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 The Cambodian Journal of Agriculture is proudly back and, just like before, it will be playing an 
important role to serve as the forum for all researchers and scientists in Cambodia, and elsewhere, to pub-
lish their findings, to share their knowledge and, to communicate more effectively with one another. 
 
 In the 21st century, more than ever before, the knowledge of people is expanding rapidly.  But yet 
there is still lack of effective communication sharing that can help us to combat against hunger and to ut-
terly eradicate poverty. It is a worldwide incapability syndrome but it is even more serious in the country 
like Cambodia where knowledge sharing is still very limited. 
 
 For this reason, bringing back the Cambodian Journal of Agriculture is especially important for 
every one to effectively share and disseminate the new knowledge to the development of the country and 
the social welfare of all.  We are fully optimistic that the Cambodian Journal of Agriculture will provide 
significant contributions to promote better linkages, nationally and internationally, in the fields of research 
and education; and with its contributions we have all the confidences that agricultural productivity in the 
country will steadily increase. Eventually, hunger will be diminished and poverty will be ultimately eradi-
cated. We therefore urge for your support and contribution. 
 
 Contributions of many who responsible to bring back this journal are well acknowledged. Amongst 
all, the support that the Australian Center for International Agricultural Research (ACIAR) has provided is 
highly appreciated. 
 
 
 
 

Men Sarom 
Editor 
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Subscribe Now 
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karsikSaBITMlab;énkardaMduH ktþararaMg niglT§PaBkñúgkarbegIánplitkmμdMNaMcMkarenAkm<úCa  
CONTEMPORARY PRACTICES, CONSTRAINTS AND OPPORTUNITIES 

FOR NON-RICE CROPS IN CAMBODIA 
 

 Robert Farquharson*, Chea Sareth, Chapho Somrangchittra, Richard W. Bell, Seng Vang, 
Wendy Vance, Robert Martin, Ung Sopheap and Fiona Scott  

GtßbTsegçb 
 RbeTskm< úCa)anQandl;karFanasni þsuxes,ógelI 
plitkm μRsUv dUcenHGacmanlT§PaBkñúgkarbegIánkarepþatkarykcitþ 
Tukdak;edImI,CMrujplitkm μdMNaMcMkarepSg² dUcCasENþkesog 
sENþk)ay eBat l¶ sENþkdI emÞs nigsENþkGgÁúy. kñúgxN³ 
EdldMNaMRsUvenAEtCadMNaMcMbgenARbeTskm<úCa plitkm μéndMNaM 
cMkarepSg²eTot kMBugmankarekIneLIgy:agqab;rh½s nigmansar 
sMxan;CaBiessdl;karGPivDÆn_enAkñúgtMbn;epSg²enAkñúgRBHraCaNa 
cRkkm<úCa EdlminmanlkçN³GMeNaypldl;vb,km μdMNaMRsUv. 
eyIgeFIVkarviPaKelIlT§plénkarRsavRCavBIesdækic©-sgÁm Edl)an 
eFIVkarsikSaenAkñúgextþ)at;dMbg kMBg;cam nigtaEkv edImI,kMNt; 
FnFanEdlGMeNaypl dl;karGnuvtþRKb;RKg nig]bsKÁ 
cMbgsMrab;karbegIánRbB½n§dMNaMcMkar. dMNaMTaMgGs;enHPaKeRcInCa 
dMNaMsMrab;bþÚrykrUbiyvtßú. dUcenHbBaðasMxan;²EdlRtUvBicarNaKW 
karcMeNj karpøas;bþÚrbec©kviTüa nigkarRKb;RKg RBmTaMgktþaRKYsar 
nigsgÁm. karsikSaRtUv)aneFIVeLIgenARsukkMerog sMeBAlUn 
nigrtn³mNÐl enAextþ)at;dMbg nigRsukcMkarelI t,ÚgX μ Mú nigGUraMg« 
enAextþkMBg;cam RBmTaMgRsukRtaMkk;enAextþtaEkv. enAkñúgkarsikSa 
enHrYmmanksikrcMnYn 181RKYsar enAextþ)at;dMbg  nigextþkMBg;cam 
nig50RKYsar enAextþtaEkv. lT§plénkarsikSa)anbgðajeGay 
eXIjfa RKYsarnImYy² CaTUeTAmanbursCaemRKYsarEdlmanGayu 
RbEhl 45qñaM nigmankarsikSakñúgkMritbzmsikSa. b:uEnþkareFIV 
sMPasn_RtUv)aneFIVeLIgedaycUlrYmBIsMNak;RsIþeRcInCagburs. 
cMnYnsmaCikRKYsarCamFümKWBI 5 eTA 6nak; EtkñúgenaH 2 eTA 3nak; 
minEmnCakMlaMgBlkm μ mü:ageTotsmaCikRKYsarmYycMnYntUc 
b:ueNÑaHEdl)aneTARbkbrbreRkABIkargarcMkar. épÞdIdaMduHCamFüm 

rbs;RKYsarnImYy²KWERbRbYlBI 2 eTA 8h>t. cMENkÉTun nigktþa 
plitkm μksikmμrYmman stVBahn³ reTH ngÁ½l RBmTaMgRtak;T½r b¤ 
eKaynþ. ]bsKÁcMbgEdlman\T§iBldl;kargardaMduHKW TinñplTab 
xVHxatcMeNHdwgkñúgkarRKb;RKgktþabMpøajEdl)ankat;bnßyR)ak; 
cMeNj. PaBxSt;CICatiéndI karxVHxatkMlaMgBlkmμ ]bkrN_ksikmμ 
karyl;dwgBIbec©kviTüa nigPaBERbRbYlénGakasFatuKWCa]bsKÁ 
cMbgpgEdr. lT§pl)anbgðajeGayeXIjfa karepþatelIkarRsav 
RCavGMBIbec©kviTüaf μI nigkarRKb;RKgEdlman\Ti§Bldl;Tinñpl nig  
R)ak;cMeNjRBmTaMgkarbegáInkarpSBVpSaybec©kviTüadl;ksikr KWCa 
tMrUvkarcaM)ac;kñúgbuBVehtuCMrujbegIánplitkmμdMNaMcMkarenAkm<úCa.  
 
Abstract 
 Cambodia has achieved food security with respect 
to rice production and now has an opportunity to pay more 
attention to boosting production of upland crops such as 
maize (corn), soybean, sesame, mungbean, cassava, peanut 
and cowpea. While rice remains the main crop in Cambodia, 
the production of other crops is undergoing a rapid expan-
sion and will be especially important for the development of 
those parts of the Kingdom unsuited to lowland rice. We 
present results from socio-economic surveys carried out in 
the Battambang, Kampong Cham and Takeo Provinces to 
identify available resources, management practices and key 
constraints for emerging upland cropping systems. These are 
mainly cash crops, so the important issues to consider are 
profitability, technological and management changes, and 
household and social issues. The surveys were conducted in 
the Districts of Kamrieng, Sampov Lun, Rotonak Mondol 
and Banan in Battambang Province, Chamkar Leu, Ou Re-
ang Ov and Tbong Khmum in Kampong Cham Province, 
and Tramkak in Takeo Province. Sample sizes were 181 in 
Battambang and Kampong Cham, and 50 in Takeo. Gener-
ally farm families had a male head aged in the mid-40s, with 
3 to 4 years of schooling. However, there are significant 
numbers of female farmers among survey respondents. Fam-
ily size averaged 5 to 6 persons; with 2 to 3 being depend-
ents and levels of off-farm work very low. Average farm size 
was 2 to 8 ha, and capital items owned included draft ani-
mals, ox carts and mouldboard ploughs, as well as tractors 
and disc ploughs in some areas. The main reasons given for 
not growing crops were poor yield performance, lack of 
knowledge (especially about insects), concerns about profit-
ability, land/soil constraints, labour/equipment issues, and 
agronomic and climate risk (including drought). These re-
sults point to the need for focused research on new technolo-
gies and management as they affect crop yields and profits, 
and for increased extension of this information to Cambo-
dian farmers. Cambodian JA, 7 (2): 1 - 12 (2006) 

Chea Sareth, Chapho Somrangchittra, Seng Vang, Ung Sopheap, Cambodian 
Agricultural Research and Development Institute (CARDI), P.O. Box 01, 
Phnom Penh, Cambodia. 
Richard W. Bell, Wendy Vance, School of Environmental Science, Murdoch 
University, WA, Australia. 
Robert Farquharson, Robert Martin, Fiona Scott, NSW DPI, Tamworth Agri-
cultural Institute, Tamworth, NSW, Australia. 
*Corresponding author:  
E-mail: bob.farquharson@dpi.nsw.gov.au 
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dia in 2004 had relatively low levels of per capita Gross 
National Income, literacy, birth life expectancy and access to 
improved water sources, and relatively high levels of infant 
mortality and child malnutrition, (see http://
devdata.worldbank.org/AAG/khm_aag.pdf). Substantial 
areas of the countryside were sown with anti-personnel 
mines in the wars of the past 40 years and mine clearing 
operations continue. In population geography terms, there is 
a relatively large proportion of the population living in the 
countryside and involved in farming enterprises (19% urban 
population compared to 41% for east-Asian and Pacific 
countries (see above website)). Hence for poverty allevia-
tion, investigations aimed at improving the conditions of 
Cambodian farmers are crucial. Cambodia has regained self-
sufficiency in rice production since the mid-1990s and there 
is now a greater focus on non-rice crops through research 
and development activities (May 2000).  
 The work reported here is from three surveys con-
ducted within two projects aimed at assessing land suitability 
and conducting farming systems research for crop diversifi-
cation in Cambodia and Australia. In this paper, the results 
of these surveys provide an overview of the human and natu-
ral resources available for crop production, the socio-
economic characteristics of farm families, and the current 
management practices used in some upland areas of Cambo-
dia. The surveys uncovered issues that should form the core 
of the Research and Development (R&D) agenda for upland 
crops. These issues include mitigating yield losses due to 
drought and insects, and improving technical knowledge so 
farmers are better able to assess soil, climate, labour and 
profitability issues. The results also emphasise the need for 
an active extension program. 
Crop production and research in Cambodia  
 In Cambodia rice is the most important crop grown 
as a human food source. In contrast, production of upland 
crops is less significant. Table 1 shows the areas harvested of 
rice and the major upland crops (maize, yellow maize, soy-
bean, sesame and mungbean) in 2004-05 (Ministry of Agri-
culture, Forestry and Fisheries (MAFF), 2005). 

Figure 1. Administrative Provinces and study districts in 
Cambodia. 

Figure 2. Recent trends in area harvested of major upland 
crops Source: MAFF (2003, 2004 and 2005) 

Crop Area harvested (ha) 

Rice – wet season 1,815,619 

Rice – dry season 293,221 

Subsidiary crops (wet season)  

- maize 71,380 

- yellow maize 54,886 

- mungbean 28,605 

- cassava 21,380 

- vegetable 20,361 

- sweet potato 5,166 

Industrial crops (wet season)   

- soybean 83,499 

- sesame 56,814 

- peanut 13,849 

- sugar cane 5,133 

- jute 583 

- tobacco 50 

Source: MAFF (2005)   

Table 1. Crop areas in Cambodia, 2004-05  

Introduction 
Poverty alleviation and food security are important issues for 
farmers in the upland cropping districts of Cambodia. In 
these areas non-rice (or upland) crops such as maize (corn), 
soybean, sesame, mungbean, cassava, and peanut are grown 
predominantly for cash sale, but the agronomic practices and 
levels of economic returns appear to be well below potential. 
The aim of the work reported here is to describe the farms 
and farm households in socio-economic terms and to identify 
issues that are important in developing a research agenda 
aiming to improve the productivity of upland cropping in 
Cambodia.   
 Due to recent socio-political history, Cambodia 
faces a number of human, social and economic challenges. 
Compared to other east-Asian and Pacific countries, Cambo-
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 Agricultural R&D has had a relatively short his-
tory in Cambodia, dating from the mid 1980s (Mak et al. 
2000). Activities have focussed on rice for the purpose of 
food security. The establishment of the Cambodian Agricul-
tural Research and Development Institute (CARDI) and 
associated farming systems research programs has been the 
most recent phase of that process (Men et al. 2000). Evalua-
tions of technologies developed for dry season rice produc-
tion (Vijghen 1997) and an economic impact assessment of 
collaboration between research and extension in the Cambo-
dian rice sector (Young and Raab 2001) have shown the 
success of these R&D activities.  
 The alleviation of poverty for upland farmers in 
Cambodia depends primarily on producing more of selected 
crops in an efficient fashion, so that profits are improved. 
For all farmers there is a gap between potential and actual 
crop yields. Dillon and Hardaker (1993) conceptualised the 
yield gap between unconstrained potential yields and the 
best on-farm yields in a country or region as due to non-
transferable technology and environmental differences (e.g. 
amount of solar radiation). The factors that further constrain 
actual farm yield below potential yield are important priori-
ties for research; these include biological, physical-chemical 
and socio-economic constraints. For example, soil infertility 
may be a physical-chemical constraint to crop production, 
with the associated socio-economic constraint being a lack 
of credit for farmers to buy fertilizer. In the present study we 
focus on constraints that can be alleviated in rural Cambodia 
by R&D to assist upland farmers.  
 As will be shown, the vast majority of Cambodian 
farmers have access to relatively small areas of land for agri-
cultural production, although farm size is somewhat higher 
than the densely settled areas of Vietnam, Indonesia and 
China (Pandey 2001). McConnell and Dillon (1997) listed 
some of the characteristics of small farms in Asia. These 
include managers lacking market power, the close relation-
ship between the farm system and the farm household (so 
that the farm is not purely a business and the presence of non
-profit activities may lead to trade-offs in management), the 
factors of production are often not separately supplied (so 
that a farmer may have difficulty in allocating priority to 
management versus labour), and the managers of these enter-
prises have generally not had the opportunity for formal 
education and training to develop their management skills 
and capacity. This general deficiency in management may be 
compounded by their lack of access to information and 
credit, and the lack of influence by farmers in setting agricul-
tural policies and a research agenda.  
 What then can be done in this situation? For 
McConnell and Dillon (1997), the answer lies in the hands of 
both farmers and governments. For farmers, the challenge is 
to incrementally improve their own viability through obser-
vation and trials of new methods and technologies. The Gov-
ernment’s role includes providing appropriate public infra-
structure (both physical and institutional), improving liaison 
with farmer groups, provision of appropriate education fa-
cilities and opportunities, and provision of information 
through public research and extension agencies. It is at the 
latter objective that this work is aimed. 
Materials and methods  
Developing a picture of farms, families and crop manage-
ment  
 Social and economic characteristics of farm fami-
lies, and evidence of farm management and technologies 
used, provide an important context for upland crop improve-
ment activities and a starting point for the development of 

R&D priorities. Surveys of farmers were conducted to obtain 
this information.  
Provinces and districts surveyed  
 The Provinces and Districts surveyed were se-
lected to provide a representation of upland areas where 
cropping practices and patterns showed differences in agron-
omy and crop species, and where the farming systems had 
been established for different periods of time. The District 
selection was also influenced by the perceived capabilities 
and likely collaboration of the extension services with farm 
research projects. The results of these surveys are interpreted 
for the Districts studied, but no wider implications of these 
results can be made for other upland areas.  
 In a study conducted in 2003 and 2004 assessing 
land suitability for upland cropping (Survey 1), we surveyed 
Districts in three Provinces – Ou Reang Ov District in Kam-
pong Cham Province, Tramkak District in Takeo Province, 
and Banan District in Battambang Province. The other sur-
veys conducted in 2004 were associated with a study of 
farming systems for upland crop diversification. A socio-
economic survey (Survey 2) was conducted in the Districts 
of Kamrieng, Sampov Lun and Rotonak Mondol in Battam-
bang Province and the Districts of Chamkar Leu and Tbong 
Khmum in Kampong Cham Province. A crop-check survey 
(CropCheck) of farmers in each of the Kampong Cham and 
Battambang Provinces was also conducted to investigate 
existing crop management practices. CropCheck (Lacy 
1998) is a system of recording information from farmers’ 
crops at 4 to 6 stages during the growth cycle to enable a 
comparative analysis of results and identification of yield-
loss factors. A map showing the surveyed Districts within 
each Province in Cambodia is in Figure 1.   
Representing a target group  
 The objective of the two projects is to investigate 
and promote improved crop technologies for a target group, 
which is the upland farm population in the Districts shown in 
Figure 1. In the process of conducting these surveys the aim 
is to derive information to describe this target population.   
 Anderson and Hardaker (1979) outlined three main 
approaches to this process. The first is a case study where 
one farm may be used based on its suitability for analysis as 
much as for its representativeness. Implicitly this approach 
will be justified because ‘from intensive study of one or a 
few cases, insights of general or widespread relevance to the 
population of farms may be gained’ (Anderson and Hardaker 
1979, p.4). Second, a representative farm may be analysed if 
the farm (real or hypothetical) is chosen to ‘represent’ the 
population in some way. The problem with this approach is 
how to define the representativeness so that general solutions 
for the target group can be drawn. The final broad approach 
is to conduct a sample survey from real farms in the target 
population and to undertake the analysis of each of the sam-
ple farms. Statistically-derived ‘raising factors’ can be ap-
plied to each sample farm so that an estimate of the impact 
of the technology on the whole population can be made. 
However, the use of sampling methods will quite likely re-
quire a large number of sample farms to properly represent 
the population and this has implications for the amount and 
cost of data collection and analysis.  
 In this paper the survey results are interpreted as a 
case study for each group of farmers. The case study re-
search strategy allows ‘how’ and ‘why’ questions to be an-
swered where control over behavioural events is not re-
quired, while maintaining a focus on contemporary issues 
(Yin 1988).  The interpretation as a case study is because, 
due to resource constraints, the sampling percentage of farms 
was quite low, and it was not possible to improve sampling 
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efficiency by stratifying the sample according to farm size or 
another relevant characteristic. The standard errors associ-
ated with key estimates from Survey 2 were relatively large 
and this has implications for making valid statistical com-
parisons for the whole farm population. Also the surveyed 
farmers were relatively concentrated in a geographical sense. 
Hence the results are interpreted and presented as case stud-
ies, which still provide valuable information about farmers 
within the district, but without implying any farmer popula-
tion representation.  
Data collection methods  
 The data collection was conducted through the 
development and use of detailed questionnaires. Survey 1 
was conducted in 2003 and 2004 to establish a baseline of 
current crop diversification and most common cropping 
practices. A pre-survey pilot test was conducted to check the 
questionnaire and understand the general background of the 
locations. The Survey 2 questionnaire was initially adapted 
from a Cambodian rice survey (Chea 2002), and a pilot test 
of a small number of farmers was conducted. The question-
naire was then revised for the full survey conducted in 2004. 
In both cases the interview team first approached commune 

and village leaders to obtain permission and cooperation for 
the farmer interviews. After this the farmers were chosen at 
random. The numbers of farmers interviewed was deter-
mined by the time and resources available to the interview-
ers, including proximity to main roads. The CropCheck sur-
vey was based on a questionnaire used for similar surveys in 
Australia. It was conducted by choosing 10 farmers in each 
province who grew each crop. Sixty surveys were completed 
in Kampong Cham and 40 were completed in Battambang. 
CropCheck recorded details of cropping history and crop 
rotations, land preparation and seeding operations, fertilizer 
and pesticide use, yield estimates and farmers’ assessment of 
yield-loss factors.  
Survey sample numbers  
 Sample numbers for the three surveys are shown in 
Table 2. A total of 181, 181 and 50 farmers were interviewed 
in the Kampong Cham, Battambang and Takeo Provinces, 
respectively. These were less than 1% of the farm family 
population in each District. Total population figures in 2004-
05 were 1,720,589 (Kampong Cham Province), 1,009,955 
(Battambang Province), 915,272 (Takeo province) and 
13,327,946 (Cambodia) (MAFF 2005). 

Table 2. Sample, farm households and total population in surveyed districts 
Survey/ Year Province District Sample Farm Families (a) Total Population (b) 

1 Kampong Cham Ou Reang Ov 50 18,388 95,227 
 2003,  Takeo Tramkak 50 31,127 159,429 
 2004 Battambang Banan 50 17,222 90,239 

    Total 150 66,737 344,895 
2 Kampong Cham Chamkar Leu 47 22,961 122,010 

 2004   Tbong Khmum 24 37,928 184,202 
    Total 71 60,889 306,212 
  Battambang Kamrieng 36 7,478 35,482 
    Sampov Lun 24 4,489 20,313 
    Rotonak Mondol 31 6,427 32,895 
    Total 91 18,394 88,690 

Crop Kampong Cham 10 farmers per 60     
Check Battambang crop per 40     

    province       
2004   Total 100     

Source: (a) Jeff Milne and Lex Freeman (Cambodian Australian Agricultural Extension Project), (b) MAFF (2005)  

Results  
Household data  
 Tables 3 and 4 contain details of households responding to Surveys 1 and 2. The average age of the household head was 
consistently in the mid 40s, with the percentage of male heads of household or survey respondents between 70 and 80 in Survey 1 
and between 50 and 80 in Survey 2. Average family size was consistently 5 to 6 persons, with 2 to 3 being dependents (Survey 2). 
The percent of income from non-farm activity in Survey 1 varied up to 60 or 70 %, but the average numbers of family members 
who worked off farm was very low or zero in Survey 2. Education levels for the head of farm or survey respondent were relatively 
low with primary school the main level achieved in Survey 1, and only 3 to 4 years of schooling on average in Survey 2.   

  Unit Banan Ou Reang Ov Tramkak 
Head of farm or survey respondent         
Average age yrs 46.1 41.9 44.2 
Percent male % 74 76 78 
Average family size no. 5.7 5.5 5.1 
Percent farms with income from farm source % 98 66 80 
Percent of income from non-farm activity % range 5-70 2-60 10-60 
Schooling of head of farm or survey respondent         
Never went to school % 30 10 10 
Primary school % 42 68 56 
High school % 24 18 32 
Training course % 4 2 0 
No response % 0 2 2 

Table 3. Household details for survey 1 
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Farm areas and capital items  
 Average farm areas are shown in Table 5. In general, average farm areas were in the order of 2 to 8 ha. Rice was still 
grown on many farms in these districts, and there is some evidence of land being rented between farmers. These farm sizes are 
larger than the rice farms in one village surveyed by Chea (2002), who reported areas of 0.2 to 2 ha per family. The districts of 
Sampov Lun and Kamrieng were more recently settled and farm size tend to be larger.  

 Capital items owned are shown in Table 6. Power for farm operations is provided by draft animals (cattle or buffalo) or 
tractors (smaller hand-steered or larger conventional 4-wheeled). Draft animals and ox carts are the main source of power and trans-
port present in each district. Large tractors were reported in Sampov Lun and Tbong Khmum, with hand tractors in other areas. 
Disc and mouldboard ploughs were present in the districts with tractors and draft animals, respectively. Hand-held spray units were 
owned by a substantial number of farmers, and pumps, tubewells and threshers were owned in only some districts. Compared to 
most other parts of Cambodia, farming is more mechanised in the north-west districts of Battambang. There were 737, 205 and 154 
private tractors in Battambang, Kampong Cham and Takeo provinces in 2002, respectively, with 165,226, 70,427 and 47,204 ha of 
ploughed area, respectively (MAFF 2003).  

