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Rice production in Northeast Thailand has been suffering because of drought and limited irrigation. In
this area, glutinous rice is generally produced for household consumption. The new drought-tolerant
glutinous rice, RD12, developed to target drought-prone area in Northeast Thailand, was approved by the
Rice Department in 2007. The breeding of this new variety has incorporated farmers’ participation to
identify preferred traits. This study aims to determine key factors contributing to the adoption of RD12
by focusing on farmers’ preference for traits subjectively selected from the farmer participatory varietal
selection (PVS) program. Key findings are that farmers who are exposed to more late-season drought
because their fields are at higher elevations are more likely to adopt drought-tolerant varieties despite
their preference for other better tasting varieties. Also, those who prefer the cooking characteristics of
RD12 are more likely to adopt it, instead of the existing drought-tolerant variety. These two
characteristics are significant for the adoption of RD12 and were identified as a result of PVS. This
suggests that PVS is essential in the breeding program to promote new and appropriate technology to
farmers.

Key words: Rice, drought tolerant, Thailand, adoption, participatory varietal selection, participatory breeding.

INTRODUCTION

Thailand is the sixth largest rice producer after China,
India, Indonesia, Bangladesh, and Vietnam, and since
the 1980s has been the largest exporter in the world
market - until 2012 when it was surpassed by Vietham
and India. In spite of this, rice productivity in Thailand is
the second lowest in Asia after Myanmar (International

Rice Research Institute, 2010).Insufficient water is one
important reason for Thailand’s low productivity,
particularly in the Northeast which produces more than
40% of total rice production in the country and where
more than 60% of the total area cultivated is in rice
(Office of Agricultural Economics of Thailand, 2011).
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Northeast Thailand has the largest share of agricultural
land and the largest number of farms. Due to salinity, low
soil fertility and inadequate water infrastructure, this area
is one of the least developed in the country’s economy.
Water storage and irrigation is a key production
constraint in the Northeast Thailand. Despite investments
in small, medium and large-scale irrigation systems (that
is, dams, pumping stations, and irrigation) in the past
sixty years, irrigation is concentrated on supplementary
irrigation in the wet season and Northeast Thailand
remains a predominantly rainfed area (Floch and Molle,
2007). Although rice can be produced two to three times
a year, the majority of rice production in the Northeast is
limited to the wet season (planting during May to
October; harvesting during August to April) because of
water accessibility during the dry season (planting during
November to April; harvesting during February to
October). With limited irrigation, farmers have to leave
their land idle during the dry season. In 2010, 6.05 million
hectares of rice were cultivated during the wet season in
the Northeast compared to only about 0.48 million
hectares during the dry season (Office of Agricultural
Economics of Thailand, 2011).

Drought can adversely affect rice productivity at
different times during the production cycle. In Northeast
Thailand, it can occur both early, late and intermittently
during the cropping season. Drought early in the cropping
season causes a delay in rice transplanting and
subsequently results in yield loss. It also increases the
probability of late season yield loss from a delay in
flowering. Yield loss during late-season drought, which
develops at the end of the wet season before crop
maturation is more severe than early-season drought.
The estimates of yield reduction from late-season drought
were 45 to 50% and 15 to 20% for the upper and middle
top sequence, respectively (Jongdee, 2003). A twenty
year simulation of yield loss in the Northeast showed that
drought was more likely to develop in the latter stages of
crop development; thus, high rainfall could still result in
low yield if a drought occurs at a critical stage (Jongdee
et al., 1997).

Prapertchob et al. (2007) found that during the late wet
season, the upper Northeast has the lowest rainfall but
the highest coefficient of variation. Although this zone
was identified as low-risk of drought based on rainfall,
hydrology and physical aspects of landscape according
to Mongkolsawat et al. (2001), it is exposed to higher
probability of yield and economic losses from late-season
drought. Drought caused by climate change is expected
to continue in the future and will have a significant impact
on agriculture.The current impact of rainfall on agriculture
based on the Generalized Monsoon Index shows that
Northeast Thailand is experiencing severe drought,
particularly in  August and September (Thai
Meteorological Department, 2012) when wet season crop
planting occurs. Rainfall in Northeast Thailand has
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fluctuated in the past few decades and is expected to be
lower by 2090 (Thai Meteorological Department, 2010).
Adaptation strategies such as changing planting and
harvesting time, switching to different cultivars and
developing drought-tolerant crops were suggested as
options (Asian Development Bank, 2009).

