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Abstract

A research study utilized the Cobb-Douglas production function to examine the elements influencing paddy
production during the wet season in three rural provinces of Cambodia. This analysis was based on data gathered
from a survey of farmers’ households conducted in 2022. The study discovered that the use of fertilizers and
herbicides, the size of the family, and income from off-farm sources significantly impacted the output of
wet-season paddy. A one percent increase in the use of fertilizer, herbicide, and family size resulted in an increase
in rice output by 0.06 percent, 0.04 percent, and 0.05 percent respectively. Furthermore, a one percent increase in
the age of the household head, hired labor, and off-farm income led to an increase in rice yield by 0.08 percent, 0.11
percent, and 0.05 percent respectively. The use of seeds, pesticides, household labor, and the education level of the
household heads were found to enhance rice yields in southeastern Cambodia. However, these production
relationships varied significantly across different regions. The study concluded that higher yields during the rainy
season improved the effectiveness of paddy production, primarily due to the increased responsiveness to fertilizer
application.
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1. Introduction

The world’s population is expected to reach 9 billion by 2050, up from 6.1 billion in 2000 (FAOSTA, 2015). This
rapid increase puts a lot of pressure on food supply and food security, requiring a better understanding of
agricultural growth and productivity to meet the growing demand for food. However, agriculture is especially
sensitive to the impacts of climate change, making it more vulnerable than other sectors. Climate change could
reduce crop yields by more than 25 percent (Sokvibol et al., 2016). Agriculture is the backbone of Cambodia’s
economy. Most Cambodians live in rural areas and depend largely on subsistence farming for their livelihoods.
The government has implemented several reforms in recent years to improve the efficiency and effectiveness of
its extension and advisory services (Samoeurn & Suresh, 2018). The agricultural sector contributed 24.4% of the
country’s GDP in 2022, while the services and industries sectors contributed 37% and 38.5%, respectively. The
reason for the lower contribution of the agricultural sector is the growth of the other two major economic sectors,
namely industry and services. It is important to note that between 2017 and 2021, the contribution of the
agricultural sector decreased from 24.9% to 24.4%, mainly due to the rapid growth of the industry, construction,
and service sectors (MAFF, 2021). Rice production is a key component of Cambodia’s agricultural sector and
plays a crucial role in driving national economic growth, earning it the nickname “white gold” among the
Cambodian people (Sokvibol et al., 2016). The Royal Government’s strong support, along with the active
participation of farmers, has been instrumental in increasing rice production. A notable change has been observed
among Cambodian farmers, who have shifted from subsistence farming to commercially oriented production in
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response to better market demand and higher prices. Wet rice production dominates Cambodian rice production,
accounting for 80% of the total rice population and occupying approximately 85% of the harvested land area.
Wet-season rice depends heavily on rainfall due to limited irrigation capabilities. Farmers usually start rice
production in May and continue harvesting until December or later, depending on the rice variety. The Ministry
of Agriculture, Forestry, and Fisheries classified the wet season into five types in 2015: early, medium, late,
upland, and floating rice, based on the cultivation-to-harvest timeframe and topographical conditions. Early rice
varieties generally have a shorter growing period than medium rice varieties, while late rice varieties require the
longest time to mature. Floating rice is typically cultivated in flooded areas surrounding the Tonle Sap Lake and
the Mekong River, while upland rice is commonly grown in mountainous regions of the Plateau/Mountain area
(Rido 2015). This study aims to analyse the factors influencing rice yield during the wet season among farmers
and explore its potential as a policy tool for rural development. The study focuses on farming households
operating in the southeastern region of Cambodia, encompassing Takeo, Kandal, and Kampong Speu provinces.
The insights gained from this study are intended to benefit both farmers and policymakers, guiding efforts to
enhance Cambodian rice production. The rest of this paper is organized into five sections: introduction, research
methodology, data and description, results and discussion, and conclusion.