  Unit Sampov Lun Kamrieng Rotonak Mondol Chamkar Leu Tbong Khmum 

Survey respondent             

Average Age yrs 43.7 46.1 46.4 45.2 43.5 

Percent male % 71 69 55 72 79 

Family size no. 5.9 6.6 5.4 5.2 5.2 

Dependents no. 2.8 3.2 2.5 2.0 2.5 

Work off farm no. 0 0 0.2 0.3 0 

Schooling of survey respondent             

Years schooling yrs 3.3 3.7 3.8 3.4 4.0 

Table 4. Household details for survey 2 

Table 5. Average farm areas 

Survey 1   Banan Ou Reang Ov Tramkak   

Total farm size  (ha)   3.5 2.2 2.2   

Rice area (ha)   2.1 0.9 1.4   

Field crop area (ha)   1.4 1.3 0.8   

Fields rented (% farmers)   2.5 3.5 0    

Survey 2 Sampov Lun Kamrieng Rotonak Mondol Chamkar Leu Tbong Khmum 

Land owned (ha) 9.5 5.9 3.6 3.6 1.8 

Rented out (ha) 2.0 0.1 0.1 0.1 0.2 

Rented in (ha) 0.0 0.1 0.4 0.6 2.8 

Area operated (ha) 7.5 5.9 3.9 4.0 4.4  

Table 6. Capital items owned 

Survey 1 Unit (a)   Banan Ou Reang Tramkak   

Cattle average   4.1 3.3 3.8   
Buffalo average   0 0.2 0.5   
Tractor % with   54 36 0   

Survey 2   Sampov Lun Kamrieng Rotonak Mondol Chamkar Leu Tbong Khmum 

Draft animal % with 21 17 81 36 50 
  average 3.4 4.3 2.7 2.4 3.1 
Tractor % with 25 6 6   21 
Disc plough % with 21   3     
Mouldboard Plough % with 4   39 19 21 
Spray unit % with 58 50 35 34 39 
Pump % with     10 6   
Tube well % with 4 3 16 6   
Ox cart % with 17 6 55 26 25 
Thresher % with 8     4 17 
Other % with 13 8   26 8 

(a). Units are percent of sample with the item (see Table 2 for numbers of respondents per district) and average number of items 
per farm with the item 
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Debt and borrowing  
 The results from questions relating to debt and borrowing in Survey 2 are shown in Table 7. They relate to crop loans 
(size and term) and all loans categorised by source and term of the loan. An initial point to make is that 44% of the total sample 
reported having crop loans and 61% having loans of any type. A higher percentage of farmers surveyed reported crop loans in Sam-
pov Lun (63%) and Kamrieng (72%) than in the other districts (around 30%). In the north-west districts Thai traders may have an 
influence on loans through financing the cost of hybrid maize seed and other crop inputs not normally used in other areas.   
 For all loans 79% and 97% reporting loans in Sampov Lun and Kamrieng respectively, and 45%, 51% and 29% in Ro-
tonak Mondol, Chamkar Leu and Tbong Khmum, respectively. Farmers with larger farm areas (Sampov Lun and Kamrieng) ap-
peared to have more and larger loans. Crop loans were generally short term (averaging less than 12 months). Evidence of interest 
rates paid by farmers was found to be unreliable from this survey. Other information of the interest rates paid by Cambodian upland 
farmers indicates that they pay a minimum of 3% per month (Farquharson et al. 2006), even for concessional finance from non-
government organisations. Information collected for all loans indicates that those borrowing often did so each year, but that the 
amount generally differed. There seemed to be some choice of lenders, i.e. borrowers did not always use the same lender. Interest 
rates seemed to vary both within a season and between years.  

Crops grown and planting intentions  
 Information on crops grown and planting intentions is shown in Table 8. Historically farmers in Banan, Ou Reang Ov and 
Tramkak have grown a range of field crops; however in 2004 a restricted range of crops was planned. For Survey 1 districts, the 
most popular crops grown in 2004 were sesame and peanut in Ou Reang Ov; peanut, mungbean and maize in Tramkak; and mung-
bean and chilli in Banan. From Survey 2 results, crop planting intentions for 2004 were soybean and mungbean in all districts, 
maize in all districts except Tbong Khmum, peanut in Kamrieng and Rotonak Mondol, sesame in Kamrieng, Tbong Khmum, Ro-
tonak Mondol and Sampov Lun, and cowpea only in Chamkar Leu.  

Table 7. Loans and borrowing, average per farm with loans, Survey 2 

  Unit (a) Sampov Lun Kamrieng Rotonak Mondol Chamkar Leu Tbong Khmum 

Crop loans             

Prioportion of sample % 63 72 32 30 29 

Size of loan ‘000 R 3403 1755 670 390 400 

Average Term mths 11 10 8 6 6 

All loans             

Proportion of sample % 79 97 45 51 29 

Each year? % yes 46 66 36 50 71 

Same amount? % yes 13 26 14 13 14 

Same lender? % yes 29 29 43 45 71 

Rates vary seasonally? % yes 50 43 14 27 0 

Rates vary annually? % yes 17 49 0 18 0 

(a) R – Riel, 4000 R approximately to US$1 

Table 8. Crops grown and planting intentions 

Survey 1   Ou Reang Ov Tramkak Banan   

Field crops grown 2004 (percent of sample) 

Soybean   9 0 6   

Sesame   20 0 2   

Peanut   18 46 6   

Maize   5 26 6   

Mungbean   4 32 48   

Chilli   0 2 38   

Survey 2 Sampov Lun Kamrieng Rotonak Mondol Chamkar Leu Tbong Khmum 

Planting intentions in 2004 (percent of sample) 

Rice 8 78 68 32 63 

Maize 96 94 65 28 8 

Soybean 100 92 71 96 96 

Mungbean 58 78 71 70 87 

Peanut 8 22 32 11 0 

Sesame 25 89 35 17 54 

Cowpea 0 19 0 64 4 
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Crop production and prices  
Crop figures (yield, area and price) within each district are shown in Table 9. The reported crop yields appear to be consistent over 
the surveys. The patterns emerging are for maize yields being generally higher (2.6 to 5 t/ha) than the soybean yields (1.0 to 1.6 t/
ha) and mungbean yields (0.1 to 0.7 t/ha). Maize prices varied from 300 to 400 Riel (R)/kg in each district. Generally no maize seed 
was kept for the next year’s crop. Yields of the other crops were generally low – 0.3 to 0.4 t/ha for cowpea, 0.7 to 1.7 t/ha for pea-
nut, and 0.3 to 0.7 t/ha for sesame. Prices for these three crops ranged from 1100 to 2000 R/kg, with one higher average peanut 
price (2600 R/kg in Rotonak Mondol).   

 As a comparison with the case study results, agricultural statistics for 2004-05 from the Cambodian Government (MAFF 
2005) are presented in Table 10. Area, production and yield information for particular crop and province combinations are shown. 
In comparison with these statistics, the average yields in 2004 from Table 9 appear to be higher in Battambang and Kampong Cham 
for maize, and generally equivalent for other crops.  
 Trends in areas harvested of some upland crops from 2002-03 to 2004-05 (MAFF 2003, 2004, 2005) in Kampong Cham 
and Battambang Provinces are shown in Figure 2. Rising trends over this period are apparent for soybean and maize in Kampong 
Cham and for maize, yellow maize, soybean and sesame in Battambang.   

Table 9. Average crop yield, area sown and price received by district 
Survey 1Crop yields Unit   Ou Reang Ov Tramkak Banan   
Maize t/ha   0.3 0.1 0.3   
Soybean t/ha   1.0 - 1.3   
Sesame t/ha   0.4 - 0.5   
Peanut t/ha   1.0 0.2 1.6   
Mungbean t/ha   0.3 0.1 0.4   
Chilli t/ha   - 0.2 1.8   
Survey 2Crop/item   Sampov Lun Kamrieng Rotonak Mondol Chamkar Leu Tbong Khmum 
Maize             
Area sown ha 6.3 4.2 1.4 1.2 - 
Yield t/ha 4.8 3.7 2.6 5.0 - 
Price R/kg 317 295 330 418 - 
Soybean             
Area sown ha 3.8 0.9 1.7 1.9 3.1 
Yield t/ha 1.0 1.2 1.0 1.2 1.2 
Price R/kg 1072 1114 941 1028 1063 
Mungbean             
Area sown ha 1.4 1.2 0.9 1.4 2.9 
Yield t/ha 0.7 0.5 0.3 0.2 0.2 
Price R/kg 1204 1332 1043 1089 1119 
Peanut             
Area sown ha - 0.6 0.7 1.0 - 
Yield t/ha - 0.7 1.7 1.0 - 
Price R/kg - 1907 2667 1200 - 
Sesame             
Area sown ha - 1.3 1.4 1.2 1.4 
Yield t/ha - 0.3 0.4 0.5 0.7 
Price R/kg - 1974 1275 1565 1420 
Cowpea             
Area sown ha - 1.2 - 1.0 - 
Yield t/ha - 0.3 - 0.4 - 
Price R/kg - 1188 - 1137 - 

Table 10. Selected Cambodian wet season crop statistics 2004-2005 
Crop Province Harvested area Yield Production 
    ha tonne/ha tonnes 
Maize Kampong Cham 4,628 1.22 5,657 
  Battambang 35,609 4.32 153,917 
Maize Kampong Cham 1141 1.22 1396 
(yellow) Battambang 34,264 4.39 150,409 
Soybean Kampong Cham 34,490 1.2 41,388 
  Battambang 23,545 1.38 32,430 
Mungbean Kampong Cham 8,514 1.11 9,451 
  Battambang 8,810 0.85 7,490 
Peanut Kampong Cham 4,985 0.74 3,676 
  Battambang 4,827 1.57 7,598 
Sesame Kampong Cham 17,733 1 18,733 
  Battambang 7,313 1.05 7,668 
Source: MAFF (2005) 



Cambodian Journal of Agriculture: Volume 7, Number 2 July- December 2006 

8 

 In Survey 1, respondents were asked to rank their income from field crops and recent changes in their living standards 
(Table 11). Most respondents reported that their living standards had been either not changed or decreased in the last 12 months, but 
that returns to field crops were good or acceptable. This implies that some other change (eg in off-farm work) has been occurring.  

Table 11. The rank of income from field crops and the change to living standards in the previous 12 months, Survey 1 

  Ou Reang Ov Tramkak Banan 

Rating of change to living standards in last 12 months (percent)    

Increased 4 14 10 

Unchanged 38 44 32 

Decreased 48 32 34 

Very decreased 10 10 24  

Very good 0 0 0 

Good 64 44 48 

Acceptable 34 56 48 

Break even 2 0 4 

Uneconomic loss 0 0 0 

Rating of income from field crops (percent)        

Reasons for not growing crops  
 In Survey 1, the main factors impeding crop production were yield performance, drought, insect problems, small land 
area and low market demand (Table 12). The major reasons for not growing crops in Survey 2 were, in order of importance: lack of 
knowledge; concerns about profitability; land/soil constraints; labour/equipment issues; and agronomic and climate risk.  

Table 12. Major factors impeding production of crops and reasons for not growing upland crops in selected districts of Cambodia 

Survey 1 Maize Soy bean Mungbean  Peanut Chilli Sesame 

Factors impeding crop production 

Low yield 1 1 1 1 2 1 

Drought 2 2 2 4 3 2 

Small area   4         

Seed cost       4   4 

Seed shortage   4       4 

Insect problems 4   2 2   3 

High labour cost       3     

Soil infertility 3   3       

Unsuitable time     4       

Management         4   

No irrigation         1   

Low market demand 4       4   

Not popular crop   3         

Survey 2: 2003 Maize Soy bean Mungbean  Peanut Cowpea Sesame 

Reasons for not growing crops 

Marketing 3 Profitability 2   2 1 2   

Seed costs       2     

Capital constraint             

Labour/equipment   2 4 4   3 

Agronomic risks     1   4 3 

Lack of varieties             

Climate/drought   1 3       

Agronomy constraint             

Theft 1           

Lack of knowledge 1 3     1 1 

Land/soil constraints 3 4   3   2 

1 = highest, 4 = lowest              
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Detailed crop information  
Crop activity information for Kampong Cham  
 In Table 13 the CropCheck data are presented for Kampong Cham Province. Soils were generally clay/loams of red, grey 
and black colours with moderate fertility and structure. Land preparation varied from 2 to 4 workings but fertilizer was used on 
only one farm of the 60. No pesticides or chemicals were used, and legume seeds were not treated or inoculated. Marketing grades 
of crops were assessed by the farmers as good (80 to 90%), all crops were sold privately for cash, but some maize, mungbean and 
cowpea seeds were kept for family use. Prices received for red maize were lower (around 500 R/kg) than the other crops (1300 to 
3000 R/kg). Crop yields compared to the Provincial averages for 2004-05 (Table 10) were higher for maize, soybean and peanut but 
lower for mungbean and sesame. 

Table 13. CropCheck data, 10 farms per crop, Kampong Cham Province 

Reason Maize Soy bean Mung bean Peanut Cowpea Sesame 

Soil – texture C/L C/L C/L C C/L C/L 
-colour Gr/R R/B R/Gr R R/B R 
-structure M M M M M M 
-N fertility M M M M M M 
No. tillage operations 3 3.3 3.9 2 3.2 3 
Fertilizer (# farms) 1 0 0 0 0 0 
Pesticides (# farms) 0 0 0 0 0 0 
Seed - inoculated 0 0 0 0 0 0 
-treated 0 0 0 0 0 0 
Chemicals used 0 0 0 0 0 0 
Recorded annual rainfall (mm) 908 1102 908 1067 908 1068 
Marketing – grade % 93 83 90 G 83 G 
-% sold 62 100 83 100 64 100 
-% family use 38 0 17 0 36 0 
-% sold for cash 100 100 100 100 100 100 
-selling option Pr Pr Pr Pr Pr Pr 
Yield (t/ha) 2.2 1.5 0.8 0.9 0.7 0.7 
Price (R/kg) 505 1309 1285 1450 1415 2890 

C Clay, L Loam, S Sand, G Good, M Moderate, P Poor, R Red, Gr Grey,  B Black, Br Brown, Pr Private 

Crop activity information for Battambang  
 In Table 14 the CropCheck data for four crops are presented for Battambang Province. Soils were clay/loams of red, 
brown, grey and black colours with moderate to good structure and moderate fertility. Land preparation varied from 3 to 4 workings 
and fertilizer was used on eight farms of the 40. Pesticides were used on all farms, but again legume seeds were not treated or in-
oculated. Marketable grades of crops ranged from 83 to 87% of total production. All crops were privately sold for cash, and only a 
small amount of mungbean was kept for family use. Prices received for maize were lower (around 280 R/kg) than the other crops 
(880 to 1720 R/kg). Crop yields compared to the Provincial averages for 2004-05 (Table 10) were lower for all crops.  

Table 14. CropCheck data, 10 farms per crop, Battambang Province 

Reason Maize Mung bean  Peanut Sesame 

Soil – texture C/L C/L C/L C/L 

- colour R/Gr/B R/Br/Gr R/Br/Gr/B Br 

- structure M M M/G G/M 

- N fertility H/M M M M 

No. tillage operations 3.8 3.7 3.3 3 

Fertilizer (# farms) 2 3 2 1 

Pesticides (# farms) 10 10 10 10 

Seed - inoculated N N N N 

- treated N N N N 

Chemicals used 0 0 0 0 

Recorded annual rainfall (mm) 908 908 1102 1057 

Marketing – grade % 83 85 83 87 

- % sold 100 96 100 100 

-% family use 00 4 0 0 

- % sold for cash 100 100 100 100 

- selling option Pr Pr Pr Pr 

Yield (t/ha) 3.5 0.5 0.7 0.4 

Price (R/kg) 282 1300 881 1720 
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Land slope and erosion  
 Survey 1 collected information on the slope of land and evidence of erosion (see Table 15). Generally fields were re-
ported to be flat or have very gentle slope (<5%). Some fields in Banan were of gentle slope (5-10%) and some in Ou Reang Ov 
were of gentle or moderate slope (up to 30%). Thirty-two percent of fields in Tramkak were assessed to be prone to erosion, but 
most land in other districts was considered not to be prone to erosion. Most land was considered by farmers to have never been 
eroded in the past 5 years, apart from some fields in Tramkak.  

Table 15. Slope of land and evidence of erosion, Survey 1 

 Ou Reang Ov Tramkak Banan 

  Percentage of farms 

Slope of fields       
Flat (<2%) 24 70 40 
Very gentle (2-5%) 34 30 42 
Gentle (5-10%) 32 0 18 
Moderate (10-30%) 10 0 0 
Steep (>30%) 0 0 0 
Soil erosion condition       
Prone to erosiona 2 32 6 
Currently erodedb 0 10 4 
Previous erosion – b 98 74 94 

  -c 0 0 2 
  -d 0 8 2 
  -e 2 18 2 

(a). % yes, (b). zero years in 5, (c). 1 year in 5, (d). 2 years in 5, (e). 2 years in 5 

Droughts and floods  
 Fields were assessed in Survey 1 for drought and flood prevalence based on farmers’ reporting (see Table 16). Droughts 
are more frequent than floods in these upland districts of Cambodia. Between 1 and 2 years in 10 were classified by farmers as 
severe drought (>50% yield loss), with another 1 to 2 years in 10 being moderately drought affected (15-50% yield loss). Another 1 
to 3 years in 10 were affected by slight drought (<15% yield loss) so that a total of 4 to 7 years in 10 were estimated to limit crop 
production by drought of varying severity. Floods were less of a problem, with less than 1 year in 10 experienced severe floods 
(>50% yield loss) and up to 3 years in 10 being affected by floods of some size. These results emphasise the importance of climate 
risk (dry periods or mini droughts in the early wet season) in limiting crop yields for Cambodian farmers.  

Table 16. Drought and flood experiences over last 10 years, Survey 1 

  Ou Reang Ov Tramkak Banan 

  Average number of years in 10 

Severe droughta 1.8 1.2 1.8 

Moderate droughtb 1.9 0.9 1.0 

Slight droughtc 3.3 2.4 1.3 

Total years of drought 7.0 4.5 4.1 

Severe flooda 0.2 0.8 0.5 

Moderate floodb 0.1 0.3 0.3 

Slight floodc 0.5 1.6 0.8 

Total years of flood 0.8 2.7 1.6 

(a). 50% yield loss, (b). 15-50% yield loss, (c). 1-15% yield loss 

Yield potential  
 Like all farmers, but especially for those with small farms, the achievement of improved income security depends primar-
ily on producing more of a crop in an efficient fashion, so that profits are improved. In considering the case study results presented 
here, an initial question is how these reported yields match with potential yields or inherent productivity. Potential yields for any 
particular location depend on a range of management practices being adequate, from properly fertilized soil growing a crop free of 
weeds, pests and diseases in a timely fashion to make most use of available rainfall, to having the best available crop varieties and 
being able to deliver a crop product which is of good quality and for which a fair market price is paid. At this stage, it is still un-
clear what potential yields are likely to be in the Cambodian upland context.  
 With respect to the potential yield gaps mentioned above, two methods were used to derive estimates of the maximum 
potential crop yields and Cambodian potential farm yields (Table 17). One set of estimates was derived by personal communication 
with John Holland (New South Wales Department of Primary Industries, Australia), and Dr Graeme Wright (Queensland Depart-
ment of Primary Industries, Australia). Other estimates from Sys et al. (1993) involved a synthesis of various observations in tropi-
cal countries. The maximum potential yields are worldwide, given optimal climatic and unconstrained soil and nutrient conditions. 
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The Cambodian potential farm yields are lower, primarily due to solar radiation and temperature factors (John Holland, New South 
Wales Department of Primary Industries, personal communication). In Cambodia the effect of these factors is to reduce crop matur-
ity times and lower the amount of solar radiation available to the crop. Also, some short-duration crop varieties with lower yield 
potential are often grown to reduce crop losses from drought.  
 The potential Cambodian farm yields in Table 17 can be compared with the recorded yields in Tables 9, 13 and 14. For 
maize the surveyed yields are less than half the potential yield of 10 t/ha, except in Sampov Lun and Chamkar Leu where yields 
were up to 60% of potential. Surveyed soybean and mungbean yields were also less than half the potential yield, substantially so in 
some cases. Peanut, cowpea and sesame yields are very low compared to the potential farm yield. These comparisons indicate the 
substantial potential for farming systems research to contribute to improved performance of upland Cambodian farms and increased 
farm-family well being.  

