136373
(0.6%)

3.981
(0.03%)

0.55
(0.6%)

25.70
(0.2%)

CV% 12.5 1.3 13.1 3.6
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Table 3:	Mean of yield average and agronomic characters from 9 location 		
with regression coefficient and standard deviation

Variety
Maturity Plant height Panicles Yield Regression Standard

(days) (cm) No. (kg/ha) coefficient deviation

Leuathet 152 141 5.3 2984 bcdef 0.956ns 0.468

Homdo 139 137 6.4 2878 cdefg 0.331* 0.238

Yuando 140 134 5.4 2978 bcdef 0.727ns 0.437

Homphama 136 135 5.6 2868 cdefg 1.245ns 0.292

Meuangnga 156 148 5.6 3126 abcd 0.953ns 0.244

Takhiet 153 149 5.4 3105 abcde 1.229ns 0.317

Ikhao 147 138 5.8 3379 a 1.021ns 0.302

Khaonong 137 135 4.7 2733 fg 1.244ns 0.442

Bongleuang 157 143 5.9 3171 abc 1.250ns 0.380

Khaola 158 141 5.8 3126 abcd 1.049ns 0.312

Khaomeuay 155 147 6.1 3080 abcde 0.864ns 0.385

Kainoy 135 124 5.2 2235 i 1.234ns 0.513

Homnangnuan 159 136 5.9 3159 abc 0.951ns 0.339

Dokphao 163 140 5.3 2402 hi 0.749ns 0.354

Dokmay 149 140 5.8 2706 fgh 0.881ns 0.405

Phouangmalay 155 151 5.8 3256 ab 1.101ns 0.403

TDK4 157 114 6.0 3258 ab 1.203ns 0.415

Iloup 161 145 5.2 2787 efg 1.104ns 0.275

Makhing 155 139 5.4 2963 bcdef 1.255ns 0.311

Homthong 129 137 5.8 2808 defg 1.153ns 0.450

Homphouthai 161 146 5.3 2556 ghi 1.128ns 0.283

Homdang 137 137 6.8 3206 ab 0.373* 0.186

Mean 150 139 5.7 2944 - -

LSD.05 5.3 6.4 0.7 436 - -

Means followed by the same letter are not significantly different (DMRT P=0.05)
*, **	 Indicate regression coefficients significantly different from 1.0 or deviation sum 		

	 of squares significantly greater than zero, respectively. All tests were at the 0.05 		
	 and 0.01 probability level, respectively.
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Table 4:	 Estimated variance component and predicted heritability (H) for grain 		
yield over locations.

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

σ2
g                       σ2

gl               σ2
e No. of sites No. of rep H

59758             185331           136373

1
3
5
7
9

4
4
4
4
4

0.21
0.45
0.58
0.66
0.71

yield (kg/ha)

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

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

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

Average across origin 3113 2375 2892 2793
Mean 3112 2375 2892 2944
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Table 6:		  Correlation among regions: Northern, Central, Southern and combined 		
	 Central-Southern by mean grain yield.

Table 7:	 Analysis of variance of variety and variety x region interaction for yield of
		  22 traditional glutinous rice varieties between Central and Southern
		  regions in WS 2004.

Region North Central South

North - - -

Central 0.360ns - -

South 0.003ns 0.71** -

Central-South 0.233ns 0.955** 0.889**

Source of variance Numerator
df

Denominator
Df F-test Pr>F

Region (R)

Variety (V)

R x V

1

21

21

4

84

84

0.32ns

3.62**

0.76ns

0.60

<.0001

0.76

Table 8:		 Analysis of variance of variety and variety x region interaction for yield 		
		  of 22 traditional glutinous rice varieties between Northern and Central- 
		  Southern regions WS 2004.	

Source of 
variance

Numerator
df

Denominator
Df

F-test Pr>F

Region (R)

Variety (V)

R x V

1

21

21

7

147

147

2.78ns

2.53**

1.65*

0.139

<.0006

0.045
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Table 9: The physical grain property of 22 traditional glutinous rice varieties. 

% Brg	 =	  % brown rice;			   BrS	 = 	 Brown rice shape, 		
I 	 = 	 Intermediate;			   SL 	 = 	 Slender, 			
B 	 = 	 Bold, 1000 grain weight (g),	 % wg	 = 	 whole white grain after milling, 
% head rice, AlkD	 = 	 Alkili digestion

Variety
1000 grw 

(g)
% Brg

Length
(mm)

BrS Shape % wg
Head rice

(%)
AlkD

Leuat Het 32 78 6.89 2.3 I 70 59.76 7

Homdo 22 77.28 6.17 2.5 I 67.84 58.68 7

Yuando 34 76.96 7.08 2.5 I 68 37.76 6.9

Homphama 33 79.12 6.48 2.9 I 70.8 57.6 7

Meuang Nga 35 79.36 6.64 2.2 I 71.28 51.44 7

Takhiet 34 75.68 6.55 2.1 I 68.08 54 7

Ikhao 34 79.76 7.79 2.8 I 70.24 59.52 7

Khao Nong 27 75.52 6.07 2.1 I 64.72 55.6 7

Bong Leuang 27 77.92 7.17 2.7 I 71.04 59.68 7

Khaola 34 78.32 7.52 2.9 I 61.2 42.32 7

Khao Meuay 31 78.64 7.01 2.4 I 68.72 50.08 6

Kai Noy 21 80.08 4.94 1.6 B 71.68 60.16 7

Homnangnuan 28 74.72 7.58 3.4 SL 65.76 56.8 7

Dokphao 33 78.88 7.49 2.9 I 72.32 67.52 7

Dokmay 36 78.56 7.33 2.7 I 71.68 65.68 7

Phuangmalay 33 80.8 6.69 2.1 I 72.48 44.64 6.9

TDK 4 28 76.32 7.39 3.4 SL 68.72 59.52 7

Iloup 34 78.56 6.57 2.1 I 72.32 64.8 7

Makhing 28 80.64 7.08 2.6 I 74.24 63.6 7

Homthong 32 78.88 7.35 2.9 I 70.72 57.84 6.4

Homphouthai 32 77.44 7.44 2.8 I 70.08 64.48 7

Homdeng 23 76.8 6.53 2.6 I 65.76 53.6 7
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XK 	 = 	 Xiengkhouang; 		
LN 	 = 	 Luang Namtha; 		
SY 	 = 	 Sayabouly; 		
NA 	 = 	 Vientiane Mun; 			
KM 	 = 	 Khammouan;  		
SV 	 = 	 Savannakhet;			 
SL 	 = 	 Salavane; 	
AT 	 = 	 Attapeu; 
CP 	 = 	 Champasak

Fig 1:	 Dendrogram of environments structured by interaction pattern of 22 	
traditional glutinous varieties.
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Fig 2:	 Dendrogram of genotypes structured by interaction pattern of 22 traditional 	
glutinous varieties
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ÅëÀÅàÀàÌÌçàåÆ‹åÍÓèÌÉ¿ÌÚèÀ âÑ²ÜÖ‹ÞÃÚïÖïÀÆÜÈ 
ÔïŠ Å.Î.Î Öà×

äÅÑà ÆàÇÏà1 ÅîÀèÌ ãÀ‹×ÙïÄèÌ1, ×ÞÃÅßØ×èÌ ÑéÓÑßÄèÌ×íÃÅíÈ1,
ãÕÌÝàÈ Ýà×âÖê2 ãÖß ÉéÃ ÓÜÃâÜ2

ÍíÈÂèÈØÇ§

ÀàÌËíÈÖÜÃ æÈ‹ÌçàåÆ‹ÚïÖïÀÆÜÈ 12 äÉ ãÖß ÚïÖàÈ 4 äÉ âÑÈãÓñ Óê 50%, ÜàÇîÎßÓàÌ 3 Øà 
4 âÈìÜÌ ÌçòàÙèÀ ÅßâÖ̈Ç 21 ÀéäÖ. ÅèÈÊìÀãÄÀÔàÇâÁíòàåÌÄîËíÈÖÜÃ ÝïÍãÍÍ CRBD ãÍŠÃÜÜÀâÎèÌ 
4 Äî äÈÇÜéÃÉàÓ 4 ÆßÌéÈãÌ×ÑèÌ Âì: LRMC, LRLW, DRLW ãÖß LCLC. ËíÈÅÜÍÜàØàÌâÅêÓ 
(åÍÓèÌÉ¿ÌÚèÀ) åÌÖßÈèÍ 20% ãÖß ÌçàåÆ‹ÜàØàÌÛèÀ Ýçà, ÅàÖê åÌÖßÈèÍ 80%. æÖÇßâ×Öà 
ÀàÌËíÈÖÜÃ 12 ÜàËéÈ. 

ÏŠàÌÀàÌËíÈÖÜÃ ÅèÃâÀÈâØèÌ×Šà: ÀàÌÀéÌæÈ‹×èÈÊîãØ‹Ã (DMI) ÓêÂ×àÓãÉÀÉŠàÃ ËàÃÈ‹àÌÅßÊéÉé 
åÌÌ´Ì ÅïÃÅîÈãÓŠÌÔïñÄîËíÈÖÜÃ LRLW ÉçñàÅîÈ ÔïŠÄîËíÈÖÜÃ LCLC. Úï ÅàÓàÈÀêÌÜàØàÌâÅêÓ 
(åÍÓèÌÉ¿ÌÚèÀ) åÌÖßÈèÍ 20% äÈÇÍ¡ÓêÏíÌÅßË‹ÜÌåÈƒ É¡ÀàÌÀéÌæÈ‹, É¡ÀàÌâÉêÍäÉ ãÖß É¡ÀàÌ 
ãÖÀÎŠÞÌÜàØàÌÁÜÃÅèÈ.

ÂçàÅèÍÛèÀ:	 åÍÓèÌÉ¿ÌÚèÀ, Ýçà, ÅàÖê, ÚïÖïÀÆÜÈ, ÀàÌâÉêÍäÉ ãÖß ÀàÌÀéÌæÈ‹

1ÅïÌÂ¿ÌÂ×òà ÀàÌÖ‹ÞÃÅèÈ
2äÂÃÀàÌÎïÀÓèÌÉ¿Ì CIAT
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The use of cassava leave silage in diets for growing of 
crossbred pigs in Laos

Sopha xaypha1, Soukanh keonouchanh1 , Viengsavanh Phimmachanhvongsoth1

Reinhard Howler2  and Tin Maun Ay2

Abstract

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

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

There appear to be advantages in terms of pig growth and feed conversion  adding  20% cassava 
leave silage as the main protein source base on rice bran and maize  as basal in diet .

Key words: 	 Cassava leave silage, rice bran, maize, crossbred and  local pig, live 		
		  weight gain and feed intake

1Livestock Research Center  (LRC) 
2CIAT
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I.	 ÍíÈÌçà

ÀàÌÖ‹ÞÃÚï ÓêÍíÈÍàÈÅçàÂèÌÛàÇ äÈÇÅß 
âÑàß Æà×ÀßÅéÀÜÌ Ëê ñÜàåÅÔï ŠÆíÌÌßÍíÈ 
âÁÈÑïÈÜÇ âÌì ñÜÃÄàÀ×Šà Úï ÌÜÀÄàÀÄß 
ÅßÙÜÃËàÈÆêòÌãÖ‹× ÓèÌÇèÃÅßÙÜÃæÁÓèÌ, 
Ðî ŠÌÎèÍÎîÃÈéÌÅ×ÌæÓ‹åØ‹ÚàÀ ãÖß Å×Ì 
ÔàÃÑàÖà ÜêÀÈ‹×Ç. ÎßÆàÆíÌÅŠ×ÌåØÇŠ 
ÌéÇíÓÖ‹ÞÃÚï ãÍÍÎßÎŠÜÇÉàÓËçàÓßÆàÈ 
åØ‹ÜàØàÌÎßâÑÈÝçà ãÖß ÅªÃâÅÈâÛìÜÉŠàÃƒ 
âÎèÌÜàØàÌ ÓêÍàÃÂÜÍÂí× Ýï ‹ÌçàåÆ‹ÑìÈÜà 
ØàÌÅèÈ Ö‹ÞÃÚï (Hansen, 1997). 

Â×àÓÉ‹ÜÃÀàÌÍçÖéäÑÀÜàØàÌ ÎßâÑÈâÓèÈ 
ÌèÍÓºÌèÍÅïÃÁì òÌ âÆ¨Ì: âÁ¿à, ÅàÖê, Ê³×ÁÞ×, 
Ê³×âÛìÜÃ ãÖß Ü²Ìƒ. ÜàØàÌâÛ³àÌ¸ Ö‹×ÌãÉŠ 
âÎèÌÜàØàÌÁÜÃÂíÌ ãÖß ÅèÈ. È¨ÃÌ´Ì ÓèÌ 
Ä±ÃÀàÇâÎèÌÁ§ÁèÈãÇŠÃ Æñ×ÃÆéÃÀèÌÍçÖéäÑÀ 
ÜàØàÌÎßâÑÈÈ¨ÃÀŠà×Ì¸ ÖßØ×ñàÃÂíÌ ãÖß 
ÅèÈ. ÅßÌ´Ì ÌèÀ×éËßÇàÅàÈ Ûì ÌèÀÂ¿ÌÂ×òà 
×éÆàÀàÌÛàÇËŠàÌ æÈ‹ÆÜÀØà×éËêËàÃÜÜÀ 
Ë¯âÚàßÅíÓ âÑ²ÜãÀ‹æÁÍèÌØàÌ¸ (Leng 2002). 

ÓèÌÉ¿Ì (Manihot esculenta Crantz) ãÓŠÌÑìÈÔìÌ 
É¿ÌÆßÌéÈÌ±Ã Ë¯ÅàÓàÈâÉêÍäÉæÈ‹Èê ÔïŠåÌâÁÈ 
Ý‹ÜÌ âÚàßÅíÓÀèÍÈéÌÆàÇ Ûì ÆàÇãÀÓÉíÓ ÆëñÃÓê 
Â×àÓÜîÈíÓÅíÓÍïÌÁÜÃÈéÌÉçñà. ËàÈÆ¸ÌÍèÌÄî 
Ôï ŠåÌåÍÓèÌÉ¿Ì ÓêÎßÓàÌ 25% (Wanapat 
1995). 

ÄîÈÎßÅíÃÁÜÃÀàÌÂò íÌÂ×òàËíÈÖÜÃÌ¸ ãÓŠÌ 
âÑ²ÜÉ‹ÜÃÀàÌÔ´ÃÔìÌÏíÌæÈ‹ÝèÍ ÁÜÃÀàÌÌçà 
åÆòåÍÓèÌÉ¿ÌÚèÀ åÌÖßÈèÍ 20% Ö‹ÞÃÚïÖàÈ 
Ûì ÚïÖïÀÆÜÈ äÈÇÓêÝçà ãÖß ÅàÖê âÎèÌÜàØàÌ 
ÛèÀ.

II.		  âÂ²ÜÃÓì ãÖß ×éËêÀàÌ

2.1 	 ÅßÊàÌË¯ ãÖß ÅßÑàÍÜàÀàÈ 	
	 ÁÜÃÄîîÈËíÈÖÜÃ

ÀàÌËíÈÖÜÃÂòèÃÌ¸ ãÓŠÌæÈ‹ÈçàâÌêÌ ÔïŠÅïÌÂ¿Ì 
Â×òàÀàÌÖ‹ÞÃÅèÈ Ìç òàÆŠ×Ã âÖ¯ÓãÉŠ âÈìÜÌÀç 
ÖßÀíÈ âÊéÃ âÈìÜÌÀèÌÇà Îê 2006. ÓêÖßÈèÍ 
Â×àÓÅïÃ ÄàÀÙ‹àÌçòàËßâÖ ÎßÓàÌ 150 ãÓèÈ, 
ÎßÖéÓàÌÌçòàÐíÌ ÎßÓàÌ 1,600 ÓÓ É¡Îê ãÖß 
ÜîÌØßÑïÓ äÈÇÅßâÖ¨Ç ÎßÓàÌ 25 ÜíÃÅàâÆ.

2.2 	 ÜàØàÌË¯ÌçàåÆ‹ åÌÀàÌËíÈÖÜÃ

ÜàØàÌË¯ÌçàåÆ‹ ÎßÀÜÍÓê: åÍÓèÌÉ¿ÌÚèÀ, 
Ýçà ãÖß ÅàÖê. âÌºÜË¯ÎïÀÓèÌÉ¿Ì ÎßÓàÌ 0.5 
âÝèÀÉà, æÖÇßÎïÀ 40 ÆÉÓ x 60 ÆÉÓ, ÜèÈ 
ÉàÀàÌåÅŠÐï ŠÌ 15-15-15 ãÓŠÌ 60 ÀéäÖ/
âÝèÀÉà. âÀèÍÀŠÞ×åÍÓèÌÉ¿Ì âÓ²ÜÓêÜàÇîæÈ‹ 
90 ×èÌ. ÄàÀÌ´Ì åÆ‹âÂ²ÜÃÎ¨ÌÈ‹×ÇÓì ÉèÈåÍ 
ÓèÌÉ¿ÌåØ‹Å´Ì ÎßÓàÌ 2 Øà 3 ÆÉÓ ãÖ‹× 
ÌçàæÎÉàÀæ×‹åÌÝ³Ó 2-3 Æ³×äÓÃ Ä±ÃÌçàæÎ 
ÎßÅíÓÀèÍÝçà åÌÜèÈÉà 10% ãÖß âÀìÜ 
0.5% ãÖ‹×âÀèÍÓ‹ÞÌæ×‹åÌÊíÃÔàÃ æÖŠÜà 
ÀàÈÜÜÀåØ‹ÚíÈ ãÖß ÓèÈåØ‹ãÙ‹Ì, Îßæ×‹ 
3 Øà 4 ÜàËéÈ Ä±ÃÅàÓàÈÌçàæÎâÀìÜÚïæÈ‹. 
ÅŠ×ÌÝçà ãÖß ÅàÖê ãÓŠÌÆºÉàÓË‹ÜÃÉßÛàÈ. 
ÌçòàÈ²Ó ãÓŠÌÉÜÍÅßÙÜÃåØ‹ÅèÈ ÉàÓÂ×àÓ 
É‹ÜÃÀàÌ.

2.3  	 ÅèÈË¯ÌçàåÆ‹ åÌÀàÌËíÈÖÜÃ

ÚïÖïÀÆÜÈ ÄçàÌ×Ì 12 äÉ ãÖß ÚïÖàÈ Äçà 
Ì×Ì 4 äÉ, åÌÌ¸ 50% ãÓŠÌÚïâÑÈÏï‹ÉÜÌ 
ãÖß 50% ãÓŠÌÚïâÑÈãÓŠ. ÆºÓàÄàÀãÁ×Ã 
×ÞÃÄèÌ ÜàÇî ÎßÓàÌ 3 Øà 4 âÈìÜÌ, ÓêÌçòàÙèÀ 
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ÅßâÖ¨Ç 21 ÀéäÖ. ÀŠÜÌÀàÌËíÈÖÜÃ ÅèÈËèÃÚíÈ 
æÈ‹ËçàÀàÌÁ‹àãÓŠÑßÇàÈÀàÐàÀ ÑàÇåÌ ãÖß 
ÑàÇÌÜÀ äÈÇÀàÌÅèÀÔà Ivomec ãÖß ÅèÀÔà
Î‹ÜÃÀèÌÑßÇàÈÜßØé×àÚï (Hog cholera). 

ÄàÀÌ́Ì Ä±ÃæÈ‹ÌçàâÜíàÅèÈÁºÌÂÜÀ âÑ²ÜÎèÍÉí×ÀèÍ 
ÜàØàÌ ãÖß ÅßÑàÍã×ÈÖ‹ÜÓÜèÌåÚŠ âÎèÌ 
â×Öà 14 ×èÌ. ÅèÈãÉŠÖßäÉ æÈ‹Ö‹ÞÃãÍÍÁèÃ 
ãÖß åØ‹ÜàØàÌÅßâÑàß, â×ÖàÀàÌåØ‹ÜàØàÌ 
ãÓñÌ ÉÜÌâÆ¿à 7 äÓÃ 00 ãÖß ÉÜÌãÖÃ 16 
äÓÃ 00.

2.4 	 ÀàÌÜÜÀãÍÍ ÀàÌËíÈÖÜÃ

ÌçàåÆ‹ÀàÌËíÈÖÜÃ ãÍÍ Complete Randomize 
Block Design (CRBD) ÅèÈæÈ‹ÊìÀãÍŠÃÜÜÀ 
âÎèÌ 4 ÄîËíÈÖÜÃ, ãÉŠÖßÄî Óê 4 äÉ. ÀàÌÂéÈ 
æÖŠÜàØàÌ ãÓŠÌÜêÃÉàÓÌçòàÙèÀÅèÈ ãÉŠÖß 
äÉ, äÈÇåØ‹ 5% ÁÜÃÌçòàÙèÀäÉ ÂéÈæÖŠâÎèÌ 
×èÈÊîãØ‹ÃäÈÇÑºÌÊàÌ. Æ¨ÃÌçòàÙèÀÅèÈ ÀŠÜÌ 
âÜíàÅèÈÁºÌËíÈÖÜÃ, ÄàÀÌ´Ì Æ¨ÃÜàËéÈÖß 
âË²Ü â×ÖàÀàÌÆ¨Ã Âì: ÉÜÌâÆ¿à â×Öà 7 äÓÃ 
ÀŠÜÌåØ‹ÜàØàÌ. æÖÇßâ×ÖàÁÜÃÀàÌËíÈÖÜÃ 
ãÓŠÌ 12 ÜàËéÈ.

2.5 	 ÀàÌâÀèÍÀçà ãÖß ×éåÄÁ§ÓïÌ

ÀàÌâÀèÍÉí×ÔŠàÃÜàØàÌ ãÓŠÌÌ±ÃÂ´ÃÉ¡Üà 
ËéÈ ãÖß ãÉŠÖßÅÜÃÜàËéÈ Ë‹ÜÌâÁ¿àÀèÌ 
âÎèÌÉí×ÔŠàÃÈÞ×. ÍèÌËëÀÜàØàÌË¯åØ‹ ãÖß 
ÜàØàÌË¯âÛìÜËîÀƒ×èÌ. ×éåÄËàÈãØ‹Ã ÁÜÃ 
ÜàØàÌ (åØ‹) ÀŠÜÌÀàÌËíÈÖÜÃ È‹×ÇÀàÌ 
ÌçàåÆ‹âÉíàÜíÍ Microwave âÑ²ÜÂéÈæÖŠØàÜèÈ 
ÉàÀéÌÁÜÃÅèÈ. ÄçàÌ×ÌÉí×ÔŠàÃÜàØàÌËèÃ 
ÚíÈ æÈ‹ÌçàâÜíàæÎ×éåÄ ØàÎßÖéÓàÌËàÈãØ‹Ã 
(DM) È‹×Ç×éËêÀàÌÁÜÃ AOAC (1990); ËàÈ 

N È‹×Ç×éËêÀàÌ ÁÜÃ Kjeldahl, ËàÈÆ¸Ì CP 
È‹×Ç×éËêÀàÌÂéÈæÖŠ N*6.25.

2.6 ÀàÌ×éåÄ ËàÃÈ‹àÌÅßÊéÉé

Á§ÓïÌÄàÀÀàÌËíÈÖÜÃ ãÓŠÌæÈ‹×éåÄËàÃÈ‹àÌ 
ÅßÊéÉé äÈÇÌçàåÆ‹ variance ãÖß General 
Linear Model (GLM) Program Minitab 
Software Version 13.31(Minitab 2000). ÂŠà 
ÅßâÖ¨Ç ÁÜÃãÉŠÖßÄîËíÈÖÜÃ ÓêÂ×àÓãÉÀ 
ÉŠàÃÀèÌËàÃÈ‹àÌÅßÊéÉé Ôï ŠåÌÖßÈèÍÂ×àÓ 
âÎèÌæÎæÈ‹ (Probability) (P<0.05), ÌçàåÆ‹×é 
ËêÀàÌ ÁÜÃ Tukeys Pairwise Comparison 
åÌÀàÌÅíÓËÞÍ.

ÅïÈÌçàåÆ‹ âÁ¿àåÌÀàÌËíÈÖÜÃ ãÓŠÌ:

Yij = μ + Pi +BJ + eij  

Yij 		 = 	 ÀàÌâÉêÍäÉ Ûì ÜàØàÌË¯ 	
			   ÀêÌæÈ‹
μ 	 = 	 ÂŠàÅßâÖ¨Ç
Pi 	 = 	 ÎßÅéÈËéÏíÌ ÁÜÃÜàØàÌ 		
		  (ËàÈÆ¸Ì)
 BJ 	 = 	 ÎßÅéÈËéÏíÌ ÁÜÃãÌ×ÑèÌÚï
 eij  	 = 	 Â×àÓÂàÈâÂ²ÜÌ.

III.	 ÏíÌæÈ‹ÝèÍ

ÏíÌÁÜÃÀàÌ×éåÄåÍÓèÌÉ¿ÌÚèÀ Ë¯Ì çàåÆ‹ 
âÎèÌÜàØàÌÂ´ÃÌ¸ ÓêËàÈÆ¸Ì (CP) 280 ÀðàÓ, 
ËàÈãØ‹Ã (DM) 350 ÀðàÓ, ËàÈ HCN Óê 
46.5 mg/kg DM, pH= 4.6 (ÉàÉßÖàÃ 1). 
ÅèÃâÀÈâØèÌ×Šà ÎßÖéÓàÌËàÈÆ¸Ì ãÖß ËàÈ 
ãØ‹ÃÁÜÃÜàØàÌ ãÓŠÌÅïÃÀ×ñà ÏíÌÀàÌËíÈÖÜÃ 
ÁÜÃ Xaypha.S (2005) Ë¯ÌçàåÆ‹åÍÓèÌÉ¿ÌÚèÀ 
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Ö‹ÞÃÚïÑèÌÑºÌâÓìÜÃÖà× Æ±ÃÓêËàÈÆ¸Ì 221 
ÀðàÓ ãÖß ËàÈãØ‹Ã ÑÞÃãÉŠ 299 ÀðàÓ. ãÉŠ 
ÇèÃÉçñàÀ×ñà ÏíÌÀàÌËíÈÖÜÃ ÔïŠ ÀçàÎïâÄÇ ÁÜÃ 
Chhayty (2003) ÓêËàÈÆ¸ÌÅïÃ âÊéÃ 353 ÀðàÓ 
ãÖß ËàÈãØ‹Ã 500 ÀðàÓ.

IV.	 ÍíÈ×éÄàÌ

ÀàÌÖ‹ÞÃÚïÖî‹Ì äÈÇÀàÌÌçàåÆ‹åÍÓèÌÉ¿ÌÚèÀ 
åÌÖßÈèÍ 45% ãÖß ÀàÀÉ¿ÌÎàÓ 15% åÌ 
ÂàÍÜàØàÌÌ´Ì, ÅèÈÅàÓàÈâÉêÍäÉ 312 
ÀðàÓ/×èÌ. ÀàÌãÖÀÎŠÞÌÜàØàÌæÈ‹ ãÓŠÌ 
3.2 (Chhayty 2003). ÏíÌÀàÌËíÈÖÜÃ ÁÜÃ 
MEKARN sida sarec 2000 æÈ‹Ô´ÃÔìÌ×Šà Úï 
ÅàÓàÈâÉêÍäÉ ÅïÃâÊéÃ 0.5-0.6 ÀéäÖ/×èÌ È‹×Ç 
ÀàÌÌçàåÆ‹åÍÓèÌÉ¿ÌÚèÀ –âÎèÌ–ÜàØàÌ–âÅêÓ 
åÌÖßÈèÍ 30-35% ÁÜÃ DM Ë¯ÅèÈÀêÌæÈ‹. 

FAO 1998 –æÈ‹–ỐÃÔìÌ–×Šà ÀàÌ–âÀèÍ–ÝèÀÅà–ÜàØàÌ–
ÚèÀ (silage) åÅŠ–ÊíÃ–ÔàÃ–æ×‹–âÎèÌ–ÔŠàÃ–Èê –âÑ²Ü––âÎèÌ–
ÜàØàÌâÅêÓÖ‹ÞÃÅèÈ –åÌ–ÖßÈï–ãÖ‹Ã Ûì â×Öà–ÅèÈ–
ÁàÈ–ãÂÌ–ÜàØàÌ –ãÓŠÌ–ËàÃ–âÖìÜÀ–Ë¯–âÚàß–ÅíÓ 
–åÌ–ÖßÈèÍ–ÂÜÍÂí×–Æà×–ÀßÅéÀÜÌ –âÌ²ÜÃ–ÄàÀ×Šà 
ÜàØàÌ–ÚèÀ– Óê–Â×àÓ–ÅíÓ–Èï–ÌÁÜÃ–ÍèÌ–ÈàËàÈ–
ÉŠàÃƒ åØ‹ãÀŠ–Â×àÓ–É‹ÜÃÀàÌ–ÁÜÃ–ÅèÈ. 

ÏíÌ–ÀàÌ–ËíÈ–ÖÜÃẤÃÌ̧ Åß–ãÈÃ–åØ‹–âØèÌ–×Šà ÜàØàÌ–
ÚèÀ Óê–Â×àÓ–ÅíÓ–Èï–ÌÁÜÃÍèÌÈà–ËàÈ–ÜàØàÌ 
–äÈÇ–Åß–âÑàß –ËàÈ–Æ¸Ì CP. È¨ÃÌ´Ì ÀàÌ––âÅêÓ–åÍ–
ÓèÌ–ÉíòÌ–ÚèÀ –ÖßÈèÍ 20% –ãÀŠ–Úï–ÖïÀÆÜÈ LW x 
LR –ãÓŠÌ–æÈ‹–ÝèÍ–ÏíÌ–ÅïÃ–ÅîÈ.

V.	 ÍíÈÅßÛîÍ

ÀàÌÖ‹ÞÃÚïÖî‹Ì äÈÇÌçàåÆ‹åÍÓèÌÉ¿ÌÚèÀ âÎèÌ–
ÜàØàÌ–âÅêÓ åÌÖßÈèÍ 20% åÌÂàÍÜàØàÌÌ́Ì 
âØèÌ×Šà ÚïÖïÀÆÜÈ ÖßØ×ŠàÃ ÅàÇÑèÌ  LW X 
LR ãÓŠÌ–åØ‹ÏíÌ–ÏßÖéÈ–ÅïÃ–À×ñà– ÚïÅàÇ–ÑèÌ–Ü²Ìƒ 
– –äÈÇ–Åß–âÑàß– ÀàÌâÉêÍ–äÉ 323 ÀðàÓ/–äÉ/
×èÌ,– ãÉŠ–×Šà ÜèÈÉà–ÀàÌ–ãÖÀÎŠÞÌ–ÜàØàÌ–æÈ‹ 
5.4 –âØèÌ–×Šà –ÅïÃ–À×ñà Úï–ÖàÈÖà×–âÝíà  LC X 
LC  –Æ±Ã–Óê–ÑÞÃ 4.6. Â×Ì–âÀèÍ–ÝèÀÅà–ÜàØàÌ–ÚèÀ–
æ×‹–åØ‹–Èê ãÖß –âÀèÍ–æ×‹ÄíÌ–ÝÜÈ–ÀçàÌíÈ 30 ×èÌ 
Ä±Ã–Ìçà–æÎ–Ö‹ÞÃÅèÈ.
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IV.	 âÜÀ–ßÅà–Ì–ãÌÍ–Ë‹àÇ

ÉàÉßÖàÃ 1: 	 ÜíÃ–ÎßÀÜÍËàÃ–âÂÓê– ÁÜÃ–ÜàØàÌ (ÂŠà–Åß–âÖ¨Ç “mean”)

ÉàÉßÖàÃ 2: 	 ÀàÌ–ÀêÌ–æÈò ÂŠà–Åß–âÖ¨Ç (Mean –ãÖß ÂŠà–Â×àÓ–ÂàÈ–âÂ²ÜÌ SE)		

ÖàÇÀàÌ ÝáÜŠÜÌ åÍÓèÌÉ¿ÌÚèÀ

ÄáÌ×ÌÉí×ÔŠàÃ

×èÈÊîãØ‹Ã (ÀðàÓ)

ËàÈÆ¸Ì (ÀðàÓ)

ËàÈ HcN mg

pH

6

870

110

-

-

6

350

280

46.5

4.6

ÜàØàÌË¯ÀêÌæÈ‹, 
gDM/day

LRMC  LRLW DRLW  LCLC  SE

ÝáÎíÌÅàÖê 1031 1328 1213 1142 17.1

åÍÓèÌÉ¿ÌÚèÀ 261 422 311 261 4.4

Ö×Ó×èÈÊîãØ‹Ã 1292 1750 1524 1403 20.4

Ö×ÓËàÈÆ¸Ì 191 266 222 203 2.8

* HcN = Hydrogen cyanid (ËàÈâÍ²ÜåÌÓèÌÉ¿Ì)

ÚàÇâØÈ:	 LRMC	 =	 ÚïÖïÀÎßÅíÓ ÑèÌÖàÈÆß×àÇ 	 + 	 ÚïÑèÌÓÜÃÀàÇ
		  LRLW	 =	 ÚïÖïÀÎßÅíÓ ÑèÌãÖÌâÕÆ 	 +  	 ÚïÑèÌÖàÈÆß×àÇ
		  DRLW	=	 ÚïÖïÀÎßÅíÓ ÑèÌÈïÕÜÀ		  + 	 ÚïÑèÌÖàÈÆß×àÇ
		  LCLC	 =	 ÚïÖàÈÑºÌâÓìÜÃ 100%			 
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ÉàÉßÖàÃ 3: 	    ÀàÌ–âÉêÍ–äÉ (ADG) –ãÖß ÀàÌ–ãÖÀÎŠÞÌ–ÜàØàÌ (FCR)

ÉàÉßÖàÃ 4:	 ÏíÌ–ÀàÌ–×é–âÂàß–ËàÈ–ÜàØàÌ– ÁÜÃ–åÍ–ÓèÌÉ¿Ì–ÚèÀ –ãÉŠÖß–æÖÇß	

ÖàÇÀàÌ LRMC LRLW DRLW LCLC SE Pro.

ÌŸÙèÀËáÜéÈ (ÀÖ) 19.75 23.37 21.87 19.62 - -

ÌŸÙèÀÅîÈË‹àÇ (ÀÖ) 36.37 50.55 43.52 45.02 - -

ÌŸÙèÀâÑ¸Ó ÀðàÓ/×èÌ 197.90 323.50 256.30 302.40 29.70 8.32

ÀàÌãÖÀÎŠÞÌÜàØàÌ 6.5 5.4  - 5.5 - -

âÖÖà (Óº) ËàÈãØ‹Ã g/kg ËàÈÆ¸Ì g/kg pH HCN

0 25.8 28.1 - 300

30 36.0 27.8 4.7 56

60 35.5 28.0 4.5 45

90 34.5 27.5 4.5 40

* ADG	 =	 Average Daily Gain
   FCR	 =	 Feed conversion Ratio	
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ÝïÍ–Åß–ãÈÃ 1:	 ÀàÌ–ÀéÌ–æÈ‹ ÜàØàÌ–ÎßÅíÓ –Ýçà –ãÖß ÅàÖê (ÀðàÓ)

ÝïÍ–Åß–ãÈÃ 2:	 ÀàÌ–ÀéÌ–æÈò –åÍ–ÓèÌÉ¿Ì–ÚèÀ (ÀðàÓ)
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ÝïÍ–Åß–ãÈÃ 3:	 ÀàÌ–ÀéÌ–æÈ‹– ×èÈÊî–ãØ‹Ã–Ö×Ó (ÀðàÓ)

ÝïÍ–Åß–ãÈÃ 4:	 ÀàÌ–ÀéÌ–æÈ‹–ËàÈ–Æ¸Ì (ÀðàÓ)
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ÝïÍ–Åß–ãÈÃ 5:	 ÀàÌ––âÑ¸Ó–ÌçòàÙèÀ (ÀðàÓ)

ÝïÍ–Åß–ãÈÃ 6:	 Å×Ì–ÓèÌÉ¿Ì –ÎïÀ–Åß–âÑàß––		
		  âÑ²ÜâÀèÍ–âÜíà–åÍ æÎ–ÎîÃ–ãÉŠÃ –	
		  âÎèÌ–ÜàØàÌ–ÚèÀ–Ö‹ÞÃ–Úï 
		  (ÅïÌ–Â¿Ì–Â×òà –ÀàÌ–Ö‹ÞÃÅèÈ–		
		  ÌçòàÆñ×Ã Îê 2006)

ÝïÍ–Åß–ãÈÃ 7:	 Úï ËêñåÆòâÁíòàåÌÀàÌËíÈÖÜÃ
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ÀàÌ–×èÈ–ãËÀ–Â×àÓ–ÜîÈíÓ–ÅíÓÍïÌ–ÁÜÃ–ÈéÌ –È‹×Ç–×éËê– Bio-test
ÍîÌ–Ö‹ÞÃ ÂîÈ–ÅßØ×ŠàÃ1; Åî–ÀèÌ –ãÀ‹×–Ùï–ÄèÌ1; ÈÕ. ÍîÌ–ÊÜÃ Íí×–ØÜÓ2

ÍíÈ–ÂèÈØÇçò 

ÀàÌ–ËíÈ–ÖÜÃ–Ì¸– æÈ‹–ÄèÈÉ´ÃÎßÉéÍèÈ ÔïŠ–ÅïÌ–Â¿ÌÂ×‹à– ÀàÌÖ‹ÞÃÅèÈ,–– äÈÇÀàÌÌçàâÜíà–ÈéÌ– ÄàÀ–ÛàÇÍŠÜÌËêñ––
ãÉÀ–ÉŠàÃ–ÀèÌ 8 ÆßÌéÈ ÔïŠ–åÌ–ÍçÖé–â×Ì–ÁÜÃ–ÅïÌ– Óà–ËíÈ–ÅÜÍ–ÎïÀ–âÁ¿à –ãÖß ÅàÖêåÅŠ; ÜêÃ–ÉàÓ–ãÍÍ–ËíÈ–ÖÜÃ 
RCB (8 x 2 factorial) Æ±Ã–Óê 3 Æçòà È‹×Ç–ÀèÌ. ÍèÌÈà–ÆßÌéÈ–ÁÜÃ–ÈéÌ– ÓêÂì:– ÈéÌÆàÇ (Negative control);– 
ÈéÌ–ÙÞ×; ÈéÌ–ÉíÓ–ÎßÅíÓ–ÀèÍ–âÅÈ–ÑìÈÚèÀ –åÌ–ÜèÈÉà–ÅŠ×Ì 1:1, ÈéÌ–ÉíÓ–ÀèÍ–åÍ–æÓ‹Ë̄Û³Ì–ËèÍ–ÊíÓ–ÀèÌ –ÔïŠ–À‹ÜÃ 
Ý³ÓÉ¿ÌæÓò – –ãÖß –âÅÈ–ÑëìÈÚèÀ; ÈéÌÆàÇãÀÓ–ÉíÓ; ÈéÌÑºÌÁÜÃ–ÈéÌ–ÉíÓ; ÈéÌÑºÌÁÜÃ–ÈéÌÆàÇãÀÓ–ÉíÓ 
(ÈéÌÑºÌ– ãÓŠÌ–âÜíà–ÄàÀÈéÌ–Ë¯–Óê–Â×àÓ–âÖéÀ–ÛàÇ–À×Šà 20 ÆÉÓ) –ãÖß ÈéÌ–âÅÈ–ÑìÈÚèÀ–ÉŠàÃƒ (Positive 
control). –Éí×–ÔñàÃÉŠàÃƒ–ÁÜÃ–ÈéÌ –æÈ‹–ÝŠàÇ–åÅŠ–ÊíÃ–ÔàÃ–ÅêÈçà ÁßÙàÈ 2 ÖéÈ, –æÈ‹–ÎïÀ–âÁ¿à –ãÖß ÅàÖê åÅñ 
ÊíÃ–Öß 3 âÓèÈ (3 ÊíÃ/ÆßÌéÈ–ÈéÌ/ÑìÈ), ÌèÍ–ãÉŠ–ÓºÎïÀ– ØàÓº–ãÉÀ–ÃÜÀ åÆ‹–â×Öà–ÎßÓàÌ 5 Óº, ÀàÌ–×èÈ–ãËÀ 
ãÖß ÀàÌ–Æ¨Ã–ÌçòàÙèÀâË²Ü–ÅîÈ–Ë‹àÇ –ÛèÃ–ÄàÀ–Ë¯–ÑìÈ–ÓêÜàÇîæÈ‹– 28 Óº.

Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ –ËàÃ–È‹àÌ–ÅßÊéÉé– ÖßØ×ŠàÃ –ÀàÌ–âÉêÍ–äÉ, Ö×Ã–ÅïÃ –ãÖß Ó×Ì–ÅàÌËèÃ–ÚíÈ ÁÜÃ–ÑìÈ 
–âÆ¨Ì:– –âÁ¿à –ãÖß ÅàÖê ÑàÇ–ÛèÃ–ÎïÀ–æÈ‹ 28 Óº, ÖßØ×ŠàÃ– ÈéÌ –ãÖß ÑìÈ ÅÜÃ–ÆßÌéÈ–À¡–Óê–ÎßÉéÀéÖéÇà–É¡–
ÀèÌ–ÔŠàÃ–Óê–Â×àÓ–ÅçàÂèÌ–Ë¯–ÅîÈ– ËàÃ–È‹àÌ–ÅßÊéÉé, ÜíÃ–ÎßÀÜÍ –ãÖß –äÂÃ–Å‹àÃ–ÁÜÃ–ÈéÌ– Óê–Åçà–Îß–ÅéÈ–Ë¯–Èê 
É¡–ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ–ÁÜÃ–ÑìÈ –äÈÇ–Åß–âÑàßãÓŠÌÅàÖê. ÅçàÖèÍ–ÅàÖê–ãÖ‹×– æÈ‹–ÝèÍ–ÏíÌ–Èê –âÓ²Ü–ÖßÈèÍ–ÜéÌ–Æê–
×èÈÊî –ãÖß –âÎê–âÆèÌ–ÁÜÃ–ËàÈ–æÌ–äÉ–âÄÌ (N) ÔïŠ–åÌ–ÈéÌ (R2 = 0.67 –ãÖß 0.92);– –ãÉŠ–Óê–ÏíÌ–ÀíÃÀèÌÁ‹àÓ–ÀèÍ 
–âÁ¿à– Âì: (R2 = 0.03 –ãÖß 0.015).

È¨ÃÌ´Ì,– ÄëñÃ–â×¿à–æÈ‹–×Šà ÀàÌ–×èÈ–ãËÀ–Â×àÓ–ÜîÈíÓ–ÅíÓÍïÌ–ÁÜÃ–ÈéÌ– È‹×Ç–×éËê–ÎïÀ–ÑìÈÌ´Ì –âÎèÌ–×éËê–Ë¯–ÃŠàÇƒ,– 
ÅàÓàÈ–âÝèÈ–æÈ‹–åÌ–ÖßÈèÍ–Òà–Ó Ûì ÂÜÍÂí× –ãÖß ÀàÌ–åÆ‹–ÄŠàÇ–Í¡–ÅïÃ– Æ±Ã–âÚàß–ÅíÓ–ÀèÍ–ÖßÍíÍ–ÀàÌ–ÀßÅéÀçà 
–ãÍÍ–ÎßÅíÓ–ÎßÅàÌ– ÁÜÃ–Æà×–ÀßÅéÀÜÌË³×–æÎ. ÅàÖê ãÓŠÌ–äÉ–Í³Ã–Æ̧ –ãÖß –âÚàß–ÅíÓ–À×Šà–âÁ¿à –åÌÀàÌ 
–×èÈ–ãËÀ–Â×àÓ–ÜîÈíÓ–ÅíÓÍïÌ–ÁÜÃ–ÈéÌ.

ÂçàÅèÍÛèÀ:	 ÀàÌËíÈÅÜÍËàÃÆê×ß, ÅàÖê, ÜéÌÆê×èÈÊî, âÁ¿à, Â×àÓÜîÈíÓÅíÓÍïÌÁÜÃÈéÌ

1ÅïÌ–Â¿ÌÂ×‹à– ÀàÌ–Ö‹ÞÃÅèÈ
2Åß–Êà–ÍèÌ– Â¿ÌÂ×‹à –×éËßÇàÅàÈ âÉèÀÌéÀ ÀßÅéÀçà –ãÖß ÎŠà–æÓ‹
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Measuring fertility of soils by the bio-test method
	
	 Bounlieng  Khoutsavang1; Soukhanh Keonouchanh1 ; 

Dr. Bounthong Bouahom2 

Abstract

The experiment was conducted at Livestock Research Center Eight kinds of soil were taken 
from different placer around Livestock Research Center to measure fertility of soil by wring 
the bio – test with maize (zea mays)  and rice (oryza saturc ) as indicators, according to a 8 
x 12 factorial arrangement with three replica tins the soil were sand ( negative control) . clay 
soil, loam mixed with compost 1:1 , loam with leaves and compost from the shade under the 
trees, sandy loam, sub – soil under loam , sub – soil under sandy loam (sub – soil taken at 
more than 20 cm . depth) and compost (positive control). The soil samples were put into 2 
liters capacity plastic bags and 3 seeds of either maize or rice was planted in each bag (3 bags 
per soil / indicator plant) Date to germination, plant height at every 5 days intervals and final 
weight of biomass after 28 days were measured.

There were significant differences between soil in the growth in height  and the  amount of 
biomass of  both the maize and rice after 28 days , and a significant interaction for soil * plant 
for both measurements . Physical composition of soil was positively correlated to plant growth 
particularly in maize. For maize, there is a positive curvilinear response of biomass weight to 
revel of organic matter and percentage of N in the soil (R2 = 0.67 and 0.92), but no response 
in rice ( R2 = 0.03 and 0.015 ).

It is suggested that measuring fertility of soil by the bio-test method is a simple. Practical and 
low cost procedure in integrated farming systems the maize bio – test 
Indicator was better suited to measuring fertility of soil than rice.   

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

1Livestock Research Center, NAFRI, email: lrc @ nafri.org.la 
2National Agriculture and Forestry Research Institute. 
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I.	 ÍíÈ–Ìçà

âÎèÌ–Ë̄–Ýï‹ÄèÀ–ÀèÌ–Èê–ãÖ‹×–×Šà Â×àÓ–ÜîÈíÓÅíÓÍïÌ–ÁÜÃ–
ÈéÌ –ãÓŠÌ–Óê–Â×àÓ–ÅçàÂèÌ–Ë¯–ÅîÈ É¡–ÀàÌ–ÀßÅéÀçà 
ÓèÌ–âÎèÌ–ÎèÈ–åÄ–ÛèÀ –Ë¯ –ÆŠ×Ç–åÌ–ÀàÌ–ÉèÈÅéÌ–åÄ 
ÀŠÜÌ–Ë¯–Äß–ÎïÀ–ÑìÈÉŠàÃƒÖíÃ–æÎ. ÀàÌ–×èÈ–ãËÀ–
Â×àÓ–ÜîÈíÓ–ÅíÓÍïÌ–ÁÜÃ–ÈéÌ ÎíÀÀßÉé–ãÖ‹×âÑªÌ 
Ëçà–ÀàÌ–×é–âÂàßËàÃ–âÂÓê ÁÜÃ–ÍèÌÈà–ËàÈ–ÜàØàÌ–
ÁÜÃÑìÈ –âÆ¨Ì:–– æÌäÉÕ–âÄÌ (N), –äÎ–ÉàÈ–ÆÞÓ 
(K), ÒíÈÒçÕèÈ (P) –ãÖß –Ü²Ìƒ Ñ‹ÜÓ–ÈÞ×–ÀèÌÌ´Ì 
À¡–æÈ‹–Óê–ÀàÌ–×èÈ–ãËÀ–äÂÃ–Å‹àÃ–ÁÜÃ–ÈéÌ –æÎ–Ñ‹ÜÓƒ–
ÀèÌ. Æ±Ã–ÀàÌ–×é–âÂàß, ×é–åÄ–âÛ³àÌ´Ì É‹ÜÃ–æÈ‹–Üà–––
åÅ–Ø‹ÜÃ–ËíÈ–ÖÜÃ, Æ±Ã–Æà×–ÀßÅéÀÜÌ–Ë³×–æÎ –Í¡–Åà 
ÓàÈâÝèÈ–æÈ‹ –äÈÇ–Åß–âÑàß– Ïï‹ –Ë¯ –Óê –ËëÌ–Ù‹ÜÇ. 
ÀàÌÎïÀ–ÑìÈ–ãÖ‹×– ×èÈ–ãËÀ–ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ 
–ãÖß ÏíÌ–ÏßÖéÈ–ÁÜÃÑìÈ –âÑ²Ü–âÎèÌ–äÉ–Í³Ã–Æ¸ 
Â×àÓ–ÜîÈíÓÅíÓÍïÌ–ÁÜÃ–ÈéÌ, –âÎèÌ–×éËê–ÈÞ×–Ë¯–Æà× 
–ÀßÅéÀÜÌ–ÅàÓàÈ–âÝèÈ–æÈ‹.– (ØÃÞÌÒîÀÉÞÌ– Ñ‹ÜÓ–
ÂßÌß 2003).

ÜéÌ–Æê–×èÈ–Êî– ãÓŠÌ–ÅŠ×Ì–Ë¯–âÌ³àâÎìñÜÇ–ÁÜÃ–ÑìÈ ãÖß 
ÅèÈ (www. heinzctr.Org/ecosystems/farm/ 
soil–slnt. shtml), ÓèÌ–ÆŠ×Ç–âÀèÍ–ÝèÀÅà–Ìçòà –ãÖß 
ÅßÙÜÃ–ËàÈ–ÜàØàÌ–ÉŠàÃƒãÀŠ–ÑìÈ –ãÖß ÓèÌ–ÇèÃ–
ÅàÓàÈ–ÎíÀ–Î‹ÜÃ–ÀàÌ–âÆàß–âÄ²ÜÌ–ÁÜÃ–ÈéÌ, âÎèÌ–
ÍŠÜÌÔïŠ–Üà–åÅÁÜÃ–ÑìÈ ãÖß ÅèÈ–Ì‹ÜÇ–Ìàƒ–ÆßÌéÈ 
Ë¯–Üà–åÅ–ÔïŠ–ÑºÌÈéÌ– âÝèÈ–åØ‹–ÈéÌ–Óê–Â×àÓ–ÜîÈíÓ–ÅíÓ 
ÍïÌ. ÜéÌ–Æê–×èÈÊî–Ë̄–ÍèÌÄî–ÔïŠ–åÌ–ÈéÌ, ÀàÌ–âÆàß–âÄ²ÜÌ 
–ÁÜÃ–ÈéÌ, ÈéÌ–âÂèÓ –ãÖß –âÃ²ÜÌ–æÁ–ËàÃ–Æé–×ß–×éËß 
Çà–ÁÜÃ–ÈéÌ âÎèÌ–ÅªÃ–Æ¸ÍÜÀ–ÂîÌ–ÖèÀÅßÌß––ÁÜÃ–ÈéÌ 
–âÑ²Ü–Äß–æÈ‹–×àÃ–ãÏÌÀàÌ–Ìçà––åÆ‹ –ãÖß ÀàÌ–ÄèÈ 
ÀàÌåØò–âÚàß–ÅíÓ, –ÊìÀÉ‹ÜÃ –ãÖß –æÈ‹–Îß–äØÇ–È 
ÛàÇË¯–ÅîÈ –ÄàÀ–ÈéÌ.– (w w wl. Agric.gov.
ab.ca/$depratment/dyotdocs. nsf/all/agdex 

890? opendowment).

pH –ãÓŠÌ–ÀàÌ–×èÈ–ãËÀ–Â×àÓ–âÎèÌ–ÀíÈ– - ÈŠàÃ–ÁÜÃ–
ÈéÌ –ãÖß ÀàÌ×èÈ–ãËÀ pH –åÆ‹–âÂ²ÜÃ–×èÈ–ãËÀ 
pH Ë¯–Óê–âÖÀ–ÚàÇ –ãÉŠ 0 Øà 14,– Ê‹à–ÂŠà pH 
ÔïŠ–ÖßØ×ŠàÃ 0-7 ÓêÂŠà–âÎèÌ–ÀíÈ ãÉŠÊ‹à–ÂŠà pH 
ÔïŠ –ÖßØ×ŠàÃ 7 Øà 14 ÓêÂŠà–âÎèÌÈŠàÃ Éí×ÔŠàÃ 
–ÌçòàÚà–ÀÌà× –ãÖß Ìçòà–ÀíÈ–Ú§–æÒ ÓêÂŠà–ÖßØ×ŠàÃ 
0-7 ãÓŠÌ–Üà–ÆéÈ Ûì ÀíÈ ÀíÃÀèÌÁ‹àÓ– ÌçòàËß–âÖ Ûì 
–âÜ¸Ì×Šà (alkaline) ÓêÂŠà–ÉíÀ–ÔïŠ– ÖßØ×ŠàÃ 7-14 
pH ÌçòàÀ¨Ì–âÎèÌ–ÀàÃÓêÂŠà pH –âË³à–ÀèÍ 7, ÂŠà pH 
ÁÜÃ–ÈéÌ –ãÓŠÌ–Óê–Â×àÓ–ÅçàÂèÌ–ÛàÇ –âÑàß–ÓèÌ–
æÈ‹–Æ¸ÍÜÀ–åØ‹–Ýï‹–×Šà– ËàÈ–ÜàØàÌ–ÉŠàÃƒ ÔïŠ–åÌ–ÈéÌ 
–âÆ̈Ì: –æÌ–äÉ–âÄÌ (N), –äÎ–ÉàÈ–ÆÞÓ (K), ÒíÈÒçÕèÈ 
(P) Æ±Ã–ÑìÈÉ‹ÜÃÀàÌ– åÌ–ÄçàÌ×Ì–Åß–âÑàß –âÑ²Ü–
ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ –ãÖß ËíÌ–ËàÌ–É¡–ÑßÇàÈ–ÖíÍ–
À×Ì–ÉŠàÃƒ ( ltp w w w .gsfe.nasa.gov/glob/ 
nftgame.htm) . 

ÅàÖê –ãÖß –âÁ¿à– âÎèÌ–ÑìÈË¯–âÀêÈ–æÈ‹–Èê –ãÖß ÎïÀ 
ÀèÌ–ÔŠàÃ–ãÏŠ–ÛàÇ– ÔïñâÁÈ–âÅ´ÌÅïÃ–ÅîÈ Ûì Ý‹ÜÌ–ÆîŠÓ 
(ÑÕíÓÀíÈ, 2001) È̈ÃÌ́Ì åÌ–ÀàÌ–ËíÈ–ÖÜÃ–âË²Ü–Ì̧ 
Äë ñÃ–âÖìÜÀ–âÜíà–ÑìÈËèÃ–ÅÜÃ–ÆßÌéÈ âÎèÌ–ÑìÈËíÈ–
ÅÜÍ–ËàÃ–Æê×ß –âÑ²Ü–âÎèÌ–ÀàÌ–×èÈ–ãËÀ–Â×àÓ–
ÜîÈíÓÅíÓÍïÌ–ÁÜÃ–ÈéÌ.

II.	 ÜîÎßÀÜÌ –ãÖß ×éËê–ÀàÌ

2.1 	 ÝïÍ–ãÍÍ–ÀàÌ–ËíÈ–ÖÜÃ

ÀàÌ–ËíÈ–ÖÜÃ– æÈ‹–âÖªÓÉíòÌ–ÄàÀ–ÅÜÃ–ÅªÃ–ËíÈ–ÖÜÃ 
(ÆßÌéÈ–ÈéÌ –ãÖß ÑìÈÍ³Ã–Æ¸), ÜêÃ–ÉàÓ–ÝïÍ–ãÍÍ 8 x 
2 factorial with 3 replications in a randomized 
complete block design (RCB).

ÈéÌ 8 ÆßÌéÈ– ÌçàÓà–ÄàÀ–ÍŠÜÌ–Ë̄–ÉŠàÃ–ÀèÌ ÔïŠ–åÌ–ÁÜÍ–
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âÁÈ–ÁÜÃ–ÅïÌ–Â¿ÌÂ×‹à– ÀàÌ–Ö‹ÞÃÅèÈ,– –æÈ‹–ÍèÌÄî–åÅŠ–ÊíÃ–
ÔàÃ–Èçà ÁßÙàÈ 2 ÖéÈ. –ãÉŠ–Öß–ÊíÃ–æÈ‹–ÎïÀ–ÑìÈ –ãÌ× 
–Öß 3 –âÓèÈ ÜêÃ–ÉàÓ–ãÏÌ–ËíÈ–ÖÜÃ (ÉàÉßÖàÃ 1) 
–ãÖß –æÈ‹–âÄàß–Ýï–ÔïŠ–À¿Ì–ÊíÃ –âÑ²Ü–ÖßÍàÇ–ÌçòàÜÜÀ. 
–ËîÀƒ–âÆ¿à –ãÖß –ãÖÃ –æÈ‹–ØíÈ–Ìçòà–åÅŠ–ÔŠàÃ–Ë³×–âÊéÃ– 
ãÖß –æÈ‹–ÅèÃ–âÀÈ––âÍêñÃÀàÌ–ãÉÀ–Ù¡ –ãÖß ÀàÌÄß–  
âÖê–Ì–âÉêÍ–äÉÁÜÃ–ÑìÈ –åÌ–âÓ²Ü–Î³Ã–Ù¡–ÁºÌÓà 1 Ûì 2 
É¿Ì æÈ‹–ÛíÀ–ÜÜÀ Ä³Ã–æ×‹–ÑÞÃ–É¿Ì–ÈÞ×–É¡–ÊíÃ.

2.2	 ÀàÌ–âÀèÍ–Àçà –ãÖß ×é–åÄ–Á§–ÓïÌ

ËàÈ–ãØ‹Ã (DM);– ÜéÌÆê×èÈÊî (OM);– N ãÖß 
pH ÁÜÃÈéÌ æÈ‹×èÈãËÀãÉŠÉÜÌâÖ¯ÓÉ¿ÌÀàÌ 
ËíÈÖÜÃ.– Ö×ÃÅïÃÁÜÃÑìÈ æÈ‹×èÈãËÀËîÀƒ 5 Óº 
æÎÄíÌâÊéÃ 28 Óº ÁÜÃÀàÌËíÈÖÜÃ.– ÛèÃÄàÀ 28 
Óº æÈ‹ÛíÀâÜíàâÍ́ÇÜÜÀÄàÀÊíÃ Ö‹àÃâÜíàÈéÌÜÜÀ 
ÛèÃÄàÀÌ´Ì 30 ÌàËê æÈ‹Æ¨ÃÌçòàÙèÀ, ãÇÀÖçàÉ¿Ì 
ãÖß åÍ ÜÜÀÄàÀÝàÀÁÜÃÓèÌ.

ÀàÌ×éåÄËàÃâÂÓê æÈ‹ÜêÃÉàÓ×éËêÁÜÃ (AOAC 
1988), ÇíÀâ×´Ì DM ×éâÂàßÈ‹×Ç micro-wave 
radiatin (Undersanderetal 1993).

ÀàÌ×éåÄÁ§ÓïÌËàÃÈ‹àÌÅßÊéÉé: Á§ÓïÌÀàÌ 
ËíÈÖÜÃ ãÓŠÌæÈ‹×éåÄËàÃÈ‹àÌÅßÊéÉé äÈÇ 
ÀàÌ×éåÄ Variance ãÖß ÀàÌÌçàåÆ‹ General 
Linear  Model  (GLM)  ÁÜÃäÎÕãÀÓ 
Minitab software version 13.31 (2000) 
ÂŠàÅßâÖ¨ÇÁÜÃÄîËíÈÖÜÃ ËêñÓêÂ×àÓãÉÀÉŠàÃ 
ËàÃÈ‹àÌÅßÊéÉé åÌÖßÈèÍÂ×àÓâÎèÌæÎæÈ‹ 
(Probability) P<0.05 æÈ‹ÓêÀàÌÅíÓËÞÍ 
äÈÇÀàÌÌçàåÆ‹×éËêÀàÌ ÁÜÃ Tukey pairwise 
comparison.

III.	 ÏíÌ–æÈ‹–ÝèÍ –ãÖß –×éÄàÌ

3.1	 ÜíÃ–ÎßÀÜÍ–ËàÃ–âÂÓê–ÁÜÃ–ÈéÌ

DM ÍèÌÄî –Ôï Š – –åÌ–ÈéÌÆàÇ Negative control       
(Nc) ÅïÃ–À×Šà–ÚïŠ –ãÖß– Éçñà–Ë¯–ÅîÈ –ãÓŠÌ–ÔïŠ–åÌÈéÌ 
Compost. positive conlrol (Pc). (ÉàÉßÖàÃ 2)– 
ãÉŠ–×Šà Pe ÑèÈ–ÍèÌÄî–Ñ×À–ÜêÌÆê–×èÈÊî (OM) –ãÖß 
N ÛàÇ –ãÖß– ÄçàÑ×À–ÈéÌÆàÇ (Nc) Óê–ËàÈ OM 
–ãÖß N ÉçñàÅîÈ.– ãÉŠ–Èé–ÌËèÃ–ÚíÈ–âÎèÌ–ÈéÌ alkaline 
(pH>7) ÇíÀ–â×èòÌ Ll  Óê pH 5.8. N ÍèÌÄî–ÔïŠ Pc  ÅïÃ 
(1.82%) –ãÖß ÉçñàÅîÈ– åÌ Ne (0.05 %). 

3.2 	 ÀàÌ–ãÉÀ–Ù¡ 

ÅàÖê– ãÉÀ–Ù¡æ×–À×Šà –âÁ¿à (P<0.001) ãÉŠ–Í¡–
Óê –Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ–ËàÃ–Åß–ÊéÉé –Æ±Ã–ÓèÌ–ÁºÌ 
ÀèÍ–ÆßÌéÈ–ÁÜÃ–ÈéÌ (P = 0.21) (ÉàÉßÖàÃ 3).
 
3.3	 ÏíÌÏßÖéÈ (Biomass) ÁÜÃÑìÈ

ÏíÌÏßÖéÈÁÜÃÑìÈ Ë¯âÎèÌäÉÍ³ÃÆ¸ËèÃÅÜÃ ãÓŠÌ 
ãÉÀÉŠàÃÀèÌ (ÉàÉßÖàÃ 4, ÑàÍ 1 ãÖß 2 ãÖß 
ÝïÍÅßãÈÃ 2).

åÌÈéÌ Pc ÅàÖê æÈ‹ Biomass ÅïÃÀ×ŠàÚïñ ÀíÃ 
ÀèÌÁ‹àÓ Ll âÁ¿à æÈ‹ Biomass ÅïÃ ÏíÌÏßÖéÈ 
ÉçñàÅîÈÁÜÃÅàÖê ãÓŠÌæÈ‹ÄàÀ Ss åÌÁßÌß 
Ë¯âÁ¿à ÏíÌÏßÖéÈ Biomass Éçñà ãÓŠÌ Nc (ÉàÉß 
ÖàÃ 4).