2. Method
2.1 Empirical Model

The study made use of the Cobb-Douglas production function, with the aid of STATA software, to identify the
significant factors influencing the input in wet season rice. The Cobb-Douglas function, a widely accepted model
for illustrating the relationship between input and output, was originally proposed by Knut Wicksell (1851-1926)
and later validated through statistical evidence by Charles Cobb and Paul Douglas (Coelli et al., 1997 as cited
Nhat & Tansuchat, 2015).

Several researchers have conducted studies in this field. For example, Pisedh et al. (2011) investigated the
challenges of dry season rice production under the irrigation scheme of Tapeing Thmor Water reservoir. Yu and
Fan (2009) examined rice production response in Cambodia, while Tun and Kang (2015) analyzed the factors
affecting rice production efficiency in Myanmar. Ahmed et al. (2017) conducted a comparative study on factors
influencing rice yield in Niger State of Nigeria and Hainan of China, and Koirala et al. (2014) researched the
determinant of rice productivity and technical efficiency in the Philippines.

Furthermore, Sokbibol et al. (2017) compared Cambodian rice production technical efficiency at the national and
household level. Rido (2014) studied factors affecting the cost efficiency of Cambodian rice farming households,
and Sokchea and Richard (2013) researched ways to improve rice productivity and farmers’ income in Cambodia.
Rada et al. (2016) studied the profit efficiency of rice farmers in Cambodia. Rohmad and Praptiningsih (2016)
analyzed the efficiency of production factors utilization in upland rice farming, and Hossain and Majumder
(2015) measured the efficiency of the Cobb-Douglas production function with additive and multiplicative errors.

Despite extensive research in this field, no study has specifically focused on the factors affecting rice yield in the
wet season. Therefore, this study aims to fill this gap and contribute to increasing rice production in Cambodian
farming. In the study, the Cobb-Douglas production function was applied as follows:

Y = AKPILP? (1)
where,

Y = the total output; L = labor input; K = capital input; A = is constant; B1 and B2 are the coefficients to be
estimated for labor and capital, respectively.

Equation (1) is nearly always treated as a linear relationship by making a logarithm transformation, which yields:

InY =1InA + B, InK + B, InL 2)
According to Equation (2) with independent variables L and K to 7 become:
InY =B, +B,InK + B,InL + ... + B.InX; 3)

And decoding Equation (3) according to this study we have:

InY =B, + B, Inseed + B, Infert + B, Inpest + B, Inweed + B, Inhom +
BgInhired + B, Inage + B¢ Infamily + ByInedu + B, Inincome + &; “)

where,

Inseed: logarithm of seed; Infert: logarithm of fertilizer; Inpest: logarithm of pesticide; Inweed: logarithm of
weedicide; Inhom: logarithm of household labor; Inhired: logarithm of hired labor; Inage: logarithm of the age
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of household head; Infamily: logarithm of family size; Inedu: logarithm of education of household head;
Inincome: logarithm of income off-farm job.

The coefficient B,, B,, B, ... B, are the elasticity yield to input L, K,... and i. The sum of elasticity
B, +B,+ Byt ...+ P, provides the returns to scale of the farms in question. It means if:
B, + B, +B; ... + B, =1, the production operates under constant returns to scale.

B, + B, + By +... ¥ B, > 1, the production operates under increasing returns to scale.
B, + B, + By +... ¥ B, <1, the production operates under decreasing returns to scale.
2.2 Data Description

This study involved the examination of data collected from a household survey carried out in 2022 across three
provinces in Cambodia. A total of 240 farmer households were selected for the study using a random sampling
technique. The data collection process was spearheaded by the authors, who were assisted by postgraduate
students from AII-CAAS and graduate students from the National Polytechnics Institute of Cambodia (NPIC).
The data collected covered various aspects of rural farmers, including household conditions, farming income,
daily expenditure, inputs for rice production, and information on agricultural technology. To facilitate
face-to-face interviews with household farmers and stakeholders, the authors reached out to local authorities,
such as the chief of wards and chief of communes. The inputs for wet season rice included seeds, pesticides,
herbicides, fertilizer, irrigation, household labor, hired labor, and transportation, among others. The increase in
rice inputs positively impacted wet-season rice production, leading to a yield increase of about 7.637 million
tons and 2.315 million tons for dry-season rice production in 2016. This surge in rice production was largely
attributed to the support provided by the Royal Government of Cambodia, relevant ministries and institutions,
development partners, national and international organizations, sub-national authorities, and the participation of
farmers.

