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Abstract: The visual characteristics of rice grains play a primary role in determining the market
price, and are used for grading systems in many rice-consuming countries. Laos is a rice-consuming
country in Southeast Asia, but it does not have a functioning grading system. This study investigated
the relationship between the physical quality of milled rice grains and the market price based on
the Bayesian approach in Savannakhet, Laos. We collected 30 rice samples and their market prices
from 12 shops, including imported rice from Thailand and Vietnam. The rice samples were scanned
using a Grain Scanner, and the proportion of head rice (HR, %) was determined using physical traits
(length, shape, color, etc.) based on the “Thai standard” grading criteria. The relationship between
the HR ratios and market prices was modeled with the Bayesian approach. For Laos’s product, the
market price and HR ratio were lower than those for Thailand’s product. Based on the Bayesian
framework, the results of Markov Chain Monte Carlo simulations indicated that (1) the market price
of Thailand’s product was mostly determined by the HR ratio, but other factors, such as aroma,
were also suggested, especially in high-quality rice grains; (2) Laos’s product showed a positive
correlation, but other factors had a greater influence on Laos’s product than Thailand’s product; and
(3) no clear relationship was found in Vietnam'’s product due to the limitation of a small number of
samples, which was also considered a difference in consumer needs. These results indicated that the
relationship between rice quality and market price for Laos’s product was unstable compared to that
for Thailand’s product. To promote a more market-oriented agricultural sector, this pilot study has
been broadened to examine other factors and extended to other cities or regions in Laos.

Keywords: Bayesian framework; Laos; market value; milled rice quality; Thailand; Vietnam

1. Introduction

Rice (Oryza sativa L.) is a major staple food and is traded worldwide [1]. Rice is also an important
staple crop that provides food self-sufficiency and security to more than 182 million people in the
mainland Southeast Asia countries of Cambodia, Laos, Thailand, and Vietnam [2]. From an economic
point of view, rice plays a major role in international trade by bringing foreign currency revenues to
rice-exporting countries and food supplies to meet the demands of rice-deficit nations. From a political
point of view, rice has been used to artificially influence the market price and create social, economic,
and political instability, as in the global rice crisis in 2008 [3,4].

For example, international commodity prices spiked in 2008, but in Vietnam, rice growers with
small landholdings have gained little benefit from these elevated international and domestic food
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prices [5]. Vietnam is one of the biggest rice exporters, and employs a rice export strategy of selling high
volumes of low-quality rice at low prices [6]. Many rice producers in the Mekong Delta, the country’s
rice-producing belt, are also rice buyers. Small rice farmers can no longer improve their standard of
living by increasing their rice yield. As a result, these farmers must rely more on off-farm sources
of income and employment. These results suggest that the broad group of small rice growers is not
benefiting from the rice exports, creating a socially unsustainable situation. Demont and Rutaert [7]
explored the opportunities in the rice sector for sustainable value chain upgrading in Vietnam to guide
the transition from a quantity-focused producer to a credible supplier of quality rice. Their results
indicated three strategies for making rice value chains more sustainable: (i) embodying sustainability
in the product through certified sustainable production labels; (ii) internalizing sustainable production
standards through vertical coordination (e.g., contract farming); and (iii) disembodying sustainability
through book-and-claim certificate trading.

Laos is among the major rice-consuming countries in Southeast Asia [8]. Although Laos achieved
a self-sufficient rice production status in the late 1990s, and the national economy has continuously
grown, rice remains the main staple food for people in Laos, and its demand is continuously growing [9].
For managerial aspects of rice production in Laos, it is important to promote sustainable rice production,
improve farmers’ training, implement mechanisms to cope with natural hazards [10], and modernize
agricultural practices [11]. In addition, the government of Laos plans to increase rice production not
only for domestic consumption but also for export, with the goal of producing 4.7 million tons in
2020 and 5.0 million tons in 2025 [12]. To improve the sustainability of the rice sector in Laos, that is,
to increase its export of rice, it is necessary to supply high-quality rice and to upgrade the value chain
to become sustainable. However, there is no standard for rice price in the markets, and thus, it is
essential to tackle this problem first.

The Relationship between Rice Quality and the Market Price

The physical quality of milled rice in the market is one of the most important characteristics that
influence market value and consumer acceptance [13,14]. In particular, the visual characteristics of rice
grains (e.g., size, shape, color) are the primary factors the drive market price and consumer purchasing
behavior [15]. Therefore, the visual characteristics are used as the first selection criteria in varietal
improvement programs [16,17].