ÄçàÑ×À–ÈéÌ –Ë¯ –Óê –ÜéÌ–Æê –×èÈÊîÛàÇ– âÆ¨Ì: Pc, 
Ll À¡Å³Ã–ÏíÌ–Ë¯ –ÈêåØ‹–ãÀŠ–ÀàÌ–ÏßÖéÈ Biomass 
Ç‹ÜÌ–×Šà– ÄçàÑ×À–ÜéÌ–Æé–×èÈÊîËèÃÛàÇ ÆŠ×Ç–âÀèÍ–ÝèÀ 
Åà–Ìç òà–åÌ–ÈéÌ –ãÖß ËàÈ–ÜàØàÌ åØ‹–ãÀŠ–ÑìÈ 
Æ±Ã–âÎèÌ–ÅªÃ–ÄçàâÎèÌ –ãÖß ÁàÈ–Í¡–æÈ‹ ÏßÖéÈÉßÑèÌ–
ÑìÈÉŠàÃƒ (ÖÕéÀàÆ –ãÖß –âÎ–ÌÌê 2001). –
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åÌ–Àç–Öß–ÌêÅàÖê– ÀàÌÏßÖéÈ Biomass ÀŠÞ×Á‹ÜÃ 
äÈÇ–ÀíÃ–ÀèÍ–Ñ×À–ÜéÌ–Æê–×èÈÊî (OM) (R2 = 0.67) 
–ãÖß N (R2 = 0.92) –âÍêñÃ–ÑàÍ 3 –ãÖß 4 Óê–ÏíÌ–Â‹àÇ–
Âì–ÀèÌ–ÀèÍ–ÀàÌÖàÇ–ÃàÌ– ÁÜÃ ÑÕíÓÀíÈ (2001) 
–ãÉŠ–ÅçàÖèÍ–âÁ¿à –ÑèÈ–Óê–ÏíÌ–ÀíÃ–ÀèÌ–Á‹àÓÀèÍ–ÅàÖê. åÌ–
ÈéÌ–Ë̄–Óê–ÜéÌ–Æê–×èÈÊîÛàÇ ÜèÈÉà–ÅŠ×Ì––Åê–ÁÞ×–ÁÜÃ–ÑìÈ 
(–åÇ –ãÖß Öçà–É¿Ì) ÅïÃ–À×Šà–ÝàÀ (ÑàÍ–Ëê 3).

3.4 	 Ö×Ã–ÅïÃ –ãÖß ÀàÌÄß–âÖêÌ–âÉêÍ–äÉ–	
	 ÁÜÃ– ÑìÈ 

ÅàÖê– Óê–ÜèÈ–ÉàÀàÌÄß–âÖêÌ–âÉêÍ–äÉ –ãÖß Ö×Ã–ÅïÃ 
ÅïÃ– åÌ–ÈéÌ (Lo) ÁßÌß–ËêñâÁ¿à –Äß–âÖêÌ–âÉêÍ–äÉ–æÈ‹–
Èê– åÌ–ÈéÌ (Ll), –ãÉŠ–×Šà–Óê–ÀàÌÄß–âÖêÌ–âÉêÍ–äÉ –ãÖß 
Ö×Ã–ÅïÃ–ÁÜÃ–ÑìÈÉçñà ÔïŠ–åÌ–ÈéÌÆßÌéÈ–ÈÞ×–ÀèÌ (Nc) 
(Éà–ÉßÖàÃ 5).

Óê–ÅçàÎßÅéÈ –åÀ‹–ÂÞÃÀèÌ ÖßØ×ŠàÃ–Ö×Ã–ÅïÃ–ÁÜÃÖçà–
É¿Ì –ãÖß –åÍ –ãÖß ÏíÌ–ÏßÖéÈ Biomass ËèÃÚíÈ 
(ÑàÀ–ÅŠ×Ì–Åê–ÁÞ×–ãÖß– ÝàÀ) (ÑàÍ 6 ãÖß 7) 
Æ̧ÍÜÀ–Â×àÓ–ÅïÃ –ãÖß ÀàÌÄß–âÖêÌ–âÉêÍ–äÉ –ÁÜÃ 
ÅàÖê  ÑàÇÛèÃ 25 Óº ÅàÓàÈ–ÍÜÀ–æÈ‹–×Šà– ÓèÌâÎèÌ–
Éí×–Æ¸ÍÜÀ–Â×àÓ–ÜîÈíÓ–ÅíÓÍïÌÁÜÃ–ÈéÌ–æÈ‹.

IV.	 ÅßÛ‡îÍ

–åÌ–ÀàÌ–ÎÞÍ–ËÞÍ Â×àÓ–ÜîÈíÓ–ÅíÓÍïÌ–ÁÜÃ–ÈéÌ 
ÅàÖê –âÎèÌ–Éí×Æ̧ÍÜÀ–æÈ‹–Èê–À×Šà–âÁ¿à, Ö×Ã–ÅïÃ –ãÖß 
ÀàÌÄß–âÖêÌ–âÉêÍ–äÉ–ÁÜÃ–ÅàÖê –ãÖß Biomass 
ËèÃÚíÈË¯ –Æ¨Ã–ÑàÇÛèÃ 28 Óº Óê –Â×àÓÅçàÂèÌ 
–âÓ²ÜÎÞÍ–ËÞÍ–ÀèÍ–ÆßÌéÈ–ÈéÌ–ÉŠàÃ–ÀèÌ. ÅàÖê– Óê–Åçà 
ÎßÅéÈ–Ë¯––åÀ‹–ÂÞÃÀèÌÀèÍ–ÜéÌ–Æê–×èÈÊî –ãÖß N Ë¯–ÍèÌ 
Äî–ÔïŠ–åÌ–ÈéÌ.

V. Âçà–ÁÜÍ–åÄ

Ñ×À–Á‹àÑß–âÄ¿à– Áç–Åß–ãÈÃ–Â×àÓ–ÁÜÍ–åÄ ãÖß 
Ýï‹–ÍîÌ–ÂîÌ –æÎ–ÇèÃ–Åß–Êà–ÍèÌ– Â¿Ì–Â×‹à– ×éËßÇàÅàÈ 
âÉèÀÌéÀ ÀßÅéÀçà –ãÖß ÎŠà–æÓ‹ –ãÖß ÅïÌ–Â¿Ì–Â×‹à 
–ÀàÌ–Ö‹ÞÃ–ÅèÈ Ë¯–ÆŠ×Ç–âÛìÜËìÌÝÜÌ –ãÖß –åØ‹–
Â×àÓ–ÅßÈ×À–åÌ–ÀàÌ–ËíÈ–ÖÜÃ–Â´ÃÌ¸ Ñ‹ÜÓ–Ì¸ Áç–
ÁÜÍ–åÄ– æÎ–ÇèÃ–ÖèÈÊßÀÜÌ –ãÖß– ×éÆà–ÀàÌ –ÁÜÃ 
ÅïÌ–Â¿Ì–Â×‹à– ÀàÌ–Ö‹ÞÃ–ÅèÈ Ë¯–ÆŠ×Ç–åÌ–ÀàÌ–ÄèÈÉ´Ã 
ÎßÉéÍèÈ–ÀàÌ–ËíÈ–ÖÜÃ Ç‹ÜÌ–ÀàÌ–åØ‹–Â×àÓ–ÝŠ×Ó–
Óì–ÁÜÃ–ÍèÌÈà–ËŠàÌ–âÛ³àÌ¸ Ä±Ã–âÝèÈ–åØ‹–ÏíÌ–ÏßÖéÈ 
–ÎßÅíÍ–ÏíÌ–ÅçàâÖèÈ–æÎ–È‹×Ç–Èê.

VI.	 âÜÀß–ÅàÌ–Ü‹àÃ–Üê–Ã 
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×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

ÉàÉßÖàÃ 1: –	 ãÏÌÀàÌ–ËíÈ–ÖÜÃ

Block
1

Sl M1
Li R1

Lo M1
Nc R1

Pc M1
Cl M1

Sm R1
Sm M1

Ss M1
Ss R 1

Nc M1
Cl M1

Pc R1
Cl R1

Lo R1
SL R1

Block
2

Sl M2
Ll R2

SL R2
Ss R 2

Sm M2
Cl M2

Ss M2
Lo R2

Sm R2
Nc M2

Cl R2
Lo M2

Nc R2
Pc M2

Ll M2
Pc R2

Block
3

Sl M3
Ll R3

Lo R3
Cl R3

Sm M3
Ll M 3

Ss R3
Ss M3

Sm R3
Nc R3

Nc M3
Cl M3

Pc R3
Lo M3

PC M3
Sl R3

ÈéÌ 8 ÆßÌéÈ:                 					     ÑìÈÍ³Ã–Æ¸ (indicator)

1.	 Sand (Nc)						      1. M  –	 ÅàÖê
2.	 Clay soil (Cl)						      2. R –	 âÁ¿à
3.	 Loam with compost (Lo)
4.	 Sub soil loam (Sm)
5.	 loam with leaf (Ll)
6.	 Sandy loam (Sl)
7.	 Sub soil sandy (Ss)
8.	 Compost  (Pc)

ÉàÉßÖàÃ 2:	 ÜíÃ–ÎßÀÜÍ–ËàÃ–âÂÓê–ÁÜÃ–ÈéÌ 

ÆßÌéÈ–ÈéÌ ËàÈ–ãØ‹Ã
DM (%)

ÜêÌÆê–×èÈÊî
OM (%) pH  –åÌ––äÉð–âÄÌ

Sand (Nc, Negative control)
Sub soil sandy (Ss) 
Sandy loam (SL) 
Clay soil (CL)
Sud soil loam (Sm)
Loam with cornysost (Lo)
Loam with leaf (Ll)
Compost (Pc, positive control)

96.6
74.1
72.7
71.9
71.7
64.0
61.8
29.2

4.0
28.5
29.5
32.0
33.0
42.0
52.0
85.1

7.6
7.8
7.6
7.4
7.5
7.4
5.8
7.2

0.05
0.11
0.11
0.11
0.26
1.32
0.63
1.82

VI. âÜÀßÅàÌãÌÍËòàÇ
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ÉàÉßÖàÃ 3: 	 Óº–ãÉÀ–Ù¡

ÆßÌéÈÈéÌ ÅàÖê âÁ¿à ÂŠàÅßâÖ¨Ç

Sub soil sandy (Ss) 

Sandy loam (Sl) 

Sand (Nc, Negative control)

Clay soil (Cl)

Sub soil loam (Sm)

Loam with leaf (Ll)

Loam with cornysost (Lo)

Compost (Pc, Positive control)

Mean

SEM / P between plants

SEM / P between soils 

4.7

3.7

4

2.7

3.3

3.7

3.7

3.3

3.63

0.19/0.001

0.533/0.21

5.3

4.7

6.7

5.7

4.7

5

5.3

5.3

5.33

5

4.2

5.3

4.2

4

4.3

4.5

4.3

SMB 	 =	 Standard error of mean, 
P 	 = 	 Probability level
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×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò
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ÉàÉßÖàÃ 5: 	 ÜèÈÉàÂ×àÓÅïÃ ãÖß ÀàÌÄßâÖêÌâÉêÍäÉ ÁÜÃÅàÖê ãÖß âÁíòà

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

Maize Rice Maize Rice

Sand (Nc, negative control) 30.2a 13.2a 1.2a 0.5a

Clay soil (Cl) 34.3a 36.3ab 1.4a 1.5b

Sub soil sandy (Ss) 34.8a 22.3ab 1.4a 0.9ab

Sandy loam (Sl) 34.8a 26.7ab 1.4a 1.1ab

Sub soil loam (Sm) 52.8ab 38.3b 2.1ab 1.5b

Loam with leaf (Ll) 67.2b 44.2b 2.7b 1.8b

Loam with compost (Lo) 74.3b 33.8ab 3.0b 1.4ab

Compost (Pc, positive control) 71.3b 26.5ab 2.9b 1.1ab

SEM / P between soils 3.247 / 0.001 0.130 / 0.001

SEM / P between plants 1.418 / 0.001 0.065 / 0.001

SEM 	 = 	 Standard error of mean, 
P 	 = 	 Probability level
a b 	 = 	 Value within the same column without superscript in common differ at 		
		  P<0.05
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×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

ÝïÍ 1:	 ÅàÖê –ãÖß –âÁ¿à– Ë¯–ÎïÀ–åÅŠÈéÌãÉñÖß–ÆßÌéÈ– ãÉÀ–ÉŠàÃ–ÀèÌ

ÝïÍ 2: 	 ÏíÌÏßÖéÈ (Biomass) ÁÜÃ ÅàÖê ãÖß âÁ¿à ÛèÃÄàÀÎïÀæÈ‹ 28 Óº
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Figure 1:  Green biomass yield of maize in different soils

Ss	 =	 Sub soil sandy 
Sl	 =	 Sandy loam 
Nc	 =	 negative control
Cl	 =	 Clay soil
Sm	 =	 Sub soil loam 
Ll	 =	 Loam with leaf
Lo	 =	 Loam with compost 
Pc	 =	 positive control
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Figure 2: Green biomass yield of rice in different soils

Ss	 =	 Sub soil sandy 
Sl	 =	 Sandy loam 
Nc	 =	 negative control
Cl	 =	 Clay soil
Sm	 =	 Sub soil loam 
Ll	 =	 Loam with leaf
Lo	 =	 Loam with compost 
Pc	 =	 positive control
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Figure 3:	 Relationship between organic matter of 	
		  soils and biomass yield of maize and rice 

Figure 4:	 Relationship between N content of 		
		  soil and biomass yield of maize and rice
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Figure 5:	 Proportion of roots, stems and leaves of plants grown in different 	
		  kinds of soil

Ss	 =	 Sub soil sandy 
Sl	 =	 Sandy loam 
Nc	 =	 negative control
Cl	 =	 Clay soil
Sm	 =	 Sub soil loam 
Ll	 =	 Loam with leaf
Lo	 =	 Loam with compost 
Pc	 =	 Positive control
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Figure 6: 	 Relationship between plant height  and 	
		  green biomass yield for maize  

Figure 7: 	 Relationship between plant height and 		
		  total  biomass yield for maize
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ÀàÌ–âÑ¸Ó–ÂîÌÂŠàÜàØàÌÚï– Èò×ÇÀàÌÌçàåÆòãÛŠÃÜàØàÌ –
Ë¯–Óê–ÔïŠ–åÌË‹ÜÃ–ÊªÌ (Ýçà, Øí×–ÓèÌÉíòÌ–ÍíÈ –ãÖß ÏèÀÍ¿Ã)

ÍîÌ–Ö‹ÞÃ ÂîÈ–ÅßØ×ŠàÃ1, ÍîÌ–ÝÜÃ ÌçÖß–ÄèÀ1 ãÖß Åî–ÀèÌ –ãÀ‹–×Ùï–ÄèÌ1

ÍíÈ–ÂèÈ–ØÇ§

Úï–ÖïÀÆÜÈ –ÑèÌÖàÆß–×àÇ x ÓíÃÀàÇ (Large white x Mong Kai) ÄçàÌ×Ì 12 –äÉ –âÆªÃÓêÌçòàÙèÀ–
âÖ¯–Ó É¿Ì– Åß–âÖ¨Ç 20.4 ÀéäÖÀÖàÓ Û‹ÃÄàÀ–ÏŠàÌ–æÖÇß–ÎèÍ–äÉ 4 ÜàËéÈ Ñ‹ÜÓ–ËèÃ–æÈ‹–ÅèÀ–Ôà–Î‹ÜÃ–ÀèÌ 
Üß–Øé×à–Úï –ãÖß ÊŠàÇ–Ñß–ÇàÈ–Àà–ÐàÀ–ËèÃ–ÑàÇ–åÌ –ãÖß ÌÜÀ–ãÖ‹×– æÈ‹ÅîŠÓ–ãÄÀ–ÔàÇ–åÅŠ 4 ÙŠ×Ç–ËíÈ–
ÖÜÃ– Ë¯–ãÉÀ–ÉŠàÃ–ÀèÌ– Âì: ws 10, ÏèÀÍ¿Ã 10%, Ýçà 90%, ws 20: ÏèÀÍ¿Ã 20%, Ýçà 70% –ãÖß ÓèÌÉ¿Ì 
10%  ws 30: ÏèÀ–Í¿Ã 30%, Ýçà 50% –ãÖß Øí×–ÓèÌÉ¿Ì 20%, ws 40: ÏèÀÍ¿Ã 40%, Ýçà 30% –ãÖß 
Øí×–ÓèÌÉ¿Ì–ÍíÈ 30% –âÑ²Ü–ÅëÀÅà–ÀàÌ–âÑ¸ÓÁºÌ ÁÜÃ–ÂîÌ–ÂŠà–ÜàØàÌ–Úï âÓ²Ü–âÀìÜ–È‹×Ç–Øí×–ÓèÌÉ¿Ì–ÍíÈ 
–ãÖß ÏèÀÍ¿Ã– äÈÇÓê–Ýçà –âÎèÌ–ÜàØàÌ–ÛèÀ.

ÂŠà–Åß–âÖ̈Ç ÁÜÃ–ËàÈ–ãØ‹Ã (DM) Ë̄–ÀêÌ–æÈ‹–ãÉŠ–ÖßÓº –ãÓñÌ 462, 470, 538 –ãÖß 498 ÀðàÓ ÉàÓ–ÖçàÈèÍ 
–ÅçàÖèÍ–ÙŠ×Ç–ËíÈ–ÖÜÃ ws 10, ws 20, ws 30 –ãÖß ws 40 (P>0.05), ÂŠà–Åß–âÖ̈ÇÌçòàÙèÀ–âŅ̃Ó– É¡Óº (ADG) 
112, 129, 154 –ãÖß 131 –ÀðàÓ ÅçàÖèÍ–ÙŠ×Ç–ËíÈ–ÖÜÃ ws 10, ws 20, ws 30 –ãÖß ws 40 (p<0.05) 
ÀàÌ–ãÖÀÎŠÞÌÜà–ØàÌ–âÎèÌ–Æ̧Ì (FCR) 4.11, 3.63, 3.48, –ãÖß 3.73 ÀÖ ÜàØàÌ–ÅçàÖèÍÙñ×ÇËíÈ–ÖÜÃ 
ws 10, ws 20, ws 30, –ãÖß ws 40 ÉàÓÖçàÈèÍ (p>0.05) ÀàÌæÖŠÖÞÃâÅÈÊßÀéÈ æÈ‹ÎèÍÎîÃåØ‹ÈêÁºÌ 
ÄßâØèÌæÈ‹×Šà ÂŠàÜàØàÌ/ÀÖ ÌçòàÙèÀâÑ¯ÓãÓŠÌÛ‡îÈÖíÃ âÓ²ÜâÑ¸ÓØí×ÓèÌÉòíÌÍíÈ ãÖß ÏèÀÍ¿Ã 
åÅŠåÌÅïÈÜàØàÌ Âì: 4,918, 4,147, 3,513 ãÖß 3,750 ÅçàÖèÍÙŠ×ÇËíÈÖÜÃ ws 10, ws 20, ws 30 
ãÖß ws 40 ÉàÓÖçàÈèÍ. È¨ÃÌ´Ì ÄëñÃÅßÛ‡îÍæÈ‹×Šà ÀàÌâÑ¸ÓÂîÌÂŠàÜàØàÌÚï äÈÇÀàÌÌçàåÆ‹Øí×ÓèÌ 
É¿ÌÍíÈ ãÖß ÏèÀÍ¿Ã âÑ²ÜÖ‹ÞÃÚïÌ´Ì ÅàÓàÈÎèÍÎîÃÂîÌÌßÑàÍÁÜÃÜàØàÌÎßÅíÓËèÃÚíÈ âÆªÃÓêÏíÌ 
âÝèÈåØ‹ÀàÌÀêÌÜàØàÌæÈ‹ÁÜÃÚï, ÀàÌÄßâÖêÌâÉêÍäÉ, ÜèÈÉàÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ̧Ì ÈêÁòëÌ, 
ÂŠàÜàØàÌÉ¡ÀéäÖÀÖàÓ À¡ÓêÖàÂàÊìÀ Ñ‹ÜÓÀèÌÌ´Ì À¡âÎèÌÀàÌÎßÔèÈÉ¿ÌËëÌâÁ¿àåÌÀàÌÖ‹ÞÃÚï 
ÜêÀÈ‹×Ç.

ÂçàÅèÍÛèÀ:	 ÀàÌÄßâÖêÌâÉêÍäÉ, ÚïÖïÀÆÜÈ, ÓèÌÉ¿Ì, ÏèÀÍ¿Ã, ÜàØàÌË¯ÀéÌæÈ‹

1ÅïÌÂ¿ÌÂ×‹à ÀàÌÖ‹ÞÃÅèÈ (ÅÂÅ)
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Increasing the nutritive value of pig diets using local feed 
resources

Bounlieng Khoutsavang1 Bounhong Norachack1 and Soukanh Keonochanh1

Abstract

The proposed experiment aims to use a Combination of cassava root meal and water spinach 
to increase the nutritive value of diets for pig based on rice bran, the research was carried out 
in the Livestock Research centre Namxuang, (NAFRI) the four treatments were: ws 10: rice 
bran 90% and fresh water spinach 10%  (DM basis); ws 20: rice bran 70%, Cassava root meal 
10% and fresh water spinach 20% (DM basis); ws 30: rice bran 50% Cassava root meal 20% 
and fresh water spinach 30% (DM basis); ws 40: rice bran 30% Cassava root meal 30% and 
fresh water spinach 40% (DM basis) There were 4 pigs crossbred (Large white x Mongcai) 
with average of 20.4 kg Initial weight on each treatment and three replicating  in Individual 
pens in a completely  random design (n: 12) for the growth trial (90 days).

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

Key words:  pigs, cassava root, water spinach, feed intake, rice bran

1Livestock Research Center (LRC)
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I.	 ÍíÈÌá
Å.Î.Î Öà× âÎèÌÎßâËÈÌ±Ã Ë¯ÊìâÜíà×ÞÀÃàÌ 
ÀßÅéÀçà âÎèÌÑºÌÊàÌåÌÀàÌÀ¡Å‹àÃâÅÈÊß 
ÀéÈÁÜÃÆàÈåØ‹âÁ´ÓãÁÃ åÌÌ´Ì ×ÞÀÃàÌ 
ÀàÌÖ‹ÞÃÅèÈ À¡Êì×ŠàâÎèÌÍïÖéÓßÅéÈÜèÌÌ±Ã ÁÜÃ 
ÁßãÙÃÀàÌ ÀßÅéÀá ãÖß ÎŠàæÓ‹ â×¿àÅß 
âÑàß ãÓŠÌ×ÞÀÃàÌÀàÌÖ‹ÞÃÅèÈ âÆ¨Ì: ÅèÈ 
Ì‹ÜÇ, Úï, æÀŠ âÆªÃâÎèÌÜàÆêÍÌ±Ã Ë¯ÉéÈÑèÌÀèÍ 
ÀàÌÈçàÖíÃÆê×éÈ ÁÜÃÎßÆàÆíÌÖà×âÝíàÉß 
ÛÜÈÓà ãÖß âÎèÌÎèÈåÄÌ±Ã Ë¯ÁàÈÍ¡æÈ‹ Âì: 
ÓèÌæÈ‹ÉÜÍÅßÙÜÃÆ¸Ì ãÖß æÁŠ åØ‹ãÀŠÑà 
âÁ¿àÁÜÃÂÜÍÂí× À¡ÂìÅèÃÂíÓ åØ‹ÜîÈíÓÝ¨ÃÓêÁºÌ 
âÖºÜÇƒ.

âÑ²ÜÔàÀåØ‹×ÞÀÃàÌÈ¨ÃÀŠà× ÎßÅíÍÏíÌÅçà 
âÖèÈ ãÖß æÈ‹ÝèÍÏíÌÈê É‹ÜÃâÜíàåÄåÅŠËàÃ 
È‹àÌÜàØàÌåØ‹ãÀŠÅèÈÔŠàÃÑÞÃÑç âÑ²ÜâÝèÈ 
åØ‹ÅèÈÓêÀàÌÄßâÖêÌâÉêÍäÉæ× åØ‹ÏíÌÏß 
ÖéÈÅïÃ äÈÇÜêÃåÅŠÜàØàÌË¯ØàæÈ‹Ã ŠàÇåÌ 
Ë‹ÜÃÊªÌ Âì: ÑìÈÏèÀÉŠàÃƒ Ë¯ÎßÆàÆíÌâÝíà 
ÅàÓàÈÎïÀ Ûì ÏßÖéÈâÜÃæÈ‹ âÑ²ÜØð‡ îÈÏŠÜÌ 
É¿ÌËëÌåÌÀàÌåÆ‹ÄŠàÇ ÆºÜàØàÌÅçàâÖèÈÝïÍ 
Ë¯ÓêÖàÂàãÑÃ.

Úï âÎèÌÅèÈÆßÌéÈÌ±Ã Ë¯ÌçàåÆ‹ÑìÈÏèÀâÎèÌÜà 
ØàÌæÈ‹ÈêÑçÅíÓÂ×Ì ãÖß ÅàÓàÈÌçàåÆ‹Üà 
ØàÌË¯âÅÈâÛìÜÄàÀâÝìÜÌÂí× æÈ‹ÈêÜêÀÈ‹×Ç. 
ÜàØàÌË¯Æà×ÀßÅéÀÜÌâÝíàÅàÓàÈÎïÀâÜÃ 
æÈ‹ âÑ²ÜâÎèÌÜàØàÌÚï Âì: ÏèÀÍ¿Ã, Øí×ÓèÌÉ¿Ì 
ãÖß ÏèÀÜ²Ìƒ äÈÇÅßâÑàß ÏèÀÍ¿Ã ãÖß ÓèÌ 
É¿Ì âÎèÌÑìÈË¯ÎïÀÃŠàÇ åØ‹ÏíÌÏßÖéÈÅïÃ ãÖß 
åØÇŠæ× âÆªÃâÉèÓæÎÈ‹×ÇËàÈäÎðÉêÌ, æÁÓèÌ 
ãÖß ãÝŠËàÈÉŠàÃƒ Ë¯âÎèÌÎßäØÇÈãÀŠÅèÈÖòÞÃ 
âÝèÈåØ‹ÅèÈåØÇñæ× ÎßÔèÈÉ¿ÌËëÌåÌÀàÌÖ‹ÞÃÈï 

ÓêÏíÌÀçàæÖÅïÃ Æ±ÃâÎèÌÀàÌÅ‹àÃÖàÇÝèÍ åØ‹ãÀŠ 
Æà×ÀßÅéÀÜÌ âÝèÈåØòâÅÈÊßÀéÈÂÜÍÂí×ÁÜÃ 
âÁíàâÄ¿à ÌèÍÓºÈêÁºÌ. 

ÄîÈÎßÅíÃÁÜÃÀàÌËíÈÖÜÃÂ´ÃÌ¸ âÑ²ÜÅëÀÅà 
âÊêÃÜéÈËéÑíÌ ÁÜÃÀàÌÌçàåÆ‹Øí×ÓèÌÉ¿ÌÍíÈ 
ãÖß ÏèÀÍ¿Ã âÎèÌÜàØàÌâÅêÓ äÈÇÓêÝ çà 
âÎèÌÜàØàÌÛèÀÅçàÖèÍÚïÖî ‹Ì. ÅíÓÓîÈÊàÌ 
Ë¯×àÃæ×‹ãÓŠÌÀàÌÌçàåÆ‹ÑìÈ ãÖß ÏèÀË¯ÓêÔïŠ 
åÌË‹ÜÃÊªÌ âÑ²ÜÖ‹ÞÃÚïÑèÌÎèÍÎîÃ ÄßâÝèÈåØ‹ 
ÚïÓêÀàÌÄßâÖêÌâÉêÍäÉË¯ÈêÀ×Šà ãÖß ÓêÅß 
ÓèÈÉßÑàÍåÌÀàÌÏßÖéÈÈêÁìòÌ.

II. 		  âÂ²ÜÃÓì ãÖß ×éËêÀàÌ

2.1	 ÅßÊàÌËñê ãÖß ÅßÑàÍÜàÀàÈ 	
	 ÁÜÃÄîÈËíÈ–ÖÜÃ

ÀàÌËíÈÖÜÃ ãÓŠÌæÈ‹ÈçàâÌêÌ ÔïŠÅïÌÂ¿ÌÂ×‹à 
ÀàÌÖ‹ÞÃÅèÈ, Æ±ÃÓêÖßÈèÍÂ×àÓÅïÃÄàÀÙ‹à 
ÌçòàËßâÖ ÎßÓàÌ 150 ãÓèÈ ÅßÑàÍÜàÀàÈ 
ãÍŠÃÜÜÀâÎèÌ 2 ÖßÈï âÆ¨Ì: ÖßÈïãÖ‹Ã ãÖß 
ÖßÈïÐíÌ. ÖßÈïÐíÌâÖ¸ÓãÉñ âÈìÜÌÑëÈÅßÑà 
Øà âÈìÜÌÉîÖà Æ±ÃÓêÎßÖéÓàÌÌçòàÐíÌ ÎßÄçàÎê 
ÎßÓàÌ 1,600 ÓÓ, ÅŠ×ÌÖßÈïãÖ‹Ã âÖ¯ÓÄàÀ 
âÈìÜÌÑßÄéÀ Øà âÈìÜÌâÓÅà åÌæÖÇßÈ¨ÃÀŠà× 
ÎßÖéÓàÌÌçòàÐíÌ ÓêÑÞÃãÉŠ 1-2% ÁÜÃÎßÖéÓàÌ 
ÌçòàÐíÌÎßÄçàÎê. ÜîÌØßÑïÓÅßâÖ¨Ç É¡àÅîÈ ãÖß 
ÅïÃÅîÈ ÎßÓàÌ 150C ãÖß 320C ÉàÓÖçàÈèÍ 
ÀàÌËíÈÖÜÃãÓŠÌæÈ‹ÈçàâÌêÌãÉŠ –âÈìÜÌÀîÓÑà 
Øà âÈìÜÌâÓÅà 2005. 

2.2	 ÀàÌÜÜÀãÍÍÀàÌËíÈÖÜÃ

× éË êÀàÌË íÈÖÜÃ  ãÓ ŠÌæÈ òÌ ç àåÆ ‹ãÍÍ 
Completely  random design Úï 12 äÉ. åÌ 
ãÉŠÖßÙŠ×ÇËíÈÖÜÃ æÈòåÆ‹Úï 4 äÉ ãÖß Óê 3 
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Æçòà. ÙŠ×ÇËíÈÖÜÃæÈ‹ÄèÈÁºÌ äÈÇÜêÃåÅŠÖßÈèÍ 
ÀàÌâÑ¸ÓÁºÌÁÜÃØí×ÓèÌÉ¿ÌÍíÈ ãÖß ÏèÀÍòíÃ 
ÅŠ×ÌÝáãÓŠÌåØ‹Û‡îÈÖíÃ È¨ÃÌ¸: 

WS 10:	 Ýçà 90% ãÖß ÏèÀÍ¿ÃÅíÈ 10%  	
		  (ËàÈãØ‹Ã)
WS 20:	 Ýçà 70% Øí×ÓèÌÉ¿ÌÍíÈ 10% 	
		  ãÖß ÏèÀÍ¿ÃÅíÈ 20% 		
		  (ËàÈãØ‹Ã)
WS 30:	 Ýçà 50%  Øí×ÓèÌÉ¿ÌÍíÈ 20% 	
		  ãÖß ÏèÀÍ¿ÃÅíÈ 30% 		
		  (ËàÈãØ‹Ã)
WS 40:	 Ýçà 30% Øí×ÓèÌÉ¿ÌÍíÈ 30%  	
		  ãÖß ÏèÀÍ¿ÃÅíÈ 40% 		
		  (ËàÈãØ‹Ã).

ÀàÌÎßÀÜÍ ãÖß ÄçàÌ×ÌÁÜÃÜàØàÌË¯âÀìÜ 
ãÓŠÌÜêÃÉàÓÌçòàÙèÀÅèÈ (ÉàÉßÖàÃ 1).

2.3	 ÅèÈ, ÜàØàÌ ãÖß ×éËêÀàÌåØ‹Üà 	
	 ØàÌ ËíÈÖÜÃ

ÚïÖïÀÆÜÈ ÑèÌÖàÈÆß×àÇ x ÓíÃÀàÇ âÆªÃ 
ÌçòàÙèÀâÖ¯ÓÉ¿Ì ÁÜÃÅèÈãÉŠÖßäÉ ÎßÓàÌ 6 
ÀÖ. Ýçà ãÓŠÌæÈ‹ÆºÓàÄàÀäÝÃÅêâÁ¿à åÀ‹ƒÀèÍÅïÌ, 
Øí×ÓèÌÉ¿Ì ãÓŠÌâÀèÍÄàÀÅ×ÌËíÈÖÜÃ ÁÜÃ ÅïÌ, 
ÎÜÀâÎìÜÀÜÜÀ ãÖ‹×ÆÜÇÉàÀãÈÈ âÓ²ÜãØ‹ÃÈê
ãÖ‹×À¡ÌáâÜíàÓàÍíÈÈò×ÇâÂ²ÜÃ ÍíÈåØ‹ÖßÜÞÈ. 

åÌæÖÇßâÖ¯ÓÉ¿Ì ÁÜÃÀàÌËíÈÖÜÃ 6 ÜàËéÈ 
ÏèÀÍ¿Ã ãÓñÌæÈòÆºÄàÀÉßÛàÈ (1,500 ÀêÍ/ÀéäÖ) 
ãÖß ÄáÌ×ÌÌ±Ã ãÓŠÌæÈ‹âÜíàÔïŠÅ×ÌË¯ÎïÀæ×‹ 
åÌÅ×ÌËíÈÖÜÃ ÁÜÃÅïÌ (âÌìòÜËñê 700 Ó2) 
æÈ‹âÀèÍæÎâÀìÜÅèÈ Û‹ÃÄàÀÓºÎïÀæÈ‹ 42 Óº 
ãÖß âÀèÍÀŠÞ×ÜêÀÝÜÍ 30 Óº ÉÜÌâÖ¯ÓÉ¿Ì 
ÎïÀ æÈ‹åÅŠÐîŠÌÁ¸Úï Û‹ÃÄàÀÌ´Ì æÈ‹åÅŠÐîŠÌÄàÀ 

ÌçòàË̄ÓêÆê×ßÑàÍ Øð‹ÃâÀèÍÀŠÞ×ËîÀâË²Ü. æÈ‹ÎßÅíÓ
ÝáÀèÍØí×ÓèÌÉ¿ÌÍíÈÂíÌåØ‹âÁ¿àÀèÌ ãÖ‹×âÀìÜåÅŠ
ÝàÃÜàØàÌÚïâÖêÇ. ÅŠ×ÌÏèÀÍ¿ÃæÈ‹ÒèÀâÎèÌÉŠÜÌ 
(2 Øà 3 ÆÉÓ) ãÖß âÀìÜåÅŠÝàÃÌ±ÃÜêÀÉñàÃ 
ØàÀ.

2.4	 ÀàÌâÀèÍÀçà ãÖß ×éåÄÁ§ÓïÌ

Æ¨ÃÌçòàÙèÀÚï ËîÀƒ 10 Óº, ÍèÌËëÀÜàØàÌË¯åØ‹ 
ãÖß ÜàØàÌâÛìÜãÉŠÖßÓìò, ÌçàÉí×ÔŠàÃÁÜÃ 
ÜàØàÌË̄åØ‹ ãÖß ÜàØàÌâÛìÜ æÎ×éåÄØà DM 
È‹×ÇâÂ²ÜÃ (Micro-wave radiatin) ãÖß Water  
Øà EM ãÖß N ËîÀƒ 10 Óº.
 
2.5	 ÀàÌ×éåÄ ËàÃÈ‹àÌÅßÊéÉé

Á§ÓïÌÄàÀÀàÌËíÈÖÜÃ ãÓŠÌæÈ‹×éåÄËàÃÈ‹àÌ 
ÅßÊéÉé äÈÇÀàÌ×éåÄ ÁÜÃ Variance ãÖß ÌçàåÆ‹ 
General Linear Model (GLM) ÁÜÃäÎðãÀðÓ 
Minitab Softwere Version 13.1 (Minitab 1998) 
ÂŠàÅßâÖ¨ÇÁÜÃÄîËíÈÖÜÃ Ë¯ÓêÂ×àÓãÉÀÉŠàÃ 
ËàÃÈ‹àÌÅßÊéÉé åÌÖßÈèÍÂ×àÓâÎèÌæÎæÈ‹ 
(Probability) p<0.05 äÈÇÀàÌÌçàåÆ‹×éËêÀàÌ 
Tukey’s pairwise Comparison.

2.5 ÀàÌæÖŠÖÞÃ âÅÈÊßÀéÈ

ÀàÌæÖŠÖÞÃâÅÈÊßÀéÈ ãÓŠÌæÈ‹âÀèÍÀçàâÜíàÁ§ 
ÓïÌãÉŠÖßÙŠ×ÇËíÈÖÜÃ ãÖß âÀèÍÀçàâÜíà 
Á §Ó ïÌÆ ºÁàÇÔï ŠË ‹ÜÃÉßÛàÈ ãÖ‹×ÓàÎÞÍ 
ËÞÍÀèÍÖàÇæÈ‹ åÌÀàÌÁàÇÚï. âÑ²ÜÆÜÀ 
ØàÏíÌÀçàæÖ. 

(ÂŠàÏéÈÈŠÞÃ = ÖàÇÝèÍËèÃÚíÈ - (ËëÌÂíÃËê + 
ËëÌÚïÌ×ÞÌ).
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IV.	 ÏíÌæÈ‹ÝèÍ

ÏíÌÁÜÃÀàÌ×éåÄÜàØàÌ ÅßãÈÃåØ‹âØèÌ×Šà 
ËàÈãØ‹Ã (DM) ÁÜÃØí×ÓèÌÉ¿ÌÍíÈ ãÖß 
Ýçà ÓêÂŠàåÀ‹ÂÞÃÀèÌÛàÇ Âì: 87.68% ãÖß 
87.43%. ÅŠ×ÌÏèÀÍ¿Ã ÓêËàÈãØ‹ÃÑÞÃãÉŠ 
7.48% ãÉŠÏèÀÍ¿Ã ÑèÈÍèÌÄîËàÈæÌäÉðâÄÌ (N) 
ãÖß ËàÈÆ¸Ì (CP) ÅïÃÀ×ŠàÓèÌÉ¿Ì ãÖß Ýçà Âì: 
4% ãÖß 25% ÉàÓÖçàÈèÍ ÝÜÃÖíÃÓàãÓŠÌ Ýçà  
Óê 1.92% ãÖß 12% ÂŠàÉ¡àÀ×ŠàÚïŠ ãÓŠÌÓèÌÉ¿Ì 
0.54% ãÖß 3.37% (ÉàÉßÖàÃ 4).

ÜàØàÌË¯ÀéÌæÈ‹ (DMI) ÁÜÃ 4 ÙŠ×ÇËíÈÖÜÃ 
Û‡îÈÖ²ÌÀèÌÑÞÃâÖèÀÙ‹ÜÇ Í¡ÓêÂ×àÓãÉÀÉŠàÃÀèÌ 
ËàÃÈ‹àÌÅßÊéÉé (P>0.005) ãÉñ×Šà ÙŠ×ÇËíÈÖÜÃ 
ws 30: 538 ÀðàÓ/Óº ÓêËŠàÜŠÞÃ ÀéÌæÈ‹ÅïÃÀ×ŠàÚñï 
(ÉàÉßÖàÃ 5).

ÅçàÖèÍÜèÈÉàãÖÀÎŠÞÌÜàØàÌâÎèÌÆêòÌ (FCR) 
âØèÌ×Šà ÙŠ×ÇËíÈÖÜÃ ws 30 ÄßÓêÂŠàÉ¡à 
À×ŠàÚï Š Ê‹àËÞÍåÅŠÙŠ×ÇËíÈÖÜÃÜ²Ìƒ Âì: 
3.48 (ÉàÉßÖàÃ 7). ÌçòàÙèÀâÑ¸ÓÉ¡Óº (ADG) 
ÁÜÃÙŠ×ÇËíÈÖÜÃ ws 30: 145 ÀðàÓ/Óº ÅïÃÀ×Šà 
ÙŠ×ÇËíÈÖÜÃÜ²Ì (ÉàÉßÖàÃ 6).

ÅçàÖèÍÀàÌæÖŠÖÞÃÈ‹àÌâÅÈÊßÀéÈ ÙŠ×ÇËíÈ 
ÖÜÃ ws 30: ÓêÀçàæÖ Ö²ÌÙŠ×ÇËíÈÖÜÃÜ²Ì 
2 âË²Ü Âì: 303,670 ÀêÍ ãÖß ÀçàæÖËèÃÚíÈ 
Ë¯æÈ‹ÄàÀÀàÌÖ‹ÞÃÚï 12 äÉ åÆ‹â×Öà 90 Óº 
ãÓŠÌ 784,670 ÀêÍ (ÉàÉßÖàÃ 12). 

V. 	 ×éÄàÌ

ÜàØàÌË¯ÀéÌæÈ‹ÁÜÃÚï ËèÃÅ¯ÙŠ×ÇËíÈÖÜÃ 
ÇèÃÍ¡âÎèÌæÎÉàÓÂ×àÓÉ‹ÜÃÀàÌÜàØàÌ Ë¯ 

ÂàÈÂßâÌæ×‹ Ê‹àËÞÍåÅŠÛàÇÏíÌÀàÌËíÈ 
ÖÜÃË¯ÏŠàÌÓà ÅàâØÈÜàÈÄßâÎèÌÇ‹ÜÌ×Šà 
ÆŠ×ÃÁÜÃÀàÌËíÈÖÜÃ ãÓŠÌÖßÈïÝ‹ÜÌ Üà 
ÀàÈÜíÍâÜ¿à, ÀàÌÚïÌ×ÞÌÁÜÃÜàÀàÈÍ¡Èê 
ÎàÌåÈ âÑàßÐà–ÂÜÀ–âÎèÌÆêÓèÃËèÃÚíÈ È¨ÃÌ´Ì 
ÄëñÃâÝèÈåØ‹Úï ÀéÌÜàØàÌæÈ‹Ù‹ÜÇÀ×ŠàÎíÀÀßÉé 
âÓ²ÜÀéÌæÈ‹Ù‹ÜÇ ÀàÌÄßâÖêÌâÉêÍäÉÆèÀÆ‹à ÀàÌ 
Å‹àÃÌçòàÙèÀÄëñÃÉçñà ÅßÌ´Ì Ê‹àÔàÀÍèÌÖîÏíÌÅïÃ 
åÌÀàÌËíÈÖÜÃÂ´ÃÉ¡æÎ Â×ÌÖ‹ÞÃÔïŠåÌÂÜÀË¯ 
âÎèÌÂÜÀâÎêÈ ÓêÜàÀàÈÖŠ×ÃÈê âÑàßÍ‹àÌâÝíà 
âÎèÌâÁÈÝ‹ÜÌÔïŠãÖ‹×. âÊêÃãÓŠÌ×Šà ÚïÄßÍ¡åØÇñ 
æ× ãÉŠÀàÌæÖŠÖÞÃâÅÈÊßÀéÈ ÇèÃÓêÀçàæÖÅïÃÔïŠ 
ÂìæÈ‹ 784,670 ÀêÍ É¡Úï 12 äÉ ãÖß Ö‹ÞÃÑàÇ 
åÌ 90 Óº Ê‹àØàÀÂÜÀæÈ‹ÓêÀàÌÎèÍÎîÃ ÜàÈÄß 
æÈòÝèÍÏíÌÀçàæÖ ÅïÃÀ×ŠàÌ¸.

VI.	 ÅßÛ‡îÍ

ÀàÌâÑ¸ÓÂîÌÂŠàÜàØàÌÚï äÈÇÌçàåÆ‹Øí× 
ÓèÌÉ¿ÌÍíÈ ãÖß ÏèÀÍ¿Ã âÑ²ÜÖ‹ÞÃÚïÌ´Ì Åà 
ÓàÈÎèÍÎîÃÂîÌÌßÑàÍ ÁÜÃÜàØàÌÎßÅíÓ 
ËèÃÚíÈ. ÅïÈÜàØàÌË¯æÈ‹ÈêÀ×ŠàÚïŠ ãÓŠÌÅïÈ 
Ë¯åÆ‹Ýçà 50%, Øí×ÓèÌÉ¿Ì 20%  ãÖß ÏèÀÍ¿Ã 
ÅíÈ 30% Æ±ÃÓêÏíÌâÝèÈåØ‹ÀàÌÀéÌæÈ‹ÁÜÃ 
Úï, ÀàÌÄßâÖêÌâÉêÍäÉ, ÜèÈÉàÀàÌãÖÀ 
ÎŠÞÌÜàØàÌâÎèÌÆ¸ÌÈêÁºÌ, ÂŠàÜàØàÌÉ¡Àé 
äÖÀÖàÓÓêÖàÂàÊìÀ Ñ‹ÜÓÀèÌÌ´Ì À¡âÎèÌÀàÌ 
ÎßÔèÈÉ¿ÌËëÌ âÁ¿àåÌÀàÌÖ‹ÞÃÚï ÜêÀÈ‹×Ç. 

VII. ÂçàÁÜÍåÄ

Ñ×ÀÁ‹àÑßâÄ¿à ÁçÅßãÈÃÂ×àÓÁÜÍåÄ æÎ 
ÇèÃÜíÃÀàÌÆŠ×ÇâÛìÜÅàÀíÌ ÁÜÃÅß×êâÈèÌ 
(Sida MEKARN) Ë¯ÆŠ×ÇâÛìÜËëÌÝÜÌåÌ 
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ÀàÌËíÈÖÜÃÂ´ÃÌêò. ÁçÅßãÈÃÂ×àÓÝï‹ÍîÌÂîÌ 
æÎÇèÃ ÅßÊàÍèÌ Â¿ÌÂ×‹à ×éËßÇàÅàÈ âÉèÀÌéÀ 
ÀßÅêÀçà ãÖß ÎŠàæÓ‹ ãÖß ÅïÌÂ¿ÌÂ×‹à  ÀàÌÖ‹ÞÃÅèÈ 
Ë¯åØ‹Â×àÓÅßÈ×À åÌÀàÌÎßÉéÍèÈÀàÌËíÈ 
ÖÜÃ.

ÁçÁÜÍåÄâÎèÌÑéâÅÈåØ‹ãÀñ ËŠàÌ ÈÕ. ÍîÌ 
ÊÜÃ Íí×ØÜÓ Ë¯æÈòÆ ¸Ì çàåÌÀàÌÂ¿ÌÂ×‹à 
ËíÈÖÜÃ, ËŠàÌ ÑÜÌÎßâÅêÈ âÑèÃÅßØ×èÌ 
ãÖß ËŠàÌ ×èÌËÜÃ ãÑÃ×éÄéÈ Ë¯åØ‹ÂçàãÌß 
ÌçàËàÃÈ‹àÌâÉèÀÌéÀ, ÀàÌ×éåÄÁ§ÓïÌ ãÖß 
ÀßÀÞÓâÎèÌÍíÈÖàÇÃàÌ. Ñ‹ÜÓÌ¸ ÁçÁÜÍåÄ 
æÎÇèÃÑßÌèÀÃàÌ ×éÆàÀàÌ ÁÜÃÅïÌÂ¿ÌÂ×‹à 
ÀàÌÖ‹ÞÃÅèÈ Ë¯ÆŠ×ÇâÛìÜåÌÀàÌËíÈÖÜÃ Â´ÃÌ¸, 
Æ±ÃÈ‹×ÇÂ×àÓÝŠ×ÓÓì ÁÜÃÍèÌÈàËŠàÌâÛ³àÌ¸ 
ÄëñÃâÝèÈåØ‹ÀàÌËíÈÖÜÃ ÎßÅíÍÏíÌÅçàâÖèÈæÎ 
È‹×ÇÈê.
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ÉàÉßÖàÃ 2:	 ÜíÃÎßÀÜÍËàÃâÂÓê ÁÜÃÜàØàÌ

ÆßÌéÈÜàØàÌ DM% N% Cp%

Rb 87.43 1.92 12.00

Ws 7.48 4.00 25.00

Crm 87.68 0.54 3.37

Rb 	 =	 Ýá	
Ws	 =	 ÏèÀÍ¿Ã
Crm	 =	 Øí×ÓèÌÉ¿ÌÍíÈ

ÉàÉßÖàÃ 3:	 ÜèÈÉàÅŠ×ÌÎßÀÜÍÁÜÃÜàØàÌ åÌãÉŠÖßÓº

ÆßÌéÈÜàØàÌ Ws 10 (%) Ws 20 (%) Ws 30 (%) Ws 40 (%)

Rb 90 70 50 30

Ws 10 20 30 40

Crm 0 10 20 30

Ö×ÓËèÃÚíÈ 100 100 100 100

ÉàÉßÖàÃ 4:	 ÜàØàÌË¯ÚïÀéÌæÈ‹ (DMI) ÂéÈæÖŠÑºÌÊàÌ×èÈÊîãØ‹Ã

Treatments Ws 10 Ws 20 Ws 30 Ws 40

ÜàØàÌË¯ÀéÌæÈ‹ ÀðàÓ/Óº

ÏèÀÍ¿Ã 56.27 104.62 161.88 193.79

Ýá ãÖß Øí×ÓèÌÉ¿ÌÍíÈ 405.31 365.14 375.93 295.43

Ö×ÓËèÃÚíÈ 461.58 469.76 537.81 489.22
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ÉàÉßÖàÃ 5:	 ÜèÈÉàÀàÌâÑêòÓÌçòàÙèÀ ÁÜÃÚï

Äî–ËíÈ–ÖÜÃ Ä/ÌÓºËíÈÖÜÃ ÌŸÙèÀâÖ¯ÓÉ¿Ì ÌŸÙèÀÅîÈË‹àÇ ÌŸÙèÀâÑ¸ÓÅßâÖ¨Ç/äÉ/Óº

Ws 10 90 20.6 51 0.112

Ws 20 90 20.4 55 0.129
Ws 30 90 21.2 63 0.154
Ws 40 90 19.4 55 0.131

ÉàÉßÖàÃ 6: 	 ÜèÈÉàãÖÀÎŠÞÌÜàØàÌ âÎèÌÆ¸Ì

Äî–ËíÈ–ÖÜÃ Ä/ÌÓºËíÈÖÜÃ Ì/ÙâÖ¯Ó Ì/ÙÅîÈË‹àÇ Ì/ÙâÑ¸Ó Ü/ØËñêÀéÌæÈ‹ FCR

Ws 10 90 20.6 51 0.11 0.46 4.11

Ws 20 90 20.4 55 0.12 0.70 3.63

Ws 30 90 21.2 63 0.15 0.54 3.48

Ws 40 90 19.4 55 0.13 0.49 3.73

ÉàÉßÖàÃ 7:	 ÂŠàÏéÈÈŠÞÃ åÌÀàÌÖ‹ÞÃÚï (ÏéÈÈŠÞÃ = ÖàÇÝèÍ-ÖàÇÄŠàÇ) (ÀêÍ)

Äî–ËíÈ–ÖÜÃ ÖàÇÝèÍ ÖàÇÄŠàÇ ÏéÈÈŠÞÃ

Ws 10 765,000 652,000 113,000

Ws 20 825,000 646,000 179,000

Ws 30 945,000 641,000 303,000

Ws 40 825,000 636,000 189,000

åÌÀàÌËíÈÖÜÃÂ´ÃÌ¸ æÈ‹ÀçàæÖËèÃÚíÈ: 784,670 ÀêÍ
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ÀàÌÌçàåÆ‹âÂ²ÜÃÅŠÜÃÎà âÑ²ÜÅçàÛ×È×èÃÌçòàâÖéÀ åÌãÓŠÌçòàÁÜÃ ÔïŠ 
ÑàÀåÉ‹ ÁÜÃ Öà× ãÖß ÑàÀâÙìÜ ÁÜÃ ÀçàÎïâÄÇ

ÈÕ. ÅéÌËß×íÃ ×éÖà×íÃ1, ÖŠÞÃ ÂáÅê×éæÖ1, Àà×êÑÜÌ ÑîÈËß×íÃ1,
Jeppe Kolding1 and J. Valbo Jorgensen1

ÍíÈÂèÈØÇ§

×èÃÌçòàâÖéÀÔïŠãÓŠÌçòàÁÜÃ âÎèÌãÛŠÃË¯ÔïŠÜàæÅ ÁÜÃÎàË¯ÅçàÂèÌ ãÖß ÓêÖàÂàãÑÃÛàÇÆßÌéÈ. ãÉŠ×Šà 
åÌÎßÄîÍèÌ ÇèÃ–Í¡–ËèÌ–Óê–Á§–ÓïÌ–ÖßÜÞÈ ÀŠÞ×ÀèÍÌéâ×È×éËßÇà ãÖß Æê×ß×éËßÇàÁÜÃË̄ÔïŠÜàæÅ È̈ÃÀŠà×, 
Á§ÓïÌË̄ÓêÅŠ×ÌåØÇŠ ãÓŠÌæÈ‹ÓàÄàÀÀàÌÅçàÑàÈ Æà×ÎßÓíÃ ãÖß ÀàÌÎß–âÓêÌ– ÄàÀÄçàÌ×ÌÎàË̄Øà 
æÈòÁÜÃâÁíàâÄ¿à Æ±ÃÁ§ÓïÌÈ̈ÃÀŠà× ãÓŠÌÄßåØ‹ÖàÇÖßÜÞÈÈêÑçÅíÓÂ×Ì ÀŠÞ×ÀèÍÆßÌéÈ ãÖß ÄçàÌ×ÌÎà 
Ë¯ÜàæÅåÌ×èÃÌçòàâÖéÀ ãÉŠÍ¡ÅàÓàÈåØ‹Á§ÓïÌÖßÜÞÈÀŠÞ×ÀèÍÀàÌÀßÄàÇÁÜÃÎà ÔïŠåÌ×èÃÌçòàâÖéÀ 
äÈÇÅßâÑàß ãÓŠÌÍŠÜÌË¯ÎàãÉŠÖßÆßÌéÈ ÓèÀâÉ¿àäÝÓÀèÌÔïŠ åÌãÉŠÖßÄîÈÁÜÃ×èÃÌçòàâÖéÀ.

ÝïÍÅßãÈÃ Echograms ÄàÀâÂ²ÜÃÅŠÜÃÎà ÅßãÈÃåØ‹âØèÌÔŠàÃÄßãÄ‹Ã×Šà ÎàÄßÔïŠäÈÈÈŠÞ× 
ãÖß Ý×ÓÀèÌâÎèÌÀîŠÓ ÔïŠÍçÖé–â×Ì–Ë¯–Í¡–Óê–ÅªÃ–ÀêÈ–Á×àÃ Ûì ÔïŠ –ÉàÓäÃŠÌ–ØêÌÔïŠ –ÑºÌÌçòà. Á§ÓïÌËèÃÚíÈ 
ãÓŠÌæÈòÄàÀÀàÌÌçàåÆ‹ statistical aggregation –âÑ²ÜÂéÈæÖŠÄçàÌ×Ì–Îà –ãÖß Â×àÓ–Ùà–ãÙ‹Ì 
(biomass and density). ÏíÌ–ÁÜÃ–ÀàÌ–ÅëÀÅà Åß–ãÈÃ–åØ‹–âØèÌ–×Šà Îà––ãÉŠ–Öß–ÆßÌéÈ ÓèÀ–ÔïŠÍŠÜÌ–Åß–
âÑàßÁÜÃ–åÏ–ÓèÌ. äÈÇ–Ë³×–æÎ–ãÖ‹× ÄçàÌ×Ì–Îà –ãÖß –Â×àÓ–Ùà–ãÙ‹Ì–Äß–ÔïŠ –åÌÂ×àÓ–âÖéÀ 30 
ãÓèÈ ÖíÃ–Óà –ãÖß– Äß–Óê–ÄçàÌ×ÌÛîÈÖíÃ –ãÖß– Óê–Îà–Ù‹ÜÇ–Ë¯–ÅîÈ –åÌ–Â×àÓ–âÖéÀ 50 Øà 60 –ãÓèÈ. 
ÄçàÌ×Ì–Îà Äß–âÑ¸ÓÁºÌÜêÀ –ÔïŠ–ÖßÈèÍ–Â×àÓ–âÖéÀ–Ë¯–ÅîÈ –ãÖß ÇèÃ–ÑíÍ–âØèÌÎà–åØÇŠ Ë¯–Óê–ÁßÙàÈ 1-
2 ãÓèÈ –ãÓŠÌ–Üà–æÅ–ÔïŠ–×èÃË¯–âÖéÀ–ÀŠÜÌ–ÚïŠ. ÏíÌ–ÁÜÃ–ÀàÌ–ÅëÀÅà –ÇèÃÅß–ãÈÃ–åØ‹–âØèÌ–×Šà –åÌ–ÖßÈï–ÐíÌ 
ÄçàÌ×Ì–Îà–Äß–Óê–ÛàÇ ãÉŠ–Â×àÓ–Ùà–ãÙ‹Ì–ãÓŠÌ–Éçñà, ÚàÇ–Â×àÓ–×Šà Äß–Óê–ÎàåØÇŠ Üà–æÅ–ÔïŠ–Ë¯–Ì´ÌÛàÇ 
–åÌ–ÆŠ×Ã–ÖßÈïÐíÌ. ÏíÌÁÜÃÀàÌÅëÀÅà ÇèÃÅèÃâÀÈâØèÌ×Šà ÏíÌÏßÖéÈ ãÖß Â×àÓÙàãÙ‹ÌÁÜÃÎà 
åÌÜŠàÃÌçòàâÖéÀ ÁÜÃÀçàÎïâÄÇ ãÓŠÌÛàÇÀ×ŠàÔïñÖà× Æ±ÃâØÈÏíÌÈ¨ÃÀŠà× ãÓŠÌÇèÃØàÂçàÜßËéÍàÇÍ¡ 
ËèÌæÈ‹, ãÉŠÍàÃËêÜàÈãÓŠÌÇ‹ÜÌ ÌéæÅÁÜÃÎàãÉŠÖßÆßÌéÈ ËêñÓèÀÄßÜàæÅÔïŠÍŠÜÌÅßâÑàßÁÜÃåÏÓèÌ 
åÌãÉŠÖß×èÃÌçòàâÖéÀ.

ÀàÌ–ÅëÀÅà– ÀŠÞ×–ÀèÍ–ãÝÃ–ÃàÌ–Øà–Îà –É¡–Øí×ÙŠ×Ç–ãÝÃ–ÃàÌ (CPUE) –ãÓŠÌ–æÈ‹–Ô´ÃÔìÌÁ§–ÓïÌ–Ë¯–æÈ‹–ÄàÀ–
ÀàÌ–Ìçà–åÆ‹–âÂ²ÜÃ–ÅŠÜÃ–Îà Æ±Ã–Åß–ãÈÃ–åØ‹–âØèÌ–âÊéÃ–Â×àÓ–ãÉÀ–ÉŠàÃ– ÖßØ×ŠàÃ –ÄçàÌ×Ì–Îà–Ë¯–Üà–æÅ–ÔïŠ–
åÌ–Â×àÓ–âÖéÀãÉÀ–ÉŠàÃ–ÀèÌ –ãÖß Â×àÓÜîÈíÓÅíÓÍïÌÁÜÃÎà –åÌ–ãÉŠ–Öß–ÖßÈï–ÀàÌ. Æ±ÃÁ§ÓïÌÈ¨ÃÀŠà× 
ÄßâÎèÌÁ§ÓïÌâÑ¸ÓâÉêÓ åØ‹ãÀŠÀàÌÅëÀÅàÂ´ÃÌêò, âÂ²ÜÃÅŠÜÃÎà ãÓŠÌÅàÓàÈåØ‹Á§ÓïÌÀŠÞ×ÀèÍ 
ÄîÈË¯É´ÃÁÜÃãÉŠÖß×èÃ, ÀàÌÀßÄàÇ ãÖß ÁßÙàÈÁÜÃÎà, ÅŠ×Ì CPUE ãÓŠÌÅàÓàÈÍ³ÃÍÜÀ 



58 ÀçÖßÀíÈ - ËèÌ×à 2007

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

âÊéÃÆßÌéÈÎà ãÖß ÄçàÌ×ÌË¯ØàæÈ‹. âÓ²ÜÅèÃÖ×ÓÁ§ÓïÌË¯æÈ‹ÄàÀÅÜÃãÛŠÃÈ¨ÃÀŠà×âÁ¿àÀèÌ ÅàÓàÈ
ÌçàåÆ‹âÁ¿àåÌÀàÌÂî‹ÓÂÜÃÎßÆàÀÜÌ ãÖß Â×àÓÜîÈíÓÅíÓÍïÌÁÜÃÎà åÌ×èÃÌçòàâÖéÀæÈ‹.  

1ÅïÌÂíòÌÂ×òà ÀàÌÎßÓíÃ (ÅÂÎÓ)
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Hydro-acoustic Survey of Deep Pools in the Mekong River 
in Southern Lao PDR and Northern Cambodia 

Dr. Sinthavong Viravong1, KaviphonePhouthavongs1, Lieng Khamsivilay1, Jeppe 
Kolding1 and J. Valbo Jorgensen1

Abstract

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

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

The CPUE data broadly supported the information provided by the hydro-acoustic surveys, 
showing similar variations with depth and season. These sources of data are complementary, 
hydro-acoustic data provide information on the location, distribution and size of fish and 
CPUE give data on the type and number of fish. Together, these survey methods could provide 
a set of tools with which to monitor fish populations and abundance in the deep pools. Many 
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fisheries experts believe these factors are indicative of the health of the whole river system and 
the fisheries it supports. However, more sustained and complete surveys are required before 
this possibility can be realised.

1Livestock Research Centre (LRC)
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ÍíÈÌçà

ÀàÌÅëÀÅàÀŠÞ×ÀèÍ×èÃÌç òàâÖéÀ Ôï ŠåÌãÓŠÌç òà 
ÁÜÃ Ø×ŠàÃÍñçÈíÌÓàÌ¸ ãÓŠÌæÈ‹ÅßãÈÃåØ‹âØèÌ 
âÊéÃÂ×àÓÅçàÂèÌÁÜÃÌçòàâÖéÀ É¡ÀèÍ×íÃÄÜÌÆê 
×éÈÁÜÃÎàË¯ÅçàÂèÌ ãÖß ÓêÖàÂàãÑÃÛàÇ 
ÆßÌéÈ (Bouakhamvongsa and Poulsen 2001; 
Heng et al., 2001; Poulsen et al., 2002; 
Chan et al., 2005). ãÉŠ–×Šà– Á§–ÓïÌÀŠÞ×–ÀèÍÌé–â×È–
×éËßÇàÁÜÃ×èÃ–Ìçòà–âÖéÀ ãÓŠÌ–Óê–Ù‹ÜÇ –äÈÇ–Åß–
âÑàß– – ÅàâØÈË¯Â×ÍÂîÓÀàÌÀßÄàÇ ãÖß 
ÌéæÅ ÁÜÃÎà–ãÉŠÖß–ÆßÌéÈ Ë¯–Üà–æÅ–ÔïŠ–×èÃÌçòàâÖéÀ 
(Poulsen et al., 2002).