Table 17. Estimates of maximum potential and Cambodian farm potential yields 

Crop Maximum 
potential 

yielda 

Cambodian 
potential 

yielda 

Cambodian 
potential 

yieldb 

  t/ha t/ha t/ha 

Maize 15 10 6 - 9 

Soybean 6 3 1.5 – 2.5 

Mungbean 3 2 2 – 2.7 

Peanut 9 -10 5-6 2 – 3 

Sesame 2 1.5 1.2 – 1.5 

Cowpea 3 2   

(a) John Holland (New South Wales Department of Primary Industries, Australia) and Dr Graeme Wright (Queensland Depart-
ment of Primary Industries, Australia), personal communication, July 2005 

(b) Sys et al. (1993) 

Discussion  
 Results from these surveys are valuable in showing 
the resources available to farmers in representative upland 
districts, as well as characteristics of the farm household. An 
initial result from the survey is the substantial proportion of 
female heads of farm or survey respondents (between 20 and 
50% in different Districts). This can have a major impact on 
management practices and adoption of new technologies in 
Cambodia. Catalla et al. (2001) noted that there are different 
roles, rights and responsibilities of women and men in vari-
ous aspects of agricultural production. Norris (2001) pointed 
out that women play a significant role in labour supply and 
management of agriculture in Cambodia, and that women’s 
access to and utilisation of new agricultural technologies are 
essential for rural economic growth and the equitable distri-
bution of benefits from that growth. Another aspect of the 
power of knowledge was noted by Vijghen (1997) who 
found that power structures and access to knowledge about 
improved agricultural technologies, and to training, can be 
allocated unfavourably or inequitably between the sexes. 
This can be a barrier to dissemination of information and 
adoption.  
 Other survey results show that farms are relatively 
small and farmers have limited resources in terms of man-
agement knowledge and technical expertise. The yield data 
collected indicated that potential yields were not being 
achieved, so that there is an opportunity for improvements in 
the technical knowledge of farmers.  
 As well as the technical production issues can-
vassed, the resource information collected by Survey 1 
pointed to the need to consider other issues. While land slope 
and erosion potential do not seem to be a general problem, 
there are some areas of the countryside where cropping is 
undertaken on land of relatively steep slope. This is an issue 
of concern which needs to be communicated to the farmers 
involved. Evidence of variation in soil type and fertility 
status provides valuable information on how R&D activities 
can be adapted. The information from surveyed farmers of 

the prevalence of drought and relative rainfall deficiency 
also provide an important focus for R&D activities.  
 The surveys showed which issues should form the 
core of a substantial R&D agenda for upland crops. These 
issues include the importance of improving yields in a 
drought-prone environment for these upland farmers (Survey 
1). Yield losses due to insect problems were also important. 
From the Survey 2 results the R&D priorities were lack of 
knowledge about crop agronomy, concerns about profitabil-
ity, land/soil constraints, labour/equipment issues, and agro-
nomic and climate risk.   
 Other issues for encouraging change in upland 
crop management to improve income security have become 
apparent to the authors in the course of these surveys and the 
project work. These relate to the extension of R&D results 
and best management practice to the target farmer popula-
tions. A specific issue relates to information available to 
farmers on the application of crop protection products or 
fertilizers to their crops. In most cases these crop inputs are 
imported from Thailand or Vietnam and the instructions are 
written in those languages. Cambodian farmers often are 
unaware of recommended application rates or safe handling 
instructions. There appears to be an urgent need for a transla-
tion of product labels into the Khmer language and an educa-
tion program on the application and use of these crop inputs.  
 A more general point about information dissemi-
nation is that the R&D results from these and other projects 
need to be relayed to the upland farmers in specific agricul-
tural extension programs. The use of farmer field trials and 
demonstrations of improved technology and practice can 
provide a ready focus for such programs, but other informa-
tion including fact sheets and technical guides (eg for identi-
fying insects, weeds and crop diseases) need to be developed 
to assist extension workers. In addition, financial budgets of 
the potential profit advantages from changing management 
need to be developed. The existing group of agricultural 
extension officers in the Provincial Departments of Agricul-
ture are an obvious group to be involved with these projects 
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and trained to advise farmers about the possible benefits 
from the technologies developed in these projects. They need 
to be actively involved in such activities.  
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GtßbTsegçb 
 eKalbMNgénGtßbTRsavRCavenH KWbgðajnUvkarsikSaelI 
karviPaK sgÁmsa®sþ rukçCati nigvaytémømCÄdæan RBmTaMgrcnasm½<n§ 
rbs;dMNuHéRBEdl)anRbmUlplrYc. karsikSa)anpþl;nUvB½t’manGMBI 
rcnasm<½n§dMNuHéRB PaBsm,ÚN_énRbePT nigr)a:yénÉktþ³ edImem 
nigtMNBUC rbs;RKb;TRmg;CIvsa®sþrukçCatienAkñúgdMNuHéRBEdlRbmUl 
plrYc. karviPaK)anbgðajfaRbePTmantémøBaNiC¢km μ sßitenAkñúg 
lMdab;brimaNTab ehIydUcKñacMeBaHdg;sIuwetedImeQIem nigkUndMNuH. 
pÞúyeTAvijtMNBUCénkUndMNuHrbs;RbePTmantémøTabkñ úgTRmg; 
CIvsa®sþ edImeQItUc nigmFümmandg;suIetx<s; bu:Enþdg;suIetén 
edImeQIemrbs;vaman lMdab;TabdUcKña. krNIenHsbBa¢ak;[eXIjfa 
dMNuHéRBEdlRbmUlplrYc )anbnSl;nUvRsTab;eRkamnUvkarRKb 
dNþb;énRbePTeQITMhMmFüm tUc nigkUndMNuHrbs;va GaRs½yeday 
karebIkcMhrKRmbéRB edaymUlehtukarkab;rMlMhYsehtu. kñúgkrNI 
sikSaeRbobeFobcMeBaHRbePTénéRBdUcKñaEdlmin)anb:HBal;eXIjfa 
dg;suIeténRkumRbePT Dipterocarps mantémøeTVrdg cMeBaHRkum 
RbePTdUcKñaEdlbnSl;enAkñúgdMNuHéRBRbmUlplrYcEdl)ansikSaenH 
¬4¼9 RbePT¦. GefrPaBénGMbUr nigRbePTénRkumminEmn Diptero-

carps enAkñúgdMNuHéRBRbmUlplrYcenH mantémøx<s;CagGVIEdl 
sßitenAkñúgdMNuHéRBEdlK μankarb:HBal; ¬22 GMbUr¼18 nig 
41¼27 RbePT¦. enHKWCakarvivtþn_bzménRbePTéRBeRsag 
ébtgCanic© EdlbnSl;TuknUvedImeQIeménRbePTBaNiC¢kmμenAkñúg 
smasPaKTabbMput nigK μansm,TanedIm,IplitRKab;BUCeLIy. 
TsSnTansRmab;karsþareLIgvijnUvdMNuHéRBEdl)aneFVIkarRbmUl 
plrYcenHKWkarbBa©ÚlnUvbec©keTsdaMeFVI[sm,ÚN’énRkumRbePTedIm 
kMeNItsMxan;KWRkum Dipterocarps EdlGaceqøIytbeTAnwglkçxNÐ 
mCÄdæan nigCIvsa®sþenAkñúgRbB½n§mCÄdæanrbs;va. kñúgkrNIenHkUneQI 
RbePTminsUvcUlcitþBnøWéf¶ RtUv)aneRCIserIsedIm,IeqøIytbeTAnwg 

lkçxNÐmøb;enAkñúgdMNuHéRB. viFIsa®sþ {RbB½n§RbelaHéRB} KYr 
RtUv)anGnuvtþEdlGacpþl;nUvkic©Rbtibtþil¥ sRmab;kardaMeFV I
[sm,ÚN’eRkamKRmbéRBEdlRbmUlplrYc nigpþl;nUvlkçxNÐ 
smRsbcMeBaHkUneQIRbePTminsUvcUlcitþBnø Wéf¶énRkumRbePT 
mantémøBaNiC¢kmμ énBYk Dipterocarps nwgGackat;bnßypl 
b:HBal;dl;mCÄdæanenAkñúgeBldaMduHpgEdr. 
 
Abstract 
 The aim of this paper is to present a study on 
phytosociology analysis and assessment on site and struc-
ture of logged-over forests. The study shall provide the 
information on stand structure, Species richness and the 
distribution of the mature and Regeneration individuals of 
all liveforms within the logged-over forest. The analysis 
showed that the merchantable Species Contain in low 
range as well as their density of mature and regeneration 
trees. Oppositely, the regeneration of small and medium 
less value tree species contain higher density but their 
mature are low. It proved that the logged-over forest re-
tained a dominated stratum of medium and small trees 
species and their new regeneration due to opened canopy 
caused of over-felling. There are double density of Dip-
terocarps Species within the Non-Disturbed forest, if com-
paring with this logged-over forest study area (4/9 spe-
cies). The variation of families and Species of Non-
Dipterocarps group within logged-over forest is higher 
than Non Disturbed forest (22 families/18, and 41/27 spe-
cies). That is the first evolution of the original Dense ever-
green forest, that left the mature trees of merchantable 
species in very low component and had no ability to repro-
duce seeds. The concept for rehabilitation of this logged-
over forest is to introduce the enrichment plantation of the 
indigenous main Dipterocarps species, which could corre-
spond to the site and its biological conditions within the 
ecosystem .In this case, the sciaphyle seedling should be 
selected to match the shade conditions within the 
stand .The “Gap System” method should be implemented 
which may provide a good practices for enrichment plan-
tation under logged-over forest canopy and favorable con-
dition for sciaphyle seedling of the major merchantable 
Dipterocarps Species and could also reduce the site impact 
during plantation. 
Keywords 
 Phytosociology, Species richness, Logged-over 
forests, Stand structure, Liveforms, Forest rehabilitation, 
Enrichment plantation. 
Introduction 
 The forest of Cambodia is a significant eco-
nomic renewable natural resource for the country. The 
forest ecosystem is rich in biodiversity as evidenced by 
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species richness and endemism. Unfortunately, as the result 
of the long social unstability and the fast growing popula-
tion, which caused to suppress the forest resources due to the 
requirement of timber for the rehabilitation of socio- econ-
omy and national infrastructure.. The intensive reduction in 
forest cover has been observed during 1992-1997 which was 
about 1.55 % per annum, compared to about 0.56 % for the 
last two decades reduction (1972-92). The consequence of 
such circumstance shall result to lose the genetic resources 
of forest flora, to modify the forest structure and to decrease 
species richness of flora and also fauna. 
 The research on flora resource in Cambodia has 
been promoted since the time of French colonialism whether 
with the three countries of Indochina Peninsular during 1908
-1942. The document on “General Flora of Indochina” which 
contained about 8,000 species has been developed. The re-
search has been continued to review in 1960 by the Museum 
of Natural History in Paris and has been documented “the 
Flora of Cambodia, Laos and Vietnam” which described 
about 71 to 164 plants families in Cambodia. Dy Phon 
(1982) on “The Flowering plants of Cambodia” showed that 
Cambodia contained about 2,308 species from a total of 
8,000 species found in General flora of Indochina. Those 
include Gymnosperms plants, 07 Genus and 14 species; the 
Angiosperms plants that composed into Monocotyledons 
plants are 219 genus and 488 species and Dicotyledons 
plants are 626 Genus and 1,806 species, within them the 
endemic plants are 214 species which have the unique areal 
in Cambodia. A unique reference researched and developed 
by M. Bejaud (1932) on Forest  plants species in Cambodia 
indicated  that the Forest flora in Cambodia contained 1,021 
forest plants species consisted of 862 trees and shrubs spe-
cies, of 22 bamboo species, of 74 lianes and Wines Species 
and about 34 species of other wild plants species. 

 Lack of knowledge of stands structure analysis and 
the component of mature and regeneration stands of all live-
forms within the stands might be one of the causes of the mis
-rehabilitation of logged-over forest. The need of reforesta-
tion and rehabilitation of degraded forest is the important 
task, but the mispractice of clearing the original vegetation is 
a technical ignore, that can lead to the failure and modify the 
forest ecosystem which could not be able to restore. There-
fore, the objective of this study is to explore the stand struc-
ture of dense evergreen logged-over forest through Phytoso-
ciology analysis and site assessment in order to have basic 
information before setting any technical measures for the 
rehabilitation of Cambodia’s logged-over Forest. 
An overview of study area 
 A pilot area covered about 1,700 ha has been se-
lected, which is located in Forest concession of Komgpong 
Thom Province, Cambodia. 
 Before 1990, the vegetation of this area covered by 
dense moist evergreen forest with high density and was rich 
in floristic composition, especially main commercial Dip-
terocarps species. Up to now, caused of uncontrolled and 
anarchic logging this area has modified and only the vegeta-
tion of dominated and lower stratum have been remained, 
and other vegetation  such as  secondary forests and aban-
doned shifting cultivation fields. 
 The study area located about 10 km from Baksna 
Village, which consists about 270 Households or 1415 peo-
ple including 50 % of women. Most people are ethnic and 
depending on forest resources as their customary use for 
daily subsistence such as poles, firewood, tree leaves, all 
edible flora, bamboo, Medicinal plants, résins and others. 
The main sources of their incomes are Shifting Cultivation 
(30 - 40 %), traditional pasture, and collecting NTFPs as 
supplemently for their daily subsistence. 

Map 1: Pilot Area For Phytosociology Analysis And Rehabilitation Of Logged-over Forest, Kampong Thom Province 
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Study method 
Sampling design 
 Based on Specific Phytosociology study, Random Sampling has been introduced. The pilot area are allocated into equal 
size units (1 x 1 km). Within them, 07 Primary Sampling Units are selected randomly, which the centre points shall be the centre of 
07 Sampling plots of (100 x 100 m). Within the sampling plots we allocate subplots of (20 x 20 m), but only 09 subplots are distrib-
uted by the intersection of diagonals are selected for enumeration. Within the 09 subplots, we allocate subsequently the secondary 
subplots, which the size are respectively 10 x 10 m, 5 x 5 m, 2 x 2 m, and 1 x 1 m. 

Species and individuals enumeration 
 All Species and Individuals are enumerated in subsequent Sampling plots, subplots and secondary subplots as shown in 
the table 3.1 below: 

Plots and 
Subplots Forms 

Plots and 
Subplots Size (ha) 

Height 
Stratum (m) 

Liveforms 

100 x 100 m 1.00 > 30 A – Big tree 

20 x 20 m 0.04 15 – 30 a – Medium tree 
10 x 10 m 0.01 7 – 15 aa – Small tree 

5 x 5 m 0.0025 4 – 7 
ab – Shrub 
abr – Bush 
Pe – Tree regeneration of  “Perchis” size 

2 x 2 m 0.0004 1 – 4 

ab1 – Small shrub 
abr1- – Small bush 
Ga – Tree regeneration of  “Gaulis” size 
He1 – Big herbaceous plants 

1 x 1 m 0.0001 < 1 
Pt – Tree regeneration of  “seedling” 
He2 – Medium herbaceous plants 
He3 – Small herbaceous plants 

Table 3.1: The Distribution Of Plots And Subplots Size related with Height Stratum And Liveforms 

Data analysis 
 The Data on Species and Individuals and their characteristics are recorded in the Phytosociology analysis sheets showing 
their height Stratum, Richness, Recovery %, Repartition, Phenology, Viguor and Liveforms. The Information on Vegetation and 
Site are recorded in particular relevant Sheets. The data are analysed as Species richness, Chao Index, and Diagram of Commercial 
Species richness mature and regeneration distribution and distribution of Individuals by liveforms class, distribution of Diptero-
carps and Non Dipterocarps species and its comparative study with non disturbed forest. All data analysis are evaluated for discus-
sion and conclusion. 
Analytical results 
Species richness analysis 

 Followed the data analysis, the component of Species and particularly the merchantable Species remained in the studied 
area are as below: 
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 (1). Within 16 plants liveforms by each Sampling plot, the component of plants families are in the range of 32 to 45 and 
for Species, are 59 to 72. 
 (2). Due to different Opened degree, the individuals by each Sampling plot are in the range of (100,000-200,000 Individu-
als). They cumulated on “Small bush” or the regeneration of non-merchantable Species, which specified the modification of the 
vegetation. 
 (3). The merchantable Species by each plot are in low range (0,14% to 6,50%). This component is mostly Secondary 
merchantable Species (Vatica cinerea ,king- Dipterocarpaceae). 

Relevant plots Liveforms Families Species Individuals 
Merchantable species 

Number Frequency % 

1 16 43 64 95.255 7 1.940 

2 16 45 68 128.731 6 0.530 

3 16 42 59 165.794 5 3.630 
4 16 32 62 214.712 8 0.140 
5 16 44 62 218.209 5 0.980 
6 16 42 63 201.921 8 0.260 
7 16 44 72 170.098 7 6.506 

Table 4.1: Species Richness  

CHAO Index 
 The definition of CHAO Index is to show the total number of species enumerated in an area unit, which is adjusted by 
adding the index of rare species calculated by the formula as below: 

 
      

 
 
 

Where  Sobs : Total number of species and enumerated. 
            a : Number of species represented by 01 individual. 
            b : Number of species represented by 02 individuals. 

 
 The data analysis in the table below showed that, the Scarcity of Species are in low range, because the mean of Species 
represented by one and two individuals are respectively 1 and 8. 

         a2 

   Schao  =  Sobs +  
         b2 

Plot Sobs A b Schao 

1 64 2 3 64.444 

2 68 2 12 68.028 

3 59 2 11 59.033 

4 62 1 5 62.040 

5 62 0 8 62.000 

6 63 3 9 63.111 

7 72 0 11 72.000 

7 plots 450 10 59 127.034 

Mean by plot 64 1 8 64.125 

Table 4.2. CHAO Index by plots 

Distribution of individuals by liveforms 

 There are 16 liveforms to be classified and represented the flora diversity in the studied area. The main components of 
stand structure are distributed by liveforms as below:  

Big trees stratum (A): the component of Big tree liveforms either the mature (A) or medium Ga (A) or big regenera-
tion Pe (A) individuals have too low range (0.09%-0.16%). For the seedlings of this component Pt (A) obtained 1.17 %. 

Medium trees stratum (a): the component of Medium tree either the mature (a) or big regeneration Pe (a) have too low 
range (0.22%-0.32%), but for the Medium regeneration Ga (a) and Seedlings Pt (a) obtain respectively 2.57% and 25.94%. 

Small trees Stratums (aa): the component of small trees stratum both for the mature trees (aa) and the big regeneration 
Pe (aa) are in the range of 0.18%-0.62%, but for the medium regeneration Ga(aa) and their seedling Pt(aa) obtain respectively 
(3.18% and 31.41%). 

Shrub and Bush stratum (ab-abr): the component of this mature liveforms distributed the density about 3.22% (ab-
abr) but for the small Shrub and Bush (ab1-abr1) increased to 19.08%. 

Lianes and Herbaceous stratum (Ln-He): the presence of Herbaceous plants and Lianes are counted respectively 
1.65% and 10.10%. 
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Liveforms Mean % 

Pe (A) 157 0.09 

A 186 0.11 

Ga(A) 277 0.16 

Aa 312 0.18 

A 391 0.22 

Pe(a) 566 0.32 

Pe(aa) 1086 0.62 

Pt(A) 2063 1.17 

He 2897 1.65 

Ga(a) 4518 2.57 

Ga(aa) 5589 3.18 

Ab-abr 5662 3.22 

Ln 17774 10.10 

Ab1-abr1 33572 19.08 

Pt(a) 45645 25.94 

Pt(aa) 55275 31.41 
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Table 4.3: Mean density by liveforms (7 plots)       

Lifeform Mean % 

A 186 0.11 

Pe(A) 157 0.09 

Ga(A) 277 0.16 

Pt(A) 2063 1.17 

A 391 0.22 

Pe(a) 566 0.32 

Ga(a) 4518 2.57 

Pt(a) 45645 25.94 

Aa 312 0.18 

Pe(aa) 1086 0.62 

Ga(aa) 5589 3.18 

Pt(aa) 55275 31.41 

Ab-abr 5662 3.22 

Ln 17774 10.10 

Ab1-abr1 33572 19.08 

He 2897 1.65 
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Table 4.4: Mean density by lifeform (7 plots)    Graph 4.2: Distribution of individual by lifeforms class  

Graph 4.1: Distribution of individual by density class      
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Distribution density of dipterocarps, non-dipterocarps and unknown tree species 
 Followed the analytical result, the family DIPTEROCARPACEAE are represented by 04 species and distributed 0.058% 
of total density frequency. For Non-Dipterocarps are represented by 22 families and 41 species, and distributed 20.379% of density 
frequency. The Unknown trees are represented by 03 families and 03 species, and distributed 0.043% of total density frequency. 
Besides the trees species component, the studied area also distributed by other Non-trees stratum including regeneration stands such 
as Shrub, Bush, Herbaceous vegetation which are represented by 51 families, 79 species and distributed 79.520% of the whole flora 
frequency. 

Families Species 
% 

Frequency 
density 

Dipterocarps 1 4 0.058 

Non-Dipterocarps 22 41 20.379 

Unknown 3 3 0.043 

Non tree Stratum 51 79 79.520 

Total 77 127 100 
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Table 4.6: Frequency density of group species  
  

Comparative study with non-disturbed forest 
 There is poor information on Floristic composition or stand distribution of Non-disturbed forest in Cambodia. Only the 
table was done by Bernard Rollet during his research by the year 60’s in the similar condition area of Dense Humid Semi evergreen 
forest on “Grey soils”, which could be used as comparative data with the study area.  
 Followed the table 5.1, There are double density of Dipterocarps Species within the Non-Disturbed forest, if comparing 
with this logged-over forest study area (4/9 species). The variation of families and Species of Non-Dipterocarps group within 
logged-over forest is higher than Non Disturbed forest (22 families/18, and 41/27 species).  

Regeneration and mature stands distribution of main commercial species 
There are only seven plant families which are distributed the main commercial species in the studied area. The regenera-

tion is in very low range (0%-2.047%) except family DIPTEROCARPA-CEAE (2.047%). Mostly of Dipterocarpaceae family are 
cumulated on species Vatica cinerea, King., which the liveforms is small tree (aa) and the main use is pole but not timber. 

The mature trees are also cumulated in three families: Dipterocarpaceae (0.058%), Caesalpiniaceae (0.011%) and      
Lythraceae (0.013%).  

Familio Mat. Reg. 
% 

Frequ. 
of Mat. 

% 
Frequ. 
of Reg. 

Anacardiaceae 10 1111 0.001 0.090 

Caesalpiniaceae 134 220 0.011 0.018 

Dipterocarpaceae 719 25213 0.058 2.047 

Lythraceae 161 88 0.013 0.007 

Rosaceae 40 44 0.003 0.004 

Rubiaceae 2 0 0 0 

Sterculiaceae 95 88 0.008 0.007 
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Table 4.5:  Frequency of mature and regeneration   Graph 4.3: Main Commercial Species Richness                   

Graph 4.4: Distribution Density Of Dipterocarps, Non-
Dipterocarps And Unknown Tree Species 



Ouk Syphan et al. The stand structure analysis for the rehabilitation of logged-over forest –A case study in Cambodia 

19 

Scientific Names 
Numbers of trees by species and diameter class, cm 

Total 
 /1 ha 

% 
Frequency 
by group 
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Sub Total 63 22 06 02 03 02 03 04 01 0 02 108 50 % 

 II-Non-Dipterocarps 

10. Sindora cochinchinensi (Caesalpiniaceae) 

11. Dialium cochinchinensi(Caesalpiniaceae) 

12. Tarrietia javanica (Sterculiaceae) 

13. Sterculia lichnophora (Sterculiaceae) 

14. Parkia streptocarpa (Mimosaceae) 

15. Aglaia odorata (Meliaceae) 

16. Cleistanthus eburneus (Euphorbiaceae) 

17. Cleistanthus sp. (Euphorbiaceae) 

18. Diospyros bejaudii (Ebenaceae) 

19. Diospyros nitida (Ebenaceae) 

20. Maba costanea (Ebenaceae) 

21. Haasia cuneata (Lauraceae) 

22. Popowia diospyrifolia (Annonaceae) 

23. Mitrephora thorelii (Annonaceae) 

24. Xylopia sp. (Annonaceae) 

25. Garcinia schomburchiana (Clusiaceae) 

26. Garcinia ferrea (Clusiaceae) 

27. Griwia paniculata (Tilliaceae) 

28. Pentace sp. (Tilliaceae) 

29. Mangifera indica (Anacardiaceae) 

30. Eugenia sp. (Myrtaceae) 

31. Corallia lucida (Rizhophoraceae) 

32. Schima crenata (Terstroemiaceae) 

33. Irvingea oliveri (Irvingiaceae) 

34. Parincrium annamense (Rosaceae) 

35. Nephelium sp. (Sapindaceae) 

36. Ardisia sp. (Myrzinaceae) 
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Sub Total 49 25 12 06 03 02 0 0 01 0 0 98 45 % 

 III-Unknowns 

37. Srangol 

38. Dol moon 

39. Ke mong 
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41. Chbeam tukké  
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Sub Total 07 01 01 02 0 0 0 0 0 0 0 11 05 % 

 Total 119 50 19 10 6 4 3 4 2 - 2 217 100 % 

Table 5.1 Floristic composition per ha of typical dense humid evergreen forest on “Grey soil” 

By Bernard Rollet (1972), La végétation du cambodge.  
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The vegetable and site analysis 
 Followed the vegetation and site information, the opened degree of the main stratum is ranging from sub-opened to semi-
opened and opened. The retained stand is low woody vegetation formation with high degree of artificialisation, but in general they 
are still sound vegetation, which could be improved. The majority of component are small trees stratum of 10-15 m height of minor 
merchantable dominant species such as Vatica cinerea,King., Peltophorum dasyrachis,(Miq) Kurz,  Dialium cochinchinensis, Pi-
erre. Herritiera javanica, (Blume) korstern., Lagerstroemia spp etc., particularly, the main merchantable species had been extracted 
through over-logging such as: Anisoptera glabra, Dipterocarpus alatus, Roxb., D. costatus, CF. Gaerth., D. dyeri, Pierre., D. turbi-
natus, Shorea guiso, (Blanco) Blume.,  Hopea odorata, Roxb.,  Shorea hypochra, Hance., etc. 
 The site is still fair, plat area, non inundated, non hydromorphed, especially the areas are covered by organosoil substra-
tum with mull cover on the top layer. Otherwise the presence of major lianes component and minor Herbacoeus plants component 
revealed that the original stands structure did not rootly degraded yet, because the Forest Stands still keep their crown canopy or it 
just lose some main dominant trees layer of major merchantable species. 