To reduce bias in sample selection, the study only included farming households, while mixed farmers, paddy
producers, and other crops were excluded from the data analysis. Data modification and filtering were carried
out to ensure that the unit of measure of each variable was consistent with the academic goals and that the data
quality was satisfactory.

3. Results and Discussion
3.1 Statistical Summary

The statistical summary of variables in rice inputs and rice yield was estimated using multiple regression
analysis. Table 1 includes variables such as seeds, pesticides, weedicides, fertilizer, household labor, and hired
labor. Household characteristics such as the age of the family head, education level of the household head,
family size, and off-farm income of the household head were also considered.

The table displays the average, standard deviation, minimum, and maximum value of each variable. On average,
the output of wet rice was about 1.7 tons, with a minimum and maximum of approximately one ton and 2.5 tons,
respectively. According to MAFF (2015), the rice yield in the wet season was around 3.21 tons per hectare,
which is larger than the result of this study. This discrepancy could be because the MAFF report covered the
whole country, while this study focused only on three provinces.

Farmers used an average of about 175 kg/ha of variety in the wet season, with a minimum and maximum of
approximately 42 kg/ha and 400 kg/ha, respectively. According to the Cambodian Agriculture Value Chain
Program CAVAC (2016), farmers typically used an average of 134 kg for wet season varieties, or up to 400
kg/ha. Furthermore, Sothy et al. (2017) showed that dry-season rice varieties required 322.1 kg, while
wet-season varieties required 122.2 kg.
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Table 1. The statistical Summary inputs of the wet rice per hectare

Variables Units Obs Mean Std. Dev. Min Max
Rice outputs Kg/ha 240 1,699 274 1,000 2,500
Seed Kg/ha 240 175 88 42 400
Pesticides ml/ha 240 2,149 1,012 500 6,600
Weedicides ml/ha 240 1,184 659 480 3,500
Fertilizer Kg/ha 240 201 71 100 450
Household labor person/ha 240 8 3 3 17
Hired labor person/ha 240 7 2 1 13
Age HHhead year 240 49 12 22 88
Education HHhead level (0-5) 240 2 1 0 5
Family size person 240 5 1 2 9
Income off-farm KHR/ha 240 2,886 2,897 - 4,000

The study utilized multiple regression analysis to estimate the variables in rice inputs and rice yield. The average
application of pesticide was approximately 2,149 ml/ha, with a range of about 500 to 6,600 ml/ha for the wet
season rice. The average application of weedicide was roughly 1,184 ml/ha, with a range of around 480 to 3,500
ml/ha. When compared, the average usage of pesticides and weedicides in the wet season was lower than that
applied in the dry season rice.

The average application of fertilizer was around 201 kg/ha, with a range of about 100 kg to 450 kg/ha. Our
results showed that farmers used more fertilizer compared to the research of Dary et al. (2016), which revealed
that farmers apply about 153 kg/ha of chemical fertilizer for dry season rice, while only 66 kg/ha in the wet
season.

During the study period, the average household labor was nearly 8 people per hectare, with a range of about 3 to
17 people. Sok Vibol et al. (2016) demonstrated that the average adult working day per year of family members
was around 108 days in 2013, increased to 110.5 days in 2014, and then decreased by 106.7 days in 2015.

The statistics summary revealed that the average age of the household’s head was 49 years old, ranging from 22
to 88 years old. The average education level was 2, implying that most of the farmers’ household heads obtained
education at primary school (grades 1-6 in the Cambodian education system). The results also displayed that the
average family size of peasant households in Takeo, Kampong Speu, and Kandal is around 5 persons per
household, ranging from 2 to 9 persons per household. The average income from the off-farm job is
approximately 2,886 thousand riels, with a maximum of 4,000 thousand riels. Based on research, farmers with
small land cultivated 1 are not able to support family members throughout the year. Consequently, most farmers
take different actions to generate income to support their household family. It is not just farming activities. The
peasants find various works to increase their household income.