The determination of the physical quality of rice is a key step for rice research and the rice
industry, while traditional methods of visual inspection are labor-intensive and time-consuming.
Therefore, various approaches have been developed to determine the physical traits of grain using
imaging technology [18,19]. There are several methods to determine the shape of an object (such
as grains of rice) from digital images, including image-processing-based only [20] or algorithmic
methods [21] as well as three-dimensional approaches [22]. Zareiforoush et al. [18] performed a
qualitative grading of milled rice grain using a machine vision system combined with metaheuristic
classification approaches. Additionally, software has been designed for breeding efforts, such as
the ‘SmartGrain’ [23], the Rice/Grain Analyzer software 6980 (Advanced Vision) (Osaw Industrial
Products Pvt. Ltd., Haryana, Indian), and the GrainScan free software [24]. Moreover, several solutions
have combined scanners and software for scanning and analyzing grain images, such as the Satake
RSQI10A Grain Scanner (Satake, Hiroshima, Japan). Several major rice-producing countries, such as
China, Thailand, and Vietnam, have applied imaging technologies to classify and grade milled rice
based on the physical traits of the grain [25].

In Laos, however, there is no empirical evidence of the relationship between rice quality and
price in the markets, and hence, no grading system exists. Laos has a population of approximately 7
million, with over two-thirds living in rural areas [26]. Laos is also highly dependent on agriculture,
with approximately 70% of labor contributing to the agriculture sector [27]. Better market information
for rice farmers will assist them in making better decisions to produce rice of an appropriate quality
and maximize their returns [15]. To develop the criteria for determining rice grades in Laos, it is
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first necessary to clarify the relationship between rice quality and market price. Therefore, this study
attempts to determine the visual characteristics of milled rice using imaging technology and its relation
to market price as a case study in Savannakhet, which is located along the East-West economic corridor.

To date, many studies have been conducted to determine rice quality and its relation to market
price or consumer preferences [14,15,28,29]. For example, Rachmat et al. [15] analyzed an empirical
relationship between price and rice quality at a market in West Java, Indonesia, using a linear
regression analysis. Their results indicated that rice color was the important parameter that determined
consumers’ preference and consequently determined the price difference with a significant correlation
between rice price and rice grade. Cuevas et al. [14] conducted a study to determine the contribution of
grain quality to the rice price in two rural towns in the Philippines using a hedonic pricing analysis [30].
Hedonic pricing regressions are based on Lancaster’s “characteristics theory of value”, which can
be used to measure the effects of parameters that cannot be directly quantified on the price. Thus,
this method has been widely applied to investigate the effects of the extrinsic and intrinsic quality
attributes of rice on market prices [14,31]. However, these attempts to fit models generally rely on
approximate results, and inferences rely on asymptotic assumptions.

Recent advances in computing technology have made Bayesian modeling approaches
computationally feasible. Markov Chain Monte Carlo (MCMC) methods can be used to obtain an
‘exact’ inference for these models [32]. In linear or generalized linear mixed models (GLMMs), random
effects are typically assumed to have fully parametric distributions, such as the normal distribution.
The application of a Bayesian approach provides a more flexible strategy that expresses parameters as a
probability distribution [33]. This approach provides a great advantage for analyzing subjects affected
by many factors, such as rice market prices, and it is easy to update and improve models by adding
(a) parameter(s). Hence, as a first step towards evaluating the current market price in Savannakhet,
Laos, we used a GLMM within a Bayesian framework using visual characteristics of rice grain as an
explanatory variable.

The objective of this study was to evaluate the relationship between rice grain quality and price at
a market in Savannakhet, Laos, using a Bayesian approach. In Laos, people consume a large amount
of glutinous rice; however, in this study, we focused on only lowland non-glutinous rice, considering
future international trade. To quantify the visual characteristics of milled rice, we used the Satake
RSQI10A Grain Scanner and determined the proportion of head rice (HR, %) based on the “Thai
standard” criteria due to the high similarity of the consumer rice preferences in Laos and Thailand.
The HR ratio is computed based on shape (head rice, whole, broken kernels, immature kernels) and
color (red, yellow, chalky, green, and damaged kernels) classifications for individual grains.

