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Abstract
Background and Objective: Generally, there are three different rice farming production systems: Farming under the agriculture network,
conventional organic rice farming and chemical rice farming. This study estimated the technical efficiency (TE) of different production
systems for rice farming in eastern Thailand. Materials and Methods: Chachoengsao and Prachinburi were selected as the study areas.
Farm-level data were collected during the 2016-2017 production period from 150 respondents consisting of 58 organic farmers under
the Alternative Agriculture Network (AAN), 42 conventional organic rice farmers and 50 chemical rice farmers. A stochastic frontier analysis
was employed to analyze the survey data. Results: The results indicated that the technical efficiency scores for organic rice farmers under
the AAN had the highest level of efficiency compared to conventional organic rice and chemical rice farmers. The average TE of the
farmers under the AAN was approximately 0.733, ranging from 0.375-0.940, while the average TE of the conventional organic rice farmers
was approximately 0.669, ranging from 0.103-0.948 and the average TE of the chemical rice farmers was approximately 0.688, ranging
from 0.293-0.999. The results indicate that farmers should use high-quality seeds and organic fertilizer to improve the efficiency of organic
rice. Conclusion: The findings indicated that the technical efficiency scores for organic rice farmers under the AAN had the highest level
of efficiency comparing to conventional organic rice and chemical rice farmers.
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INTRODUCTION

The purchase of high-quality foods and environmentally
friendly and organic products has increased due to greater
awareness of environmental degradation and growing
concerns about chemical-based farming and related issues1-3.
Most consumers are more aware of the risks of pesticides used
in food production. They are concerned about their health
andsafety4. Consumers’ risk perception and health awareness
are the main reasons they choose to purchase and consume
organic foods5. Previous research revealed that consumers
have become increasingly aware of how their health is
affected by consuming organic food instead of non-organic
food6-8. As reported by the International Federation of Organic
Agriculture Movements (IFOAM) and the Research Institute of
Organic Agriculture, in 2015 the market share of organic
products amounted to $81.6 billion, with $2.4 million organic
producers. This indicated that the demand for organic food
grew faster than the supply9.

Similar to global trends, in Thailand consumers are
increasingly seeking healthier products. In 2017, organic
agriculture in Thailand expanded by 21%. Organic rice farming
increased by 28% and integrated farming by 187%. Indeed,
the demand for organic food, particularly organic rice, has
grown rapidly. The Thai government launched an organic rice
production project with the goal of increasing production
areas from 300,000 rai in 2017 to 3,000,000 rai by 202110. Price
incentives are the main driving force for farmers transitioning
from conventional farming to organic farming with the
development of technology and marketing, including
production standard upgrades11. However, organic rice
growers, particularly small-scale farmers, critically need
sustainable strategies. Networking is the key solution to
strengthening horizontal and interdependent relationships
among  producers  and  consumers.  The  Alternative
Agriculture  Network  (AAN)  was  established in the early
1980s to support local farmers to adopt sustainable farming
practises,  organize   alternative   marketing  methods for
small-scale farmers and initiate organic standards and a
certification system12. In 2017, 1500 small-scale farmers
participated in the AAN. The AAN also assists small-scale
farmers with organic supply chains, for instance, helping them
manage their production for market demands. Nevertheless,
there are insufficient  numbers of small-scale farmers under
the AAN. Adding incentives to encourage new farmers to
participate in the organic farming network is one strategy for
increasing membership13.

Eastern Thailand is the third largest producer of the
nation’s organic rice at 16%10. Rice is an important crop for
economic development in this region. This is in line with
Thailand’s overall agricultural strategy: Safe agricultural
products with standardized quality and farmers who can
increase product value in line with competitive market
demands and enjoy a good quality of life as well as robust
network marketing power14. This study focused on organic rice
production in Chachoengsao and Prachinburi because these
are major organic rice production areas with different patterns
of production, both under the AAN and using conventional
organic rice farming. In addition, many farmers use chemicals
to grow rice. Their productivity costs are high due to
overproduction factors15 but this is compensated by higher
prices. The smaller farmers do not have fractal marketing.
Product distribution usually involves middlemen or brokers
rather than agreements on the quality of the yields or market
prices. Moreover, partners do not have confidence in farmers
because there is no formal organization or local group leaders.
Smaller farmers should be aggregated into a farmer network16

to promote members’ knowledge and strengthen the
network. One reason for the farmers’ transition from
conventional to organic farming is that they had robust
marketing and knowledge from continuous training17.