The Rice Department of Thailand successfully
developed RD12, glutinous drought-tolerant rice suitable
for the Northeast. It was approved by the Rice
Department in March, 2007. Nongkhai province is the first
area where RD12 has been disseminated. This province
is bordered by Laos PDR to the North and by the Mekong
River to the East. The mountains to the West cause
intermittent and late droughts during the wet season. The
climate in this area is dry during the planting time of the
dry season (November to April) with the average rainfall
of less than 100 mm and humid during the planting time
of the wet season (May to October) with the average
rainfall almost 300 mm; however, rainfall drops
dramatically in October to about 108 mm on average
(Nongkhai Rice Research Center, 2013). Even though
low fertility and coarse-textured and loamy sandy soils
constrain production, weather especially variable rainfall
distribution plays an important role in crop productivity
and stability. Despite several large rivers, including the
Mekong River, and small creeks and irrigation projects,
less than 7% of agricultural land benefits from water
management projects (Nongkhai Rice Research Center,
2013). Most farmers in this target drought-prone area are
small farmers whose glutinous rice production is mainly
for household consumption. Thus, preferences toward
cooking characteristics are just as important as other
traits.

Furthermore, as Prapertchob et al. (2007) found,
farmers in this zone allocate their land to rice cultivation
more than in other zones, but their yield and net returns
from rice cultivation are the lowest. The development of
drought-tolerant rice varieties for this target area will not
only alleviate poverty, but also will ensure food security in
the households. The breeding program of RD12 took into
account farmer preferences by integrating participatory
varietal selection (PVS) in the breeding process as a key
determinant towards variety approval. Despite several
released varieties, not all of them have been well-
accepted by farmers mainly due to the superiority of
some traits of the existing varieties. RD12 is one of the
first released varieties recommended for drought-prone
areas. PVS is relatively new to the rice breeding program
in Thailand. To date the impact of varieties developed
using PVS has not been assessed. This paper aims to
reveal whether the preferred traits of glutinous rice
discovered by the PVS for rice breeding in drought-prone
areas influence the adoption of the new variety.
Specifically it seeks to identify factors affecting the
adoption of RD12 by focusing on farmer preferences,
particularly for early maturity and eating quality.
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Participatory varietal selection for drought-tolerant
rice

Drought-tolerance traits can be classified into primary
traits (such as, root depth), secondary traits (such as, leaf
rolling), integrative traits, phenology (such as, flowering
time) and plant-type traits (such as, plant height)
(Kamoshita et al., 2008). Though simple, early flower
genotype is often the most effective way of increasing
yield under late-season drought (Kamoshita et al., 2008).
Early flowering and early maturity varieties can escape
from a late-season drought (Jongdee et al., 2006) which
is a common problem for rice cultivation in Northeast
Thailand. In non-irrigated areas, higher elevated paddies
are likely to lose standing water earlier than those in
lower positions. Thus earlier-flowering varieties would
also reduce the risk of late-season drought and increase
potential yield in drought-prone areas of the Northeast.
Because glutinous rice is grown mainly for household
consumption in upper Northeast Thailand, eating quality
is likely as important as agronomic traits for farmers.

Despite the availability of recommended rice varieties
for rainfed areas, the adoption of new varieties has had
only partial success, to some extent due to the lack of
traits important to farmers. Recently International Rice
Research Institute (IRRI) recommended PVS be included
as a standard part of all rainfed rice breeding programs
(International Rice Research Institute, 2006). PVS trials
are conducted on farms under the complete management
of farmers; thus, it helps breeders and agronomists learn
about the performance of new varieties under the real
conditions faced by farmers and which varieties are
preferred by them. In recognizing farmers’ preferred
traits, PVS has been increasingly implemented in several
breeding programs (Bellon and Reeves, 2002; Ceccarelli
and Grando, 2007; Doward et al., 2007; Efisue et al.,
2008; Manzanilla et al., 2011; Morris and Bellon, 2004;
Rasabandit et al., 2006; Wicombe et al, 1999;
Wurzinger et al.,, 2011). Evidence shows that PVS
improves the exposure to and adoption of new varieties
(Diagne, 2006; Tshewang and Ghimiray, 2010; Witcombe
et al., 1999); however, it has not been evident in the case
of drought-tolerant glutinous rice in Thailand.