Informations Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 
Opened Degree 
of Main Stratum 

Opened Semi-Opened Opened Semi-Opened Semi-Opened Opened Sub-Opened 

Degree of 
Artificialisation 

High High High High High High High 

Vegetation 
Formation 

Low woody 
Veget. 

Formation 

Low woody 
Veget. 

Formation 

Low woody 
Veget. 

Formation 

Low woody 
Veget. 

Formation 

Low woody 
Veget. 

Formation 

Low woody 
Veget. 

Formation 

Low woody 
Veget. 

Formation 

Dominant 
Species 

1-Dialium 
   cochinchinensis 
2-Lagerstroemia 
   spp 

1-Vatica 
    cinerea 
2-Peltophorum 
   Dasyrachis 

1-Vatica 
    cinerea 
2-Dialium 
   cochinchinensis 

1-Vativa 
    cinerea 
2-Khla tas 

1-Vatica cinerea 
2-Cratoxylon 
   Formosum 

1-Hasia 
    cuneata 
2-Vatica 
    cinerea 

1-Tarietia 
    javanica 
2-Vatica cinerea 

Forest 
Exploitation 

Anachic 
Logging 

Anachic 
Logging 

Anachic 
Logging 

and Shifting 
Cultivation 

Anachic 
Logging 

Anachic 
Logging 

and Shifting 
Cultivation 

Anachic 
Logging 

and Shifting 
Cultivation 

Anachic 
Logging 

Accidents Sound Sound 
Infection on Stems 

& Branches 
Sound Sound Sound Sound 

Slope 0 – 1 % 0 – 1 % 0 – 1 % 0 – 1 % 0 – 1 % 0 – 1 % 0 – 1 % 

Exposition Plat Area Plat Area Plat Area Plat Area Plat Area Plat Area Plat Area 

External 
Drainage 

Null Null Null Null Null Null Null 

Submersion 
Non 

Inundated 
Unit 

Non 
Inundated 

Unit 

Non 
Inundated 

Unit 

Non 
Inundated 

Unit 

Non 
Inundated 

Unit 

Non 
Inundated 

Unit 

Non 
Inundated 

Unit 

Hydromophy 
Non 

Hydromorphy 
Non 

Hydromorphy 
Non 

Hydromorphy 
Non 

Hydromorphy 
Non 

Hydromorphy 
Non 

Hydromorphy 
Non 

 Hydromorphy 

Substratum Organo-Soil Soil Organo-Soil Organo-Soil Soil Graveo-Stony Organo-Soil 

Nature of Humus Mull Mull Mull-Moder Mull Mull-Moder Mull Mull 

Table 6.1 Main information on vegetation and site 

Discussion and conclusion 
 Based on analytical results, the “BAKSNA” For-
est, a typical studied area of logged-over Dense moist ever-
green forest of the North Great Lakes plain, has been charac-
terized generally by optimum Species richness indicated by 
mean CHAO index Schao = 64.125, but the distribution of 
density frequency are cumulated mostly on non-tree Stratum 
(34.05% of density frequency by liveforms) and the regen-
eration of less merchantable tree Species (57.35% of density 
frequency by liveforms). The merchantable species are rep-
resented by 07 families only among 45 plants families 
counted in the area, and its density frequency ranging from 
0.14% to 6.50%. The component of the big trees stratum 
whether their mature (A) or regeneration trees [Ga(A)] dis-
tributed in very low range. It mean that the big trees live-
forms represented by major merchantable species had been 
loss their mother stands which were the seeds source of next 
regeneration, and particularly their medium Ga(A) and big 
Pe(A) regeneration stands which were the Future trees of the 
forest structure were also insufficient. 
 The component of the seedlings of Medium trees 
Pt(a) and small trees Pt(aa) distributed in very high range 
(25.94% - 31.41%). Oppositely, the distribution of their 
mature Stands (a) and (aa) and also their medium and big 
regeneration stands (future trees) are ranging very low fre-
quency. So, the retained forest stand structure has been left 

mostly the Dominated tree Stratum, composed majorly by 
medium and small tree liveforms. That is the primary evolu-
tion of the original dense moist evergreen forest vegetation, 
because the component of merchantable species represented 
by the mature trees (A) distributed extremely low range and 
were defected stands, which had no ability for seeds produc-
tion. The Dipterocarps Species either the mature stand or 
Regeneration are cumulated on Species “Vatica cinerea” 
which are the Indicators Species for Dominated stratum of 
Dense Humid Evergreen forest. The component of Diptero-
carps Species represented extremely low range (0.058%), if 
comparing with the non-disturbed forest of the similar condi-
tions, which contains about (50%). So it proving that the 
Stands Structure of Forest studied area is modifying resulted 
from repeated and over logging. For such typical logged-
over forest any more extraction of timber should be prohib-
ited and it must be managed as the forest reserves for at least 
another 30 years cutting cycle or could be rehabilitated 
through Enrichment plantation by introducing under retained 
forest canopy the main indigenous merchantable species. 
The selection of Species for enrichment plantation should 
correspond to the site and its biological condtions within the 
ecosystem .In this case, the sciaphyle seedling should be 
selected to match the shade conditions within the stand . 
Species that should be selected include the group of Diptero-
carpus spp, Anisoptera glabra, Korth., Hopea spp, Shorea 



Ouk Syphan et al. The stand structure analysis for the rehabilitation of logged-over forest –A case study in Cambodia 

21 

guiso, (Blanco) Blume., S. hypochra, Hance., Herritiera 
javanica, (Blume) Korstern., etc. The “Gap System” method 
should be implemented which may provide a good practices 
for enrichment plantation under logged-over forest canopy 
and favorable condition for sciaphyle seedling of the major 
merchantable Dipterocarps Species and could also reduce the 
site impact during plantation. 
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COMMUNITY IRRIGATION SYSTEM IN CAMBODIA  
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GtßbTsegçb 
 neya)ayFarasaRsþfIμrbs;raCrdæaPi)alkm<úCa )anbegIát 
shKmn_ksikreRbIR)as;TwkenAcMnYn 13extþ enATUTaMgRbeTs cab; 
taMgBIqñaM2003 edImI,dak;eGaydMeNIrkar nigRKb;RKgRbB½n§eRsac 
RsBEdlmanRsab; nigRbB½n§FarasaRsþEdleTIbGPivDÆn_enA 
eBlbc©úb,nñ. karbegIátshKmn_ksikreRbIR)as;Twk KWCadMeNIrkar 
epÞrBIraCrdæaPi)al TaMgcMNaykñúgkardMeNIrkar nigkarRKb;RKgén 
RbB½n§FarasaRsþeTAeGayshKmn_ksikr kñúgeKalbMngGnuvtþ 
neya)ayFarasaRsþRbkbedaynirnþPaB. karsikSaRtUv)aneFVIeLIg 
enARbB½n§FarasaRsþRbvtþisaRsþ)arayN_enAextþesomrab EdlCa 
shKmn_mYykñúgcMeNamshKmn_eRbIR)as;TwkepSg²enAkm<úCa edImI, 
eFIVkarviPaKBIplitkm μRsUvR)aMg nigkarRKb;RKgRbB½n§FarasaRsþ 
EdlmankarcUlrYmBIshKmn_ksikr. karsikSak¾)anepþateTAelI 
karRKb;RKgkareRsacRsB karGPivDÆn_dMNaMRsUvR)aMg nigneya)ay 
FarasaRsþenAkm<úCapgEdr. karRbmUlB½t’manRtUv)aneFIVeLIgtam 
ry³karsmÖasn_CalkçN³ÉktþCn nigkarRbCMuBiPakSaCaRkum. 
lT§plbzm)anbgðajeGayeXIjfashKmn_ksikreRbIR)as;Twk)an 
CMrujkardaMduHRsUvR)aMgtamry³karEbgEckTwkd¾smRsb. sV½yhirBaØ 
kic©rbs;ksikr nigkarRKb;RKg edaymankarcUlrYmBIshKmn_)ancUl 
rYmcMENkkñúgkarEfrkSaehdæarcnasm½<n§RbB½n§FarasaRsþ. k¾b:uEnþbBaða 
Cak;EsþgmYycMnYnEdlCa]bsKÁ dUcCakarxkxankñúgkarbg;éføTwk 
eRsacRsB karxkxankñ úgkarcUlrYmcMENkkargarshKmn_ 
kardeNIþmTwkKña karKitEtBIplcMeNjrbs;smaCik CemøaH 
PaBxVHkarTTYlxusRtUv nigkarxVHxatTwk)anekIteLIg nigGacmanpl 
GviC¢manenAkñúgshKmn_. 
 
Abstract 
 New irrigation policy to form a Farmer Water User 
Community (FWUC) is introduced by the Cambodian Gov-
ernment in 13 provinces across the country since 2003 to 

function and manage both existing and new irrigation sys-
tems. The formation of FWUC is to transfer the function and 
management of irrigation systems to farmer communities 
from the government for the sake of implementing sustain-
able irrigation policy. The study was conducted in a histori-
cal Baray Irrigation Scheme located in Siem Reap Province, 
one of the FWUC in Cambodia, to analyze dry season rice 
production, and irrigation management and participation 
from the community. A review of irrigation management, 
dry season rice development and irrigation policy itself were 
briefed. Survey and focus group discussion approach were 
carried out to collect information from farmers in two com-
munes where FWUC was established. It can be initially as-
sessed that the community could improve dry season rice 
through appropriate irrigation water distribution. Irrigation 
infrastructures could be maintained by farmer self-finance 
and participatory management. Nevertheless, such certain 
constraints as failure to pay water fee and to attend commu-
nity’s activities, water competition, selfishness of members, 
conflicts, lack of responsibility and water shortage were 
observed. 
Keywords 
 Participatory Irrigation Management, Water user 
community, Common resource management, Irrigation pol-
icy  
Introduction 
 Efficient water uses for irrigated rice of Asian 
monsoon region are able to feed 54 % of the world’s popula-
tion with only 14 % of the world’s land (Takase, 2004). The 
supply of water is the most important factor that can control 
the production of field crops in the tropics (Brady, 1978). 
Cropping intensity and diversity can be carried out where 
water supply can be dependable and controllable. Of the 
field crops, rice is most water supply dependant crop and 
requires most controllable irrigation water. If there is a short-
age of water at any stage of its life cycle, potential yields 
will be affected severely (Javier, 1997). According to 
Greenland (1997) the rice crop requires more water than any 
other major crop, which was estimated 4,000 tones of water 
are required to produce one ton of rice. The requirement of 
water for rice cultivation varies widely according to planting 
season, rice varieties, weather, landscape position, soil drain-
age characteristics, and the management of the water supply.  
 The irrigation system is not just for rice crop itself 
but also can support, maintain and even improve soil fertil-
ity. The cultivation of rice absorbed huge amount of avail-
able nutrients in the soil every year. Even though the supply 
of nutrients is practiced yearly, there would be no balance 
between absorbing of rice plant and application because rice 
farmers in Cambodia are still under poor so that they cannot 
afford to buy sufficient fertilizers. Furthermore it is impossi-
ble for farmer to be aware that the suitable quantity fulfills 
the lost. Therefore irrigated rice field is generally rich soil 
fertility and good soil structure and texture compared to 
rainfed lowland field condition because supply water con-
tained high content of nutrient in particular rich deposit of 
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silt from river source. Even other source of water supply 
may not be very rich in silt and nutrients, it remains high 
content of plant required substances compared to rainfall.   
 The development or establishment of irrigation 
systems requires huge capitals and years but the supply of 
water is not efficiently used and the project is not sustainable 
if a proper operation and maintenance is not taken into con-
sidered. If the condition of irrigation systems are well-
conceived and efficiently managed, one year round cultiva-
tion is possible where water supply is dependable and con-
trollable (Brady, 1978). The lack of the conceptualization 
and management of irrigation systems has adverse impact on 
full food-production potential even the water supply is favor-
able. Concerning irrigation, proper water management is the 
most important measure and has become generally accepted 
in Southeast Asian farming societies (Wickham and Valera, 
1978). 
 Apart from project sustainability, good manage-
ment of irrigation water benefits both users and providers 
(Wickham and Valera, 1978). Good water management can 
supply rice grower with full water sufficiency from seedling 
to harvesting and further offer opportunity to grow second or 
third crop within one year. Good water management of the 
operator or provider means appropriately application of wa-
ter to rice field to minimize over-irrigation and consequent 
drainage losses that is reduce current water supply to irri-
gated land can save water for a potential larger area. Wick-
ham and Valera (1978) state that the aspects of good water 
management are critical to enhance agricultural output by 
achieving either higher yields or larger irrigated areas. In 
order to manage irrigation water efficiently, certain activities 
and factors need to be taken into account. Recent studies in 
Cambodia emphasized that the link with the local institutions 
and appropriate strategies are essentials to be functioned the 
farmer water users group in participatory management 
(Prera, 2006).  
 The aims of this paper are to depict the recent 
agricultural irrigation policy in Cambodia and to analyze a 
case of irrigation water usage in community level, which is 
reflecting the concept of well irrigation water management 
contributing to better life through safe agricultural produc-
tion. In the next section, introduction of recent irrigation 
policy related to farmer associations is outlined, followed by 
the survey results of community irrigation systems in Siem 
Reap is presented. The paper will show the actual situation 
of water users group in Cambodia from field survey under 
the complex, though it is rather real, water usage situation 
and issues. 
Method of the research 
 The analysis started from collecting related infor-
mation from the Ministry of Water Resources and Meteorol-
ogy (MOWRAM) and JICA Cambodia office. The informa-
tion from field study conducted in two communes located in 
the Baray Irrigation Scheme (BIS) area in Siem Reap Prov-
ince in July 2005. The data collection in the survey site was 
carried out through different methods. The authors discussed 
with Directors and officials of Provincial Department of 
Agriculture, Forestry and Fisheries (PDAFF) and Provincial 
Department of Water Resources and Meteorology 
(PDWRAM) in Siem Reap, and a Farmer Water User Com-
munity’s (FWUC) committee members and commune heads 
of the survey site. Direct observation of irrigation systems 
and fields were conducted by the authors. A survey using 
questionnaire was conducted by seven research assistants 
under the supervision of the authors. A random selection of 
150 and 151 farm households were interviewed in Samrong 
Yea and Khnath commune respectively. The questionnaire 

focused critically on water irrigation issue and FWUC man-
agement. In order to cover broader viewpoints of respon-
dents, six sessions of focus group discussion was also held 
by the authors in both communes for two farmer groups with 
paddy field location basis and a village head group from 
each commune in March 2006. In the session, details in-
cluded land holding, cropping systems, rice yield and dis-
posal, farm resource inputs and in particular constraints in 
rice production in the communes were discussed.  
Dry season rice development in Cambodia 
 Irrigation water is the common resource for rice 
farmers. If the resource is critically scarcity condition, rice 
farmers have to compete and/or cooperate with each other. 
The necessity of collective action is determined by the quan-
tity and quality level of resource endowment. Farmer com-
munity has a critical role to play in functioning irrigation 
water usage association and sustaining the water group man-
agement; and farmer water use community is influenced by 
social relationship because irrigation water is critically re-
quired by the whole rice grower community, especially wa-
ter application is requested at the same time and long-term 
supply. It broadly accepted that negligence and uncoopera-
tiveness of farmers caused poor irrigation water management 
(Wickham and Valera, 1978).  
 Increasing participation and collaboration from 
farmers, responsibilities for water supply and irrigation fa-
cilities should largely or fully be transferred to the farmers. 
The farmers should be trained and educated about technical 
skills and valuable water resource endowment to run the 
source ideally. Since well cooperation from farmers influ-
enced on successful management of water supply, the farm-
ers should be encouraged to assume more responsibility in 
water management and then such responsibility as opera-
tional functions in charge by the systems’ field staff can be 
taken over the farmers (Wickham and Valera, 1978). When 
farmers bear responsibility for water management, they do 
not just function water and facilities in reservoirs, main canal 
or sub-canals carefully but they also use water supply in 
their fields efficiently that can avoid wasting water through 
over-irrigation and drainage. There is different history, ex-
perience, method in irrigation water management in Asia 
depend on natural resources, national economy, technology 
development and water policy. 
 But the cultivation of rice in Cambodia is mainly 
under rainfed lowland condition that one of the factors attrib-
uted to down turns of rice production in this country. Water 
supply is the most severe constraint to rice production since 
around 84 % of rice growing area is rainfed lowlands. The 
total rice cultivating area in 2004 is around 2,374,000 ha and 
only 12 % of the total area is irrigated rice of dry season rice 
production. Rest 2,075,000 ha is rainfed lowland conditions 
(MAFF, 2005). Even though the colmatage irrigation system 
for recession rice was distinctive aspect (Takase, 2004), it 
was a tiny area compared to the total rice production area. 
 Within Southeast Asian nations and Asia as a 
whole, percentage of irrigated land area in Cambodia is 
smallest compared to other countries. Even though Cambo-
dia produced surplus rice and was third rice exporter country 
during 1960s, the irrigated land was only around 2.2 % of its 
total cultivated land (Table 1). Besides Cambodia, several 
rice growing countries in Asia such as Laos, Myanmar, 
Bangladesh and Nepal, reported with less than 10 % of irri-
gated land in 1960s but then the percentage of irrigation land 
of all countries except for Cambodia gradually increased. 
Until recently, Cambodia’s irrigated land remained around 7 
% while other grown above 18 % though water resources of 
the country was considerably favorable. 
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 Due to the long civil war in Cambodia from 1970s 
to 1980s, the country was left behind the Green Revolution. 
Once the country enjoyed the abundance of agricultural pro-
duction in 1960s but the infrastructure was totally destroyed 
under the Pol Pot regime in 1980s. Along the Mekong River 
and Tonle Sap Lake, country seems abundant of irrigation 
water. But actually, most of the rice field is under rainfed 
condition with insufficient water and especially irrigation is 
impossible in dry season.  
 In fact, there are four major irrigation methods in 
Cambodia and beside ordinal irrigation method by canal 
gravity with/without pump and utilize groundwater by using 
shallow tube well, two among them are unique and tradi-
tional irrigation methods in Cambodia. One is Colmatage 

and another is Tomnub. The former was seen at the area 
between Bassac and Mekong Rivers, which is known as 
traditional farming system used by water level changes be-
tween wet and dry season. The latter, which is presented in 
the study sites, referred as dam of reservoir in English and 
use wet season flooded water to store in the reservoir and use 
the water for irrigation during the dry season. But they are 
not favorable for major cultivated rice land in Cambodia and 
the irrigation infrastructures were destroyed by chronic civil 

  1961 1965 1970 1975 1980 1985 1990 1995 2000 2003 

Southeast Asia                     
  Cambodia 2.2 3.4 3.3 4.8 6.0 7.8 6.5 7.3 7.3 7.3 
  Indonesia 21.7 21.7 21.7 21.7 22.8 21.1 21.8 25.5 22.0 21.4 
  Laos 1.9 2.0 2.6 5.3 14.7 15.0 16.9 18.7 20.0 18.4 
  Malaysia 27.5 27.1 28.5 31.8 32.0 26.1 20.1 19.9 20.1 20.3 
  Myanmar 5.4 7.6 8.4 10.3 10.5 11.0 11.0 16.3 18.6 18.5 
  Philippines 14.1 15.1 17.7 21.4 23.3 26.9 28.3 28.2 27.4 27.2 
  Thailand 15.6 15.8 15.9 16.2 18.3 21.6 24.2 27.6 31.4 35.3 
  Viet Nam 18.0 18.0 21.3 24.6 28.6 44.5 54.3 55.5 48.4 44.9 

East Asia                     
  China 29.4 32.8 38.1 43.8 46.9 36.9 38.8 40.2 39.7 38.3 
  Japan 51.9 53.7 65.7 64.1 62.7 61.1 59.7 59.3 59.0 58.9 
  Korea, N 23.3 23.3 23.3 40.9 49.0 55.6 62.1 60.8 56.2 54.1 
  Korea, S 32.0 32.5 39.4 44.4 43.3 47.2 50.6 50.9 51.2 53.3 

South Asia                     
  India 15.8 16.8 19.0 20.7 23.6 25.8 28.7 32.8 35.4 34.8 
  Bangladesh 5.0 6.5 12.0 16.2 17.1 23.4 30.5 48.1 51.8 59.2 
  Nepal 3.9 4.8 6.0 10.5 22.9 33.2 43.1 48.8 48.8 49.5 
  Pakistan 64.3 60.0 67.6 69.6 73.4 78.0 77.2 82.0 84.9 93.7 
  Sri Lanka 56.3 43.0 57.4 51.2 53.8 59.1 59.4 65.8 74.3 81.1 

Source: FAOSTAT 

Table 1: Irrigated land area/arable land area (%) 

war. 
 Therefore, the development of both small and 
large scale irrigation systems for crop intensification on the 
existing paddy lands is the critical strategy. The plan of irri-
gation development for the available farmland is the most 
suitable for improving Cambodian rice productivity. How-
ever, to develop new irrigation infrastructure requires high 
investment cost by the government or depend on overseas 
aids. It is necessary to enforce the existence facilities of both 
Tomnub and canal system with minimum cost. 
 International development aids for Cambodia in 
agricultural sectors made great efforts to establish new irri-
gation infrastructure and to rehabilitate the destroyed and 
abandoned infrastructures. Thanks to the effort and stable 
peace situation, the dry season rice has been gradually in-
creased in the past decade (Figure 1). According to the 
MOWRAM, some 3,291 irrigation schemes and total 
1,014,300 ha area was irrigated as of 2003. From 1999 to 
2003, 315 irrigation areas were rehabilitated and it covered 
153,149 ha. The rehabilitation helped 113,500 ha and 16680 
ha of land by protected from flooding and saline damages, 
respectively.  