Organic rice farming patterns varied in the regions
studied due to different production methods. The results of a
study on the technical efficiency of different rice farming
systems in this region may not only support the enhancement
of each system’s rice farming efficiency but also convince
farmers to grow organic rice or participate in a network if the
efficiency score is higher than that of chemical rice farming.
Technical efficiency (TE) refers to how productive a business
can be given the fewest inputs or resources, necessary for the
job. TE is expressed (over a given time period) as the ratio of
mean production (conditional on the levels of factor inputs
and firm effects) to the corresponding mean production if a
business most efficiently utilizes inputs18. The measurement of
efficiency in agricultural production is indicative of the
efficiency levels of farms’ activities that assesses their ability to
reduce production costs, improve productivity and use
appropriate production factors19-24. A significant amount of
this research dealt with technical efficiency and factors
affecting rice production efficiency in different regions25-28.

However, there was scant comparative research on the
technical efficiency of rice farming using varying production
systems, especially in regions where organic rice is a strategic
product.  Consequently,  this   study   aimed   to   compare  the
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technical efficiency of Thailand’s Chachoengsao and
Prachinburi  provinces’ three  different rice farming production
systems: Farming under the alternative agriculture network,
conventional organic rice farming and chemical rice farming.

MATERIALS AND METHODS

Study areas: Chachoengsao and Prachinburi provinces, major
rice producers in eastern Thailand, were selected as the study
area because they are strategic production regions and target
areas for increasing organic rice cultivation. An organic
network is the most successful pattern of organic rice farming
in this region. Also, the Alternative Agriculture Network (AAN)
for small-scale organic rice farmers is located in these areas,
they account for 12.66% (190 of 1500) the AAN’s total
membership in Thailand. This network initiates organic
agriculture  development  by supporting local farmers to
adopt sustainable farming practises, organizing alternative
marketing methods for small-scale farmers and establishing
organic standards and a certification system29. 

Population and sample sizes
Population consisted of three categories of rice farming
systems: Organic rice farming under the AAN, conventional
organic rice farming and chemical rice farming. Organic rice
farming under the AAN included organic rice growers who we
remembers of the AAN and employed sustainable farming
practises and organized marketing methods provided by the
network. Conventional organic rice farming included farmers
who individually grew organic rice and were not AAN
members. Chemical rice farming included farmers who
grewrice using chemicals.

The sample sizes of the three rice farming systems were
shown in Table 1. A purposive sampling technique was used
to collect  data  from  58  farmers  in  the  AAN network from
28 farmers in Chachoengsao and 30 farmers in Prachinburi.
Data on 42 conventional organic rice farmers were gathered
from   28    farmers    in    Chachoengsao    and    14   farmers  in 

Prachinburi. Data on 50 chemical rice farmers were obtained
from 28 farmers in Chachoengsao and 22 farmers in
Prachinburi.

Data  collection  and  analysis:  The  data  were collected
using questionnaires and interviews with the selected rice
farmers for farm level production periods during November 1,
2016-March 30, 2017.

A stochastic frontier analysis (SFA) was applied to
estimate the technical efficiency. This method is less invasive
and provides greater incentives for efficiency improvements30.
A Cobb-Douglas form of SFA has been used in many
observational studies, particularly those related to developing
agriculture18. This method has been also often used in other
studies25,26,31-35. In this study, variables in Cobb-Douglas
Stochastic Frontier Production function were adopted from
previous research on technical efficiency of rice farming
namely: Tipi et al.36, Kiatpathomchai et al.37, Kea et al.38 and
Parichatnon et al.39. In addition, organic fertilizer variable was
adapted and included in the function, since it is the main
input for rice farming under the alternative agriculture
network and conventional organic rice farming.

Therefore, the general form of the Cobb-Douglas
stochastic frontier production function was employed. The
model is expressed as follows:

In this study:

6

i i i i
i =1

InY = Inα + β InX + v u

InY = Is the natural logarithm of rice output (kg)
InX1 = Is the natural logarithm of the farm size or area of

land planted (rai)
InX2 = Is the natural logarithm of seed (kg)
InX3 = Is the natural logarithm of organic fertilizer (kg)
InX4 = Is the natural logarithm of fertilizer (kg)
InX5 = Is the natural logarithm of pesticide and herbicide

(litres)
InX6 = is the natural logarithm of labour (h)

Table 1: Distribution of sample size in the study areas
Areas Organic farming under the AAN Conventional organic rice farming Chemical rice farming
Chachoengsao province 28 28 28
Sanam Chai Khet district 18 23 20
Tha Takiap district 4 - 4
Phanom Sarakham district 2 - -
Bang Nam priao district 4 5 4
Prachinburi province 30 14 22
Prachantakham district 11 - 10
Kabin Buri district 18 14 12
Si Maha Pho district 1 - -
Total 58 42 50
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Furthermore, vi is an error term that captures the effects
of unspecified explanatory variables, while ui accounts for
technical inefficiency in production and ranges between zero
and one40.