The “mother-baby” model was used in the breeding
program of drought-tolerant rice in Thailand (Pantuwan et
al., 2006; Jongdee et al., 2006) adopted from Snapp’s
technique (2002). The “mother” trial is replicated within-
site to test a range of varieties and research hypotheses
under a breeder's management either located on a
research station or on-farm. The “baby” trial comprises a
number of satellite trials of large plots under farmers’
management and farm resources. The objective of
“mother” trials is to assess the agronomic characteristics
of different lines designed and managed by breeders
while the “baby” trials are designed by breeders and
managed by farmers to elicit farmer perceptions. In this

rainfed lowland rice breeding program, four hundred and
seventy one field experiments were conducted in three
provinces in the North and twelve provinces in the
Northeast by selecting existing local varieties, existing
modern varieties and promising lines from the breeding
program for each location. Both upper toposequence
position (upper paddy) and lower toposequence position
(lower paddy) were selected for trials. In the mother
trials, agronomic characteristics including yield, number
of panicles, height, flowering days were analyzed, and
the farmers vote for the variety they most preferred. In
the baby trials, the experiment varieties were compared
to farmers’ own varieties based on agronomic
characteristics. Grain characteristics (example, size,
color) of both paddy rice and milled rice, and eating
quality (example, softness, sweetness, and aromatic) of
cooked rice were evaluated by farmers in both mother
and baby trials.

Farmers’ preference for agronomic characteristics
revealed appropriate maturity matching with water
conditions in paddies. Varieties with appropriate maturity
(that is, early maturity for upper paddy), resistance to
disease and insect pests, having good tillering with erect-
strong stems, tall stature, similar level of height of
panicles, droopy leaves and small number of leaves, big
and long panicle, even panicle size, many grains per
panicle, dense grains within panicle and long-slender
grains are preferred. Furthermore, long slender and
white grains are preferred while fragrance was farmers’
preference, but not a strong requirement. PVS also
showed that cooking and eating quality are the most
important characteristics. Farmers could reject varieties
preferred as paddy and milled rice if they dislike the
cooking and eating qualities (Pantuwan et al., 2006).

RD12 is a cross between RD6 and Hahng Yi71. RD6,
photoperiod-sensitive glutinous rice, has been well-
preferred in this area due to its supreme cooking quality
and higher selling price. However, RD6 is susceptible to
blast disease, especially when growing in the upper
terrain. Hahng Yi71, photoperiod-sensitive early-maturity
and blast-resistant glutinous rice has been commonly
grown in upper terrain to avoid the risk of late-season
drought (Saleeto et al., 2009).

Nevertheless, Hahng Yi71 has poor cooking quality and
is not favored for consumption. The perceived
advantageous traits of RD12 include early maturity, high
yield and good milling; whereas, cooking quality is poorer
than the popular RD6 (Jongdee et al., 2006). RD12 is
resistant to blast and has earlier maturation than RD6;
however, it is less resistant to drought than Hanhng Yi71.
From the PVS in rainfed lowland rice breeding program
discussed above, RD12 is recommended for rainfed
areas in the Northeast, particularly in short rainy season
or upper terrain area (Rice Department, 2009).

If the PVS were to improve the adoption of the new
variety, Given the joint density of random vector



& = (&, --- &ng),preferred traits (particularly early-maturity)
would be one major factor influencing the adoption of
RD12 in the intermittent and late season drought
environment. The following area discusses economic
concept and model of technology adoption.