Á§ÓïÌÀŠÞ×ÀèÍÆßÌéÈÎà åÌ×èÃÌçòàâÖéÀ Ë¯ÌèÀ 
Â¿ÌÂ×òàæÈ‹ÝÞÌÝï ‹Ì ´Ì. Å Š×ÌÛàÇãÓŠÌæÈ‹ 
ÓàÄàÀÀàÌÅçàÑàÈÆà×ÎßÓíÃ ãÖß ÄàÀ 
ÀàÌÍèÌËëÀÄçàÌ×ÌÎà Ë¯ØàæÈ‹åÌãÉŠÖßÓòì, 
Æ±ÃÁ§ÓïÌÈ¨ÃÀŠà× ãÓŠÌÅàÓàÈåØ‹Ýï ‹æÈ‹âÊéÃ 
Â×àÓÛàÀÛàÇËàÃÈ‹àÌÆê×ß×éËßÇà ãÖß 
Â×àÓÜîÈíÓÅíÓÍïÌ ÁÜÃÆèÍÑßÇàÀÜÌÎà 
åÌãÉŠÖßâÁÈ, ãÉŠ×Šà ÓêÁ§ÓïÌÀŠÞ×ÀèÍÄîÈË¯ 
É´Ã Ûì ÀàÌÀßÄàÇÁÜÃÎà ÔïŠåÌãÉŠÖß×èÃ Ûì 
ÖßØ×ŠàÃ×èÃÉ¡×èÃ ãÓŠÌÓêÄçàÀèÈ. åÌÁßÌß 
ÈÞ×ÀèÌ, ×èÃÌçòàâÖéÀË¯ÅçàÂèÌÛàÇ×èÃ æÈ‹ÀàÇ 
ÓàâÎèÌ×èÃÅßØÃ×Ì Æ±ÃÓêÀàÌØ‹àÓØàÎà 
ÉßÛÜÈÎê Ûì ÍàÃÖßÈïÀàÌ. 

âÂ²ÜÃÅŠÜÃÎà (Hydro-acoustic) Ë¯âÝèÈ×ÞÀ 
È‹×Ç×éËêÅ³ÃÂºÌÅÞÃ (Sonar) ãÓŠÌÅàÓàÈÍèÌ 
ËëÀÄîÈË¯ÔïŠÁÜÃÎà (spatial data) Æ±ÃÅàÓàÈ 
åÆ‹âÎèÌÁ§ÓïÌâÑ¸ÓâÉêÓ ÀèÍÁ§ÓïÌË¯æÈ‹ÄàÀÆà× 
ÎßÓíÃ. âÌ²ÜÃÄàÀ×Šà ÀàÌÌçàåÆ‹âÂ²ÜÃÅŠÜÃÎà 
ãÓŠÌÅàÓàÈÅçàÛ×È ÔïŠåÌÑºÌË¯À×òàÃ äÈÇåÆ‹ 

â×ÖàÅ´Ì ãÖß âÝèÈÆçòàÀèÌÛàÇâË²ÜæÈ‹. ÅßÌ´Ì, 
Ä±ÃâÎèÌËŠàãÝÃ åÌÀàÌÌçàåÆ‹âÁ¿àåÌÀàÌÅëÀÅà 
ãÖß Âî‹ÓÂÜÃ ÀàÌÎŠÞÌãÎÃÁÜÃÎßÆàÀÜÌÎà 
åÌæÖÇßÇà×æÈ‹ÜêÀÈ‹×Ç. ÜêÀÔŠàÃÌ±Ã, ÅÞÃÂºÌ 
ÁÜÃ Sonic pulses ÁÜÃâÂ²ÜÃÅŠÜÃÎà ãÓŠÌÍ¡Å³Ã 
ÏíÌÀßËíÍåÈƒÉ¡Îà ãÖß ÅßÑàÍã×ÈÖ‹ÜÓ 
Æ±ÃÅàÓàÈÌçàåÆ‹âÁ¿àåÌÀàÌÎßâÓêÌÎßÆà 
ÀÜÌÎà ÔïŠ×èÃÅßØÃ×ÌæÈ‹.

âÂ²ÜÃÅŠÜÃÎà ÅŠ×ÌåØÇŠãÓŠÌÊìÀÌçàåÆ‹ âÑ²Ü 
Âî ‹ÓÂÜÃÀàÌÎßÓíÃÔï ŠËßâÖ ãÖß ÇèÃÍ¡ËèÌ 
æÈ‹ËíÈÖÜÃÌçàåÆ‹Ôï ŠâÁÈÌçòàÄìÈâË²Ü äÈÇÅß 
âÑàß ãÓŠÌãÓŠÌç òàÁÜÃË¯ÓêÅßÑàÍÂ×àÓ 
ÁîŠÌ, Â×àÓâÖéÀ ãÖß ÀàÌæÛ ãÉÀÉŠàÃÀèÍ 
ÅßÑàÍã×ÈÖ‹ÜÓÁÜÃËßâÖ. ÅßÌ´Ì, âÑ²Ü 
âÎèÌÀàÌÅëÀÅàÂ×àÓâÎèÌæÎæÈ‹ åÌÀàÌÌçà 
åÆ‹âÂ²ÜÃÓìÈ¨ÃÀŠà×ÔïŠåÌãÓŠÌçòàÁÜÃ ÅïÌÂ¿ÌÂ×òà 
ÀàÌÎßÓíÃ ÝŠ×ÓÀèÍÓßØà×éËßÇàæÖ Bergen 
ÁÜÃÎßâËÈÌÜÀã× ãÖß ÅßÊàÍèÌÂ¿ÌÂ×òà 
ãÖß ÑèÈËßÌàÀàÌÎßÓíÃ ÌçòàÄìÈ ÁÜÃÀçàÎïâÄÇ 
Ä±ÃæÈ‹ÝŠ×ÓÀèÌËíÈÖÜÃÅçàÛ×È âÁÈ×èÃÌçòàâÖéÀ 
ÔïŠâÓìÜÃäÁÃ ãÁ×ÃÄçàÎàÅèÀ ãÖß âÁÈ Strung 
Treng ÑàÀâÙìÜ ÁÜÃ ÀçàÎïâÄÇ.

ÄîÈÎßÅíÃ ÁÜÃÀàÌÅáÛ×È:

1. âÑ²ÜÅëÀÅà ÎßÆàÀÜÌÎà ÔïŠâÁÈ×èÃÌçòàâÖéÀ 
ÄàÀâÂ²ÜÃÅŠÜÃÎà ãÖß ÀàÌÄèÍÎà É¡ Øí×ÙŠ×Ç 
ãÝÃÃàÌ (Catch per Unit of Effort)
  
2. âÑ²ÜËçàÂ×àÓâÁ¿àåÄ ÖßÍíÍÌéâ×È×éËß 
ÇàÁÜÃ×èÃÌç òàâÖ éÀ É ¡À èÍÆßÌéÈÑèÌÎàåÌ 
ãÓŠÌç òàÁÜÃ äÈÇÅßâÑàß ãÓŠÌÄîÈÑéâÅÈ 
ËàÃÈ‹àÌÑïÓÅàÈÁÜÃ×èÃÌç òàâÖéÀ Ë¯ÓêÀàÌ 
Ñí×ÑèÌÀèÍÂ×àÓÙàãÙ‹ÌÁÜÃÎà Ë¯ÜàæÅÔïŠ.



62 ÀçÖßÀíÈ - ËèÌ×à 2007

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

3. âÑ²ÜÅëÀÅàÂ×àÓÛàÀÛàÇ ÁÜÃÆßÌéÈ 
ÑèÌÎà, Â×àÓÜîÈíÓÅíÓÍïÌ, ÀàÌâÂ²ÜÌÇ‹àÇ 
ÁÜÃÎà ÔïŠåÌ×èÃÌçòàâÖéÀ ËèÃÖßÈïãÖ‹Ã ãÖß Öß 
ÈïÐíÌ.

4. âÑ²ÜÅëÀÅàâÍªÃÂ×àÓâÎèÌæÎæÈ‹ åÌÀàÌ 
Å‹àÃÖßÍíÍÂî ‹ÓÂÜÃÀàÌÎßÓíÃ äÈÇÜàæÅ 
Â×àÓÜîÈíÓÅíÓÍïÌ,– ÀàÌÀßÄàÇÁÜÃÆßÌéÈ 
ÑèÌÎà  Ë̄ÜàÈÌçàåÆ‹âÁ¿àâÎèÌÉí×Í³ÃÆ̧ (Indicator) 
âÊéÃÂ×àÓÜîÈíÓÅíÓÍïÌ ÁÜÃÆßÌéÈÑèÌÎà åÌ 
ãÓŠÌçòàÁÜÃ.

×éËêÀàÌÅçà–Û×È

ÀàÌÅëÀÅà ãÓŠÌÌçàåÆ‹ÅàÓ×éËêÀàÌ Âì: (1) 
ÀàÌÅçàÑàÈâÜíàÁ§ÓïÌÂ×àÓÝï ‹Ñ ºÌÍ‹àÌÌçà 
ÆŠÞ×ÆàÌÎßÓíÃ (Ïï‹–Øà–Îà–âÀ¨Ã) ÀŠÞ×–ÀèÍ–âÁÈ–×èÃ–
ÌçòàâÖéÀ –ãÖß– ÆßÌéÈ–ÑèÌ–ÎàË¯–ÓêåÌ–ãÉŠÖß–âÁÈ; 
(2) ÀàÌÌçàåÆ‹âÂ²ÜÃÅŠÜÃÎà âÑ²ÜÅçàÛ×È 
âÁÈ×èÃÌçòàâÖéÀ ãÖß (3) ÀàÌÅëÀÅà CPUE 
ÌçàÆà×–ÎßÓíÃ –âÑ²Ü–âÀèÍ–Àçà–Á§ –ÓïÌ–ÆßÌéÈÎà 
–ãÖß– ÁßÙàÈ–Ë¯–Øà–æÈ‹. 

ÀàÌ–ÅáÑàÈ––âÜíà–Â×àÓ–Ýï‹ –ÑºÌÍ‹àÌ ÌáÆŠÞ× 
ÆàÌ–ÎßÓíÃ

ÀàÌ–ÅáÑàÈ–ÆŠÞ×ÆàÌ–ÎßÓíÃ– ãÓŠÌ–æÈ‹–Ö×Ó–âÜíà 
Å̄–ÍèÌØà–åØÇŠ– Âì: ÖèÀÅßÌß–Ë³×–æÎ–ÁÜÃ–×èÃ–ÌŸ–âÖéÀ 
–åÌ–ãÉŠÖß–âÁÈ, ÀàÌ–Øà–ÎàåÌ–ãÉŠ–Öß–ÖßÈï–ÀàÌ, 
–ÄáÌ×Ì–Æà×–ÎßÓíÃ– Ë̄–Øà–Îà–ÔïŠ–ÑºÌË̄–È̈ÃÀŠà× –ãÖß 
ÆßÌéÈ–ÑèÌ–Îà–Ë¯–Øà–æÈ‹ Ö×ÓËèÃ–ãÛŠÃË¯–ÔïŠ –Üà–æÅ 
ÁÜÃ–Îà–ãÉŠ–Öß–ÆßÌéÈ.

–ÀñÜÌÖíÃÅçàÑàÈ æÈ‹–ãÄ‹Ã–åØ‹–ÌàÇÍ‹àÌ–Ýï‹ÖŠ×Ã–Ù‹à 
ÀŠÞ×–ÀèÍÄîÈÎßÅíÃÁÜÃ–ÀàÌ–ÖíÃ–ÅçàÛ×È Ñ‹ÜÓ–ÀèÍ–

Áç–åØ‹–ÌàÇÍ‹àÌ ÌèÈ–Æà×–ÎßÓíÃ Ë¯–Øà–Îà–âÀ¨Ã –ãÖß 
–âÊ¿à–ãÀŠ–ãÌ×–äÝÓ Ë¯–Ýï‹ÄèÀ–ÀèÍ–ÅßÑàÍÀàÌ–ÎßÓíÃ– 
åÌ–ãÉŠÖß–âÁÈ –âÑ²Ü–Óà–ÅíÌËßÌà –ãÖß –ÅÜÍ–ÊàÓ 
ÉàÓ–Øí×–Á§–Ë¯–æÈ‹–ÀçàÌíÈ–æ×‹. –åÌ–â×Öà–âÖ¸ÓÀàÌ–
ÅíÌËßÌà Ëê–ÓÅçà–Û×È–æÈ‹–Áç–Ý‹ÜÃ–åØ‹Ïï‹ÉàÃÙ‹à–
ÁÜÃ–Í‹àÌ –ãÉ‹Ó–ãÏÌ–Ë¯ãÛŠÃÌç òà/ –âÁÈ–Øà–Îà 
ÁÜÃ–Í‹àÌ (ÝïÍ 1 ãÖß 2).

ÀàÌ–ÌçàåÆ‹– âÂ²ÜÃ–ÅŠÜÃ–Îà

+ ÀàÌ–âÝèÈ–×ÞÀ– ÁÜÃ–âÂ²ÜÃ–ÅŠÜÃ–Îà

–âÂ²ÜÃ–ÅŠÜÃ–Îà – –âÝèÈ–×ÞÀÈ‹×Ç–×éËêÅ³Ã–ÂºÌÅÞÃ          
(a ping) –ãÖß –ÝèÍ–ÅÞÃ–ÅßË‹ÜÌ– ÄàÀÅªÃ–Ë¯–Óê–Æê×éÈ 
ÔïŠåÉ‹–ÑºÌÌçòà, ÅçàÖèÍ–Îà–ãÖ‹× –âÂ²ÜÃ–ÅŠÜÃ–ÎàÄß 
ÍèÌËëÀ–âÜíà–ÀàÌ–ØàÇ–åÄ Ûì ÀàÌ–ÈïÈ–ÜàÀàÈ–âÁ¿à 
ÊíÃ–ÖíÓ (swim bladder), ÄàÀ–Á§ –ÓïÌ–È¨ÃÀŠà× 
–ãÓŠÌ–ÅàÓàÈ–ÌçàÓà–ÂéÈ–æÖŠ ÁßÙàÈÁÜÃ–Îà 
(target strength of fish). –ÉàÓ–Ûà–Ç–ãÛŠÃÁ§–ÓïÌ 
Ë¯ –ÅëÀÅà–ÏŠàÌ–ÓàåØ‹ –Ý ï ‹ –× Šà ÁßÙàÈ–ÁÜÃ–Îà 
–ãÓŠÌ––ÅàÓàÈ–ÂàÈ–Âß–âÌ–æÈ‹ÉàÓ–ÁßÙàÈ–ÁÜÃ–
ÑîÃ–ÖíÓÎà Æ±Ã–Á§–ÓïÌ–È¨ÃÀŠà× –ãÓŠÌÅàÓàÈ–ÂéÈ–
æÖŠ–æÈ‹–ÉàÓ–ÅÞÃÅßË‹ÜÌÂìÌÁÜÃ–Îà (strength) 
(ÝïÍ 3).– –ãÉŠ–×Šà ÆßÌéÈ–ÎàË¯–Óê–ÑîÃ–ÖíÓ–Ì‹ÜÇ Ûì– Í¡ 
Óê–ÑîÃ–ÖíÓ–âÖêÇ À¡–Äß–Å³Ã–ÅÞÃ–ÂºÌÂŠÜÇÀ×ñà–Æß–ÌéÈ 
Ë¯–Óê–ÑîÃ–ÖíÓ–åØÇŠ –ãÖß– À¡–Äß–Óê–ÍèÌØà–åÌ–ÀàÌÎß–
âÓêÌ–ÁßÙàÈ–Éí×–ÄéÃÁÜÃ–Îà.

Éí×ÔŠàÃ –ÄçàÑ×ÀÎà–ÙèÃ– åÌ–ãÓŠÌç òàÁ–ÜÃË¯ –Óê –
ÑîÃ–ÖíÓ–Ì‹ÜÇ –ãÉŠ–âÎèÌÎàÁßÙàÈåØÇŠ –ãÓŠÌ–
Äß–ÓêÍèÌØàåÌ–ÀàÌ–Îß–âÓêÌ–ÁßÙàÈ–ÁÜÃÎà 
–äÈÇ–ÌçàåÆ‹âÂ²ÜÃ–ÅŠÜÃ–Îà.

+ ÀàÌ–ÍèÌËëÀ–Áòç–ÓïÌ

ÀàÌ–ÅëÀÅà– åÌ–Â´ÃÌ¸ –ãÓŠÌ–æÈòÅçàÛ×È×èÃ–ÌçòàâÖéÀ 
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30 ×èÃ –ãÖß –æÈ‹–ÍèÌËëÀ ÛàÇ–À×ñà 160 transects 
ÔïŠ–åÌ–×èÃ–ÌçòàâÖéÀ ÖßØ×ŠàÃ 1 Øà 33 ãÓèÈ. ÀàÌ–Åçà–
Û×È–ÅŠ×Ì–åØÇŠ– ãÓŠÌæÈ‹–Èçà–âÌêÌ–æÎ –åÌ–ÉÜÌ–ÀàÃ–
â×èÌ, Ç‹ÜÌ–×Šà–ÉÜÌ–ÀàÃ–ÂìÌ Óê–Â×àÓØÇòîÃ–ÇàÀ 
–ãÖß –ÜèÌÉßÖàÇ–È‹àÌ–ÀàÌ–âÈêÌ–âÝìÜ åÌ–âÁÈ–
Ë¯–âÎèÌ–ãÀ‹Ã –ãÖß –Óê–Àß–ãÅ–ÌçòàæÛ–ãÝÃ. –ãÉŠ–×Šà 
–åÌ–âÁÈ–Ë¯–Óê–âÃ²ÜÌ–æÁ À¡–æÈ‹ËçàÀàÌ–ÅçàÛ×È–åÌ–
ÉÜÌ–ÀàÃÂìÌ –âÎèÌÉ¿Ì–ãÓŠÌâ×êÌ–ÅíÃÂàÓ, –â×êÌ–×‹à, 
–â×êÌ–ÖíÓ–ÑèÈ, ×èÃ–ÈÜÌ–ÅçàÖàÌ, ÁîÓ–ÈÜÌ–Ïê –ãÖß 
â×êÌ–ÈîÀ. ÄîÈËêñ–æÈ‹–ÖíÃ–ÅçàÛ×È ãÓŠÌ–Åß–ãÈÃ–åØ‹–
âØèÌ–ÔïŠ–åÌÝïÍ 4 –ãÖß –ÉàÉßÖàÃ 1.

ÀàÌÅçàÛ×ÈÂ´ÃÌ¸ ãÓŠÌæÈòåÆ‹âÂìÜÃÅŠÜÃÎà  
SIMRAD EK60 echo-sounder  ãÖß ER60 
transducer at 120 kHz. âÂ²ÜÃÈ¨ÃÀŠà× æÈ‹ 
ÉéÈÉ´ÃåÅŠâÝìÜØàÃÇà× åÌâ×ÖàÍèÌËëÀÁ§ÓïÌ 
ãÓŠÌæÈ‹ãÖŠÌâÝìÜ äÈÇÅßâÖ¨ÇÂ×àÓæ×ÔïŠË¯ 
3-5 knots. âÂ²ÜÃÝèÍÅèÌÇàÌ (transducer) 
ãÓŠÌæÈ‹ÉéÈÉ´ÃÔïŠÌçòà åÌæÖÇßØŠàÃ ãÉŠ 0.1-
0.3 ãÓèÈ ØàÙ‹àÌç òà. ÅŠ×ÌÀàÌÍèÌËëÀÁ§ 
ÓïÌ ãÓŠÌæÈ‹ÌèÍâÜíàãÉŠÂ×àÓâÖéÀ 1.3 ãÓèÈ 
ÖíÃæÎØàÑºÌÌçòà. âÂ²ÜÃÈ¨ÃÀŠà× æÈ‹É¡âÁ¿àÂÜÓ 
Ñê×âÉêãÖÍËÜÍ ãÖß åÆ‹äÎÕãÀÓ ER 60 
Ë¯åÆ‹åÌ Windows XP âÑ²ÜÅßãÈÃÁ§ÓïÌ.
âÂ²ÜÃÂÜÓÑê×âÉê ÇèÃæÈ‹É¡åÅŠâÂ²ÜÃÝèÍÄîÈË¯ 
É´Ã Garmin GPS ÌçàÜêÀ âÑ²ÜÍèÌËëÀÄîÈË¯É´Ã 
ÁÜÃãÉŠÖß×èÃÌçòàâÖéÀ.

+ ÀàÌ–×é–åÄ–Á§–ÓïÌ

ÔïŠåÌÝïÍ echograms Ë¯æÈ‹ÄàÀâÂ²ÜÃÅŠÜÃÎà 
ãÓŠÌÄßÅàÓàÈÍ³ÃÍÜÀÝïÍÖèÀÅßÌß ÁÜÃ 
×èÃÌçòàâÖéÀ Ö×ÓËèÃÁßÙàÈÎà ãÖß Â×àÓ 
ÙàãÙ‹Ì äÈÇÜêÃåÅŠÁ§ÓïÌÈ¨ÃÀŠà× Ñ×ÀâÝíà 

ÅàÓàÈÂéÈæÖŠÏíÌÏßÖéÈ Biomass (Sa/ha) 
ãÖß Â×àÓÙàãÙ‹Ì density (fish/ha). ÀàÌ 
ÂéÈæÖŠÈ̈ÃÀŠà× ãÓŠÌæÈ‹ÌçàåÆ‹ ÆÜÍã× SONAR 
4 (Balk and Lindem, 2005).

ÀàÌ–ÅëÀÅà CPUE

–âÌ²ÜÃ–ÄàÀ–×Šà ÀàÌ–Ìçà–åÆ‹–âÂ²ÜÃ–ÅŠÜÃ–Îà –ãÓŠÌ–
Íñ ç –ÅàÓàÈ–åÄ‹ –ãÇÀ–ÆßÌéÈ–ÑèÌ–Îà–æÈ‹ ÅßÌ´Ì, 
Ä±Ã–Óê–ÀàÌÅëÀÅàËàÃÈ‹àÌ CPUE ––âÑ²Ü–âÀèÍ–ÀçàÁ§–
ÓïÌ–È‹àÌ–ÆßÌéÈ–ÑèÌ–Îà –åÌ–ãÉŠ–Öß×èÃ ãÖß– Â×àÓ–
ÜîÈíÓÅíÓÍïÌ ÁÜÃ–Îà–ãÉŠ–Öß–ÆßÌéÈ. ÀàÌ–âÀèÍ 
–Àçà–Á§ –ÓïÌ–È¨ÃÀŠà× –ãÓŠÌ–æÈ‹ –ÄèÈÉ´ÃÎßÉéÍèÈ–Ôï Š 
Å¯–Í‹àÌ Âì:– ÈÜÌ–ËàÌ–Éà×èÌ–ÉíÀ, ÀíÀÎà–ãÈÀ, 
Í‹àÌ–ØàÈ –ãÖß Í‹àÌ–ØàÈ–ÆàÇ–ÂïÌ, Æ±Ã–Æà×–ÎßÓíÃ 
–Äß–æÈ‹–ÝèÍ–ÀàÌ–ÐëÀ–ÜíÍÝíÓ ×éËê–ÀàÌ–ÍèÌËëÀ–Á§–ÓïÌ 
ÄçàÌ×Ì–Îà–Ë¯–ØàæÈ‹–åÌ–ãÉŠ–Öß–Óìò Ö×ÓËèÃ–ÆßÌéÈ–
âÂ²ÜÃÓìË¯–åÆ‹– –ãÖß Ö×Ã–Çà×–ÁÜÃ–Îà.

ÏíÌ–ÁÜÃ–ÀàÌ–Åçà–Û×È

ÀàÌ–ÅçàÑàÈ––âÜíà–Â×àÓ–Ýï‹–ÑºÌÍ‹àÌ ÌçàÆŠÞ× 
ÆàÌ–ÎßÓíÃ

–ãÏÌË¯ –Í‹àÌ –ãÖß– ÆèÍÑßÇàÀÜÌ–ãÛŠÃÌç òà 
ÁÜÃ–Í‹àÌ (Ö×ÓËèÃ×èÃ–Ìçòà–âÖéÀ –ãÖß– ãÛñÃËçà 
ÀàÌ–ÎßÓíÃ) Ë¯–Æà×–ÎßÓíÃâÎèÌ–Ïï‹ –ãÉ‹Ó–åØ‹ –åÌ–
â×Öà–ÅçàÑàÈ–Ì´Ì, ãÓŠÌ–âÎèÌ–Á§ –ÓïÌ–Ë¯ –Èê –Ë¯ –ÅîÈ 
ÅçàÖèÍ–ÀàÌ–ÜÜÀ–ãÍÍ –åÌ–ÀàÌ–ÅçàÛ×È–×èÃ–ÌçòàâÖéÀ 
–äÈÇ–åÆ‹–âÂ²ÜÃ–ÅŠÜÃ–Îà. –ãÉŠ–×Šà–Á§–ÓïÌ–ÀŠÞ×–ÀèÍ–ÆßÌéÈ–
ÑèÌ–ÎàË¯–Üà–æÅ–Ôï Š –×èÃ–Ìç òà–âÖéÀ –ãÓŠÌ–ÇèÃ–ÅèÍÅíÌ 
–âÑàßÍàÃ–ẤÃ Æà×–ÎßÓíÃ –À¡–Í¡–ÅàÓàÈ–ÍÜÀ–æÈ‹–×Šà 
Îà–ÆßÌéÈ–åÈ–ãË‹ Ë¯–Üà–æÅ–ÔïŠ –×èÃ–Ìç òàâÖéÀ –ãÖß 
–ÆßÌéÈ–åÈ Ë¯–Üà–æÅ–ÔïŠ –Ë³×–æÎ Ûì –åÀ‹–ÀèÍ–âÁÈ–×èÃ–
ÌçòàâÖéÀ. 
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ÀàÌ–Ìá–åÆ‹– âÂ²ÜÃ–ÅŠÜÃ–Îà

ÖßÈèÍ–Â×àÓ–âÖéÀ –ãÖß– Â×àÓ–Ùà–ãÙ‹Ì–ÁÜÃ–
Îà

Á§ –ÓïÌ–ÄàÀ–âÂ²ÜÃ–ÅŠÜÃ–ÎàËèÃ –ÚíÈ Ë¯ –æÈ‹ÄàÀ 
ÀàÌ–Åçà–Û×È– ãÓŠÌ–æÈ‹Åß–ãÈÃ–åØ‹–âØèÌ–ÔŠàÃ–Äß 
–ãÄ‹Ã×Šà Óê–Â×àÓ–ÀŠÞ×–ÑèÌ–ÀèÌ– ÖßØ×ŠàÃ ÏíÌ–Ïß 
ÖéÈ (biomass), Â×àÓ–Ùà–ãÙ‹Ì (density) 
–ãÖß– Â×àÓ–âÖéÀ–ÁÜÃ–×èÃ (ÝïÍ 5). ÀàÌ–ÅèÃ–
âÀÈ–âØèÌ–Â×àÓ–ÀŠÞ×–ÑèÌ–ÀèÌ –ãÓŠÌ–æÈ‹–×é–åÄ–ÄàÀ 
–×èÃ–âÖéÀ–Ë¯–ÅîÈ (ÝïÍ 5 âËéÃ) –ãÖß ×èÃ–Ìçòà–âÖéÀ 
–åÌ–ÖßÈèÍ 10 –ãÓèÈ (ÝïÍ 5). ÏíÌ–ÏßÖéÈ –ãÖß 
–Â×àÓ–Ùà–ãÙ‹ÌÅïÃ ÔïŠ–åÌ––ÖßÈèÍ–Â×àÓ–âÖéÀ– Îß 
ÓàÌ 30 –ãÓèÈ. ÛîÈ 30 –ãÓèÈ–ÖíÃ–Óà ËèÃ–ÏíÌ–Ïß 
ÖéÈ –ãÖß –Â×àÓ–Ùà–ãÙ‹Ì–Äß–Éçñà –ãÖß– Äß–ÔïŠ–åÌ 
–ÖßÈèÍ–ÉçñàÅîÈ åÌ–Â×àÓ–âÖéÀ 65 –ãÓèÈ. ãÉŠ–
×Šà– ÔïŠ–åÌ–ÖßÈèÍ–âÖéÀ–À×Šà– 65 –ãÓèÈ ÎßÖéÓàÌ 
–ãÖß– Â×àÓ–Ùà–ãÙ‹Ì–Äß–ÂŠÜÇÓê–ÛàÇ–ÁºÌÜêÀ. Äçà 
Ì×Ì–ÎàÄß–âŅ̃ÓÁºÌÜêÀ ÔïŠ–ÖßÈèÍ–Â×àÓ–âÖéÀ–Ë̄–ÅîÈ 
–ãÖß ÇèÃ–ÑíÍ–âØèÌÎà–åØÇŠ Ë̄–Óê–ÁßÙàÈ 1-2 –ãÓèÈ 
–ãÓŠÌ–Üà–æÅ–ÔïŠ×èÃÌçòàË¯–âÖéÀ–ÀŠÜÌ–ÚïŠ.  

ÏíÌ–ÁÜÃ–ÀàÌ–ÅëÀÅà ÇèÃÅß–ãÈÃ–åØ‹ –âØèÌ–×Šà 
åÌ–ÖßÈï–ÐíÌ ÄçàÌ×Ì–ÎàÄß–Óê–ÛàÇ –ãÉŠ–Â×àÓ–Ùà–
ãÙ‹Ì–ãÓŠÌ–Éçñà, ÚàÇ–Â×àÓ–×Šà Äß–Óê–Îà–åØÇŠ 
Üà–æÅ–ÔïŠ–Ë¯–Ì´ÌÛàÇ –åÌ–ÆŠ×Ã–ÖßÈïÐíÌ.

Â×àÓ–ãÉÀ–ÉŠàÃ –ËàÃ–È‹àÌ–ÑïÓ–ÅèÌÊàÌ

ÄçàÌ×Ì–Â×àÓ–Ùà–ãÙ‹Ì–ÁÜÃ–Îà –Ôï ŠÀçàÎï–âÄÇ 
Äß–ÛàÇ–À×Šà –ÔïŠ– Öà× (ÝïÍ 6) –âØÈÏíÌ––ãÓŠÌ–ÇèÃ–
Í¡–ËèÌ–Ýï‹ –ÖßÜÞÈ–âË²Ü. –ãÉŠ–Ë¯–ãÌŠÌÜÌ ÓèÌ–Í¡–ÁºÌ 
ÀèÍ–Â×àÓ–âÖéÀ–ÁÜÃ–×èÃ. âÊéÃ–ãÓŠÌ–×Šà –ãÓŠÌçòà–ÁÜÃ–
ÔïŠÀçàÎï–âÄÇ ÅŠ×Ì–ÛàÇÄß–âÖéÀ–À×ñà 40 ãÓèÈ (ÝïÍ 

6) À¡ÉàÓ, –ãÉŠ–Éí×ÄéÃãÖ‹× Â×àÓÙàãÙ‹Ì –ãÖß– 
ÏíÌ–ÏßÖéÈÄß–Óê–ÛàÇÔïŠ–åÌ–Â×àÓ–âÖéÀ– ÎßÓàÌ 30 
ãÓèÈ, Æ±Ã×èÃË¯ÔïŠåÌÂ×àÓâÖéÀ È¨ÃÀŠà× ãÓŠÌÔïŠ 
Öà× ÓêÛàÇÀ×ñà Ôïñ ÀçàÎïâÄÇ (ÝïÍ 6).

Â×àÓ–ãÉÀ–ÉŠàÃ –ËàÃ–È‹àÌ–ÖßÈï–ÀàÌ

ÏíÌ–ÏßÖéÈ –ãÖß –Â×àÓ–Ùà–ãÙ‹ÌÁÜÃ–Îà Äß–
Óê–Â×àÓ–ãÉÀ–ãÉÀÀèÌæÎ–ÉàÓÖßÈï–ÀàÌ (ÝïÍ 
7) Á§ÓïÌ–Ë¯–æÈ‹–ÄàÀ–ÀàÌ–ÅçàÛ×ÈåÌ–ÖßÈï–ãÖ‹Ã 
(ÀîÓÑà Øà ÓêÌà 2004) –ãÓŠÌ–Óê–ÏíÌ–ÏßÖéÈ–ÅïÃ 
–ãÖß –Â×àÓ–Ùà–ãÙ‹Ì–Éçñà –âÓ²Ü–ËÞÍ–åÅŠ–Á§–ÓïÌ––Ë¯–
âÀèÍ–åÌ–Ë‹àÇ–ÖßÈïÐíÌ (ÉîÖà Øà ÑßÄéÀ 2003). 
ÄàÀÁ§–ÓïÌ–È̈ÃÀŠà× –ÅàÓàÈ–ÅßÛîÍ–æÈ‹–×Šà Îà–åØÇŠ 
– –Äß–Üà–æÅ–Ôï Š –×èÃ–Ìç òà –âÖéÀåÌ–ÖßÈï –ãÖ‹Ã Æ±Ã–ÊìÀ–
ÀèÍ–ÀàÌ–ÅèÌÌéÊàÌåÌ–âÍºÜÃÉ¿Ì×Šà ×èÃ–Ìçòà–âÖéÀ 
–ãÓŠÌ–âÎèÌ–ÍŠÜÌ–Ö̧Æ‹ÜÌ–ÁÜÃ–Îà–åØÇŠ –ãÖß –Îà–ÝàÓ 
–åÌ–ÖßÈï–ãÖ‹Ã.

Â×àÓ–ãÉÀ–ÉŠàÃ–È‹àÌ–ÅßÑàÍ–ã×È–Ö‹ÜÓ –ãÖß 
–ÜàØàÌÅçà–ÖèÍ–Îà

–åÌ–Îß–Äî–ÍèÌ Ñ×À–âÝíà–ÇèÃ–Í¡–ËèÌ–Óê–Á§–ÓïÌ–ÖßÜÞÈ–ÀŠÞ×–
ÀèÍ–ÑìÈ–Ìçòà –ãÖß– ÅèÈ–ÌçòàÉŠàÃƒ Ë̄–Óê–ÔïŠ–åÌ–×èÃ–Ìçòà–âÖéÀ 
–ãÖß –Ñ×À–âÝíà–Í¡–ÅàÓàÈ–ÜßËéÍàÇ–âÊéÃ–Åà–âØÈ 
–ãÖß– Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ–ÖßØ×ŠàÃ –ÏíÌ–ÏßÖéÈ 
–ãÖß Â×àÓ–Ùà–ãÙ‹ÌÁÜÃ–ÆßÌéÈ–Îà ÔïŠ–âÁÈ–ÑàÀ–
âÙìÜ–ÁÜÃ–ÀçàÎï–âÄÇ –ãÖß– ÑàÀ–åÉ‹–ÁÜÃ–Öà× (ÝïÍ 
6-8). –ãÉŠ–×Šà ÝïÍ–Åß–ãÈÃ (echograms) Ë̄–æÈ‹–ÄàÀ–
âÂ²ÜÃÅŠÜÃ–Îà Åß–ãÈÃ–åØ‹–âØèÌ–ÔŠàÃ–Äß–ãÄ‹Ã×Šà Îà 
–âÖìÜÀ–ÔïŠÍñÜÌåÈÍñÜÌ–Ì±Ã Åß–âÑàß–ÁÜÃ–Ñ×À–ÓèÌ 
ÉàÓ–ÖçàÌçòà (ÝïÍ 9). Ñ×À–âÝíà–ÅèÌÌéÊàÌ–×Šà 
×èÃ–Ìç òàãÉŠ–Öß×èÃ Óê–ÖèÀÅßÌß –ãÖß– Â×àÓ–Üî 
ÈíÓÅíÓÍïÌÁÜÃÜàØàÌ–ãÉÀ–ÉŠàÃ–ÀèÌ. (âÅ´Ì 
×íÃÓíÌÅêãÈÃ ÅßãÈÃåØ‹âØèÌÄçàÌ×ÌÎà Ë¯Ý×Ó 
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ÀîŠÓÀèÌÔïŠ: 1 ÔïŠÍŠÜÌãÎÌ åÀ‹Ù‹àÌçòà, 2. ÔïŠÑºÌÌçòà 
ãÖß 3 ÔïŠÌçàäÃŠÌØêÌ) ÂíÌ–ÅŠ×Ì–ÛàÇ––âÁ¿à–åÄ–×Šà 
×èÃ–Ìç òàâÖéÀ –ãÓŠÌ–Íç –Öéâ×ÌË¯Óê –ÝïâÖéÀ. ãÉŠ –×èÃ–
Ìç òàâÖéÀåÌãÓŠÌçòàÁÜÃ –ÅŠ×ÌÛàÇÄß–ÎßÀÜÍ–
È‹×ÇØêÌâÎèÌÊçòàåÉ‹Ìçòà, ÓêÌçòàÜÜÀÍ¡ ãÖß Îß 
ÀÜÍÈ‹×ÇÑïØêÌË¯ÓêÛàÇÝï. Æ±Ã––ÏñàÌ–ÀàÌÅèÃ–âÀÈ– 
âØèÌ×Šà ÀàÌ–ÎßÀÜÍ–Å‹àÃ–ËàÃ–È‹àÌ–Æê×ß–ÅàÈ 
ÁÜÃ–ãÉŠ–Öß×èÃ– ãÓŠÌ–Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ÀèÌ. 

–âÌ²ÜÃ–ÄàÀ–×Šà –Í¡–Óê–ÀàÌÅëÀÅà–ÔŠàÃ–ÖßÜÞÈ––ÀŠÞ×–
ÀèÍ×éÆà–ÅàÈ–Ìç òà (hydrology), ÖèÀÅßÌß–
ÅèÌÊàÌ–ÁÜÃ–ÑºÌÌçòà (Geomorphology) –ãÖß 
ÖßÍíÍ–ËçÖßÌê–×éËßÇà (geology) ÔïŠ – –âÁÈ–ãÓŠ 
ÌçòàÁÜÃ–ÉÜÌ–ÖîŠÓ–âË²Ü. Æ±Ã–Á§–ÓïÌ–È¨ÃÀŠà× ãÓŠÌ–Óê–
Â×àÓ–ÅçàÂèÌ –ãÖß –Äçà–âÎèÌåÌ–ÀàÌ–ÜßËéÍàÇ 
–âÊéÃ–Â×àÓ–ãÉÀ–ÉŠàÃËàÃ–È‹àÌ–ÏíÌ–ÏßÖéÈ –ãÖß– 
Â×àÓ–Ùà–ãÙ‹Ì–ÁÜÃ–Îà–åÌ–ãÉŠ–Öß×èÃ.

–åÌ–ÎßÄî –ÍèÌ Ñ×À–âÝíà–ÑÞÃ–ÅèÌÌéÊàÌ–æ×‹×Šà 
Â×àÓ–âÖéÀ, ÖèÀÅßÌß–ËàÃ–È‹àÌ–ÑïÓ–ÅàÈ–ÁÜÃ–
ØêÌåÌ–ÑºÌ×èÃ, ÖèÀÅßÌß–ÁÜÃ–ËçàÓß–ÆàÈ–ÁÜÃ–
ÍçÖé–â×Ì–×èÃ, ÖèÀÅßÌß–ÀàÌ–æÛÁÜÃ–Ìçòà –ãÓŠÌ–ÎèÈ–
åÄ–Ë̄–ÅçàÂèÌ –åÌ–ÀàÌ–ÀçàÌíÈ–ÄçàÌ×Ì–Îà Ë̄–Üà–æÅ–ÔïŠ–
åÌ––ãÉŠ–Öß×èÃ (Chan et al., 2005) –. Îà–ÍàÃ–ÆßÌéÈ 
–ÓèÀ––Üà–æÅ–ÔïŠ––åÀ‹–ÀèÍÏà–ØêÌ Ë̄–Óê–Àß–ãÅ–ÌçòàæÛ–Í¡–ãÝÃ 
–âÑ²Ü–Äß–âÀèÍ–ÝèÀÅà–ÑßÖèÃÃàÌ –ãÖß– åÌ–â×Öà–
ÈÞ×–ÀèÌ À¡ –Äß–ÆÜÀ–ÀéÌ–ÜàØàÌÔï ñ –åÉ‹ÑºÌÌç òà 
Æ±Ã–ÅŠ×Ì–ÛàÇ Äß–Ö×ÓÀèÌ–Ôï Š –âÁÈ–åÄÀàÃ–×èÃ. 
ÍàÃ–ÆßÌéÈ– À¡ –ÓèÀ–ÄßÜà–æÅ–Ôï Š –åÌ–ÍŠÜÌ–âÖéÀ–Ë¯ –
ÅîÈ Æ±Ã–ÉàÓ–Á§–ÓïÌ–Ë¯–ÍèÌËëÀ–æÈ‹ ÅŠ×Ì–ÛàÇ–Äß–
ãÓŠÌ–Îà–Ë¯–Óê–ÁßÙàÈåØÇŠ –ãÖß –ÍàÃ–ÄçàÑ×À 
–À¡–Äß–Üà–æÅ–ÔïŠ –ÍñÜÌ–âÎêÈ–âÏêÇåÀ‹–ÀèÍ–Ù‹àÌçòà. Æ±Ã–
ÖèÀÅßÌß–È̈ÃÀŠà× ––Âì–ÀèÍ–×Šà ÍŠÜÌ–ÔïŠ–ãÉŠÖß–Îß–âÑÈ 
–Óê–ÖèÀÅßÌß–Åß–âÑàß –ãÉÀ–ÉŠàÃ–ÀèÌ Ë¯Îà–ãÉŠ–Öß–

ÆßÌéÈÓèÀ–Üà–æÅ–Ôïñ.

ÀàÌ–ÅëÀÅà CPUE 

Æà×–ÎßÓíÃ–ÄçàÌ×Ì 12 ÂíÌ Ë¯–ÊìÀ–ÂèÈ–âÖìÜÀ–âÁ¿à–
åÌ–ÀàÌ–âÀèÍ–Àçà CPUE –ãÓŠÌ–æÈ‹–ÍèÌËëÀ–Á§–ÓïÌ–ÀàÌ–
Øà–Îà–ÁÜÃ–ÉíÌ –åÌ–Æ×ŠÃ–âÈìÜÌÀîÓÑà Øà ÓêÌà. 
Æ±Ã––æÈ‹–ÍèÌËëÀ–ÀàÌ–Øà–Îà–ËèÃ–ÚíÈ 1,811 –âË²Ü 
Ö×ÓÓê 1,764 –âË²Ü– ÁÜÃ–ÆßÌéÈ–ÎàË¯–ÄèÈ–ÔïŠåÌ 
48 ÆßÌéÈ.

ÆßÌéÈ–Îà–Ë¯–Øà–æÈ‹–ÛàÇ

Óê–Îà– 23 ÆßÌéÈ Ë¯–ÄèÈ–âÁ¿à–ÔïŠ–åÌ–Îß–âÑÈ –Ë¯–Øà–æÈ‹–
ÛàÇ (ÉàÉßÖàÃ 2) –ãÖß ÆßÌéÈ–Îà–Ë¯–Øà–æÈ‹–
ÛàÇ–À×ñàÚïŠ– æÈ‹–ãÀŠÎàÌàÃ–ãÈÃ (Hemisi-lurus 
mekongensis), ÎàÇÜÌ (Pangasius spp.), ãÖß 
ÎàÌàÃ–Áà×  (Mirconema spp.).

ÅßÛîÍ –ãÖß– ÅíÌËßÌà

ÀàÌ–ÅçàÛ×È–âÁÈ–×èÃ–Ìç òàâÖéÀ –äÈÇ–åÆ‹ –âÂ²ÜÃ–
ÅŠÜÃ–Îà –ÅàÓàÈ––åØ‹–Á§–ÓïÌ–ÀŠÞ×–ÀèÍ–ÀàÌ–ÀßÄàÇ–
ÁÜÃ–ÐïÃÎà –ãÖß– ÖèÀÅßÌß–Ìé–æÅÁÜÃ–Îà–Ë¯–ÔïŠ–åÌ–
×èÃ–Ìçòà–âÖéÀ. Æ±Ã–Á§–ÓïÌ–È¨ÃÀŠà× –Í¡–ÅàÓàÈâÜ–íà–æÈ‹ 
ÄàÀ–Àà–ÌÅçàÑàÈÆà×–ÎßÓíÃ.

ÝïÍ echograms Ë¯–æÈ‹–ÄàÀÅÞÃ–ÅßË‹ÜÌ–ÁÜÃ–Îà 
–ãÓŠÌ–åØ‹ –Á§ –ÓïÌ–ÀŠÞ×–ÀèÍ–ÁßÙàÈ–, Â×àÓ–Ùà–
ãÙ‹Ì –ãÖß –ÏíÌ–ÏßÖéÈÁÜÃ–Îà. ãÉŠ–×ŠàÀàÌ 
ÌçàåÆ‹–âÂ²ÜÃ–ÅŠÜÃ–Îà –À¡–Óê–Á§–ÄçàÀèÈ–ÁÜÃ–ÓèÌ Âì–Í¡–
ÅàÓàÈ–ÄçàãÌ–ÀÆßÌéÈ–Îà–æÈ‹ –ãÖß– ÀàÌ–Îß–
âÓêÌ–ÁßÙàÈ–ÁÜÃ–Îà À¡ –ÜàÈ–Óê –ÀàÌ–ÏéÈÑàÈ 
–äÈÇ–Åß–âÑàß– ÆßÌéÈ–ÎàË¯–Óê–ÑîÃ–ÖíÓ–Ì‹ÜÇ Ûì– ×Šà 
–Í¡–Óê–âÖêÇ. –âÊéÃ–ãÌ×–åÈ–À¡ÉàÓ ÀàÌ–ÅçàÛ×ÈÂ´ÃÌ¸ 
–æÈ‹–åØ‹–Ýï‹–âÊéÃ–Ìé–æÅÁÜÃ–Îà Ë¯–Üà–æÅ–ÔïŠ–×èÃ–ÌçòàâÖéÀ. 
Æà×ÎßÓíÃ –ãÖß –ÌèÀ–Â¿Ì–Â×òà –È‹àÌ–Æê×ß–×éËßÇà–
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ÁÜÃ–Îà –ãÓŠÌ–Ýï‹–Óà–ãÉŠ–ÈíÌ–ãÖ‹×–×Šà Îà–ÍàÃ–ÆßÌéÈ 
–ÓèÀ–ÔïŠ–ÍñÜÌÅß–âÑàß–åÈ–Ì±Ã ÁÜÃ–×èÃ–ÌçòàâÖéÀ–.

âÂ²ÜÃ–ÅŠÜÃ–ÎàæÈ‹–ỐÃÔìÌ –ãÖß –Óê–ÑàÍ–ÜÜÀ–åØ‹–âØèÌ 
ÔŠàÃ–Äß–ãÄ‹Ã×Šà Îà––ÓèÀ–Üà–æÅ–ÔïŠ––Ý×ÓÀèÌâÎèÌ–ÀîŠÓ 
Ôï Š –ÄîÈ–åÈ–ÄîÈÌ±Ã–ÁÜÃ×èÃ–Ìç òàâÖéÀ. –ÜêÀ–ÔŠàÃ–Ì±Ã 
–âÓ²Ü–Óê–ÀàÌ–É¡–âÂ²ÜÃ–ÍèÌËëÀ –ÄîÈ–Ë¯–É´Ã GPS –åÅŠ 
ÀèÍ–âÂ²ÜÃ–ÅŠÜÃ–Îà –ãÓŠÌ–ÅàÓàÈ–Ýï‹ –æÈ‹–âÊéÃÄîÈ–Ë¯–
É´ÃÜèÌãÌŠÌÜÌ–ÁÜÃ–ÐïÃ–Îà Æ±Ã–ÅàÓàÈ–ãÉ‹Ó––âÎèÌ–
ãÏÌ–Ë¯–æÈ‹.

ÀàÌ–ÅëÀÅà–åÌ–Â´ÃÌ¸ÑíÍ–×Šà ÀàÌ–ÎŠÞÌ–ãÎÃ ÁºÌ -
ÖíÃ– È‹àÌÏíÌ–ÏßÖéÈ –ãÖß –Â×àÓ–Ùà–ã–Ù‹ÌÁÜÃ–Îà 
–ãÓŠÌ–ÁºÌÀèÍÅßÑàÍ–ËàÃ–È‹àÌ–ÑïÓ–ÅàÈ –ãÖß –ÀàÌ–
ÎŠÞÌ–ãÎÃ–ÉàÓ–ÖßÈï–ÀàÌ. ÀàÌ–ÎŠÞÌ–ãÎÃ–È¨ÃÀŠà× 
–ãÓŠÌ–ÇèÃ–Í¡ –ËèÌ–ÜßËéÍàÇ–æÈ‹–ÔŠàÃ–ÖßÜÞÈâË²Ü. 
ÍèÌØà–Ì±Ã– ÜàÈ–ãÓŠÌ–Ç‹ÜÌÀàÌ–ÅçàÛ×È–È¨ÃÀŠà× 
––Í¡–æÈ‹–À×Ó–âÜíà–ÑºÌË¯–À×òàÃ (–âÊéÃ–ãÓŠÌ–×Šà –Äß–æÈ‹ 
ÍèÌËëÀÁ§ –ÓïÌ–ÔŠàÃ–Ù‹ÜÇ 3 –ÝÜÍ (transect) 
ÔïŠ –åÌ–ãÉŠÖß–ÄîÈ, –ãÉŠ–ÍàÃ–Á§–ÓïÌ–Àñç –ÌçàÓà–×é–åÄ–Í¡–
æÈ‹– Ç‹ÜÌ–Óê–ÅÞÃ–ÖíÍ–À×Ì.– Óê–ÑÞÃ– 5 ×èÃ ÔïŠ–Öà× 
Ë¯–æÈ‹–Åçà–Û×È– –åÌÖßÈï–ãÖ‹Ã –ãÖß ÖßÈïÐíÌ, ÅŠ×Ì–
ÔïŠÀçà–Îï–âÄÇ –ãÓŠÌ–æÈ‹–Åçà–Û×È–ÑÞÃ–ẤÃÈÞ× ÂìåÌ–Öß 
ÈïÐíÌ) –ãÖß– ÜêÀ–È‹àÌ–Ì±Ã –Ç‹ÜÌ–×ŠàÁ§–ÓïÌ–ÄàÀ–âÂ²ÜÃ– 
ÅŠÜÃ–Îà – –É‹ÜÃÀàÌ–ãÛŠÃÁ§ –ÓïÌ–ÄàÀ–ÛàÇ–ÍŠÜÌ 
Óà–ÎßÀÜÍ–âÁ¿àÀèÌ –âÎèÌÉ¿Ì–ãÓŠÌ–ÀàÌ–ÎíÀ–Øî‹Ó–
ÁÜÃ–ÑìÈÌçòà, ÀàÌ–æÛ–ÁÜÃ–Ìçòà Ë¯–Å³Ã–ÏíÌ–ÅßË‹ÜÌ 
–âÊéÃÌé–æÅ–ÁÜÃ–Îà. 

ÀàÌ–ÅëÀÅàÂ´ÃÌ¸– æÈ‹–Ô´ÃÔìÌ–ÜêÀ–âË²Ü–Ì±Ã–×Šà ×èÃ–Ìçòà–
âÖéÀ –ãÓŠÌ–âÎèÌ–ÍŠÜÌ–Ö¸–æÑ–ÁÜÃ–ÎàË¯–Óê–ÖàÂà–ãÑÃ– 
ÛàÇ–ÆßÌéÈ, Ê‹à×Šà––ãÛŠÃÈ̈ÃÀŠà× ØàÀ–ÊìÀ–ÖíÍ–À×Ì 
À¡–Äß–Å³Ã–ÏíÌ–ÅßË‹ÜÌ–ÔŠàÃ–åØÇŠ–Û×Ã –åØ‹–ãÀŠ–ÀàÌ–
ÎßÓíÃ– ÔïŠ–âÁÈ––ãÓŠÌçòà–ÁÜÃ–ÉÜÌ–ÖîŠÓ. –åÌ–ÎßÄî–ÍèÌ 

–Êì–×Šà ×èÃ–Ìçòà–âÖéÀ ––ãÖß– ÆßÌéÈ–Îà– åÌ–ãÓŠÌçòàÁÜÃ 
ÇèÃ–Óê –Â×àÓ–ÜîÈíÓÅíÓÍïÌ–Ôï Š, Â×àÓ–ÛàÀ–ÛàÇ– 
ËàÃ–È‹àÌ–ÆßÌéÈ–ÑèÌ–Îà –ãÖß ÁßÙàÈ–Îà–åØÇŠ 
Ë¯–Óê–åÌ–ãÓŠÌçòà–ÁÜÃÎßÄî–ÍèÌ Åß–ãÈÃ–åØ‹–âØèÌ–×Šà 
ÀàÌ–Øà–Îà–ÇèÃ–ÔïŠ–åÌ–âÀÌ–ÎíÀÀßÉé –ãÖß– ÅßÑàÍ–
ÀàÌ–ÑèÈËßÌàÈ‹àÌ–ÀßÅéÀçà –ãÖß– ÜîÈ–ÅßØß–Àçà 
–ãÓŠÌ–Í¡–Óê–ÏíÌ–ÀßËíÍÝ‹àÇ–ãÝÃ–åÈƒ É¡–ÀèÍ–ÅßÑàÍ–
ã×È–Ö‹ÜÓÁÜÃ–×èÃ –Ìç òà –âÖéÀ (MRC, 2003). 
ãÉŠ –×Šà ÀàÌ–ÁßØÇàÇÉí×ÁÜÃ–ÑíÌÖß–âÓìÜÃ, 
–Â×àÓ–É‹ÜÃÀàÌ–ÜàØàÌ Ë̄–ÌèÍ–ÓºÌèÍ–ÛàÇ–ÁºÌ –ãÖß 
Â×àÓ–É‹ÜÃÀàÌ–åØ‹–Óê–ÀàÌ–ÑèÈËßÌà–ËçàÓß–ÆàÈ 
ãÍÍ–ÔìÌ–ÇíÃÔïŠ–åÌ–ãÛŠÃ–ãÓŠÌçòàÁÜÃ ÜàÈ–Äß–âÝèÈ–
åØ‹–×èÃ–Ìçòà–âÖéÀ åÌ–ãÓŠÌçòàÁÜÃ–Óê–ÀàÌ–ÎŠÞÌ–ãÎÃ 
åÌ–ÜßÌàÂíÈ.

–âÊéÃ–ÔŠàÃ–åÈ–À¡ÉàÓ, ÀàÌ–Âî‹Ó–ÂÜÃ–ËàÃ–È‹àÌÌé–â×È 
–×éËßÇàÁÜÃ–×èÃ–Ìç òà–âÖéÀ –ãÖß– ÎíÀ–ÎèÀ–ÝèÀÅà–
Æê×ß–Ìàƒ–ÑèÌ–ÁÜÃ–ÅèÈ–Ìçòà Ë¯–Üà–æÅ–ÔïŠ–×èÃ–È¨ÃÀŠà× 
–ãÓŠÌ–Óê–Â×àÓ–ÅçàÂèÌÛàÇ, Í¡–ÑÞÃ–ãÉŠ–Äß–âÎèÌ–ÀàÌ–
ÝèÀÅà–ÆèÍÑßÇàÀÜÌ–ÎßÓíÃ –åØ‹–Óê–ÀàÌ–Ìçà–åÆ‹–
ãÍÍ–ÇìÌ–ÌàÌ–âË³à–Ì´Ì –ãÉŠ–ÇèÃ–âÎèÌ–ÀàÌ–ÂçòàÎßÀèÌ 
Æê×éÈ–ÀàÌ–âÎèÌ–ÔïŠ–ÁÜÃ–ÅèÃÂíÓ –ãÖß –ÝèÍÎßÀèÌ–ËàÃ–
È‹àÌ–ÅßÍÞÃ–ÜàØàÌ åØ‹–ãÀŠ–ÎßÆàÆíÌË¯–Üà–æÅ–
ÔïŠ–ÉàÓ–Ð¨Ã––ãÓŠÌçòàÁÜÃ ÜêÀ–È‹×Ç. Óê–ÌèÀ–Â¿Ì–Â×òà– 
È‹àÌ–ËçàÓßÆàÈÛàÇ–ËŠàÌ –æÈ‹–Êì –âÜíàÅßÑàÍ–
Â×àÓ–ÜîÈíÓÅíÓÍïÌ–ÁÜÃ–×èÃ–Ìçòà–âÖéÀ âÎèÌ–Éí×–×èÈ–
ãËÀ–Â×àÓ–ÜîÈíÓÅíÓÍïÌÁÜÃ–ãÓŠÌçòàÁÜÃ –ãÖß 
–ÅàÁà ÑòÜÓËèÃæÈòÅß–âÙê–åØ‹ –Óê –ÀàÌ–ÉéÈÉàÓ 
À×ÈÀà–×èÃ–ÌçòàâÖéÀ –âÑ²Ü–âÎèÌ–Éí×–×èÈ–ãËÀ (À×È) 
ÅßÑàÍ–Â×àÓ–ÜîÈíÓÅíÓÍïÌÁÜÃÌçòàÁÜÃ ËèÃ–ÚíÈ 
ÖßÍíÍ (Poulsen et al., 2002). –

–ÀàÌ–ÌçàåÆ‹–âÂ²ÜÃ–ÅŠÜÃ–Îà –âÎèÌ–ËàÃ–âÖìÜÀÜêÀ–ËàÃ–
Ì±Ã ÅçàÖèÍ–×ÞÀ–ÃàÌ–ÉéÈÉàÓ ãÖß À×ÈÀà. –âÂ²ÜÃ–
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È¨ÃÀŠà× Óê–ÄîÈ–Èê–ÛàÇÔŠàÃ; –Ê‹à×Šà––æÈ‹–ÆìòâÂ²ÜÃ–ãÖ‹× 
–Â×àÓ–É‹ÜÃÀàÌ–ÂŠà–åÆ‹–ÄŠàÇ–âÁ¿à–åÌ–ÀàÌ–Ìçà–åÆò 
ãÓñÌÙ‹ÜÇ, ÀàÌ–ÅçàÛ×È –ÅàÓàÈ–âÝèÈ–æÈ‹–ÛàÇ–
âËìñÜåÌ–ÍŠÜÌ–ÈÞ×–ÀèÌ ãÖß –ÅàÓàÈ–ÍèÌËëÀ–Á§–ÓïÌ–
æÈ‹––æ×, åÆ‹–â×Öà–Å´Ì –ãÖß À×Ó–âÜíà–ÑºÌË¯–À×òàÃ. 
–âÂ²ÜÃ–ÅŠÜÃ–ÎàÍ¡–Óê–ÏíÌ–ÀßËíÍ–åÈƒÉ¡Îà ãÖß Åß 
ÑàÍ–ã×È–Ö‹ÜÓ ÅßÌ́Ì Ä±Ã–ÅàÓàÈÌçàåÆò–æÈ‹ ÔïŠ–åÌ 
–âÁÈ–×èÃ–ÅßØÃ×Ì–ÑèÌ–Îà– Ë¯–Í¡–ÜßÌîÇàÈåØ‹–Óê–ÀàÌ–
Øà–Îà æÈ‹–Ìçà–ÜêÀ.–
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âÜÀßÅàÌãÌÍËòàÇ: ÉàÉßÖàÃ 1: 	 ÖàÇÆ²×èÃÌçòàâÖéÀË¯æÈ‹ÅçàÛ×È

ID Æ²–ÎßâËÈ Æ²–Í‹àÌ Æ²–×èÃ–ÌŸ–âÖéÀ Â×àÓ–âÖéÀ (Ó) ÚàÇ–âØÈ

1 Öà× ÀíÀÎà–ãÈÀ –â×êÌ×‹à 40 ×èÃÅß–ØÃ×Ì 

2 Öà× Öí–ÓÑèÈ ×èÃ–ÖíÓ–ÑèÈ 23

3 Öà× ÈÜÌ–Ø×È ×èÃ–ÙÜÃ–æÝ 8 ×èÃÅß–ØÃ×Ì  

4 Öà× ØàÈ–ÆàÇ–ÂïÌ  ×èÃ–ØàÃ–ÈÜÌ–Åß–Èá 24 ×èÃÅß–ØÃ×Ì

5 Öà× ÈÜÌ–âÖèÀ–æÒ –â×êÌ–ÎàÈîÀ 20

6 Öà× ÈÜÌ–âÖèÀ–æÒ  ÍîÃ–ÎàÀ–×àÃ  23 ×èÃÅß–ØÃ×Ì  

7 Öà× ØàÈ–ÆàÇ–ÂïÌ ÁîÓ–ÈÜÌ–Ïê 21

8 Öà× Í‹àÌÌà –â×êÌ–Éà–ÀíÃ  24

9 Öà× –â×êÌ–Áà× ×èÃ–ÂèÌ–âÒìÜÌ 34

10 Öà× Í‹àÌ–ØàÈ â×êÌ–ÅíÃÂàÓ 38 ×èÃÅß–ØÃ×Ì

11 Öà× ÑéÓàÌ–äÑÌ ×èÃ–ËŠà–×èÈ 7 ×èÃÅß–ØÃ×Ì 

12 Öà× ËŠà–ÁàÓ ×èÃÅß–äÝ–Ã 4 ×èÃÅß–ØÃ×Ì  

13 Öà× â×êÌ–äÅÓ –â×êÌ–äÅÓ 34

14 Öà× ËçÖß–Ëê ×èÃ–ËçÖß–Ëê	   20

15 Öà× ËçÖß–Ëê ×èÃ–ÈÜÌ–Æ‹àÃ 11

16 Öà× ØàÃ–ÈÜÌ–Åß–Èá ×èÃ–ØàÃ–Åß–Èá 10

17 ÀáÎïâÄÇ Kaoh Chheu Teal Un Loong Phsot 35

18 ÀáÎïâÄÇ Ou Svay Veun Khao 29

19 ÀáÎïâÄÇ Ou Run Un Loong Ky Ke 21

20 ÀáÎïâÄÇ Ou Svay Bung Krak 20

21 ÀáÎïâÄÇ Veun Sien Veun Sen  (Veun Phong) 30

22 ÀáÎïâÄÇ Koh kan theay Un Loong Koh Kan Theay 33

23 ÀáÎïâÄÇ Chom Thum Un Loong Kambor 60

24 ÀáÎïâÄÇ Phae Un Loong Ta Prum 35

25 ÀáÎïâÄÇ Koh Snaeng Un LoongThmorThum 18

26 ÀáÎïâÄÇ Koh Kan Din Un Loong Koh Kaden 77

27 ÀáÎïâÄÇ Tmei Veun Duc 76

28 ÀáÎïâÄÇ Ba Chong Un Loong Ou Trel 50

29 ÀáÎïâÄÇ Mon Un Loong Svay 11

30 ÀáÎïâÄÇ Siem Bouk Un Loong Siembok 36
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ÉàÉßÖàÃ 2:	 Îà 23 ÆßÌéÈ Ë¯ÅçàÂèÌ ÆëñÃØàæÈ‹ÛàÇ åÌÀàÌÅëÀÅà CPUE ÁÜÃâÁÈ 		
		  ÅçàÛ×È 

Total Nov-Dec Jan-Feb Mar-Apr 

ÆßÌéÈ–Îà No %	 No No %	      No No %	      No No %	        No 

Pangasius spp. 266              15.10 91                 15.20 131               13.00 44                 27.80 

Hemisilurus mekongensis 203              11.50 39                   6.50 163               16.20 1                     0.60 

Helicophagus waandersi 161              9.10 67                 11.20 48                   4.80 46                 29.10 

Pangasius conchophilus 150              8.50 59                   9.90 89                   8.80 2                     1.30 

Micronema spp. 141              8.00 48                   8.00 91                   9.00 2                     1.30 

Labeo chrysophekadion 116              6.60 34                   5.70 82                   8.10 0                     0.00 

Scaphognathops spp. 113              6.40 77                 12.90 11                   1.10 25                 15.80 

Gyrhinocheilus spp. 102              5.80 13                   2.20 88                   8.70 1                     0.60 