2. Materials and Methods

2.1. Study Area and Market Survey

The city of Savannakhet is located near the border of Thailand (Figure 1), and, thus, it has been
developed as an economic link to Thailand. To identify the market price of milled rice (in Laos kip
per kg), market surveys were conducted in 21-23 October 2016, in twelve selected rice shops: four
shops (A-D in Figure 1) from the Seno market, five shops (H-L) from the Savanhxey market, and three
other local shops (E-G) in Seno city. The Savanhxey market is located in the center of Savannakhet city
and is the largest market, with five rice shops. The Seno market is a moderately sized market in Seno
city that is located approximately 20 km northeast of Savannakhet city. In the markets, we purchased 1
kg of all of the rice types sold at the shop and recorded the selling prices. The purchased rice samples
were used for grain quality evaluation by image processing.
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Figure 1. The location of the study area and the 12 selected rice shops (A-L) in Savannakhet Province,
Lao PDR.

2.2. Capturing Rice Grain Images and Determination of the HR Ratio

To determine the proportion of HR as a percentage of HR excluding defective rice (damaged,
chalky, and colored rice), rice grains were scanned using the Grain Scanner (Satake Engineering Co.,
Ltd., Tokyo, Japan) (Figure 2). For each sample, 10 g of grain was scanned with three replicates (a total
of 30 g of grain), and the HR ratio was computed as follows:

HR (%) = NHR 100 1)
Nr
where Nt and Ny are the total number of grains and number of HR grains, respectively. Here, the HR
was evaluated by the color and shape of the grain based on the “Thai standard’ criteria. For example,
Figure 2c—e demonstrates the scanned grain images of Thailand’s products with different HR ratios
and their market prices in Savannakhet, Laos. Thus, it is expected that there is a positive relationship
between the HR ratio and the market price.

98% (9000 kip kg-2) | 59% (8000 kip kg2) [ 46% (7000 kip kg-2)

Figure 2. Determination of head rice (HR) ratio using Grain Scanner 2 (a,b) and examples of the HR

ratio (%) with market prices in Lao kip kg‘2 (c—e).
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2.3. Statistical Analyses

Data handling and statistical analyses were performed using R statistical software ver. 3.4.1 [34].
Based on a GLMM with a Bayesian framework, the rice price could be estimated by

ui = algr] + bi[gk]xi )
yi ~ Normal(y;, o) (3)

where the response variable y (price) for sample i (1, 2, ..., n) follows a normal distribution
parameterized by mean y, which is a linear function of x parameterized by a, b and the standard
deviation 0. Additionally, it was presumed that the price was influenced by the country of origin (g)
for k (1 = Laos, 2 = Thailand, and 3 = Vietnam).

To estimate the posterior distribution, an MCMC simulation was performed using the No-U-Turn
Sampler (NUTS) [35], with the length of the MCMC chain for 3000 cycles after 1000 warm-up cycles,
and the samples were saved every cycle. The number of chains was four. The MCMC simulation was
performed using RStan ver. 2.14.1 [36] in R software.

3. Results and Discussions

3.1. Market Price and HR Ratio of Milled Rice

Based on the interviews at 12 rice shops in Savannakhet in 21-23 October 2016, a total of 45
samples and their selling prices in Laos kip per kg (kip kg™!) were obtained, which included 30
non-glutinous rice and 15 glutinous rice samples. In this study, we used 30 non-glutinous rice samples,
including 13, 12, and 5 samples yielded in Laos, Thailand, and Vietnam, respectively (Table 1). The rice
samples did not contain colored rice and were marketed as white rice.

As we expected, the market price in Laos (6653.8 kip kg™!) was lower than that in Thailand (7658.3
kip kg!). The market prices ranged between 4,500 and 8,000 kip kg™! (CV = 14.2) in Laos and between
5000 and 10,000 kip kg™ (CV =22.5) in Thailand. Laos has extensive export controls on its staple food,
and the domestic price has been kept lower than the prices in trading partner areas, such as Thailand
and Vietnam [37].

Similar to the market prices, the HR ratio of Laos’s product was lower (37.1%) than that of
Thailand’s product (69.0%). To improve rice quality, researchers have historically focused on genetic
plant improvements and the partial effects of component technologies on qualitative changes in
grain [17,38]. Meanwhile, the improvement of milled rice grain quality in Laos needs to consider
the entire postharvest system. From harvesting to the final production of milled rice at market,
there are several operational steps, such as threshing, handling, dehusking, milling, and whitening.
Rickman [39] reported that postharvest grain losses in developing countries are estimated to be 10-15%,
and when combined with quality losses, there could be a total loss in dollar value at market of 25-50%.
Rodents cause other significant damage to stored grain in village environments in Laos [40]. Grain
breakage during milling is perhaps the largest cause of loss. In Southeast Asian countries, the average
HR yield from commercial mills is 63% and can be as low as 53% from village-level milling [39].
In Laos, there are many rice mills throughout the country, but they are inefficient, and the finished
product is of low quality. To improve the management of grain quality in Laos, the performance of rice
mills needs to be improved, and training provided to farmers to show them how a focus on quality at
all stages will improve the prices at market.