ANALYTICAL FRAMEWORK

Several of adoption studies have focused on farm and
farmer characteristics with little attention to the
characteristics of the varieties (Feder et al., 1985). Doss
(2006) emphasized the advantage of micro-level cross-
sectional analysis to understand farmer preferences,
growing conditions in specific areas and what varietal
characteristics are important to farmers. Recent studies
accentuated farmer perceptions of varietal traits and their
influences on the adoption behavior (Adesina and
Zinnah, 1993; Adesina and Seidi, 1995; Adesina and
Baidu-Forson, 1995; Edmeades et al., 2008; Hintze et al.,
2003; Joshi and Pandey, 2006; Wale and Yalew, 2007;
Ramasamy et al.,, 1999), with particular interest in
hedonic pricing (Dalton, 2004; Pingali et al., 2001) and
revealed preferences of trait valuation (Useche et al.,
2009). In this study, farmer preferences for drought-
tolerant glutinous rice are of particular interest; thus, traits
subjectively selected from PVS breeding program are
hypothesized to influence the adoption of RD12.

By taking into account production characteristics
(example, vyield, duration, disease resistance) and
consumption characteristics (example, taste), the
adoption of glutinous rice variety in the drought-prone
areas assumes a utility maximization behavior. An
individual farmer (or household), n, would obtain a certain
level of utility (and/or profit) from each variety alternative,
j, and will choose one that provides the greatest utility.
The true utility that farmer n obtains from variety j is Uy;, ]
=1, 2, ... J. He will choose variety i if and only if U, > Uy
¥ j#i. The true utility of farmers is unknown, but varietal
traits and perception on traits, labeled x, ¥ j and farm
and household characteristics, labeled s,, can be
observed. Following technology adoption based on
technology attributes (Rahm and Huffman, 1984; Adesina
and Zinnah, 1993), the representative utility, denoted V
= V(Xn, Sn) V' j, depends on these observed variables.
Since Uy # Vy;, true utility is decomposed as Uy = Vi +
&, where &, is assumed to be random. The probability
that farmer n chooses variety i (Train, 2009) can be
written as:

Pni= Prob(Uni> Up ¥V #1)
= Prob(Vni + & >V + & Vj#1)
= PrOb(gnj - &i <Vhi- an Vj # D' (1)

The cumulative probably in Equation (1) can be written as:
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P = /; |(5nj - &i <Vpi- Vy vj#i)f(e) dén. (2)

where I(.) equal 1 when the expression in parentheses is
true and O otherwise. For this study, we assume that &,
is independently, identically distributed extreme value,
and the cumulative distribution of &; - &, follows the
logistic distribution

g M ~Eni
Fen; = &ni) = Tt

@).

Given that the logit probability of V,; is sigmoid, the logit
model provides appropriate implications for this study. It
implies that a small increase in V, (presumably from
improved traits) has little effect on the choice probability
when V,; of a variety is either very low or very high,
compared to other varieties. The greatest effect of an
increase in V,; on the probability of it's being chosen is
when the probability is close to 0.5. For example, in the
drought-prone area if the utility from growing a drought-
tolerant variety i is very low (or very high) compared to
other varieties, a small improvement in the drought-
tolerant trait will have little effect on the probability that a
farmer will adopt variety i. The change of probability that
variety i is adopted from an improved drought-tolerant
characteristic will be greatest when there is 50-50 chance
that it is being chosen. Omitting the proof of algebraic
manipulation (Train, 2009), the logit choice probabilities
of Equation (3) are given as:

Vi
g " ni
p . =

ni EJ__EV“J.-

(4)

The representative utility is specified to be linear in
parameters: Vy = a’ Xy +8%,. Thus, a logit choice
probability in Equation (4) is defined as:

Foam . s .
p g™ Eni + 5B

A s +FEL
EJ_ E'I [ i 11

(%)

Parameter estimates from Equation (5) are interpreted as
a pairwise comparison between the effects of changes in
independent variable on alternative i and the base
alternative. The change in probability that farmer n
chooses variety i given a change in an observed variable
Xni (OF Sp) Is:

; En:l:"_'!.."nl: + 58
a1

e F PR
] T,
&P n; — _ =i

B i & x g (6)

This marginal effect evaluated at the sample mean is
given as:
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Table 1. Sampling design and sample size.