Mekongina erythrospila 69                3.90 22                   3.70 39                   3.90 8                     5.10 

Cosmocheilus harmandi 52                2.90 28                   4.70 24                   2.40 0                     0.00 

Hemibagrus sp. 42                2.40 14                   2.30 27                   2.70 1                     0.60 

Labeo dyocheilus 36                2.00 15                   2.50 20                   2.00 1                     0.60 

Hypsibarbus/Barbonymus spp. 29                1.60 11                   1.80 16                   1.60 2                     1.30 

Chitala blanci 29                1.60 3                     0.50 25                   2.50 1                     0.60 

Cyclocheilichthys enoplos 28                1.60 8                     1.30 6                     0.60 14                   8.90 

Hemibagrus wyckioides 27                1.50 13                   2.20 14                   1.40 0                     0.00 

No Name 25                1.40 16                   2.70 8                     0.80 1                     0.60 

Hemibagrus wyckii 24                1.40 12                   2.00 11                   1.10 1                     0.60 

Henicorhynchus spp. 20                1.10 0                     0.00 18                   1.80 2                     1.30 

Belodontichthys dinema 18                1.00 1                     0.20 17                   1.70 0                     0.00 

Cirrhinus microlepis 13                0.70 0                     0.00 13                   1.30 0                     0.00 

Notopterus notopterus 13                0.70 2                     0.30 11                   1.10 0                     0.00 

Bagarius spp. 12                0.70 2                     0.30 10                   1.00 0                     0.00 

23	 Most
                  Abundant	
                  Species 

1689 95.50 575 96.10 962 95.60 152 96.10 

Other Species 75 4.50 23 3.90 44 4.40 6 3.90 

Total 1764 100.00 598 100.00 1006 100.00 158 100.00 

No Gear Set 541 175 333 33 

Catch per No Gear Set 3.27 3.42 3.02 4.79 
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ÉàÉßÖàÃ 3:	 ÆßÌéÈ–Îà Ë¯ÅçàÂèÌËàÃÈ‹àÌÀàÌÎßÓíÃ ÔïŠâÁÈÅçàÛ×È–

No. Æìñ Öà× Æ² ×éËßÇàÅàÈ
1.	 ÎàÉÜÃÈà× Chitala ornata
2.	 ÎàÉÜÃ–ÖàÇ Chitala blanci
3.	 ÎàÉÜÃ Notopterus notopterus
4.	 ÎàÚàÀÏàÃ Tenualosa thibaudeaui
5.	 ÎàÅßÌàÀÌ‹ÜÇ Lycothrissa crocodiles
6.	 ÎàãÉÍ Paralaubuca typus
7.	 ÎàâÜêÌÉàãÈÃ Probarbus jullieni
8.	 ÎàâÜêÌÉàÁà× Probarbus labeamajor
9.	 ÎàäÄÀ Cosmochilus harmandi
10.	 ÎàäÄÀØí×ãÛÓ Cyclocheilichthys enoplos
11.	 ÎàÅßÀàÃãÖ‹ Puntioplites proctozysron
12.	 ÎàÅßÀàÃ Puntioplites falcifer
13.	 ÎàÎàÀÌà Barbonymus gonionotus
14.	 ÎàÎàÀÙ×È Hypsibarbus malcolmi
15.	 ÎàÅïÈÁòàÃÄŸ Hampala dispar
16.	 ÎàÅïÈÁ‹àÃãÆÀ Hampala macrolepidota
17.	 ÎàÀßäØ Catlocarpio siamensis
18.	 ÎàØ×‹àÙ‹àÌç Bangana behri
19.	 ÎàâÑ´ÇÈá Labeo chrypsophekadion
20.	 ÎàÑÜÌ Cirrhinus microlepis
21.	 ÎàÅ‹ÜÇÛèÃÙàÓ Henicorhynchus siamensis
22.	 ÎàÜêæË, ÎàÌíÀâÁíà Osteochilus hasselti
23.	 ÎàÅßÜê Mekongina erythrospila
24.	 ÎàÚï Botia modesta
25.	 ÎàãÁ‹×åÀ‹ Botia helodes
26.	 ÎàÀíÈâÛìÜÃ Hemibagrus nemurus
27.	 ÎàÀíÈÚ§ Hemibagrus wyckii
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ÉàÉßÖàÃ 4:	 ÆßÌéÈ–Îà Ë¯ÅçàÂèÌËàÃÈ‹àÌÀàÌÎßÓíÃ ÔïŠâÁÈÅçàÛ×È– (Éçñ)

No. Æñì Öà× Æ² ×éËßÇàÅàÈ
28. ÎàãÁ‹Â×àÇ Bagarius yarrelli
29. ÎàãÁ‹Ãí× Bagarius bagarius
30. ÎàÌàÃãÈÃ Hemisilurus mekongensis
31. ÎàâÆìÜÓ Kryptopterus cryptopterus
32. ÎàÅßØÃ¿× Hemibagrus wyckii
33. ÎàÌàÃ Micronema bleekeri
34. ÎàÂ‹à× Wallago attu
35. ÎàÂïÌ Wallago leeri
36. ÎàÙ‹àÙï Helicophagus waandersii
37. ÎàÜÜÈ Pangasius conchophilus
38. ÎàâÏàß Pangasius bocourti
39. ÎàÆ×àÇÚàÀæÓ‹ Pangasianodon hypophthalmus
40. ÎàÆ×àÇ, ÎàÆ×àÇØàÃØ‹ÞÌ Pangasius krempfi
41. ÎàÇÜÌ Pangasius polyuranodon
42. ÎàÎ²Ã Pangasius larnaudii
43. ÎàâÖêÓ Pangasius sanitwongsei
44. ÎàÇÜÌË‹ÜÃÀíÓ Pangasius macronema
45. ÎàÇÜÌÛèÃËÜÃ Pangasius pleurotaenia
46. ÎàÇÜÌâÃéÌ Pangasius siamensis
47. ÎàÇÜÌÉàäÖ‹ Laides hexanema
48. ÎàÛàÈÈá Mastacembelus armatus
49. ÎàÀ×àÃ Boesemania microlepis
50. ÎàÀŠà Pristolepis fasciata
51. ÎàÀßÈêÈ Trichogaster trichopterus
52. ÎàâÚ´Ì Osphronemus exodon
53. ÎàÂ¡ Channa striata
54. ÎàÉÜÃÈá Chitala lopis
55. ÎàÎêÀæÀŠ Micronema cheveyi
56. ÎàØí×ÓíÌ Pangasius kunyit
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ÝïÍ 1:	 ÆŠÞ×ÆàÌÎßÓíÃ ãÉ‹ÓãÏÌË¯ÁÜÃ×èÃÌçòàâÖéÀ

ÝïÍ 2: Éí×ÔŠàÃÁÜÃãÏÌË¯ ãÛŠÃØàÎà/×èÃÌçòàâÖéÀ ÁÜÃÍ‹àÌ
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ÝïÍ 3:	 ÀàÌÑí×ÑèÌÀèÌ ÖßØ×ŠàÃ target strength ãÖß Â×àÓÇà× ÁÜÃÎà

 Target strength (TS) dB

Â×àÓÇà× (length) cm
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ÝïÍ 4:	 âÁÈË¯ÖíÃÅçàÛ×È
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ÝïÍ 5:	 ÀàÌÑí×ÑèÌÀèÌ ÖßØ×ŠàÃ Â×àÓâÖéÀ ãÖß Â×àÓÙàãÙ‹ÌÁÜÃÎà
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 ÝïÍ 6: ÀàÌÎßâÓêÌÏíÌÏßÖéÈ ÁÜÃÎà ÔïŠ Öà× ãÖß ÀçàÎïâÄÇ
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ÝïÍ 7:	 ÅíÓËÞÍÀàÌÎßâÓêÌÏíÌÏßÖéÈ ãÖß Â×àÓÙàãÙ‹ÌÁÜÃÎà ÖßØ×ŠàÃ ÖßÈïãÖ‹Ã ãÖß 	
	 ÖßÈïÐíÌ
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ÝïÍ 8: ÅíÓËÞÍ ÀàÌÎßâÓêÌÏíÌÏßÖéÈ ãÖß Â×àÓÙàãÙ‹Ì ÁÜÃÎà ÔïŠ Öà× ãÖß ÀçàÎïâÄÇ
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ÝïÍ 9: 	 Éí×ÔŠàÃÝïÍ echogram Ë¯æÈ‹ÄàÀâÂ²ÜÃÅŠÜÃÎà ÔïŠâ×êÌ×‹à, Í‹àÌÀíÀÎàãÈÀ

âÅ´Ì×íÃÓíÌÅêãÈÃ ÅßãÈÃåØ‹âØèÌÄçàÌ×ÌÎà Ë¯Ý×ÓÀîŠÓÀèÌÔïŠ: 

1.  ÔïŠÍŠÜÌãÎÌåÀ‹Ù‹àÌçòà, 

2.  ÔïŠÑºÌÌçòà ãÖß 3 ÔïŠÌçàäÃŠÌØêÌ
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ÀàÌËíÈ–ÅÜÍËÜÓ–Ãí×–ÖàÈ È‹×Ç–âÒìÜÃ, –åÍ–ÓèÌ–É¿Ì–ãØ‹Ã –ãÖß 
ÌçòàÓèÌ–ÑìÈ

ÍîÌ–Ö‹ÞÃ ÂîÈ–ÅßØ×ŠàÃ1, Åî–ÀèÌ –ãÀ‹×–Ùï–ÄèÌ1 –ãÖß ×ÞÃ–ÅßØ×èÌ ÑéÓ–Ñß–ÄèÌ ×íÃ–ÅíÈ2

ÍíÈ–ÂèÈ–ØÇ§

Ãí×–ãÓŠ–Åà×–ÑèÌ–ÖàÈ ÄçàÌ×Ì 8 –äÉ Æ±Ã–Óê–ÌçòàÙèÀ Åß–âÖ¨Ç 120 ÀÖÀ, –æÈòÝèÍÜàØàÌ–ÛèÀ– âÆ¨Ì: –âÒìÜÃ 
(ÉàÓ–åÄ) –ãÖß À‹ÜÌ–ãØŠ–ËàÈ–ÜàØàÌ–âÅêÓ 300 ÀðàÓ/Óº/–äÉ ÀàÌ–ËíÈ–ÖÜÃ–æÈ‹–ãÍŠÃ–ÜÜÀ–âÎèÌ 4 Äî–ËíÈ–
ÖÜÃ, ÜêÃ–ÉàÓ–ãÏÌÀàÌ–ËíÈ–ÖÜÃãÍÍ–ÅïŠ–ÓÅíÓÍïÌ (CRD). 4 Äî–ËíÈ–ÖÜÃ äÈÇ–ÜêÃ–åÅŠ–ÜàØàÌ–ÛèÀ È¨Ã–Ì¸: 
–âÒìÜÃ, À‹ÜÌ–ãÝŠ–ËàÈ–ÜàØàÌ–âÅêÓ (RS); ÜàØàÌ–ÛèÀ + ÌçòàÓèÌ–ÑìÈ (5 ÓÖÖ/1ÀÖ ÌçòàÙèÀ–ÅèÈ–âÎèÌ) 
(RSO); ÜàØàÌ–ÛèÀ+–åÍ–ÓèÌ–É¿Ì–ãØ‹Ã 3% ÁÜÃ–ÌçòàÙèÀ–ÅèÈ (RSC) –ãÖß ÜàØàÌ–ÛèÀ+–åÍ–ÓèÌ–É¿Ì–
ãØ‹Ã+ÌçòàÓèÌ–ÑìÈ (RSCO) –âÑ²Ü–ÅëÀÅà–ÀàÌ–Àê–ÌÜàØàÌ–æÈ‹, ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ –ãÖß ÀàÌ–æÖŠ–ÖÞÃ–
ËàÃ–È‹àÌ–âÅÈÊßÀéÈ.

ÂŠà–Åß–âÖ¨Ç ÁÜÃ–ÜàØàÌ–Ë¯–Àê–Ì–æÈ‹ –ãÓŠÌ: 3,643; 3,582; 3,927 –ãÖß 3,579 ÀðàÓ ÅçàÖèÍ–Äî–ËíÈ–ÖÜÃ 
RS; RSO; RSC ãÖß RSCO (P>0.05). ÂŠàÅßâÖ¨Ç ÌçòàÙèÀâÑ¸ÓÉ¡Óº (ADC) ãÓŠÌ: 167, 200, 
367  ãÖß 600 ÀðàÓ ÅçàÖèÍÄîËíÈÖÜÃ  RS; RSO; RSC ãÖß RSCO ÉàÓÖçàÈèÍ (P<0.001). 
ÜèÈÉàÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì (FCR) ãÓŠÌ 22, 18, 11 ãÖß 6 ÀÖÀ ÛîÈÖíÃÉàÓÖçàÈèÍ Åçà 
ÖèÍÄîËíÈÖÜÃ RS, RSO, RSC, RSCO (P<0.001) ãÖß ÅçàÖèÍÀàÌÂéÈæÖŠ ÂŠàÜàØàÌÀ¡âÆ¨ÌÈÞ×ÀèÌ 
Âì: 6,555; 5,655; 4,420 ãÖß 2,590 ÀêÍ ÅçàÖèÍÄîËíÈÖÜÃ RS; RSO; RSC ãÖß RSCO 
ÉàÓÖçàÈèÍ.

È¨ÃÌ´Ì Ä±ÃÅßÛî ‡ÍæÈ‹×Šà ÀàÌÖ‹ÞÃÃí×äÈÇÀàÌÌçàåÆ‹âÒìÜÃ ãÖß À‹ÜÌãÝŠËàÈÜàØàÌÛèÀ 
âÅêÓÈ‹×ÇåÍÓèÌÉ¿ÌãØ‹Ã ãÖß ÌçòàÓèÌÑìÈ ÅàÓàÈÎèÍÎîÃÂîÌÌßÑàÍÁÜÃÜàØàÌåØ‹ÈêÁºÌæÈ‹ 
Ñ‹ÜÓÈÞ×ÀèÌÌ´Ì ÅèÈÀ¡ÀêÌÜàØàÌæÈ‹ÛàÇÁºÌ, Å³ÃÏíÌÈêåØ‹ãÀŠÀàÌÄßâÖêÌâÉêÍäÉÁÜÃÅèÈ À¡ÂìÜèÈ 
ÉàÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì À¡ÈêæÎÌçàÜêÀÈ‹àÌÌ±Ã. ÀàÌÌçàåÆ‹ÜàØàÌÅèÈÖàÂàÊìÀ ãÖß Øà 
æÈ‹ÃŠàÇåÌË‹ÜÃÊ¯Ì âÆ¨Ì: âÒìÜÃ, åÍÓèÌÉ¿Ì âÝèÈåØ‹É¿ÌËëÌÁÜÃÀàÌÖ‹ÞÃÃí×Û‡îÈÖíÃ ÚàÇÂ×àÓ×Šà 
Æà×ÀßÅéÀÜÌÏï‹Ö‹ÞÃÃí× ÓêÀçàæÖÛàÇÁºÌ.

ÂçàÅèÍÛèÀ:	 Ãí×, ÀàÌÄßâÖêÌâÉêÍäÉ, åÍÓèÌÉ¿ÌãØ‹Ã, ÌçòàÓèÌÑìÈ, ÏíÌÀçàæÖËàÃâÅÈÊßÀéÈ 
ãÖß ÜàØàÌË¯ÀêÌæÈ‹.

1ÅïÌÂ¿ÌÂ×‹à ÀàÌÖ‹ÞÃÅèÈ (ÅÂÅ)
2ÅßÊàÍèÌ Â¿ÌÂ×‹à ×éËßÇàÅàÈ âÉèÀÌéÀ ÀßÅéÀçà ãÖß ÎŠàæÓ‹ (ÅÂÀÎ)
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Testing a pilot scheme for fattening cattle with rice straw, 
cassava foliage and oil drench
Bounlieng Khoutsavang1, Soukanh Keonouchanh1,

Viengsavanh Phimprachanhvongsod2

Abstract
Eight local “Yellow” cattle with mean live weight of 120 kg (SE ± 4.35), received a basal 
diet of adlibitum rice straw and a rumen supplement (13% urea; 3% diammonium phosphate) 
at 300g/head/day. The 4 treatments, arranged according to a completely randomized design 
(CRD). The dietary treatments were as follows: The basal diet of rice straw and rumen 
supplement (RS). The basal diet and single oil drench (cooking oil at 5ml/kg live weight) 
(RSO). The basal diet with dried cassava foliage at 3% of live weight (RSC) The basal diet 
with cassava foliage and oil drench (RSCO) to study the effect of feeding on intake, growth 
performance and economical analysis.

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

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

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

1 Livestock Research Centre (LRC)
2 National Agriculture and Forestry Research Institute (NAFRI)
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I. ÍíÈÌçà

âÁ¿à âÎèÌÑìÈâÅÈÊßÀéÈË¯ÅçàÂèÌÁÜÃÖà× 
âÝíàÓàâÎèÌâ×ÖàÈíÌÌàÌãÖ‹× ãÖß ÅàÓàÈ 
Î ïÀæÈ ò åÌË ³×Ë îÀâÁÈÁÜÃÎßâËÈ ãÉ Š 
âÙìÜÝÜÈåÉ‹. ÜêÃÉàÓÁ§ÓïÌËàÃÈ‹àÌÀßÅé 
ÀçàÏŠàÌÓà ÅíÀÎê 2005 –- 2006 Öà×âÝíàÅà 
ÓàÈ ÏßÖéÈâÁ¿àæÈ‹ 2.6 Ö‹àÌäÉÌ æÈ‹ÛàÇ 
À×ŠàÑìÈÆßÌéÈÜ²ÌƒåÌÎßâËÈ. Ì´ÌÀ¡ÚàÇ 
Â×àÓ×Šà ãÉŠÖßÎêÄßæÈ‹âÒìÜÃ ÎßÓàÌ 2.6 
Ö‹àÌäÉÌ âÆ¨ÌÀèÌ. ÀàÌâÀèÍÝèÀÅàâÒìÜÃæ×‹ 
âÑ²ÜÖ‹ÞÃÃí×, Â×àÇ âÎèÌÅªÃË¯Æà×ÀßÅéÀÜÌ 
Öà× æÈ‹ÎßÉéÍèÈÀèÌÓàãÉŠÈíÌÌàÌãÖ‹× Ë´ÃÌ¸ 
Ç‹ÜÌ×Šà ÀàÌâÀèÍÝèÀÅàâÒìÜÃæ×‹åÆ‹ÎßäØÇÈ 
ÅàÓàÈâÝèÈæÈ‹ÃŠàÇ ãÉŠâÊéÃãÌ×åÈÀ¡ÉàÓ ÇèÃÓê 
âÒìÜÃÄçàÌ×ÌÛàÇ ÊìÀÎßÊ¸ÓÆßÆàÇ Ûì ÄïÈÊ¸Ó 
äÈÇÍ¡ÓêÎßäØÇÈ. 

Æà×ÀßÅéÀÜÌ Ë¯æÈ‹ÌçàâÜíàâÒìÜÃæÎÖ‹ÞÃÅèÈ 
Ôï ñãÖ‹×Ì´Ì ÇèÃÍ¡æÈ‹ÂçàÌëÃâÊêÃ×Šà ÅèÈÄßæÈ‹ 
ÝèÍËàÈÜàØàÌÑÞÃÑç Ûì Í¡? âÝèÈåØ‹ÀàÌ 
Ö‹ÞÃÅèÈÁÜÃâÁíàâÄ ¿à Í ¡ÎßÅíÍÏíÌÅçàâÖèÈ 
âË³àË¯Â×Ì È¨ÃÌ´Ì ØàÀÆà×ÀßÅéÀÜÌ Ýï ‹
Ä èÀåÆ ‹ âÒ ìÜÃÖ ‹ ÞÃÅ èÈÔ ñàÃÊ ìÀ× éË ê  Æ ± ÃÄß 
âÎèÌÜêÀËàÃÌ±Ã Ë ¯ÅàÓàÈâÑ¸ÓÏíÌÏßÖéÈ 
ÁÜÃÅèÈåØ‹ÅïÃÁºÌ. ÜêÀÈ‹àÌÌ±Ã ÓèÌÉ¿ÌâÎèÌ 
Ë¯Ýï‹ÄèÀÀèÌÈê ãÖß ÓêÀàÌÎïÀÔŠàÃãÏŠÛàÇ ÔïñåÌ 
ÎßâËÈâÁÈâÅ´ÌÅïÃÅîÈ, ÅàÓàÈÎèÍäÉ ãÖß 
ÄßâÖêÌâÉêÍäÉæÈ‹Èê åÌâÁÈË¯ÓêÂ×àÓÜîÈíÓ 
ÅíÓÍïÌÉç ñà. ÉàÓÎíÀÀßÉéãÖ‹× âÑ¯ÌÎïÀÓèÌ 
É¿Ì âÑ²ÜâÀèÍØí×âË³àÌ´Ì ãÌ×åÈÀ¡Èê ÀàÌÌçà 
åÆ‹Øí× ãÖß åÍÓèÌÉ¿ÌÓàÖ‹ÞÃÅèÈ âÎèÌË¯Ýï ‹ 
ÄèÀÀèÌÈê ãÖß ãÏŠÛàÇÁºÌ (Preston 2001, 
Wanapat 2001); äÈÇÅßâÑàß ÀàÌÌçàåÆ‹ 

åÍÓèÌÉ¿ÌÖ‹ÞÃÅèÈÂ‹Þ×âÜºÜÃ æÈ‹ÝèÍÏíÌÅçà 
âÖèÈâÎèÌË¯Ù‹àÑçåÄ (Preston 2002) ÜêÃÉàÓ 
ÀàÌÖàÇÃàÌÁÜÃ Ë ŠàÌ Ffoulkes ãÖß  
Preston (1978) åØ‹Ýï ‹×Šà ÀàÌÌçàåÆ‹åÍÓèÌ 
É¿ÌâÎèÌãÛŠÃËàÈÆ¸Ì ÎßÅíÓÀèÍÀàÀÌçòàÉàÌ 
âÑ²ÜËÜÓÃí× Zebu âÝèÈåØ‹ÌçòàÙèÀâÑ¸ÓÁìòÌÅïÃ 
âÊêÃ 800 ÀðàÓ/Óìò.

ÄîÈÎßÅíÃÁÜÃÀàÌËíÈÖÜÃâË²ÜÌ¸ ãÓŠÌâÑ²Ü 
ÅëÀÅàÂ×àÓâÎèÌæÎæÈ‹ åÌÀàÌÌçàåÆ‹âÒìÜÃ, åÍ 
ÓèÌÉ¿Ì ãÖß ÌçòàÓèÌÑìÈ âÑ²ÜËÜÓÃí×ÖàÈ.

II.	 ÜîÎßÀÜÌ ãÖß ×éËêÀàÌ

æÈ‹ËçàÀàÌËíÈÖÜÃ ÔïŠÅïÌÂ¿ÌÂ×‹à ÀàÌÖ‹ÞÃÅèÈ, 
ÅßÊàÍèÌ Â¿ÌÂ×‹à ×éËßÇàÅàÈ âÉèÀÌéÀ ÀßÅéÀçà 
ãÖß ÎŠàæÓ‹ ãÉŠâÈìÜÌÓêÌà âÊêÃ âÈìÜÌËèÌ×à   
Îê 2006.

2.1	 ÝïÍãÍÍ ãÖß ×éËêÀàÌËíÈÖÜÃ

Ãí×ãÓŠÅà× ÑèÌÖàÈ ÄçàÌ×Ì 8 äÉ, ÌçòàÙèÀ 
ÅßâÖ¨Ç 120 ÀðàÓ, æÈ‹ÝèÍâÒìÜÃâÎèÌÜàØàÌ 
ÛèÀ, âÅêÓÈ‹×ÇåÍÓèÌÉ¿ÌãØ‹Ã ãÖß À‹ÜÌãÝŠ 
ËàÈÜàØàÌâÅêÓ (13% ÔïâÕÇ, 3% ÈêÜàäÓ 
ÌÞÓÒíÈÒàÈ) 300 ÀðàÓ/äÉ/Óº ãÍŠÃÜÜÀ 
âÎèÌ 4 ÄîËíÈÖÜÃ ÜêÃÉàÓãÏÌÀàÌËíÈÖÜÃ 
ãÍÍÅïŠÓÅíÓÍïÌ (CRD). 

ÄîËíÈÖÜÃ 4 Äî ÓêÈ¨ÃÖîŠÓÌ¸:

RS		  =		 ÜàØàÌÛèÀ (âÒìÜÃ ãÖß À‹ÜÌ 	
				    ãÝŠËàÈâÅêÓ)
RSO		 =		 ÜàØàÌÛèÀ + (ÌçòàÓèÌÑìÈ 5 ÓÖ 	
				    Ö/1 ÀÖ ÌçòàÙèÀÅèÈâÎèÌ)
RSC		 =		 ÜàØàÌÛèÀ + (åÍÓèÌÉ¿Ì 3% 	
				    ÌçòàÙèÀÅèÈâÎèÌ)
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RSCO	 =		 ÜàØàÌÛèÀ + (åÍÓèÌÉ¿Ì + Ìçòà 	
				    ÓèÌÑìÈ).

ÅèÈãÉŠÖßäÉ æÈ‹ãÇÀÁèÃÈŠÞ×Ôï ŠåÌÂÜÀÑºÌ 
ÆêÓèÃ, ÓîÃÈ‹×ÇØÇ‹àÂà ãÖß È‹àÌÁ‹àÃâÎêÈ. 
ÀàÌåØ‹ÜàØàÌ ãÖß âÀèÍÉí×ÔŠàÃÉŠàÃƒ ãÓŠÌ 
âÖ¸ÓÄàÀÄîË¯ÀêÌÌçòàÓèÌÑìÈÀŠÜÌ ãÖ‹×Ä±ÃæÎØà 
ÄîËíÈÖÜÃÜ²Ì Ë¯Í¡åÆ‹ÌçòàÓèÌÑìÈ.

2.2	 ÜàØàÌ ãÖß ÀàÌåØ‹ÜàØàÌ

ÅèÈãÉŠÖßäÉ ãÓŠÌæÈ‹ÝèÍÀ‹ÜÌãÝŠËàÈÜà 
ØàÌâÅêÓ 300 ÀðàÓ/äÉ/Óº  Ë¯åÆ‹ÔïâÕÇ 13% 
(ÉàÉßÖàÃ 1) ÅçàÖèÍÓèÌÉ¿ÌÌ´Ì æÈ‹ÎïÀâÑ²Ü 
âÀèÍåÍÅßâÑàß. ÀàÌâÀèÍåÍ ãÖß ÇÜÈÓèÌÉ¿Ì 
âË²ÜËçàÜéÈ âÓ²ÜÓèÌÓêÜàÇîæÈ‹ 90 Óº, ÛèÃÄàÀÌ́Ì 
ãÓŠÌâÀèÍâË²ÜËê 2 Ûì âË²ÜÉ¡ƒæÎ ËîÀƒ 60 Óº. 

ÀàÌÉèÈ ãÓŠÌÉèÈËèÃåÍ ãÖß ÇÜÈ ØŠàÃÄàÀ 
Ù‹àÈéÌ ÎßÓàÌ 70 ÆÉÓ. ÛèÃÄàÀÉèÈãÖ‹× 
ÆÜÇåØ‹æÈ‹ÁßÙàÈ 10 ÆÉÓ ãÖß ÉàÀ 
ãÈÈæ×‹ 2 ãÈÈ ÀŠÜÌÄßÌçàæÎâÀìÜÅèÈ. 
ÀàÌåØ‹ÜàØàÌ ãÓŠÌåØ‹ÉàÓÖçàÈèÍ ÄàÀÄî 
ËíÈÖÜÃË¯Í¡åØòÌç òàÓèÌÑìÈ ãÖ‹×Ä±ÃãÓŠÌÄîË¯ 
åØ‹Ì ç òàÓèÌÑìÈ. ãÉŠÖßÄîãÓŠÌæÈ‹åØ‹âÒìÜÃ 
ÀŠÜÌ, ÉàÓÈ‹×ÇÀ‹ÜÌãÝŠËàÈÜàØàÌâÅêÓ 
ãÖ‹×Ä±ÃãÓŠÌåÍÓèÌÉ¿ÌãØ‹Ã, ÓêÌç òàÉ´Ãæ×‹åØò 
ÀéÌÉßÛÜÈâ×Öà.

Éí×ÔŠàÃâÒìÜÃ æÈ‹ÌçàæÎ×éåÄ 2 âË²Ü É´ÃãÉŠ 
âÀèÍâÒìÜÃÓàæ×‹ÅàÃ, ÅçàÖèÍÉí×ÔŠàÃåÍÓèÌ 
É¿ÌæÈòÌ çàæÎ×éåÄ ËîÀƒ 2 ÜàËéÈ. Ä îË íÈ 
ÖÜÃË¯åÆ‹Ìç òàÓèÌÑìÈ RSO ãÖß RSCO æÈ‹ 
åÆòâ×ÖàÎèÍÉí×É¡ÜàØàÌ 2 ÜàËéÈ ÀŠÜÌÄß 
åØ‹ÌçòàÓèÌÑìÈ. ÄçàÌ×ÌÌçòàÓèÌÑìÈË¯åØ‹ ãÓŠÌ 
5 ÓÖÖ/ÀÖ ÌçòàÙèÀÅèÈâÎèÌ äÈÇåÆ‹ãÀ‹×Ìçòà 

ãÎÍÆê ÝŠàÇâÁ¿àËàÃÎàÀ.

2.3	 ÀàÌ×èÈãËÀ

æÈ‹ÍèÌËëÀÀàÌÅ¨ÃÌç òàÙèÀÓºËçàÜéÈ ãÖß Óº 
ÅîÈË‹àÇ (120 Óº) ÁÜÃÀàÌËíÈÖÜÃ ÍèÌËëÀ 
ÜàØàÌË¯âÀìÜåÌãÉŠÖßÓº, Éí×ÔŠàÃÁÜÃÜà 
ØàÌË¯âÀìÜ ãÖß âÛìÜåÌãÉŠÖßÓº æÈ‹ÌçàæÎ 
×éåÄØà DM ãÖß N. ÜêÃÉàÓ×éËê ÁÜÃ  AOAC 
(1990).

2.4	 ÀàÌ×éâÂàßÁ§ÓïÌ

Á§ÓïÌËèÃÚíÈ æÈ‹×éâÂàßÈ‹×ÇÖßÍíÍ (ANO 
VA) åÆ‹ GLM ÔïŠåÌ Minitab 13, 31 (2000) 
âÑ²ÜÅíÓËÞÍ ãÖß ÀçàÌíÈÂ×àÓãÉÀÉŠàÃ 
ÖßØ×ŠàÃ Øí×ÙŠ×ÇËíÈÖÜÃ È‹×ÇÖßÈèÍÂ×àÓ 
âÆ²ÜÊìæÈ‹ 95% ÁºÌæÎ.

III. 	 ÏíÌæÈ‹ÝèÍ ãÖß ×éÄàÌ

3.1	 ÀàÌÎßÀÜÍÅ‹àÃ ËàÃâÂÓê ãÖß 
Åñ×ÌÎßÀÜÍÁÜÃÜàØàÌ

DM Ë¯ÍèÌÄîÔï ŠåÌÉí×ÔŠàÃÁÜÃâÒìÜÃ, åÍÓèÌ 
É¿Ì ãÖß ÜàØàÌâÅêÓ ÔïŠ ÖßØ×ŠàÃ 90-94%, 
90-93% ãÖß 80-90% ÉàÓÖçàÈèÍ ËàÈ 
Æ¸Ì ÔïŠ ÖßØ×ŠàÃ 3-5%; 18-22% ãÖß 30-
34% ÉàÓÖçàÈèÍ (ÉàÉÖàÃ 2). åÌÄîËíÈ 
ÖÜÃË¯ÓêåÍÓèÌÉ¿Ì âØèÌ×ŠàÅèÈÓêÌçòàÙèÀâÑ¸Ó 
ÁºÌÔŠàÃÄßãÄ‹Ã (ÉàÉßÖàÃ 3). ÀàÌâÀìÜÃí× 
È‹×ÇÀ‹ÜÌãÝŠËàÈ, åÍÓèÌÉ¿Ì ãÖß ÌçòàÓèÌ 
ÑìÈ ÅàÓàÈâÝèÈåØ‹ÀàÌÀêÌÜàØàÌÁÜÃÅèÈ 
(DM) æÈ‹ÛàÇÁºÌ, ÏíÌË¯æÈ‹ËèÃÚíÈÌ´Ì Óê 
Â×àÓåÀ‹ÂÞÃÀèÌÀèÍ ãÅÃÓŠÜÓ Ñ‹ÜÓÂßÌß 
(2001). ÜêÃÉàÓ äÝÀÀ×àÃäÈ Ñ‹ÜÓÂßÌß 
(2002) æÈ‹ÖàÇÃàÌÉ²ÓÜêÀ×Šà Ãí×ÖàÈ Ë¯ 
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âÀìÜÈ‹×ÇâÒìÜÃ ãÖß åÍÓèÌÉ¿Ì ÌçòàÙèÀÅèÈ 
É¡ÓºÀ¡âÑ¸ÓÁºÌâÆ¨ÌÀèÌ. ÒïâÀÅ ãÖß âÎÕÅ 
ÉÜÌ (1978) À¡æÈ‹Ô´ÃÔìÌ×Šà âÓ²ÜÖ‹ÞÃÃí×ÖàÈ 
È‹×ÇâÒìÜÃåÅŠÀàÀÌçòàÉàÌ ãÖß âÅêÓÈ‹×ÇåÍ 
ÓèÌÉ¿Ì âÝèÈåØ‹Ãí×ÓêÌçòàÙèÀâŅ̃ÓÁºÌ æÈ‹âÊêÃ 800 
ÀðàÓ/Óº.

3.2	 ÜàØàÌË¯ÀéÌæÈ‹ ãÖß ÀàÌÄßâÖêÌ 	
	 âÉêÍäÉÁÜÃÅèÈ

ÏíÌæÈèÝèÍÅçàÖèÍÌçòàÙèÀâÖ¸ÓÉ¿Ì, ÌçòàÙèÀÅîÈ 
Ë‹àÇÁÜÃÀàÌËÜÓ, Ìç òàÙèÀâÑ¸ÓÉ¡Óì ò, ÀàÌ 
ãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì (FCR) ãÖß ËàÈ 
ãØ‹ÃË¯ÀêÌæÈ‹É¡Óº (DMI) ÅßãÈÃÔïŠ (ÉàÉß 
ÖàÃ 3). ÜàØàÌË¯ÀêÌæÈ‹ Û‡îÈÖíÃåÌËèÌËê Ëêñ 
âÜíàÌç òàÓèÌÑìÈåØ‹ÅèÈÀêÌ ãÉŠÄßÀèÍÂìÌÓà 
ÔïŠÖßÈèÍÎíÀÀßÉé ÑàÇåÌ 1 ÜàËéÈ.

ÄîËíÈÖÜÃ Ë¯âÅêÓÈ‹×ÇåÍÓèÌÉ¿ÌãØ‹Ã ÀàÌ 
ÀéÌÜàØàÌæÈ‹ÁÜÃÅèÈâÑ¸ÓÁºÌ Í¡×ŠàÄßâÎèÌ 
ÄîËíÈÖÜÃË¯åÅŠÌç òàÓèÌÑìÈ Ûì Í¡åÅŠ. ÀàÌË¯ 
âÜíàÌç òàÓèÌÑìÈåØ‹ÅèÈÀêÌ ÀŠÜÌËÜÓÃí×Ì´Ì 
Í¡ÓêÏíÌÀßËíÍåÈƒâÀêÈÁºÌ ÎßÀíÈ×Šà ÄîËíÈ 
ÖÜÃ RSCO ÓêÜèÈÉàÀàÌÄßâÖêÌâÉêÍäÉÅïÃ 
À×ŠàÚïŠ 600 ÀðàÓ/Óº âÓ²ÜËÞÍÀèÍÄîËíÈÖÜÃ 
Ü²Ìƒ (ÝïÍËê 1) ÜèÈÉàÀàÌÀêÌÜàØàÌæÈ‹âÑ¯Ó 
ÁºÌ, ÀàÌãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸ÌÀ¡ÈêÁºÌ 
âÓ²ÜÓêåÍÓèÌÉ¿ÌÎßÅíÓÔïñÌçà. 

ÏíÌÀàÌËíÈÖÜÃÌ¸ ÅÜÈÂŠÜÃäÈÇÀíÃÀèÍ äÈ 
Ñ‹ÜÓÂßÌß (2001) Ë¯åÆ‹âÒìÜÃâÎèÌÜàØàÌ 
ÛèÀâÀìÜÃí× ãÖß åÍÓèÌÉ¿ÌâÎèÌÜàØàÌâÅêÓ 
ãÖß À¡ÓêÛàÇƒÀàÌËíÈÖÜÃÑíÍ×ñà âÓì ñÜ 
ËÜÓÃí×ÖàÈÈò×ÇâÒìÜÃ, ÀàÀÌçòàÉàÌ ãÖß 
ÔïâÕÇ âÅêÓÈò×ÇåÍÓèÌÉíòÌ âÝèÈåØòÀàÌÀêÌ 

æÈò ãÖß ÀàÌÇñÜÇÜàØàÌÁÜÃÅèÈâÑ¸ÓÁºÌ 
(×èÌÌßÑèÈ ÑòÜÓÂßÌß 1997, ×èÌÌßÑèÈ 
ÑòÜÓÂßÌß 2001 ãÖß ãÅÃÓñÜÓ ÑòÜÓÂß 
Ìß 2001).

ÜàØàÌÛèÀ ËêñåÆòåÌÀàÌËíÈÖÜÃÌêò ãÓñÌâÒìÜÃ
ËêñÍèÌÄîËàÈÆêòÌÍçñÅïÃ (400 Àð/ÀÖÀ ËàÈãØòÃ) 
ãÉñæÈòâÖìÜÀÓàÌçàåÆò âÑàßÆà×ÀßÅéÀÜÌÖà× 
æÈòÌçàåÆòÖòÞÃÃí×, Â×àÇ ãÖß ÓêÔñàÃÛ×ÃÛàÇ 
åÌÎßâËÈ.

3.3	 ÀàÌæÖŠÖÞÃâÅÈÊßÀéÈ

ÅŠ×ÌÎßÀÜÍÁÜÃÜàØàÌ ãÖß ÀàÌÂéÈæÖŠ 
ËàÃâÅÈÊßÀéÈ ÁÜÃÜàØàÌË¯åÆ‹âÁ ¿àåÌ 
ÀàÌËíÈÖÜÃ ÅßãÈÃÔïŠåÌ (ÉàÉßÖàÃ 4 ãÖß 
5) ÉàÓÖçàÈèÍ. ÖàÂàÜàØàÌÉ¡ÀéäÖÀðàÓ 
ÅçàÖèÍÄîËíÈÖÜÃ RS Éç ñàÀ×Šà ãÉŠ×ŠàÂ×àÓ 
ãÉÀÉŠàÃ ÖßØ×ñàÃ ÙŠ×ÇËíÈÖÜÃãÓŠÌÉç ñà 
ÛàÇ âÊéÃÔŠàÃåÈÀ¡Èê âÑàß×Šà ÜèÈÉàÀàÌ 
ãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸Ì ÁÜÃÄîËíÈÖÜÃ RSO 
ãÖß RSCO (10.73 ãÖß 5.94 Àð/ÀÖÀ 
ÜàØàÌ/ÀÖÀ ÌçòàÙèÀâÑ¸ÓÁºÌ) ãÓŠÌæÈ‹ÝèÍ 
ÀàÌÎèÍÎîÃåØ‹ÈêÁºÌ ãÖß À¡âÆ¨ÌÈÞ×ÀèÌ ÂŠà 
ÜàØàÌ/ÀÖÀ Ìç òàÙèÀâÑ¸ÓÁÜÃÄîË íÈÖÜÃ 
RSO ãÖß RSCO ÉßÛÜÈÀàÌËíÈÖÜÃ  
(4,420 ãÖß 2,590 ÀêÍ ÉàÓÖçàÈèÍ) ãÖß 
ÓêÖàÂàÅïÃÀ×ŠàÚïŠÚíÈ ãÓŠÌÄîËíÈÖÜÃ RS Âì 
6,555 ÀêÍ/ÀÖÀ ÌçòàÙèÀâÑ¸Ó.

IV.	 ÅßÛîÍ

ÀàÌÖ‹ÞÃÃí× äÈÇåÆ‹âÒìÜÃâÎèÌÜàØàÌÛèÀ 
ãÉŠâÓ²ÜâÅêÓÈ‹×ÇÀ‹ÜÌãÝŠËàÈ, åÍÓèÌÉ¿Ì 
ãÖß Ìç òàÓèÌÑìÈãÖ‹× ÅàÓàÈÎèÍÎîÃÂîÌÌß 
ÑàÍÁÜÃÜàØàÌåØ‹ÈêÁºÌ Ñ‹ÜÓÈÞ×ÀèÌÌ´Ì 
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ÅèÈÀ¡À éÌÜàØàÌæÈ‹ÛàÇ Å³ÃÏ íÌÈêåØ‹ãÀŠ 
ÀàÌÄßâÖêÌâÉêÍäÉÁÜÃÅèÈ À¡ÂìÜèÈÉàÀàÌ 
ãÖÀÎŠÞÌÜàØàÌâÎèÌÆ¸ÌÀ¡ÈêæÎÈ‹×Ç. ÜêÀ 
È‹àÌÌ±Ã ÀàÌÌçàåÆ‹ÜàØàÌÅèÈÖàÂàÊìÀ Ë¯ 
ÓêÔïŠåÌË‹ÜÃÊªÌ âÆèñÌ: âÒìÜÃ, åÍÓèÌÉ¿Ì âÝèÈ  
åØ‹É¿ÌËëÌÂŠàÜàØàÌÛî‡ÈÖíÃ Ì´ÌÀ¡ÅßãÈÃ×Šà 
Æà×ÀßÅéÀÜÌ ÓêÏíÌÀçàæÖåÌÀàÌÖ‹ÞÃÃí× ÅïÃ 
ÁºÌ.

VI.  ÂçàÁÜÍåÄ

Ñ×ÀÁ‹àÑßâÄ¿à ÁçÅßãÈÃÂ×àÓÁÜÍåÄ ãÖß 
Ýï‹ÍîÌÂîÌ ÓàÇèÃÅßÊàÍèÌ Â¿ÌÂ×òà ×éËßÇàÅàÈ 
âÉèÀÌéÀ ÀßÅéÀçà ãÖß ÎŠàæÓ‹ (NAFRI), ÀÜÃ 
ËëÌÂ¿ÌÂ×òà ÀßÅéÀá (LARF) ãÖß ÅïÌÂ¿ÌÂ×òà 
ÀàÌÖ‹ÞÃÅèÈ Ë¯ÆŠ×ÇâÛìÜËëÌÝÜÌ ãÖß åØ‹ 
Â×àÓÅßÈ×ÀËîÀÔŠàÃ ãÀŠÀàÌËíÈÖÜÃÂ´ÃÌ¸ 
ÁçÁÜÍåÄâÎèÌÑéâÅÈÓàÇèÃ ËŠàÌ ÈÕ. ÍîÌ 
ÊÜÃ Íí×ØÜÓ Ë¯åØ‹ËéÈÆ¸ÌçàåÌÀàÌÂ¿ÌÂ×òà 
ËíÈÖÜÃ ËŠàÌ ÑÜÌÎßâÅêÈ âÑèÃÅßØ×èÌ ãÖß 
ËŠàÌ ÜçàÓßÖê âÑèÃ×éæÖÅîÀ Ë¯åØ‹ÂçàãÌß 
ÌçàËàÃÈ‹àÌâÉèÀÌéÀ, ÀàÌ×éåÄÁçòÓïÌ ãÖß ÀàÌ 
ÀßÀÞÓÍíÈÖàÇÃàÌ. 

Ñ‹ÜÓÈÞ×ÀèÌÌ¸ ÁçÁÜÍåÄæÎÇèÃÑßÌèÀÃàÌ 
×éÆàÀàÌ ÁÜÃÅïÌÂ¿ÌÂ×òà ÀàÌÖ‹ÞÃÅèÈ ËîÀƒÂíÌ 
Ë¯ÆŠ×ÇâÛìÜâÝ²ÜãÝÃ ãÖß ÅßÉéÎèÌÇàâÁ¿àåÌ 
ÀàÌÂ¿ÌÂ×òàËíÈÖÜÃÂ´ÃÌêò Ç‹ÜÌæÈ‹ÝèÍÂ×àÓ 
ÝŠ×ÓÓìÁÜÃÍèÌÈàËŠàÌÌ̧ ÄëñÃâÝèÈåØ‹ÀàÌËíÈÖÜÃ 
ÎßÅíÍÏíÌÅçàâÖèÈæÎÈ‹×ÇÈê.
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V. –âÜÀßÅàÌ–ãÌÍ–Ë‹àÇ

ÉàÉßÖàÃ 1:	 ÅŠ×ÌÎßÀÜÍÁÜÃÀ‹ÜÌãÝŠËàÈÜàØàÌâÅêÓ

Ingredient	 Percentage by weight
Rice bran 30
Urea 13
Molasses 43
Diammonium phosphate 3
Salt 5
Lime 5
Sulphur 1

ÉàÉßÖàÃ 2: 	 ÅŠ×ÌÎßÀÜÍËàÃâÂÓêÁÜÃåÍÓèÌÉ¿Ì, âÒìÜÃ ãÖß À‹ÜÌãÝŠËàÈ

Item Cassava foliage Rice straw Rumen supplement
DM, %	 93 91.5 85
% in DM
NDF                 67.7 89.4 63.1
ADF	 41.7 52.6 42.9
ADL 13.2 10.3 67
CP 22 4 34.4
OM 91.9 87.2 87.2
Ash 8 12.7 12.8

ÉàÉßÖàÃ 3:	 ÂŠàÅßâÖ¨ÇÅçàÖèÍÏíÌæÈ‹ÝèÍ ÄàÀÀàÌÖ‹ÞÃÃí×È‹×ÇâÒìÜÃ, åÍÓèÌÉ¿Ì ãÖß 		
		  ÌçòàÓèÌÑìÈ

Parameters
Dietary treatment

SE P-valueRS RSO RSC RSCO
Initial LW, Kg 157b 148b 150b 124a 3.16 0.007
Final LW, Kg 177 172 194 196 5.00 0.061
DM intake, g/day 3,643 3,582 3,937 3,579 211 0.623
CP intake, g/day 242c 210c 353a 335ab 21 0.024
Daily LW gain, g 167c 200c 367ab 600a 18.56 0.000
FCR, Kg DM/Kg LWG 22c 18c 11ab 6a 0.86 0.001

 a, b, c  Mean values within rows with different superscript letters are significantly different 	       	
        (P<0.05)
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ÉàÉßÖàÃ 4:	 ÖàÂàÅñ×ÌÎßÀÜÍÜàØàÌ

ÉàÉßÖàÃ 5:	 ×éâÂàßâÅÈÊßÀéÈÀàÌËíÈÖÜÃ

Feed stuff                   Kip/Kg as fed Kip/ Kg DM

Cassava foliages 500 600
Rice bran 1,000 1,500
Molasses 2,000 2,000
Urea 2,000 2,000
Diammonium phosphate 1,920 1,920
Salt 1,000 1,000
Lime	 600 600

Sulphur 100,000 10,000

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

Parameters
Diets

SE P-value
RS RSO RSC RSCO

Number of cattle 2 2 2 2
Days in experiment 120 120 120 120
LW gain, kg 20c 24c 44ab 72a 2.23 0.000
DMI, kg/day 3.64 3.58 3.94 3.57 0.21 0.062
FCR kg DM/kg 21.85c 18.01c 10.73ab 5.94a 0.86 0.001
Feed cost/kg	 300 314 412 436
Feed cost/ kg LWG 6,555 5,655 4,420 2,590

Kip: (Lao currency) Exchange rate 9,800 Kip: 1 USD	
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ÝïÍËê 1:	 Ãí×Ë¯ËÜÓÈ‹×ÇâÒìÜÃ, åÍÓèÌÉ¿Ì ãÖß ÌçòàÓèÌÑìÈ 

Figure 1. Least square means of daily live weight gain of 
local "Yellow" cattle with or without oil drench
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ÅëÀÅàÀàÌÝàÓÎàÎàÀåÅŠÀßÆèÃ äÈÇÀàÌåØ‹ÜàØàÌ 
Ë¯ãÉÀÉŠàÃÀèÌ

ãÀ‹×ÓßÌê ×íÃÑàÌîÖíÓ1, ÖŠÞÃ ÂçàÅê×éæÖ1,  ÂÜÌ–ÅßØ×èÌ ËçàÓß–×íÃ1

ÍíÈ–ÂèÈ–ØÇ§

ÅïÌÂ¿ÌÂ×òà ÀàÌÎßÓíÃ æÈ‹ÈçàâÌêÌÀàÌËíÈÖÜÃ ÔïŠÜŠàÃØ‹×ÇÅÞÈ Í‹àÌØ‹×ÇÅÞÈ, âÓìÜÃÎàÀÆèÌ 
ãÁ×ÃÍçÖéÂçàåÆ âÆ¯ÃæÈ‹åÆ‹â×ÖàåÌÀàÌËíÈÖÜÃËèÃÚíÈ 8 ÜàËéÈ âÖñêÓãÉñ ×èÌËê 19 ÅéÃØà Øà 20 
ÉîÖà 2004.

ÅßÊàÌË¯ËíÈÖÜÃ æÈòâÖìÜÀâÜíàâÁÈË¯ÓêÖßÈèÍÂ×àÓâÖéÀÁÜÃÌçòà ÔïŠÖßØ×ŠàÃ 3 Øà 4 ãÓèÈ 
äÈÇÀàÌ×àÃãÏÌËíÈÖÜÃãÍÍ RCBD Óê 3 Æçòà ãÖß 3 ÅªÃËíÈÖÜÃ ÓêÂ×àÓãÉÀÉŠàÃÀèÌ 
åÌÂ×àÓÊ¯ÁÜÃÀàÌåØ‹ÜàØàÌ. ÅéñÃËíÈÖÜÃËçàÜéÈ ãÓŠÌåØ‹ÜàØàÌ 2 Â´Ã É¡Óº  (T1), ÅéñÃËíÈÖÜÃ 
ËêÅÜÃ ãÓŠÌåØ‹ÜàØàÌ 3 Â´Ã É¡Óìò (T2) ãÖß ÅéñÃËíÈÖÜÃËê 3 ãÓŠÌåØ‹ÜàØàÌ 5 Â´Ã É¡Óìò (T3). 
ÜàØàÌË¯åØ‹ ãÓŠÌÜàØàÌÅçàâÖèÈÝïÍÎàÈîÀ, ÜèÈÉàÀàÌÎŠÜÇ ãÓŠÌ 100 äÉ É¡ 1 ÉàãÓèÈ ÎŠÜÇ 
ÖíÃåÌÀßÆèÃ ÁßÙàÈ 2 x 5 x 0––.9 ãÓèÈ (Â×àÓÀ×òàÃ, Ö×Ã–Çà×–, Â×àÓ–âÖéÀ) –ãÖß æÈòËçà–ÀàÌ–×èÈ–
ãËÀ–ÀàÌÄß–âÖêÌ–âÉêÍ–äÉÁÜÃ–Îà, Ö×Ã–Çà× –ãÖß ÌçòàÙèÀ ––ËîÀƒ 2 ÜàËéÈ.

Ìç–òàÙèÀ –ãÖß Ö×Ã–Çà× ä–ÈÇ–Åß–âÖ¨Ç– âÖ¸Ó–É¿Ì– ãÓŠÌ T1: 7.37 ÆÉÓ, T2 : 7.73 ÆÉÓ –ãÖß T3: 7.53 
ÆÉÓ. ÑàÇÛèÃ 8 ÜàËéÈ Îà–Óê–ÀàÌ–âÉêÍ–äÉ –äÈÇ–Óê–ÌçòàÙèÀ –ãÖß Ö×Ã–Çà× –ÅîÈ–Ë‹àÇ– Âì: T1: 8.37 ÀðàÓ 
T2: 9 ÀðàÓ –ãÖß T3:  8.42 ÀðàÓ. ÛèÃÀàÌ–ËíÈ–ÖÜÃ –âØèÌ–æÈ‹–×Šà– ÀàÌ––åØ‹–ÜàØàÌ–åÌ–ÖßÈèÍ 3 Â´Ã É¡–Óº 
Óê–ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ–Ë¯–ÅïÃ–À×ŠàÚïñ, ÅŠ×Ì–ÀàÌ–åØ‹–ÜàØàÌ–æÖŠ–ÖÞÃ–ËàÃ––âÅÈÊßÀéÈãÖ‹× –âØèÌ–×Šà T2 
–åØ‹–ÏíÌ–ÉÜÍ–ãËÌ–Ë¯–ÅïÃ–À×Šà– Âì: 419,000 ÀêÍ, T1: 269,000 ÀêÍ –ãÖß T3: 230,000 ÀêÍ.

–ÀàÌÝàÓÎà –âØèÌ–×Šà –Óê–ÜèÈÉà–ÀàÌÛÜÈ–ÉàÇ–Éçñà, –åÌ–ÀàÌ–ËíÈ–ÖÜÃ–Â´ÃÉ¡–æÎ– Â×Ì–ÅëÀÅà–ÀàÌ–ÎŠÜÇ–Ëê–ñÓê 
ÜèÈÉàÀàÌÛÜÈÉàÇ–ÅïÃ– –âÑ²Ü–âÎèÌ–ÀàÌ–âÑ¸Ó–ÖàÇ–ÝèÍ –ãÖß Óê–âÅÈÊßÀéÈ–Ë¯–Èê–ÁºÌ.

1ÅïÌÂíòÌÂ×òà ÀàÌÎßÓíÃ (ÅÂÎÓ)
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Study on Fingerling Stage of Silver barb Cage Culture by 
Different Frequencies Feeding

Keomany Vongphanoulom1, Lieng Khomsivilay1, Daovieng Lihtdate1 

Abstract

The experiment was conducted at Huay Sieth reservoir, Huay Sieth village, Pakson district, 
Borikhamxay Province. The duration is 8 weeks from 19th August to 20th October 2004.

The experiment was set up in 3-4 m water depth by RCBD experiment design, three replications 
and 3 treatments by different frequencies feeding, the first treatment (T1) was fed 2 times/day, 
the second treatment (T2) was fed  3 times/day and the last treatment (T3) was fed   5 times/day, 
that feed is complete feed of cat fish, fish were stocked in cage size 2m x 5m x 0.9m (wide, 
length and depth) by 100fish/m2 and the measure growth performance (weight and length) 
were measured every 2 weeks.

Mean of initial weight and length were T1 7.37 cm, T2 7,73 cm and T3  7.53cm After 8 weeks 
the fish grew and measured final weight and length were T1 8.37g , T2 9 g  and T3 

8.42 g. The survivor rate of three treatments were to closely but T2 was higher then to treatments 
those were average T1 73.37%. ,  T2 78.4%, T3 74.27%. The profite of T2 was 419,000 kip, T1 

269,000 kip and T3 230,000 kip.

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

1Living Acqatic Resoures Research Center (LAReC)
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I.	 ÍíÈ–Ìçà

ÎßâËÈ–Öà×– âÎèÌ–Îß–âËÈ–ÌëñÃ Ë¯–Óê–Â×àÓ–ÜîÈíÓ 
ÅíÓÍïÌ–æÎ–È‹×Ç–ÆèÍÑßÇàÀÜÌ–Ëçà –Óß–ÆàÈ 
ãÖß– ãÓŠÌçòàÖçà–âÆ–ÔŠàÃ–Øð×ÃØðàÇ, ÎßÆàÆíÌ–ÅŠ×Ì 
ØðàÇ–ãÓŠÌ–Üà–åÅ–É´ÃÊªÌ–ÊàÌ–ÔïñâÖàß–ÖÞÍÉàÓ–
ãÂÓ–ãÓŠÌçòàÉŠàÃƒ –âÑ²Ü–ÅßÈ×À–åÌ–ÀàÌ–ÎßÀÜÍ–
ÜàÆêÍ –ãÖß –ÀàÌ–ËçàÓà–Øà–ÀéÌ– äÈÇ–Åß–âÑàß 
–ãÓŠÌ–ÀàÌ–ÎïÀÐèÃ –ãÖß –Ö‹ÞÃÅèÈ.

ÀàÌ–Øà–Îà À¡–ãÓŠÌ–ÜàÆêÍÌëñÃ âÑ²ÜÀàÌ–ÈçàÖíÃ–Æê 
×éÈÁÜÃ–âÁíà–âÄ¿à ÆëñÃÀàÌ–Øà–Îà–È¨ÃÀŠà× –ãÓŠÌ–Øà–
ÓàÄàÀãÓŠÌçòàÖçàâÆ–ÉŠàÃƒ ÉàÓ––ËçàÓß–ÆàÈ. ÎßÄî–
ÍèÌÌ¸ ÎßÆàÆíÌ–ãÓŠÌ–ÌèÍ–ÓºÌèÍ–âÑ¸ÓÁºÌ–âÖºÜÇƒ 
–âÝèÈ–åØ‹Â×àÓ–ÜîÈíÓÅíÓÍïÌÁÜÃ–ËçàÓß–ÆàÈ–
ÂŠÜÇƒÚíÈ–æÎ –äÈÇ–Åß–âÑàß– ãÓŠÌ–ÎàË¯–Óê–ÔŠàÃ–
Øð×ÃØðàÇÉàÓ–ãÓŠÌçòàËçàÓß–ÆàÈ–åÌâÓìñÜÀñÜÌ 
–ãÓŠÌ–æÈ‹–ØðîÈÖíÃ –ãÖß –Øà–ÇàÀ–ÁºÌËîÀ–Óº.

–åÌ–ÎßÄî–ÍèÌ– ÎßÆàÆíÌ–æÈ‹Óê–ÀàÌ–ØèÌ–ËéÈ–ËàÃ–Øà–
Â×àÓ–ÅßÈ×À–åØ‹–ãÀŠ–ÉíÌ–âÜÃ ÆëñÃÓèÌ–æÈ‹Åß–ãÈÃ–
ÜÜÀ–åÌ–ÀàÌ–Ö‹ÞÃÎà–ÁÜÃ–ÎßÆàÆíÌ–Öà× ãÓŠÌ–
ÌèÍ–ÓºÌèÍ–âÑ¸Ó–ÁºÌ Í¡×Šà–ÔïŠ –ÆíÌÌßÍíÈ –ÍŠÜÌ–ØŠàÃ 
–æÀ–ÅÜÀØðêÀ.

äÈÇ–Ë³×–æÎ–ãÖ‹× –Æà×–ÀßÅéÀÜÌÏï‹–Ö‹ÞÃÎà –ÔïŠ–åÌ–
Îß–âËÈ–âÝíà– ãÓŠÌ–Óê–âÌºÜË¯ÙÜÃÎà–ÄçàÀèÈ–– ãÖß 
Í¡ÓêÙÜÃÜßÌîÍàÌ. ÎàÝàÓ Å×ŠÌØðàÇ–ãÓŠÌ–Æº––
ÄàÀ–ÅßÊàÌê –ãÖß– Òà–Ó–ÁÜÃâÜÀß–ÆíÌ–Óà–Ö‹ÞÃ. 
ÖïÀ–Îà– Ë¯Óê –ÁßÙàÈÂ×àÓ–Çà×–ÁÜÃ–Öçà–Éí× 
1-3 ÆÉÓ Êì–×Šà–âÎèÌ–Îà–Ì‹ÜÇ– ÆëñÃÓèÌ–Í¡ÅàÓàÈ–
ØðíÍØðêÀÅèÈ–Éï–æÈ‹– âÆèñÌ: ÎàÂ¡, –ãÓÃ–æÓ‹–Ìçòà, Ãˆ, ÀíÍ, 
ÁÞÈ ãÖß– Ü²Ìƒ. ÅèÈÉï–Îà–È¨ÃÀŠà× –Àê–ÌÖïÀ–Îà–ãÉŠ–
ÖßÓº– âÝèÈ–åØ‹–âÎê–âÆèÌ–ÀàÌ–ÖÜÈ–ÉàÇ–ÁÜÃ–ÎàÉçñà, 

È¨ÃÌ´Ì Â×ÌÝàÓÖïÀ–Îà–åÅŠ–ÀßÆèÃ–åÌ–æÖÇß 2 
–âÈìÜÌ –âÑ²Ü–åØ‹–Îà–Óê–ÁßÙàÈ 2 Ì¸×ÁºÌ–æÎ (Öçà 
–Éí×–Çà× 7-15 ÆÉÓ) –ãÖ‹×–Äë ñÃ–ÎŠÜÇ–ÖíÃ–Ö‹ÞÃ 
ÉàÓ–ÙÜÃË¯–æÈòÉÞ–Ó–æ×‹.

–âÑ²Ü–åØ‹–æÈ‹–ÖïÀ–Îà–Ë¯ÅíÓÍïÌ –ãÖß– ÓêÜèÈÉà–ÀàÌ–
ÖÜÈ–ÉàÇ–ÅïÃ, âÑ²Ü–ÏßÖéÈ–ÖïÀ–Îà– åØ‹–ÑÞÃÑç–ÀèÍ–
Â×àÓ–É‹ÜÃÀàÌ –ãÖß ÝèÍÎßÀèÌ–ÂîÌ–ÌßÑà–Í 
åØ‹–ãÀŠ –Æà×–ÀßÅéÀÜÌ, –âÑ²Ü–âÎèÌ–ËŠà–ãÝÃ–åÌ–
ÀàÌ–ÏßÖéÈ–ÅßÍÞÃÜàØàÌ– åØ‹–ÑÞÃÑç–ÀèÍ–Â×àÓ–
É‹ÜÃÀàÌ –ãÖß –âÎèÌ–ÀàÌÝÜÃÝèÍÀàÌ–Áß–ÇàÇ–
Éí×–ÁÜÃ–ÅèÃÂíÓ. È¨ÃÌ´Ì ÄëñÃ–æÈ‹–âÝèÈÀàÌ–ËíÈ–ÖÜÃ–
ÅëÀÅà–ÎàÝàÓ (ÎàÎàÀ)– åÅŠ–åÌ–ÀßÆèÃ È‹×Ç–×é 
Ëê–ÀàÌ–åØ‹–ÜàØàÌ–åÌ–â×Öà–Ë¯–ãÉÀ–ÉŠàÃ–ÀèÌ –âÑ²Ü–
ÆÜÀ–Øà–ÏíÌ–æÈ‹ÝèÍË¯–Èê–Ë¯–ÅîÈ–åÌ–ÀàÌ–ÅëÀÅàÂ´ÃÌ¸.

ÄîÈÎßÅíÃ : 

1.	 âÑ²Ü–ÅëÀÅàÀàÌ–Äß––âÖê–Ì–âÉêÍ–äÉ –ãÖß –ÜèÈÉà
	 ÀàÌ–ÖÜÈ–ÉàÇ–ÁÜÃ–Îà–ËèÃ 3 ÀîŠÓ.

2.	 âÑ²Ü–ÆÜÀ–Øà–×éËêÀàÌ–åØ‹–ÜàØàÌ–Ë¯–âÚàß 	
	 ÅíÓ–ÁÜÃ–ÎàÎàÀ Ë¯–Ö‹ÞÃ–âÎèÌ–ÎàÝàÓ –åÌ–		
	 ÀßÆèÃ.