3.2 The Estimated Parameters of Rice in the Wet Season

Table 2 shows that all estimated parameters of the variables align with expectations. Fertilizer had a positive
coefficient and was significant at the one percent level. Weedicides, irrigation systems, family size, and off-farm
income also had positive coefficients but were significant at the five percent level. Hired labor and the age of the
household head were significant at the ten percent level.

The seed input had a negative coefficient but was significant at the ten percent level, implying a contrasting
relationship between varieties and rice output during the research period. The study also showed no significant
correlation between pesticide input and wet-season paddy output. Similarly, the education level of the household
head had a negative coefficient and showed no significance at any level, indicating no correlation between the
education of the household head and rice yield during the study.

The Cobb-Douglas production function was used to estimate the parameters of inputs affecting the wet season
paddy. The results showed that increasing the quantity used of fertilizer, weedicides, hired household labor, age
of the household head, and off-farm income could lead to an increase in household farming rice output.

For instance, a one percent increase in the input of seed would decrease the rice yield of the wet season by
approximately 0.07 percent. A one percent increase in the input of weedicides will increase the rice yield by
about 0.04 percent. The rice yield will increase by approximately 0.06 percent if there is a one percent increase
in the input of fertilizer. A one percent increase in the input of hired labor will increase the rice output by about
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0.11 percent. An increase of one percent in the input of the age of the household head will increase the rice
output by roughly 0.08 percent. A one percent increase in family size would result in a 0.05 percent increase in
wet paddy production. The rice output will increase by approximately 0.05 percent if there is a one percent
increase in off-farm job income.

Table 2. The parameter of Cobb-Douglas for wet-season paddy

Variable Coefficient Standard Error t-ratio P>t
Constants B, 6.5708 0.5095 12.9000 0.000%**
Clseed B, 00720 00394 -1.8300 0.074*
Inpesticides B, -0.0281 0.0585 -0.4800 0.633
Inherbicides B, 0.0434 0.0845 4.5100 0.031**
Infertilizer B, 0.0587 0.0865 8.6800 0.002%**
Inhousehold labor B, -0.0503 0.0778 -0.6500 0.521
Inhired labor B, 0.1114 0.0724 1.5400 0.053*
Inage household head B, 0.0797 0.0677 1.1800 0.065%*
Infamily_size By 0.0485 0.0601 2.8100 0.024**
Ineducation B,  -0.0248 0.0436 -0.5700 0.571
Inincome_off B, 0.0469 0.0196 4.3600 0.024**
Prob >F =0.0355
R-squared =0.3284
Adj R-squared =0.1745
Root MSE =0.1386

Note. *** ** and * indicate significance at 1%, 5% and 10% respectively.

The majority of Cambodian farmers can grow rice just once a year due to insufficient irrigation and effective
water management practices. The rainy season is the primary period for rice cultivation, accounting for 80
percent of the total crop. Irrigation facilities are primarily utilized for the dry season rice and to supplement the
wet season paddy if necessary (Smith & Hombuckle, 2013). Yu and Diao (2011) argued that Cambodia has
tremendous potential to boost rice production given its abundant agricultural land and water resources. If the rice
fields are irrigated, production will increase.

Regarding fertilizer application, Yu and Fan (2009) demonstrated that the percentage of farming households
using fertilizers rose for both seasons of rice production. On average, about 78 percent of rice in the wet season
plots used fertilizers, and this percentage increased to 88 percent in 2007.

In summary, the use of fertilizer has the most significant impact on paddy rice production, followed by
herbicides, household size, non-farm income, seed, hired labor force, and the age of the household head. The
production of wet-season rice is affected when farmers use higher volumes of these inputs.