Stage . I: Rlpe Stage II: Districts by RD12 Total rice Population Expected Actual Actual
production potential romotion intensit farming roportion sample sample sample
zone* P y households PP size size proportion
A (High) High: Muang Nongkhai 11,209 0.18 44 36 0.14
. High: Phon Phisai, Ratanawapi 19,516 0.32 77 103 0.40
B (Med
(Medium) Low: Pak Khat 3,743 0.06 15 24 0.09
High: So Phisai 9,704 0.16 38 38 0.15
C (Low) .
Low: Fao Rai 6,749 0.10 27 21 0.08
D (Unsuitable) Low: Bung Kan 10,973 0.18 43 36 0.14
Total 61,894 1.00 244 258 1.00

*, Based on rice production potential zoning defined by Nongkhai Rice Research Center (2007).

ap..: — ~

_-‘1'-=pm_ &y — an+ n

ok = Poi(@n — (@0 + ) @
Where

@, + Bp= L Pya;+ Zy P by, (8)
Data

The target area for RD12 is the upper Northeast of
Thailand where intermittent and late-season drought has
been a major constraint on rice productivity. Since the
adoption of the new variety is assumed to reveal
preferences, the scope of the study area is limited to
Nongkhai province in the upper Northeast of Thailand
where farmers have access to RD12. Two stage stratified
sampling technique was adopted. In the first stage,
districts are grouped based on rice production potential
zoning defined by Nongkhai Rice Research Center
(2007).

The rice production potential zones were classified soil
and water conditions combined with climate, top
sequence, and farm management. In the second stage,
each rice production potential zone is stratified by the
intensity of RD12 accessibility. The number of farmers
who received RD12 is used as a proxy to capture the
extent where RD12 has been promoted. The intensity of
RD12 promotion is classified low (less than twenty five
farmers who received RD12 seeds during 2003 to 2008)
to high (less than 25 farmers who received RD12 seeds
during 2003 to 2008). The data are collected from
households in seven districts of Nongkhai province in
upper Northeast Thailand.

This study assumes a 5% statistical significant level
and 20% distribution of RD12 in Nongkhai during the pre-
survey. Adopting Tyfos (1996), the sample size is
identified as 244 based on the total of 61,894 rice farming

households in seven selected districts (Nongkhai
Statistical Office, 2004). The two-stage stratified
proportional sampling technique (to total number of rice
farm households) was used for the 2009/2010 cropping
season. Table 1 shows the actual number of samples in
each district. Farmers were interviewed to obtain rice
farming information on every plot owned (or rented) by a
household, including both during the wet and dry
seasons.

EMPIRICAL MODEL

Based on collected data the four major glutinous rice varieties
grown in the sampling area are Hanhg Yi71, RD12, RD10, and
RD6. The summary of traits comparison among these varieties is
shown in Table 2. A multinomial logit model derived from Equation
(5) is estimated for choices of glutinous rice variety j based upon
the assumption of a linear utility function. Thus,

Unj = D=1 @ Xt + Yzt Brk Sjk + &nj ®)

In the multinomial logit model, traits and farmers perception on traits
(x) includes the yield and taste preference of the new variety
(RD12), and the popular high cooking quality rice (RD6), relative to
the existing drought-tolerant variety (Hanhg Yi71). The extension of
this logit model is to include taste variation associated with
observed variables (Train, 2009). We assume that the utility a
farmer receives from yield varies depending on the proportion
household consumption of glutinous rice to total rice production
(CONSUMP). As a result differences in taste could be reflected in
the parameter of yield; thus S yien = p *(CONSUMP).

Farm and household characteristics (s) includes the production
condition in the drought prone area such as toposequence, access
to water, cropping season, recent experience of blast disease, and
whether rice production is the main source of income. Access to
water is limited in the rainfed areas, particularly during the dry
season so these conditions are hypothesized for the adoption of the
drought tolerant variety. Aside from drought, blast disease is also
the major production problem in sampling areas so the experience
of blast disease may also influence the adoption decision. Focusing
on the occurrence of RD12 adoption, a binomial logit model is
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Table 2.Traits comparison of popular glutinous rice varieties.
Photo- Appropriate ) Potential
Variety period Dry Harvest for upper Drought yield Cooking quality Blast
. season time ' tolerant tolerant
sensitive terrain (ton/ha)
Hanhg Yi71 Yes No Nov. 4 Yes Drought escape 3.16 Soft/chewy Yes
RD12 Yes No Nov. 7-17  Somewhat Drought escape 3.26 Good, soft/chewy  Somewhat
RD10 No Yes 130 days No No 412 Soft Somewhat
RD6 Yes No Nov. 21 No Yes 4.16 very good., Susceptible
soft/aromatic

Source: Rice knowledge bank, Rice Department, 2009.