3.	 âÑ²Ü–ÎÞÍËÞÍËàÃ–È‹àÌ–âÅÈÊßÀéÈ– ËèÃ 3 
	 ÀîŠÓ.

II.	 ÜîÎßÀÜÌ

2.1	 ÜîÎßÀÜÌ –ãÖß– âÂ²ÜÃÓì– Ë¯–åÆ‹–âÁ¿à–		
åÌ–ÀàÌ–ÅëÀÅà:
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ÉàÉßÖàÃ 1:	 ÜîÎßÀÜÌÇà×–ÌàÌ Ë¯–åÆ‹–âÁ¿à–åÌ–ÀàÌ–ÅëÀÅà

Ö/–È ÖàÇÀàÌ Øí×Ùñ×Ç ÄáÌ×Ì

1 ÀßÆèÃ–ÈàÃ–ÁÞ×–åÌ–ÖÜÌ ÜèÌ 9

2 Àß–ÉôÜÃ–ÉèÀ–Îà–Ì‹ÜÇ ÜèÌ 2

3 –âÂ²ÜÃ–×èÈ–ãËÀ pH ÆîÈ 1

4 –âÂ²ÜÃ–×èÈ–ãËÀ D.O ÆîÈ 1

5 –âÂ²ÜÃ–×èÈ–ãËÀ NH3 ÆîÈ 1

6 –âÂ²ÜÃ–×èÈ–ãËÀ ÜîÌØßÑïÓ (ÌŸ - ÜàÀàÈ) ÜèÌ 1

7 ÆéÃ–Æ¨Ã–ÌŸÙèÀ Ùñ×Ç 1

2.1.2	 ÜîÎßÀÜÌË¯–åÆ‹ÎßÄçà–ÖßÈï–ÀàÌ

ÉàÉßÖàÃ 2:	 ÜîÎßÀÜÌÎßÄçà–Öß–Èï–ÀàÌ Ë¯–åÆ‹–âÁ¿à–åÌ–ÀàÌ–ÅëÀÅà

2.1.1	 ÜîÎßÀÜÌË¯–åÆ‹Çà×–ÌàÌ

Ö/–È ÖàÇÀàÌ Øí×Ùñ×Ç ÄáÌ×Ì

1 ÖïÀ–ÎàÎàÀ –äÉ 9,000

2 ÜàØàÌ–ÖïÀ–Îà–Ì‹ÜÇ (ËàÈ–Æ¸Ì 30%) ÀÖÀ 90

3 –âÆìÜÀ–ÓèÈ ÀÖÀ 1.5

4 –ãÏŠÌ–ÔàÃ– ÅáÖèÍ–ÁÞÌÎ‹àÇ–ËíÈ–ÖÜÃ (ÁßÙàÈ 1x1,5 ÆÉÓ) –ãÏŠÌ 1

5 ÊíÃ–ÔàÃ–åÅŠ–Îà–Ì‹ÜÇ ÀÖÀ 0.5

6 ÔàÃ–ÓèÈ–ÊíÃ ÀÖÀ 0.2

7 Í´ÃÜóÜÀ–Æê–âÄÌ Í´Ã 1

8 –æÓ‹–æÏŠ Öá 10

9 –æÓ‹–ÆŠàÃ–æÑ Öá 16
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III.		  ×éËêÀàÌ
3.1	 ÅßÊàÌ–Ë¯

ÀàÌ–ÅëÀÅàÂ´ÃÌ¸– ãÓŠÌ–æÈ‹ÎßÉéÍèÈ–ÔïŠ –ÜŠàÃ–Ø‹×Ç–
ÅÞÈ, Í‹àÌ–Øò×ÇÅÞÈ, –âÓìÜÃ–ÎàÀ–ÆèÌ, ãÁ×Ã–
ÍçÖé –Âçà–åÆ. æÈ‹Ìçà–åÆ‹ÀßÆèÃ–ÈàÃÁÞ×–æÌ–ÖÜÌ 
Ë¯–Óê –ÁßÙàÈ 2 x 5 x 0.9 ãÓèÈ (À×òàÃ x 
Çà× x– âÖéÀ) ÄçàÌ×Ì 9 ÀßÆèÃ ÅçàÖèÍÝàÓÎà. 
Åß–âÖ¨ÇÖßÈèÍ–Â×àÓ–âÖéÀ–ÁÜÃ–Ìçòà 3 Øà 4 ãÓèÈ. 
–ÜŠàÃ–Ø‹×ÇÅÞÈ– –Óê–ÁßÙàÈ–À×‹àÃÑç–ÅíÓÂ×Ì ÆëñÃÓê–
âÌºÜË̄ âÊéÃ 150 âÝèÀÉà É́ÃÁßÙàÌÀèÍ–âǺÌËàÃ 
–âÖÀËê 13 åÉò –åÀ‹–ÀèÍ–âÁÈ–Éí×–âÓìÜÃ–ÎàÀ–ÆèÌ 
–ãÁ×Ã–ÍçÖé–Âçà–åÆ.

3.2	 Àá–ÌíÈ–æÖÇß–â×Öà–ÁÜÃ–ÀàÌ–ÅëÀÅà

–æÖÇß–â×Öà–ÁÜÃ–ÀàÌ–ÅëÀÅà– –ÀàÌÝàÓÖïÀ–
ÎàÎàÀ– åÅŠ–ÀßÆèÃ–åÌ–ẤÃÌ̧– ãÓŠÌ–æÈ‹–âȪ–Ó–ãÉŠ– ×èÌ–Ëê 
7/4/2005 –âÊê–Ã ×èÌ–Ëê 30/11/2005, –ãÉŠ–ÀàÌ–
ÅëÀÅà–âÜíà–Á§–ÓïÌ–Éí×–ÄéÃ –ãÓŠÌ–æÈ‹–âÖ¯–Ó–ãÉŠ– ×èÌËê 
19/8/2005 –âÊéÃ– ×èÌ–Ëê 30/11/2005.

3.3 	 ãÌ×–ÑèÌ–Îà– Ë¯–Ìá–ÓàÝàÓ

ÎàÎàÀ–– ãÓŠÌ–ÎàÑºÌ–âÓìÜÃ–Öà×–ÆßÌéÈÌëñÃ Ë¯–Üà–
åÅ–ÔïŠ–ÉàÓ–ËçàÓß–ÆàÈ ÆëñÃÑíÍ–âØèÌ–ÔïŠ–ÉàÓ–Ø‹×Ç, 
ÝñÜÃ, ÂÜÃ, ÍëÃ –ãÖß– ãÓŠÌçòàÉŠàÃƒ Ë³×–ËîÀ–ÑàÀ–
ÁÜÃ–Îß–âËÈ–âÝíà, –âÎèÌ–Îà–Ë¯–Óê–æÁŠ–âÂéñÃ–ÄíÓ,– âÂñéÃ–Òï, 
ÖïÀ–ÎàÎàÀ– ËêñæÈòÌçàÓàÝàÓ– ãÓŠÌ–ÆºÄàÀ–ÅßÊàÌê–
Ö‹ÞÃÎàÜŠàÃÌçòàØîÓ– Óê–ÄçàÌ×Ì –ËèÃÚíÈ 9,000 –äÉ 
–âǢÃ–Óê–Â×àÓ–Çà×– ãÉŠ 2.49 Øà  2.51 ÆÉÓ –ãÖß 
–ÓêÌçòàÙèÀ É´Ã–ãÉŠ 0.49 Øà 0.53 ÀðàÓ.

ÝïÍ 1:	 ÖèÀÆßÌßÎàÑºÌâÓìÜÃÖà× (ÎàÎàÀ)
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3.4	 ÜàØàÌ–

ÜàØàÌ–Ë¯–åÆ‹–åÌ–ÀàÌÝàÓÖïÀ–Îà –ãÓŠÌ–ÜàØàÌ 
ÅçàâÖèÈÝïÍÁÜÃ–ÎàÈîÀ–Ì‹ÜÇ– ÆßÌéÈ–âÓèÈ–Òï– âÍê: 
7910 (ÜàØàÌ–æË) Óê–ËàÈ–Æ¸ÌÍ¡ÉçñàÀ×ñà 30%. 

IV. 	 ×éËêÀàÌ–ÀßÀÞÓÀßÆèÃ
4.1	 ÀàÌ–ÜßÌà–æÓÑìòÌËêñ âÑ²Ü–ÀàÃ–ÀßÆèÃ

ÀàÌ–ÀßÀÞÓÑìòÌËêñâÑìñÜÀàÃ–ÀßÆèÃ– æÈ‹ÜßÌà–æÓ–
ÍçÖé–â×Ì–Ë¯– –ÀàÃ–ÀßÆèÃ, –À×È–âÜíà–ãÙ, âÅÈ–æÓ‹ 
–ãÖß –ÅéñÃ–âÎ–é–ßâÎòìÜÌÉŠàÃƒÜÜÀ ËèÃ–Ì̧À¡–âÑ²Ü–Â×àÓ–
ÅßÈ×À–åÌ–ÀàÌ–ÀàÃ–ÀßÆèÃ– âÑ²Ü–Í¡–åØ‹–ãÙ–æØðÓà–
äÜÍ–ÉéÈ–ÀßÆèÃ ÆëñÃ–âÎèÌ–ÅàÇ–âØÈâÝèÈ–åØ‹ÀàÌ 
–ÊŠàÇ–âË–Ìçòà–âÁ¿à-ÜÜÀ–åÌ–ÀßÆèÃ–Í¡–æÈ‹Èê– âÝèÈ–åØ‹–
Ìçòà–âÅÇ–ÂîÌ–ÌßÑà–Í âÌ²ÜÃ–ÄàÀ–ÀàÌÊŠàÇ–âË–ÅéñÃ–
âÅÈ–âØðìÜÁÜÃ–Îà ãÖß ÜàØàÌ–âÅÈ–âØðìÜ. Ñ‹ÜÓ 
–Ì´Ì À¡ÇèÃ–âÎèÌ–ÀàÌ–ÀçàÄèÈ–ÍŠÜÌ–Øð¸ÆŠÜÌ–ÁÜÃ–ÅèÈÉï–
Îà–Ì‹ÜÇ– âÆñèÌ: Ãˆ, Îà–âÎ¿à, Îà––äÈ, ÀíÍ–, ÁÞÈ 
–ãÖß– ãÓÃ–æÓ‹–ÉŠàÃƒ.

4.2	 ×éËê–ÀàÌ–ÎèÀ–ØðèÀ –ãÖß– ÓèÈÝà×

ÑàÇØðèÃÜßÌà–æÓ–ãÖ‹× –ãÓŠÌ–æÈ‹–ÉèÈ–æÓ‹– âÆ¨Ì: 
–æÓ‹–ÆŠàÃ–æÑ –ãÖß –æÓ‹–æÏŠ –âÑ²Ü–ÀßÀÞÓ–âÝèÈØðèÀ 
–ãÖß –Ýà×. ÀàÌ–ÉèÈ–âÜíà–æÓ‹–ÆŠàÃ–æÑ– ãÓŠÌ–ÉèÈ–âÜíà 
16 Öçà –ÓêÂ×àÓ–Çà×– 5 ãÓèÈ– ãÖß– æÈ‹–Ò‹à–Ì 
ÀíÀ–åØ‹–ãØðÓ –âÑ²Ü–Äß–ãËÃ–âÁ¿àÈéÌ–ÔïŠ –ÑºÌÌçòàåØ‹–
âÖéÀ–âË³à–Ë¯–Äß–âÖéÀ–æÈ‹ –âÑ²ÜÝèÍÎßÀèÌ–åÌ–ÀàÌ–
ÀàÃ–ÀßÆèÃ ÅŠ×Ì–æÓ‹–åÏŠ–ãÓŠÌ–æÈ‹ÉèÈ–âÜíà 12 Öçà 
––Óê–Â×àÓ–Çà× 10 ãÓèÈ âÑ²Ü–âÝèÈÝà×. –âÓ²Ü–Åçà 
–âÖèÈ ÀàÌ–ÉèÈ–æÓ‹–ãÖ‹× æÈ‹–ãËÀ–æÖÇß–ØŠàÃ –âÑ²Ü 
ÎèÀ–ØðèÀËèÃ 16 ØðèÀ æÖÇß–ØŠàÃ–ÀèÌ 4 x 7 ãÓèÈ 
(Ö×Ã–À×òàÃ, Ö×Ã–Çà×) ÄàÀ–Ì´Ì À¡ –âÜíà–æÓ‹ 
Ýà×ÖíÃ–Óà–ÓèÈÉéÈ–ÀèÍ–ØðèÀ–åØ‹–ãÙòÌ ËèÃ 16 ÛèÀ 
åØ‹–ÅàÀ–Èê –âÑ²Ü–ÅßÈ×À–åÌ–ÀàÌ–ÀàÃ –ãÖß– ÓèÈ–

ÀßÆèÃ– åØ‹–ÊìÀ–ÉàÓ–ÀçàÌíÈ–.

4.3	 ÀàÌ×àÃ–ãÏÌ–ËíÈ–ÖÜÃ

ÑàÇØðèÃÅçà–âÖèÈ––ÀàÌ–ÎèÀ–ØðèÀ ãÖß ÓèÈÝà×–ãÖ‹×–
æÈ‹Ìçà–âÜíà–ÀßÆèÃ–Óà–ÀàÃ–æ×‹ ÓèÈ–åØ‹–âÂè ñÃ–âË³à–
Ë¯ –Äß–âÂñ èÃ–æÈ‹ âÑ²ÜÝèÍÎßÀèÌ Í¡åØ‹–âÆìÜÀÛ‡îÈ 
–ÄŠîÓ––ÀßÆèÃÖíÃ 2 ÅŠ×Ì–âË³à–ÀèÍ 60 ÆÉÓ –âØðìÜ 1 
ÅŠ×Ì– ãÓŠÌ–åØ‹–Ñ¿ÌÙòàÌçòà –âË³à–ÀèÍ 30 ÆÉÓ –ØðèÃ 
ÄàÀ–ÓèÈ–ÀßÆèÃ–ÅçàâÖèÈ–ãÖ‹× –æÈ‹–âÜíà–À‹–ÜÌØêÌ 2 
À‹ÜÌ Ê¸ÓÖíÃ–åÅŠ–ÀßÆèÃ –ËèÃ 2 Å¿Ì âÑ²Ü–åØ‹–ÑºÌ 
ÀßÆèÃ–ÄíÓ–ÖíÃ–Ìçòà, ØðèÃÄàÀ–Ì´Ì À¡–æÈ‹ÉéÈ–Î‹àÇ–ËíÈ–
ÖÜÃ–ÉàÓ–Ë¯ –ÀçàÌíÈ–æ×‹, ÅçàÖèÍ–ÀàÌ–×àÃ–ãÏÌ–
ËíÈ–ÖÜÃ–åÌ–Â´ÃÌ¸– ãÓŠÌ–âÝèÈ–ãÍÍ RCBD Óê3 
ÅéñÃ–ËíÈ–ÖÜÃ (T) –ãÉŠ–Öß–ÅéñÃ–ËíÈ–ÖÜÃ– Óê 3 Æçòà (R) 
Æ±ÃÅß–ãÈÃ–åØ‹–âØèÌ– åÌÝïÍ 2.

4.4 	 ×éËê–ÀàÌ––âÂ²ÜÌÇ‹àÇ–Îà–Ì‹ÜÇ– ÖíÃ–åÅŠ	
	 ÀßÆèÃ–

ÀàÌ––âÂ²ÜÌÇ‹àÇ–Îà–Ì‹ÜÇ–ÖíÃ–åÅŠÀßÆèÃ– Â×Ì–âÝèÈ 
È‹×Ç–Â×àÓ–Öß–ÓèÃ–Öß×èÃ –âÑàß–Îà–Ì‹ÜÇ–Äß–
ÍÜÍ–ÆçòàæÈ‹ÃŠàÇ–âÓ²Ü–ÊìÀ–ÀßËíÍ– È¨ÃÌ´Ì– äÜÀàÈ 
–Îà–Ì‹ÜÇ–Äß–ÉàÇ ––åÌ–Öß–Ø×ñàÃ–ÀàÌ–âÂ²ÜÌ–Ç‹àÇ–
ãÓŠÌ–ÓêØðàÇ. ÅçàÖèÍ–ÀàÌ–âÂ²ÜÌ–Ç‹àÇ–Îà–Ì‹ÜÇ–åÌ–
æÖÇß–ËàÃæÀ Â×Ì–åÅŠ–ÊíÃ–ÇàÃ–ÜèÈ–ÜóÜÀÆê–âÄÌ 
–åÅŠÌçòàÍèÌ–Äî– ÎßÓàÌ ¼ ÁÜÃ–ÊíÃ– ÅàÓàÈ–ÍèÌÄî–
Îà–Ì‹ÜÇ –ÁßÙàÈ 2-3 ÆÉÓ æÈòÊíÃ–Öß 500äÉ. 
–âÓ²Ü–Ìçà–ÎàÓàÝÜÈÅßÊàÌ–Ë¯–ãÖ‹×– –âÜíà–ÊíÃ–Îà–ÖíÃ–
æÎ–ãÆñÌçòà Îß–æ×‹–ÎßÓàÌ 15-20 ÌàËê –âÑ²Ü–åØ‹–
ÜîÌØßÑïÓ–ÌçòàåÌ–ÊíÃ–ÍèÌÄî–Îà ÀèÍ–ÜîÌØßÑïÓ–Á‹àÃ–
ÌÜÀ–åÀ‹–ÂÞÃÀèÌ ÅàÓàÈ–âÝèÈ–åØ‹–Îà–ÎèÍ–ÅßÑàÍ–
ã×È––Ö‹ÜÓ–æÈ‹ÃŠàÇ–ÁºÌ. ØðèÃÄàÀ–Ì́Ì ÄëñÃ–æÁ–ÎàÀ–ÊíÃ 
––ÂŠÜÇ–ÎŠÜÇ–âÜíà–ÌçòàÁ‹àÃ–ÌÜÀ–âÁ¿àåÌ–ÊíÃ–Îà –ãÖ‹×–
ÎŠÜÇ–åØ‹–Îà–Ì‹ÜÇ–ÖÜÇ–ÜÜÀ–âÜÃ. ÀàÌ–ÎŠÜÇ–Îà–
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ÝïÍ 2:	 ÝïÍãÍÍÀàÌ×àÃãÏÌÀàÌËíÈÖÜÃ

Ì‹ÜÇ–ÖíÃ–ÀßÆèÃ– Â×ÌÎŠÜÇ–åÌ––ÉÜÌ–ãÖÃ– âÑàß–â× 
ÖàÌ¸ ÜàÀàÈ–âÔèÌ. ÜèÈÉà–ÀàÌÝàÓÎà–åÌ–Â´ÃÌ¸–
ãÓŠÌ 1,000 –äÉ/ÀßÆèÃ Øðì 100/Ó2.

4.5 ×éËê–ÀàÌ–åØ‹–ÜàØàÌ–Îà–Ì‹ÜÇ

ÀàÌ–ËíÈ–ÖÜÃÝàÓÖïÀ–ÎàÎàÀ–åÌ–Â´ÃÌ¸– æÈ‹åÆ‹–
â×Öà 8 ÜàËéÈ–À×Šà– ÜàØàÌ–Ë¯–åÆ‹–ãÓŠÌ–ÜàØàÌ–
ÅçàâÖèÈÝïÍÁÜÃ–ÎàÈîÀ–Ì‹ÜÇ –âÍê 7910 ÆßÌéÈ–âÓèÈ–
Òï–Ìçòà ÓêËàÈ–Æ̧Ì Í¡ÉçñàÀ×ñà 30%. ÀàÌ–åØ‹–ÜàØàÌ–
Îà– ãÓŠÌ–åÆ‹–â×Öà–Ë¯–ãÉÀ–ÉŠàÃ–ÀèÌ –âÆñèÌ: 

T1	 =	 	 âÀìÜ–â×Öà 6 –äÓÃ–âÆ¿à –ãÖß 6 –äÓÃ–		
			   ãÖÃ (2 Â´Ã/Óìò)

T2	 =	 âÀìÜ–â×Öà  6 –äÓÃ–âÆ¿à , 12 –äÓÃ 		
		  ãÖß 6 –äÓÃ  (3 Â´Ã/Óìò) 

T3  =	 âÀìÜ–â×Öà  6 –äÓÃ–âÆ¿à , 9 –äÓÃ, 
	 12 äÓÃ, 3 –äÓÃ – ãÖß 6 –äÓÃ –ãÖÃ 	
	 (5 Â´Ã/Óìò)

×éËê–ÀàÌ–åØ‹–ÜàØàÌ –ãÓŠÌ–ÑàÇ–âÝìÜØ×ñàÌ–åØ‹–ÀéÌ–
ãÉŠ–Öß–ÀßÆèÃ– ÉàÓ–â×Öà–Ë¯–ÀçàÌíÈ–æ×‹.

V. 	 Îß–âÑÈ–ÁÜÃÀàÌ–ÅèÃ–âÀÈ ãÖß –	
	 ×éËêÀàÌ–âÀèÍ–Á§–ÓïÌ
5.1	 Îß–âÑÈ–ÁÜÃÀàÌ–ÅèÃ–âÀÈ 

•	 ÅèÃ–âÀÈ–âÍ¯–ÃÀàÌ–ÀéÌ–ÜàØàÌ –ãÖß –ÀàÌ– 	
	 âÂ²ÜÌ–æØ×ÁÜÃ–Îà–Ì‹ÜÇ –åÌ–ãÉŠ–ÖßÓº.

•	 ÉéÈÉàÓ–ÀàÌ–ÁºÌÖíÃ–ÁÜÃ–ÖßÈèÍ–ÌçòàÔïŠ–ÜŠàÃ	
	 ãÖß –ÉéÈÉàÓ–ÀàÌ–ÜßÌà–æÓ–åØ‹–âÎèÌ–
	 ÎíÀÀßÉé.
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5.2 	 ×éËê–ÀàÌ–âÀèÍ–Á§–ÓïÌ
5.2.1	×éËê–ÀàÌ–×èÈ–ãËÀ–Â×àÓ–Çà×

ÀàÌ–×èÈ–ãËÀ–Â×àÓ–Çà× –ãÓŠÌ–æÈ‹×èÈ–ãËÀ–ÜàËéÈ 
ÖßẤÃ –âǢÃ–âÖ̧ÓãÉŠÜàËéÈ–ËçàÜéÈ ÄíÌÝÜÈ ÜàËéÈ 
ÅîÈ–Ë‹àÇ –äÈÇ–ÀàÌ–ÆîŠÓ–âÜíà–Îà–Ì‹ÜÇ –ÄçàÌ×Ì 20 
–äÉ ÁºÌÓà–×èÈ–ãËÀ– ãÖ‹×–ÆÜÀ–Øà–ÂŠà–Åß–âÖ¨Ç.

* Â×àÓ–Çà×–âÑ¯Ó–ÁºÌ (ÆÉÓ) = Â×àÓ–Çà×–×èÈ–
ãËÀ–æÈ‹ - Â×àÓ–Çà×–âÖ¯–ÓÉ¿Ì.

5.2.2	 ÀàÌ–ÆèñÃÌçòàÙèÀ

ÀàÌ–ÆñèÃÌçòàÙèÀ –ãÓŠÌ–âÝèÈ 2 ÜàËé–È É¡Â´Ã ÆëñÃ–
âÖ¸Ó–ãÉŠ–ÜàËéÈ–ËçàÜéÈ –ÄíÌÝÜÈ ÜàËéÈ–ÅîÈ–Ë‹àÇ 
äÈÇ–ÀàÌ–ÆîŠÓ–âÜíà–Îà–Ì‹ÜÇ –ÄçàÌ×Ì 20 –äÉ ÁÜÃ– 
ãÉŠ–ÖßÆçòàÁëòÌÓà–Æ¨Ã –ãÖ‹×–ÆÜÀ–Øà–ÂŠàÅß–âÖ¨Ç 
ÁÜÃ–Îà–Ì‹ÜÇ 1 –äÉ.

* ÌŸÙèÀ–âÑ¸Ó–ÁºÌãÉŠÖßÜàËéÈ (ÀðàÓ) äÉ ÖíÍ 
ÌŸÙèÀË¯Å¨ÃæÈ‹ ÖíÍ ÌŸÙèÀâÖ¸ÓÉ¿Ì ØàÌåØ‹ 
ÄáÌ×ÌÎà Ë¯ÌàçÓàÅ¨ÃËèÃÚíÈ.

5.2.3	 ÀàÌ–×èÈ–ãËÀ–ÂîÌ–ÌßÑà–ÍÌçòà

ÀàÌ–×èÈ–ãËÀ–Ìçòà æÈ‹–âÝèÈÜàËéÈ–ÖßÂ´Ã Ñ‹ÜÓ–ÀèÍ–
ÀàÌ–×èÈ–ãËÀ–Â×àÓ–Çà× –ãÖß –ÆèÃ–ÌçòàÙèÀÁÜÃ–ÖïÀ–
ÎàÎàÀ Ë¯ÝàÓ–æ×‹–åÌ–ÀßÆèÃ âÆñèÌ: ÀàÌ–×èÈ–ãËÀ 
pH, D.O, NH3, ÜîÌØßÑïÓ ãÖß– ÜàÀàÈ.

VI. ×éËê–ÀàÌ–âÀèÍ–Àï‹–Îà–Ì‹ÜÇ

ÑàÇØðèÃÝàÓÖïÀ–ÎàÎàÀ –æÈ‹ 60 Óìò ÄëñÃ–æÈ‹Óê–ÀàÌ–
âÀèÍ–Àï‹. ÆëñÃ–æÈ‹–ÎßÉéÍèÈ –È¨Ã–Ì¸: 

•	 –âÜíà–ÀßÉŠÜÃ–ÉèÀ–âÜíà–À‹ÜÌ–ØêÌ 2 À‹ÜÌ Ë¯–âÝíà 
âÜíà–åÅŠ–Ì´ÌÜÜÀ, –âÓ²Ü–â×Öà–ÇíÀ–ÀßÆèÃ–À‹ÜÌ–ØêÌ–
ÄëñÃ–Í¡–âÉèÃ–Îà–Ì‹ÜÇ.

•	 ÇíÀ–Øï–ÀßÆèÃ–ÁºÌÂŠÜÇƒ –ãÖ‹×–Ë‹ÜÌ–äÝÓ–âÜíà–
ÖïÀÎàÀ–æ×‹–Á‹àÃ–åÈ–Á‹àÃ–ÌëñÃ –âÑ²Ü–ÅßÈ×À–åÌ–ÀàÌ–
ÉèÀ–âÜíà–Îà–Ì‹ÜÇ–ÜÜÀ–ÄàÀ–ÀßÆèÃ– ãÖ‹×åÅŠ–Ñà–Åß–
ÌßË¯–ÀÞÓ–æ×‹–.

VII.	 ÏíÌ––æÈ‹ÝèÍ
7.1	 ÏíÌ––æÈ‹ÝèÍÄàÀ–ÀàÌ–ÅèÃ–âÀÈ
7.1.1	 ÀàÌ–ÀéÌ–ÜàØàÌ–ÁÜÃ–Îà

ÎàÎàÀ –Ë¯–æÈ‹–âÜíà–ÓàÝàÓ–åÌ–Â´ÃÌ¸ –Óê–ÁßÙàÈ  
2.52 - 2.54 ÆÉÓ ÅèÃ–âÀÈ–âØèÌ–Îà–ÀéÌÜàØàÌ–æÈ‹– 
Èê– ãÓŠÌ–ÎàÁºÌ–âÎèÌÚïŠ ãÖß âÝíàÅèÃ–âÀÈ–âØèÌ–×Šà 
–ÎàÎàÀ–Ë¯ÝàÓ–åÅŠ–åÌ–ÀßÆèÃ– ÀéÌ–ÜàØàÌ–æÈ‹Èê– åÌ–
ÇàÓ–âÆ¿à –ãÖß– ÉÜÌ–ãÖÃ –âÌ²ÜÃ–ÄàÀ–×Šà– ÜàÀàÈ–
âÔèÌ.

7.1.2	 ÀàÌ–âÂ²ÜÌ–æØ×–ÁÜÃ–Îà

ÎàÎàÀ– ÓèÀ–ÖÜÇ–âÎèÌÚïŠ – â×Öà–Üà–ÀàÈâÔèÌ 
–åÌ––ÉÜÌ–âÆ¿à –ãÖß– ÉÜÌ–ãÖÃ.

7.2. ÜàØàÌ–Ë¯–åØ‹–ÖïÀ–ÎàÎàÀÝàÓÀéÌ

ÀàÌ–ÂéÈ–æÖŠ–ÜàØàÌ–åØ‹–Îà–ÀéÌ–Äß–âÝèÈÔïŠ 2 ÜàËéÈ 
É¡Â´Ã ÅçàÖèÍ–ÜàØàÌ–Ë¯–åØ‹–ÎàÎàÀ– ÝàÓ–åÅŠ–ÀßÆèÃ–
ÀéÌ–åÌ–ÆŠ×Ã–æÖÇß–â×Öà 8 ÜàËéÈ–À×Šà– ãÓŠÌ–æÈ‹–
åØ‹–ÀéÌ–ÜàØàÌ–Åçà–âÖèÈÝïÍÁÜÃ–ÎàÈîÀ–Ì‹ÜÇ–âÍê 
7910 –ãÉŠ–ÖßÆçòàÄß–ÅéòÌ–âÎìÜÃ–ÜàØàÌ –È̈ÃÅßãÈÃ 
åÌ ÉàÉßÖàÃ 3.
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ÉàÖàÃ 3:   ÎßÖéÓàÌ–ÀàÌ–åØ‹–ÜàØàÌ–Îà–ãÉŠ–Öß–ÅéñÃ–ËíÈ–ÖÜÃ–åÌ–ãÉŠ–ÖßÜà–ËéÈ

ÜàËéÈ
% ÀàÌ–åØ‹–ÜàØàÌ

É¡ÌŸÙèÀ–äÉ–Îà
ÅªÃ–ËíÈ–ÖÜÃ

ÎßÖéÓàÌ–ÜàØàÌ–
Åá–âÖèÈÝïÍ (ÀÖ)

I - II 10

T1 21

T2 2.1

T3 2.1

III - IV 8

T1 5,446

T2 5,432

T3 5,866

V - VI 6

T1 6,874

T2 8,022

T3 7,476

VII - VIII 6

T1 14,020

T2 15,815

T3 14,752

Ö×Ó: 90
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7.3. ÜèÈÉàÀàÌÝàÓÖïÀÎàÎàÀåÅñÀßÆèÃ

ÀàÌÝàÓÖïÀ–Îà–åÌ–Â´ÃÌ¸– æÈ‹–Óê–ÜèÈÉà–ÀàÌ–ÎŠÜÇ–âË³à–ÀèÌ 9 ÀßÆèÃ Âì : 1,000 –äÉ/ÀßÆèÃ Øðì 100 –äÉ/Ó2 

––æÈ‹Åß–ãÈÃ–åØ‹–âØèÌ– È¨ÃÖîŠÓ–Ì¸: 

ÉàÉßÖàÃ 4: 	 ÜèÈÉà–ÀàÌÝàÓÖïÀ–ÎàÎàÀ–åÌ–ãÉŠ–Öß–ÀßÆèÃ

Ö/È ÅéñÃ–ËíÈ–ÖÜÃ ÆŸ  (R) ÄáÌ×Ì–Îà (äÉ)

1 T1

R1 1,000

R 2 1,000

R 3 1,000

2 T2

R1 1,000

R 2 1,000

R 3 1,000

3 T3

R1 1,000

R 2 1,000

R 3 1,000

Ö×Ó : 9,000
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7.4. ÏíÌæÈòÝèÍÄàÀÀàÌâÀèÍÀçàÁçòÓïÌ:

7.4.1. ÀàÌÎñÞÌãÎÃËàÃÈòàÌÂ×àÓÇà× ÁÜÃ ÎàÎàÀ ãÉñÖßÜàËéÈ:

ÀàÌ–ÎŠÞÌ–ãÎÃ–ÁÜÃ–ÎàÎàÀ–Ë̄ÝàÓ–åÅŠ–åÌ–ÀßÆèÃ– åÌ–ãÉŠ–ÖßÜà–ËéÈ –âØèÌ–×Šà–Óê–ÀàÌ–ÎŠÞÌ–ãÎÃ–Í¡ÅßÚœÅß–âÚê 
Æ±ÃÑ×À–âÝíàÄß–ÅèÃ–âÀÈ–âØèÌ–ÔïŠ–åÌ–ÉàÉßÖàÃ –ãÖß– âÅ´ÌÅß–ãÈÃ– È¨Ã–ÖîŠÓ–Ì¸: 

ÉàÉßÖàÃ 5: 	 ÀàÌ–ÎŠÞÌ–ãÎÃ–Â×àÓ–Çà×–ÁÜÃ–Îà–ãÉŠ–Öß–ÅñéÃ–ËíÈ–ÖÜÃ–åÌ–ãÉŠ–ÖßÜà–ËéÈ (ÆÉÓ)

ÜàËéÈ ×èÌ–Ëê ÅñéÃ–ËíÈ–ÖÜÃ
Â×àÓ–Çà×–Ë¯––ãËÀ–æÈ‹ 

(ÆÉÓ)
Â×àÓ–Çà×–Ë¯–âÑ¸Ó–ÁºÌ 
–ãÉŠ–ÖßÜà–ËéÈ (ÆÉÓ)

II 3/9/04

T1 3.18 0.68

T2 3.33 0.83

T3 3.27 0.77

IV 17/9/04

T1 4.83 2.33

T2 5.60 3.10

T3 5.22 2.72

VI 1/10/04

T1 5.60 3.10

T2 6.00 3.50

T3 5.56 3.15

VIII 20/10/04

T1 7.37 4.86

T2 7.73 5.23

T3 7.53 5.03

ÚàÇ–âØÈ: 	 Â×àÓ–Çà×–âÖ¸ÓÉ¿Ì Åß–âÖ¨Ç T1 = 2,50 cm, T2 = 2,51 cm, T3 = 2,49 cm         		
		  Åß–ãÈÃ–ÀàÌ–ÎŠÞÌ–ãÎÃ–ËàÃ–È‹àÌ–Â×àÓ–Çà×– åÌ–ãÉŠ–ÖßÜà–ËéÈ– ÁÜÃ T1, T2, –ãÖß T3 
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7.4.2. ÀàÌÎñÞÌãÎÃËàÃÌçòàÙèÀãÉñÖßÆçòà åÌãÉñÖßÜàËéÈ:

ÀàÌ–ÎŠÞÌ–ãÎÃ–ËàÃÌŸÙèÀ ÁÜÃ–ÎàÎàÀ–Ì‹ÜÇ–Ë̄ÝàÓ––åÅŠ–ÀßÆèÃ– åÌ–ãÉŠ–ÖßÜà–ËéÈ– âØèÌ–×Šà–Óê–ÀàÌ–ÎŠÞÌ–ãÎÃ– 
Í¡ÅßÚœÅß–âÚêÀèÌ Æëñ–ÃÑ×À–âÝíàÄß–ÅèÃ–âÀÈ–âØèÌ–ÔïŠ–åÌ–ÉàÉßÖàÃ È¨Ã–É¡–æÎ–Ì¸:

ÉàÉßÖàÃ 6: 	 ÀàÌ–ÎŠÞÌ–ãÎÃËàÃ–ÌŸÙèÀÁÜÃ–Îà–ãÉŠ–ÖßÆŸ–åÌ–ãÉŠ–ÖßÜà–ËéÈ

ÜàËéÈ ×èÌ–Ëê ÅéñÃ–ËíÈ–ÖÜÃ
Ì/Ù Îà–Ë¯–ÆñèÃ––æÈ‹
Åß–âÖ¨Ç (ÀðàÓ) 

Ì/Ù –âÑ¸Ó–ÁºÌ–åÌ–ãÉŠ–
ÖßÜà–ËéÈ (ÀðàÓ)

II 3/9/04

T1 1.61 1.11

T2 1.71 1.21

T3 1.62 1.12

IV 17/9/04

T1 2.78 2.28

T2 3.20 2.70

T3 3.06 2.56

VI 1/10/04

T1 3.92 3.42

T2 4.44 3.94

T3 4.22 3.72

VIII 20/10/04

T1 8.37 7.87

T2 9.00 8.50

T3 8.42 7.91

ÚàÇ–âØÈ: 	 ÌŸÙèÀ–âÖ¸ÓÉ¿Ì Åß–âÖ¨Ç T1 = 0.50 g, T2= 0.52 g, T3= 0.49 g
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Ñ×À–âÝíàÅèÃ–âÀÈ–âØèÌ–×Šà –âÅ´ÌÅß–ãÈÃ–ÀàÌ–
ÎŠÞÌ–ãÎÃ–ËàÃ–È‹àÌ–Â×àÓ–Çà× –ãÖß –âÅ´ÌÅß–
ãÈÃ–ÀàÌ–ÎŠÞÌ–ãÎÃ–ËàÃ–È‹àÌ–ÌŸÙèÀÁÜÃ–Îà–ãÉŠ–
Öß–ÅéñÃ–ËíÈ–ÖÜÃ –åÌ–ÆŠ×Ã–æÖÇß 8 ÜàËéÈ–À×ñà 
ÁÜÃ–ÀàÌÝàÓÖïÀ–ÎàÎàÀ–åÅŠ–ÀßÆèÃ–Ì´Ì –åÌ–Æñ×Ã–
æÖÇß–ÜàËéÈ –Ëê 1 Øà–ÜàËéÈ –Ëê 3  ãÖß– åÌ–ÜàËéÈ 
–Ëê 6 Øà– ÜàËéÈ–Ëê 8 –âØèÌ–×Šà–Óê–ÀàÌ–ÁßØÇà–ÇÉí×–Èê 
Í¡×Šà–ËàÃ–È‹àÌ–Â×àÓ–Çà× –ãÖß– ÌŸÙèÀ –âÑàß–
ÜàÀàÈ–åÌ–ÆŠ×Ã–Ì¸ÎíÀÀßÉé–Èê –ãÉŠ–Óà–âÍ¯–Ã–âÅ´ÌÅß–
ãÈÃ–ÔïŠ–åÌ–ÜàËéÈ Ëê 4 Øà– ÜàËéÈ–Ëê 5 –ãÖ‹×–âØèÌ–×Šà 
ÀàÌ–ÁßØÇàÇ–äÉÁÜÃ–Îà–Ë¯ÝàÓ–åÌ–ÀßÆèÃ– –Í¡Óê–
ÀàÌ–ÁßØÇàÇ–äÉ–âÎèÌ–ÎíÀÀßÉé –âÌ²ÜÃ–Óà–ÄàÀ×Šà 
åÌ–æÖÇß–Ì̧–Óê–ÐíÌÉíÀ–ØðàÇ– âÝèÈ–åØ‹–ÌŸÁî‹Ì–ÉßÛÜÈ–

ÜàÈ–Äß–âÝèÈ–åØ‹–Îà–Óê–ÀàÌ–Áà–ÈÜóÜÀÆê–âÄÌ –ãÖß– 
ÜêÀ–ÍèÌØàÌ±Ã À¡Ç‹ÜÌ–Óê–ÀàÌ–ÖíÍ–À×Ì–ÁÜÃ–ÎàÅïÈ 
ãÖß ÎàâÎ¿à ÌÜÀÌ´Ì ÇèÃÓê–ÀàÌ–ÇíÀ–ÀßÆèÃ–ÁºÌ 
–âÑàß×Šà–åÌ–Æñ×ÃÌ¸Óê–ÐíÌÉíÀ–ØðàÇ –âÝèÈ–åØ‹–ÖßÈèÍ–
ÌŸÔïŠ–åÌ–ÜŠàÃ–Óê–ÀàÌ–âÑ¸Ó–ÁºÌ ÅßÌ´Ì Ä±Ã–âÎèÌ–Åà–
âØÈ– –âÝèÈ–åØ‹ –Îà–Ë¯ÝàÓ–åÅŠ –åÌ–ÀßÆèÃ–ÁÜÃ–âÝíà 
ÀêÌ–ÜàØàÌ–Í¡–æÈ‹Èê– âÝèÈ–åØ‹–Îà–ÉàÇ–ÄáÌ×Ì–Ì±Ã.

7.4.3. 	 ÀàÌ–×èÈ–ãËÀ–ÜîÌØßÑïÓ–ÌŸ, ÜàÀàÈ –	
	 ãÖß– –ÂîÌ–ÌßÑà–ÍÌŸ:

ÀàÌ–×èÈ–ãËÀ–ÜîÌØßÑïÓ–ÜàÀàÈ, ÜîÌØßÑïÓ–ÌŸ 
–ãÖß– ÂîÌ–ÌßÑà–ÍÌŸ ãÓŠÌ–æÈ‹–×èÈ–ãËÀ– Üà–ËéÈ 
ÖßÂ´Ã.

ÜàËéÈ ×èÌ–Ëê
ÜîÌØßÑïÓ

–ÜàÀàÈ (0C)
ÜîÌØßÑïÓ
–ÜàÌŸ (0C)

ÀàÌ–×èÈ–ãËÀ
D.O (ppm)

ÀàÌ–×èÈ–ãËÀ
NH2 (mg/ )

ÖßÈèÍ
pH

I 26/8/04 28 27 5 0.2 6.2

II 03/9/04 29 28 5 0.2 6.3

III 10/9/04 30 29 4–.5 0.2 6.3

IV 17/9/04 27 26 4 0.3 7.5

V 24/9/04 28 27 3 0.4 7.8

VI 01/10/04 30 29 4.5 0.5 6.5

VII 08/10/04 29 28 5.2 0.6 6.3

VIII 20/10/04 31 30 5.3 0.6 6.4

Åß–âÖ¨Ç 29 28 4.6 0.37 6.7

ÉàÉßÖàÃ 7: ÀàÌ–×èÈ–ãËÀ –ÜîÌØßÑïÓ–ÜàÀàÈ, ÜîÌØßÑïÓ–ÌŸ –ãÖß– ÂîÌ–ÌßÑà–ÍÌŸ.
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7.4.4. ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ:	

ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇÁÜÃ–ÎàÎàÀ –Ë¯–æÈ‹ÅëÀÅà–åÌ–Â´ÃÌ¸ –âØèÌ–×Šà ÇèÃ–Óê–ÜèÈÉà–ÀàÌ–ÖÜÈ–Éœ Æ±ÃÅß–âÖèñÇ 
Óê–ÑÞÃ  T1= 73.37% , T2 = 78.4%, T3 = 74.27% ËèÃ–Ì¸ À¡–âÌ²ÜÃ–Óà–ÄàÀ–ØðàÇÅàâØÈ –âÆ¨Ì: Åß 
ÑàÍ–ã×È–Ö‹ÜÓ–Óê–ÀàÌ–ÎŠÞÌ–ãÎÃ–ÔŠàÃ–ÀßËèÌØèÌ,– Óê–ÐíÌÉíÀ–ØðàÇ–åÌ–ÆŠ×Ã–ÜàËéÈ– Ëê 4 –ãÖß –Ëê 5, ÌŸÁî–ñÌ 
ØðàÇ âÝèÈ–åØ‹–Îà–ÁàÈ–ÜóÜÀ–Æê–âÄÌ ÝòàÇ–ãÝÃ–æÎ–À×ñàÌ´Ì ÇèÃ–Óê–Îà–âÎ¿à, ÎàÅïÈ ÀèÈ–À¿ÌÀßÆèÃ– Ç‹ÜÌ–Åà–
âØÈ–È¨ÃÀŠà× Ä±Ã–âÝèÈ–åØ‹–Îà–Ì‹ÜÇ–ÉàÇ– âÎèÌ–ÄáÌ×Ì–ØðàÇ.

ÉàÉßÖàÃ 8: 	 ÅíÓËÞÍÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ– ÁÜÃ–Îà–ãÉŠ–Öß–ÅªÃ–ËíÈ–ÖÜÃ– ÑàÇØðèÃË¯–ÝàÓ–æÈ‹ 
		  8 ÜàËéÈ.

Ö/È
ÄáÌ×Ì–Îà–Ì‹ÜÇ–åÌ–

âÍºÜÃÉ¿Ì (äÉ)
ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ– 

Åß–âÖ¨Ç (%)
ÄáÌ×Ì–Îà–Ì‹ÜÇ
–Ë¯–ÇèÃ–âØðìÜ (–äÉ)

T1 3,000 26.63 2,201

T2 3,000 21.60 2,352

T3 3,000 25.73 2,228

Ö×Ó 9,000 24.65 6,781

7.5. ×é–âÂàß–Á§–ÓïÌËàÃ–È‹àÌ–ÅßÊéÉé:
7.5.1. ÀàÌ–×é–âÂàß–Â×àÓ–Çà×:

ÉàÉßÖàÃ 9: 	 Â×àÓ–Çà×–Ë¯–×èÈ–ãËÀ–æÈ‹–åÌ–ÜàËéÈ–ÅîÈ–Ë‹àÇ Cm

ÍðÜóÀ/ÅªÃËíÈ–ÖÜÃ B1 B2 B3

T1 7.5 7.5 7.1

T2 7.55 7.65 8.0

T3 7.55 7.50 7.55
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7.5.2. ÏíÌ–ÄàÀ–ÀàÌ–×é–âÂàß:

ÉàÉßÖàÃ 9 : 	 ÂŠà–Åß–âÖ¨ÇÂ×àÓ–Çà×–Ë¯–×èÈ–ãËÀ––æÈ‹ (XEMS)

ÅñéÃ–ËíÈ–Ö–ÜÃ Åß–âÖ¨ÇÂ×àÓ–Çà×–ÁÜÃ–Îà 1 –äÉ / Cm

T1 7.36   +-    0.133

T2 7.73    +-    0.136

T3 7.53    +-    0.016

%CV = 3.104

ÄàÀ–ÀàÌ–×é –âÂàß––Â×àÓ–Ê¯ÁÜÃ–ÀàÌ–åØ‹–ÜàØàÌÎà– Ë¯ –Óê –ÏíÌ–åÌÀàÌ–ÎŠÞÌ–ãÎÃÁÜÃ–Â×àÓ–Çà× 
–ÑàÇØðèÃË¯ÝàÓ–æÈ‹ 8 ÜàËéÈ ÑíÍ–×Šà– åÌ––ãÉŠ–Öß–ÅéñÃ–ËíÈ–ÖÜÃ–Í¡Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ËàÃ–È‹àÌ–ÅßÊéÉé               
(pr > 0.05 ) ãÉŠ–âØèÌ–×Šà ÀàÌ–åØ‹–ÜàØàÌ–Îà 3 Â´Ã/×èÌ– Óê–ËŠà–ÜŠÞÃ–åØ‹ÀàÌ–ÎŠÞÌ–ãÎÃ–ËàÃ–È‹àÌ–Â×àÓ–
Çà×– ÅïÃ–À×ñà T3 –ãÖß T1 Æ±ÃÓêÂŠà–âË³à–ÀèÍ 7.73, 7.53 –ãÖß7.36 cm / –äÉ ÉàÓ–Öá–ÈèÍ.

7.5.3. ÀàÌ–×é–âÂàßÌŸÙèÀ:

ÉàÉßÖàÃ 10: 	 ÌŸÙèÀË¯–Æ¨Ã–æÈ‹ÜàËéÈ–ÅîÈ–Ë‹àÇ Cm

ÍðÜóÀ / ÅªÃ–ËíÈ–ÖÜÃ B1 B2 B3

T1 7.5 9.25 8.35

T2 7.5 9.5 10.0

T3 8.0 8.25 9.0

# ÏíÌ–ÄàÀ–ÀàÌ–×é–âÂàß
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ÉàÉßÖàÃ 11: 	 ÂŠà–Åß–âÖ¨ÇÌáòÙèÀÁÜÃ–Îà–Ë¯–Æ¨Ã–æÈ‹ (XEMS) 

ÅñéÃ–ËíÈ–Ö–ÜÃ Åß–âÖ¨Ç (g) / –äÉ 

T1 8.36   +-    0.50

T2 9.00   +-    0.76

T3 8.41   +-    0.30

%CV = 7.539

ÄàÀ–ÀàÌ–×é–âÂàß–Â×àÓ–Ê̄– ÁÜÃ–ÀàÌ–åØ‹–ÜàØàÌ–Îà– Ë̄–Óê–ÏíÌ–É¡ÀàÌ–ÎŠÞÌ–ãÎÃ–ÁÜÃ–ÌŸÙèÀ ÑàÇØðèÃË̄ÝàÓ–
æÈ‹ 8 ÜàËéÈ ÑíÍ–×Šà –åÌ–ãÉŠ–Öß–ÅéÃ–ËíÈ–ÖÜÃ Í¡Óê–Â×àÓ–ãÉÀ–ÉŠàÃ–ËàÃ–È‹àÌ–È‹àÌ–ÅßÊéÉé (pr > 0.05) 
–ãÉŠ––âØèÌ–×Šà ÀàÌ–åØ‹–ÜàØàÌ–Îà 3 Â´Ã / ×èÌ Óê–ËŠà–ÜŠÞÃ–åØ‹ÀàÌ–ÎŠÞÌ–ãÎÃËàÃ–È‹àÌ–ÌŸÙèÀ ÅïÃ–À×ñà T3  
–ãÖß T1  Æ±ÃÓêÂŠà–âË³à–ÀèÍ 9.00, 8.42 –ãÖß 8.37 (g) / –äÉ ÉàÓ–ÖáÈèÍ.

7.6. ÀàÌ–æÖŠ–ÖŠÞÃ–âÅÈÊßÀéÈ:
7.6.1. ËëÌ–Ë¯–åÆ‹Çà×–ÌàÌ:

ÉàÉßÖàÃ 12: 	 ËëÌ–ÂíÃ–Ë¯

Ö/È ÖàÇÀàÌ Ø/Ù Ä/Ì
ÖàÂà 
(Àê–Í)

ÂéÈ–âÎèÌ–âÃéÌ–
ÀêÍ

ÜàÇî–ÀàÌ–
åÆ‹ÃàÌ 

(Îê)

Ö×ÓÂŠà–
ÖîŠÇØ‹ÞÌ   
ÎßÄá–Îê

1 ÀßÆèÃ–ÈàÃ–ÁÞ× ÜèÌ 9 130,000 1,170,000 3 390,000

2 –âÂ²ÜÃ–×èÈ–ãËÀ pH ÆîÈ 1 585,000 585,000 4 146,250

3 âÂ²ÜÃ–×èÈ–ãËÀ D.O ÆîÈ 1 226,200 226,200 4 56,550

4 âÂ²ÜÃ–×èÈ–ãËÀ NH3 ÆîÈ 1 179,400 179,400 4 44,850

5
–âÂ²ÜÃ–×èÈãËÀÜîÌØß
ÑïÓ ÌŸ ãÖß–ÜàÀàÈ 

ÜèÌ 1 247,000 247,000 5 4,200

6 ÆéÃÆ¨Ã ÙŠ×Ç 1 114,400 114,400 6 22,880

7 ÀßÉŠÜÃ–ÉèÀ–Îà–Ì‹ÜÇ ÜèÌ 2 5,000 10,000 4 2,500

Ö×Ó:– âÃê–Ì (ÀêÍ) 667,230
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7.6. ÀàÌ–æÖŠ–ÖŠÞÃ–âÅÈÊßÀéÈ:
7.6.2. ËëÌ–Ë¯–åÆ‹Çà×–ÌàÌ:

ÉàÉßÖàÃ 13: 	 ËëÌ–ÚïÌ×ÞÌ

Ö/È ÖàÇÀàÌ Ø/Ù Ä/Ì ÖàÂà (Àê–Í) ÂéÈ–âÎèÌ–âÃéÌ–ÀêÍ

1 ÖïÀ–ÎàÎàÀ –äÉ 9,000 100 900,000

2 ÜàØàÌ–ÖïÀ–ÎàÈîÀ–Ì‹ÜÇ– ÀÖ 90 5,850 526,500

3 –âÆìÜÀ–ÓèÈ ÀÖ 1.5 14,000 21,000

4 –ãÏŠÌ–ÔàÃ–ÅáÖèÍ–ÁÞÌÎ‹àÇ–ËíÈ–ÖÜÃ –ãÏŠÌ 1 15,000 15,000

5 ÊíÃ–ÔŠàÃ–åÅŠ–ÖïÀ–Îà–Ì‹ÜÇ ÀÖ 0.5 25,000 12,500

6 ÔàÃ–ÓèÈ–ÊíÃ ÀÖ 0.2 2,300 4,600

7 Í´ÃÜóÜÀÆê–âÄÌ Í´Ã 1 25,000 25,000

8 –æÓ‹–æÏŠ Öá 12 2,000 24,000

9 –æÓ‹–ÆŠàÃ–æÑ Öá 16 1,500 24,000

10 ÂŠà–ãÝÃÃàÌ Óº 60 5,000 300,000

Ö×ÓâÃêÌ (ÀêÍ) 1,852,600

Ö×ÓÖàÇ–ÄŠàÇ–ËèÃÚíÈ 	 = 	 ËëÌ–ÂíÃ–Ë¯		 +	 ËëÌÚïÌ×ÞÌ 
2,519,830 ÀêÍ		  = 	 667,230 ÀêÍ	 +	 1,852,600 ÀêÍ	       
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7.6.3. Ö×ÓÖàÇ–ÄŠàÇ–ãÉŠ–Öß–ÅñéÃ–ËíÈ–ÖÜÃ:

ÉàÉßÖàÃ 14: 	 ÖàÇ–ÄŠàÇ–ãÉŠ–Öß–ÅñéÃ–ËíÈ–ÖÜÃ

ÅªÃ–ËíÈ–ÖÜÃ
ÜàØàÌ

ÀÖ
–âÎèÌ–âÃéÌ–

(ÀêÍ)
ÆºÜîÎßÀÜÌ–ÉŠàÃƒ

(ÀêÍ)
Ö×ÓÖàÇ–ÄŠàÇ

(ÀêÍ)
T1 28.44 166,374 664,444 830,818

T2 31.80 186,030 664,444 850,474

T3 29.76 174,096 664,444 838,538

ÚàÇ–âØÈ: 	 ÖàÂà–ÜàØàÌ 1 ÀÖ = 5,850 ÀêÍ

7.6.4. ÖàÇÝèÍ:

ÉàÉßÖàÃ 15: ÖàÇÝèÍË¯–æÈ‹ÄàÀ–ÀàÌ–ÁàÇ–ÎàÎàÀ– Ë¯ÝàÓ–åÅŠ–ÀßÆèÃ 60 ×èÌ ÁÜÃ–ãÉŠ–ÖßÆŸ

Ö/È
ÅªÃ–ËèÈ–ÖÜÃ

T
ÄáÌ×Ì–Îà–Ì‹–ÜÇË¯–ÇèÃ–âØðìÜ

(äÉ)
ÖàÂà–ÁàÇ–Îà–Ì‹ÜÇ

(ÀêÍ/–äÉ)
Ö×Ó–âÃéÌ

(ÀêÍ)

1 T1 2,201 500 1,100,500

2 T2 2,352 540 1,270,080

3 T3 2,228 520 1,158,560

Ö×Ó: âÃê–Ì (ÀêÍ) 3,529,140
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7.6.5. ÂéÈ–æÖŠ–ÓïÌ–ÂŠà–ÅŠ×Ì–âÀêÌ:

ÉàÉßÖàÃ 16: 	 ÓïÌ–ÂŠà–ÅŠ×Ì–âÀêÌ–ÁÜÃ–ãÉŠ–Öß–ÅñéÃ–ËíÈ–ÖÜÃ (ÂŠà–ÏéÈ–ÈŠÞÃ)

ÅñéÃËíÈ–ÖÜÃ
ÖàÇÝèÍÄàÀ–ÀàÌ–ÁàÇ–Îà

(ÀêÍ) 
ÀàÌ–ÖíÃ–ËìÌËèÃÚíÈ

(ÀêÍ)
ÂŠà–ÏéÈ–ÈŠÞÃ

(ÀêÍ)

T1 1,100,500 830,818 269,682

T2 1,270,080 850,474 419,606

T3 1,158,560 838,538 320,022

VIII.	×éÄàÌ

ÏŠàÌ–ÀàÌ–ÅëÀÅàÂ¿ÌÂ×òà ÀŠÞ×ÀèÍ–ÀàÌÝàÓÖïÀ–
ÎàÎàÀ––åÅŠ–ÀßÆèÃ ÜêÃ–åÅŠÚàÀÏíÌ–Éí×–ÄéÃ–ÅàÓàÈ–
×é–âÂàß –ãÖß –Éê–ÖàÂà– æÈ‹È¨ÃÌ¸:

8.1.	 ÀàÌÄß–âÖê–Ì–âÉêÍ:

âÓ²Ü–ÅíÓËÞÍÌŸÙèÀ– ãÖß– ÁßÙàÈÂ×àÓ–Çà×–
ÁÜÃ–Îà–åÌ–ãÉŠ–ÖßÜà–ËéÈ–ãÖ‹× –âØèÌ–×Šà–ÇèÃ–Óê–Â×àÓ–
ãÉÀ–ÉŠàÃ–ÀèÌ– ËèÃ–Ì¸À¡Ç‹ÜÌ–×Šà ÀàÌ–åØ‹–ÜàØàÌ–
Îà–ÀéÌÌ´Ì– âÎèÌ–ÜàØàÌ–âÓèÈ–æØÇñ –âÝèÈ–åØ‹–Îà–
Ì‹ÜÇ–ÀéÌ–ÜàØàÌ–Í¡–æÈ‹Èê– ãÖß ÜêÀ–ÅàâØÈ–Ì±Ã 
–ãÓŠÌ–Ç‹ÜÌ–ÅßÑàÍ–ÈéÌÒ‹à–ÜàÀàÈ Óê–ÀàÌ–ÎŠÞÌ–
ãÎÃ–ÀßËèÌØèÌ ÅßÌ´Ì Ä±Ã–âÎèÌ–Åà–âØÈ–âÝèÈ–åØ‹–
âÀêÈ–ÏíÌ–ÀßËíÍ–É¡ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ–ÁÜÃ–Îà 
Í¡×Šà–ËàÃ–È‹àÌ–Â×àÓ–Çà× –À¡Âì–ËàÃ–È‹àÌ–ÌŸÙèÀ 
–ãÖß– ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ.

8.2.	 ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ:

ÅáÖèÍ–ÀàÌÝàÓÖïÀ–ÎàÎàÀ–åÌ–Â´ÃÌ¸– ãÓŠÌ–âÝèÈÔïŠ–
ÜŠàÃ–Øò×ÇÅÞÈ Ë¯–Óê–ÁßÙàÈ–âÌºÜË¯ 150 À×Šà–
âÝèÀÉà ÅßÌ´Ì Í¡ÅàÓàÈ–ØðêÀÖ‹ÞÃ–æÈ‹É¡ÀèÍ–Îà–

Ëá–Óß–ÆàÈ –âÎèÌÉ¿Ì–ãÓŠÌ–Îà–âÎ¿à –ãÖß– ÎàÅïÈ 
Æ±Ã–ãÓŠÌ–Îà–ÄáÑ×À–ÀéÌ–Æ¸Ì Ë¯–âÎèÌ–ÜèÌÉßÖàÇ–
É¡ÀèÍ–Îà–Ì‹ÜÇ–Ë¯ÝàÓ–æ×‹åÌ–ÀßÆèÃ –ÓèÌâÎèÌ–ÅàÇ–
âØÈÌ±Ã– Ë¯âÝèÈ–åØ‹–Îà–Ì‹ÜÇ–ÀéÌ–ÜàØàÌ–Í¡–æÈ‹Èê–
âÑàß×Šà– Îà–Ì‹ÜÇ–ãÉÀ–É²Ì–É¡ÀàÌ–æÖŠ–Å×Í–ÁÜÃ–
Îà–È¨ÃÀŠà× –Ë¯ÔïŠÜ‹ÜÓ–ÀßÆèÃ ÝòàÇ–ãÝÃ–æÎ–ÀŠ×àÌ´Ì 
ÍàÃ–Æñ×Ã–ÇèÃ–âÝèÈ–åØ‹–Îà–Ë¯ÝàÓ–åÅŠ–ÀßÆèÃ–Ì´ÌÁàÈ–
ÜíÀ–Æê–âÄÌ– Å³Ã–ÏíÌ–ÀßËíÍ–É¡ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ 
–ãÖß– ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ Æ±Ã–æÈ‹Åß–ãÈÃ–ÜÜÀ–
åÌ–â×Öà–âÀèÍ–Àï‹–Îà –âØèÌ–×Šà–ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ–
Åß–âÖ¨Ç: T1 = 73.37%, T2 = 78.4%, ãÖß     
T3 = 74.27% –âË³à–Ì´Ì. 

8.3.	 ÀàÌ–åØ‹–ÜàØàÌ:

ÎàÎàÀ– âÎèÌ–Îà–ÆßÌéÈ–Ë¯ÓêÎàÀ–Í¡À×òàÃ–ÎàÌ–åÈ 
ÀàÌ–åØ‹–ÜàØàÌÅá–âÖèÈÝïÍÎàÈîÀ–Ì‹ÜÇ– ãÓŠÌ–
Í¡âÚàßÅíÓ âÑàß×Šà–ÜàØàÌ–Ë̄åØ‹–ãÓŠÌ–åØÇñ–äÑÈ 
–âÝèÈ–åØ‹–ÎàÌ‹ÜÇ–ÀéÌ–ÜàØàÌ–æÈ‹ÇàÀ. ÀàÌÅëÀ 
Åà–åÌ–Â´ÃÌ¸– æÈ‹–åÆ‹–â×ÖàÂ×àÓ–Ê¯–ãÉÀ–ÉŠàÃÀèÌ 
–äÈÇÀàÌ–åØ‹ – –ÎßÖéÓàÌÜàØàÌ–âË³à–ÀèÌ– âÎê –
âÆèÌ–ÌŸÙèÀ–äÉ–Ë¯ –æÈ‹ –ÀáÌíÈ–æ×‹ –ÉàÓ–ÀàÌ–ÅèÃ–



111 ÀçÖßÀíÈ - ËèÌ×à 2007

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

âÀÈ–ÅáÖèÍ–ÀàÌ–åØ‹ –ÜàØàÌ–ãÓŠÌ 2 Â´Ã/Óº. 
ÅŠ×Ì–ÀàÌ–åØ‹–ÜàØàÌ 5 ẤÃ/Óº ÅèÃ–âÀÈ–âØèÌ–×Šà– Îà–
Ì‹ÜÇ–ãÓŠÌ–Óê–ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ–Í¡–âË³à–ÀèÌ –âÑ–àß 
×Šà– äÉ–Ë¯–æØÇñÀ×ñà Äß–ÀéÌ–ØðàÇÀ×Šà–äÉ–Ì‹ÜÇ–.

4. 	 ÀàÌ–æÖŠ–ÖÞÃ–âÅÈÊßÀéÈ:

ÀàÌ–ÅëÀÅà–ËíÈ–ÖÜÃ–ÝàÓÖïÀ–Îà–åÌ–Â´ÃÌ¸ ––ÅªÃ–ËíÈ–
ÖÜÃË¯–æÈ‹ÝèÍÏíÌ–ÈêÀ–×ñàÚïŠ–ãÓŠÌ T2 Æ±Ã–æÈ‹ÏíÌ–âÊéÃ 
419,606 ÀêÍ, ÝÜÃÖíÃ–Óà–ãÓŠÌ T3 Æ±Ã–æÈ‹ÏíÌ 
320,022 ÀêÍ –ãÖß T1 –ãÓŠÌ–æÈ‹ÏíÌ–ÏßÖéÈ–Éœ–
À×ŠàÚïŠ 269,682 ÀêÍ.