RESULTS AND DISCUSSION

Socio-economic characteristics of farmers: In Table 2 the
socio-economic characteristics were presented. 

Gender: A total of 58.6% of the organic rice farmers under the
AAN and 57.1% of the conventional organic rice farmers were
female, while 60% of the rice farmers using chemicals were
male. 

Age: The farmers’ average age was 54.11 years old, which was
consistent with the average age of Thai rice farmers. The
farmers’  average ages varied for each growing system.
Overall, 34.5% of the organic rice farmers under the AAN were
between 41-50 years old, 40.5% of the conventional organic
rice farmers were older than 60 and 42% of the chemical rice
farmers were 51-60 years old.

Educational levels: Most household heads graduated from
primary school, at 55.2, 71.5 and 70% for organic rice farming
under the AAN, conventional organic rice farming and
chemical rice farming, respectively.

Family labour: An average of 1.83 family members
participated in rice farming. Only 1-2 family members
participated in rice farming, at 87.9, 76.2 and 86% for organic
rice farming under the AAN, conventional organic rice farming
and chemical rice farming, respectively.

Number  of  years of rice farming experience: The rice
farmers had an average of 33.71 years of experience in each
system.  For  each  production  system,  most  had more than
20   years    of   farming   experience:   77.6%   for   organic  rice
farming under the AAN,   90.5%   for   conventional   organic  
rice   farming  and 74% for chemical rice farming.

Participation  in   the   agricultural  training program:
Overall, the farmers  participated  in   an   agricultural  training
program an average of 7.49 times per year. Most participated
6-10 times  per  year,  at  75.9,  35.7  and  40%  for  organic rice

Table 2: Socio-economic characteristics of rice farmers in different production systems
Organic farming under the AAN Conventional organic rice farming Chemical rice farming
-------------------------------------------- -------------------------------------------- ----------------------------------------

Characteristics Frequency (n) Percentage Frequency (n) Percentage Frequency (n) Percentage
Gender
Male 24 41.4 18 42.9 30 60.0
Female 34 58.6 24 57.1 20 40.0
Total 58 100.0 42 100.0 50 100.0
Age (years) (Mean = 54.11 years)
<40 years 8 13.8 1 2.4 2 4.0
41-50 20 34.5 10 23.8 12 24.0
51-60 17 29.3 14 33.3 21 42.0
Above 60 years 13 22.4 17 40.5 15 30.0
Total 58 100.0 42 100.0 50 100.0
Educational level
Primary education 32 55.2 30 71.5 35 70.0
Secondary education 17 29.3 8 19.0 14 28.0
Tertiary education 9 15.5 4 9.5 1 2.0
Total 58 100.0 42 100.0 50 100.0
Family labor (persons) (Mean = 1.83 persons)
1-2 51 87.9 32 76.2 43 86.0
3-4 17 12.1 9 21.4 7 14.0
>5 - - 1 2.4 - -
Total 58 100.0 42 100.0 50 100.0
Number of years of rice farming experience (Mean = 33.71 years)
1-10 5 8.6 3 7.1 8 16.0
11-20 8 13.8 1 2.4 5 10.0
>20 45 77.6 38 90.5 37 74.0
Total 58 100.0 42 100.0 50 100.0
Participation in trainings (Time per Year) (Mean = 7.49 Time per Year)
1-5 14 24.1 13 31.0 13 26.0
6-10 44 75.9 15 35.7 20 40.0
>11 - - 14 33.3 17 34.0
Total 58 100.0 42 100.0 50 100.0
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farming under the AAN, conventional organic rice farming and
chemical rice farming, respectively.

Definition, Measurement and Summary Statistics of
Variables: The data in Table 3 demonstrated the input-output
variables.

For organic rice farming under the AAN, an average rice
production output was 325.50 kg/rai. The average farm size
was 15.97 rai. The average seed rate was 17.54 kg/rai and the
average amount of organic fertilizer used was 94.41 kg/rai. The
average labour for rice farming was 7.23 h/rai.