4. Conclusions

The findings above indicate that factors such as fertilizers, herbicides, family size, and off-farm job income
significantly influence the output of wet-season paddy. A one percent uptick in the use of fertilizers, herbicides,
and family size could enhance rice production by 0.06, 0.04, and 0.05 percent respectively. Similarly, a one percent
rise in the age of the household head, hired labor, and off-farm job income could boost rice yield by 0.08, 0.11, and
0.05 percent respectively. Elements like seeds, pesticides, household labor, and the education level of the
household head also contribute to rice production in Cambodia, although the relationships vary by region.
Simulations show that high yields in the rainy season, even when doubled due to high fertilizer responsiveness,
enhance the efficiency of paddy production.

These insights have significant implications for boosting rice production in Cambodia. Farmers stand to gain the
most from improvements in agricultural productivity and technology. Cambodian farmers need to concentrate on
the agricultural sector to drive growth in rice production and alleviate poverty in rural areas. Given that most of
Cambodia’s poor reside in rural areas and depend on agriculture, high agricultural growth will ensure food security
by increasing supply, reducing prices, and raising the incomes of poorer farm households. To facilitate this
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response and achieve food security, agriculture, which has been neglected, has been included on the political
agenda.

Firstly, there is considerable potential for enhancing rice production in Cambodia. If appropriate resources (like
fertilizer and irrigation) and infrastructure (like electricity markets, agricultural extension, and education) are
provided, it is possible to elevate Cambodian rice output to match that of its neighboring countries. Given the high
awareness of fertilizer, farmers could significantly increase their yield and revenue from more market sales.

Secondly, the introduction of advanced technologies and crop diversification should be tailored to local conditions.
However, poor road and market conditions hinder local producers from capitalizing on the comparative advantage
of rice production. Greater investment in infrastructure would enable farmers to access the latest market
information and transport their produce to Phnom Penh and other regional markets. Investments in rural roads have
been shown to yield high returns in terms of poverty reduction in developing countries. Improving rural roads will
enable rural people to access essential services.

References

Ahmed, A. G., Xu, S., Yu, W., & Wang, Y. (2017). Comparative study on factors influencing rice yield in Niger
State of Nigeria and Hainan of China. International Journal of Agricultural and Food Research, 6(1), 13-23.
https://doi.org/10.24102/ijafr.v6il.724

CAVAC (Cambodian Agriculture Value Chain Program). (2016). Farmers’ Behavior on Using Rice Seed in
Cambodia. Phnom Penh: Cambodian Agriculture Value Chain Program.

CDRI. (2011). Irrigation Water Productivity in Cambodian Rice Systems.

Coelli, T. J., Rao, D. S. P, O’Donnell, C. J., & Battese, G. E. (1997). An introduction to efficiency and
productivity analysis. Springer Science & Business Media. https://doi.org/10.1007/978-1-4615-5493-6

Dary, P., Sokcheng, S., & Pirom, K. (2017). Synergies and Trade-offs with Intensification of Rice and Livestock
Production in Cambodia (Special Report, June 16, 2017). CDRI.

Fan, S. (2008). Public Expenditure, Growth and Poverty in Developing Countries: Issues, Methods, and Finding.
Jonh Hopkins Publications, Baltimore.

FAOSTAT. (2015). FAOSTAT Online Database 2015. Food and Agriculture Organization of the United Nations.

Hossain, M. M., & Majumder, A. K. (2015). On the measurement of efficiency of Cobb-Douglas production
function with additive and multiplicative errors. Department of Statistics, Jahangirnagar University, Savar,
Dhaka, Bangladesh. https://doi.org/10.19139/soic.v3i1.120

Koirala, K., Mishra, A. K., & Mohanty, S. (2014). Determinants of rice productivity and technical efficiency in
the Philippines. Department of Agricultural Economics and Agribusiness, Louisiana State University, USA.

MAFF. (2015). Annual Report for Agriculture Forestry and Fishery 2014-2015. The Kingdom of Cambodia.

MAFF. (2021). Annual report for agriculture forestry and fisheries 2020-2021 and direction 2021-2022. The
Kingdom of Cambodia.

Nhat, V., & Tansuhat, R. (2015). Analysis of rice production and contribution to Cambodian economic growth.
The Empirical Econometrics and Quantitative Economics Letters, 4(2), 17-30.