IX.	 ÅßÛ‡îÍ

ÏŠàÌ–ÀàÌÎßÉéÍèÈ–Éí×–ÄéÃ– åÌ–ÀàÌ–ÅëÀÅà–ÀàÌÄß–
âÖê–Ì–âÉêÍ–äÉ –ãÖß– ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ–ÁÜÃ–ÖïÀ–
ÎàÎàÀ– Ë̄ÝàÓ–åÅŠ–ÀßÆèÃ –åÌ–ẤÃÌ̧ ÅàÓàÈ–âÀèÍ–Àá–
Á§–ÓïÌ –ãÖß– ÅßØðîÍ–âÎèÌ–Éí×–âÖÀ– æÈ‹–È¨ÃÌ¸: 

9.1.	 ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉ:

ÀàÌÄß–âÖê–Ì–âÉêÍ–äÉÁÜÃ–ÖïÀ–ÎàÎàÀ –åÌ–Æñ×Ã–
Ë¯ÝàÓ–åÅŠ–ÀßÆèÃ –âØèÌ–×Šà –ÁßÙàÈÂ×àÓ–Çà× 
ãÖß– ÌŸÙèÀ–åÌ–ãÉŠ–ÖßÜà–ËéÈ –ÇèÃ–Óê–Â×àÓ–ãÉÀ–
ÉŠàÃ–ÀèÌ– åÌ–ãÉŠ–Öß–ÅñéÃ–ËíÈ–ÖÜÃ Âì: 

# T1 :	 Â×àÓ–Çà×	 = 	 7–.37 ÆÉÓ –
	 ÌŸÙèÀ–       	 = 	 8.37 ÀðàÓ

# T2 :	 Â×àÓ–Çà× 	 = 	 7–.73 ÆÉÓ 
	 ÌŸÙèÀ–		  = 	 9 ÀðàÓ

# T3 :	 Â×àÓ–Çà× 	 = 	 7–.53 ÆÉÓ –
	 ÌŸÙèÀ–		  =	 8.42 ÀðàÓ.

9.2.	 ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ:

åÌ–ÆŠ×Ã–ÀàÌÝàÓÖïÀ–Îà–åÅŠ–ÀßÆèÃ, Îà––æÈ‹ÝèÍÏíÌ–
ÀßËíÍ– ÄàÀ–ÅßÑàÍ–ã×È–Ö‹ÜÓ–Ë̄Óê–ÀàÌ–ÎŠÞÌ–ãÎÃ–
ÔŠàÃÀßËèÌØèÌ Âì: Óê–ÐíÌ–ÉíÀ–ØðàÇ ãÖß ÓêÎà–âÎ¿à, 
ÎàÅïÈ ÀèÈ–À¿ÌÀßÆèÃ Æ±Ã–âÎèÌ–ÅàâØÈ–âÝèÈ–åØ‹ 
ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇÉœ –âÝíà–âØèÌ–æÈ‹–ÄàÀ–Îà–Ë¯–
ÎŠÜÇ–É¡ÆŸ– ãÓŠÌ 3,000 –äÉ –ÑàÇØðèÃË¯ÝàÓ–æÈ‹ 8 
ÜàËéÈ–– Åß–ãÈÃ–ÜÜÀ –È¨ÃÌ¸ : 

#T1 :    	 ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ	 = 73.37% 
            ÄáÌ×Ì–Îà–Ë¯–ÇèÃ–âØðìÜ	 = 2,201äÉ 
#T2 :  	 ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ	 = 78.4% 
	 ÄáÌ×Ì–Îà–Ë¯–ÇèÃ–âØðìÜ   	 = 2,352äÉ
# T3:	 Óê–ÜèÈÉà–ÀàÌ–ÖÜÈ–ÉàÇ 	 = 74.27% 
	 ÄáÌ×Ì–Îà–Ë¯–ÇèÃ–âØðìÜ  	 = 2,228äÉ

9.3.	 ÀàÌ–åØ‹–ÜàØàÌ:

ÀàÌ–ÅëÀÅà–åÌ–Â´ÃÌ¸– ãÓŠÌ–æÈ‹–åÆ‹ÜàØàÌ–Åá–âÖèÈ 
ÝïÍÁÜÃ–ÎàÈîÀ–Ì‹ÜÇ –âÍê 7910 Æ±ÃÓê–ËàÈ–Æ¸Ì 
30% ÅáÖèÍ–ÜàØàÌ–Ë¯–åÆ‹ËèÃÚíÈ–ãÉŠ–Öß–ÅñéÃ–ËíÈ–
ÖÜÃ– Óê–È¨ÃÌ¸: 

# T1 : –	 åÆ‹–ÜàØàÌ–ËèÃÚíÈ 	 28.44 ÀÖ

# T2 :  –	 åÆ‹–ÜàØàÌ–ËèÃÚíÈ 	 31.80 ÀÖ

# T3 :  –	 åÆ‹–ÜàØàÌ–ËèÃÚíÈ 	 29.76 ÀÖ

9.4. ÀàÌ–æÖŠ–ÖÞÃ–âÅÈÊßÀéÈ:

ÏíÌ–æÈ‹ÝèÍËàÃ–È‹àÌ–âÅÈÊßÀéÈ– åÌ–ÀàÌ–ÅëÀÅà–
ËíÈ–ÖÜÃ– Â´ÃÌ¸ ÅªÃËíÈ–ÖÜÃ–Ë¯–æÈ‹ÝèÍÏíÌ–ÏßÖéÈ–ÅïÃ–
À×ñàÚïŠ– ãÓŠÌ T2 Æ±Ã–åØ‹–Àá–æÖ âÊéÃ 419,606 
ÀêÍ ËèÈ–ÖíÃ–Óà– ãÓŠÌ T3 æÈ‹Àá–æÖ 320,022 
ÀêÍ ãÖß T1 –æÈ‹Àá–æÖ–ÑÞÃ–ãÉŠ 269,682 ÀêÍ.             
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X.	 ÂáãÌßÌá

ÀàÌÀÞÓÀàÃ–ÀßÆèÃ Â×Ì–Óê–ÀàÌÀÞÓÅßÊàÌ–Ë¯–
åØ‹–ÅßÜàÈ–Èê, Â×Ì–ÀàÃ–ÀßÆèÃ–æ×‹ÀŠÜÌÅÜÃ–Óº, 
ÀŠÜÌ–Äß–Ìá–ÎàÓà–ÎŠÜÇ–åÅŠ, Èê–ãË‹–Â×Ì–ÅàÌ–Éà 
ÙñàÃÆ´ÌÌÜÀ–âÑ²Ü–ØðêÀÖ‹ÞÃÅèÈÉï–Îà–Ë¯–Óà–ÀéÌ–Îà–
Ì‹ÜÇ.

ÜàØàÌ–åØ‹–Îà–Ì‹ÜÇ– Â×Ì–âÎèÌ–ÜàØàÌ–âÓèÈ–Ë¯–
ÖßÜÞÈ –åØ‹–âÚàßÅíÓ–ÀèÍ–Îà–Ì‹ÜÇ–Ë¯ÝàÓ–æ×ò,  
–Óê–ËàÈ–Æ¸ÌÅïÃ –âÑ²ÜâÝèÈ–åØ‹–ÎàÄß–âÖê–Ì–âÉêÍ–äÉ–Èê.

ÀàÌÝàÓÖïÀ–Îà–åÅŠ–Àß–ÆèÃ– ÖßÈèÍ–ÌŸÍ¡–Â×ÌâÖéÀ 
âÀêÌ–æÎ –Èê–ãË‹–ãÓŠÌ–ÔïŠ–åÌ–ÖßÈèÍ 2-3 –ãÓèÈ.

ÖïÀ–Îà–ÁßÙàÈÂ×àÓ–Çà× 3-5 ÆÉÓ Â×Ì–
ÜßÌîÍàÌ Øðì ÝàÓ–åÌ–æÖÇß–â×Öà 2 –âÈìÜÌ –åÌ 
ÀßÆèÃ –ÜèÈÉà–ÅŠ×Ì 200-300 –äÉ/Éà–ãÓèÈ–.

ÀàÌÝàÓÖïÀ–Îà–åÌ–ẤÃÌ̧ –æÈ‹ÝèÍÏíÌ–ÈêÀ–×ŠàÚïŠ–ãÓŠÌ 
T2 Æ±ÃÑ×À–âÝíàÂ×ÌÑéÄàÖßÌà –ãÖß– Ìá–æÎ–âÜíà 
ÅëÀÅà–ËíÈ–ÖÜÃ–ÜêÀ –âÑ²Ü–Â×àÓ–ÆèÈ–âÄÌ –ãÖß– åØò–
æÈ‹ÝèÍÏíÌ–Èê–À×Šà–âÀ³à.

ÀàÌÝàÓÖïÀ–Îà Í¡–åØ‹–âÀêÌ 2 –âÈìÜÌ –Ä±Ã–Äß–Óê–
ÜèÈÉà–Â×àÓ–âÚàßÅíÓ–ÅïÃ, Â×Ì–âÜíà–ÖíÃ–æÎ–ÎŠÜÇ 
ÙÜÃÎàÆ¸ÌÉ¡–æÎ.

XI.	 âÜÀßÅàÌÜ‹àÃÜêÃ

ÍíÈ–ÖàÇÃàÌ–âÉèÀÌéÀ– ÀàÌ–ÅëÀ–ÅàÝàÓÖïÀ–ÎàÎàÀ–
åÅŠ–ÀßÆèÃ– äÈÇ–ÀàÌ–åØ‹–ÜàØàÌ–Îà–Ë̄ãÉÀ–ÉŠàÃ–ÀèÌ–
(ÅïÌ–Â¿ÌÂ‹×à–ÀàÌ–ÎßÓíÃ Îê 2004).

ÍíÈ–ÖàÇ–ÃàÌ–Ë‹à–ÇÀàÌ–ÅëÀÅà –ÁÜÃ–ÌèÀÝÞÌÀß–
âÅÈ–ÅàÈ–Ìà–ÍíÃ– ÖíÃ–ÐëÀ–ØèÈ–ÔïŠ –ÅïÌ–Â¿ÌÂ×òà–ÀàÌ–
ÎßÓíÃ ÅíÀ–Îê 2004.

ÀàÌ–Ö‹ÞÃÎàÎàÀ–åÌ–ÀßÆèÃ– âÜÀßÅàÌ–×éÆà–ÀàÌ–
ÅßÍèÍ Ëê 8.  ÀÜÃ–ÎßÓíÃ–ÌŸÀŠÜÇ ÀíÓ–ÎßÓíÃ Ù‹à 
16  (æË). 

ÀàÌ–Ö‹ÞÃ–ÎàåÌ–ÀßÆèÃ –ãÖß –ÀàÌÝàÓÎà–åÌ–ÀßÆèÃ 
–âÜÀßÅàÌ–ãÌßÌá ÀíÓ–ÎßÓíÃ Ùòà 19 (æË) .

Íî–ÌÆï Äß–âÖê–ÌÅéÌ  –ãÖß– ×èÈÉß–æÆ ÀàÌ–ËíÈ–ÖÜÃ–
Ö‹ÞÃÎà–åÌ–ÀßÆèÃ –äÈÇ–ÀàÌ–åØ‹–ÜàØàÌ–Ë¯–ãÉÀ–
ÉŠàÃ–ÀèÌ. –âÜÀßÅàÌ–ÎßÀÜÍ– ÅíÌËßÌà–×éÆà–ÀàÌ–
ÎßÄá–Îê 2534 Öß–Ø×ñàÃ– ×èÌ–Ëê 18-21 ÀèÌÇà 
2534, Åß–Êà–ÍèÌ–ÀàÌ–ÎßÓíÃ–ÌŸÄìÈ ãØŠÃ–ÆàÈ                      
ÀíÓ–ÎßÓíÃ Ù‹à 7 (æË).

×éÆÞÌ ÅàÈ–âÝÈ ÀàÌ–ËíÈ–ÖÜÃ–Ö‹ÞÃÎàÎàÀ–åÌ–
ÀßÆèÃ –È‹×Ç–ÜàØàÌ–âÓèÈ– âÜÀßÅàÌ–×éÆà–ÀàÌ 
–ÅßÍèÍ–âÖÀËê 5/2533 ÅßÊàÌê–ÌŸÀŠÜÇ. ÄèÃ–Ø×èÈ–
Öß–ÇÜÃ Ùòà 15 (æË). 

ÍíÈ–ãÌßÌá–ÀàÌ–Ö‹ÞÃÎàÎàÀ ÅïÌ–Â¿ÌÂ×òà–ÀàÌ–
ÎßÓíÃ (äÂÃÀàÌ–ÎàÑºÌ–âÓìÜÃ) 2003.
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ÀàÌ×àÃãÏÌÌáåÆ‹ÆèÍÑßÇàÀÜÌË¯ÈéÌ âÓìÜÃ×ÞÃÑïÂà,  
ãÁ×ÃÛ×ÃÌŸËà Å.Î.Î Öà× ÝÜÈ Îê 2015

ÜßäÌÖàÈ ÄèÌËß×íÃÅà1, ÑïËÜÌ ËáÓß×íÃ1, äÝŠ À×àÃÈëÀ1, âÖìÜÃ ÈëÀÉ×ñàÌ1

ÍíÈÂèÈØÇ§

âÓìÜÃ×ÞÃÑïÂà âÎèÌâÓìÜÃÑïÈÜÇ ÁÜÃãÁ×ÃÛ×ÃÌŸËà ÔïŠ ÑàÀâÙìÜ ÁÜÃ Å.Î.Î Öà×, ÓêâÌºÜË¯ 
ËáÓßÆàÈ 194,900 ÝÉ  ãÖß Â×àÓÙàãÙ‹ÌÁÜÃÑíÌÖßâÓìÜÃ ÎßÓàÌ 10 ÂíÌ/1 ÀÖÓ2, âÎèÌ 
âÓìÜÃË¯ÓêÆèÍÑßÇàÀÜÌË¯ÈéÌË¯ÜîÈíÓÅíÓÍïÌ ãÖß ÓêÎŠàæÓ‹ÎíÀÂîÓâÀìÜÍË³×ÑºÌË¯, ÀàÌÅëÀÅàãÓŠÌ
ÖíÃâÖéÀÀŠÞ×ÀèÍãÏÌË¯ÈéÌ, ãÏÌË¯ÀàÌÌáåÆ‹Ë¯ÈéÌ, ãÏÌË¯Â×àÓâÚàßÅíÓ ãÖß ãÏÌË¯×àÃãÏÌ 
ÀàÌÌáåÆ‹Ë¯ÈéÌ, âÆ¯ÃÏíÌÁÜÃÀàÌÂ¿ÌÂ×òà ÓêÈ¨ÃÉ¡æÎÌ¸:

ÈéÌÁÜÃâÓìÜÃ×ÞÃÑïÂà æÈ‹ÄáãÌÀÜÜÀâÎèÌ 5 Ú×ÈÈéÌ Âì: Fluvisols, Nitisols, Leptosols, Acri-
sols ãÖß Cambisols, Óê 11 ÎßâÑÈÈéÌ ãÖß 26 ÆßÌéÈÈéÌ, ÄàÀÀàÌÄáãÌÀÈéÌÌ¸, åÌãÏÌË¯ÈéÌ 
ÓàÈÉàÅŠ×Ì 1:50,000 Ö×ÓÓê 102 Øí×ÙŠ×ÇË¯ÈéÌ ãÖß Óê 58 ÝïÍãÍÍÂ×àÓâÚàßÅíÓÁÜÃË¯ 
ÈéÌ ÅáÖèÍ 14 ÆßÌéÈÑìÈÎïÀ. ÍíÌÑºÌÊàÌËàÃÈ‹àÌÂîÌÌßÑàÍ ãÖß ÂîÌÖèÀÅßÌßÁÜÃË¯ÈéÌ, ÀàÌ 
ÌáåÆòË¯ÈéÌÎßÄîÍèÌ, Â×àÓâÚàßÅíÓÁÜÃË¯ÈéÌ ãÖß âÃ²ÜÌæÁËàÃÈ‹àÌâÅÈÊßÀéÈ-ÅèÃÂíÓÜ²Ìƒ, 
âÑ²ÜÀáÌíÈÀàÌ×àÃãÏÌÀàÌÌáåÆ‹Ë¯ÈéÌÝÜÈ Îê 2015 åÌÈ‹àÌÀàÌÏßÖéÈ ÀßÅéÀá ãÖß ÎŠàæÓ‹ 
ãÍÍÇìÌÌàÌ ãÖß ÓêÎßÅéÈËéÏíÌÅïÃ åØ‹ãÀŠâÓìÜÃ×ÞÃÑïÂà.

1ÅïÌÂ¿ÌÂ×‹àË¯ÈéÌÀßÅéÀçà
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LAND USE PLANNING TOWARS 2015 IN 
VINEGPHOUKHA DISTRICT, LUANG NAMTHA 

PROVINCE, LAO P.D.R.

Anolat Chanthavongsa1, Phouthone Thammavong1, Ho Kouangdouk1, 
Loueng Douktouane1

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

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

1Agriculture Land Research Center, ALRC
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1. ÍíÈÌá:

ÆèÍÑßÇàÀÜÌË̄ÈéÌ ÓêÂ×àÓÅáÂèÌ ÅáÖèÍÀàÌ 
ÈáÖíÃÆê×éÈÁÜÃÂíÌâÝíà, ãÉŠÑàÇåÉ‹ÏíÌÀßËíÍ 
ÁÜÃÛàÇÎèÈåÄ, äÈÇÏŠàÌÛàÇÁßÍ×ÌÀàÌ åÌ
ÀàÌÍîÀâÍêÀÁîÈÂ¿ÌÁÜÃÓßÌîÈ, ÆèÍÑßÇàÀÜÌ 
Ë¯ÈéÌÄëñÃÂŠÜÇƒâÆ²ÜÓäÆÓÖíÃ âË²ÜÖßÙ‹ÜÇ, 
Ì̧ãÓŠÌÆèÍÑßÇàÀÜÌ Ë̄Í¡ÅàÓàÈËíÈãËÌ ãÖß 
ÓêÖèÀÅßÌßÄáÀèÈ ÁÜÃãÉŠÖßÎßâËÈ ãÖß ãÉŠ 
ÖßË‹ÜÃÊ¯Ì, È¨ÃÌ´Ì, åÌÀàÌÏßÖéÈ É‹ÜÃæÈò 
Óê×éËêÀàÌÌáåÆ‹Ë¯ÈéÌÔŠàÃÊìÀÉ‹ÜÃ ãÖß ÓêÎß 
ÅéÈËéÏíÌ.

âÓìÜÃ×ÞÃÑïÂà âÎèÌâÓìÜÃâÁÈÑïÈÜÇ ÁÜÃ 
ãÁ×ÃÛ×ÃÌŸËà, ÓêâÌºÜË¯ËèÃÚíÈ 194,900 
ÝÉ, ÑàÇåÌâÓìÜÃ ÓêÛàÇÆíÌâÏ³à ÈáÖíÃÆê×éÈ 
ÔïŠÝŠ×ÓÀèÌ. ãÉŠÖßÆíÌâÏ³à Ö‹×ÌãÉŠÓêÝêÈÂÜÃ 
ÎßâÑÌê, ÓêÝïÍãÍÍÀàÌÏßÖéÈ Ë¯ãÉÀÉŠàÃÀèÌ, 
ÅßÑàÍÀàÌÉèÈæÓ‹ËáÖàÇÎŠà ÔïŠÑàÇåÌâÓìÜÃ 
ÇèÃÓêÔï Š. ÀàÌÊàÃÎŠàâÝèÈæÝŠ ãÓŠÌ×éËêÀàÌ 
ÏßÖéÈÉ¿ÌÉç ÁÜÃÍèÌÈàÆíÌâÏ³à ÔïŠâÁÈÑïÈÜÇ 
ÁÜÃâÓìÜÃ, ÏŠàÌÓàâÎèÌâ×ÖàÛàÇÎê ÈéÌÊìÀ 
ÀèÈâÆàß, âÆ²ÜÓäÆÓ, âÌºÜË¯ÑïØí×äÖ‹ÌÌèÍÓº 
ÌèÍÛàÇÁºÌ. 

ÀàÌÀáÌíÈÂ×àÓÜàÈÅàÓàÈÉí×ÄéÃ ÁÜÃË¯ 
ÈéÌÑàÇåÌâÓìÜÃ, âÆ¯ÃÌáÓàÁÜÃËéÈËàÃ 
ÀàÌ×àÃãÏÌÌáåÆ‹Ë¯ÈéÌÀßÅéÀá ãÖß ÎŠà 
æÓ‹ Ë¯âÚàßÅíÓ, ÉÜÍÅßÙÜÃÀèÍÀàÌÁß 
ØÇàÇÉí×ËàÃÈ‹àÌâÅÈÊßÀéÈ-ÅèÃÂíÓ ÁÜÃ 
âÓìÜÃ ÝÜÈÎê 2015  âÆ¯ÃãÓŠÌ×ÞÀÃàÌË¯ÅáÂèÌ 
ãÖß ÄáâÎèÌ.

2. âÌºÜåÌ ãÖß ×éËêÀàÌÂ¿ÌÂ×òà:
2.1. âÌºÜåÌ:

- ÅáÛ×È ÉêÖàÂà ÅßÑàÍÀàÌÌáåÆ‹Ë¯ÈéÌ.
- ×àÃãÏÌÀàÌÌáåÆ‹Ë¯ÈéÌ ÁÜÃâÓìÜÃ×ÞÃÑï 	
  Âà ÝÜÈÎê 2015.

2.2. ×éËêÀàÌ:

- ÅáÛ×ÈÅëÀÅàÑàÀÅßÙàÓ: ÅáÑàÈÆà× 
ÀßÅéÀÜÌÀŠÞ×ÀèÍÅßÑàÍÀàÌÌáåÆ‹Ë¯ÈéÌ 
ãÖß ÍèÌÈàÝïÍÀàÌÌáåÆ‹Ë¯ÈéÌ, ÁîÈÁîÓÈéÌ, 
ÍèÌËëÀÝïÍÎßÑèÌÁîÓÈéÌ ãÖß âÀèÍâÜíàÉí× 
ÔŠàÃÈéÌ, âÑ²ÜÀàÌ×éåÄ ÉàÓ×éËêÀàÌÅáÛ×È 
Å‹àÃãÏÌË¯ÓàÈÉàÅŠ×ÌåØÇñ ÁÜÃÀßÆ×Ã 
ÀßÅéÀá Ø×ÞÈÌàÓ (10TCN6 8-84).

- ×éåÄÉí×ÔŠàÃÈéÌ: Éí×ÔŠàÃÈéÌ æÈ‹×éåÄÉàÓ 
ÓàÈÊàÌÁÜÃ FAO–ISRIC (1987-1995)  ãÖß 
ÁÜÃ ÅßÊàÍèÌÈéÌ ãÖß ÐŠîÌ (1998).

- Å‹àÃãÏÌË¯: ÍèÌÈàÆßÌéÈãÏÌË¯ ÊìÀÅ‹àÃ 
ÁºÌ äÈÇÀàÌÌáåÆ‹âÉèÀÌéÀ GIS åÌÓàÈÉà 
ÅŠ×Ì 1:50,000 Ö×ÓÓêãÏÌË¯ÀàÌÌáåÆ‹ÈéÌ 
(äÈÇÀàÌÅíÓËÞÍ ÖßØŠ×àÃ ÀàÌãÎÑàÍ 
ÊŠàÇËàÃÜàÀàÈ ãÖß ÀàÌÖíÃÀ×ÈÀàÉí× 
ÄéÃåÌÑàÀÅßÙàÓ ãÖß æÈ‹È èÈãÀ‹Ô ï ŠåÌ 
Ø‹ÜÃÀàÌãÏÌË¯ÈéÌ äÈÇÏŠàÌÀàÌ×éåÄÉí× 
ÔŠàÃÈéÌ, ÄáãÌÀ ãÖß ÁêÈÁÜÍâÁÈÔïŠÑàÀ 
ÅßÙàÓ, ãÏÌË¯Â×àÓâÚàßÅíÓ, äÈÇÀàÌ 
Æ‹ÜÌãÏÌË¯ÈŠÞ× (Thematic  map).

ÈáâÌêÌÀàÌÀáÌíÈ Â×àÓâÚàßÅíÓÁÜÃË¯ 
ÈéÌåØ‹ãÀŠÑìÈ, ãÏÌË¯ÀàÌ×àÃãÏÌÌáåÆ‹Ë¯ 
ÈéÌÀßÅéÀá-ÎŠàæÓ‹, äÈÇÜêÃåÅŠÑºÌÊàÌÁ§ÓïÌ 
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ÀŠÞ×ÀèÍÀàÌÌáåÆ‹Ë¯ÈéÌ, ãÏÌË¯ÈéÌ, Â×àÓ 
âÚàßÅ íÓÁÜÃË ¯È éÌ ,  Í èÌÈàÎ èÈåÄËàÃ 
È‹àÌâÅÈÊßÀéÈ-ÅèÃÂíÓ ãÖß ËéÈËàÃÀàÌ 
ÑèÈËßÌàÁÜÃãÁ×Ã ãÖß âÓìÜÃ, ÈáâÌêÌ 
ÀàÌ×àÃãÏÌ ÌáÅßâÙêËéÈËàÃÀàÌÌáåÆ‹Ë̄ÈéÌ 
ÀßÅéÀá ÝÜÈÎê 2015.

3. ÏíÌÁÜÃÀàÌÂ¿ÌÂ×òà:

3.1. 	 ÄîÈÑéâÅÈâÃ²ÜÌæÁËáÓßÆàÈ, 		
	 âÅÈÊßÀéÈ-ÅèÃÂíÓ:

+ Ë¯É´ÃÑïÓÅàÈ: ×ÞÃÑïÂà ãÓŠÌâÓìÜÃÌë ñÃË¯ 
É´ÃÔï ŠËàÃËéÈåÉ‹ ÁÜÃ ãÁ×ÃÛ×ÃÌŸËà, Óê 
âÌºÜË¯ËèÃÚíÈ 194,900 ÝÉ, ÌÜÌåÌâÅ´ÌÁß 
ÙàÌ Ëê 200 19’ Øà 200 59’ N âÅ´Ìã×Ã 1000 

49’ Øà 1010 20’ E, æÖÇßËàÃ ãÉŠåÄÀàÃ 
âÓìÜÃÉàÓâÅ´ÌËàÃ R3 ØàãÁ×Ã ÎßÓàÌ 60 
ÀÖÓ.

+ ÅßÑàÍÑºÌË ¯ :  Ä îÈÑéâÅÈÖ×Ó ÁÜÃÅß 
ÑàÍÑºÌË¯, ÑïÓÅèÌÊàÌÁÜÃâÓìÜÃ ãÓŠÌÍèÌ 
ÈàÅàÇÑïÅïÃ ÊìÀÉèÈãÍŠÃ, äÈÇÝñÜÓÑï ãÖß 
ãÓŠÌŸæÛÏŠàÌ, ÅßÑàÍÑºÌË¯äÌÌ ÑïÅïÃÆèÌ ÉèÈ 
ãÍŠÃÔŠàÃÆèÍÆ‹ÜÌ À×ÓâÊéÃ 70% ÁÜÃÑºÌË¯, 
ÅßÑàÍÑºÌË¯ÁÜÃâÓìÜÃ ÓêÖèÀÅßÌßÉ¿ÌÉç Âì 
È¨ÃÌ¸:

- ÅßÑàÍÑºÌË¯ÑïÅïÃ Ö×ÓâÜíàÍèÌÈàÑïÅïÃ ãÉŠ 
1,000 Ó ÁºÌæÎ Ö×ÓÅïÌÔïŠËàÃËéÈâÙìÜ ãÖß 
ËéÈÉàâ×èÌÜÜÀÁÜÃâÓìÜÃ.

- ÅßÑàÍÑºÌË¯ÑïÉœ: ÓêÂ×àÓÅïÃ 700 -
1,000 Ó ËÞÍåÅŠÖßÈèÍÌŸËßâÖ, ÔïŠÖßØ×ñàÃ 
âÁÈÑïÑÞÃÉœ ãÖß âÁÈÑïÅïÃ.

- ÅßÑàÍÑºÌË¯ÑïÉœ, ÝŠÜÓÑï ãÖß Ë³ÃÑÞÃÓê 
Â×àÓÅïÃ Í¡âÊéÃ 700 Ó ãÓŠÌÅßÑàÍÑºÌË¯ 
ÊìÀÉèÈãÍŠÃÙ‹ÜÇ, ÅŠ×ÌåØÇñÁÜÃÑºÌË¯È¨ÃÀŠà× 
âÎèÌâÁÈÛîÍäÌÌ ãÖß ÝàÍÑÞÃ Ö×ÓÔïŠâÁÈ 
âËÈÅßÍàÌâÓìÜÃ.

- ÑïÓÜàÀàÈ: âÓìÜÃ×ÞÃÑïÂà ÌÜÌÔïŠåÌâÁÈ 
ÜàÀàÈÝ‹ÜÌ, Æî ŠÓ ÓêÖíÓÑèÈÎßÄáÖßÈïâÁÈ 
ÑïÈÜÇ ÓêÖßÈïÙà×âÔèÌ. ÜîÌØßÑïÓ ÅßâÖ¨Ç/ 
Îê 23.6 0C, ÎßÖéÓàÌÌŸÐíÌ ÅßâÖ¨Ç/Îê 2,195 
ÓÓ, ÄáÌ×ÌÓºË¯ÓêÐíÌÉíÀ 133 Óº/Îê. ÎßÖéÓàÌ 
ÀàÌÖßâØêÇ ÅßâÖ¨Ç/Îê ÎßÓàÌ 1,233 ÓÓ, 
Â×àÓÆîŠÓ ÅßâÖ¨Ç/Îê 77%.

- ÎßÆàÀÜÌË³×âÓìÜÃ Îê 2005 Óê 18,727 
ÂíÌ, Ë³×âÓìÜÃ Óê 46 Í‹àÌ, 3,177 ÂÜÍÂí×, 
Óê 3 ÆíÌâÏ³à ÈáÖíÃÆê×éÈÔïŠÑàÇåÌâÓìÜÃ. ÆíÌ 
âÏ³àÖà×ÖîŠÓÓê 760 ÂíÌ, À×Ó 4.05%, ÆíÌ 
âÏ³àÖà×âËéÃ Óê 13,018 ÂíÌ, À×Ó 69.51%, 
ÆíÌâÏ³àÖà×ÅïÃ Óê 4,949 ÂíÌ, À×Ó 26.42%. 
Ü èÈÉàâÑ¸ÓÁºÌÁÜÃÑíÌÖßâÓìÜÃ ÎßÓàÌ 
2.5%/Îê. ÄáÌ×ÌãÝÃÃàÌË³×âÓìÜÃ åÌÎê 
2005 Óê 8,427 ÂíÌ, (À×Ó 45% ÁÜÃÑíÌÖß 
âÓìÜÃ). åÌÌ´Ì ãÝÃÃàÌÉ¿ÌÉç Óê 7,163 ÂíÌ, 
ãÝÃÃàÌÅáÝÜÃ Óê 1,264 ÂíÌ, ÀàÌÏßÖéÈ 
ÀßÅéÀá ãÓŠÌÁßãÙÃÉ¿ÌÉç ÁÜÃäÂÃÎß 
ÀÜÍâÅÈÊßÀéÈÁÜÃâÓìÜÃ, À×ÓÜèÈÉàÅŠ×Ì 
âÊéÃ 95% ÁÜÃÑíÌÖßâÓìÜÃ, åÌÎê 2005 ÏíÌ 
ÏßÖéÈâÁ¿à ÓêâÊéÃ 5,372 äÉÌ, ÅàÖê 1,921äÉÌ 
ãÖß  ÑìÈÜ²Ìƒ ÜêÀÛàÇÆßÌéÈ.

3.2.    ÏíÌÁÜÃÀàÌÄáãÌÀ ãÖß Å‹àÃ 		
          âÎèÌãÏÌË¯ÈéÌ:

ÏíÌÁÜÃÀàÌÅáÛ×È, ÅëÀÅà, ÄáãÌÀ Åß 
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ãÈÃåØ‹âØèÌ×Šà: ÈéÌÁÜÃâÓìÜÃ×ÞÃÑïÂà Óê 5 
Ú×ÈÉ¿ÌÉç È¨ÃÉçñæÎÌ¸:

- Ú×ÈÈéÌËèÍÊíÓ (Fluvisols.Fl) Ö×ÓÓê 1 Îß 
âÑÈÈéÌ ãÖß 1 ÆßÌéÈÈéÌ, ÓêâÌºÜË̄ 223.98 ÝÉ, 
À×Ó 0.11% ÁÜÃâÌºÜË¯Ë³×âÓìÜÃ.

- Ú×ÈÈéÌÅêÌçòàÉàÌ: (Nitisols-Ni) Ö×ÓÓê 1 
ÎßâÑÈÈéÌ ãÖß 1 ÆßÌéÈÈéÌ, ÓêâÌºÜË̄  847.34 
ÝÉ, À×Ó 2.49% ÁÜÃâÌºÜË¯Ë³×âÓìÜÃ.

- Ú×ÈÈéÌÉºÌ: (Leptosols-Lp) Ö×ÓÓê 2 Îß 
âÑÈÈéÌ, 2 ÆßÌéÈÈéÌ, ÓêâÌºÜË¯ 5,335.55 ÝÉ, 
À×Ó 2.74% ÁÜÃâÌºÜË¯Ë³×âÓìÜÃ.

- Ú×ÈÈéÌË¯ÅßÅíÓÈéÌÙÞ×: (Acrisols-Ac) 
Ö×ÓÓê 6 ÎßâÑÈÈéÌ, 10 ÆßÌéÈÈéÌ, ÓêâÌºÜ 
Ë¯ 180,514.50 ÝÉ, À×Ó 92.61% âÌºÜË¯Ë³× 
âÓìÜÃ.

-Ú×ÈÈéÌË¯ÓêÀàÌÎŠÞÌãÎÃåÚŠ: (Cambisols- 
Cm), Ö×ÓÓê 1 ÎßâÑÈÈéÌ ãÖß 1 ÆßÌéÈÈéÌ, 
ÓêâÌºÜË¯ 147.99 ÝÉ, À×Ó 0.08% ÁÜÃâÌºÜË¯ 
Ë³×âÓìÜÃ.

ÏŠàÌÀàÌ×éåÄÉí×ÔŠàÃÈéÌ 32 ÁîÓ  ãÖß 16 
Éí×ÔŠàÃÈéÌâÂÓêÀßÅéÀá (Ö×ÓÓê 3,100 ÏíÌ 
ÀàÌ×éåÄ) ÀŠÞ×ÀèÍÂîÌÖèÀÅßÌßÒéÆéÀ ãÖß 
âÂÓêÁÜÃÈéÌ ÅßãÈÃåØ‹âØèÌ×Šà: ÍèÌÈàÎß 
âÑÈÈéÌ ÓêâÌºÜÈéÌÎŠÞÌãÎÃÛàÇ ãÉŠÉíÓÎíÌ 
ÙÞ×ØàÈéÌÙÞ×, ÈéÌÅêÌŸÉàÌ ãÖß ÈéÌÅß 
ÅíÓ ÈéÌÙÞ×âÎèÌÀíÈãÝÃ...ÓêâÌºÜÈéÌË¯ÓêÅŠ×Ì 
ÎßÀÜÍâÓèÈÈéÌÙÞ×ÛàÇÀ×ñà 30% ÈéÌËèÍ 
ÊíÓ, ÈéÌÓêÆ´ÌÈéÌÍàÃÅßÅíÓÈéÌÙÞ×, ÓêØêÌ 
ãÝŠÛàÇ, ÓêâÌºÜÈéÌâÍíàÀ×ñà, ÜèÈÉàÁßÙàÈ 
âÓèÈÈéÌÆàÇÅŠ×ÌÛàÇåØÇñÀ×ñà 35%, âÌºÜ 

Ë¯ÈéÌÓêâÌºÜÈéÌÉíÓÎíÌÙÞ× ãÖß ÆàÇ ÅïÃ 
ÅíÓÂ×Ì.

Å Š×ÌÛàÇÈéÌãÓŠÌâÎ èÌÀíÈ Øà À íÈÜŠÜÌ 
pHH2O=4.1-6.4 ãÖß pHKCL=3.6-5.9. 
ÏíÌÍ×ÀÀàÄêÜíÃãÖÀÎŠÞÌ CEC ãÖß BS% 
ÁÜÃãÉŠÖßÎßâÑÈÈéÌ ÓêÀàÌÎŠÞÌãÎÃÛàÇ 
ÁºÌÀèÍÚ×ÈÈéÌ ãÖß ÎßâÑÈÈéÌ, ÏíÌÍ×À 
ÀàÄêÜíÃãÖÀÎŠÞÌ âÙèÃÉêÃåÌÖßØ×ñàÃ 0.6-
10.2meq/100g ÈéÌ, CEC ÎŠÞÌãÎÃåÌÖß 
Ø×ñàÃ 5.2-25.4 meq/100g ÈéÌ,  ãÖß 10.8-
47.0 meq/100g ÈéÌÙÞ×, BS% ÎŠÞÌãÎÃåÌ 
ÖßØ×ñàÃ 8.0-73.0%. âÊéÃÔŠàÃÌ´ÌÀ¡ÉàÓ 
åÌÍèÌÈàÎßâÑÈÈéÌ Ö‹×ÌãÉŠÓê CEC ãÖß 
BS% Éœ Øà ÉœÎàÌÀàÃ (ÓêÍàÃÎßâÑÈÁÜÃ 
Ú×ÈÈéÌÅßÅíÓÈéÌÙÞ× Óê BS ÔïŠåÌÖßÈèÍ 
Èê, ÅŠ×ÌÛàÇÍèÌÈàÎßâÑÈÈéÌ ÓêÎßÖéÓàÌ 
ËàÈÜàØàÌÔïŠåÌÖßÈèÍÎàÌÀàÃØàÈê, ÑéâÅÈ
ãÓŠÌÎßÖéÓàÌÀàÀÍÜÌÜíÃÂßËàÈ (OC%) 
ãÖß åÌäÉðâÄÌ (N%) Óê OC Æ´ÌÙ‹à ÅŠ×ÌÛàÇ 
> 1.4%OC, ÓêÍàÃÎßâÑÈÈéÌåÌÎŠàÈíÃÈéÍ Óê 
ÎßÖéÓàÌÅïÃÀ×ñà, ÎßÖéÓàÌåÌäÉðâÄÌ Ö×ÓÓê 
ÎßÓàÌ 0.03-0.24% N, ÎßÖéÓàÌÒíÈÅßÒçÉœ, 
ãÉŠäÎÉàÈÆÞÓÔïŠåÌÖßÈèÍÎàÌÀàÃ. ÒíÈÅßÒç 
Ö×Ó 0.02-0.21% P2O5 ÒíÈÅßÒçÉœ, ÅŠ×ÌÛàÇ 
<15.0mg P2O5/100g ÈéÌ, äÎÉàÈÆÞÓÖ×Ó 
Æ´ÌÙ‹àÁÜÃÍàÃÎßâÑÈÈéÌ > 1.0% K2O, Îß 
ÖéÓàÌÌ¸ ÉœÀ×ñàÆ´ÌÑºÌ, äÎÉàÈÆÞÓ ÖßÖàÇ 
ÎßÓàÌ 3.6-30.0mg K2O/100g ÈéÌ. 

3.3. ÏíÌÁÜÃÀàÌÅ‹àÃãÏÌË̄Øí×ÙŠ×Ç Ë̄ÈéÌ 
(Land Mapping Unit):

ÜêÃåÅŠÂ×àÓÉ‹ÜÃÀàÌ åÌÀàÌÌáåÆ‹Ë¯ÈéÌ 
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ÁÜÃãÉŠÖßÑìÈË¯æÈ‹ÂèÈÄ‹ÜÌ ãÖß âÃ²ÜÌæÁ 
ËáÓßÆàÈÁÜÃâÓìÜÃ, ÍèÌÈàÎèÈåÄË¯ÓêÏíÌ 
ÀßËíÍâÊéÃÀàÌÄßâÖêÌâÉêÍäÉÁÜÃÑìÈ Ë¯æÈ‹ 
ÀáÌíÈ âÑ²ÜÅ‹àÃâÎèÌãÏÌË¯Øí×ÙŠ×ÇË¯ÈéÌ 
Ö×ÓÓê: ÎßâÑÈÈéÌ (11 ÎßâÑÈ), Â×àÓ 
Â‹ÜÇÆèÌ (6 Á´Ì; 1-3 ç, 3-8 ç, 8-15 ç, 15-20 ç, 
20-25 ç, > 25 ç), âÌºÜÈéÌ (15 Á´Ì: ÈéÌÙÞ×, 
ÙÞ×ÎíÌÉíÓ, ÉíÓÙèÀØàÙÞ×, ÉíÓÙèÀ, ÉíÓ, 
ÉíÓÎíÌÝñ×Ì, ÙÞ×ÎíÌÆàÇ, ÝŠ×Ì, ÝŠ×ÌÎíÌ 
ÆàÇÙÞ× ãÖß ÆàÇ, Ýñ×ÌÎíÌÆàÇ, ÆàÇ 
ÖßÜÞÈÎíÌÝŠ×Ì, ÆàÇÎíÌÝŠ×Ì, ÆàÇâÓèÈ 
åØÇñÎíÌÝŠ×Ì, ÆàÇÖßÜÞÈ, ÆàÇ) ÖßÈèÍ 
ØêÌÎíÌ (3 Á´ÌÍ¡ÓêØêÌÎíÌ, ÎíÌÙ‹ÜÇ, ÎíÌ ÛàÇ). 
Â×àÓÙàÁÜÃÆ´ÌÈéÌ (4 Á´Ì > 100 ÆÉÓ, 
70-100 ÆÉÓ, 50-70 ÆÉÓ ãÖß < 50 ÆÉÓ) 
Â×àÓÅàÓàÈåÌÀàÌØíÈ (2 Á´Ì ÓêÆíÌÖß 
ÎßËàÌ, Í¡ÓêÆíÌÖßÎßËàÌÜàåÅÌŸÐíÌ), 
Â×àÓÜîÈíÓÅíÓÍïÌÉàÓËáÓßÆàÈ (3 Á´Ì: ÅïÃ, 
ÎàÌÀàÃ, Éœ), ÑàÇÛèÃÅ‹àÃâÎèÌãÏÌË¯ÈŠÞ× 
(Thematic map) ÂìÁ‹àÃâËéÃÌ´ÌãÖ‹× ãÓŠÌæÈ‹ 
ËèÍÆ‹ÜÌÀèÌåÌâÂ²ÜÃ GIS æÈ‹ÅèÃÖ×Ó Óê: 102 
Øí×ÙŠ×ÇË¯ÈéÌ (Land Mapping Unit), ãÉŠÖß 
Øí×ÙŠ×ÇË¯ÈéÌÓêÌë ñÃ Ûì ÛàÇÉÜÌÈéÌ Êì×Šà 
ãÓŠÌÜèÌÈÞ×ÀèÌËàÃÈ‹àÌÈéÌ, ÅßÑàÍÑºÌË¯ 
ãÖß âÃ²ÜÌæÁåÌÀàÌÎïÀÐèÃ, Ç‹ÜÌãÌ×Ì´Ì 
Øí×ÙŠ×ÇË¯ÈéÌÊìÀÌáåÆ‹âÎèÌÑºÌÊàÌ âÑ²Ü 
ÈáâÌêÌÀàÌÅíÓËÞÍ, Â×àÓÉ‹ÜÃÀàÌÌáåÆ‹ 
Ë¯È éÌÁÜÃÑìÈ, ÌáÓàÆë ñÃÀàÌ×àÃãÏÌÌá 
åÆ‹Ë¯ÈéÌ.

3.4. ÏíÌÁÜÃÀàÌÉêÖàÂàÂ×àÓâÚàßÅíÓ:

æÈ‹ÈèÈÎèÍÒÜÓÀàÌÅáÛ×È ãÖß ÏŠàÌÀàÌ 
âÀèÍÀáÁ§ÓïÌÔï ŠåÌâÓìÜÃ ÅàÓàÈÅèÃÖ×ÓæÈ‹ 

14 ÎßâÑÈÑìÈ Ë¯ÑíÍâØèÌæÈ‹ÑàÇåÌâÓìÜÃ 
Ö×ÓÓê: âÁ¿àÌà, âÁ¿àæÝŠ, ÅàÖê, Ê³×ÈéÌ, Ê³× 
âÛìÜÃ, ÚàÀÃà, ÓèÌÉ¿Ì, Ü‹ÜÇ, ÑìÈÏèÀ, 
ÚàÀÌèÈ, ÚàÀÀ‹ÞÃ, ÚàÀÓŠ×Ã, Ð‹àÇ ãÖß 
ÔàÃÑàÖà. ÑàÇÛèÃ Ë̄æÈ‹ÀáÌíÈÂ×àÓÉ‹ÜÃÀàÌ 
ÌáåÆ‹ÈéÌÁÜÃãÉŠÖßÑìÈ (æÈ‹ÅëÀÅàÉàÓÏíÌ 
ÀàÌÂ¿ÌÂ×òàÁÜÃ SYS  ãÖß ËêÓÃàÌ Îê 
1993), ÏíÌÁÜÃÀàÌÅòàÃãÏÌË¯Øí×ÙŠ×ÇË¯ 
ÈéÌ, Ñ×ÀâÝíàæÈ‹ÌáåÆ‹âÂ²ÜÃÓì (LUSE Tool 
Land Use Suitability Eluviation Tool-Bui 
Tan Yen 2005). âÑ²ÜÄèÈÂ×àÓâÚàßÅíÓåØ‹ãÉŠ 
ÖßÑìÈ Óê 4 Á´Ì: âÚàßÅíÓÈê (S1), âÚàßÅíÓ 
ÎàÌÀàÃ  (S2), âÚàßÅíÓâÖèÀÙ‹ÜÇ (S3), 
ãÖß Í¡âÚàßÅíÓ (N), ÏíÌÁÜÃÀàÌÉêÖàÂà 
æÈ‹ÅßãÈÃåØ‹âØèÌåÌ 102 Øí×ÙŠ×ÇË¯ÈéÌ 
Ë¯æÈ‹ÝèÍÀàÌÅ‹àÃÁºÌ Óê 58 ãÍÍ, Â×àÓ 
âÚàßÅíÓË¯ãÉÀÉŠàÃÀèÌ, ãÉŠÖßãÍÍÂ×àÓ 
âÚàßÅíÓ ÅßãÈÃåØ‹âØèÌÂ×àÓâÚàßÅíÓ 
ÁÜÃÑìÈÌëñÃ É¡ÀèÍØí×ÙŠ×ÇË¯ÈéÌÉí×ÄéÃ. ÍèÌ 
ÈàÑìÈË¯æÈ‹ÂèÈâÖìÜÀâÚàßÅíÓÀèÍËîÀâÁÈ 
ÈéÌË¯ÉêÖàÂà, âÊéÃÔŠàÃÌ´ÌÀ¡ÉàÓ, ÖßÈèÍ 
Â×àÓâÚàßÅíÓ S1 Í¡ÛàÇ, åÌÌ´Ì Â×àÓ 
âÚàßÅíÓ S2 Á‹ÜÌÁ‹àÃÛàÇ. 

ÉàÓÏíÌÁÜÃÀàÌÄèÈÂ×àÓâÚàßÅíÓË¯ÈéÌ 
åÌË³×âÓìÜÃ Óê 223.98 ÝÉ, ÈéÌË¯ÓêÂ×àÓ 
âÚàßÅíÓÈê (S1), ÅáÖèÍâÁ¿àÌà, åÌÌ´Ì ÔïŠ 
åÌâÁÈ×ÞÃåÉ‹ Óê 42.26 ÝÉ, âÁÈÌŸåÚŠÓê 
181.62 ÝÉ, Ö×ÓÓ êÍ èÌÈàÎßâÑÈÈ éÌ 
Fluvisols âËéÃÍèÌÈàÎßâÑÈÈéÌÌ¸ Ë¯ÓêÑºÌË¯ 
ÝàÍÑÞÃ, ÓêØêÌÎíÌÙ‹ÜÇ, âÌºÜÈéÌÎàÌÀàÃ 
ØàÙèÀ ãÖß ÅŠ×ÌÛàÇâÎèÌâÁÈË¯ÓêÂ×àÓÅà 
ÓàÈÅßÙÜÃÌŸæÈ‹Èê.



The Lao Journal of Agriculture and Forestry

  July - December 2007
                 

119

ÓàÈÊàÌÉêÖàÂà
ãÍŠÃÁ´ÌÂ×àÓâÚàßÅíÓ

S1 S2 S3 N

ÎßâÑÈÈéÌ (ÖßØèÈ) 1,5,11 9,10 2,4,6,7,8 3

Â×àÓÂ‹ÜÇÆèÌ(  ç) < 8 8-15 - ≥ 15

âÌºÜÈéÌ SiCl,CL,Si,SiL,SC,L SCL,SL LS,LCS S

ÖßÈèÍØêÌÎíÌ < 15 15-35 35-55 ≥ 55

Â×àÓÙàÆ´ÌÈéÌ (cm) > 9.0 50-90 20-50 < 20

CECclay (meq/100g) > 16 12-16 ≤ 12

BS% > 35 20-35 ≤ 20

ÏíÌÍ×À cation
(meq/100g)

> 2.8 1,6-2,8 ≤ 1,6

pHH2O 5,5-7,5 7,5-7,9 7,9-8,2 ≤ 4,5>8,2

OC% > 15 0,8-15 ≤ 0,8

ÖßÍíÍÀàÌØíÈÌŸ 1 0

ÉàÉßÖàÃ 1: 	 Â×àÓÉ‹ÜÃÀàÌÌáåÆ‹Ë¯ÈéÌÁÜÃâÁ¿àÌà

ÖßÈèÍÂ×àÓâÚàßÅíÓ ÎàÌÀàÃ (S2) ÓêâÌºÜ 
Ë¯ 61,254.24 ÝÉ, ÌÜÌåÌâÁÈÝàÍÑÞÃ Ûì 
ÛîÍäÌÌ, ÓêØêÌÎíÌÙ‹ÜÇ, Á§ÄáÀèÈãÓŠÌÖß 
ÍíÍÀàÌåØ‹ÌŸ, ÖßÈèÍÂ×àÓâÚàßÅíÓÌ¸ Óê 
ÔïŠâÀìÜÍËîÀÑºÌË̄, ãÉŠÓêÛàÇÅîÈ ÔïŠâÁÈ×ÞÃâÙìÜ, 
×ÞÃåÉ‹ ãÖß ÌŸåÚŠ.

ÍàÃÎßâÑÈÈéÌ ÀßÄàÇâËéÃÅßÑàÍÑºÌË¯ 
Â‹ÜÇÆèÌÅïÃ, pHH2O Éœ, âÌºÜÈéÌâÍíàÓêØêÌ 
ÎíÌÛàÇ ãÖß ÖßÍíÍÀàÌÌáåÆ‹ÌŸãÓŠÌÜêÃ 

åÅŠÌŸÐíÌ, È¨ÃÌ´Ì, Ä ë ñÃÄ èÈâÁ¿àÖßÈèÍËê ñÓ ê 
Â×àÓâÚàßÅíÓâÖ èÀÙ‹ÜÇ (S3), ÖßÈ èÍ 
Â×àÓâÚàßÅíÓÌ¸ ÓêâÌºÜË¯ 50,727.47 ÝÉ, 
Ë³×ËîÀâÁÈÖ‹×ÌãÖ‹×ãÉŠÓêÂ×àÓâÚàßÅíÓ 
ÖßÈèÍÌ¸ÅáÖèÍâÁ¿àÌà. Ôï ŠåÌÖßÈèÍÌ¸ÑºÌË¯ 
ÈéÌ Ë¯ÓêÂ×àÓÂ‹ÜÇÆèÌÅïÃ Ûì ÍèÌÈàÎßâÑÈ 
ÈéÌ Humic Acrisols, Skeletic Acrisols, 
Skeletic Leptosols......ÓêâÌºÜÈéÌ, Â×àÓÜñêÓ 
Éí×ËàÃÈ‹àÌÎßÄîÈŠàÃ (BS), pHH2O ãÖß 
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ÍèÌÈàÎèÈåÄÅèÃÖ×ÓÜ²Ìƒ Í¡ÅÜÈÂŠÜÃÀèÍâÁ¿à 
Ìà, ÅßÌ´Ì, Í¡âÚàßÅíÓÀèÍÀàÌÎïÀâÁ¿àÌà 
âÌºÜË¯Í¡âÚàßÅíÓÅáÖèÍâÁ¿àÌàÓê 79,864.47 
ÝÉ, É¿ÌÉçãÓŠÌâÁÈË¯ÓêÑïÅïÃ ÁÜÃ ãÉŠÖßâÓìÜÃ.

 	 ÍèÌÈàÑìÈÜ²ÌƒÀ¡æÈ‹ÅèÃÖ×Ó ãÖß 		
	 ÄèÈÖÞÃ Â‹àÇÂìÀèÍâÁ¿àÌà.

ÝïÍÀàÌÌáåÆ‹Ë¯ÈéÌ âÌºÜË¯ (ÝÉ) %

âÌºÜË¯Ë³×âÓìÜÃ

1.	 ÈéÌÀßÅéÀá

2.	 ÈéÌÎŠàæÓ‹

3.	 ÈéÌÌáåÆ‹ÅßâÑàß

4.	 ÈéÌË¯ÔïŠÜàåÅ

5.	 ÈéÌÜ²Ìƒ

194,900

7,249.16

183,747.8

539.92

242.51

3,120.60

100

3.72

94.28

0.28

0.12

1.60

     ÉàÉßÖàÃ 2:		 ÀàÌÌçàåÆòËêñÈéÌÁÜÃâÓìÜÃ

ÉàÉßÖàÃ 2 ÅßãÈÃåØ‹âØèÌ×Šà ÈéÌÀßÅéÀáÑàÇåÌâÓìÜÃ À×Ó 3.72%, åÌÌ´Ì, ÈéÌÎŠàæÓ‹ À×Ó 
94.28% ÁÜÃâÌºÜË¯ËáÓßÆàÈË³×âÓìÜÃ, âÊéÃÔŠàÃÌ´ÌÀ¡ÉàÓ ÏŠàÌÀàÌÅáÛ×È, âÌºÜË¯ÎŠàÈíÃÈéÍ 
ÇèÃÓêÙ‹ÜÇ 34.12% ãÖß âÌºÜË¯ÎŠàØŠàÃ, ÒîñÓæÓ‹Ì‹ÜÇ À×Ó 6.22%.

3.5. ÏíÌÁÜÃÀàÌÅ‹àÃãÏÌË¯ÀàÌÌáåÆ‹Ë¯
ÈéÌ ÎßÄîÍèÌ:

ÍíÌÑºÌÊàÌÀàÌãÎÑàÍÊŠàÇËàÃÜàÀàÈ Îê 
2000, äÈÇÏŠàÌÀàÌÀ×ÈÀà ÔïŠÅßÙàÓ åÌ 
Îê 2006, æÈ‹Å‹àÃâÎèÌãÏÌË¯ÀàÌÌáåÆ‹ÈéÌ 
ÎßÄîÍèÌÁÜÃâÓìÜÃ, äÈÇÜêÃåÅŠ×éËêÀàÌÅ‹àÃ 
ãÏÌË¯ÁÜÃÅßØßÀíÓÀàÌÎíÀÂÜÃ 1995 
Ø×ÞÈÌàÓ ÍèÌÈàÝïÍÀàÌÌáåÆ‹ÈéÌÁÜÃ âÓìÜÃ 
æÈ‹ÅèÃÖ×Óæ×ò åÌÉàÉßÖàÃ 2.
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3.6. ÏíÌÁÜÃÀàÌ×àÃãÏÌÌáåÆ‹Ë¯ÈéÌ ÀßÅéÀá ãÖß ÎŠàæÓ‹:

ÉàÉßÖàÃ 3: ÀàÌ×àÃãÏÌÌáåÆ‹Ë¯ÈéÌ âÓìÜÃ×ÞÃÑïÂà ãÉŠ Îê 2006-2015 (ÝÉ)

ÝïÍÀàÌÌáåÆ‹Ë¯ÈéÌ âÂ²ÜÃÚàÇ Îê 2006 Îê 2015 % ÅíÓËÞÍ

âÌºÜË¯Ë³×âÓìÜÃ
I. ÈéÌÀßÅéÀá
1. ÈéÌÎïÀÑìÈÎßÄáÎê
- ÈéÌÎïÀâÁ¿à 2 ÖßÈï
- ÈéÌÎïÀâÁ¿à 1 ÖßÈï
- ÈéÌÎïÀâÁ¿à/ÑìÈ 1 ÖßÈï
- ÑìÈÎßÄáÎêÜ²Ìƒ
- ÈéÌÎïÀÑìÈÏèÀ
- âÁ¿àæÝŠ
- æÝŠÜ²Ìƒ
- ÚàÀÌèÈ
- Ð‹àÇ

2Lor
Lor

Lor-Sub

2 Aic
Upr
Upr
Pip
Cot

194,900.00
7,249.16
6,657.19

116.50
922.55
101.94
596.57

-
1,463.27
3,505.36

36.0
15.0

194,900.00
11,595.56
7,836.06

759.72
851.92
141.79

-
1,391.53
1,168.88
2,982.49

318.59
221.14

100.00
5.95
4.02
0.39
0.44
0.07

-
0.71
0.60
1.53
0.16
0.11

4,346.40
1,178.87

743.72
-70.63
39.85

-596.57
1,991.53
-249.39
-524.87
282.59
206.14

2. ÑìÈæÖÇßÇà×
À. æÓ‹åØ‹ÚàÀ
- ÚàÀÅ¿Ó
- æÓ‹åØ‹ÚàÀÜ²Ìƒ
Á. ÑìÈÜîÈÅàØßÀá
- ÔàÃÑàÖà
- æÓ‹âÀÈÅßÙà
3. Ù‹àÌŸÅáÖèÍÀàÌÎßÓíÃ

Cit
Oft

Ltr
Aga
Wsa

578.73
82.98
7.00

55.98
515.75
338.74
177.01
13.24

3,739.50
316.88
110.18
206.70

3,422.62
2,699.07

723.55
20.00

1.92
0.16
0.06
0.11
1.76
1.38
0.37
0.01

3,160.77
253.90
103.18
150.72

2,906.87
2,360.33

546.54
6.76

II. ÈéÌÎŠàæÓ‹
1.	 ÎŠàÈíÃÈéÍ
2.	 ÎŠàÒºÌÒï
3.	 ÎŠàÎïÀ
4.	 ÎŠàØŠàÃ, ÎŠàÉœ

Pft
Rft
Aft

183,747.81
22,408.22

131,053.58
-

30,286.01

179,230.06
22,408.22

131,172.51
25,649.33

-

91.96
11.50
67.30
13.16

-

-4517.75

118.93
25,649.33
-30,286.0

III. ÈéÌÌáåÆ‹ÅßâÑàß Sul 539.92 658.16 0.34 118.24

IV. ÈéÌË¯ÔïŠÜàåÅ Rel 242.51 295.62 0.15 53.11

V. ÈéÌÜ²Ìƒ 3,120.60 3,120.00 1.60 -
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×ÞÀÃàÌÀàÌ×àÃãÏÌÀàÌÌáåÆ‹Ë¯ÈéÌ ãÖß 
ÁßØÇàÇÀàÌÏßÖéÈÀßÅéÀá ãÖß ÎŠàæÓ‹ 
âÓìÜÃ×ÞÃÑïÂà, ãÓŠÌæÈ‹ÜêÃåÅŠËéÈËàÃÀàÌ 
ÑèÈËßÌàâÅÈÊßÀéÈÁÜÃÖèÈÊßÍàÌ, ÁÜÃ 
ãÁ×ÃÛ×ÃÌŸËà ãÖß ÁÜÃâÓìÜÃ×ÞÃÑïÂà 
ãÛŠÃÆèÍÑßÇàÀÜÌËêñÈéÌÁÜÃâÓìÜÃ, Â×àÓ 
ÅàÓàÈÌáåÆ‹ÆèÍÑßÇàÀÜÌÌ´Ì âÁ¿àåÌÄîÈ 
ÎßÅíÃËàÃÈ‹àÌÀßÅéÀá, äÈÇÏŠàÌÀàÌÄèÈ 
Â×àÓâÚàßÅíÓÁÜÃË¯ÈéÌâÎèÌÑºÌÊàÌåÌ 
ÀàÌ×àÃãÏÌÄáÌ×ÌÎßÆàÀÜÌ ãÖß ËŠàãÝÃ 
È‹àÌãÝÃÃàÌË¯ÓêÑàÇåÌâÓìÜÃ.

ÑàÇÛèÃÄèÈÂ×àÓâÚàßÅíÓÁÜÃË¯ÈéÌ åØ‹ãÀŠ 
ãÉŠÖßÑìÈÎïÀ äÈÇÓêÀàÌÅíÓËíÍÀèÍÒÜÓÅá 
ÑàÈ ÄëñÃæÈ‹ÂèÈâÖìÜÀäÂÃÎßÀÜÍÑìÈÎïÀÛèÀ 
âÑ²Ü×àÃãÏÌÀàÌÌáåÆ‹Ë¯ÈéÌÀßÅéÀá ãÖß 
ÎŠàæÓ‹ åØ‹ãÀŠâÓìÜÃ×ÞÃÑïÂà, äÂÃÎßÀÜÍ 
ÑìÈÎïÀÌ¸ ÅÜÈÂŠÜÃÀèÍâÃ²ÜÌæÁÁÜÃË¯ÈéÌ ãÖß 
É‹ÜÃÝèÍÎßÀèÌæÈ‹ âÊéÃÂîÌÖèÀÅßÌßÇìÌÇíÃ ãÖß 
ÌáÓàÆëñÃÎßÅéÈËéÏíÌ åÌÜßÌàÂíÈ.