Figure 1: Development ratio of dry season rice in Cambodia, 1995-2004 
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 Though rainfed lowland rice production trans-
formed into the double cropping of rice, the majority of the 
production came from rainfed rice field in wet season and 
recessing rice in dry season. However, the production tends 
to suffer from either drought or flood or both constraints. For 
example, within one village, rice field located at one site of a 
road suffered from drought while rice crop at another site of 
the road was destroyed by flood. Destroyed cultivated rice 

tion systems can be successfully implemented.  
 MOWRAM has an important role to play to carry 
out the sustainable policy of irrigation systems. MOWRAM 
submitted to the parliament the Law on Water Resource 
Management in April 2004 which is currently still under 
reviewing process (as of June 2005 from personal communi-
cation with a MOWRAM officer). Chapter IV (Article 19) in 
the draft of the law refers to the collective effort by farmers 
for irrigation water usage hence the government prepared 
sub-decree of the FWUC. There are many different kinds of 
group activities regarding irrigation water in Cambodia 
funded by different organizations, such as international or-
ganizations and NGOs. MOWRAM needs to conduct study 
in order to assess irrigation systems across the country to 
achieve the sustainable policy of irrigation. The ministry 
needs to design and construct the irrigation systems and 
infrastructure to guarantee that farmers can access irrigation 
water. Preparation of statute for FWUC and formation of 
FWUC are carried out by the ministry in collaboration with 
other involved authorities.  
 According to the report from MOWRAM, some 66 
FWUC were established in the 13 provinces (Table 2). Even 
though the formation of this association commenced in 2000, 
the majority of FWUC was completed in 2003 and other was 
also on forming. The number of FWUC was quite variation 
from one province to another, e.g., there was 10 communi-
ties in Kampong Cham compared to only one community in 
Sihanouk Ville. The number of FWUC may not correlate to 
the number community member except for Takeo Province 
because locations with more communities had fewer mem-
bers than less community locations. This would result from 
different land size holding of individual household in differ-
ent provinces. The total area covered by FWUC was almost 
90,000 ha including around 37,000 ha of dry season rice 
area. Every FWUC could not be operated for both dry and 
wet season. According to the report, of the total communities 
only 16 could supply both seasons while 30 were the sources 
of dry season only and 19 were using as supplementary of 
wet season rice.  

Irrigation policy and farmer water user community 
(FWUC) 
Outline of the irrigation policy in Cambodia 
 Recently many development and rehabilitation 
projects of canal based irrigation have been on going by 
several foreign aids including the key donors of Japan Euro-
pean Union countries. At the same time, the Royal Govern-
ment of Cambodia which regard irrigation systems as top 
priority starts to implement the irrigation water usage asso-
ciation in rice growing area, named Farmer Water User 
Community (FWUC) and participatory irrigation manage-
ment and development (PIMD) to let farmers have their 
ownership sense of the canal maintenance as well as to mini-
mize the supporting cost from the government. Development 
of the irrigation facilities is necessary not only for the dry 
season rice production but also for stabilizing and control-
ling water of wet season rice cultivation. The community 
scale of canal based irrigation has been long history in Cam-
bodia but participatory irrigation management is recently 
formed.  
 Since water is essential to improve food security 
and more importantly can contribute to the national economy 
in Cambodia because around 85 % of its total population are 
farmers, the restoration of existing irrigation systems and 
reconstruction of new infrastructures have been hectically 
worked by the Royal Government of Cambodia in collabora-
tion with international donors, NGOs and private companies 
and others. There are several main tasks which need to be 
carried out by the government to achieve sustainable irriga-
tion policy. First, irrigation systems are effectively used and 
maintained for long lasting. Using capacity and irrigating 
potential are also increased. Next, any misuse and destruc-
tion of irrigation systems is prohibited. International aids for 
the irrigation systems are targeted. And also private invest-
ment on the area is encouraged. Furthermore, farmers are 
encouraged to maintain the irrigation systems and take own-
ership responsibility. Eventually, irrigation systems manage-
ment is transferred to FWUC. Hence, annual national budget 
can be gradually deducted and sustainable policy of irriga-

Figure 2: Percentages of destroyed area of rice cultivation area in Cambodia, 1997 - 2004 
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area by flood and drought often reached more than 5 % of 
total rice cultivation area and reached 20 % of wet season 
rice by flood in 2000 and 13 % of wet season rice by drought 
in 2004 (Figure 2). The unstable rice production condition 
gave strong negative impact for the fragile rural poor. Devel-
opment of the irrigation facilities is necessary not only for 
the dry season rice production but also for improving wet 
season rice yield through the supplementary irrigation.  
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 The statute/regulation of FWUC including 8 chap-
ters and 40 articles was developed as the standard across the 
country in order to be effectively implemented. The key 
points of the statute are name and objectives of each FWUC, 
criteria of membership, committee members’ term and roles, 
costs and returns, actions, orders and fine/penalty. Besides 
implementing the statute, the committee of FWUC has to 
organize and operate the community well with self responsi-
bility. The committee has to solve any crisis resulted from 
irrigation water use. Most importantly, the group has to col-
lect money from all members defined by the committee.  
 The sustainability of FWUC depends on certain of 
main factors but financial issue is likely to be the most im-
portant point to support the community (Perera, 2006). Con-
cerning long-term running of the community together with 
limited budget from the government, five-year descent sub-
sidy is paid by the government commencing from the year of 
formation. According to MOWRAM, within the first year of 
the community establishment, government supports 80 % of 
the maintenance cost of irrigation facilities, then every year 
reduced by 20 % each, then in the fifth year and after, mem-
ber farmers paid 100 % of the cost by themselves. The mem-
bers of FWUC have to pay for full fee, cost USD 10/ha, 
from the fifth year in order to keep operating of the associa-
tion. Defining water fee was the result of yield analysis indi-
cating that 20 % yield increase after the operation of irriga-
tion systems. The operating costs are allocating for mainte-
nance, fuel, committee members’ incentive, and administra-
tion and overhead costs. However, the bequeathing the man-
agement autonomy by sharing the cost sometimes may face 
difficulties because most of the subsistence farmers could 
not afford to pay for irrigation fee especially crop failure by 
frequent flood, drought and severe pest constraint even 
though the regulation is under enforcement.  
 Besides natural constraint, management and tech-
nical issues are also generally recognized as critical problem 
(MOWRAM, 2003). Water distribution can be affected by 
shallow/disrepair canal, broken dam/bank and field location. 
Schedule, time and quantity of water delivery can lead to 
water competition or taking advantage and conflict eventu-
ally. Furthermore, it is widely recognized that the manage-
ment would be difficult for irrigation systems with large 
reservoirs, cover large area of paddy and numerous mem-
bers. There would be conflict between farmers and commit-
tee of FWUC/government if there is too much pressure of 
water payment from the latter while the former harvest very 
poor or no yield. But controversial issue may also happen if 
the farmers are excluded from FWUC members because they 
keep declining to pay water fee consecutively. In contrast, 
FWUC would become inactive or collapse if no measure is 
taken to water fee collection due to no subsidy from govern-
ment. How to activate FWUC substantially seems the major 
concern for the Cambodian government. 
 Therefore law alone without understanding and 
participating from implementers/users may not be enough to 
keep irrigation systems sustainable. The Ministry has tried to 
uniform these different management systems to consolidate 
under unified regulation in which concept was based on 
participatory irrigation management. It is critical for farmers 
to understand the purposes of FWUC formation and fully 
collaborate with committee members. An analysis of situa-
tion, ex-ante and ex-post the establishment of FWUC need to 
be widely extend to farmer circle. Capacity building of 
FWUC needs to be provided to both farmers and committee 
members that enable them to be functioned irrigation sys-
tems and infrastructures effectively (MOWRAM, 2003). 
They also need to be trained to define, analyze and solve 

problem by themselves. The formation of FWUC is hypothe-
sized to implement sustainable water policy.  
Irrigation water usage situation in the case study site 
 The community of Baray Irrigation Scheme (BIS) 
was established in 2002 and first election for selecting 
FWUC committee members was held in 2003. Though the 
year of community establishment was quite recently but East 
Baray reservoir was constructed in the Angkor era (around 
890AD). Main canal is 2.9km followed by secondary 
59.2km and tertiary 150km canal. Secondary and tertiary 
canal was rehabilitated in 1975 however, there were so many 
conflict/fighting/arguing cases happened especially before 
forming the community. Though both main and tertiary ca-
nals have been restored in this area, there is not enough wa-
ter in the both dry and wet season due to the poor canal 
physical condition.  
 In order to manage irrigation system, well main-
tain infrastructure, solve conflicts and well operate irrigation 
water distribution, FWUC of BIS located in Khnath Com-
mune, Pouk District of Siem Reap Province was officially 
formed in August 2004 after the committee member were 
elected, and the new FWUC got the approval from 
MOWRAM. The committee comprised of one head, two 
deputy heads responsible for planning, repairing and water 
delivery, one accountant and all heads of farmer water use 
groups as members. The committee consisted of six group 
farmers and 27 subgroups with village base because of field 
location conditions. However, the actual activities such as 
collecting irrigation fee and/or maintaining canal are carried 
out by village (Phum) based. The management and imple-
mentation of Baray irrigation scheme is based on the statute/
regulation.  
 Inundated water from Tonle Sap Lake in the wet 
season is reserved inside dams and it is used for especially at 
the beginning of the dry season rice production while the 
source of BIS is irrigated from the second irrigating until 
harvesting. Ending wet season enter into dry season, farmer 
used the land inside the main dam constructed during the Pol 
Pot time for rice cultivation according to the water receding, 
named recession rice. Though BIS has canals, the rice farm-
ers in the area face chronic water shortage of irrigation water 
so that they also use Tomnub (dam reservoir) water. One of 
the main dams is named “Tomnub 78” which build in 1978.  
 From field observation, discussion with commune 
councils and maps, the study sites can be divided into six 
distinguished sections with the differences of topography, 
land elevations, flood water regime of Tonle Sap Lake and 
agro-ecosystems through the cross sectional view (Figure. 
3). There was flooding whole year round in the Tonle Sap 
Lake region though it is shallow during dry season or even 
only muddy at certain places. The area is quite rich of fish 
and it was fishing zone in dry season. Flood forest zone or 
wet land area, where flood only in wet season, is next to 
Tonle Sap Lake. This area is covered by small trees or 
bushes which are resistant to flood for several months. Even 
though dry season rice production is encouraged, clearing 
bush in the zone is prohibited because it affects both fish 
laying egg hosts and environments. The zone followed by 
dry season rice area also flooded in wet season. Soon flood 
water recede, farmers commence to sow rice seed as dry 
season rice cultivation using both flood water at early stage 
and BIS water at later phase. Between dry season rice and 
recession rice area are separated by Tomnub 78. Rice culti-
vation in this area was also at the start of flood receding but 
a couple of weeks earlier. Farmers in the study sites consid-
ered as recession rice rather than dry season rice. In the same 
section, early harvest wet season rice is also cultivated.  
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 Photoperiod-insensitive short duration variety is 
transplanted at the beginning of wet season and harvested 
just before rising flood. Next to recession rice area is rainfed 
lowland rice area where flood of Tonle Sap could not be 
reached. Photoperiod sensitive traditional variety is favor-
able for cultivating in the area. Other cash crops, corn, sugar-

 Figure 4 shows the cropping calendar representing 
the cropping system in the study area. As for the rice, 
farmer’s identified five types of cropping patterns though 
floating rice is rarely shown in the survey sites. Three main 
cropping patterns, non-rice crops, wet season rice and dry 
season rice, can be identified from the study sites. The main 
non-rice crops include maize, cassava, sugarcane, beans, 
yam and vegetables. There are two non-rice crops per year, 
wet season and dry season but the majority is cultivated in 
wet season. The cultivation of first crop kick off in May 
completed in June and harvested between August and Octo-
ber. The second crop starts during October and November 
and need to be harvested in March and April. Wet season 
rice comprises of three patterns, early harvesting rice, main 
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Figure 3: Transect of survey sites 
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Figure 4: Crop calendar in survey site 

cane, mungbeans and vegetables, are grown in dry season 
using BIS for irrigation. Last zone of transect in the Figure 3, 
the highest land elevation in the locations, is residential area 
where vegetables and fruit trees were cultivated for home 
consumption and additional household income.  

wet season rice and floating rice. The first two patterns are 
began to cultivate at similar period, May and June but one 
crop is harvested shortly before coming flood in August and 
September while November and January are the harvesting 
time for main wet season rice. Floating rice can be started a 
bid late and harvested until flood receding. As mentioned 
earlier, there are two crop patterns in dry season due to the 
different times of cultivation and harvesting and field condi-
tions. Farmers conduct land preparation for both crops in 
August and September but one crop could be sown and har-
vested around one month earlier, that is, between November 
and March, named recession rice, and between October and 
April, named dry season rice.  
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Case study: Two communes in baray irrigation 
scheme 
Outline of the respondents 
 To identify the issues on irrigation situation in the 
survey sites, two communes, namely Samrong Yea and 
Khnath was selected with 150 and 151 farm household re-
spectively for interviewing. The BIS covers 8 communes and 
1400ha of land. Among the 8 communes, three communes 

 The age of respondents of both communes was 
quite close, only two years different in average with compa-
rable median and standard deviation and similar range 
(Table 3). In overall, the age of the interviewees was 44 even 
if there was quite broad gap between the oldest and the 
youngest interviewees, 83 and 17 but this was only few cases 
according to the standard deviation. Since the respondents 
and household heads could be different, the age of household 
head was older than the respondent with an average of 47 
years old because the interviewees could be wife and other 
young family member. Even though the interview was ran-
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Figure 5: Location of the survey communes  

Table 3: Outline of the survey respondents 

Location   Respondents age Household head age Sex Respondent Household 
head 

Samrong Yea 
Average 43.05 47.64 Male 71 111 
Std Dev 13.97 12.52 Female 79 39 
Median 44.00 47.00 Total 150 150 

Khnath 
Average 45.41 47.58 Male 86 121 
Std Dev 13.76 11.84 Female 65 30 
Median 45.00 46.00 Total 151 151 

Total 

Average 44.24 47.61 Male 157 232 
Std Dev 13.89 12.16 Female 144 69 
Median 44.00 46.00 Total 301 301 
Max 83.00 79.00       
Min 17.00 22.00       

including Samrong Yea and Khnath have dry season rice 
(Fig 4). It means these three communes can use both Baray 
water through canal for wet season rice and Tomnub water 
for the dry season rice. We selected two of them to identify 
the water usage situation in the both seasons. Figure 5 shows 
the outlay of the study communes and their land use situa-
tion in wet and dry season. 

domly conducted, the proportion between male and female 
respondent was fairly equal, especially number of female 
was higher than male respondents in Samrong Yea Com-
mune, 79 to 71. It was very common in Cambodia that 
household head was male but at 39 and 30 out of 150 and 
151 in Samrong Yea and Khnath respectively were female 
household heads. According to the average age and ratio 
between male and female, they were appropriate source of 
information for the study because the respondents were 
enough experienced people in farming. The information 
collected can represent common practices in the area.  
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 The average household size of the two locations 
was almost the same, around 6 persons per household but 
few households could have as many as 13 members while 
few other as less as 1 (Table 4). Average size of owned land 
was 1.9 ha and 1.7 ha in Samrong Yea and Khnath Com-
mune, respectively. Some 24 % of respondents are classified 
under size of 1.0-1.5 ha followed by 21 % under 1.5-2.0 ha. 
The total land the farmers owned was divided into four dif-
ferent categories according to field conditions and crop culti-
vations, rice and non-rice in wet season and rice and non-rice 
in dry season. Both operated land and land owned, dry sea-
son rice area was larger than wet season rice area for both 
communes. Concerning non-rice crops, there was only 0.2 ha 
in average for cultivation and some farmers even used wet 
season rice field for the field crops in dry season. Therefore, 
the total land owned tended to be smaller than the sum of 

Irrigation facilities and usage of water  
 Since the question of paper was address to irriga-
tion policy and its management as main topic, irrigation 
facilities and sources were needed to be outlined. Baray 
reservoir and river-flood were the most important irrigation 
sources for farming especially dry season rice. Regardless of 
Baray or river-flood, irrigation was generally carried out by 
gravity canal but some 17 and 4 from Samrong Yea and 
Khnath respectively reported that they need to pump from 
canal (Table 5). Concerning river-flood, small or large dams 
were used to store water in wet season and irrigate in dry 
season. However, other sources of irrigation such as under-
ground water or shallow tubewell using pump was also re-
ported by 24 farmers from both communes. Not all but some 

Commune 
House hold 

size 
(person) 

Cultivating area (ha) 
Total 

owned land 
(ha) 

Wet season 2004 Dry season 2004/05 

Rice Non-rice Rice  
(outside dam) 

Rice 
(inside dam) Non-rice 

Samrong Yea 

Average 6.30 0.95 0.23 0.96 1.09 0.32 1.91 

Std Dev 2.06 0.70 0.30 0.75 0.78 0.27 1.30 

Median 6.00 0.80 0.15 0.71 1.00 0.20 1.68 

Khnath 

Average 6.24 0.67 0.27 1.00 0.83 0.23 1.72 

Std Dev 2.08 0.61 0.35 0.77 0.45 0.13 1.10 

Median 6.00 0.50 0.15 1.00 1.00 0.20 1.50 

Total 

Average 6.27 0.81 0.26 0.98 1.00 0.26 1.82 

Std Dev 2.07 0.67 0.33 0.76 0.70 0.20 1.20 

Median 6.00 0.60 0.15 1.00 1.00 0.20 1.53 

Max 13.00 4.00 2.00 6.00 4.00 1.00 11.00 

Min 1.00 0.02 0.02 0.04 0.04 0.01 0.10 

Table 4: Relations between household size and land holding and operated field 

Commune 

Irrigation sources 
Owned 

irrigation 
pump 

Irrigation canal 
Underground or 

shallow tube well 
River or  

creek 
Reservoir or 

dam by gravity by pumping 

Samrong Yea 
(n=150) 145 17 10 41 54 12 

Khnath (n=151) 137 4 14 50 44 16 

Total 
(n=301) 282 21 24 91 98 28 

 % 93.7 7.0 8.0 30.2 32.6 9.3 

Table 5: Number of farmers by irrigation sources for both wet and dry season rice and other crops 

operated land. Dry season field was classified into two cate-
gories by Tomnub 78. Due to land elevation, flooding period 
and cultivating time, inside dam field was named recession 
rice (early dry season rice) and late dry season rice for out-
side dam area. The average field plot outside dam was larger 
than that of inside dam in particular Khnath Commune 0.75 
ha compared to 0.22 ha. Total land holding of the study was 
fairly large, almost 2 ha, compared to other rainfed lowland 
area in Cambodia but the standard deviation was larger was 
1.2 ha. Hence, with considerably household size, it would be 
difficult for farmers to produce surplus output without in-
creasing crop cultivation per year. Since most of rice field 
flooded in wet season and only some farmer owned small 
favorable plot for non-rice crops, dry season rice would be 
the most important crop in the areas.  

farmers owned irrigation pump and some other also rent 
pump if it was necessary for their farming. Irrigation pump 
would not be important facility for irrigation especially dry 
season rice production but rather for seedbed and field crops 
such as corn and sugarcane cultivated where gravity was not 
applicable. It would be also used for upper wet season rice 
fields when drought occurred. The condition of irrigation 
system was quite favorable for dry season rice because there 
were two sources of irrigation water and they were done by 
gravity. River-flood was supplied for early phase of rice crop 
and followed by Baray reservoir before harvesting time. 
However, the condition would be critical if the river-flood 
could not reach paddy fields and precipitation was very low.  
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Irrigation fee payment situation 
 Concerning irrigation fee paid last year, around 
140 and 120 farmers in Samrong Yea and Khnath respec-
tively paid the water fee for dry season rice while some other 
reported paying for wet season rice as well. Even though 
number of farmers paid for water fee was high last year, 
number of farmer who have experienced a failure to pay the 
fee over a period of time was also considerably high. The 
payment of water fee could be in cash and in-kind depend on 

Location 

In cash payment for canal water 
from BIS   In kind payment for dam guardians in dry season 

Riel/ha   Medium of payment No of cases average 
(kg or riel) 

Samrong Yea 

Average 8,831   Pay in kg basis 24 21.6 

Std Dev 2,802   Pay in riel basis 16 6875.0 

Median 10,000         

Khnath 

Average 9,161   Pay in kg basis 24 35.4 

Stdev 3,211   Pay in riel basis 1 5857.1 

Median 10,000         

Total 

Average 8,976   Pay in kg basis 48 28.5 

Stdev 2,988   Pay in riel basis 23 6565.2 

Median 10,000         

Max 20,000         

Min 1,500         

Table 6: Different kinds of irrigation fee payment for both BIS and dam guardians 

 The payment for reservoir water of river-flood 
source such as Tomnub 78 and other reservoirs was mainly 
by in-kind except some farmers paid in cash. It was paid for 
dam guardians and not for FWUC. Water fee for this source 
seemed to be household basis annually with an average pay-
ment of 22 kg and 35 kg per household in Samrong Yea and 
Khnath respectively. Cash payment was also not a hectare 
basis, that is, one farm family paid about 7000 riel in Sam-
rong Yea and 6000 riel in Khnath. 
 Failure to pay and insufficient amount of payment 
of annual irrigation fee were caused by variety of factors 
reported by the respondents. More than 50% of the farmers 
who failed to pay irrigation fee, total of 42 respondents with 
19 farmers from Khnath, was reasoning that their crop was 
destroyed and further they spent much cost on labor. Some 
12 farmers in both communes mentioned that they would 
pay but it was late due to the paddy was not yet sold. The 
rest indicated that the payment was done according to quan-
tity yield harvested.  
 Meanwhile almost 60 interviewees claimed that 
water fee was always paid to FWUC because of many differ-
ent reasons but main factors can be summarized that: the fee 
was paid but it depend on harvest yield quantity and it was 
accepted by FWUC. Reasons were also raised that payment 
was in exchange for water and the fee was used for con-
structing water gate which was for their own benefit. With-
out water, crop was destroyed hence water for irrigating was 
needed. Some farmers implied that if failure to pay this year, 
they would not be allowed to access irrigation water next 
year. Reasons were reported that water was needed so the 
fees need to be paid to the government. On the other hand, 
sooner or later payment was done at home rather than at 
FWUC. It was also argued that the water fee was used for 

maintenance and construction of irrigation facilities but if it 
failed to pay, it would lead to shut the water gate. The 
money was an exchange for water with the government and 
this was a contribution to the government.  
 Even larger number reported that they always paid 
the irrigation fee, water payment seemed to be one of com-
plicated issues of irrigation community. Farmers’ contribu-
tion was very important because the supports from the gov-
ernment have been deducted from the second year and are 
zero from fifth year onward. Though reasons were explained 
by water users, failure to pay or insufficient payment could 
have adverse impact on FWUC’s policy and management in 
the long run. We have to take into consider the fact that 
farmers seemed to aware the importance of payment, how-
ever, rationale behind the unwillingness to pay of water fee 
are caused by the low and unstable productivity.   
Chronicle water shortage problem 
 Since crop damaged/destroyed was closely related 
to payment of water fee – fully pay, insufficiently pay and 
failure to pay, constraints attributed to poor yielding was 
taken into considered. Of the constraints, drought and flood 
were the main factors affected the crop yield and submer-
gence was also reported. In Samrong Yea, around 33 % of 
crop was severely damaged by both flood and drought and 
23 % and 19 % were destroyed by individual factor of flood 
and drought respectively (Table 7). But almost 54 % of the 
crop was severely experienced by drought alone in Khnath. 
Both flood and drought seriously affected the crop but flood 
alone was unlikely the main risk. Furthermore, water short-
age was directly concerned with water fees though it would 
not severely affect the crop. Some 45 % and 56 % of respon-
dents in Samrong Yea and Khnath respectively reported that 
they experienced water shortage.  