Regarding conventional organic rice farming, the average
rice  production  output  was  356.21  kg/rai.  The  average
farm size was 14.64 rai. The average seed rate was 24.43 kg/rai
and the  average amount of organic fertilizer applied was
14.92 kg/rai. The mean labour employed for rice farming was
12.82 h/rai.

In terms of chemical rice farming, the average rice
production output was 391.78 kg/rai, the average farm size
was 23.14 rai, the average seed rate was 26.15 kg/rai, the
average  chemical  fertilizer  use   was   42.87   kg/rai   and  the

average pesticide and herbicide use was 0.26 litres/rai. The
average labour for rice farming was 5.41 h/rai.

Chemical rice farming had the highest average output of
rice per rai because the farmers used only chemical fertilizer.
The farm size for chemical rice farming was larger than
conventional  rice  farming  and  organic  rice farming under
the AAN. Regarding organic rice  farming,  conventional
organic rice farming had a higher average rice output and
occupied a larger land area than farming under the AAN. In
regard to seeds used per rai, the organic rice farmers under
the AAN used fewer seeds than the conventional farmers. In
addition, organic rice farmers under the AAN applied greater
amounts of organic fertilizer than conventional organic rice
farmers.

Maximum likelihood estimates: The results of the maximum
likelihood  estimate (MLE)  were  displayed  in Table 4. Farm
size had a positive and significant effect on rice productivity in
the study areas. This was in  line  with  the  findings of
Chandio, et al.41, Abdullah42 and Tijani43, which discovered a
significantly positive relationship between farm size and rice

Table 3: Definition, measurement and summary statistics of variables (per farm)
Organic farming under the AAN Conventional organic rice farming Chemical rice farming
------------------------------------------ -------------------------------------------- ------------------------------------

Input and output variables Unit Mean SD Mean SD Mean SD
Output of rice kg 5,198.28 4358.13 5,214.98 7325.16 9,065.80 5205.52

kg/rai 325.50 356.21 391.78
Farm size rai 15.97 16.35 14.64 19.80 23.14 13.33
Seed kg 280.18 346.50 357.68 525.60 605.02 363.26

kg/rai 17.54 24.43 26.15
Organic fertilizer kg 1,507.80 2312.51 218.48 2817.48 - -

kg/rai 94.41 14.92
Chemical fertilizer kg - - - - 992.00 558.82

kg/rai 42.87
Pesticide and herbicide litter - - - - 6.00 3.31

litter/rai 0.26
Labor h 115.44 84.42 187.66 187.66 125.25 76.22

h/rai 7.23 12.82 5.41

Table 4: Maximum likelihood estimates of frontier production
Organic farming under the AAN Conventional organic rice farming Chemical rice farming
------------------------------------------- --------------------------------------------- -----------------------------------

Variables Parameters Coefficient T-ratio Coefficient T-ratio Coefficient T-ratio
Production function
Constant "0 6.675 15.014*** 6.249 12.737*** 7.395 8.803***
ln farm size (rai) "1 0.972 9.375*** 0.877 5.182** 1.085 3.759**
ln seed (kg) "2 -0.080 -1.018 -0.047 -0.356 -0.138 -0.763
In organic fertilizer (kg) "3 0.025 0.822 0.046 1.068 - -
ln chemical fertilizer (kg) "4 - - - - -0.063 -0.490
ln pesticide and herbicide (L) "5 - - - - -0.045 -0.736
ln labor (h) "6 -0.030 -0.333 0.071 0.826 0.019 0.138
Variance parameters
Sigma-squared "2 0.285 4.181** 0.440 3.804* 0.260 4.985**
Gamma γ 0.929 19.113 0.963 35.080 0.999 90.879
Log-likelihood -15.871 -18.698 -2.462
***Significant at (p<0.01), **Significant at (p<0.05), *Significant at (p<0.10)
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yield. This result also implied that when rice farmers had
enough land, their rice production improved significantly.
However, seeds,  organic  fertilizer,  chemical fertilizer,
pesticide, herbicide and labour were not significant. The
results underscored  that  the  three  categories  of  rice
farming in the study areas still have considerable room for
improvement under the current production methods and
technology,  which  was  consistent  with   the   study  of
Koirala et al.34 that found the TE level of Filipino rice
production was about 79% and rice production was also
affected by farm size.