ÏŠàÌÏíÌÀàÌ×àÃãÏÌ (ÉàÉßÖàÃ 3) Åß 
ãÈÃåØ‹âØèÌ×Šà ÍíÌÑºÌÊàÌâÃ²ÜÌæÁÁÜÃË¯ 
ÈéÌ, Â×àÓÉ‹ÜÃÀàÌËàÃÈ‹àÌÀàÌÑèÈËßÌà 
ÁÜÃâÓìÜÃ ãÖß ÁÜÃÑíÌÖßâÓìÜÃåÌÜàÌà 
ÂíÈ ÅßãÈÃåØ‹âØèÌ×Šà: ÈéÌÀßÅéÀá Ë¯É‹ÜÃ 
ÀàÌÍîÀâÍêÀÉ²Ó Óê 4,346 ÝÉ, âÊéÃ×ŠàÈéÌÎŠàæÓ‹ 
ÓêâÌºÜË¯ÛîÈÖíÃ 4,517.75 ÝÉ, ãÉŠ×ŠàËíÈãËÌ 
È‹×ÇâÌºÜË¯ÎŠàÎïÀâÑ¸ÓÁºÌ ãÖß ÑºÌË¯ÎŠà 
ØŠàÃ, ÎŠàÒî ŠÓ ÛîÈÖíÃ. ÅŠ×ÌÌëñÃÁÜÃâÌºÜË¯Ìê ò 
ãÖß ÅŠ×ÌÌëñÃÁÜÃÈéÌÀßÅéÀá æÈ‹ÊìÀÌáåÆ‹Åß 
âÑàß ãÖß âÎèÌÈéÌË¯Ôï ŠÜàåÅ, âÑ²ÜÉÜÍ 
ÅßÙÜÃÀèÍÀàÌâÑ¸ÓÁºÌ ÁÜÃÑíÌÖßâÓìÜÃ 
ãÖß ÀàÌÁßØÇàÇÉí×ÁÜÃÉí×âÓìÜÃ åÌÜß 

ÌàÂíÈ, ÀàÌÏßÖéÈÀßÅéÀá ÉéÈÑèÌÀèÍÀàÌ 
âÝèÈÀßâÅÈÅîÓ, âÑ¸ÓÖßÈïÎïÀ, ÂèÈâÖìÜÀ 
ãÌ×ÑèÌåÚŠ, ÖíÃËìÌåÌÈ‹àÌÆíÌÖßÎßËàÌ 
ÀàÌÎïÀÎŠà ãÖß Î‹ÜÃÀèÌÎŠàæÓ‹Ë¯ÓêåÌÎß 
ÄîÍèÌ ãÓŠÌÅÜÃÙ‹à×ÞÀË¯ÄßÉ‹ÜÃæÈ‹ÎßÉé 
ÍèÈÂŠÞÃÂïŠÀèÌæÎ, âÑ²ÜÝèÍÎßÀèÌâÝèÈåØ‹ÓêÖß 
ÈèÍÂ×àÓÎíÀÂîÓ ãÖß ÉÜÍÅßÙÜÃÀèÍÀàÌ 
ÑèÈËßÌàãÍÍÇìÌÇíÃ ãÖß Î‹ÜÃÀèÌÅßÑàÍ 
ã×ÈÖ‹ÜÓ.
 
4. ÅßÛîÍ:
4.1. ÀàÌÄáãÌÀÈéÌ ãÖß Å‹àÃãÏÌË¯ÈéÌ:

æÈ‹ÁîÈÁîÓÈéÌËèÃÚíÈ 111 ÁîÓ (Ö×ÓÓê 32 
Á îÓÈéÌÑºÌÊàÌ Ë¯Ó êÀàÌ×éåÄÉí×ÔŠàÃÈéÌ 
ÉàÓÂ×àÓâÖéÀÁÜÃÆ´ÌÈéÌ ãÖß 79 ÁîÓÈéÌÑºÌ 
ÊàÌ Í¡æÈ‹×éåÄ), âÀèÍâÜíà 16 Éí×ÔŠàÃÈéÌÆ´Ì 
Ù‹à, âÑ²Ü×éåÄÍèÌÈàÓàÈÊàÌ ËàÃÈ‹àÌâÂÓê 
ÀßÅéÀá æÈ‹×éåÄ 3,100 ÏíÌÀàÌ×éåÄÀŠÞ× 
ÀèÍÂîÌÖèÀÅßÌßÒéÆéÀ, âÂÓêÁÜÃÈéÌ, ÈéÌÁÜÃ 
âÓìÜÃ×ÞÃÑïÂà æÈ‹ãÍŠÃÜÜÀâÎèÌ 5 Ú×ÈÈéÌÛèÀ 
(Major Soil Groupings). 11 ÎßâÑÈÈéÌ (Soil 
Units) ãÖß 26 ÆßÌéÈÈéÌ (Soil Subunits).

4.2. 	 ÀŠÞ×ÀèÍÀàÌÄèÈÂ×àÓâÚàßÅíÓ 	
	 ÁÜÃ Ë¯ÈéÌ:

ÍíÌÑºÌÊàÌÀàÌÅ‹àÃãÏÌË¯ÈŠÞ× (Thematic) 
ËèÍÆ‹ÜÌãÏÌË¯È‹×ÇâÉèÀÌéÀ GIS Ë¯æÈ‹Å‹àÃ 
âÎèÌãÏÌË¯Øí×ÙŠ×ÇË¯ÈéÌ ÓàÈÉàÅŠ×Ì 1: 
50,000 Ö×ÓÓê 102 Øí×ÙŠ×ÇË¯ÈéÌ ÅßãÈÃ 
åØ‹âØèÌåÌãÏÌË¯, ãÉŠÖßØí×ÙŠ×ÇË¯ÈéÌ æÈ‹ 
ÅßãÈÃåØ‹âØèÌâÊéÃÂîÌÌßÑàÍË¯ÈéÌ ãÖß 
Â×àÓÅàÓàÈÌáåÆ‹Ë¯ÈéÌ, ÄàÀãÏÌË¯È¨Ã 
ÀŠà×Ì¸ æÈ‹ÈáâÌêÌÀàÌÄèÈÂ×àÓâÚàßÅíÓ 
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ÁÜÃË¯ÈéÌ åØ‹âÎèÌÜèÌÖßÜÞÈåØ‹ãÀŠÑìÈÎïÀ 
14 ÆßÌéÈ, Å‹àÃâÎèÌãÏÌË¯Â×àÓâÚàßÅíÓ 
ÁÜÃË¯ÈéÌ ãÖß æÈ‹ÅèÃÖ×ÓâÁ¿àâÎèÌ 58 ÝïÍ 
ãÍÍÂ×àÓâÚàßÅíÓÁÜÃË¯ÈéÌ.

4.3. ÀàÌ×àÃãÏÌÌáåÆ‹Ë¯ÈéÌÀßÅéÀá:

ÏŠàÌÏíÌÀàÌÂ¿ÌÂ×òà ÀŠÞ×ÀèÍÄîÈÑéâÅÈ, ÂîÌ 
ÖèÀÅßÌßË¯ÈéÌ, ÖßÈèÍÂ×àÓâÚàßÅíÓÁÜÃ 
Ë¯ÈéÌ ãÖß ÄîÈÑéâÅÈËàÃÈ‹àÌâÅÈÊßÀéÈ-
ÅèÃÂ íÓÜ²Ìƒ æÈ‹ÌáÓàâÆ¯Ã× éË êÀàÌÉí×ÄéÃ 
ÀŠÞ×ÀèÍÀàÌÌáåÆ‹Ë¯ÈéÌ, ãÌåÅŠâÝèÈåØ‹ÀàÌ 
ÏßÖéÈÀßÅéÀáãÍÍÇìÌÌàÌ, ÆŠ×ÇåØ‹ÀàÌÅ‹àÃ 
ÇîÈËßÅàÈÀàÌÌáåÆ‹Ë¯È éÌÀßÅéÀá ÁÜÃ 
âÓìÜÃ×ÞÃÑïÂà.

5. âÜÀßÅàÌÜ‹àÃÜêÃ

ÀßÆ×Ã ÀßÅéÀá ãÖß ÑèÈËßÌàÆíÌÌßÍíÈ 
Ø×ÞÈÌàÓ: ÓàÈÊàÌÁßãÙÃÀàÌ-×éËêÀàÌ 
ÉêÖàÂàË¯ÈéÌ ÀàÌÌáåÆ‹ÈéÌÀßÅéÀá 10TCN 
343-98 ÄèÈÑêÓäÈÇ ÀßÅéÀá ÝŠàäÌÇ 1999.

ÀßÆ×Ã ÀßÅéÀá ãÖß ÑèÈËßÌàÆíÌÌßÍíÈ 
Ø×ÞÌàÓ: ÓàÈÊàÌÁßãÙÃÀàÌ ×éËêÀàÌ 
ÅáÛ×ÈÅ‹àÃãÏÌË¯ÓàÈÉàÅŠ×ÌåØÇñ 10TCN 
68-84 ÝŠàäÌÇ 1984.

ÅßÑà×éËßÇàÅàÈ âÉèÀÌéÀØ×ÞÈÌàÓ: ÂïŠÓì 
ÀàÌÅáÛ×ÈÉêÖàÂàÈéÌ, ÄèÈÑêÓäÈÇ ÀßÅéÀá 
ÝŠàäÌÇ 1999.

Ø‹ÜÃÀàÌãÏÌÀàÌÅèÃÖ×ÓâÓìÜÃ×ÞÃÑïÂà: 
ÍíÈÖàÇÃàÌ 5 Îê 2000-2005 ãÖß ÀáÌíÈ 
ËéÈËàÃÀàÌÑèÈËßÌà 10 Îê 2006-2015 
×ÞÃÑïÂà 2006.

FAO. A. Framework for Land Evaluation Soil 
Bul No. 32 Rome 19.

ISSS / ISKIC / FAO world Soil Resources 
reports No 84. World Reference Base for Soil 
Resources Rome 1998.

Sys C-E, Van Ranst Deebaueqc Jland 
Evaluation Part.  Priuceples.in Land 
Evaluation and Coop Production cal culatiay 
Genaral Administration For Development 
Cooperation, Agriculture Publication No 7 
Belgum 1991 a.
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Â¿ÌÂ×‹à ÑèÈËßÌà ×éËê–ÀàÌ–Î‹ÜÃ–ÀèÌ –ãÖß ÀáÄèÈÙï –
åÌ–ÖßÍíÍ– ÀàÌ–ÏßÖéÈ– ÀßÅéÀá–– âÁÈ–ÑïÈ–ÜÇ– åÌ Å.Î.Î Öà×

Peter R. Brown1, ÂçàÜò×Ì ÂçàÑïãÀò×2, ÅÜÌÂçà2, Invanh2, ÅêÓÜÌ2, Vison2, ÄèÌËê2, 

ÂçàÑàÓê2, Lanfeuang2, Alex McWilliam3 ãÖß ÅîÖé×èÌËÜÃ ÀéñÃãÀò×2

ÍíÈ–ÂèÈ–ØÇ§

ÄàÀ–ÀÜÃ–ÎßÆîÓ–×éÆà–ÀàÌ Â´ÃËê 3 ––åÌ–ÀàÌ–ÅßÛîÍ–ÏíÌÀàÌÄèÈÉ´ÃÎßÉéÍèÈ– äÂÃÀàÌ–Â¿ÌÂ×‹à ×éËê–
ÀàÌ–Î‹ÜÃ–ÀèÌ –ãÖß ÀáÄèÈÙï ––äÈÇ–ÀàÌ–âÁ¿à–ÝŠ×ÓÁÜÃ–ÂÜÍÂí×Æà×ÀßÅéÀÜÌ–, ÌèÀÅ³Ã–âÅêÓ–Á´Ì–âÓìÜÃ 
–ãÖß –ãÁ×Ã –ãÖß ÌèÀÂ¿ÌÂ×‹à –æÖÇß 2 Îê ÁÜÃ–äÂÃÀàÌ–Ë¯–æÈ‹–Óê–ÀàÌÝŠ×ÓÓì–ÀèÌ–åÌ–ÑàÀ–ÅßÙàÓ– åÌ 
ÀàÌÂ¿ÌÂ×‹à –ãÖß –ÑèÈËßÌà×éËê–ÀàÌ–Î‹ÜÃ–ÀèÌ –ãÖß ÀáÄèÈÙï –åÌ–ÖßÍíÍ–ÀàÌ–ÏßÖéÈ–âÁÈ–ÑïÈ–ÜÇ 
Ë¯–âØèÌ–×Šà Ùï âÎèÌ–ÍèÌØà–Ë¯–ÅáÂèÌ–À×ñà–Úï åÌ–ÖßÍíÍÀàÌÏßÖéÈÀßÅéÀá ÁÜÃ–Æà×–ÀßÅéÀÜÌ–åÌ–
âÁÈ–ÑïÈ–ÜÇ– ÁÜÃ –Å.Î.Î Öà×. åÌ–âÓ²Ü–ÀàÌ–ËáÖàÇ–ÁÜÃ–ÅèÈÉï–ÑìÈÅàÓàÈ–Âî‹Ó–ÂÜÃ–æÈ‹ –ãÉŠ–×ŠàÀàÌ–
ËáÖàÇ–ÁÜÃÙï Æà×Ìà–æÈ‹–ÓêÀàÌ–Î‹ÜÃ–ÀèÌ –ãÖß ÀáÄèÈ –åÌ–ãÉŠ–ÖßÖßÈï–ÀàÌÏßÖéÈ. äÈÇ–æÈ‹––âÖ¸ÓÉ¿Ì 
ÄàÀ–ÀàÌ–ÖßÈíÓ–ãÌ×–Â×àÓ–ÂéÈÑèÈËßÌà–×éËê–ÀàÌ –ãÖß Óê–ÀàÌ×àÃ–ãÏÌ–ÀàÌãÍÍ–Óê–ÅŠ×Ì–ÝŠ×Ó– 
åÌ–Ø‹ÜÃ–ÎßÆîÓ–ãÉŠÖß–æÖÇß –ãÖ‹×–Ìá–æÎ–ÎßÉéÍèÈÉí×–ÄéÃ, Óê–ÀàÌÎß–âÓêÌ–ÏíÌ–ãÉŠÖß–æÖÇß Ñ‹ÜÓ–
ËèÃÓê–ÀàÌÎèÍÎîÃ/ÎèÍ–ÎñÞÌ –åØ‹–ãËÈ–âÚàß–ãÉŠÖß–æÖÇßÌ´Ì. ÄàÀ–ÀÜÃ–ÎßÆîÓ–ÅßÛîÍ–ÏíÌÂ´ÃÅîÈ–Ë‹àÇ 
–ãÓŠÌ–æÈ‹–Óê–Âá–ãÌßÌá– Âì: ÅáÖèÍÀàÌÎ‹ÜÃ–ÀèÌ –ãÖß ÀáÄèÈÙï É‹ÜÃ–âÎèÌ–ÖßÍíÍ–ÂíÍ–ÆîÈ –ãÖß Åá 
ÂèÌ–Âì–ÀàÌâÉ¿à–äÝÓ–ÀáÖèÃ–ÁÜÃ–Æà×–ÀßÅéÀÜÌ –ÎßÉéÍèÈ–ÀàÌ–ÎàÍÙïåÌ–â×Öà–ÈÞ×–ÀèÌ –ãÖß É¡–âÌ²ÜÃ–. 
ÅáÖèÍ––âÉèÀÌéÀ –ãÖß ×éËê–ÀàÌ–Î‹ÜÃ–ÀèÌ –ãÖß ÀáÄèÈÙï Ë̄––ãËÈ–âÚàß –ãÖß Óê–ÏíÌ–Èê –ãÓŠÌÀàÌ–åÅŠ–ÀèÍ–ÑºÌ–
âÓìÜÃ, ÀèÍ–âÛèÀ –ãÍÍÉ¡–âÌ²ÜÃ–ÉßÛÜÈ–Îê, ÀàÌ–ÁîÈ–ÁîÓ––åØ‹–Ùï–ÉíÀ–ÁßÙàÈ–Â×àÓâÖéÀ 1 Øà 1.2 –ãÓèÈ, 
ÎàÀ–ÁîÓ–À×‹àÃ 0.5 –ãÓèÈ; –Ö‹ÜÓ–Ï‹à–ÔàÃÜ‹ÜÓ–ÝÜÍ– âÇ²ÜÖ§–Ë¯–Ùï–ÓèÀ–ÀéÌ– (–âÁ¿à–âÎì–ÜÀ, ÚàÀ–âÈìÜÇ..) 
–âÓ²Ü––âØèÌÀàÌ–ËáÖàÇãÖ‹×–åÅŠ–ÀèÍ–ÄèÍÙï; ÄèÈÉ´ÃÀàÌ–ÜÜÀ–ãÝÃ–ÃàÌ–Ö×ÓÚïŠÁÜÃ–Í‹àÌ–âÑ²ÜÀ‹àÌ, 
åÆ‹–Úà––æÖŠ–, Ö‹à, ÁîÈ–Ýï,– Á‹à–Ùï ÀŠÜÌ–ÀàÌ–ÎïÀ–ÑìÈ –ãÖß ÛèÃÀàÌ–âÀèÍ–ÀŠÞ× ÉàÓ–ÀÜÃ–âÒìÜÃ–âÁ¿à, ÅàÖê –ãÖß 
Úà–À–âÈìÜÇ. ÀéÈÄßÀá–Ë¯–ÅáÂèÌ–ÑàÇåÌ–Í‹àÌ– Ë¯–âÎèÌâÁÈ–Ë¯ÔïŠ–Üà–åÅ–ãÓŠÌ–É‹ÜÃ –(Óê–ÖßÍÞÍ–ÀàÌ– Ø‹àÓÍ¡–
åØ‹–åÆ‹–ÔàÁ‹à–Ùï, Í¡–åØ‹–Á‹à –ãÖß ÔîÈ–âÆíà–ÀéÌÅèÈ–Ë¯––âÎèÌ–Îß–äØÇ–ÈåÌÀàÌÀáÄèÈ–Ùï– âÆ¨Ì: Ãˆ–, ÌíÀ–âÂ¿à, 
Ýî‹Ã, –ãÛ× –ãÖß Ñ‹ÜÓ–ÀèÌ–ÜÜÀ–ãÝÃ–ÃàÌ–Á‹àÙï –âÎèÌ–ãÉŠÖß–æÖÇß); Ö‹ÞÃ–ãÓ× –ãÖß Úà –âÐ¿à–Í‹àÌ –ãÖß 
–âÖ¿à–âÁ¿à, ÜßÌà–æÓÅßÊàÌ–Ë̄Í¡–åØ‹–ÝíÀ–âÝºÜ, Ö‹ÜÓ––âÖ¿à–âÁ¿à–åÅŠ–ÀèÍ–ÄèÍ–Ùï–ÉßÛÜÈ–Îê, –ÎßÀÜÍ–ÀèÍ–ÄèÍ–ÙïåØ‹––
âÈèÀÌ‹ÜÇÌèÀÝÞÌ ÄèÍ–Ùï–åÌ–ãÉŠ–ÖßÓº –âÑ²Ü–âÎèÌ–ÜàØàÌ–ÁÜÃ––Ñ×À–âÁíà. 

1 CSIRO Sustainable Ecosystems, GPO Box 284, Canberra, ACT, 2601, Australia
2 National Agriculture and Forestry Research Institute, Vientiane, LAO PDR
3 Australian Youth Ambassador for Development, Luang Namtha, LAO PDR
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Development of rodent management strategies for the     
upland farming system in Lao PDR

Peter R. Brown1, Khamouane Khamphoukeo2, Sonekham2, Invanh2, Simone2, Vison2, 
Chanthi2, Khamphamy2, Lanfeuang2, Alex McWilliam3 and Soulivanthong Kingkeo2

Abstract

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

Keywords: rodent management, workshops, control practices

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

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

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

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

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

Methods

There were three workshops held over 
the course of the 2-year project (Initial 
Workshop, Mid-Project Review and Final 
Workshop).  These workshops were attended 
by farmers, researchers, extension staff 
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and representatives from NGOs.  Rodent 
management practices were developed for 
lowland, upland and village habitat systems, 
as these were considered as important habitats 
for rats as they could easily move between 
them (Aplin et al. 2006; Khamphoukeo et 
al. 2006).  These practices were based on 
workshops and projects in lowland irrigated 
and lowland rainfed systems in Vietnam, 
Indonesia and Myanmar (Brown et al. 2006; 
Jacob et al. 2003).

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

Results

Initial workshop

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

Each group reported back and gave a short 
presentation and described the rodent 
management practices selected and provided 
a rating/priority based on their experiences 
and what they heard and discussed during 
the workshop.  These were then collated and 
summarised.  The workshop as a whole voted 
for the practices to obtain an overall a rank 
on the order of importance.  This was done 
separately for Luang Prabang and for Luang 
Namtha because of the slightly different 
farming systems.  A list of rodent management 
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practices was compiled for upland, lowland  
(+ irrigated) and village habitats.  This list was 
then used on the treatment sites by farmers to 
implement rodent management (Table 1).

Mid-project workshop

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

There was a series of presentations on the 
KAP survey (knowledge, attitudes and 
practices survey of farmers), changes in 
breeding of rodents through different crop 
stages, damage assessment and yield loss 
and farmer activities (diaries) with questions 
and discussion.  Provincial staff from Luang 
Prabang, Luang Namtha and Oudomxay gave 
a short presentation about their activities 
over the last 12 months, including numbers 

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

Some of the key activities were:

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

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

3.	 Linear TBS – few rats trapped.

4.	 Bait TBS – relatively successful.

5.	 Pitfall traps – were successful in Luang 
Namtha.

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

	 control sites also had many cats.

7.	 Community campaigns – these are 
successful in capturing rats, but were 
difficult to organise.

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

9.	 Farmer training – important to demonstrate 
techniques.

Some of the key constraints were:

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

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

Activities identified for the future:

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

2.	 Increase capacity of staff.

3.	 Increase facilities in the field.

4.	 Provide more traps to farmers.

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

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

During the afternoon, there was further 
discussion about control activities in each 
habitat, and then the participants worked 
in three groups (farmers, researchers and 
extension staff, and students) to consider 
communication plans and activities for the 
coming wet season crop.  They were asked:

1.	 How to scale out (introduce) methods to 
other farmers to control rats?

2.	 What tools and methods should we use to 
teach other farmers?

Farmers:

1.	 Meetings with farmers to introduce and 
discuss control options for rats.

2.	 Cross visits to other sites to see other 
activities.

3.	 Farmers liked the idea of posters and 
leaflets and involvement with training and 
would be happy to receive other farmers 
to see what they do.
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Students:

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

2.	 Train farmers  in  rodent  control 
techniques.

3.	 Provide support equipment and give 
prizes for farmers who do the best.

4.	 Demonstrate equipment directly and 
promote successful activities to village.

NAFRI staff:

1.	 Introduce to village head to understand and 
select key person to promote activities.

2.	 Demonstrate with key farmers and train 
and take to other villages.

3.	 Use posters and leaflets on techniques.

4.	 Use media such as radio and TV and 
utilise existing extension network.

Extension staff:

1.	 Liked these ideas.

2.	 Will give poster and leaflets to media unit 
in the extension department and introduce 
in wet season where rat problems exist.

Final Workshop

The final workshop was held at Naviengkham 
Hotel in Luang Prabang, and was attended 

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

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

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

Rodent management strategies

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

The farming system in Lao PDR is complex, 
and rodents utilise and track resources within 
and between these environments.  The system 
required to manage the impacts of rodents 
must also be complex, using a combination 
of multiple methods at various times and 
needs to be based on a good understating 
of the species causing damage and their 
biology and ecology so that the management 
strategies, but the underlying process is really 
quite simple because it essentially relies on 
farmers working together and managing key 
habitats and resources for rats.  This is the 
same broad concept that was also applied to 
managing rodents in lowland irrigated rice 
and lowland rainfed rice agroecosystems, but 
the actual techniques are sometimes different. 
The results presented here are preliminary, but 
we are starting to see some benefits of farmers 
being more aware of applying control early 
and working together.

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

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

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

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

•	 Farmers now understand that rodenticides 
are harmful and have now stopped use. 
Farmers now eating rat again after cease 
using rodenticide.
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•	 Farmers now increasing the number of 
cats and dogs in their villages.

•	 Farmers exchanged a lot of information 
during the workshops and cross-visits.

•	 Farmers want to continue the project. 
They will continue trapping, which they 
can do by themselves (make their own 
traps) because it is effective.

•	 In the past, farmers reported serious 
rodent damage to lowland rice (around 
25%), but now is much lower.

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

•	 Farmers implement rice store TBS and 
trapping in their villages to reduce rat 
damage.

•	 Farmers recognised that rats move around 
a lot (over large areas), so management 
needs to be conducted over large areas.

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

The next stage of this work is to scale-out 
these results and to ensure some degree of 
adoption among farmers and to introduce the 
recommended practices into other regions and 
Provinces of Laos.  It would also be desirable 
to introduce these results and finding to other 
upland systems in neighbouring SE Asian 
countries where similar cropping systems and 
rodent fauna may exist (eg, highland areas 
of Vietnam, Thailand, Cambodia, Myanmar 
and China).
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Action Timing
Upland crop
Trap crop (rice husk, job’s tear, ..) May-July
Rice straw pile November-February
Line TBS July
Campaign at sowing of corn and melon May
Campaign at ripening of corn and melon July
Lowland crop

TBS (early maturity, dibbing, aroma ) 3 weeks before other farms              
(end May-June)

Campaign (one or two times/month May & August
Plastic fence around seedbed End of November
Digging November-February
Pitfalls (dry season) for Luang Namtha only November-May
Village
TBS around grain store rice available All year every day
Prohibit use of rodenticide (village rule) All year
Raise cat All year and village rule
Metal trap November to June work with school
Metal guards around poles rice store All year
Hunting in rice store and rice straw at night November & April

Community campaign February & May and when 
see many rats

Pitfall traps Dry Season
Develop model rice store before harvest

Poison “sweet seed” should be pre test 
in research station

V. –	 Annexes

Table 1. 	 Summary of rodent control practices from the initial workshop to develop 	
			   rodent management strategies for Lao PDR (29 April 2005, Houaykhot 		
			   Research Station, Luang Prabang).
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Table 2.  	 Ranking of priority actions for rodent management in upland, lowland and 	
			   village habitats for wet season 2006 (Mid-project Workshop, Luang 		
			   Namtha Regional Rice Research Centre, Luang Namtha).

Habitat Priority Activity Timing Votes
Upland 1 Bait TBS Early crop stage 21

1 Trap (metal, noose, thump whatever) All the time 21
2 Sanitation Early crop stage 11
3 Hunting rice straw pile After harvest 10
4 Pitfall All the time 6
5 Community campaign Early crop stage 1
6 TBS Prior to planting 0

Lowland 1 Sanitation Early crop stage 25
2 Trapping (metal, snare, bamboo etc) All the time 22
3 Bait TBS All the time 14
4 Pitfall All the time 12
4 Pitfall bait TBS All the time 12
5 Seed bed TBS Sowing 8
6 Dig burrows + fumigation Early crop stage 5
7 Cats and dogs All the time 4
8 Rodenticide When many rats 2
9 TBS Prior to planting 1
9 Hunting rice straw pile After harvest 1
9 Community campaign Early crop stage 1
10 Hunting Early crop stage 0

Village 1 Cats and dogs All the time 26
2 Rice store TBS All the time 24
3 Sanitation All the time 17
3 Campaign with school After harvest 17
4 Trap (metal, bamboo etc) All the time 15
5 Hunting in rice store at night After harvest 5
6 Community campaign After harvest 3
7 Pitfall All the time 0
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Activity Number of rats captured Priority Village Field

Grainstore TBS* 110 1 Y Y

Pitfall trap 2 Y

Cat (43 cats in village) 3 Y

Village campaign 243 4 Y Y

Sanitation 5 Y Y

Student trapping 3,500 6 Y Y

Dog 7 Y Y

Bait TBS 8 Y

Table 3.  	 Summary of activities conducted by farmers in Hadsoua village, Luang 		
			   Prabang, during 2005/06 dry season and 2006 wet season.

* There was only 1 grain store TBS set up in Hadsoua, because most farmers store their 		
   grain inside their houses, so no more were required.
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Table 4.  	 Summary of activities conducted by farmers in Lattahae village, Luang 		
		  Prabang, during 2005/06 dry season and 2006 wet season.

Activity
Number 
of rats 

captured
Priority Positives aspects Negatives aspects

Trap 1,647 1
•	 Cheap
•	 Easy
•	 Needs few people

•	 Difficult to find 
good material to 
make

Cat 28 (cats) 2
•	 Good to catch rats
•	 Protect house

Bait TBS 52 3

•	 Catch many rats all 
year

•	 Catch rats before 
planting

•	 Catch rats before 
pregnant

•	 Expensive
•	 Needs many people

Students 1,560 3
•	 Catch rats from 

large area

Village 
campaign (all 
people catch 
rats together)

126 3 •	 Village rule

Rice store TBS 14 4
•	 Catch many rats all 

year
•	 Expensive
•	 Needs many people

Hunting 12
•	 Needs no money
•	 Do by themselves

•	 Use lot of time

Pitfall trap 10 •	 Do by themselves
•	 Cannot use in wet 

season

Farmers catch 
10 rats each

1,009
•	 Catch for food 
•	 Reduce damage
•	 Cheap

•	 Need to have trap

Dog 50 (dogs)
•	 Digging rat in 

upland & lowland
•	 Need people to go 
•	 with dog
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Table 5. 	 Final list of recommendations for the management of rodents in upland, 		
		  lowland and village environments in Lao PDR (Final Workshop, 			
		  Naviengkham Hotel in Luang Prabang. There were 33 participants that 		
		  voted and agreed on the priorities for management (farmers, extension 		
		  staff and researchers):

Rodent management strategy Votes Priority

Upland

•	 Trap continuously 33 1

•	 Pitfall trap 28 2

•	 Bait TBS 25 3

•	 Work together to hunt rats in field stores 22 4

Lowland/garden

•	 Trapping 32 1

•	 Work together to hunt rats in after harvest 26 2

•	 Pitfall trap (1-1.2 m deep & .5 m wide at opening) 25 3

•	 Digging burrow & hunting with dog 12 4

Village

•	 Establish rule and regulation for sustainable management 
(stop use of rodenticide, stop eating predator of rat and 
promote village campaign and working together)

33 1

•	 Raising cats and dogs 33 2

•	 Sanitation 32 3

•	 Grain store TBS 25 4

•	 Students working to trap rats 23 5

•	 Village campaign 20 6
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Fig 1. 	 TBS constructed in lowland rice.  Heavy rain washed away a previous TBS, 
	 and rice crops were replanted.  The crop inside the fence should be planted 
	 3 weeks earlier than the surrounding fields to attract rats.

Fig 2.	 A “bait TBS” set up near upland rice and upland maize to lure rats into and 
	 then catch them in traps.
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Fig 3. 	 A grain store TBS being set up.

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

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

Fig 8. 	 A rat hunter showing two types of traps he uses.
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Fig 10. 	Community campaign successful in catching a rat in some weeds.

Fig 9. 	 Community campaign with village members working together to local rats and 
	 kill them.
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Fig 12. 	Attempt to prevent access to grain stores by rats through use of empty beer 		
	 bottles attached to legs of grain store (unsure if effective).

Fig 11. 	Grain store with support legs covered in corrugated metal to prevent rats 
	 gaining 	access to stored grain (unsure if effective).
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Fig 14.	 Pitfall trap dug near upland crops. The lip of the pitfall trap is 0.5 m across, the 		
	 depth is 1-1.2 m deep and the width at the bottom of the pitfall trap is 0.7-0.8 m wide.

Fig 13. 	Local “thump” type trap. A small bamboo fence guides rats through an opening 		
	 where a small trip wire is set, when triggered, the sprung bamboo squashes the rat.
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ÀàÌÂèÈâÖìÜÀÑèÌâÁ¿àËíÌËàÌÉ¡Â×àÓãØ‹ÃãÖ‹Ã ÑàÇåÉ‹ÅßÑàÍ 
ÌàÌŸÐíÌ åÌ Å.Î.Î Öà×

ÅéÎßâÅêÈ1, ÑïÓê ÜéÌËßÎèÌÇà1, ÈÕ. ÓíÌËàËéÍ ÄèÌâÑèÃæÆ2, ÈÕ. ÆïÒïÀàÇ3

ÍíÈ–ÂèÈ–ØÇ§

æÑãØ‹ÃãÖ‹ÃâÎèÌÁ§ÀíÈÙñ×ÃÉ¿ÌÉçåÌÀàÌÏßÖéÈâÁ¿àÌàÎêåÌÁÜÍâÁÈË³×ÎßâËÈ. È̈ÃÌ́Ì ÅïÌÂ¿ÌÂ×òà 
âÁ¿à Ä±ÃæÈ‹âÜíàåÄåÅŠÈáâÌêÌÀàÌËíÈÖÜÃÂèÈâÖìÜÀÅàÇÑèÌâÁ¿à åÌâÃ²ÜÌæÁÌàÎê Ë̄ÅïÌÂ¿ÌÂ×òàâÁ¿à 
Ë¯ÌßÂÜÌÛ×Ã×ÞÃÄèÌ, ÅïÌËíÈÖÜÃ ãÖß ÁßØÇàÇÑèÌâÁ¿à ËŠàÅßäÌ ãÁ×ÃÅßØ×èÌÌßâÁÈ 
äÈÇÓêÄîÈÎßÅíÃ âÑ²ÜÆÜÀØàÅàÇÑèÌâÁ¿àË¯ËíÌËàÌÉ¡Â×àÓãØ‹ãÖ‹Ã. ÀàÌÅëÀÅàÂ´ÃÌ¸ ÎßÀÜÍ 
È‹×ÇÅàÇÑèÌâÁ¿àÄáÌ×Ì 66 ÅàÇÑèÌ ÌáæÎÎïÀÑàÇ–åÉ‹ÖßÈèÍÌŸ 2 ÖßÈèÍ Âì: ÀàÌåØòÌŸâÉèÓË¯ 
(âÎèÌÉí×ÎÞÍËÞÍ) ãÖß ÀàÌÎïÀÑàÇ–åÉ‹ÅßÑàÍÀàÌÁàÈÌŸ (ÅßÑàÍãØ‹ÃãÖ‹Ã). âÖ̧ÓÉíÀÀ‹à åÌ×èÌ 
Ëê 25 âÈìÜÌÀçÖßÀíÈ ãÖß ÎèÀÈá ×èÌËê 25 âÈìÜÌÅéÃØà 2005, ËòèÃÌ̧ âÎèÌÀàÌÎèÀÈáÆ‹àÀ×ŠàÀàÌÎïÀ 
âÁ¿à ÎíÀÀßÉé âÑ²ÜâÝèÈåØ‹âÀêÈÂ×àÓãØ‹ÃãÖ‹Ã åÌÖßÇßÀàÌÅ‹àÃâÓèÈ. âÑ²ÜåØ‹âÀêÈÂ×àÓãØ‹ÃãÖ‹Ã 
æÈ‹ÎŠÜÇÌŸÜÜÀ ÛèÃÄàÀÎèÀÈá æÈ‹ 25 Óº. ÏíÌÏßÖéÈÁÜÃãÌ×ÑèÌË̄ÌáÓàËíÈÖÜÃâØèÌ×Šà ÓêÂ×àÓ 
ãÉÀÉŠàÃÀèÌÛàÇ ËèÃ 2 âÃ²ÜÌæÁ Ë¯ÓêÌŸÑÞÃÑç ãÖß ÁàÈÌŸ, ÓèÌÁºÌÀèÍæÖÇßâ×Öà ãÖß Â×àÓ
ÝîÌãÝÃÁÜÃÀàÌÁàÈÌŸÑàÇåÌÉ¿ÌâÁ¿à.

ÏíÌÀàÌÅëÀÅàÑíÍ×Šà ÑàÇ–åÉ‹ÅßÑàÍË̄ÁàÈÌŸ ÏíÌÏßÖéÈÁÜÃÅàÇÑèÌâÁ¿àÄáÌ×ÌÌ±Ã Ë̄ËíÈÖÜÃÔïŠ 
ÅïÌÂ¿ÌÂ×òàâÁ¿à ãÖß ÅïÌËíÈÖÜÃ ãÖß ÁßØÇàÇÑèÌâÁ¿à ËŠàÅßäÌ Û‡îÈÖíÃ ÎßÓàÌ 80 ãÖß 60 
âÎêâÆèÌ ÉàÓÖáÈèÍ ÆëñÃâÎèÌÏíÌÜèÌâÌ²ÜÃÓàÄàÀâÁ¿àÜÜÀÈÜÀÆ‹à Æ±ÃâÎèÌÆñ×Ãâ×ÖàË¯ÁàÈÌŸâÑ²Ü 
Û¡Ö‹ÞÃÖáÉ¿Ì åÌÆŠ×Ãâ×ÖàâÁ¿àâÖ¸ÓÉ´ÃË‹ÜÃ ãÖß Ä¡Ý×Ã. Ë¯ÅïÌÂ¿ÌÂ×òàâÁ¿à ÓêÍàÃÅàÇÑèÌÇèÃÅà 
ÓàÈåØ‹ÏíÌÏßÖéÈ ãÉŠ 51 âÊéÃ  403 ÀÖ/ÝÉ ãÖß Ë¯ÅïÌËíÈÖÜÃ ãÖß ÁßØÇàÇÑèÌâÁ¿à ËŠàÅßäÌ 
ÅàÓàÈæØ‹ÏíÌÏßÖéÈ 342 âÊéÃ 2,126  ÀÖ/ÝÉ åÌâÃ²ÜÌÀàÌÁàÈÌŸ.

âÑàßÅßÌ´Ì ÅàÇÑèÌâÁ¿àË¯ãÀŠÇà×ÓºÜÜÀÈÜÀ ÄßâÝèÈåØ‹ÏíÌÏßÖéÈÉíÀÉ¡à. È¨ÃÌ´Ì ÅàÇÑèÌâÁ¿à 
Ë̄ÜÜÀÈÜÀæ× âÆ̈Ì: (âÁ¿òàÈç ãÖß âÁ¿àÀàÃ) ÅàÓàÈÛêÀâ×́ÌÄàÀæÑãØ‹ÃãÖ‹Ã åÌ–æÖ–ÇßË‹àÇÖßÈïÀàÌ 
ÀŠÜÌâ×ÖàÐíÌÔîÈæ×À×ŠàÎíÀÀßÉé.

1ÅïÌÂ¿ÌÂ×‹àâÁ¿à (ARC)
2ÅßÊàÍèÌ Â¿ÌÂ×òà ×éËßÇàÅàÈ âÉèÀÌéÀ ÀßÅéÀá ãÖß ÎŠàæÓ‹ (NAFRI)
3ÓßØà×éËßÇàæÖ ÀÕêÌÅßãÖÌ ÎßâËÈÜíÈÅßÉàÖê
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VARIETAL SCREENING FOR DROUGHT RESISANCE    
 IN RAIN-FED LOWLAND RICE IN THE LAO PDR. 

Sipaseurt1, Phoumi Inthapanya1, Dr. Monthathip Chanphengxay2, Dr. S. Fukai3

Abstract

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

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

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

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

1Rice Research Center (ARC)
2National Agriculture and Forestry Research Institute (NAFRI)
3Queensland University Australia
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INTRODUCTION

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

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

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

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

The methods of screening for drought 
resistance in different growth stages have 
been developed and few drought resistant 
genotypes are now available in the Lao 
national breeding program. (Inthapanya et 
al., 2004). Drought resistant rice varieties 
may be considered that possess drought 
resistant traits and produce higher yields 
than others under drought conditions. If the 
drought is severe, predictable and terminal, 
then yield is maintained by escaping the 
drought through the use of early maturing 
varieties.  If the drought is severe, mid - 
season and unpredictable, a mechanism for 
drought tolerance is required. Thus Fukai et 
al. (1999) indicated that only phenology, high 
potential yield and ability to maintain high 
leaf water potential (LWP) were associated 
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directly with higher grain yield (GY) in the 
target drought environments.  Pantuwan et 
al., (2002) demonstrated the importance of 
yield potential under mild stress (less than a 
yield loss of 50%). Rice is highly sensitive 
to water deficit during the reproductive stage 
prior to flowering (Lilley and Fukai, 1994).  
At flowering stage, grain yield reduction due 
to water deficit is mainly associated with 
increased spikelet sterility (O’Toole and 
Namuco, 1983; Sibounheuang et al., 2001).  

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

MATERIALS AND METHODS

Experiments were carried out at the 
Agricultural Research Center (ARC), latitude 
18o19’N longitude 102o44, in Vientiane 
municipality and Tasano Research and Seed 
Multiplication Center, latitude 16o20’N 
longitude 105o00’E, in Savannakhet province. 

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

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

The seed was sown on 25th July and thirty 
day-old seedlings were transplanted manually 
on 25th August 2005 using three seedlings/hill 
with 20 x 20 cm spacing. After ten days any 
missing hills were re-transplanted.  Irrigation 
was applied at transplanting to maintain a 
water level of 3-5 cm in all treatments and 
continued at both sites until about 25 days 
after transplanting (DAT) in the WS treatment, 
and until harvest in the WW treatment. 
The experimental design was randomized 
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complete block (RCB) with three replications. 
The plot size was 1 m (5 rows) x 4 m.  The 
field was fertilized with 60-30-30 kg/ha of N-
P2O5-K2O.  N as urea (46%N) was split two 
times the first half as a basal and the second 
half at 20 days after transplanting, while the 
P2O5 as triple super phosphate (48% P2O5) 
and K2O as potassium chloride (60% K2O) 
were applied once as a basal application. 
Weeds were controlled two times by hand 
both in the WW and WS fields. Pests and 
diseases were controlled to avoid any yield 
losses as necessary.  

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

RESULTS

Environmental conditions:

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

the impact of both early and late wet-season 
drought in the rainfed lowland environment is 
outlined in the following sections. The weekly 
rainfall and water levels under the WW and 
WS treatments are presented in Figure 1.  The 
peak monthly rainfall was observed during 
July and September in both provinces. The 
total amount of rainfall during the three 
months was 19 to 34 % of the rainfall during 
the wet season in Vientiane municipality and 
17 to 43 % in Savannakhet province. The 
rainfall pattern in Vientiane municipality 
was similar to that in Savannakhet Province. 
However, the total amount of rainfall was 
greater in Vientiane municipality (1442 mm) 
than in Savannakhet province (1200 mm). 

Water level during drained period:

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

Figure 2:  	 Free water level at a) ARC, b) TASANO in the well-watered (WW) () 
                  	 and water stressed (WS) treatment (O). Re-watering of the WS treatment 
                         	occurred twice at ARC and Tasano
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Rice grains yield and yield component:

In this study, the mean responses of genotypes 
in all experiments are summarized in Table 
1, i.e., mean of rice grain yield, days to 
50% flowering, and delay in flowering. The 
genotypic variation for those characters was 
highly significant difference under WW and 
WS conditions at both sites. Mean grain yield 
under WW (1770 kg/ha) was higher than of 
those WS (360 kg/ha) (P<0.01) and there was 
a positive relationship (R2 = 0.19 **) between 

grain yield under WW and WS conditions at 
ARC. Similarly, mean grain yield of WW 
(2620 kg/ha) condition was higher than of 
those WS (1040 kg/ha) (P<0.01) and there was 
a positive relationship (R2 =0.26**) between 
grain yield under WW and WS conditions at 
Tasano. The effect of severe WS was imposed 
in 2004 wet season with a yield reduction of 
80% at ARC and 60% at Tasano.  There was 
lower spikelet fertility and subsequently lower 
grain yield in the WW treatments at ARC 
compared to Tasano (Table1). 

Table 1:   	 The analysis of variance on days to flower (DTF), spikelet sterility, grain 		
		  yield  and plant height of rice under WW and WS conditions at ARC 
		  and Tasano in 2004 WS

Well water (WW) Water stress (WS)

Mean P-value Mean P-value

ARC (Vientiane municipality)

       DTF (Days) 87 P<0.001 98 P<0.001

      Spikelet sterility (%) 38 P<0.001 73 P<0.001

      Grain yield (kg/ha) 1,778 P<0.001 360 P<0.001

      Plant height (cm) 102 P<0.001 76 P<0.001

Tasano (Savannakhet)

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

      Spikelet sterility (%) 27 P<0.005 39 P<0.001

      Grain yield (t/ha) 2,620 P<0.001 1,040 P<0.001

      Plant height (cm) 105 P<0.001 82 P<0.001
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When WS occurred prior to flowering, the 
onset of flowering was delayed. A long 
delay in flowering is generally considered a 
disadvantage for rice genotypes grown under 
WS environments. Therefore, genotypes that 
have a short delay in flowering during WS are 
one indication of drought tolerance in rice. 

Delay in flowering and grain yield:

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

At Tasano the medium flowering genotypes 
had the longest delay in flowering due to 
flowering of early and late genotypes occurred 
during re-watering. The WS conditions 
generally delayed flowering time in most 
genotypes compared to WW conditions. The 
delay ranged from 6 to 12 days in early group, 
2 to 14 days in medium group and 2 to 23 
days in late maturity group at ARC and delay 
ranged from 0 to 17 days in early group, 7 to 
19 days in medium group, and 4 to 15 days 
in late maturity group at Tasano.  The early 
group flowering experienced less water deficit 

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

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

Relationships between grain yield and days to 
flowering were positive at ARC and Tasano 
for WS mainly because of re-watering during 
the stress period. The late flowering genotypes 
had more opportunity to recover from drought 
before flowering at ARC and Tasano. The 
early flowering genotypes were not exposed 
to WS than that of the late maturity genotypes. 
Therefore, the genotypes were grouped 
into early, medium and late exposure to 
drought based on their flowering under WW 
conditions. The capacity to drought resistance 
among genotypes was compared within these 
groups.  The relationship between grain yield 
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under WS conditions and delay flowering was 
investigated at ARC. Delay in flowering was 
estimated by taking the days difference for 
flowering of each genotype under WS and WW 
conditions. There was a positive association 
between delay flowering and grain yield. The 
late maturing varieties had more advantage 
of re-watering during the stress cycle and 
were able to produce relatively higher yield 
than the early flowering genotypes. The yield 
reduction was low in long delay flowering for 
late maturing genotypes (Fig 3 b). However, 
the   relationship between flowering delay and 
yield reduction was not so strong at Tasano 
(data not shown). 

Days to flowering and spikelet fertility:

There was a positive relationship between 
days to flower and spikelet fertility in 
WS conditions at ARC and Tasano.  The 
relationship was stronger at ARC than at 
Tasano, indicating the severity of prolonged 
drought on spikelet fertility in early flowering 
genotypes at ARC.  The early flowering group 
had higher spikelet fertility because they used 
the available soil moisture during flowering 
and early grain filling, which may not have 
been available for medium and late flowering 
genotypes.
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Figure 3:   	 Relationship between flowering delay and grain yield (a) and yield  
                 	 reduction (b).
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DISCUSSIONS

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

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

The types of drought varied in timing with 

crop development from prolonged drought 
being affected from the vegetative stage or 
being restricted to a short duration in the 
grain filling stage.  However, the actual 
stress mainly developed late in the season 
as such presents the target environments.   
The drought effect ranged from a 12-46% 
reduction in grain yield (GY).  Similarly, 
Wonprasaid et al.(1996) reported that 40% 
yield reduction was obtained when draining 
the paddies about one month before flowering, 
while  Pantuwan et al. (2002) reported that 
yield reductions ranged from 19-80%.  

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

Grain yield under water deficit at flowering 
stage is negatively associated with spikelet 
sterility.  Some mechanisms involved in 
maintenance of LWP have been identified but 
further research is required to fully understand 
the morphological and physiological reasons 
for breeding program in Lao PDR.
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CONCLUSIONS
Development of a drought screening 
methodology it was then used to identify 
drought resistant varieties which can be 
crossed with current varieties to develop 
drought resistant with high yield potential 
and good grain quality when grown by the 
farmers under various growing conditions.  
As a result of drought resistance screening 
experiment in Lao PDR, a number of rice 
varieties are currently in different stages of 
development in the rice-breeding program. 
They have the potential to be released as new 
varieties in the future. 
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ANNEXES
Table 2:	Grain yield, days to flowering and maturity of rice under well-water (WW) and water 		
	 stress (WS) at  agricultural research center (ARC) in Vientiane municipality.  

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

_1/ WW WS % WW WS Flowering

IR74371-3-1-1 E 1,729 254 85.33 78 84 6

Namheng 1 E 1,463 403 72.45 78 81 3

Nam heng 2 E 1,131 204 81.93 78 75 -3

Angdo 1 E 711 41 94.21 79 74 -5

Angdo 2 E 1,324 83 93.71 79 83 4

Eaphon 2 E 2,342 261 92.45 79 89 10

Hangvi E 829 44 94.64 79 85 6

Hom keo E 1,868 171 90.83 79 88 9

I Khao E 1,962 148 86.29 79 89 10

Leng 1 E 1,599 136 91.49 79 81 2

Mackmouy E 1,241 146 88.23 79 91 12

Noon soung 2 E 2,274 293 95.34 79 86 7

Peud nam 3 E 941 327 65.26 79 83 4

Peud nam 4 E 2,199 171 90.37 79 85 6

Peud nam 5 E 2,193 208 90.53 79 86 7

Eaphon 8 E 2,182 102 87.12 80 86 6

Noon soung 1 E 1,960 456 76.75 80 87 7

Eaphon 1 E 1,352 203 84.99 81 87 6

Eaphon 3 E 1,773 112 93.66 81 87 6

Eaphon 5 E 1,382 133 92.23 82 85 3

IR77298-5-6 E 2,410 330 88.85 82 89 7

Eaphon 6 E 1,627 148 90.93 83 95 12

Eaphon 9 E 1,836 141 92.3 83 90 7

Peud nam 1 E 1,738 234 86.53 83 92 9

Chao america E 1,417 147 89.62 84 98 14

Chaodeng E 1,974 168 91.47 84 99 15

Eaphon 7 E 1,279 53 95.83 84 89 5

TDK 114-4B88-B2 E 2,517 592 76.46 84 96 12

B6144F-MR-6-O-O E 1,698 414 75.64 85 95 10

Chao E 1,137 333 96.52 85 97 12

Eaphon 4 E 2,019 108 94.63 85 98 13

Chaodeng M 1,324 100 86.05 86 99 13

Hom lai M 1,470 51 70.67 86 97 11

_1/ Mat = Maturity, E = Early, M = Medium, L = Late, YR(%) = Yield reduction
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Table 2: (Cont.)  

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

_1/ WW WS % WW WS Flowering

TDK5 M 2,717 379 92.48 87 99 12

IR55423-01 M 1,942 578 70.23 88 96 8

IR74590-67-1-1-3-1 M 2,514 387 84.61 88 103 15

IR57514-PMI-5-B-1-2 M 1,647 712 56.79 89 105 16

Hom 1 M 2,046 344 83.17 90 103 13

Kham15 M 1,744 607 61.34 90 106 16

Meuang nga M 2,774 799 71.19 90 106 16

Kam19 M 1,485 299 79.84 91 109 18

KK12 M 2,243 329 79.08 92 115 23

IR57514-TDK-9-1-2 M 1,389 537 65.18 92 106 14

IR74371-3-1-1 M 1,382 382 52.91 92 114 22

Kam11 M 2,005 419 85.32 92 115 23

KDML105 M 1,800 675 65.13 92 109 17

Hom 3 M 1,994 461 68.41 93 111 18

Kam14 M 981 342 62.51 93 109 16

TDK 114-4B-5 M 1,954 749 61.66 93 108 15

TDK4 M 1,224 500 59.16 93 103 10

Eabok M 475 205 56.86 94 92 -2

TDK 47-6-1-2-3 M 2,385 819 65.65 94 116 22

BL6 M 1,948 547 71.92 95 123 28

IR 68101-TDK-31-1 M 2,677 846 76.87 95 111 16

TDK 37-1-2-51 M 1,269 403 68.27 95 109 14

TDK42-4-1-1--2 M 2,417 501 79.26 95 114 19

IR69502-6-SRN-3-UBN L 2,021 617 69.44 96 112 16

BL2 L 1,710 294 82.78 96 113 17

NTN1 L 2,296 580 74.76 96 115 19

TDK21-B-6-2-1-B L 2,577 925 64.09 97 111 14

TDK 114-4B-88-B1 L 1,564 276 82.35 99 130 31

TDK1 L 1,750 793 54.7 99 116 17

TDK 114-4B-79 L 1,925 122 93.67 101 130 29

TDK 27-13-131-1-1-1 L 1,645 594 63.87 102 118 16

TDK21-B-24-19-1-B L 1,812 853 72.35 102 114 12

BL1 L 1,616 227 85.95 105 111 6

Mean                          1,770      360         79.47       87           100                 12
F. test                            **          **           **           **             **       
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Table 3:	Grain yield, days to flowering and maturity of rice under well-water (WW) and 
 	 water stress  (WS)  at Tasano Rice Research and Seed Multiplication center in    
      	 Savannakhet province   

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

_1/ WW WS % WW WS flowering

ANG DO E 1,263 508 60 74 78 4
Nam heng 2 E 2,455 536 78 78 82 4
Hangvi E 2,457 545 78 79 86 7
Nam heng 1 E 3,266 540 83 80 84 4
Eaphon 1 E 1,965 965 51 81 82 1
Eaphon 5 E 1,800 600 67 81 94 13
Mack mouy E 4,182 519 88 81 84 3
Peud nam 3 E 1,850 682 63 81 84 3
Eaphon 3 E 1,801 1,144 36 82 88 6
Eaphon 7 E 1,876 247 87 82 94 12
Eaphon 8 E 2,739 804 71 82 99 17
IR74371-3-1-1 E 2,378 1,110 53 82 84 2
Leng 1 E 2,306 748 68 82 85 3
Angdo E 2,165 682 68 83 84 1
Chao E 2,666 1,033 61 83 86 3
Hom lai E 2,722 319 88 83 94 11
I Khao E 2,659 642 76 83 97 14
Noon Soung 2 E 2,496 753 70 83 88 5
Peud Nam 1 E 2,799 362 87 83 94 11
Eabok E 1,512 467 69 84 84 0
Eaphon 2 E 2,338 1,112 52 84 89 5
Hom Keo E 2,590 1,167 55 84 99 15
Noon Soung 1 E 1,742 505 71 84 87 3
Peud nam 5 E 2,654 942 64 84 92 8
Chao america E 2,163 926 57 85 86 1
Chao deng 1 E 2,347 597 75 85 96 11
Chao deng 2 E 2,395 535 78 85 102 17
Eaphon 4 E 1,908 342 82 85 99 14
Eaphon 6 M 2,378 907 62 86 98 12
Hom 1 M 2,649 981 63 86 96 10
IR77298-5-6 M 2,348 1,251 47 86 102 16
Peud Nam 4 M 2,690 1,094 59 86 91 5
IR74590-67-1-1-3-1 M 2,826 1,297 54 87 99 12
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Table 3: (cont.)  

Genotype
Mat Yield(kg/ha) YR Days to flowering Delay in 
_1/ WW WS % WW WS flowering

Kam14 M 2,151 448 79 87 102 15
Kam19 M 2,120 401 81 87 91 4
TDK4 M 3,293 1,101 67 87 100 13
B6144F-MR-6-O-O M 3,956 769 81 88 102 14
IR55423-01 M 3,155 1,652 48 89 102 13
Kham15 M 1,851 992 46 89 102 13
Meuang nga M 2,899 1,445 50 89 108 19
TDK 114-4B88-B2 M 3,373 1,319 61 90 99 9
TDK5 M 3,249 1,339 59 90 99 9
Hom 3 M 2,998 982 67 91 105 14
TDK 47-6-1-2-3 M 3,059 1,625 47 91 105 14
KDML105 M 1,908 674 65 92 99 7
TDK 37-1-2-51 M 2,460 1,609 35 92 103 11
Eaphon 9 M 1,868 703 62 93 86 -7
KK12 M 3,770 1,469 61 94 106 12
IR74371-3-1-1 M 2,515 895 64 94 107 13
IR57514-TDK-9-1-2 M 2,612 1,328 49 95 101 6
BL6 L 3,120 1,940 38 96 107 11
IR69502-6-SRN-3-UBN L 2,575 1,110 57 96 107 11
BL2 L 2,925 836 71 96 111 15
TDK 114-4B-5 L 3,046 1,699 44 96 111 15
IR 68101-TDK-31-1 L 2,485 2,126 14 97 100 3
IR57514-PMI-5-B-1-2 L 2,553 1,662 35 98 102 4
TDK42-4-1-1--2 L 2,225 1,109 50 99 105 6
TDK21-B-6-2-1-B L 3,093 1,413 54 100 111 11
TDK 114-4B-79 L 2,634 1,693 36 101 110 9
Kam11 L 1,583 404 74 102 105 3
NTN1 L 3,601 1,470 59 102 107 5
TDK 27-13-131-1-1-1 L 3,740 1,409 62 102 111 9
TDK21-B-24-19-1-B L 4,279 1,849 57 102 111 9
BL1 L 3,820 1,885 51 103 111 8
TDK 114-4B-88-B1 L 2,835 1,435 49 103 113 10
TDK1 L 3,477 1,828 47 104 108 4

Mean                   2,630    1,022   61.22     89            98                9
F. test                     **          **        **        **            ** 
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ÀàÌÎßâÓêÌÅßÊÞÌÖßÑàÍÏíÌÏßÖéÈÁÜÃâÁ¿à 
åÌÖßÈïÌàÎê ãÖß ÌàãÆÃ

ÅéÎßâÅêÈ1, ÑïÓê ÜéÌËßÎèÌÇà1, ÈÕ. ÓíÌËàËéÍ ÄèÌâÑèÃæÆ2, ÈÕ. ÆïÒïÀàÇ3

ÍíÈ–ÂèÈ–ØÇ§

ÀàÌÎßâÓêÌÅßÊÞÌÖßÑàÍ ÏíÌÏßÖéÈâÁ¿àÌàÎê 2004 ãÖß ÌàãÆÃ Îê 2005 Ë̄ÅïÌÂ¿ÌÂ×òà ÀßÅéÀá 
ÌßÂÜÌÛ×Ã×ÞÃÄèÌ, ÅïÌÂ¿ÌÂ×òà ãÖß ÁßØÇàÇâÓèÈÑèÌâÁ¿à ËŠàÅßäÌ ãÁ×ÃÅßØ×èÌÌßâÁÈ ãÖß 
ÅßÊàÌêËíÈÖÜÃâÁ¿à äÑÌÃàÓ ãÁ×ÃÄáÎàÅèÀ ÓêÄîÈÎßÅíÃâÑ²ÜÎßâÓêÌÅßÊÞÌÖßÑàÍÏíÌÏßÖéÈ 
ÁÜÃãÌ×ÑèÌâÁ¿à ÄáÌ×Ì 25 ãÌ×ÑèÌ åÌÅßÑàÍÀàÌÏßÖéÈ ÌàÎê ãÖß ÌàãÆÃ.

ÏíÌÀàÌËíÈÖÜÃÑíÍ×Šà ãÌ×ÑèÌâÁ¿àË¯æÈ‹ÝèÍÏíÌÏßÖéÈÅïÃ æÈ‹ãÀŠ TDK21-B-6-2-1-B, TDK7, 
TDK6 ãÖß TDK 42-4-3-2-1 Æ±ÃæÈ‹ÏíÌÏßÖéÈ ÅßâÖ¨Ç ãÉŠ 3,899 âÊéÃ 4,091 ÀéäÖ É¡ âÝèÀÉà, 
ãÌ×ÑèÌâÁ¿à äÑÌÃàÓ 3 åØ‹ÏíÌÏßÖéÈÉ¡àË̄ÅîÈ ÄáÌ×Ì 2,499 ÀéäÖ É¡âÝèÀÉà Ë̄ÅßÊàÌê äÑÌÃàÓ. 
Ë¯ÅïÌÂ¿ÌÂ×òà ãÖß ÁßØÇàÇâÓèÈÑèÌâÁ¿à ËŠàÅßäÌ ÑíÍ×ŠàÓêãÌ×ÑèÌâÁ¿à TDK47-2B-6-1-1 
åØ‹ÏíÌÏßÖéÈÅïÃË¯ÅîÈ ÄáÌ×Ì 2,499 ÀéäÖ É¡âÝèÀÉà. ÀíÃÀèÌÁ‹àÓ ãÌ×ÑèÌâÁ¿à TDK7 ãÖß 
TDK37-236-2-1-2 æÈ‹ÏíÌÏßÖéÈÉ¡àË¯ÅîÈ ÎßÓàÌ 875 ãÖß 977 ÀéäÖ É¡âÝèÀÉà ÉàÓÖáÈèÍ. 
Ë̄ÅïÌÂ¿ÌÂ×òà ÀßÅéÀá ÑíÍ×Šà ãÌ×ÑèÌâÁ¿à TDK37-B-21-1-2-1-1 æÈ‹ÏíÌÏßÖéÈ ÅïÃË̄ÅîÈ Âì 1,468 
ÀéäÖ É¡âÝèÀÉà.

ÀàÌÎßâÓêÌÅßÊÞÌÖßÑàÍÏíÌÏßÖéÈ ÁÜÃãÌ×ÑèÌâÁ¿à ÌáåÆ‹×éËêÀàÌÁÜÃ Eberhart  Rus-
sell (1966) Æ±ÃÑíÍ×Šà ãÌ×ÑèÌâÁ¿à TDK1, TDK37-236-2-1-2, TDK21-B-24-19-1-B, 
TDK42-4-3-2-1 ãÖß TDK24-13-131-1-1-1 âÎèÌãÌ×ÑèÌâÁ¿à Ë¯ÅàÓàÈÎèÍÉí×æÈ‹Èê ÅßâÑàß 
åÌÅßÑàÍÀàÌÏßÖéÈÍàÃâÁÈ ÀàÌÏßÖéÈÄ±ÃæÈ‹ÏíÌÏßÖéÈÅïÃ. ÀíÃÀèÌÁ‹àÓ ÓêãÌ×ÑèÌâÁ¿à TDK114-
4B-88-B2, TDK6, TDK47-2B-6-1-1 ãÖß TDK43-41-2-3-1 âÎèÌãÌ×ÑèÌâÁ¿àË¯æÈ‹ÏíÌÏßÖéÈÅï
ÃÎàÌÀàÃ ÅàÓàÈÎèÍÉí×æÈ‹Èê åÌÅßÑàÍÀàÌÏßÖéÈË³×æÎ æÈ‹ÏíÌÏßÖéÈÈê.

È¨ÃÌ´Ì Ä±ÃÅàÓàÈÅßÛîÍæÈ‹×Šà ãÌ×ÑèÌâÁ¿à TDK1, TDK42-4-3-2-1 ãÖß TDK7 Â×ÌãÌßÌá 
åØ‹Æà×Ìà ÌáâÜíàãÌ×ÑèÌâÁ¿àÈ¨ÃÀŠà× ÎïÀåÌâÁÈÀàÌÏßÖéÈË³×æÎ.

1ÅïÌÂ¿ÌÂ×‹àâÁ¿à (RRC)
2ÅßÊàÍèÌ Â¿ÌÂ×òà ×éËßÇàÅàÈ âÉèÀÌéÀ ÀßÅéÀá ãÖß ÎŠàæÓ‹ (NAFRI)
3ÓßØà×éËßÇàæÖ ÀÕêÌÅßãÖÌ ÎßâËÈ ÜíÈÅßÉàÖê
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Rice yield stability of rain-fed and irrigated lowland rice
Sipaseurt1, Phoumi Inthapanya1, Dr. Monthathip Chanphengxay2, Dr. S. Fukai3

Abstract

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

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

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

It was concluded that TDK1, TDK42-4-3-2-1 and TDK7 should be recommended to the farmers 
who are growing rice under favourable conditions.  Whereas TDK6, TDK 47-2B-6-1-1 and 
TDK43-41-2-3-1 could be used for growing under unfavourable conditions.

1Rice Research Center (RRC)
2National Agriculture and Forestry Research Institute (NAFRI)
3Queensland University Australia
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ÍíÈÌá

ÅßÑàÍÈéÌÒ‹àÜàÀàÈ ãÖß ÆèÍÑßÇàÀÜÌËá 
ÓßÆàÈ Ë̄ÌáåÆ‹âÁ¿àåÌÀàÌÏßÖéÈåÌÁÜÍâÁÈ
Ë³×ÎßâËÈ æÈ‹ãÍŠÃâÁÈÀàÌÏßÖéÈ ÜÜÀâÎèÌ 2 
ÖßÍíÍ âÆ¨Ì: ÖßÍíÍÀàÌÎïÀâÁ¿à åÆ‹ÌŸÐíÌ ãÖß 
ÖßÍíÍÀàÌÎïÀâÁ¿à åÆ‹ÌŸÆíÌÖßÎßËàÌ.