irrigation sources the farmers used. Payment was collected 
by FWUC members in cash after harvesting for those who 
was able to access BIS. Since the communes were under the 
same FWUC, average water fee was not much different, 
approximately 9,000 riel/ha with the standard deviation of 
3,000 riel (Table 6). But the payment was negotiable be-
tween individual farmer and water fee collector due to differ-
ent reasons hence the variation of the cost was very large 
ranging from 1500 to 20,000 riel/ha.  
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  Samrong Yea   Khnath   Total 

Damaged by No of 
farms %   No of farms %   No of farms % 

Drought 29 19.3   81 54.4   110 36.8 

Flood & drought 49 32.7   39 26.2   88 29.4 

Flood 35 23.3   5 3.4   40 13.4 

No problem 15 10.0   14 9.4   29 9.7 

Flood, submergence & drought 10 6.7   2 1.3   12 4.0 

Drought & submergence 4 2.7   3 2.0   7 2.3 

Submergence 1 0.7   0 0.0   1 0.3 

Flood & submergence 1 0.7   0 0.0   1 0.3 

Not specify 6 4.0   5 3.4   11 3.7 

Total 150 100.0   149 100.0   299 100.0 

Table 7: No of claiming about damaged by flood, drought and submergence  

 Water shortage was not only caused by water itself 
but also resulted from management, participation and re-
sponsibility of all parties involved. Even many questions 
were raised by the farmers in both locations; farmer commu-
nity was main root to water shortage in the two communes. 
Total of 20 farmers, 16 from Khnath, stressed that water 
shortage resulted from upper stream farmers took advantage 
by shutting the gate to irrigate their fields. Other 17 farmers 
from Khnath as well pointed out that shallow and small ca-
nals led to water shortage for them too. So farmers in this 
commune would own paddy field at lower part or far end of 
the canals. Number of 9 farmers from the same commune 
reported that severe water shortage occurred in late season, 
sometime in March, in 2003 and 2004. This argued that 
shortage was not always taken place but in particular year 
and month. Other difficulties identified by some farmers in 
both places were very distant fields from canal, dry season 
cultivation, higher field with un-leveling, poor reservoir 
condition and problems related to collaboration among the 
farmers and water distribution.  
Management issues of FWUC 

Do you find any problems about the irrigation water community 
Answer "Yes" 

Samrong 
Yea Khnat Total % 

Upper stream farmers shut gate/Located lower stream 8 26 34 22.7 

There are problems (hesitate to tell specifically) 15 12 27 18.0 
Water shortage problem (not specific reasons are given) 10 15 25 16.7 

Water supply is not smoothly done/ Late delivery 17 2 19 12.7 
Distribution is not equal 2 11 13 8.7 
Water competition 7 5 12 8.0 
Insufficient canal system (shallow, destroyed) 3 3 6 4.0 
Filed location (higher field) 4 1 5 3.3 
No Cooperation among users 2 2 4 2.7 
FWUC did not help 2 0 2 1.3 
Others 1 2 3 2.0 
Total 71 79 150 100.0 

Table 8: Problems regarding FWUC  

 Some 78 and 80 interviewees indicated that there 
was general problem within FWUC in Samrong Yea and 
Khnath respectively (Table 9). Of the four main issues 
raised, competition over water and being taken advantage 
were predominant cases in both locations followed by par-
ticipation in activities and water fee payment failures. Water 

 Concerning problems within the irrigation water 
community, similarly farmers mentioned the issues of irriga-
tion physical condition, farmer collaboration and manage-
ment. At least 27 respondents implied that there were prob-
lems in the irrigation water community but they did not give 
any specific reason or hesitated in interviewing (Table 8). 
When it was involved management work, farmers did not 
want to express own views or they were cautious. Apart 
from management, such problems as poor canal condition 
and field condition and location, and collaboration were the 
key issue led to further obstacles and even conflicts. Lack of 
responsibility and cooperation among farmers in maintaining 
irrigation facilities such as deepening canals, building canal 
and taking care of water gates, pipes and bridge could lead to 
poor water distribution. Late water supply, unequal and ir-
regular water distribution by FWUC brought about to water 
competition, argument and eventually conflict among the 
farmers. Contribution from community members to FWUC 
seemed to be very limited. It was not just financial capital 
but also human and social capital which were essential for 
the community. 

competition and taking advantage could lead to argument or 
even conflict among community members. In Samrong Yea, 
there were 51 respondents who reported that argument for 
water occurred and other 17 farm households claimed that 
argument was sometimes as severe as quarrel and insult each 
other (Table 10). Further more, at least one farmer revealed 
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Any problems 
about FWCU 

Competition 
over water 

Being taken 
advantage 

Failure to pay 
irrigation fee 

Failed to partici-
pate in activities 

Samrong 
Yea 

Yes 78 84 88 37 45 

No 69 66 62 113 105 

No specify 3 0 0 0 0 

Khnath 

Yes 80 68 83 49 64 

No 47 79 61 101 86 

No specify 24 0 7 0 0 

total 

Yes 158 152 171 86 89 

No 116 145 123 214 191 

No specify 27 0 7 0 0 

Table 9: Number of farmers who claim the problems regarding FWUC management and among members 

  Samrong Yea Khnath Total % 

Argument 51 45 96 64.9 

Argument and quarrel 15 16 31 20.9 

Argument and insult each other 2 0 2 1.4 

Fighting 1 0 1 0.7 

No specify 13 5 18 12.2 

Total 82 66 148 100.0 

Table 10: Experiences of argument toward water usage among farmers  

 Other difficulties within FWUC were the partici-
pation and contribution from community members. Almost 
40 farmers from the communes reluctantly replied that they 
failed to participate in community activities because of dif-
ferent reasons. Most farm household who failed to attend the 
community’s gathering indicated that they were busy with 
field work, other work or labor-less due to schooling chil-
dren. Some other also gave reasons that they were sick and 
they paid in cash alternatively or their kids went instead. 
Few others also blamed the village or commune heads for 
failing to invite them to community’s activities.  
 However, many other respondents stressed that 
they contributed to the community’s activities through 
household resources and labor input. A similar answer from 
whom if failed to attend, paid cash to community and hired 

Reason why attended the community activities Samrong Yea Khnath Total % 
Have to pay fine for absence or work later 3 18 21 23.3 
Because water is important resource 8 6 14 15.6 
Deepened canal together 4 6 10 11.1 
I want to know the canal maintenance / irrigation systems 6 2 8 8.9 
I want to share water equally 4 3 7 7.8 
It was for both my own and common benefit 5 1 6 6.7 
I was afraid of not allow to use water next season 1 5 6 6.7 
I want to know the community's activities and its planning 3 2 5 5.6 
I wanted to know how to avoid taking advantage 0 4 4 4.4 
In order to solve problem peacefully and exchange idea 1 2 3 3.3 
To avoid criticize / conflict from others 0 2 2 2.2 
Others 1 3 4 4.4 
Total 36 54 90 100.0 

Table 11: Reasons why attended the FWUC activities  

that the water competition led to fighting among the villager when rice crop was in critical condition due to drought. Similarly, of 
interviewing farm households, 45 and 16 respondents of Khnath mentioned that argument and serious argument with quarrel re-
spectively took placed. 

labor to work for them were the response of 15 farmers 
(Table 11). Another group of interviewee pointed out that 
their participation was to improve the canal such as deepen-
ing canal because they need water for irrigation and it was 
also common benefit. Failure to work for the community 
resulted in stopping accessing irrigation water and working 
alone later on could push them to participation. The purposes 
of learning from community, equal water distribution, peace-
ful solution to water competition, taking advantage and con-
flicts were also encouraged the farmers to joint the activities. 
Several negative points occurred in the irrigation community 
gave rise to water shortage or own benefit. Conflict among 
members themselves and members and leaders was the most 
sensitive subject because it weakened the community where 
collective action was newly introduced.  
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Recap of the focus group interviews  
 To clarify the above mentioned farmers’ interview, 
focus group interview for the three groups from each com-
mune was held. The six groups of discussions stated similar 
problems in their rice production that was water shortage and 
insects such as stem borer and thrips though severity level of 
affect was different. But water shortage was likely the criti-
cal issue among the identified constraints. The groups pre-
sented different causes of water shortage such as slow/late 
water distribution as dikes/banks of main canal were de-
stroyed. The water gates located in lower stream of main 
canal were shut while main gate was opened hence volume 
of water in the canal increased and overflowed the banks/
dikes with strong current that led to cut off banks/dikes eas-
ily. Shutting gates was committed by unknown people be-
cause the gates were not properly locked. Even though there 
was no evidence, this violation was purposely done in order 
to wet the fields around the broken banks/dikes. These re-
sponses from focus group discussions consisted with the 
response of the field survey interview from farmers.    
 Another group pointed out the broken canal banks 
but it was disturbed by cattle, buffalo and duck flocks when 
water level increased to overflow the dikes. The soft soil was 
prone to erode due to the heavy track of animals. Dike ero-
sion was also disclosed by the group of village head and 
FWUC members but this group also blamed that the secon-
dary canal flowed across another commune so it led to late 
water delivery if water was shortage. Few members of this 
group mentioned that it was difficult to collect water fee 
from farmers because farmers declined to full irrigation fee 
by giving reason that rice was damaged. They blamed the 
neighboring commune that their new bridge construction, 
clearing bushes in canals and taking water in the upper 
stream. Water gate was shut to construct bridge or repair 
canals while water was required critically for rice crop. They 
were likely to blame another commune located at upper 
stream of the canal for the matter.  
 Even though the groups indicated different expla-
nations attributed to water shortage, irrigation infrastructures 
and community members as whole were the main factors to 
the constraints. Budget was unquestionably essential re-
source for water irrigation scheme but participation and re-
sponsibility of community member were inevitable to well 
operate the irrigation systems. Linkage and talk between 
neighboring communes will be helpful to understand each 
other to get them in the right mood for cooperation.  
Conclusion 
 Introduction of recent irrigation policy and com-
munity-based irrigation management in existing Cambodian 
irrigation is analyzed in the paper. Irrigation water remains 
the essential factor in rice production since this crop requires 
most controllable water at all stages of crop cycle even 
though new technologies – rice varieties, planting methods 
and crop management, have been introduced by rice re-
searcher. The potential yield can be severely affected when 
the crop experienced water shortage or drought at any grow-
ing stage. More importantly, irrigation system is also a rich 
source of nutrients that can maintain and improve soil fertil-
ity. But the establishment of irrigation is very costly and 
time consuming for developing countries such as Cambodia.  
 Collective action is extremely important for irriga-
tion water management because it is the common resource 
endowment. This resource is usually required by the whole 
rice farmer community at the same time and in the long run. 
Fully participation and closed collaboration from the com-
munity are desperately needed to manage the resource effi-
ciently. All water user members need to bear responsibility 

for water management and equally benefit from the resource. 
The development of irrigation system is a great task but 
operation and management the systems is even greater task 
because the latter requires participation, collaboration and 
responsibility of the whole group. Further more, the project 
seems to be no limit time.  
 Recently Cambodian government has introduced a 
new policy on irrigation after many development and reha-
bilitation projects of canal based irrigation have been finan-
cially and technically supported by several foreign aids in-
cluding the key donors of Japan European Union countries. 
The commencement of irrigation water usage association in 
rice growing area or Farmer Water User Community 
(FWUC) and participatory irrigation management and devel-
opment (PIMD) is to let farmers have their ownership sense 
of the canal maintenance as well as to minimize the support-
ing cost from the government. The bequeathing the manage-
ment autonomy by sharing the cost certainly faces difficul-
ties because most of the subsistence farmers could not afford 
to pay for irrigation fee especially crop failure by frequent 
severe risks.  
 A field study was conducted in Baray Irrigation 
Scheme (BIS) of Siem Reap Province to analyze the situa-
tion and evaluate the community based irrigation mainte-
nance and operation. Most of the respondent could pay fully 
or partially of the irrigation fee in the study site last year. But 
the number of paid farmers was inconsistent over a couple of 
years because farmers who have experienced a failure to pay 
the fee over years were also considerably high. Farmers’ 
contribution is critical because there is no longer support 
from the government after fifth year of planning.  
 However, rationale behind the unwillingness to 
pay water fee was crop failure. This consequence gave rise 
mainly to drought and flood constraint. But the majority of 
production was severely affected by drought. Further, the 
factor of water shortage discouraged farmers from paying 
water fee. More importantly, water shortage resulted in dete-
riorating relationship among the farmers. When there was 
water shortage during the critical period for the crop, water 
competition, taking advantage, argument and eventually 
conflict occurred among the farmers. Besides, it was also 
ground that farmers failed to participate in the community’s 
activities.  
 Physical condition of irrigation systems seemed to 
be one of the factors attributed to water shortage. Poor con-
dition of irrigation infrastructure included shallow canals, 
water gates, pipes, canal banks/dikes and small canals. Even 
irrigation water was available, if irrigation systems and 
structure were in poor condition, irrigation could not be effi-
ciently distributed. However, human factor also need to be 
taken into account to run this common resource. Well man-
agement, active participation, closed collaboration and full 
responsibility of all parties involved have important role to 
play in community irrigation. 
 The formation of FWUC, thus far, has been a step 
forward to improve both irrigation systems and farming in 
the area. Irrigation infrastructures have been repaired and 
improved otherwise the facilities were rapidly degraded and 
eventually useless. Moreover, operation and management 
were involved by all member farmers and they partly sup-
ported financial input and will take over the responsibility 
fully. Household economics could be improved through the 
recent irrigation policy because the condition of area is not 
favorable for wet season rice hence only dry season rice 
production was major source of income for the community. 
However, the consequents of implementing the new irriga-
tion policy should be cautiously taken into consideration 
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because this is just the second year of FWUC. Failure to pay 
irrigation fee, insufficient payment and large variation of 
payment among water users have an adverse impact on the 
financial issue because the community will be self-finance 
after withdrawal of the government’s supports. Taking ad-
vantage, water competition, argument and conflict which 
gave rise to the constraint of water shortage would affect 
relationship within the community as a whole. Participation 
in community’s activities and responsibility were not 
strongly committed by the community members. The draw-
back is fairly sensitive for the development of new irrigation 
policy at the commune level.  
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EpnTIkMNt;TinñplRsUv nigcemøIytbrbs;vaeTAnwgkareRbIR)as;CI enAkñúgextþtaEkv 
MAPPING RICE YIELD AND ITS FERTILIZER RESPONSE 

AT PROVINCIAL-SCALE IN TAKEO, CAMBODIA  
 

Richard W. Bell*, G. Pracilio, S. Cook, Ros Chhay and Seng Vang 

GtßbTsegçb 
 eyIg)aneFVIkarsikSaedIm,IkMNt;tMbn;eqøIytbéndMNaMRsUv 
eTAnwgCIGasUt (N) pUsV½r (P) nig b:UtasüÚm (K) enAkñúgextþtaEkv 
tamry³lT§plEdlTTYl)anBIkarBiesaFn_cMnYn 2336kEnøg. kar 
viPaKsßitiviTüa )anbgðajnUvlMdab;lMedayénktþasMxan;² EdleFVI
[manbERmbRmYlTinñplRsUvelIERsksikrKW rdUvdaMduH TItaMg CI 
nigRbePTdI. karviPaKsßitielITinñn½ydEdl)anbgðajfa eyIgRtUvkar 
KmøatGtibrma 12K/m BIcMnucmYyeTAmYy edIm,IeFVIEpnTITinñplRsUv 
TUTaMgextþ)an. b:uEnþebIbMEbkeTAtamcMNat;fñak;cemøIytbnwgCI N 
eyIgGacbnßyKmøatGtibrmaenHmkenARtwm 8K/m. EpnTIEdl)an 
eFV IbgðajBItMbn;EdlTMngCanwgmankareqø IytbeTAnwgkareRbICI. 
cemøIytbeTAnwgkareRbICI N nig K mankarERbRbYlCagcemøIytb 
eTAnwgkareRbICI P EdlmanlkçN³esÞIEtÉksNæanenATUTaMgextþ. 
lT§plénkarsikSabgðajnUvkareqøIytby:agxøaMgeTAnwgkareRbI N 
CaBiessenAtMbn;kNþalénextþ. lT§plk¾)anbgðajpgEdrnUv 
\T§iBlGviC¢manénkareRbICI N kMritx<s;enAelIRbePTdIEdlsMbUrCICati 
¬RkumdIk,aleBaFi nigRkKr¦ enAtMbn;xagekIténextþ nigenAelIRkumdI 
RbTHLag nigeKakRtb; enAtMbn;licTwkPaKGeKñy_énextþ. EpnTI 
Edl)aneFVIfñak;extþ )ankMNt;nUvtMbn;nana sRmab;BRgIkkar 
pSBVpSayeTAkEnøgEdlmanRbsiT§PaBbMput nigkEnøgEdltRmUv
[eFVIkarsikSabEnßmeTotedIm,IkMNt;mUlehtuénkarminsUveqøIytb. 
dUcenHvaGacCYyBRgwgsmtßPaBeFVIEpnkaryuT§saRsþ edIm,Ipþl;nUv 
esvakmμpSBVpSay nigFnFanCIdl;ksikr.  

  
Abstract 
 Our objective was to identify responsive areas for 
nitrogen (N), phosphorus (P) and potassium (K) fertiliser use 
on rice (Oryza sativa L.) within Takeo province from trial 
results obtained at 2336 sites. Regression tree analysis iden-
tified in order of decreasing importance the following factors 
which explained the variation in yield from on-farm experi-
ments: season, location, fertiliser, soil type. Semi variograms 
of the same data set indicated that a maximum spread of 12 
km in datum points was required to map yield across the 
province. Separating the results into N response classes de-
creased the maximum spread of datum for mapping to only 8 
km. The maps generated indicated areas in which response 
to fertiliser is more or less likely. Whereas P responses were 
predicted to be relatively uniform across the province, N and 
K responses were more varied. Results suggest a very strong 
positive response to N, particularly on the central-west of the 
province. They also suggest negative effects of high N rates 
on the most fertile soils (Kbal Po, Krakor) in the east of 
Takeo, and in the Prateah Lang and Koktrap soils in the 
flooded areas of the south east of Takeo. At the provincial 
scale, the maps identified areas that can be used to target 
extension effort to where it is likely to be most effective, and 
areas where further research is needed to clarify reasons for 
poor responses. This should enhance the strategic planning 
capability for delivery of extension services and fertiliser 
inputs. 
Keywords 
 fertilizer, location, mapping, rice, season, soil type, 
yield.  
Introduction 
 In Cambodia, as in most parts of the world, na-
tional research programmes have developed nutrient man-
agement advice based on fertiliser recommendations that are 
generalised to soil types (e.g. White et al. 1997a,b). Tradi-
tionally fertiliser recommendations have been based on mean 
responses for particular soils and ecosystems (Dobermann 
and White 1999), derived from responses for a number of 
experiments, replicated across locations and seasons. The 
variability of the responses is often not reported or not em-
phasised. However, farmers’ make decisions about fertiliser 
based among other things on specific responses expected on 
their land, and for their decision making the variability is as 
important as the mean response.  
 Avoidance of risk occupies a more important posi-
tion in the decision making of rainfed farmers than for irri-
gated farmers (Ziegler and Puckridge 1995). Farmers in the 
rainfed lowlands have traditionally used little fertiliser, and it 
is suggested that their risk aversion behaviour is a major 
factor governing their decision not to adopt fertiliser. Sup-
port for this notion is provided by Pandey (1998) who re-
ported that rates of NPK fertiliser use across Asian countries 
are correlated positively with the % of the rice crop that is 
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irrigated. Jahn et al. (1997) conducted surveys in Cambodia 
which showed that only 27 % of rainfed farmers used inor-
ganic fertilisers compared to 70 % of dry season farmers 
who have access to irrigation.  However, in Takeo in 2000, 
close to 100 % of rice farmers in 3 villages were using inor-
ganic fertilisers (Ieng et al. 2002). These villages were se-
lected to represent rainfed, rainfed-irrigated and receding 
floodwater rice ecosystems and each involved surveys of 50 
farmers. Hence in Takeo province at least, there is evidence 
of a rapid shift in adoption of fertilisers over a 5 year period. 
Ieng et al. (2002) suggested that a key priority with nutrient 
management advice in Takeo in future was not the promo-
tion of the use of fertiliser to farmers, since use is already 
widespread, but rather to increase a recognition of how fer-
tiliser requirements vary with soil type and with seasonal 
variations in soil water regimes. 
 There are a number of agencies that provide nutri-
ent management advice to farmers in Cambodia, including 
CARDI, Department of Agronomy and Agricultural Land 
Improvement, Provincial and District Agriculture Offices 
and NGO’s. These agencies may also carry out their own 
research to develop fertiliser recommendations. Some dupli-
cation of information is inevitable, but perhaps more impor-
tantly an opportunity exists to improve the quality of infor-
mation provided to farmers about nutrient management by 
integrating the various data sets.   
 The central premise of this project is that fertiliser 
is under-used by farmers or the balance of nutrients applied 
is inappropriate because of gaps in communication between 
researchers who indicate a significant benefit of fertiliser use 
and growers who are expected to risk buying it. We exam-
ined the problem at provincial scale in Takeo, south east 
Cambodia, where several sources of research information 
existed across several agencies. By bringing these data 
sources together, maps which represented yield and yield 
response could be more reliably produced. The objective of 
producing maps was to help provincial and district advisers 
and fertilizer distributors answer the following sorts of ques-
tions: 
1). where is rice yield inherently high or low?  
2). where is rice likely to respond to fertiliser and by how 
much? 
Materials and methods 
 An initial data set of 748 samples, comprising 82 
% wet season sites, was obtained from simple field trials on 
farmer fields conducted by FAO and the Cambodia-IRRI-
Australia Project (CIAP). Most of the initial data set 
(referred to as the partial data set) was located in central and 
northern districts of Takeo province (Figure 1). A more com-
plete data set was obtained by adding sites from the Cambo-
dia-Australia Agricultural Extension Project (CAAEP) and 
PRASAC (Table 1). All results presented, use the complete 
data set. The complete data set had better presentation over 
the whole province (Fig. 1) but comprised only 65 % wet 
season sites. A range of attributes for each site were reported 
including: village and commune location, soil type, season, 
field type. Each site had fertilizer treatments applied and rice 
yields recorded. In addition observations recorded about 
each crop included: variety, insect damage, disease, drought, 
flood. 
 When samples were located onto a map of Takeo 
Province using the recorded GPS coordinates, many fell 
outside the province. This was attributed to the use of an 
incorrect datum when the GPS coordinates were recorded. 
To correctly locate sites, it was necessary to relate location 
of a site to the known coordinates of the nearest village using 

the Department of Geography database. 
Regression tree analysis 
 Regression tree analysis was used to predict fac-
tors affecting yield from the Takeo on-farm trial data and 
more importantly to understand the structural relationships 
between yield and trial site parameters. The regression tree 

Figure 1. Takeo province map  showing locations of on-
farm trial sites with records used in data set. Partial data 
set from FAO and CIAP; Full data set from FAO, CIAP, 
CAEEP and Prasac. 
Table 1. Source of data in the partial and complete data set 
for Takeo province 