For Vietnam’s product, despite the highest mean HR ratio (56.2-91.6%), it had the lowest price
(6,000-7,000 kip kg™'). Although the number of samples of Vietnam'’s product was limited, this price
difference might be considered a difference in consumer needs because the rice was sold in only 25 kg
bag units, and most of the purchasers were restaurant owners. Nevertheless, further analysis with
larger data sets is required in the future.
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Table 1. Descriptive statistics of market prices and head rice (HR) ratios of milled rice based on the
country of origin (Laos, Thailand, and Vietnam).

Dataset n Parameter Mean Min Max SD CvV
Laos 13 Price (kip kg‘l) 6653.8 4500.0 8000.0 943.9 14.2
HR ratio (%) 37.1 6.4 65.1 16.5 445

Thailand 12 Price (kip kg‘l) 7958.3 5000.0 10,000.0 1789.6 22.5
HR ratio (%) 69.0 1.0 99.3 39.0 56.4

Vietnam 5 Price (kip kg‘l) 6400.0 6000.0 7000.0 547.7 8.6
HR ratio (%) 82.5 56.2 91.6 14.9 18.1

n, number of samples; SD, standard deviation; CV, coefficient of variation (=Mean/SD x 100%).

3.2. Rice Quality—Price Relationship Based on a Bayesian Approach

Understanding the rice quality—price relationship in the markets aids rice producers in making
better decisions to produce appropriate rice qualities and maximize their returns. In this study,
we evaluated the relationship between rice grain quality and price in the market using a GLMM based
on the Bayesian framework. The Bayesian approach provides the ability to incorporate additional
information that is external to the sample by prior distribution [41]. Such additional information
may improve the accuracy and credibility of estimations. The credible regions incorporate this prior
information, while frequentist confidence intervals are based only on the sample data.

Table 2 shows the posterior means, standard deviation (SD), and 95% posterior probability
intervals (PPIs) obtained via MCMC simulation with NUTS sampling, and Figure 3 depicts box plots of
the 95% PPlIs for each parameter. The R-hat values, which are indicators of the convergence assessment,
reached 1.0 for all parameters, and the effective sample size was sufficient for MCMC sampling. Based
on the results of the posterior distribution generated by MCMC, we found similar estimates for the
Laos and Thailand products, i.e., positive values for both intercept (a) and slope (b). This result is
in agreement with previous research in West Java, Indonesia by Rachmat et al. [15], as the HR ratio
exhibits a positive trend on the rice grade, which has a strong correlation (» = 0.95) with the market
price. In the present study, the 2 and b for the Thailand product showed smaller and higher posterior
means than that of the Laos product. This result might be due to the fact that the visual characteristics
of the Thailand product have a greater influence on the market price than that of the Laos product. For
the Vietnam product, the PPIs for slope included 0 with large variances. This finding indicated that
the visual characteristics in Vietnam’s product could not explain the influence on the market price.

Table 2. Posterior means (Mean), standard deviation (SD), and quartiles (2.5, 50, and 97.5%) obtained
from the Markov Chain Monte Carlo (MCMC) simulation.

Coefficient Mean SD 2.5% 50% 97.5%
a 5612.7 517.1 4598.5 5607.7 6648.0
ap 4912.3 457.9 4018.4 4906.1 5818.8
as 5532.3 2119.8 1262.1 5578.4 9614.4
by 28.0 129 2.4 28.1 52.5
by 44.1 5.8 32.8 442 55.6
b3 10.5 25.3 —38.2 10.2 61.9
o 744.6 116.2 558.8 730.1 1012.1

The values from 2.5% to 97.5% indicate the 95% posterior probability intervals. 2 and b represent the intercept and
slope, respectively, for 1: Laos, 2: Thailand, and 3: Vietnam. ¢ is the standard deviation.
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Figure 3. Boxplot of the 95% posterior probability intervals (PPIs) for parameters a and b in the country
of origin. The center line and the top /bottom of each rectangle and outlier (vertical bar) present the
median, the first and third quartiles, and the 95% confidence interval of the median, respectively.