åÌÖßÍíÍÀàÌÎïÀâÁ¿àåÆ‹ÌŸÐíÌ âÎèÌÀàÌÏß
ÖéÈË¯ÁºÌÀèÍËáÓßÆàÈäÈÇÀíÃ. åÌâÁÈË¯Óê 
ÅßÑàÍã×ÈÖ‹ÜÓËàÃËáÓßÆàÈ ÅáÖèÍÀàÌ 
ÏßÖéÈÀßÅéÀá ÓêÄáÀèÈ âÆ¨Ì: Â×àÓÜîÈíÓÅíÓ  
ÍïÌÁÜÃÈéÌÉ¡à, Â×àÓÅàÓàÈåÌÀàÌÜï‹ÓÌŸ 
ÙòÜÇ, ÈéÌÓêÖèÀÅßÌßâÎèÌÀíÈ ÜéÌÆê×èÈÊîÉ¡à 
ãÖß ÎßÖéÓàÌÌŸÐíÌåÌÍàÃË‹ÜÃÊªÌÍ¡ÑÞÃÑç 
Âì ÎßÓàÌ 1,000-1,200 ÓÓ É¡Îê. ÐíÌâÖ¸ÓÉíÀ 
âÈìÜÌÑëÈÅßÑà –ãÖß ÉíÀÙèÀåÌâÈìÜÌÀèÌÇà ÄíÌ
âÝèÈåØ‹âÀêÈÌŸÊ‹×ÓÍàÃãØŠÃ âÝèÈåØ‹âÀêÈÂ×àÓ 
âÅÇØàÇãÀŠÑìÈ. ÑìÈË¯ÅàÓàÈÎïÀæÈ‹Â×Ì 
ãÓŠÌÑìÈË¯É‹ÜÃÀàÌÌŸÙòÜÇ ãÖß ÎïÀæÈ‹ÈêåÌ
ÈéÌË¯ÓêÂ×àÓÜîÈíÓÅíÓÍïÌÉ¡à. 

åÌÎßÄîÍèÌÌ¸ Æà×ÌàÎïÀÑìÈ ÇèÃÍ¡æÈ‹ÌáåÆ‹ÐîŠÌ 
âÂÓê âÁ¿àåÌÀàÌÏßÖéÈâÖêÇ ÀàÌÌáåÆ‹Ôà 
Î‹ÜÃÀèÌ ãÖß ÀàÌÀáÄèÈÅèÈÉïÑìÈÇèÃÄáÀèÈ Åß 
ÑàÍÀàÌÎïÀâÁ¿àãÍÍÜàæÅÌŸÐíÌ Ä±ÃâÎèÌÅß 
ÑàÍË¯ãØ‹ÃãÖ‹Ã ÈéÌË¯ÓêÂ×àÓÜîÈíÓÅíÓÍïÌÉ¡à 
ÁàÈÎèÈ–åÄÀàÌÏßÖéÈ âÆ̈Ì: ÔàÁ‹àãÓÃæÓ‹ ãÖß 
ÐîŠÌâÂÓê. 

ãÌ×ÑèÌâÁ¿à Ë¯ÌèÀÎèÍÎîÃÑèÌÉ‹ÜÃÀàÌ ÌÜÀ 
ÄàÀÄßæÈ‹ÏíÌÏßÖéÈÅïÃãÖ‹× ÇèÃÄßÉ‹ÜÃÓêÂ×àÓ 
ÅàÓàÈÎèÍÉí×âÁ¿àÀèÍÅßÑàÍã×ÈÖ‹ÜÓÉŠàÃƒ 
æÈ‹Èê åÌãÉŠÖßÎê ãÉŠÖßÖßÈïÀàÌ ãÖß ãÉŠÖß 
ãÁ×ÃæÈ‹ÔŠàÃÀ×òàÃÁ×àÃ ÀàÌÎèÍÉí×ÁÜÃÑìÈ

ãÓŠÌÂ×àÓÅàÓàÈåÌÀàÌÎèÍÉí×ÁÜÃãÉŠÖß 
ãÌ×ÑèÌ. ÀàÌÎŠÞÌãÎÃÅßÑàÍã×ÈÖ‹ÜÓâÎèÌ 
ÍèÌØàË̄ÅáÂèÌ Æ±ÃâÝèÈåØ‹ÀàÌÎèÍÉí× ÁÜÃãÌ× 
ÑèÌÑìÈÍ¡æÈ‹ÈêâË³àË¯Â×Ì (Cooper et al., 1999; 
Fukai et al., 1999). 

ÀàÌÎèÍÉí×ÁÜÃãÌ×ÑèÌâÁ¿à ÓêÂ×àÓãÉÀ 
ÉŠàÃÀèÌÛàÇ Ûì ÙòÜÇ ÁºÌÀèÍÀàÌÎŠÞÌãÎÃ 
ÁÜÃÅßÑàÍã×ÈÖ‹ÜÓ É¡ÀàÌÏßÖéÈÁÜÃãÉŠ 
ÖßãÌ×ÑèÌ (genotypes by environment 
interaction GxE) âÎ èÌÎ èÈ –åÄË ¯âÝ èÈåØ ‹ 
ÀàÌÅßãÈÃÜÜÀÁÜÃãÌ×ÑèÌâÁ¿à Í¡ÀíÃÀèÍ 
ÑèÌËîÀáË¯ÓêÔï Š âÓ²ÜÎïÀÑàÇåÌÅßÑàÍã×È 
Ö‹ÜÓË¯ãÉÀÉŠàÃÀèÌ Ä±ÃâÎèÌÜîÎßÅèÀåÌÀàÌ 
ÂèÈâÖìÜÀÖèÀÅßÌßË¯É‹ÜÃÀàÌ âÑàß×Šà ÖèÀÅß 
ÌßÈ¨ÃÀŠà× ÜàÈÍ¡ÅßãÈÃÜÜÀÓà Ê‹à×ŠàÅß 
ÑàÍã×ÈÖ‹ÜÓË¯Í¡âÚàßÅíÓ Ûì ÅßãÈÃÜÜÀ 
ãÉÀÉŠàÃÄàÀÂ×àÓâÎèÌÄéÃ Henderson et al. 
(1996); Cooper et al.(1997) æÈ‹åÆ‹×éËêÀàÌ 
ËàÃÅßÊéÉéÆŠ×ÇåÌÀàÌ×éåÄ ÎßÉéÀéÖéÇàÝŠ×Ó 
ÖßØ×ŠàÃ ÑèÌËîÀáÀèÍÅßÑàÍã×ÈÖ‹ÜÓ (GxE) 
ÓêÂŠàÛàÇ ÄßâÎèÌÅàâØÈåØ‹Â×àÓÀ‹à×Ùòà 
åÌÀàÌÂèÈâÖìÜÀÑèÌâÁ¿àÛ‡îÈÖíÃ Ç‹ÜÌ×Šà ÏíÌÏß 
ÖéÈÁÜÃâÁ¿àÉíÀÉ¡à.

ÄàÀÏíÌÀàÌËíÈÖÜÃË¯ÏŠàÌÓà ÑíÍ×Šà ãÌ×ÑèÌ 
âÁ¿àË¯ÓêÂ×àÓÎŠÞÌãÎÃËàÃÈ‹àÌÑèÌËîÀá Åà 
ÓàÈÎèÍÉí×ÀèÍÅßÑàÍã×ÈÖ‹ÜÓæÈ‹ÈêÀ×Šà Ûì 
ÜêÀÎßÀàÌÌ±Ã ÓêÎßÉéÀéÖéÇàÀèÍÅßÑàÍã×È 
Ö‹ÜÓÙ‹ÜÇÀ×Šà ÅßãÈÃ×Šà âÁ¿àÅàÓàÈÎèÍÉí× 
æÈ‹ åÌÁÜÍâÁÈÄáÀèÈ (Muir et al., 1992; 
Cooper and DeLacy, 1994; Cooper et al., 
1996). Eberhart et al. (1964) æÈ‹ÅëÀÅàÀàÌ ÎÞ
ÍËÞÍÏíÌÏßÖéÈÁÜÃÅàÖêÖïÀÎßÅíÓÈŠÞ× 15 ÆîÈ 
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ãÖß ÖïÀÎßÅíÓ 3 ËàÃ 60 ÆîÈ Ë¯æÈ‹ÄàÀÀàÌ 
ÎßÅíÓÑèÌÖßØ×ŠàÃ ÅàÇÑèÌãË‹ 6 ÅàÇÑèÌ Óê 
ÀàÌÄèÈÀîŠÓÁÜÃÅßÑàÍã×ÈÖ‹ÜÓ åØ‹âÚàßÅíÓ 
ãÖß ÅàÓàÈÛ‡îÈÏŠÜÌÏíÌÀßËíÍÁÜÃÅßÑàÍ
ã×ÈÖ‹ÜÓÙ‹ÜÇË¯ÅîÈ ÖßØ×ŠàÃÑèÌËîÀá ãÖß 
ÅªÃã×ÈÖ‹ÜÓ (GxE) æÈ‹ äÈÇÀàÌÎïÀåÌÅß 
ÊàÌË̄ÓêÅßÑàÍã×ÈÖ‹ÜÓåÀ‹ÂÞÃÀèÌ âÆ̈Ì: ÀàÌ 
ÀßÄàÇÁÜÃÌŸÐíÌ ÜîÌØßÑïÓ ãÖß ÖèÀÅßÌß 
Â×àÓÜîÈíÓÅíÓÍïÌÁÜÃÈéÌ ãÖß ÇèÃÅßâÙê×Šà 
ÀàÌâÖìÜÀãÌ×ÑèÌË̄ÓêÅßÊÞÌÖßÑàÍ ËàÃÈ‹àÌ 
ÏíÌÏßÖéÈÅïÃ ÄßÅàÓàÈÛ‡îÈÏŠÜÌÏíÌÀßËíÍ 
ÁÜÃÑèÌËîÀá ãÖß ÅßÑàÍã×ÈÖ‹ÜÓ (GxE) æÈ‹ 
ÔŠàÃÓêÎßÅéÈËéÑàÍ âÑàß×Šà ÑìÈÌ´ÌÓêÎßÉéÀéÖé 
ÇàÉ¡à É¡ÀàÌÎŠÞÌãÎÃÁÜÃÅßÑàÍã×ÈÖ‹ÜÓ 
È¨ÃÌ´Ì Ä±ÃÄáâÎèÌÉ‹ÜÃÎïÀËíÈÖÜÃ ÑìÈË¯æÈ‹ÝèÍ 
ÀàÌÂèÈâÖìÜÀåÌÛàÇÅßÊàÌË¯ ãÖß ÛàÇÅß 
ÑàÍã×ÈÖ‹ÜÓ âÑ²ÜÆŠ×ÇåÌÀàÌÂèÈâÖìÜÀãÌ× 
ÑèÌË¯ÓêÏíÌÏßÖéÈÅïÃ åÌãÉŠÖßË‹ÜÃÊªÌ.

ÅáÖèÍÎßâËÈÖà× Æ±ÃâÎèÌÎßâËÈË̄ÀáÖèÃÑèÈËß 
Ìà, Æà×ÌàÅŠ×ÌåØÇŠãÓŠÌËîÀÇàÀ ÀàÌË¯Äß 
åØ‹Æà×ÌàÎèÍÎîÃÈéÌ äÈÇÀàÌåÅŠÐîŠÌ, åØ‹ÌŸ 
ãÖß ÀáÄèÈãÓÃæÓ‹ ÅèÈÉïÑìÈ ÔŠàÃÑÞÃÑçãÓŠÌ 
âÝèÈæÈ‹ÇàÀ. È̈ÃÌ́Ì ÀàÌÎèÍÎîÃÑèÌâÁ¿àË̄æÈ‹ÏíÌ 
ÏßÖéÈÅïÃ ãÖß ÅàÓàÈÎèÍÉí×ÀèÍÅßÑàÍã×È 
Ö‹ÜÓ ãÖß æÈ‹ÏíÌÏßÖéÈÈêÌ´Ì Ä±ÃâÎèÌ×éËêË¯Åà  
ÓàÈÛ‡îÈÉ¿ÌËëÌÀàÌÏßÖéÈ ÁÜÃÆà×ÌàæÈ‹Èê 
Ë¯ÅîÈ (Inthapanya et al., 2001).

ÀàÌÅëÀÅàÂ´ÃÌ¸ ÓêÄîÈÎßÅíÃâÑ²ÜÔàÀÝï ‹×Šà 
ÀàÌÎèÍÉí×ÁÜÃãÌ×ÑèÌâÁ¿à Ë¯æÈ‹ÏíÌÏßÖéÈÈê 
ÑàÇåÉ‹ÅßÑàÍã×ÈÖ‹ÜÓË¯âÚàßÅíÓ âÑ²ÜåØ‹ 
âÀêÈÎßäØÇÈãÀŠÆà×ÌàÉ¡æÎ. 

ÜîÎßÀÜÌ ãÖß ×éËêÀàÌ

ÀàÌËíÈÖÜÃ æÈ‹ÈáâÌêÌåÌÖßÈïÌàÎê 2004 ãÖß 
ÌàãÆÃ Îê 2005  ÌáåÆ‹ãÌ×ÑèÌâÁ¿àË¯ÈêâÈ¨Ì 
ÄáÌ×Ì 25 ãÌ×ÑèÌ Æ±ÃËíÈÖÜÃÎïÀ åÌ 3 
ÅßÊàÌË¯ âÆ¨Ì: Ë¯ÅïÌÂ¿ÌÂ×òàâÁ¿à ÀáãÑÃÌß 
ÂÜÌ×ÞÃÄèÌ, ÅïÌÂ¿ÌÂ×òà ãÖß ÁßØÇàÇâÓèÈ 
ÑèÌ ËŠàÅßäÌ ãÁ×ÃÅßØ×èÌÌßâÁÈ ãÖß Åß 
ÊàÌêËíÈÖÜÃ äÑÌÃàÓ ãÁ×ÃÄáÎàÅèÀ.

ÀàÌËíÈÖÜÃæÈ‹×àÃãÎÃãÍÍÂíÍÊ‹×Ì ãÖß 
ÄèÈ×àÃãÍÍÍèÃâÜêÌ rando-mized complete 
block design (RCB) ÎßÀÜÍÈ‹×Ç 3 ÆŸ Áß 
ÙàÈÁÜÃãÎÃËíÈÖÜÃ 1x4 ãÓèÈ æÖÇßÎèÀÈá 
20x20 ÆÉÓ ÜèÈÉàÐîŠÌË¯åÆ‹ ÅáÖèÍÖßÈïÐíÌ Îê 
2004 ãÓŠÌ 60-30-30 ÀÖ/ÝÉ ÁÜÃ N-P2O5-
K2O ãÖß ÖßÈïÌàãÆÃ 2005 ÜèÈÉàÐîŠÌË¯åÆ‹ 
ãÓŠÌ 90-30-30 ÀÖ/ÝÉ ÁÜÃ N-P2O5-K2O. 
ÏíÌÏßÖéÈ æÈ‹ÌáÓàÎèÍåÌÂ×àÓÆîŠÓ ÓàÈÊàÌ 
14% ãÖß ÌáÓà×éåÄ ËàÃÈ‹àÌÅßËéÉé: 
 
1. ×éåÄÂ×àÓÏèÌãÎÁÜÃÁ§ÓïÌ åÌãÉŠÖßÅß 
ÑàÍã×ÈÖ‹ÜÓ âÑ²ÜÀ×ÈÅÜÍÂ×àÓãÉÀÉŠàÃ 
ÖßØ×ŠàÃ ãÌ×ÑèÌâÁ¿àÉàÓÝïÍãÍÍÁÜÃÀàÌËíÈ 
ÖÜÃãÍÍ RCB È¨ÃÌ¸:

Yij  =  µ+ Ti +  Bj + GE(ij)

2. ÀàÌËíÈÅÜÍÂ×àÓâÎèÌâÜÀßÑàÍ ÀàÌãÎ 
ÎŠ×ÌÁÜÃÏíÌÏßÖéÈ (Test for homogeneity of 
error variance) (Gomez and Gomez, 1984).

3. ×éåÄÂ×àÓãÎÎŠ×ÌÖ×Ó ÁÜÃÁ§ÓïÌÄà
ÀÀàÌËíÈÖÜÃãÉŠÖßÅßÊàÌê (Combined 
analysis) âÑ²ÜËíÈÅÜÍ (GxE) ÉàÓÝïÍãÍÍ 
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ÁÜÃÀàÌËíÈÖÜÃ âÓ²ÜÑíÍ×Šà ÓêÂ×àÓãÉÀÉŠàÃ 
ËàÃÈ‹àÌÅßÊéÉé Ä±Ã×éåÄØàÀàÌÎèÍÉí×ÁÜÃ 
ãÌ×ÑèÌ åÌãÉŠÖßÅßÑàÍã×ÈÖ‹ÜÓ (Stability 
parameter)

Y jjk = µ + L k +T i  + B j(k) + (L x T)ki  + εijk

×éËêÀàÌ×éËê×éâÂàßÁÜÃ Eberhard 
Russell (1966)

ÀàÌËíÈÅÜÍãÌ×ÑèÌâÁ¿à Â×ÌâÝèÈÑàÇåÉ‹Åß 
ÑàÍã×ÈÖ‹ÜÓâÎèÌÄáÌ×ÌÛàÇ ÑçË¯ÄßÅà 
ÓàÈÂ×ÍÂîÓÆŠ×ÃÁÜÃÅßÑàÍã×ÈÖ‹ÜÓâË³àË¯
ÄßâÎèÌæÎæÈ‹ Ä±ÃÅàÓàÈåÆ‹ÎßäØÇÈ ÂŠà pa-
rameter ÄàÀÀàÌ×éåÄÅßÊÞÌÖßÑàÍæÈ‹ÛàÇ 
ÀàÌ×éåÄÂ×àÓãÎÎŠ×ÌÀèÍ regression ÏíÌÏß

ÖéÈÁÜÃãÉŠÖßãÌ×ÑèÌâÁ¿àÉàÓÈèÈÅßÌêÅßÑàÍ
ã×ÈÖ‹ÜÓ (Environment Index) ÉàÓ×éËêÁÜÃ 
Eberhard Russell (1966) ÅàÓàÈÅßãÈÃåÌ 
Model ËàÃÅßÊéÉé È¨ÃÌ¸: 

Υij = µ+Gi +Ej + (βiIj +δij) + εij 

βI   =  	ÂŠà regression ÁÜÃãÌ×ÑèÌâÁ¿à i 	
	 Ë¯ÈèÈÅßÌêÅßÑàÍã×ÈÖ‹ÜÓ 		
	 (Environment Index)

Ij    =  	ÂŠàÈèÈÅßÌêÅßÑàÍã×ÈÖ‹ÜÓË¯ J

δij  = 	 ÂŠàÂ×àÓÍŠÞÃâÍÌ (regression		
	 deviation) ÁÜÃãÉŠÖßãÌ×ÑèÌË¯ 		
	 i  åÌÅßÑàÍã×ÈÖ‹ÜÓ J.

ÉàÉßÖàÃ 1: 	 ×èÌÉíÀÀ‹à ãÖß ×èÌÎèÀÈá Ë¯ÅïÌÂ¿ÌÂ×òàÀßÅéÀá,  ÅïÌÁßØÇàÇâÓèÈÑèÌ 		
		  ËŠàÅßäÌ ãÖß ÅßÊàÌêäÑÌÃàÓ åÌÅßÑàÍÀàÌÏßÖéÈ ÌàÎê ãÖß ÌàãÆÃ.  

ÖßÈïÐíÌ Îê 2004 ÖßÈïãÖ‹Ã Îê 2005

ÅßÊàÌË¯ ×èÌÉíÀÀ‹à    ×èÌÎèÀÈá ×èÌÉíÀÀ‹à    ×èÌÎèÀÈá

RRC 2-Jul 25-Jul 20-Dec 22-Jan

Tasano 25-Jun 25-Jul 22-Dec 25-Jan

PNG 11-Jun 8-Jul 26-Dec 20-Jan

ÚàÇâØÈ: 	 RRC		  =	 ÅïÌÂ¿ÌÂ×òàâÁ¿à, 
		  Tasano		  =	 ÅïÌÂ¿ÌÂ×òàâÁ¿à ËŠàÅßäÌ, 
		  PNG 	 	 =	 ÅïÌÂ¿ÌÂ×òàâÁ¿àäÑÌÃàÓ
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ÏíÌÀàÌËíÈÖÜÃ

ÏíÌÀàÌ×éåÄÂ×àÓãÎÎŠ×Ì ËàÃÈ‹àÌÏíÌÏßÖéÈ 
åÌãÉŠÖßË‹ÜÃÊªÌ Ë¯ÓêÅßÑàÍã×ÈÖ‹ÜÓãÉÀ 
ÉŠàÃÀèÌåÌ 6 ãØŠÃ (2 ÖßÈïÀàÌ x 3 ÅßÊàÌË̄ËíÈ 
ÖÜÃ) æÈ‹ÅßãÈÃ åÌÉàÉßÖàÃ Ëê 2. ÄàÀÏíÌ 
ÀàÌËíÈÖÜÃÑíÍ×Šà ãÌ×ÑèÌâÁ¿àËèÃÚíÈ åØ‹ 
ÏíÌÏßÖéÈãÉÀÉŠàÃÀèÌ åÌãÉŠÖßË‹ÜÃÊªÌãÖß 
ãÉŠÖßãÌ×ÑèÌ ËàÃÈ‹àÌÅßÊéÉéÅïÃ åÌÖßÈèÍ 

Â×àÓâÆ²ÜÚ´Ì 95% åÌãÉŠÖßÎê  ãÖß ãÉŠÖß 
ãÌ×ÑèÌâÁ¿à (Genotypes x environment in-
teractions) âÓ²ÜÑéÄà ÖßÌàâÊéÃÀàÌÎŠÞÌãÎÃ 
ÁÜÃÅßÑàÍã×ÈÖ‹ÜÓ ÅßãÈÃåØ‹âØèÌ×Šà coef-
ficient variation ÅïÃ ÖßØ×ŠàÃ ÏíÌÏßÖéÈÌàÎê 
ãÖß ÌàãÆÃ âÌ²ÜÃÄàÀÅßÑàÍã×ÈÖ‹ÜÓ ÓêÏíÌ 
ÀßËíÍÉ¡ÖèÀÅßÌß ÁÜÃãÉŠÖßãÌ×ÑèÌâÁ¿à 
Ë̄ÎïÀåÌãÉŠÖßÖßÈï È̈ÃÌ́Ì Ä±ÃÓêÂ×àÓãÉÀÉŠàÃ 
ËàÃÈ‹àÌÅßÊéÉé (ÉàÉßÖàÃ Ëê 2).

ÉàÉßÖàÃ 2:	 ÀàÌ×éåÄÅßÊéÉéÖ×Ó ÁÜÃÏíÌÏßÖéÈâÁ¿à ÄáÌ×Ì 25 ãÌ×ÑèÌ ÖßØ×ŠàÃ ÌàÎê 	
		  ãÖß ÌàãÆÃ Îê 2004 ãÖß Îê 2005.

Source of variation DF Sum of Squares  Mean Squares    

Environment   5 21036.00  4207.2 **

Variety (Vty) 24 512644 21360.167 **

En x Vty 120 697437 5811.975 **

Total 300 698476

En + (GxE)SS 125 718473.00 5747.784 *

E (linear)ss 1 21063.00 21063.00 *

Residual 298 69252194 232390

*, ** 	 æÈ‹ÅßãÈÃÂ×àÓãÉÀÉŠàÃ åÌÖßÈèÍÂ×àÓâÆ²ÜÚ´Ì 1% ãÖß 5% ÉàÓÖáÈèÍ ãÖß  
	 ns  Í¡ãÉÀÉŠàÃ-.
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ÉàÉßÖàÃ 3:	 ÎÞÍËÞÍÂŠàÅßâÖ¨Ç ÁÜÃÏíÌÏßÖéÈâÁ¿à 25 ãÌ×ÑèÌ Ë¯ËíÈÖÜÃ åÌÖßÈïÌàÎê 		
		  2004 ãÖß ÖßÈïÌàãÆÃ Îê 2005 (ÀéäÖÀÖàÓ/ÝÉ).

ÖßÈïÀàÌ  ARC CPK  TSN ÂŠàÅßâÖ¨Ç

ÖßÈïãÖ‹Ã (2005) 3,287 3,321 3,843 3,484

ÖßÈïÐíÌ (2004) 3,119 3,573 1,701 2,798

ÂŠàÅßâÖ¨Ç 3,203 3,447 2,772

LSD 5%        207   ÎÞÍËÞÍÖßØ×ŠàÃÖßÈïÀàÌ
LSD 5%       123    ÎÞÍËÞÍÖßØ×ŠàÃÅßÊàÌË¯

ÏíÌÀàÌ×éåÄ ËàÃÅßÊéÉé ÁÜÃ 25 ãÌ×ÑèÌ åÌ 
3 ÄîÈËíÈÖÜÃ ÖßØ×ŠàÃ ÖßÈïÌàÎê ãÖß ÖßÈï 
ÌàãÆÃ æÈ‹ÅßãÈÃåØ‹âØèÌ×Šà ÏíÌÏßÖéÈÅß 
âÖ¨Ç åÌÖßÈïÌàãÆÃ æÈ‹ 3,484 ÀéäÖ É¡âÝèÀÉà 
ÅïÃÀ×ŠàÏíÌÏßÖéÈÅßâÖ¨Ç åÌÖßÈïÌàÎê æÈ‹ 
2,798 ÀéäÖ É¡âÝèÀÉà. ÏíÌÏßÖéÈÁÜÃ 25 ãÌ× 
ÑèÌÑíÍ×Šà Ë̄ÅßÊàÌêäÑÌÃàÓ ÏíÌÏßÖéÈÅïÃÀ×Šà 
ÅïÌÂ¿ÌÂ×‹àâÁ¿à ãÖß ÅïÌÂ¿ÌÂ×òà ãÖß Áß 
ØÇàÇâÓèÈÑèÌ ËŠàÅßäÌ ËèÃÖßÈïÌàÎê ãÖß Ìà 
ãÆÃ.  åÌãÉŠÖßÄîÈ Ë̄ËíÈÖÜÃ 2 ÖßÈï ÏíÌÏßÖéÈ 
âÁ¿à ÅßâÖ¨Ç æÈ‹ 3,447 ÀéäÖ É¡âÝèÀÉà Ë¯ 
ÅßÊàÌê äÑÌÃàÓ, Ë¯ ÅïÌÂ¿ÌÂ×òàâÁ¿à æÈ‹ 
3,203 ÀéäÖ É¡âÝèÀÉà  ãÖß Ë¯ÅïÌÂ¿ÌÂ×òà 
ãÖß ÁßØÇàÇâÓèÈÑèÌ ËŠàÅßäÌ 2,772 ÀéäÖ 
É¡âÝèÀÉà.  â×¿àÖ×ÓãÖ‹× ÖßÈïÌàãÆÃÏíÌÏßÖéÈ 
ÅßâÖ̈ÇÖ×Ó ÖßØ×ŠàÃ 3 ÄîÈËíÈÖÜÃ æÈ‹  3,843 
ÀéäÖ É¡âÝèÀÉà ÛàÇÀ×Šà ÏíÌÏßÖéÈÅßâÖ̈ÇÖ×Ó 
åÌ 3 ÄîÈ ÖßÈïÌàÎê æÈ‹ 1,701 ÀéäÖ É¡âÝèÀÉà 
ãÖß ÅßãÈÃåØ‹âØèÌÂ×àÓÅáÑèÌÖßØ×ŠàÃÖßÈï
ÀàÌ ãÖß ÏíÌÏßÖéÈ (ÉàÉßÖàÃ 3).

ÀíÃÀèÌÁ‹àÓ ÍàÃãÌ×ÑèÌâÁ¿à æÈ‹ÏíÌÏßÖéÈÅß 
âÖ¨Ç åÌÖßÈïÌàãÆÃ Ë¯ÅßÊàÌêäÑÌÃàÓ ãÉŠ 
3,899 âÊéÃ 4,091 ÀéäÖ É¡âÝèÀÉà âÆ¨Ì: ãÌ× 
ÑèÌâÁ¿à TDK21-B-6-2-1-B, TDK7, TDK6, 
TDK42-4-3-2-1 ãÖß ãÌ×ÑèÌâÁ¿à PNG 3 
æÈ‹ÏíÌÏßÖéÈÅßâÖ̈Ç 2,757 ÀéäÖ É¡ âÝèÀÉà ãÖß 
ãÌ×ÑèÌâÁ¿à TDK47-2B-6-1-1 æÈ‹ÏíÌÏßÖéÈ 
ÅßâÖ¨Ç 2,499 ÀéäÖ É¡âÝèÀÉà  Ë¯ÅïÌÂ¿ÌÂ×òà 
ãÖß ÁßØÇàÇâÓèÈÑèÌâÁ¿à ËŠàÅßäÌ TDK7 
ãÖß TDK37-236-2-1-2 æÈ‹ÏíÌÏßÖéÈ Åß 
âÖ¨ÇÉ¡à ãÉŠ 875 âÊéÃ 977 ÀéäÖ É¡âÝèÀÉà  Ë¯ 
ÅïÌÂ¿ÌÂ×òàâÁ¿à TDK37-B-21-1-2-1-1 æÈ‹ 
ÏíÌÏßÖéÈÅïÃÅîÈ 4,181 ÀéäÖ É¡âÝèÀÉà  ãÖß 
TDK42-4-1-1-2 æÈ‹ÏíÌÏßÖéÈÑÞÃãÉŠ 1,468 
ÀéäÖ É¡âÝèÀÉà. ÅáÖèÍÖßÈïÐíÌ ÏíÌÏßÖéÈÅß 
âÖèñÇ ÁÜÃãÉŠÖßãÌ×ÑèÌ ãÉŠ 1,701 âÊéÃ  3,573   
ÀéäÖ É¡âÝèÀÉà ãÖß ÖßÈïÌàãÆÃ ÏíÌÏßÖéÈÅß 
âÖèñÇÁÜÃãÉŠÖßãÌ×ÑèÌ ãÉŠ 3,287 âÊéÃ  3,843 
ÀéäÖ É¡âÝèÀÉà ãÉŠ×Šà Ë¯ÅßÊàÌê äÑÌÃàÓ 
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ãÌ× ÑèÌâÁ¿à TDK1 æÈ‹ÏíÌÏßÖéÈ ÅßâÖ¨Ç 
4,551 ÀéäÖ É¡âÝèÀÉà ãÖß TDK42-4-1-1-2 
æÈ‹ÏíÌ ÏßÖéÈ ÅßâÖèñÇ 1,935 ÀéäÖ É¡âÝèÀÉà  
ãÖß Ë¯ ÅïÌÂ¿ÌÂ×òà ãÖß ÁßØÇàÇâÓèÈÑèÌ 
ËŠàÅßäÌ æÈ‹ÏíÌÏßÖéÈ ÅßâÖèñÇ 4,706 ÀéäÖ 
É¡âÝèÀÉà ãÖß TDK114-4B-79 æÈ‹ÏíÌÏßÖéÈ 
ÅßâÖèñÇ 1,491 ÀéäÖ É¡âÝèÀÉà Ë̄ÅïÌÂ¿ÌÂ×òàâÁ¿à 
TDK21-B-24-19-1-B æÈ‹ÏíÌÏßÖéÈ ÅßâÖèñÇ 
4,031 ÀéäÖ É¡âÝèÀÉà ãÖß  TDK7 æÈ‹ÏíÌÏßÖéÈ 
ÅßâÖèñÇ 4,189 ÀéäÖ É¡âÝèÀÉà ãÖß PNG3 æÈ‹ 
ÏíÌÏßÖéÈ ÅßâÖèñÇ 2,089  ÀéäÖ É¡âÝèÀÉà. 

ÌÜÀÄàÀÌ¸ãÖ‹× ÅáÖèÍÀàÌËíÈÖÜÃÖßÈïÌà 
ãÆÃ ÇèÃÓêÍàÃãÌ×ÑèÌâÁ¿à Ë¯ÅàÓàÈæÈ‹ÝèÍÏíÌ 
ÏßÖéÈ ÅßâÖ¨Ç ÛàÇÀ×Šà 3,000 ÀéäÖ É¡ 
âÝèÀÉà âÆ¨Ì: ãÌ×ÑèÌâÁ¿à TDK42-4-3-1-1, 
TDK6, TDK7, TDK74-13-2-1-1, TDK74-
237-3-1-1, TDK114-4B-88-B1, TDK114-
4B-88-B2,TDK74-13-2-1-1. ÅáÖèÍÖßÈïÐíÌ 
ãÌ×ÑèÌâÁ¿à TDK6 æÈ‹ÏíÌÏßÖéÈÈê åÌ 3 
ÄîÈËíÈÖÜÃ ãÉŠ×Šà ÓêÍàÃãÌ×ÑèÌâÁ¿à Ë¯æÈ‹ÏíÌ 
ÏßÖéÈÅßâÖèñÇ Á‹ÜÌÁ‹àÃÈê âÆ¨Ì: TDK37-1-
2-51, TDK114-4B-79, TDK114-4B-88-B1, 
TDK114-4B-88-B2, TDK42-4-3-1-1 ãÖß 
TDK7 Ë̄ÅïÌÂ¿ÌÂ×òàâÁ¿à ãÖß ÅßÊàÌê äÑÌÃàÓ 
(ÉàÉßÖàÃ 4 ãÖß 5).

ÀàÌÎßâÓêÌÏíÌÏßÖéÈ ÁÜÃãÌ×ÑèÌâÁ¿à 
åÌÅßÑàÍã×ÈÖ‹ÜÓÉŠàÃƒ (Stability 
analysis):

âÌ²ÜÃÄàÀ×Šà ÏíÌÀàÌ×éåÄÖ×Ó Ë̄ÓêÂ×àÓãÉÀ
ÉŠàÃËàÃÈ‹àÌÅßÊéÉé ÁÜÃÎßÉéÀéÖéÇàÅáÑèÌÖß

Ø×ŠàÃ ãÌ×ÑèÌ x ÅßÑàÍã×ÈÖ‹ÜÓ (gen-
otypes x location x season interaction) 
æÈ‹ÅßãÈÃÂ×àÓãÉÀÉŠàÃ ËàÃÈ‹àÌÅßÊéÉé È¨Ã 
Ì´Ì Ä±ÃæÈ‹ÌáâÜíàÁ§ÓïÌÈ¨ÃÀŠà× Óà×éåÄÀŠÞ×ÀèÍ 
ÏíÌÀßËíÍÁÜÃÅßÑàÍã×ÈÖ‹ÜÓ É¡ÀèÍÏíÌÏßÖéÈ 
äÈÇåÆ‹× éË ê ÁÜÃ Eberhart and Russell 
(1966) âÎèÌ×éËêÀàÌÎßâÓêÌÂŠà ÁÜÃãÌ×ÑèÌ 
åÌãÉŠÖßÅßÑàÍã×ÈÖ‹ÜÓ (genotypes 
across six locations)  ÀàÌÎßâÓêÌÂŠàÈ¨ÃÀŠà× 
ãÓŠÌÂŠàÁÜÃ regression coefficient (b) 
=1, deviations regression (S2d) ãÖß 
ÏíÌÏßÖéÈÅïÃ ÁÜÃãÉŠÖßãÌ×ÑèÌ åÌãÉŠ 
ÖßÅßÊàÌË¯  ÀàÌ×éåÄÂ×àÓãÎÎŠ×Ì âÑ²ÜÎß 
âÓêÌÏíÌÏßÖéÈÑíÍ×Šà ÓêÂ×àÓãÉÀÉŠàÃËàÃÈ‹àÌ 
ÅßÊéÉé ÁÜÃ 25 ãÌ×ÑèÌ Æ±ÃÓêÂ×àÓÅàÓàÈÎèÍ 
Éí×åÌÅßÑàÍã×ÈÖ‹ÜÓË¯ãÉÀÉŠàÃÀèÌ âÆ¨Ì: 
ãÌ×ÑèÌâÁ¿à TDK1 ãÖß TDK42-4-3-1-1 
æÈ‹ÏíÌÏßÖéÈÅïÃÀ×ŠàãÌ×ÑèÌÜ²Ìƒ ãÉŠ 3,598 
ÀéäÖ É¡âÝèÀÉà ãÖß 3,596 ÀéäÖ É¡âÝèÀÉà 
ÉàÓÖáÈèÍ ãÖß ÇèÃÑíÍ×Šà ãÌ×ÑèÌâÁ¿à TDK1 
æÈ‹ÂŠàÀàÌÎèÍÉí× åÌÅßÅßÑàÍã×ÈÖ‹ÜÓ (re-
gression coefficient) ÅïÃÀ×Šà 1 (b>1).  

È̈ÃÌ́Ì Ä±ÃÅàÓàÈâ×¿àæÈ‹×Šà 2 ãÌ×ÑèÌ Ë̄ÀŠà×Óà 
âÎèÌãÌ×ÑèÌ Ë̄ÅàÓàÈÎèÍÉí×æÈò åÌÅßÑàÍã×È 
Ö‹ÜÓË¯âÚàßÅíÓ ÅàÓàÈæÈ‹ÏíÌÏßÖéÈÅïÃ 
ãÌ×ÑèÌâÁ¿à TDK7, TDK21-B-6-2-1-B ãÖß 
TDK6 ÅàÓàÈæÈ‹ÏíÌÏßÖéÈ ÅßâÖ¨Ç 3,586, 
3,503 ãÖß 3,449 ÀéäÖ É¡âÝèÀÉà ÉàÓÖáÈèÍ 
ÅàÓàÈÎèÍÉí×ÀèÍÅßÑàÍã×È Ö‹ÜÓæÈ‹Èê 
ÅáÖèÍãÌ×ÑèÌâÁ¿à TDK47-2B-6-1-1, TDK43-
41-2-3-1, TDK114-4B-88-B2 ãÖß TDK3 
æÈ‹ÏíÌÏßÖéÈÅïÃâÚìÜÌÀèÌ ãÉŠÍ¡ÅàÓàÈÎèÍÉí
×âÁ¿àÀèÍÅßÑàÍã×ÈÖ‹ÜÓ æÈ‹. ÓêÍàÃÎê ãÖß 
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ÍàÃÄîÈËíÈÖÜÃ ÏíÌÏßÖéÈ ÉíÀÉ¡à ÂŠà regres-
sioncoefficients É¡àÀ×Šà 1 ÅáÖèÍãÌ×ÑèÌâÁ¿à 
TDK74-237-3-1-1,TDK114-4B-88-B1, 
TDK114-4B-5, PNG3 ãÖß TDK42-4-
1-1-2 æÈ ‹Ï íÌÏßÖéÈÉ¡à 2,925, 2,911, 
2,854, 2,572 ÀéäÖ É¡âÝèÀÉà ÉàÓÖáÈèÍ 
Ñ‹ÜÓËèÃÂŠà regression coefficients É¡àÀ×Šà 
1 âÎèÌãÌ×ÑèÌâÁ¿àË¯âÚàßÅíÓ
ãÖß ÅàÓàÈÎèÍÉí×æÈ‹Èê åÌËîÀÅßÑàÍã×È 
Ö‹ÜÓ ÏíÌÏßÖéÈÍ¡ÎñÞÌãÎÃ Á‹ÜÌÁ‹àÃÅßÚœÅß 
âÚê ãÉŠÉÜÍÅßÙÜÃÀàÌÎŠÞÌãÎÃ É¡ÅßÑàÍ 
ã×ÈÖ‹ÜÓåÌÝïÍâÅ´ÌÉíÃË¯ãÉÀÉŠàÃÀèÌ ãÉŠ×Šà
Í¡ÓêÎßÉéÀéÖéÇàÖßØ×ŠàÃãÌ×ÑèÌ ãÖß ÅßÑàÍ 
ã×ÈÖ‹ÜÓ Ûì ÖßÈèÍ regression ÁÜÃãÉŠÖß 
ãÌ×ÑèÌÉŠàÃƒÓêÂ×àÓãÎÎŠ×ÌæÎÉàÓÅßÑàÍ 
ã×ÈÖ‹ÜÓÍ¡ÛàÇâË³àåÈ ãÖß ÂŠàÍŠÞÃâÍÌäÈÇ 
ÅßâÖ¨Ç Í¡ãÉÀÉŠàÃÄàÀÂ×àÓãÎÎŠ×ÌÖ×Ó 
(Poolederror). 

ÅßãÈÃ×Šà Á§ÓïÌÍŠÞÃâÍÌÄàÀ regression 
ÜêÃÉàÓÀàÌ×éåÄÏíÌ ÁÜÃ regression co-
efficient ÅïÃÀ×Šà 1 (b>1) æÈ‹ãÀŠãÌ×ÑèÌ 
âÁ¿à TDK1, TDK37-236-2-1-2, TDK21-
B-24-19-1-B ãÖß TDK42-4-3-2-1  Ë ¯ 
æÈ ‹Ý èÍÏíÌÏßÖéÈ åÌÅßÑàÍã×ÈÖ‹ÜÓË¯ 
âÚàßÅíÓ ÀèÍÅßÑàÍã×ÈÖ‹ÜÓË¯Èê. ãÌ×ÑèÌ 
ÅàÓàÈÎèÍÉí×æÈ‹Èê ãÓŠÌãÌ×ÑèÌâÁ¿àË¯Óê       
regression coefficient âË³àÀèÍ 1 (b=1) æÈ‹ 
ÝèÍÏíÌÏßÖéÈÅïÃ ãÖß Standard deviation 
É¡à æÈ‹ãÀŠ ãÌ×ÑèÌâÁ¿à TDK6, TDK43-41-
2-3-1, TDK114-4B-5 ãÖß TDK74-237-
3-1-1 ãÌ×ÑèÌâÁ¿àË¯ÓêÂŠà regression coef-
ficient É¡àÀ×Šà 1 (b<1) æÈ‹ãÀŠãÌ×ÑèÌâÁ¿à 

TDK47-2B-6-1-1, TDK42-4-1-1-2, TDK114-
4B-88-B1 ãÖß TDK3 ÅàÓàÈÎïÀæÈ‹ åÌ 
ÅßÑàÍã×ÈÖ‹ÜÓ Ë¯ÓêÂ×àÓÜîÈíÓÅíÓÍïÌÉ¡à 
ãÌ×ÑèÌË̄ÅàÓàÈÎèÍÉí×æÈ‹Èê ãÓŠÌãÌ×ÑèÌâÁ¿à 
TDK1, TDK42-4-3-2-1 ãÖß TDK7 Ë¯ 
âÚàßÅíÓÎïÀåÌÈéÌË¯ÓêÂ×àÓÜîÈíÓÅíÓÍïÌÈê  
ÀíÃÀèÌÁ‹àÓ ãÌ×ÑèÌâÁ¿à TDK6, TDK 47-2B-
6-1-1 ãÖß TDK43-41-2-3 âÚàßÅíÓÎïÀåÌ 
âÁÈË¯ÓêÂ×àÓÜîÅíÓÍïÌÉ¡à (ÉàÉßÖàÃËê 6).

×éÄàÌ

ÀàÌËíÈÖÜÃ ÀàÌÎèÍÉí×ÁÜÃãÌ×ÑèÌâÁ¿àÉ¡ 
ÅßÑàÍã×ÈÖ‹ÜÓ ÖßØ×ŠàÃ ÌàÎê 2004 ãÖß 
ÌàãÆÃ 2005 ÄîÈÎßÅíÃ âÑ²ÜÀáÌíÈÏíÌÏßÖéÈ 
ÁÜÃãÌ×ÑèÌË¯ÅàÓàÈæÈ‹ÏíÌÏßÖéÈÅïÃ åÌãÉŠ 
ÖßÅßÑàÍã×ÈÖ‹ÜÓ. ÏíÌÀàÌ×éåÄÖ×ÓæÈ‹Åß 
ãÈÃÂ×àÓãÉÀÉŠàÃËàÃÈ‹àÌÅßÊéÉé åÌãÉŠ 
ÖßÄîÈËíÈÖÜÃ ãÖß ãÉŠÖßÖßÈïÀàÌ ÜêÃÉàÓ 
ÀàÌÎßâÓêÌÁÜÃ Eberhart and Russell (1966) 
âÌ²ÜÃÄàÀ×Šà ÏíÌÀßËíÍÁÜÃÜèÈÉàÐîŠÌ ÖßØ×ŠàÃ 
ÌàÎê ãÖß ÌàãÆÃ ÓêÂ×àÓãÉÀÉŠàÃ ãÖß 
ÅßÑàÍã×ÈÖ‹ÜÓÀñ çÓ êÂ×àÓãÉÀÉŠàÃÀèÌ.
ÓêÍàÃãÌ×ÑèÌÓêÂŠà ÅßâÖ¨Ç ÁÜÃ regression 
coefficients (b>1) ÅïÃÀ×Šà ÅàÓàÈÎèÍÉí×æÈ‹Èê 
åÌÖßÈïÌàÎê ãÖß ÌàãÆÃ âÆ¨Ì: TDK47-2B-
6-1-1, TDK42-4-1-1-2, TDK114-4B-88-B1, 
PNG3, TDK3, TDK74-13-2-1-1. ÀíÃÀèÌÁ‹àÓ 
ÍàÃãÌ×ÑèÌ âÆ̈Ì: TDK114-4B-88-B2, TDK6, 
TDK47-2B-6-1-1ãÖß TDK43-41-2-3-1 
æÈ‹ÏíÌÏßÖéÈÅïÃâÚìÜÌÀèÌ ãÉŠ×ŠàÂŠà  regres-
sion coefficient É¡à Æ±ÃÅßãÈÃåØ‹âØèÌ×Šà 
ÅàÓàÈÎèÍÉí×æÈ‹ åÌÅßÑàÍÈéÌË̄ÓêÂ×àÓÜîÈíÓ 
ÅíÓÍïÌÉ¡à.
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ÅßâÑàßãÌ×ÑèÌâÁ¿à TDK1 æÈ‹ÏíÌÏßÖéÈ ÅïÃ 
À×ŠàÚïŠ 3,595 ÀéäÖ É¡âÝèÀÉà ãÖß TDK42-4-
1-1-2 æÈ‹ÏíÌÏßÖéÈÉ¡à 2,050 ÀéäÖ É¡âÝèÀÉà. 
È¨ÃÌ´Ì ÀàÌÅßãÈÃÏíÌÏßÖéÈÁÜÃãÉŠÖßãÌ×
ÑèÌåÌãÉŠÖßÄîÈ ÓêÂ×àÓãÉÀÉŠàÃÀèÌËàÃÈ‹àÌ 
ÏíÌÀßËíÍÁÜÃãÌ×ÑèÌ ãÖß ÅßÑàÍã×ÈÖ‹ÜÓ 
Ë¯ÓêÀàÌÎèÍÉí×âÁ¿àÀèÍÅßÑàÍã×ÈÖ‹ÜÓ ÉàÓ 
ÀàÌÅßâÙêÁÜÃ Cooper et al. (1997) ×ŠàÈ‹×Ç 
ÀàÌËíÈÖÜÃåÌâÁÈÜàÆê.

ÅßÛîÍ

ÀàÌÅëÀÅàÏíÌÀßËíÍ ÁÜÃÅßÑàÍã×ÈÖ‹ÜÓ 
É¡ÏíÌÏßÖéÈ 25 ãÌ×ÑèÌ åÌ 3 ÄîÈËíÈÖÜÃ ÖßØ×ŠàÃ 
ÖßÈïÌàãÆÃ ãÖß ÌàÎê äÈÇåÆ‹×éËêÀàÌ×éåÄ 
ãÍÍ Eberhart and Russell (1966) ÑçÅßÛîÍ 
æÈ‹×Šà Â×àÓÅáÑèÌÖßØ×ŠàÃ ãÌ×ÑèÌ ãÖß 
ÅßÑàÍã×ÈÖ‹ÜÓ ÓêÂ×àÓãÉÀÉŠàÃÀèÌåÌãÉŠ 
ÖßÎê È¨ÃÌ´Ì Â×ÌÌáåÆ‹ãÌ×ÑèÌ: TDK1, 
TDK37-236-2-1-2, TDK21-B-24-19-1-B, 
TDK42-4-3-2-1, TDK27-13-131-1-1-1 
Æ±ÃâÎèÌãÌ×ÑèÌâÁ¿àÙÞ× ãÖß Æà×ÌàÅàÓàÈÌá 
æÎÎïÀ æÈ‹ÔŠàÃÀ×òàÃÁ×àÃ åÌÑàÀÀàÃ ãÖß 
ÑàÀåÉ‹É¡æÎ.

ÂáÁÜÍåÄ

ÁçÅßãÈÃÂ×àÓÁÜÍåÄ ÌáÅïÌÂ¿ÌÂ×òàâÁ¿à 
ãÖß ÅßÊàÌêÉŠàÃƒ Ë¯ÜáÌ×ÇÂ×àÓÅßÈ×À,  
äÂÃÀàÌÖà×âÜÆêÜà Australian Center 
for International Agricultural Research 
(ACIAR) Ë̄æÈ‹ÎßÀÜÍÅŠ×ÌËëÌ âÁ¿àåÌ×ÞÀÃàÌ 
ËíÈÖÜÃ.

REFERENCES

Cooper, M. and  I.H. Delacy. 1994.  Rela-
tionships among analytical methods used to 
Study genotypic variation and genotype-by-
environment interaction in plant breeding 
multi-environment experiments.  Theoretical 
and Applied Genetics, 88: 561-572.

Cooper, M., I.H. DeLacy  and   K.E.  Bas-
ford. 1996. Relationships among Analytical 
method used to Analyse Genotypic Adapta-
tion in Multi-environmental Trials. pp 193-
224. In: Cooper, M. and Hammer, G.L., eds.  
Plant Adaptation and Crop Improvement. 
CAB International in association with IRRI 
and ACRISAT, Wallingford, U.K.

Cooper, M. and  B. Somrith. 1997. Implica-
tions of genotype-by-environment interac-
tionsfor yield adaptation of rain-fed lowland 
rice, influence of flowering date on yield vari-
ation.  pp 104-114. In: Breeding Strategies for 
Rain-fed Lowland Rice in Drought-prone En-
vironments. Proceedings of an International 
Workshop, Ubon Ratchatani, Thailand, 5-8 
November 1996. ACIAR. Proceeding 77.

Cooper,M., S. Rajatasereekul,B. Som-
rith, Sirivuth, S.Immark, C.Boonwite, 
A.Suwanwongse, S. Ruangsook, P. Han-
viriyapant, P. Romyen, P. Porn-uraisanit, 
E. Skulkhu., S. Fukai, J. Basnayake  and 



172 ÀçÖßÀíÈ - ËèÌ×à 2007

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

D.W. Podlich, 1999.  Rainfed lowland rice 
breeding strategies for Northeast Thailand. II. 
Comparison of intrastation and inter-station 
selection.  Field Crops Res. 64: 152-176.

Eberhart, S.A., and  W.A. Russell. 1964.  
Stability parameters for comparing varieties 
Crop Sci. 6: 36-40.

Fukai, S., P. Inthapanya,  .P.C. Blamey  and 
S.Khunthasuvon, 1999.  Genotypic variation 
in rice grown in low fertile soils and drought-
prone, rainfed lowland environments.  Field 
Crops Res. 64: 121-130.

Gomez, K.A . and A.A.Gomez. 1984.  Statis-
tical procedures for agricultural research, 2 nd 
ed. John Wiley and Son.New York. 680 pp.

Henderson, S.A., S.Fukai, B. Jongdee  and   
M.Cooper. 1996.  Comparing simulation and  
experimental approaches to analysis of geno-
type by environment interactions for yield in 
rainfed lowland rice. pp 443-464.  In: Cooper, 
M. and G.L.Hammer. eds.  Plant Adaptation 
and Crop Improvement.  CAB International, 
in association with IRRI and ICRISAT, Wall-
ingford, U.K.

Inthapanya, P., Sipaseuth, P. Sihavong, 
V. Sihathep, M.Chanphengsay, S.Fukai   
and  J. Basnayake 2001.  In: S.Fukai, and 
J. Basnayake., eds.  Increased Rainfed Low-
land Rice Production in the Mekong Region.  

Proceedings of an International Workshop, 
Vientiane, Lao PDR, 30 Oct-2 Nov, 2000.  
ACIAR Proceedings, 101: 191-200.

Muir, W., W.E. Nyquist  and  S.Xu. 1992.  
Alternative partitioning of the genotype-by-
environment interaction.  Theoretical and 



173 ÀçÖßÀíÈ - ËèÌ×à 2007

×àÖßÅàÌ ÀßÅéÀçà ãÖß ÎñàæÓò

âÜÀßÅàÌãÌÍË‹àÇ
ÉàÉßÖàÃ 4:	 ÎÞÍËÞÍÏíÌÏßÖéÈÅßâÖ¨Ç ÁÜÃãÉŠÖßãÌ×ÑèÌâÁ¿à 25 ãÌ×ÑèÌ åÌ 3 ÄîÈËíÈ 	
		  ÖÜÃ ÖßØ×ŠàÃ ÖßÈïãÖ‹Ã Îê 2005 ãÖß ÖßÈïÐíÌ Îê 2004.

Ö/È ãÌ×ÑèÌ
ÖßÈïÐíÌ Îê 2004 ÖßÈïãÖ‹Ã Îê 2005

PNG Tasano ARC PNG Tasano ARC

1 TDK21-B-24-19-1-B 3,402 b 1,466 c 3,675 ab 3,221ab 4,446 a 4,029 ab
2 TDK21-B-6-2-1-B 3,939 a 1,995 c 3,994 a 3,663 ab 4,292 a 3,134 b
3 TDK27-13-131-1-1-1 3,498 b 1,648 c 3,432 b 3,098 b 4,375 a 3,810 ab
4 TDK37-1-2-51 3,479 a 1,224 c 3,755 a 3,228 ab 3,476 a 2,557 b
5 TDK114-4B-79 3,480 a 1,562 b 3,336 a 3,042a 3,907a 3,283a
6 TDK42-4-1-1-2 3,345 a 1,252 b 1,468 b 1,935 b 1,491 b 2,809 a
7 TDK114-4B-5 3,625 a 1,642 c 2,433 bc 3,144 ab 3,460 a 3,130 ab
8 TDK114-4B-88-B1 3,477 a 1,843 b 3,182 a 2,738 a 3,178 a 3,047 a
9 TDK114-4B-88-B2 3,823 a 1,707 b 2,939 a 3,294 a 3,311 a 3,534 a
10 TDK47-6-1-2-3 3,247 b 1,576 c 3,666 ab 3,261b 4,249 a 3,432 ab
11 TDK42-4-3-1-1 3,850 a 1,924 b 3,935 a 3,538 a 4,400 a 3,927 a
12 TDK6 3,921a 2,086 a 3,445 a 3,447 a 4,068 a 3,730 a
13 TDK7 4,091a 1,875 b 3,837 a 3,731 a 3,949 a 4,031 a
14 PNG3 2,979 a 1,822 b 1,788 b 3,165 a 3,591 a 2,089 b
15 TDK1 3,636 c 1,288 d 3,834 bc 4,551 ab 4,706 a 3,574 c
16 TDK3 3,586 a 2,026 b 2,506 b 3,602 a 3,616 a 2,712 b
17 TDK5 3,017 b 1,687 c 3,136 b 2,866 b 4,379 a 3,736 ab
18 NTN1 3,662 ab 1,684 c 3,025 b 3,794 ab 4,093 a 3,272 ab
19 TDK47-2B-6-1-1 3,244 ab 2,499 b 3,549 a 3,431 a 3,520 a 3,796 a
20 TDK37-B-21-1-2-1-1 3,719 ab 1,471 c 4,181 a 3,197 b 3,530 ab 3,016 b
21 TDK74-13-2-1-1 3,704 a 1,854 b 1,491 b 3,475 a 3,461 a 3,137 a
22 TDK74-237-3-1-1 3,546 a 1,723 b 2,016 b 3,186 a 3,725 a 3,354 a
23 TDK37-236-2-1-2 3,627 a 977 c 2,686 b 3,893 a 4,194 a 2,683 b
24 TDK42-4-3-2-1 3,899 ab 1,769 c 3,042 b 3,066 b 4,477 a 3,433 b
25 TDK43-41-2-3-1 3,541ab 1,920 c 3,623 ab 3,463 ab 4,189 a 2,912 b

ÂŠàÅßâÖ¨Ç 3,573 1,701 3,119 3,321 3,843 3,287

ÂŠàÅßâÖ¨Ç Ë¯ÉàÓÈ‹×ÇÉí×ÙèÃÅìâÚìÜÌÀèÌåÌãÊ×ÌÜÌ Í¡ÓêÂ×àÓãÉÀÉŠàÃËàÃÈ‹àÌÅßÊéÉé 
åÌÖßÈèÍÂ×àÓâÆ²ÜÚ´Ì 5% äÈÇåÆ‹ DMRT.
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ÉàÉßÖàÃ 5:	 ÎÞÍËÞÍÏíÌÏßÖéÈÅßâÖ¨Ç ÁÜÃãÉŠÖßãÌ×ÑèÌâÁ¿à 25 ãÌ×ÑèÌ åÌ 3 ÄîÈËíÈ 	
		  ÖÜÃ ÖßØ×ŠàÃ ÖßÈïãÖ‹Ã Îê 2005 ãÖß ÖßÈïÐíÌ Îê 2004.

No
ÖßÈïÐíÌ Îê 2004          ÖßÈïãÖ‹Ã Îê 2005

PNG Tasano ARC PNG Tasano ARC

V1 3,402 abc 1,465 bcd  3,675 a-e   3,221 bcd    4,446 abc   4,189 a     

V2 3,940 a  1,995 abc  3,994 ab  3,663 bc      4,292 a-e     3,134 b-h 

V3 3,498 abc 1,648 bcd  3,432 a-f 3,098 bcd 4,375 a-d      3,810 abc     

V4 3,479 abc  1,224 cd   3,756 a-e   3,228 bcd   3,477 efg    2,557 hi      

V5 3,480 abc 1,562 bcd   3,336 b-f  3,042 bcd    3,908 a-g    3,283 a-h     

V6 3,345 abc 1,252 bcd   1,468 j    1,935 e 1,491 h      2,809 e-i     

V7 3,626 abc 1,642 bcd   2,433 ghi  3,144 bcd    3,460 efg    3,130 b-h     

V8 3,477 abc 1,843 abc   3,182 b-g  2,738 d 3,178 g 3,047 c-h     

V9 3,823 abc  1,707 a-d  2,939 efg   3,294 bcd    3,311 fg      3,534 a-f     

V10 3,247 abc  1,576 bcd  3,666 a-e   3,261 bcd    4,249 a-e     3,431 a-g     

V11 3,850 ab  1,924 abc  3,936 abc   3,538 bcd    4,400 a-d     3,927 ab      

V12 3,921 a   2,086 ab   3,445 a-f   3,447 bcd    4,068 a-f     3,730 a-d     

V13 4,091 a   875 d   3,838 a-d   3,731 b 3,949 a-g 4,031 a

V14 2,978 c   1,822 abc  1,785 ij    3,165 bcd     3,591 d-g     2,089 i       

V15 3,636 abc 1,288 bcd  3,834 a-d   4,551 a 4,706 a       3,574 a-e 

V16 3,586 abc  2,026 abc 2,506 ghi  3,602 bc      3,616 c-g     2,712 f-i     

V17 3,017 bc  1,687 a-d 3,136 c-g   2,866 cd      4,379 a-d     3,736 a-d     

V18 3,662 abc 1,684 a-d 3,025 d-g   3,794 b 4,093 a-f     3,272 a-h     

V19 3,244 abc  2,499 a   3,549 a-e   3,431 bcd     3,520 efg     3,796 abc     

V20 3,719 abc  1,471 bcd  4,180 a 3,197 bcd     3,530 efg     3,016 c-h     

V21 3,703 abc  1,854 abc  1,491 j 3,475 bcd    3,461 efg     3,137 b-h     

V22 3,546 abc  1,723 a-d  2,016 hij  3,186 bcd   3,725 b-g     3,174 b-h

V23 3,627 abc   977 d    2,686 fgh  3,893 ab     4,194 a-e     2,682 ghi     

V24 3,899 a     1,769 a-d 3,041 d-g  3,066 bcd    4,477 ab      3,433 a-g     

V25 3,541 abc   1,920 abc  3,623 a-e  3,463 bcd     4,189 a-e     2,912 d-h     

Mean 3,573 1,701 3,119 3,321  3,843 3,287

ÂŠàÅßâÖ̈Ç Ë̄ÉàÓÈ‹×ÇÉí×ÙèÃÅìâÚìÜÌÀèÌåÌãÊ×ÌÜÌ Í¡ÓêÂ×àÓãÉÀÉŠàÃËàÃÈ‹àÌÅßÊéÉé åÌÖß 
ÈèÍÂ×àÓâÆ²ÜÚ´Ì 5% äÈÇåÆ‹ DMRT.
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ÉàÉßÖàÃ 6:	 ÏíÌÏßÖéÈÅßâÖ¨Ç (ÀéäÖ É¡âÝèÀÉà) regression coefficient (b), the deviation 		
		  from regression (S2d) ÅáÖèÍ 25 ãÌ×ÑèÌ åÌ 6 ÅßÑàÍã×ÈÖ‹ÜÓ.

Variety name Yield(kg/ha)
Regression Deviation 

Coefficient from regression(S2d)

TDK21-B-24-19-1-B 3,373abc 1.27ns 0.26**

TDK21-B-6-2-1-B 3,503ab 1.02ns 0.81**

TDK27-13-131-1-1-1 3,310bc 1.16ns 0.86**

TDK37-1-2-51 2,953f 1.09ns 0.31*

TDK114-4B-79 3,102de 1.05ns 0.11**

TDK42-4-1-1-2 2,050j  0.51** 0.50 ns

TDK114-4B-5 2,906g 0.93ns 0.17**

TDK114-4B-88-B1 2,911g 0.70* 0.16*

TDK114-4B-88-B2 3,101de 0.91ns 0.19**

TDK47-6-1-2-3 3,238cd 1.11ns 0.21**

TDK42-4-3-1-1 3,596a 1.11ns 0.16**

TDK6 3,449ab 0.94ns 0.07**

TDK7 3,586ab 1.08ns 0.17**

PNG3 2,572i 0.72* 0.37 ns

TDK1 3,598a 1.53ns 0.30**

TDK3 3,008f 0.77* 0.25*

TDK5 3,137de 1.05ns 0.30*

NTN1 3,255cd 1.11ns 0.13**

TDK47-2B-6-1-1 3,340abc   0.49** 0.17*

TDK37-B-21-1-2-1-1 3,186d 1.03ns 0.35*

TDK74-13-2-1-1 2,854h 0.86* 0.46 ns

TDK74-237-3-1-1 2,925g 0.96ns 0.29*

TDK37-236-2-1-2 3,010e 1.48ns 0.27**

TDK42-4-3-2-1 3,281cd 1.17ns 0.19**

TDK43-41-2-3-1 3,275cd 0.95ns 0.81**

*, ** ÂŠàÅßâÖ̈ÇâÂ²ÜÃÚàÇâÚìÜÌÀèÌ Í¡ÓêÂ×àÓãÉÀÉŠàÃËàÃÈ‹àÌÅßÊéÉéÂ×àÓâÆ²ÜÚ́Ì 5% äÈÇ 
åÆ‹ DMRT.