Data Provider1 Number % of wet season 

samples 

  Partial data set 

CAAEP 0 0 

CIAP 246 33 

FAO 502 67 

PRASAC 0 0 

Total 748 56 

  Complete data set 

CAAEP 205 9 

CIAP 246 11 

FAO 502 21 

PRASAC 1383 59 

Total 2336 41 
1CAAEP - Cambodia-Australia Agriculture Extension Pro-
ject; CIAP - Cambodia-IRRI Australia Project; FAO- Food 
and Agriculture Organisation; PRASAC-  
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analysis has the advantage of scale independence, easy-to-
interpret rules and use of both continuous and categorical 
data (Breiman et al. 1984, Venables and Ripley 1997, Math-
Soft 1997). 
 S-PLUS was used to create regression tree models. 
The end point of a tree (leaf and terminal node) is a partition 
of space, where the dependent variable (rice yield) is pre-
dicted (Breiman et al. 1984). An iterative process of splitting 
nodes constructs the tree model by a series of binary splits.  
The split chosen is based on a goodness of fit criterion. See 
Breiman et al. (1984); MathSoft (1997) and Venables and 
Ripley (1997), for more details.    
 Minimum deviance was set to 0.01 to control the 
threshold for splitting nodes. Minimum size and minimum 
cut, which control size thresholds, were set to 10 and 5, re-
spectively. Each regression tree figure was plotted using the 
non-uniform spacing option to represent node importance. In 
addition, yield (t/ha) was predicted at each terminal node. 
For each chosen variable, increasing length represents 
greater importance. Hierarchy within the tree and the length 
of the tree branch determined the variables most important to 
yield.  
Spatial analysis of rice yield and fertiliser response 
 The aim of this analysis was to use spatial visuali-
sation to highlight broad effects of fertiliser: nitrogen (N), 
phosphorus (P) and potassium (K). Yield data from the com-
plete data set was also interpolated using kriging in VESPER 
(Variogram Estimation and Spatial Prediction with ERror) 
which is available as a shareware program (Minasy et al. 
2002).  
 Analysing the fertiliser response data in original 
format was too complex because of unbalanced or uneven 
treatments. A pragmatic approach was therefore to create 
maps of each level of fertiliser and simply compare these. 
This gives no information about the shape of the response 
curve, or the interaction between fertilisers. However, as a 
visualisation tool this is a useful start. ArcView 3.2 with the 
Spatial Analyst extension, was used to visualise and process 
the data. An example of the procedure is as follows: 
Sort the database (containing at least fertiliser, yield, 

Eastings, Northings and other explanatory variables 
such as season) according to N rate; 

Plot the frequency distribution of N rates to determine 
reasonable classes for calculating N response effects. 
For N, these were selected as: <10 kg/ha (zero); 10-50 
kg/ha (medium); > 50 kg/ha (high); 

Map (interpolate using VESPER) yield for each N rate 
class; 

Using simple map algebra, identify the apparent effect 
of N as: 

 N effect = (Yield with high N) – (Yield with zero N); 
N effects calculated were medium - zero; high- zero 

and high-medium. 
 Only two classes of K fertiliser were created; zero 
(including all cases with < 8 kg K/ha) and plus K (including 
all cases with >12 kg K/ha). 
Sensitivity analysis of yield and fertiliser response 
data 
 The aim of this activity was to identify the number 
of data points sufficient for provincial scale yield and fertil-
iser response mapping. The analysis concentrated on yield 
and medium nitrogen (N) response. Random samples of 
2336 yield observations were taken using ArcView. Data 
was sampled at 10 % of the complete data set and then at 10 
% increments to 90 %. The minimum sample size was deter-
mined by plotting descriptive statistics with increasing sam-

ple size and calculating the mean MSE of grids with increas-
ing sample size. 
Results and discussion 
Regression tree analysis  
 A number of regression tree models were exam-
ined starting with simple models using only N, P and K as 
explanatory parameters, through to as many as nine parame-
ters in a model (Table 2). 

Table 2. Regression tree analysis models showing parame-
ters tested in order of decreasing importance. 

No. Parameters 

1 X*, soil, variety, y*, K, P, N, year 

2 N, P, K 

3 Soil, N, year 

4 Season, N, soil 

5 Season, soil 

6 Season, y, x, N, soil 

7 Season, y, x, N, K, P, soil, variety, year 

*x east- west coordinate for location; y north-south coordi-
nate for location 

Wet 
season 

Dry 
season 
 

north west east south 

N 
 

south north 

K 
 

2.67 
 

2.91 
 

3.76 
 

4.53 
 

4.30 
 3.46 

 
4.89 

 

      

Figure 2. Trimmed regression tree for yield (t/ha) as a 
function of all variables assessed (model 7, Table 2).   
Variables were season, soil, N, P, K, variety, year, x, y 
location.  Season is the most dominant factor, followed by 
location, N then K.  

 The most dominant factor identified was season or 
rice ecosystem (Figure 2). It was the primary parameter of 
all regression trees in which it was included and had prece-
dence over location, the next most dominant parameter 
(Table 2). Season was expected to be a primary factor since 
dry season crops are generally higher yielding due to im-
proved water control, higher solar radiation and the use of 
modern varieties (Nesbitt 1997). For future mapping and in 
order to account for yield variance associated with different 
ecosystem conditions, the database and analysis could be 
separated into season accordingly. However, using this ap-
proach it may not be possible to produce a map for the whole 
province since there is limited dry season cropping in the 
western half of Takeo province and limited wet season crop-
ping in the flooded eastern half (Figure 1). 
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 The location parameter in the regression tree model represented a regional yield trend, east to west, of high and low 
yields, respectively (Figure 3). It was an unexpected parameter for yield prediction, since only indirect relationships exist between 
yield and location. Location apparently summarised, at the scale of mapping used, the chemical, physical, social and crop factors 
directly related to yield in the areas studied. For example, the soils in the west are poorer with sandy surface texture more common 
and a higher proportion of sites are on high fields that are more drought-prone (Figures 3, 4). Socio-economic differences along E-
W and N-S gradients within Takeo may also explain why location is a significant variable. For example, areas in the west of Takeo 
were until the late 1990’s insecure which may account for a more recent introduction to modern rice growing technologies. Rainfall 
decreases along W-E and S-N gradients within Takeo (see Javier 1997) but as this would imply a decrease in rice yield with in-
creasing rainfall it does not explain the importance of the location variable. Completeness of the picture in regression tree analysis 
is dependent on the data input (Breiman et al. 1984).  For subsequent analyses additional parameters affecting yield such as site 
rainfall, drought, flood, geology, geomorphology, disease and pests are recommended.  

 The dominance of location in the regression tree 
results represents regional trends in yield that were also 
evident in the yield map (Figure 3). Soil was a reasonable 
predictor for yield (Table 3), secondary to location (Table 2). 
This suggests that within these locations, the soil classifica-
tion explain some of the structural relationships related to 
yield. The Cambodia Agronomic Soil Classification is based 
on soil properties that affect rice yields (White et al. 1997), 
and generally the yields in field experiments are closely 
correlated with soil groups so defined (White et al. 2000; 
Oberthur et al. 2000). The analysis differentiated soil into 
two productivity groups based on season (Table 3). Although 
the soils within these groups were consistent with previous 
field trial data (White et al. 1997; White et al. 2000), the 
notable exceptions were yields on Bakan and Krakor soils 
(albeit with small sample sizes in the wet season). In addi-

Figure 4. Soil group map for Takeo province  (Oberthur et 
al. 2000b). 
 

tion, by managing fertiliser input, yields within poor soils 
increased to levels comparable with productive soils (Table 
2, model 4, 6 & 7). Recent field work in Takeo province 
suggests that some soil types are incorrectly located on the 
soil map of Oberthur et al. (2000). For example, the Oroung 
soil has not been located in the region shown in western 
Takeo province (N Schoknecht, personal communication). 
This error in the soil map would also weaken the apparent 
relationship between soil type and rice yield in the regression 
tree models. 

Figure 3. Mapped rice yield class for Takeo with drainage 
overlaid. 
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Table 4. Rice yields (t/ha) reported for the whole of Cam-
bodia 

  
Wet 

season 
Dry 

season 
Source 

Cambodia 1.81 3.04 1 

Takeo: this study 3.28 4.39 2 

Takeo:  province 2.20 3.00 3 

Takeo: Farmers’ survey 
in 3 villages 

1.81 4.33 4 

1. MAFF (1999-2000) 
2. This study 
3. MAFF (1999-2000) 
4. Ieng et al. (2001) 

Season Soil group No. of samples Predicted yield (t/ha) Average reported by White et al. (2000) 

Wet Oroung 6 1.91 - 
  Krakor 8 2.73 - 
  Koktrap 13 3.06 1.4 
  Bakan 9 3.08 3.1 
  Prateah Lang 838 3.21 2.8 
  Prey Khmer 43 3.22 2.5 
  Kbal Po 81 4.02 - 
  Toul Samrong 20 4.03 3.6 

Dry Prateah Lang 149 3.94 - 
  Krakor 51 4.09 - 
  Kien Svay 4 4.09 - 
  Kbal Po 427 4.52 - 
  Bakan 178 4.57 - 

Table 3. Predicted yield as a function of season and soil (averaged across fertiliser treatments, varieties), from regression tree 
model 5 (see Table 2). Average yields from white et al. (2000) were from field experiments conducted across Cambodia. 

 From the regression tree analysis, N, P, and K had 
a similar overall effect on yield when other parameters were 
included. Potassium was subsiduary to N as a factor explain-
ing yield differences and only important in the wet season 
crops. This is consistent with the greater prevalence of dry 
season crops on the heavier textured soils in the east of 
Takeo where K response is less likely (White et al. 1997a,b). 
One interesting spin-off is that the analysis suggests that N 
fertiliser rates on poor soils could be revised upwards to 80 
to 90 kg N/ha compared to current recommendations of 30-
75 kg N/ha (Seng et al. 2001). The failure of P rates to ex-
plain a significant amount of yield variation can be under-
stood by examining the P effect in Figure 5. It is obvious that 
most of Takeo province is expected to respond to P fertiliser 
addition by increases in yield >1 t/ha. Since regression tree 
analysis is most useful in identifying parameters that dis-
criminate amongst sites those that exhibit uniform responses 
to treatments like P may be overlooked in the analysis. 

 Variety was important to yield in the eastern areas, 
although this may be related to season and needs to be fur-
ther examined. Yearly events influenced yield on less pro-
ductive soils although fertiliser may negate some of these 
effects. The low yield years for 1993 and 1994 were possibly 
related to residual political uncertainty that discouraged 
farmers from significant investment in inputs to the on-farm 
trials. 
Mapping yield data 
 A feature of the on-farm trial data set was the rar-
ity of areas (from plots) with yield <1.5 t/ha (Table 3). The 
average yield with low fertiliser N applied was 2.9 t/ha, 
which contrasts with the average from crop yield census data 
for Takeo province of 2.2 t/ha in 1999-2000 (Table 4). How-
ever, despite the higher yields in the database than averages 
for the province, the relative yields for soil types are gener-
ally in the expected order as ranked in Table 3 (White et al. 
2000) and hence the relative differences mapped are ex-
pected to be accurate. 

 There are several obvious explanations for higher 
field trial yields than the province average. Firstly, moisture 
content of paddy rice was probably > 14 % (the standard for 
reporting) in on-farm trials since it was not dried to standard 
moisture content before weighing and secondly, straw and 
other non-grain components were not thoroughly cleaned 
from the sample. Collectively these could account for 10-20 
% over-estimation of yield. The tendency for farmers to 
control weeds and insects better in trial plots than the aver-
age rice field may contribute to higher yields, as will the 
tendency for researchers to locate experiments where supple-
mentary irrigation can be applied as necessary. Researchers 

Figure 5. Phosphorus response calculated from on-farm 
experiments as the difference between yield with and 
without P added. 
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tend not to report failed experiments which results in the 
reported statistics over estimating the potential yield. By 
contrast, national statistics on yield do not report actual crop 
area in that year but rather the potential area, depressing the 
average. Finally, the fact that 59 % of the database in this 
study was for the dry season, which has higher average 
yield, in contrast to actual production which is mostly from 
the wet season, would increase the calculated average. 
 Mapped N-effect results suggest a very strong 
positive response to N, particularly on the central- western 
region of the province (Figure 6). They also suggest possible 
negative effects of high N rates on the most fertile soils 
(Kbal Po, Krakor) in the eastern part of Takeo, and in the 
Prateah Lang and Koktrap soils in the flooded areas of the 
south east of Takeo. The decline in yield of N fertilized sites 
appears to be explained by increased damage from stem 
borers which was reported on the trial site records to be very 
damaging at 2 out 4 sites. This suggests that further attention 
needs to be given to studying the conditions under which N 
fertiliser increases stem borer damage, because this effect 
was not evident in the N responses on other soils. The effect 
of N fertiliser on incidence of other insects and on disease 
also perhaps needs attention. However, there were relatively 
few on-farm trials in the eastern Takeo province with N 
fertiliser treatments, and hence the negative effect of N fer-
tiliser may be biased by the results from a few atypical sites. 
Thus the decline may also be because the maximum spread 
of data points exceeded the maximum range for mapping 
based on the semi-variogram (see below). Further on-farm 
experiments to confirm that N fertiliser increases stem borer 
damage seem warranted. 

Figure 6. Nitrogen response calculated from on-farm 
experiments as the difference between yield with 10-50 kg 
N/ha and with < 10 kg N/ha added. 
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Figure 7. Potassium response calculated from on-farm 
experiments as the difference between yield with and 
without K added. 
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 Positive yield responses to K were mostly in the 
range 0-1 t/ha and occupied about half of the province. Vis-
ual interpretation suggests no K response on flooded-prone 
zones in eastern and southern Takeo (Figure 7). These are 
the areas with a prevalence of Kbal Po and Krakor soils 
which generally do not require K fertiliser (Seng et al. 2001). 
Another zone with no K response appears to loosely corre-
lated with Prey Khmer soils in the north west of Takeo. Re-
sponses to K fertiliser are expected on Prey Khmer soils 
(Seng et al. 2001), but the sandy texture of these soils, and 
the prevalence of multiple nutrient deficiencies means that 
balanced nutrient supply is essential to achieve positive fer-
tiliser responses (White et al. 1997a,b). Hence in the on-
farms trials that included K treatments, inadequate N or P 
supply at a particular site could prevent a positive response 
to K. Alternatively excessive leaching of N or K after basal 
fertiliser application may prevent fertiliser response. And 
finally loss of soil water saturation during the growing sea-
son may decrease the availability of N or P and hence pre-
vent responses to fertilisers (Bell et al. 2001).  
 Positive response to P is almost certain over the 
entire province (Figure 5) except for eastern and south east-
ern regions and two other isolated areas in the north west and 
north east. Very little of the province is expected to respond 
negatively to P. Phosphorus response peaked in central 
Takeo province. High flood risk seems to reduce the P re-
sponse probably because of frequent replenishment of soil P 
in alluvial soils from fresh sediment. White and Seng (1997) 
note that P responses are less prevalent on the clayey alluvial 
soils. 
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Sensitivity analysis of yield and fertiliser response 
data, Takeo province 
 For yield, the mean, confidence interval (CI) and 
the MSE results stabilise at 40 % of the data set, or 934 sam-
ples (Figure 8). This minimum data set exceeds the number 
of points in the partial data set. Takeo covers 3490 km2 and 
934 samples equates to 2.7 every 10 km2. Dent and Young 
(1981) recommended one sample every 25 ha to map land-
forms for regional land use planning at 1:50,000 scale. This 
is fourteen times more intense than the rice yield sample 
density. The recommended sampling density for rice yield 
estimation is more comparable to the intensity of sampling 
for 1:250,000 scale for national land system applications.   
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Figure 9. Confidence interval of yield data with increas-
ing sample size for 10-50kg N/ha data set. 

 When data was separated into N treatments, only 
yields with 50 to 80 kg N/ha reached a CI of 0.10 t/ha 
(Figure 9). This was due to the larger total sample size at 730 
for this range of fertiliser N levels. The minimum number of 
samples to achieve the same CI (0.1 t/ha) was 20 % lower 
than when all yields were analysed. Presumably separating 
the data into fertiliser application rates takes into account 
some of the yield variation and thus the CI was reached at a 
smaller sample size. The results indicated that for 0-10 kg N/
ha 5.7 samples per 100 km2 and for 10-50 kg N/ha 9.4 sam-
ples per 100 km2, was sufficient for a CI of 0.2 t/ha or less.  
From these results, 6 to 9 samples per 100 km2 are recom-
mended to estimate fertiliser response with a CI of 0.2 t/ha. 

 The sample number required for sufficient histo-
gram and variogram modelling both occur at around 100 
data points, for the 0-10 and 10-50 kg/ha N fertiliser ranges. 
This represents a minimum number of sample points per 
fertiliser input interval for semi-variogram modelling and 
histogram analysis. Data spacing also needs to be considered 
in sampling programs. This should not be greater than the 
range of influence obtained from the semi-variogram analy-
sis. Investigation of the results indicates a maximum range 
of influence of 8 km for N-response data. This is a conserva-
tive estimate as results stabilise around 12 km with larger 
sample sizes when yield was estimated spatially.  If sample 
points are located greater than 8 km apart, the data is likely 
to be unreliable for mapping at the provincial scale. The 
results from this section can act as guides to determine sam-
pling requirements for spatial mapping in other areas of 
similar environment and rice production practices. 
General discussion 
 The data used in the present study was generally 
filed as hard copy and put to little on-going use. In the past, 
data from the CIAP and FAO databases has been subject to 
critical analysis to derive fertiliser recommendations (White 
et al. 1997; Seng et al. 2001). Informally some joint consid-
eration of these two databases has informed the development 
of CARDI fertiliser advice (P. White, personal communica-
tion). The present project adds value to previously collected 
experimental data by combining the databases from four 
agencies to generate results from 2336 sites with good spa-
tial coverage in the province of Takeo. Consideration of the 
combined data set appears to generate new information not 
previously recognised in individual databases. Most signifi-
cant amongst these is the effect of N fertiliser on insect dam-
age levels in Kbal Po and Krakor soils, and the poor re-
sponses to fertilisers in general on the flood-prone acid 
sandy soils of south east Takeo belonging predominantly to 
the soil groups Koktrap and Prateah Lang. As new field trial 
data becomes available, maps can be up-dated to explore 
changes in patterns of response. Similarly as farmers’ fertil-
izer practice changes this may be reflected in the trial data.  
 Maps of the sort produced in this project help to 
target decisions and actions for planners, investors, extension 
agencies and researchers. Using maps, planners can estimate 
how rice yield would respond across the province to the 
adoption of the recommended fertiliser rates. By knowing 
what extra yield could be produced in each district, plans can 
be make for the appropriate development of infrastructure to 
support the transport and storage of grain. Investors in rice 
milling and in fertiliser and pesticide products can use the 
predictions to identify the magnitude of markets, estimate 
likely sales, and decide on where to locate depots for fertil-
iser stocks and fertiliser sales points. Extension agencies can 
use maps to develop targeted advice for particular districts 
and communes as part of the agro-ecosystem analysis frame-
work. There are indications that fertiliser use is a better and 
more reliable investment at present in some areas than in 
others. In areas where strong reliable response to fertilisers 
can be obtained using current technologies, extension pro-
grammes can be confidently mounted. In other areas, more 
cautious advice on fertilizers is appropriate until further 
research identifies the constraints to fertilizer responses.  
 A number of significant messages emerge for the 
present research. A map is a medium for dialogue on results 
and knowledge gaps. In the eastern, flood-prone areas there 
appears to be a risk of decreased rice yield when N fertiliser 
is added. Here the effect of N on insects warrants further 
examination. The severity of insect damage on yield may 
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Figure 8. Confidence interval of yield data with increas-
ing sample size for full data set. 
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vary with the timing of the infestation as well as the level of 
N. Weather conditions may also affect the likelihood of in-
sect populations building to levels that can cause crop dam-
age. From this research, recommendations may emerge that 
N fertiliser should be applied only when effective insect 
control is planned by farmers. Alternatively lower than rec-
ommended rates of N fertilizer may be a prudent strategy for 
farmers who are unable to or choose not to use insecticides. 
The latter approach is consistent with the findings of Ieng et 
al. (2001) for farmers in Treang village, eastern Takeo where 
farmers in the receding floodwater rice ecosystems used 
lower N fertiliser than recommended. 
 