For  organic   rice   farming   under   the   AAN,   the  MLE
of farm  size   with   respect   to   rice   production   was 
positive and highly significant with a 0.972 estimation
coefficient.   The   results   indicated   that   an   increase  in
land  area  could  yield  more than 0.972  of   the  production
of rice  in  the  study  areas.  As  for  conventional  organic
farming,  the  MLE  of  farm  size  with respect to rice
production was positive and  significant  with a 0.877
estimation coefficient, underscoring that an increase inland
area  could  yield  more  than  0.877 of the production of
organic rice. Regarding chemical rice farming, the MLE of farm
size with respect to rice production was positive and
significant  with  a  1.085  estimation   coefficient,   showing
that  an   increase   in  land  area  could  yield more than
1.085of rice production (Table 4).

Estimated technical efficiency scores: The Table 5 presented
organic rice farming under the AAN had the highest level of TE
(mean efficiency = 0.733) compared to conventional organic
rice farming (mean efficiency = 0.669) and chemical rice
farming (mean efficiency = 0.688). Organic rice farming under
the AAN was more efficient due to the value of planning that
included  production  and  marketing.  Farmers also chose
high-quality  seeds  and  applied  organic  fertilizer. This result

was confirmed by Asea et al.44, who noted that quality rice
seeds can increase yields among  smaller  rice farm as well as
Xu et al.45, who found that organic manure could increase rice
yields.

Considering the TE for each production system, organic
rice farming under the AAN had an estimated TE ranging from
37.5- 94% and the efficiency scores of more than 53.5% of the
farmers ranged from 61-80%, with an average TE of 73.3% and
a 0.126 standard deviation. Conventional organic rice farming
had an estimated TE ranging from 10.3-94.8% and the
efficiency scores of more than 38.1% of the farmers ranged
from 61-80%, with an average TE of 66.9% and a 0.196
standard deviation. Chemical organic rice farming had an
estimated TE ranging from 29.3-99.9% and the efficiency
scores of more than 36% of the farmers ranged from 61-80%.
These results implied that in order to improve the technical
efficiency,  farmers  should   decrease   or   increase  the
number of  farm  inputs  to  obtain maximum rice output
(Table 5).

The  data  in  Table  6  revealed  the   best  practice
(highest TE score) for organic rice farming under the AAN
within one rai of plantation area produced 600 kg of rice
output using the following inputs: 20 kg of seed, 71 kg of
organic  fertilizer  and  approximately 14.2  h  of  labour. The
worst practice (lowest TE score) within one rai of plantation
areaproduced166.67 kg  of  rice  output  using  inputs of 5 kg
of seed, 10 kg of organic fertilizer and 3.53 h of labour.
Therefore, organic rice farmers under the AAN should increase
the number of inputs in order to increase the technical
efficiency.

Regarding conventional organic rice farming within one
rai of plantation area, the best practice (highest TE score)
produced 652.17 kg of rice output using inputs of 20 kg of
seed,  79  kg  of  organic  fertilizer and approximately 6.61 h of
labour.  The  worst  practice  (lowest TE score) within one rai of

Table 5: Distribution of technical efficiency scores
Organic farming under the AAN Conventional organic rice farming Chemical rice farming
---------------------------------------------- --------------------------------------------- ------------------------------------------

Technical efficiency scores Frequency Percentage Frequency Percentage Frequency Percentage
<0.4 1 1.7 4 9.5 3 6.0
0.41-0.60 8 13.8 9 21.4 15 30.0
0.61-0.80 31 53.5 16 38.1 18 36.0
0.81-1.00 18 31.0 13 31.0 14 28.0
Total 58 100.0 42 100.0 50 100.0
Mean efficiency 0.733 0.669 0.688
Standard deviation 0.126 0.196 0.185
Minimum 0.375 0.103 0.293
Maximum 0.940 0.948 0.999
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Table 6: Output-Input of the highest-lowest technical efficiency of each rice production system
Organic farming under the AAN Conventional organic rice farming Chemical rice farming
---------------------------------------------- --------------------------------------------- ------------------------------------------
Highest Lowest Highest Lowest Highest Lowest