Pisedh, V., Christophe, J. D., Seng, M., & Songly, U. (2011). Challenges of dry season rice production under
irrigation scheme of Tapeing Thmor water reservoir. International Journal of Environment and Rural
Development, 2(2).

Rada, K., Nanseke, T., & Chomei, Y., (2016). Profit efficiency of rice farmers in Cambodia. The differences
between organic and conventional farming. Journal of Sustainable Development, 9(6), 34-45.
https://doi.org/10.5539/jsd.vOn6p34

Rido, T. (2015). Productivity and efficiency of rice production: the implication for poverty alleviation in
Cambodia (PhD dissertation, Graduate School of International Development, Nagoya University, Japan).

Rohmad, B., & Praptiningsih, G. A. (2017). Efficiency analysis of production factors utilization in upland rice
farming in NRLS Conference Proceedings. KnE Life Sci, 2017, 180-187. https://doi.org/10.18502/
kls.v315.991

Samourn, K., & Suresh, C. B. (2018). Agricultural Extension in Cambodian: An Assessment and Options for
Reform (IFPRI Discussion Paper 01706, January 2018).



jas.ccsenet.org Journal of Agricultural Science Vol. 16, No. 1; 2024

Smith, D., & Hornbuckle, J. (2013). 4 Review of rice productivities in Cambodia and water measurement using
direct and indirect methods on a dry season rice crop. Technical Report to ACIAR, Canberra, CSIRO
Sustainable Agriculture Flagship, Australia.

Sokchea, A., & Richard, C. (2013). Improving rice production and farmers’ income in Cambodia: An
econometric estimating using data from the APSIM simulator.

Sokvibol, K., Hua, L., & Linvolak, P. (2016). Technical Efficiency Analysis of Cambodian Household’s Rice
Production. Global Journal of Human-Social Science, 16(3), 33-44.

Sokvibol, K., Hua, L., & Linvolak, P. (2017). Comparison of Cambodian rice production technical efficiency at
the national and household levels.

Sothy, E., Sokcheng, S., Chhun, C., & Pirom, K. (2017). Rice policy study: Implication of Rice policy Changes
in Vietnam for Cambodia’s Rice policy and Rice Producers in South-Eastern Cambodia. Cambodia
Development Resource Institution.

Tun, Y. Y., & Kang, H. J. (2015). An Analysis of the factors affecting rice production efficiency in Myanmar.
Journal of East Asian Economic Integration, 19(2), 167-188. https://doi.org/10.11644/KIEP.JEAL2015.
19.2.295

Yu, B., & Diao, X. (2010). Cambodia’s Agricultural Strategy: Future Development Options for the Rice.
Yu, B., & Fan, S. (2009). Rice production response in Cambodia. International Food Policy Research Institute.

Acknowledgments

The completion of this research owes a great deal to the backing of the Chinese Academy of Agricultural Sciences
(CAAS) and the National Polytechnic Institute of Cambodia (NPIC). The authors extend their heartfelt thanks to
the postgraduate students of AII-CAAS and the graduate students of NPIC for their unwavering collaboration in
gathering data. Special appreciation is also expressed for Prof. Xu Shiwei and Prof. Yu Wen, whose assistance in
data analysis was invaluable.

Authors Contributions

Not applicable.

Funding

The article was supported by the National Polytechnic Institute of Cambodia Project (Number: 6110-61106).
Competing Interests

No potential conflict of interest was reported by the author(s).

Informed Consent

Obtained.

Ethics Approval

The Publication Ethics Committee of the Canadian Center of Science and Education.

The journal’s policies adhere to the Core Practices established by the Committee on Publication Ethics (COPE).
Provenance and Peer Review

Not commissioned; externally double-blind peer reviewed.

Data Availability Statement

The data that support the findings of this study are available on request from the corresponding author. The data
are not publicly available due to privacy or ethical restrictions.

Data Sharing Statement
No additional data are available.
Open Access

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).



jas.ccsenet.org Journal of Agricultural Science Vol. 16, No. 1; 2024

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.