Table 3. Description of variables in choice models.

Dependent variable

VARIETY
ADOPT

Independent variables

Traits and Perception on Traits, X

YIELD
CONSUMP*YIELD
PRICE

RD12TASTE

RD6TASTE

RD12HARVEST

RD12PLANTING

Glutinous rice variety: Hanhg Yi71, RD6, RD10, RD12
RD12 adoption: 1 if adopt, O otherwise.

Rice yield (kg/rai)
Proportion household consumption of glutinous rice to total rice production * YIELD
Output price (baht/kg)

Farmer perception of RD12 taste: 1 if farmer thought RD12 has better cooking quality than
Hahngyi71, O otherwise

Farmer perception of RD6 taste: 1 if farmer thought RD6 has better cooking quality than
Hahngyi71, O otherwise

Farmer perception of the ease to harvest RD12: 1 if farmer thought RD12 is easier to
harvest than Hahngyi71, 0 otherwise

Farmer perception of the ease to transplant RD12: 1 if farmer thought RD12 is easier for
crop establishment than Hahngyi71, 0 otherwise

Farm and household characteristics, Sk

CONSUMP Proportion household consumption of glutinous rice to total rice production
TOPOSEQUENCE Toposequence of rice production plot: 1 if upper sloping terrain, O otherwise.
WATER Access to water source: 1 if irrigated or availability of other water resources, 0 otherwise.
SEASON Cropping season: 1 if dry season, 0 otherwise
BLASTEXP Expern_ance of blast disease: 1 if farmer experience blast disease in the past five years, 0
otherwise

MAININC Main income source: 1 if rice is major source of income, 0 otherwise.

1 ha=6.25 rai.

estimated (1 if adopted, O if not adopted). Since RD12 is
photoperiod-sensitive, the binomial logit model of RD12 adoption
includes only the wet season. Farmers’ acceptance of RD12 is
hypothesized be influenced mainly by trait perceptions of RD12
relative to Hanhg Yi71—the existing drought tolerant variety. Table
3 lists all variables of the choice models.

RESULTS AND DISCUSSION

Tables 4 to 6 show the summary of glutinous rice

varieties grown in the study areas. Based on four
hundred and forty four plots, RD12 and RD6 are the most
preferred varieties (about 35% individually), followed by
Hanhg Yi71 and RD10, respectively. Both RD12 and RD6
are photoperiod-sensitive and have good cooking quality,
compared to the others. San Pah Tawng and RD4 were
other glutinous rice varieties found in this area, but they
are not popular.

The two varieties together accounted for less than 2%.
This probably is because San Pah Tawng and RD4 have
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Table 4. Glutinous rice varieties grown in Nongkhai province, 2009/2010.

Variety No. of plots Percentage
Hanhg Yi71 97 21.85
RD12 155 34.91
RD10 26 5.86
RD6 159 35.81
RD4 6 1.35
San Pah Tawng 1 0.23
Total 444 100.00

Table 5. Glutinous rice varieties in Nongkhai province by toposequence, 2009/2010*.

Lower terrain

Upper terrain

Variety
No. of plots Percentage No. of plots Percentage
Hanhg Yi71 7 3.52 920 37.82
RD12 34 17.09 121 50.84
RD10 14 7.04 12 5.04
RD6 144 72.36 15 6.30
Total 199 100.00 238 100.00
*Excluding RD4 and San Pah Tawng.
Table 6. Glutinous rice varieties grown in Nongkhai province by cropping season, 2009/2010*.
. Wet Dry
Variety
No. of plots Percentage No. of plots Percentage
Hanhg Yi71 96 22.97 1 5.26
RD12 154 36.84 1 5.26
RD10 11 2.63 15 78.95
RD6 157 37.56 2 10.53
Total 418 100.00 19 100.00

* Excluding RD4 and San Pah Tawng.