Output-Input Unit (TE = 0.940) (TE = 0.3752) (TE = 0.948) (TE = 0.103) (TE = 0.999) (TE = 0.293)
Rice output kg 6,000 5,000 15,000 1,000 6,000 3,000

kg/rai 600 166.67 652.17 50 666.67 166.67
Farm size rai 10 30 23 20 9 18
Seed kg 200 150 460 500 225 450

kg/rai 20 5 20 25 25 25
Organic fertilizer kg 710 300 1817 670 - -

kg/rai 71 10 79 33.5 - -
Chemical fertilizer kg - - - - 300 1,000

kg/rai - - 33 55.55
Pesticide and herbicide liter - - - - 3 10

liter/rai - - - - 0.33 0.55
Labor h 142 106 152 232 62 86

h/rai 14.2 3.53 6.61 11.6 6.89 4.78
1 ha: 6.25 rai

plantation area produced 50 kg of rice output using the
following inputs: 25 kg of seed, 33.5 kg of organic fertilizer and
11.6  h of labour. To this end, conventional organic rice
farmers should reduce all inputs in order to increase the
technical efficiency.
For chemical rice farming within one rai plantation area,

the  best  practice  (highest TE score) produced 666.67 kg of
rice output using inputs  of  25  kg  of  seed,  33  kg  of
chemical fertilizer, 0.33 litres of pesticide and herbicide and
approximately 6.89 h of labour. The worst practice (lowest TE
score)in one rai of plantation areaproduced166.67 kg of rice
output using the following inputs: 25 kg of seed, 55.55 kg of
chemical  fertilizer,  0.55  L  of  pesticide  and  herbicide  and
4.78 h of labour. To increase efficiency, chemical rice farmers
should reduce the number of inputs, such as chemical
fertilizer, pesticide and herbicide and increase labour hours in
order to increase the technical efficiency.

CONCLUSION

This study analyzed and compared the technical
efficiency of organic rice farming under the AAN, conventional
organic rice farming and chemical rice farming in eastern
Thailand. The findings indicated that the technical efficiency
scores for  organic  rice  farmers  under the AAN had the
highest level of efficiency (TE = 0.733) comparing to
conventional organic rice (TE = 0.669) and chemical rice
farmers (TE = 0.688). The results indicated that farmers should
use high-quality seeds and organic fertilizer to improve the
efficiency of organic rice. 

SIGNIFICANCE STATEMENTS

The technical  efficiency (TE) scores for organic rice
farmers  under  the  AAN   had   the  highest  level of efficiency

(TE =  0.733)   comparing    to    conventional     organic   rice
(TE = 0.669) and chemical rice farmers (TE = 0.688). The results
indicated output-input of the highest-lowest TE of each rice
production system in order  to  make  a  recommendation on
improving the technical efficiency with best practice, such as
the use of high-quality seeds and applied organic fertilizer in
rice farming.

ACKNOWLEDGMENT

The authors would like to express sincere appreciation to
all rice farmers in the study area for their fruitful collaboration
and kind support. 

REFERENCES

1. Basha,   M.B.,   C.  Mason, M.F. Shamsudin, H.I. Hussain and
M.A. Salem, 2015. Consumers attitude towards organic food.
Proc. Econ. Finance, 31: 444-452.

2. Hazra,  K.K.,   D.K.  Swain, A. Bohra, S.S. Singh, N. Kumar and
C.P. Nath, 2018. Organic rice: Potential production strategies,
challenges and prospects. Org. Agric., 8: 39-56.

3. Tian, X. and X. Yu, 2013. The demand for nutrients in China.
Front. Econ. China, 8: 186-206.

4. Shaw, A., 2004. Discourses of risk in lay accounts of
microbiological safety and BSE: A qualitative interview study.
Health Risk Soc., 6: 151-171.

5. Ueasangkomsate, P. and S. Santiteerakul, 2016. A study of
consumers' attitudes and intention to buy organic foods for
sustainability. Proc. Environ. Sci., 34: 423-430.

6. Nie, C. and L. Zepeda, 2011. Lifestyle segmentation of US food
shoppers to examine organic and local food consumption.
Appetite, 57: 28-37.

7. Ozguven, N., 2012. Organic foods motivations factors for
consumers. Procedia Social Behav. Sci., 62: 661-665.

486



Asian J. Sci. Res., 11 (4): 480-488, 2018

8. Rana, J. and J. Paul, 2017. Consumer behavior and purchase
intention  for organic  food:  A review and research agenda.
J. Retail. Consumer Serv., 38: 157-165.

9. IFOAM., 2016. Powered by people: 2016 consolidated annual
report of IFOAM-Organics International. IFOAM., Organics
International. https://www.ifoam.bio/sites/default/files/nn
al_report_2016.pdf

10. RD., 2016. Project of organic rice production in 2017-2021.
Rice Department, Bangkok.

11. Limnirankul, B. and P. Gypmantasiri, 2011. Agriculral
innovation   in   strengthening   organic   rice  development
for   small   holder    farmers    in    Northern   Thailand.
National Science and Technology Development Agency,
Thailand.