Figure 4 shows the Bayesian prediction intervals (50% and 95%) of the market price based on the
HR ratio for the country of production (Laos, Thailand, and Vietnam) from MCMC. These prediction
intervals might be interpreted as indicative of a 50% or 95% chance that unknown parameters were
at play in these regions. The results of the MCMC simulations indicated that (1) the market price of
Thailand’s product was mostly determined by the HR ratio, but other factors, such as aroma, were
also suggested, especially in high-quality rice grains; (2) Laos’s product showed a certain positive
correlation with the HR ratio, but other factors might have a greater influence on Laos’s product than
Thailand’s product; and (3) Vietnam'’s product found no clear relationship due to the limitation of a
small number of samples. These results also indicated that the relationship between the rice quality
and market price of Laos’s product was unstable compared to that of Thailand’s product.
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Figure 4. Bayesian prediction intervals (50%: light gray; 95%: dark gray) of the market price based on
the head rice (HR) ratio for the country of production (Laos, Thailand, and Vietnam).

Figure 5 shows the predicted versus observed values of rice price in each production country.
The market price of Thailand’s product could be accurately estimated from the HR ratio of milled
rice (R? = 0.92), except for the high-priced rice due to aromatic rice grains. Aroma is an important
quality of high-quality rice, and it plays a considerable role in price and marketing [1]. This result
also suggested that the distribution from Thailand was functioning normally even in the rural areas of
southern Laos. However, the prices of Laos’s and Vietnam'’s rice were difficult to estimate from the HR
ratio alone and were considered to be strongly influenced by other factors.
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Figure 5. Observed and predicted values of rice price for the country of production (Laos, Thailand,
and Vietnam) using a Bayesian model based on the proportion of HR ratio.

This study focused on a regional market in Savannakhet, which is a southern region of Laos,
and targeted only the visual characteristics of rice grains, which act as primary factors in the market
price by affecting consumer purchasing behaviors. However, rice grain quality is a combination of
physical and chemical characteristics and is determined by many factors, such as grain appearance,
nutritional value, cooking and eating qualities, and socioeconomic backgrounds. Cuevas et al. [14]
reported that quality traits and socioeconomic factors affected price, and the price varied between
income classes. Moreover, Calingacion et al. [1] stated that the rice market is now global, and there is
a need for a more holistic perspective on consumer preferences related to rice grain quality and its
geographic variability. In their report, consumer preferences in Laos were summarized as homogenous
at the national level. However, it is also assumed that rice consumers in Laos exhibit wide variability
in preference among domestic regions and even among socioeconomic groups. Further research is
needed on the chemical parameters of rice quality, such as amylose content, protein content, and fat
acidity content, to determine their contributions to consumer preferences and geographic variability.

4. Summary

Based on a Bayesian framework, we demonstrated the empirical relationship between the visual
characteristics of rice and the market price based on the three producer countries (Laos, Thailand, and
Vietnam) using Savannakhet, a distribution base city in southern Laos, as a case study. Our findings
can be summarized as follows:

1.  The market price of Thailand’s product could be explained by the HR ratio of milled rice, while
value additions, such as aroma, were also suggested to impact the price of high-quality rice grains.

2. The market price of Laos’s product showed a certain positive correlation with the HR ratio, but
the rice quality—price relationship was unstable, and other factors, such as chemical quality and
social factors, need to be considered.

3. No clear relationship was found for Vietnam'’s product due to the limitation of a small number of
samples, but a difference in consumer needs was also considered.

These results indicated that the relationship between the rice quality and market price of Laos’s
product was unstable compared to that of Thailand’s product.

5. Conclusions

Laos’s domestic markets are in the process of development, and, thus, there is no standard for
determining the market price of milled rice. To improve the sustainability in Laos’s rice sector, it is
necessary to improve rice quality and upgrade the value chain to be sustainable. This study is the first
attempt to explore the current status of rice’s visual characteristics using image-processing methods
and its relation to the market price in southern Laos. As we presumed, Laos’s rice product has lower
quality than that of two other large rice exporters (Thailand and Vietnam), and the relation to market
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price was more unstable than that of Thailand’s product. A major limitation of this study was the
small number of samples (n = 30) collected from a specific area, Savannakhet, as a distribution base
city in southern Laos. The quality of the results can be expected to be improved if a larger sample size
is available. Moreover, rice quality includes many factors in addition to visual characteristics, such as
chemical components, and the price also includes social factors, such as consumer preference. Thus,
rice samples collected from other regions from Laos will enable comparisons among regions and are
expected to contribute to the formation of a rice price standard. To promote a more market-oriented
agricultural sector, this pilot study will be broadened to examine the chemical quality of rice and social
factors and will be extended to other cities or regions in Laos.
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