 In another study of farmers’ perceptions of rice 
yield response to fertiliser in Takeo, it was found that the 
expected yield response to fertilizer in a rainfed rice ecosys-
tem was only about 0.1 t/ha (Ieng et al. 2001). In this village 
in Tramkak district, 50 % of farmers’ expected no response 
or a decrease in yield when fertiliser was added. This is at 
variance with the predictions from the trials reported by 
White et al. (1997), and from the on-farm yield responses 
reported here. Phosphorus and K deficiency appears to be 
widespread in Takeo (Figures 5,7; White et al. 1997). Fur-
ther investigation is needed to verify why farmers have such 
modest expectations for yield increase with fertiliser use. 
Clearly adoption of fertiliser recommendations is likely to be 
impeded whilst farmers hold their present perceptions. The 
maps presented in the present paper may be a useful way to 
represent to farmers the prospects for fertilizer responses in 
their particular district or commune. 
 Finally and importantly, there is a need for a for-
mal and organised system whereby knowledge and experi-
ence about soil fertility and fertiliser response can be stored 
and shared at all levels within the agriculture sector. The 
present study illustrates the advantages of pooling data from 
on-farms trials conducted by several agencies. Mining infor-
mation from existing data maximises the investment in the 
original research and avoids the unnecessary expense of new 
experiments. The maps produced in this study can be up-
dated as new research data becomes available. However, not 
all provinces in Cambodia will have the density of on-farm 
experimental data that exists in Takeo. The present authors 
have developed a system of predicting rice yield response in 
Takeo that integrates information from a range of sources, 
including farmer’s experience (Bell et al. 2004). The spatial 
model developed will predict the likely yield given soil type, 
flooding risk and expected N fertiliser response. Hence, the 
aim is to be able to generate maps such as those produced 
here in provinces of Cambodia where the data is more lim-
ited and patchy in distribution. Through better targeting of 
advice, the use of the maps aims to facilitate the improved 
adoption of fertiliser technology by farmers. This will also 
contribute to improved strategic planning on a provincial and 
district basis. 
Conclusions 
 Provincial scale maps of yield response to fertiliser 
can target extension effort to areas where yield is likely to be 
most responsive to fertiliser application.  The work also 
highlighted the need for further research to clarify reasons 
for effect of N fertiliser on insect damage levels on fertile 
soils (Kbal Po, Krakor) and poor responses on flood-prone 
acid sandy soils (Koktrap and Prateah Lang).  These out-
comes could enhance the strategic planning capability for 
delivery of extension services and fertiliser inputs.  In addi-
tion, the compilation of data and subsequent mapping dem-
onstrated the value added to existing data, emphasising the 

importance of efficient data and information management 
systems in agricultural research and the sharing of informa-
tion amongst agencies. 
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esckIþCUndMNwg 
  
 

 viTüasßanRsavRCav nigGPivDÆn_ksikmμkm<úCa mankitiþyssUmCRmabCUndMNwgdl; elak elakRsI GñknagkBaØa CaGñkRsavRCavTaMgGs; 
eGay)anRCabfa edayyl;eXIjBIKuNsm,tþi nigsarRbeyaCn_énTsSnavdIþksikm μkm<úCa kñúgkarpþl;lT§PaBCUnGñkRsavRCavExμr TaMgLay[man 
»kasbegáInsmtßPaBRsavRCavrbs;xøÜntamry³karsresr karbkRsay nigcUlrYmBiPakSanUvral;KMehIjviTüasa®sþepSg² EdlCaktþacaM)ac;minGac 
xVH)ansRmab;GñkRsavRCav edIm,ICakarBRgwgvis½yRsavRCavCati ehIyk¾edIm,ICakitþiysd¾x<g;x<s;sRmab;RbeTsCatieyIgEdrenaH viTüasßanRsavRCav 
nigGPivDÆn_ksikmμkm<úCa )anxitxMBüayamCMrujeGaymankarbegáIteLIgnUvTsSnavdIþksikm μkm<úCaenH nigeFVIy:agNa[TsSnavdIþenH)anrs;ranCIvit 
eLIgvijeRkayBIRtUvGak;xanmYyry³. 
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karENnaMsRmab;GñkniBn§ 
 

tRmUvkarTUeTA 
kare)aHBum<pSayenAkñúgTsSnavdIþksikmμkm<úCa  (CJA) GacCar)aykarN_edIménlT§plRsavRCav ¬GtßbT b¤ kMNt;RtaxIø²¦ GacCalixitEdlbBa¢Ún 
eTAGñkRtYtBinitü CakarpSBVpSayBaNiC¢kmμ b¤karRbkasnUvdMNwgnana. kMNt;RtaRsavRCavminRtUvsresrelIsBI 2TMB½reT ÉkarpSBVpSayvijk¾min 
RtUveGayelIsBIknøHTMB½rEdr. 
 

tYGtßbT b¤kMNt;Rta 
GtßbTEdl)anerobcMRtUvepIJrmkGñkBinitüedayRbB½n§eGLicRtUnik ¬tamry³TUrGkçr b¤ tamry³fas¦ kñúgenaHRtUvman tarag nigRkahVik  Éksar 
eyag  cMNgeCIgtarag nigcMNgeCIgRkahVik. rUbPaBRtUvEtCarUbedIm b¤ftcMlg (Scan) eGayc,as;edIm,IFananUvKuNPaBrbs;rUbsRmab;TsSnavdþI. 
GtßbTEdlepIJrmkkan;TsSnavdþIksikm μkm<úCa (CJA) GacCaPasaGg;eKøs b¤PasaExμr. kñúgkrNIEdlGtßbTCaPasaGg;eKøsRtUveRbIRbePTGkSr 
Time New Roman edaymankarbkERbCaPasaExμrnUvcMNgeCIg nigsegçbedayeRbIRbePTGkSr Limon. cMeBaHGtßbTCaPasaExμrRtUveRbI 
RbePTGkSr Limon  edaymankarbkERbCaPasaGg;eKøsnUvcMNgeCIg nigesckIþsegçbedayeRbIRbePTGkSr Times New Roman .  
 

rcnasm<½n§ 
cMNgeCIg ³ RtUvenATMB½rTI1 énGtßbT b¤ kMNt;Rta.  cMNgeCIgRtUvsreseGay)anxøI b:uEnþc,as;las; nigeqIøytbeTAnwgGtßbT. 
GñkniBn§ ³  enAxageRkamcMNgeCIg  RtUvdak;eQμaHGñkniBn§TaMgGs;EdlBak;B½n§kñúgkargarRsavRCav. dkXøaBIeQμaHGñkniBn§mYyeTAeQ μaH GñkniBn§mYy 
edayeRbIsBaØa Comma (,) ehIyeQμaHGñkniBn§cugeRkayeKRtUvdak;Qñab; { nig } “ and ” enABImux.  eQμaHGñkniBn§¼GtßbTnana KYrEtmanenAkñúg 
Footnote énTMB½rTI1.  KYrerobcMCabBaI¢nUveQμaHGñkniBn§ nigbBa¢ak;BIGas½ydæan nigÉksarBak;B½n§epSg²enAkñúgXøaTI1én Footnote ehIykñúgXøaTI2 
KYrdak;bBa©ÚlnUv RbPBmUlniFi RbsinebIBMuTan;)anbgðajenAkñúgesckþIEføgGMNrKuN. 
esckþIsegçb ³  GtßbTnimYy²RtUvmanesckþIsegçbCaBIrPasa KWPasaExμr nigPasaGg;eKøs. esckþIsegçbRtUveGayxIøEtc,as;las;ehIyRtUvsresr 
minelIsBI 250 Bakü sMrab;GtßbT nig 150 Bakü sMrab;kMNt;Rta. RtUverobrab;GMBIsniTanPaB TisedA  viFIsaRsþ  lT§plKnøwH nigsar³sMxan;rbs; 
va BiesssMrab;ksikm μkm<úCa.  bnÞab;BIerobesckþIsegçbRtUverobcMtamlMdab;lMeday esckþIepþIm EdlrYmbBa©ÚlnUvkarviPaK eTAelIbNÑal½ysaRsþ 
Bak;B½n§ehIybnþedayxIø² smÖar³  viFIsaRsþ  lT§pl  karBiPakSa  esckþIsnñidæan ¬GaRs½yelIGñkniBn§¦ esckþIEføgGMNrKuN ¬GaRs½yelIGñkniBn§¦ 
nigÉksareyag.  lT§pl nigkarBiPakSaGacbBa©ÚlKña  ehIyesckþIsnñidæanGacmanenAkñúgEpñkBiPakSa. 
 
tarag ³ taragTaMgGs;RtUvdak;elxerog ehIyRtUvmancMNgeCIg. Headnote EdlmanB½t’manepSg²Bak;B½n§eTAnwgtaragTaMgmUl KYrcab;epþImenA 
bnÞat;f μImYy. taragKYrerobcMeTAtamTMhMkUeLanKMrUrbs;TsSnavdþI ¬TMhM 8 s>m eTA 21 s>m¦ ehIycMnYnkUeLanenAkñúgtaragKYreGaymancMnYntic.  
karbMEbkcMNgeCIgtUc² BIcMNgeCIgkUeLanemeRcIneBkKWminl¥eT  ehIycMNgeCIgEvgeBkk¾KYreCosvagEdr  edayeRbIkarsresrBnül;xøI²CMnYsvij 
EdlkarsresrTaMgenaHmanlkçN³sIuKñaeTAnwg Head note.  tYGkSrTI1 enAxagedImKYrsresrCaGkSrFM. 
  

 nimμitsBaØa énxñatrgVas;epSg² KYrdak;kñúgrgVg;RkckxageRkamcMNgeCIgkUeLan.  buBVbTsMrab;ÉktaKYreRCIserIsy:agNamineGayman 
cMnYnelxeRcIneBk.  kñúgkrNIminGaceCosvag)anKYrdak;cMnYnenaHedayemKuN 10 nUvral;tMélTaMgLaykñúgtarag. kMNt;sMKal;xagkñúgtaragKYrEt 
rkSaTMhMGkSreGaytUc nigRtUvrkSaTuksMrab;karbriyayCak;lak;epSg²kñúgkUeLan. 
 

 bnÞat;epþkGacdak;xagelI nigxageRkamcMNgeCIgRkeLan nigenAxageRkambg¥s;éntaragEtb:ueNÑaH.  cMeBaHbnÞat;bBaÄrvijminKYreRbIeT.  
ral;taragnimYy²RtUveqøIytbenAkñúgGtßbT ehIycMNucsMKal;tUcmYyenAkñúgEKmTMB½r (Margin) KYrsresrbgðajBITItaMgBitR)akdrbs;taragenA 
kñúgGtßbT.  taragxøI²Gacdak;bBa©ÚleTAkñúgGtßbTkñúglkçN³CaRbeyaK nigmincaM)ac;mancMNgeCIgeT. elIkElgEtkñúgkrNIBiessb:ueNÑaHEdl 
Tinñn½yGacRtUv)anbgðajTaMgkñúgtarag nigkñúgRkahVik.  ebIBMuenaHeTKYreRbIRkahVikvijkñúgkrNIcaM)ac;. 
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RkahVik ³ RkahVikTaMgLayNaEdlminl¥ ¬]> RkahVik sßitkñúgRTg;RTayBi)akGan¼yl;¦ nwgRtUvbBa¢ÚneGayykeTABinitüedIm,IEksRmYleLIgvij.  
cMeBaHGñkniBn§EdlminGacerobcMCaRkahVikepSg²)an KYrTMnak;TMngCamYyGñkRtYtBinitü. sBaØa bUk ¬÷¦ rW KuN (x) KYreCosvag.  karBnül;BI 
nimμitsBaØaepSg²KYrEtdak;enAeRkamcMNgeCIgénRkahVik  ehIyGkSrEdldak;kñúgRkahVik KYrmanCaGb,brima.  GkSrTaMgBIrénRkahiVk RtUvbBa¢ak;BI 
brimaNEdl)anvas;fIμ² b¤rab;ehIyRtUvdak;Ékta SI kñúgrgVg;Rkck. 
 

rUbft ³ rUbftRtUvmanKuNPaBc,as;l¥.  lkçN³sMxan;²énrUbftEdlRtUv)anbBa¢ak;KWc,as;las;enAkñúgGtßbT RtUvEtbgðajeGay)anc,as; ¬]> 
dak;elxkUdenABIelIGkSr ¼ dak;sBaØaRBYj¦.  rUbftBN’Fm μCati nwgRtUvTTYlyk  RbsinebIvamansar³sMxan;kñúgkarCYyeGaygayyl;BIlT§pl 
epSg². 
 

namvløI ³ cMeBaHrukçCati/ Pñak;garcMlgCMgW nigktþacéRgepSg² RtUvsresrCaGkSrLataMgkñúgTMrg;eRTt nigGñkEdl)aneRbIR)as;¼briyaymuneK (]> 
rice, oryza sativa L.). 
 

xñatrgVas; ³ RbB½n§xñatrgVas;GnþrCati (SI) RtUvykmkeRbIR)as;kñúgral;GtßbTEdlRtUvepJIrmkTsSnavdþIksikmμkm<úCa. xñatrgVas;epSgeTotGacbgðaj 
enAkñúgrgVg;RkckxageRkayxñatrgVas; SI ebIsinCaxñatrgVas;TaMgenHGacCYysRmYleGaykan;Etgayyl;GMBIkargarEdl)anerobrab;BIxagedIm. 
xñatrgVas;EdlRtYtP¢ab;KñaBIrdg minRtUveRbIR)as;TaMgenAkñúgTMrg;CaÉktasμ úKsμajeBkeT ¬]>KYreRbI mg/sheep. day, minKYreRbI mg/sheep/day or mg

-1 sheep-1 day-1).  TsSnavdþIksikmμkm<úCa RtUveRbIGkSrkat; {L} sMrab;ÉktaKitCa lIRt “mL” sMrab; ÉktaKitCa mIlIlIRt.  xñatrgVas;sMrab;eRbIR)
as;kñúgbNþÚrGIuy:ug ¬mmol/kg¦ KYreRbIcMeBaHRbePTbNÚþr GIuyu:geTal ]> Na+, K+, CaO.5+.  ÉktaEdlENnaMeGayeRbI sMrab;bNþÚrGIuy:ug 
nigsMrab;smtßPaBbNþÚrGIuy:ug KW cmol(+)/kg [b¤ cmol(-)/kg] kEnøgEdlmanbBaØa ¬+¦ rI ¬-¦ KWsMedAelIGay:ug nigkarcug ¬bnÞúkGKÁIsnI¦. Ék-
taEdlENnaMeGayeRbIsMrab;famBlkMedA GKÁIsnI KW dS/m b:uEnþxñat mS/cm RtUv)aneKTTYlsÁal;Cag. 
 

karvaytMélelIlT§pl 
 GtßbTRsavRCavRtUvmankarBiBN’naedaysegçb nigc,as;las; sþIBIviFIerobcMbøg;BiesaFn_ niglMGit kñúgkrNIEdlkarviPaKv:arIy:g; b¤kar 
viPaKtam Regression Models RtUv)aneRbIkñúgkarvaytMéledIm,IeGayGñkGanGacyl;c,as;GMBIviFIKNnarkkMritlMeGog. karviPaKsßiti KYrBiBN’na 
edaysegçb  ehIyRbsinebIcaM)ac;RtUvP¢ab;ÉksareyagCaCMnYypg.  cMnYnÉktþatémømFüm nigrgVas;GMBIbMErbMrYlepSg²KYrRtUv)anbgðaj. 
 

Éksareyag 
Éksareyag ³ Éksareyag RtUv)anelIkykmksMGagedayeQ μaHGñkniBn§ nigmandak;kalbriecäTc,as;las; ¬RbB½n§rbs;elak Harvard¦  
ehIyminRtUvsresrCaelxeT.  ral;ÉksareyagTaMgGs;enAkñúgGtßbT RtUvdak;bBa©ÚleTAkñúgbBa¢IenATMB½rcugeRkaybMputénTsSnavdþI edaymanbBa¢ak; 
BIeQμaHGñkniBn§  EdlRtUveroberogtamGkSrRkm.  ral;ÉksareyagEdl)anbBa©ÚleTAkñúgbBa¢I RtUvEtdUcKñaeTAnwgÉksareyagenAkñúgGtßbT. 
enAkñúgGtßbT eQ μaHrbs;shGñkniBn§BIrnak;RtUvP¢ab;edayQñab; {nig} b:uEnþebIcab;BIbInak;eLIgeTA dak;eQ μaHGñkniBn§TI1 rYcbnþeday {et al.}.  cMnYn-
EdlmanÉksareyagelIsBImYyenAkñúgGtßbT  ÉksareyagTaMgenaHRtUvdak;tamkalb,vtþiRtwmRtUv.  cMNgeCIgÉksarnigelxTMB½rdMbUg nigxagcug 
bMputRtUvbgðajnUvkñúgral;ÉksareyagTaMgGs;. GtßbTEdlmin)anTTYlykeTAe)aHBum<minGacdak;bBa©ÚleTAkñúgbBa¢IÉksar eyagEtGacbgðajenA 
kñúgGtßbTedayBaküfa {Tinñn½ymin)ane)aHBum<pSay} b¤ {TsSn³pÞal;xøÜn}. b:uEnþkareRbIR)as;ÉksareyagTaMgenHKWminRtUv)anelIkTwkcitþeGayeRbI 
eT.  GñkniBn§TaMgGs;KYrEtyklMnaMtamTsSnavdþI EdleTIbnwgecjpSayfμ IbMputnUvrebobbgðajÉksareyagepSg² TaMgkñúgesovePA nigkñúgGkSrsil,_ 
epSg².  cMNgeCIgeBjénsamayikbR½tRtUvEtdak;bgðajmkCamYyEdr.   
 
xageRkamenHnwgbgðajBIKMrUxøH² énrebobdak;ÉksareyagkñúgGtßbT ³ 
 
Reference Style (Journal article) 
Hubick KT, Farquhar GD, Shorter R (1986) Correlation between water-use efficiency and carbon isotope discrimination in diverse 
peanut (Arachis) germplasm. Australian Journal of Plant Physiology 13, 803_816. 
Wagner TE (1985) The role of gene transfer in agriculture. Canadian Journal of Animal Science 65, 539_552. 
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Reference style (Journal article) 
Blackmore DJ (1996) Are rural land practices a threat to the environment? In ‘Soil science _ raising the profile’. (Ed. N Uren) pp. 
22_30. (ASSSI and NZSSS: Melbourne)  
Wolanski E, Mazda Y, Ridd P (1992) Mangrove hydrodynamics. In ‘Tropical mangrove ecosystems’. (Eds AI Robertson, DM 
Alongi) pp. 43_62. (American Geophysical Union: Washington DC) 
 
Reference style (book) 
Lucas GB (1963) ‘Diseases of tobacco.’(University of North Carolina: Raleigh, NC) 
Attiwill PM, Adams MA (1996) (Eds) ‘Nutrition of eucalypts.’ (CSIRO Publishing: Melbourne) 
Hogan B, Beddington R, Constantine F, Lacy E (1994) (Eds) ‘Manipulating the mouse embryo _ a laboratory manual (2nd 
edn).’ (Cold Spring Harbor Laboratory Press: Cold Spring Harbor, NY) 
 
Reference style (thesis) 
Silver MW (1970) An experimental approach to the taxonomy of the genus Enteromorpha (L.) Link. PhD Thesis, University 
of Liverpool, UK. 
 
Reference style (Report or Bulletin) 
Lea HW (1957) Report on a visit to the USA and Canada, April 1 to October 2, 1957. Department of Agriculture, Orange, 
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Chippendale GM, Wolf L (1981) The natural distribution of Eucalyptus in Australia. Australian National Parks and Wildlife 
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Reference style (Conference Proceedings) 
Hayman PT, Collett IJ (1996) Estimating soil water: to kick, to core or computer? In ‘Proceedings of the 8th Australian 
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Kawasu T, Koi K, Ohta T, Shinohara Y, Ito K (1990) Transformation of eucalypts (Eucalyptus saligna) using electroporation. 
In ‘Proceedings of the VIIthinternational congress on plant tissue and cell culture’. pp. 64_68. (Amsterdam IAPTC: Amster-
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karrkSasiT§i 
 edIm,Ipþl;GtßbTeGaymke)aHBum<pSay RtUvFanafalT§plEdl)aneFIVr)aykarN_min)an b¤minFøab;e)aHBum<pSay b¤kMBugeRtome)aHBum< 
pSayenAkEnøgNaepSg. eskIþsegçblT§plénkarrkeXIjénsniñsIT b¤enAkñúgGtßbTe)aHBum<pSayNamYyminRtUv)ancat;TukCakare)aHBum<pSay 
CamunenaHeT. eTaHbICay:agNak¾eday RbsinebITinñn½yy:ageRcIndUcCatarag nigRkahVik RtUv)ane)aHBum<pSaymunehIyenaH karbEnßmTinñn½yxøH² 
eTotminGaccat;TukfaGtßbTenaHCaGtßbTfIμeLIy. cMeBaHGtßbTEdlmanGñkniBn§eRcInkarpþl;nUvlMdab;e)aHBum<edayTsSnavdIþ RtUv)ancat;Tukfa 
mankarÉkPaBKñarvagGñkniBn§TaMgenaH. eBlpþl;GtßbTdl;TsSnavdIþGñkniBn§TaMgGs;RtUvcuHhtßelxaelIEbbbT {GaCJab½NÑe)aHBum<pSay}. 
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Contributions to the Cambodian Journal of Agriculture (CJA) may be original reports of research (paper or note), letters to the editor, ad-
vertisements, or announcements. Research notes should not be more than two pages in length, while advertisements or announcements 
should not be more than ½ pages. 
 
Manuscripts (Papers and notes) 
Copies 
Manuscripts should be submitted electronically, including any tables and figures, the references, table heads and figure captions. Photos 
must be original or scanned at magazine quality. The manuscript submitted to CJA can be in English (US) or in Khmer. In case the manu-
script is in English, the test should be in Times New Roman font with a Khmer translation of the title and abstract in Limon font. For 
Khmer manuscript, the test should be in Limon font with an English translation of the title and abstract in Times New Roman. 
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Title:  On the first page of either papers or notes. The title should be short but must accurately identify and describe the manuscript content. 
The title is, therefore, a highly condensed abstract with a maximum of 12 words. 
 
Author(s): Below the title, list the names of all authors involved in conducting the research works. Separate the names of authors with 
comma (,) including before ‘and’ for the last author. Author/paper documentation should be included as a footnote of the first page. This 
should list the authors name and their complete current address and affiliation in the first paragraph. In the second footnote paragraph, the 
source of funding could be included if not already noted in the acknowledgements. 
 
Abstract: Each paper must have abstracts: in both Khmer and English. It is limited in a self explanatory paragraph of not more than 250 
words for papers and 150 words for notes. State the rationale, objectives, methods, key results and their significance especially for Cambo-
dian agriculture. After the abstract the order of sections is an introduction, which includes a concise review of the relevant literature fol-
lowed by materials and methods, results, discussion, conclusions (optional), acknowledgement (optional), and references. Results and dis-
cussion can be combined, and conclusions can be incorporated in the discussion section. 
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Tables: Table must be numbered and each must be accompanied by a title. A head note containing material relevant to the whole Table 
should start on a new line. Table should be arranged with regard to the dimensions of the Journal columns (8 by 21 cm), and the number of 
column in the Table should be kept to a minimum. Excessive subdivision of column headings is undesirable and long heading should be 
avoided by the use of explanatory notes that should be incorporated into the head note. The first letter, only, of headings should be capital-
ized. Use asterisk (*, **, ***) only to indicate statistical significance at 0.05, 0.01, and 0.001 levels of probability, respectively. 
 

The symbol of unit of measurement should be placed in parentheses beneath the column heading. The prefixes for units should 
be chosen to avoid an excessive number of digits in the body of the Table or scaling factors in the headings. When scaling factors cannot be 
avoided, the quantity expressed should be preceded by the power of 10 by which the value has been multiplied. Footnotes should be kept to 
a minimum and be reserved of specific items in the columns.  
  
 Horizontal rule should be inserted only above and below column heading and at the foot of the Table. Vertical rules should not 
be use. Each table must be referred to in the text, and a note in the margin should be indicate the preferred position of the Table in the text. 
Short table can frequently be incorporated into the text as a sentence or as a brief untitled tabulation. Only in exceptional circumstance will 
the presentation of essentially the same data in both a Table and a Figure be permitted where adequate, the Figure should be used. 
 
Figures: Unsatisfactory Figures (i.e. in unreadable file formats) will be returned for correction. The symbols + or x should be avoided. 
Explanation of symbols should be given in the caption to the figure, and lettering of graphs should be kept to a minimum. Grid marks 
should point inwards; legends to axes should state the quantity being measured and be followed by the appropriate SI units in parentheses. 
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tion has been drawn in the text should be indicated (i.e. by coded upper case letters and/ or arrows). Colour photographs will be accepted if 
they are essential to understanding the results. 
 
Nomenclature: For plants, pathogens, insects and pests, give the Latin binomial in italics and the authority that first mention in the abstract 
or text (eg. rice (Oryza sativa L.). 
 
Units of measurement: The International system of units (SI) must be used in all manuscripts submitted to the Cambodian Journal of Agri-
culture. Other units may be indicated in parentheses after the SI units if this helps in understanding the work reported. The double solidus 
must not be used in complex groupings of units (i.e. use mg/sheep. day, not mg/sheep/ day or mg-1 sheep-1 day-1). The CJA uses the abbre-
viation ‘L’ for litre ‘mL’ for millilitre. The units for exchangeable ions (mmol/kg) should be used for single charged ionic species, eg. 
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refers to a unit charge. This recommended unit is numerically equivalent to the non-SI but still widely used mill equivalents per 100g. The 
recommended unit for electrical conductivity is dS/m, but mS/cm is acceptable. 
 
Evaluation of results 
Research paper must contain a clear and concise description of the experimental design used with sufficient detail such that, in the case 
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where analysis of variance or regression models are to be used in the statistical evaluation, the reader is quite clear as to how the error term 
was estimated. The statistical tests should be briefly described and, if necessary, supported by references. Numbers of individuals, mean 
values and measures of variability should be stated be made clear whether the standard deviation or the standard error has been given. 
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