12. Ruenglertpanyakul, V., 2013. Organic supply chain in
Thailand. Food and Fertilizer Technology Center, Thailand.

13. Kerdsriseam, C. and S. Suwanmaneepong, 2015. Organic
agricultural producer strategies in supply chain of sustainable
agriculture   network,   Chachoengsao  province,  Thailand.
Int. J. Agric. Technol., 11: 1731-1742.

14. Central Regional Strategy Office, 2014. The report analyzes
the situation in the central province of Central: Union country
development plan four years (2015-2018). Central Regional
Strategy Office, Bangkok.

15. Singhapreecha, C. and N. Songsrirote, 2007. The
measurement of technical efficiency on certified organic
jasmine rice farms. Kasetsart Univ. J. Econ., 14: 31-45.

16. Thuansri, Y. and N. Morathop, 2016. The network
development of organic rice farmers in Uttaradit province:
Case study of Wangapee sub-district Mueang district
Uttaradit province. Lampang Rajabhat Univ. J., 5: 116-132.

17. Jierwiriyapant,  P.,  O.A.  Liangphansakul,  W. Chulaphun and
T. Pichaya-satrapongs, 2012. Factors affecting organic rice
production adoption of  farmers  in  Northern Thailand.
Chiang Mai Univ. J. Nat. Sci. Special Issue Agric. Natural
Resour., 11: 327-333.

18. Battese, G.E. and T.J. Coelli, 1995. A model for technical
inefficiency effects in a stochastic frontier production
function for panel data. Empir. Econ., 20: 325-332.

19. Alam,   A.,    H.    Kobayashi,    I.    Matsumura,   A.   Ishida  and
E.  Mohamed,  2012.  Technical efficiency and its
determinants in potato production: Evidence from Northern
areas in Gilgit-Baltistan region of Pakistan. Int. J. Res. Manage.
Econ. Commerce, 2: 1-17.

20. Anjum, A., A. Abedullah, S. Kouser and K. Mushtaq, 2010.
Environmental efficiency analysis of basmati rice production
in Punjab, Pakistan: Implications for sustainable agricultural
development. Pak. Dev. Rev., 49: 57-72.

21. Asante,  B.O.,   M.K.   Osei,   A.A.   Dankyi,   J.N.  Berchie and
M.B. Mochiah et al., 2013. Producer characteristics and
determinants of technical efficiency of tomato based
production systems in Ghana. J. Dev. Agric. Econ., 5: 92-103.

22. Ojehomon,    V.E.T.,    O.E.    Ayinde,   M.O.   Adewumi   and 
O.A. Omotesho, 2013. Determinant of technical efficiency of
new rice for Africa (NERICA) production: A gender approach.
Ethiopian J. Environ. Stud. Manage., 6: 453-460.

23. Rahman, S. and B.K. Barmon, 2015. Productivity and efficiency
impacts of urea deep placement technology in modern rice
production: An empirical analysis from Bangladesh. J. Dev.
Areas, 49: 119-134.

24. Sulaiman, M., Z. Abdulsalam, M.A. Damisa and F. Siewe, 2015.
Resource use efficiency in sugarcane production in Kaduna
state, Nigeria: An application of stochastic frontier production
function. Asian J. Agric. Exten. Econ. Soc., 7: 1-11.

25. Hormozi, M.A., M.A. Asoodar and A. Abdeshahi, 2012. Impact
of mechanization on technical efficiency: A case study of rice
farmers in Iran. Proc. Econ. Finance, 1: 176-185.

26. Khai, H.V. and M. Yabe, 2011. Technical efficiency analysis of
rice production in Vietnam. J. Int. Soc. Southeast Asian Agric.
Sci., 17: 134-146.

27. Pate, N.T. and A. Tan-Cruz, 2007. Technical efficiency of
Philippine rice-producing regions: An econometric approach.
Proceedings of the 10th National Convention on Statistics,
October 1-2, 2007, Edsa Shangri-La, Manila.

28. Tan,  S.,  N.  Heerink,  A.  Kuyvenhoven  and F. Qu, 2010.
Impact of land fragmentation on rice producers' technical
efficiency in South-East China. NJAS-Wageningen J. Life Sci.,
57: 117-123.

29. Ruenglertpanyakul, V., 2015. Organic Thailand, 2015. http://
www.greennet.or.th/article/411

30. Coelli, T. and S. Walding, 2006. Performance Measurement in
the Australian Water Supply Industry: A Preliminary Analysis.
In: Performance Measurement and Regulation of Network
Utilities, Coelli, T. and D. Lawrence (Eds.)., Edward Elgar,
Northampton, Mass, USA., pp: 29-61.

31. Bozoglu, M. and V. Ceyhan, 2007. Measuring the technical
efficiency and exploring the inefficiency determinants of
vegetable  farms  in  samsun  province,  Turkey.  Agric. Syst.,
94: 649-656.

32. Krasachat, W., 2012. Organic production practices and
technical inefficiency of Durian farms in Thailand. Procedia
Econ. Finance, 3: 445-450.

33. Ogunniyi, L.T., A.A. Adepoju and M.O. Ganiyu, 2012. A
comparative analysis of economic efficiency between
traditional   and   improved   rice   varieties   farmers  in Oriade
local  government  area  of  Osun  State. Trends Agric. Econ.,
5: 70-82.

34. Koirala, K.H., A. Mishra and S. Mohanty, 2016. Impact of land
ownership on productivity and efficiency of rice farmers: The
case of the Philippines. Land Use Policy, 50: 371-378.

35. Binuyo,  G.,  S.  Abdulrahman,  O.  Yusuf  and  A.J. Timothy,
2016. Technical  efficiency  of  rain-fed lowland rice
production in Niger  state,  Nigeria.  Asian J. Agric. Exten.
Econ. Sociol., 9: 1-12.

487



Asian J. Sci. Res., 11 (4): 480-488, 2018

36. Tipi, T., N. Yildiz, M. Nargelecekenler and B. Cetin, 2009.
Measuring the technical efficiency and determinants of
efficiency of rice (Oryza sativa) farms in Marmara region,
Turkey. N. Z. J. Crop Horticult. Sci., 37: 121-129.

37. Kiatpathomchai, S., P.M. Schmitz and S. Thongrak, 2009.
Technical efficiency improvement of rice farming in Southern
Thailand. Proceedings of the International Association of
Agricultural Economists Conference, August 16-22, 2009,
Beijing, China.

38. Kea, S., H. Li and L. Pich, 2016. An analysis of technical
efficiency for household's rice production in Cambodia: A
case study of three districts in Battambang province.
Preprints. 10.20944/preprints201610.0135.v1.

39. Parichatnon, S., K. Maichum and K.C. Peng, 2015. Evaluating
technical efficiency of rice production by using a modified
three-stage data envelopment analysis approach: A case
study in Thailand. Int. J. Scient. Technol. Res., 4: 152-159.

40. Shavgulidze, R., D. Bedoshvili and J. Aurbacher, 2017.
Technical efficiency of potato and dairy farming in
mountainous  Kazbegi  district,  Georgia.  Ann.   Agrar.   Sci.,
15: 55-60.

41. Chandio,  A.A.,  Y.  Jiang, A.T. Gessesse and R. Dunya, 2017.
The nexus of agricultural credit, farm size and technical
efficiency  in  Sindh,  Pakistan: A stochastic production
frontier approach. J. Saudi Soc. Agric. Sci., Vol. 10. 10.1016/j
.jssas.2017.11.001.

42. Abdullah,  D.  Zhou,  T.  Shah,  S.  Ali,  W. Ahmad, I.U. Din and
A. Ilyas, 2017. Factors affecting household food security in
rural northern hinterland of Pakistan. J. Saudi Soc. Agric. Sci.
(In Press). 10.1016/j.jssas.2017.05.003.

43. Tijani,  A.A.,   2006.   Analysis  of  the  technical efficiency of
rice farms in Ijesha Land  of  Osun  state,  Nigeria.  Agrekon,
45: 126-135.

44. Asea,  G., G. Onaga, N. Phiri and D.K. Karanja, 2010. Quality
Rice Seed Production Manual. National Crops Resources
Research Institute (NaCRRI) and CABI Africa, Namulonge,
Uganda.

45. Xu, M.G., D.C. Li, J.M. Li, D.Z. Qin, Y. Kazuyuki and Y. Hosen,
2008. Effects of organic manure application with chemical
fertilizers on nutrient absorption and yield of rice in Hunan of
Southern China. Agric. Sci. China, 7: 1245-1252.

488


	AJSR.pdf
	Page 1