poorer cooking quality, are susceptible to blast and are
not drought resistant. These findings are similar to the
studies by Isvilanonda and Hossain (2000), Gypmantasiri
et al. (2003) and Vejpas et al. (2005). Prior to the release
of RD12, RD 6 was the most common glutinous rice
variety in the rainfed area of Northeast Thailand. Early
maturing varieties, including RD15 which has shorter
duration than KDML105 (non-glutinous Jasmine rice
varieties) were becoming more popular for rainfed
lowland area during the wet season (Vejpas et al., 2005).
In the upper terrain, RD12 is the most popular variety and
accounted for about half of all plots. Hanhg Yi71 which
was the recommended variety for upper terrain before the
development RD12 is the second most popular (Table 5).
In the lower terrain, however, RD6 which has the highest
cooking quality is the most popular variety and accounted

for over 70% of all lower terrain production. Rice
production in the study area is very limited during the dry
season as is evident from Table 6. Again, RD12 and RD6
are the most popular varieties in the wet season.
Unsurprisingly compared to RD10 which is non-
photoperiod sensitive; the farmers are less likely to
choose Hanhg Yi71, RD12 and RD6 in the dry season.
The parameter estimates of the multinomial logit model
are presented in Table 7. More useful results are the
estimates of marginal effects presented in Table 8. One
of the most interesting findings is that the probability of
choosing Hahng Yi71 or RD12 significantly increases
by35% for upper terrain while there is only about 4%
probably of choosing RD10. The probability of choosing
RD6, however, decreases by about 7% for the upper
terrain. This implies that to minimize the risks from late-
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Table 7. Parameter estimates of multinomial logit model (RD10=base).

Variabl Hanhg Yi71 RD12 RD6
ariabie Parameter (B) Std. Err. Parameter (B) Std. Err. Parameter (B) Std. Err.
CONST 0.229 1.319 2.618* 1.226 3.949** 1.241
CONSUMP*YIELD 0.004 0.003 0.003 0.003 0.001 0.003
RD12 TASTE -0.103 1.000 -0.159 0.981 -1.781 1.130
RD6 TASTE 3.204** 1.523 1.443 1.537 3.355** 1.565
TOPOSEQUENCE 0.218 1.130 -1.062 1.067 -4.914** 1.097
WATER -0.255 0.763 0.031 0.721 0.069 0.769
SEASON -4.490** 1.573 -6.040** 1.477 -6.997** 1.348
BLAST 0.812 0.674 0.459 0.629 1.119 0.704
MAININC 0.072 0.876 0.218 0.830 -0.147 0.891
Log likelihood -342.039
Number of plots 434
Table 8. Marginal effects of multinomial logit model.
. Hanhg Yi71 RD12 RD6 RD10
Variable
Coeff Std. Err. Coeff Std. Err. Coeff Std. Err. Coeff Std. Err.
CONSUMP* YIELD 0.0003* 0.000 0.0002 0.000 -0.00004** 0.000 -0.00006 0.000
RD12 TASTE 0.077 0.073 0.150* 0.089 -0.240** 0.061 0.013 0.032
RD6 TASTE 0.147* 0.081 -0.381** 0.068 0.268 0.111 -0.034** 0.017
TOPOSEQUENCE 0.353** 0.040 0.352** 0.047 -0.743** -0.035 0.0384** 0.017
WATER -0.046 0.056 0.022 0.079 0.024 0.082 0.0003 0.017
SEASON -0.100 0.118 -0.440** 0.072 -0.286** 0.039 0.826** 0.139
BLAST 0.026 0.055 -0.114 0.070 0.109 0.067 -0.021 0.024
MAININC -0.003 0.068 0.066 0.084 -0.061 0.081 -0.002 0.019

** = significance at 5% level, * = significance at 10% level.

season drought, the early maturity trait of Hanhg Yi71
and RD12 is the key reason for adopting drought tolerant
varieties in the upper sloping terrain.

Another interesting result is the perception that RD12
has better cooking quality than Hanhg Yi71l. This
increases the probability of adopting RD12 by about 15%
and lowers the probability of adopting RD6 by 2.4%. It
suggests that if farmers have a higher preference for the
cooking quality of RD12 than for Hanhg Yi71, they will be
more likely to adopt RD12 if they believe that RD12 is
appropriate for protection against drought. In contrast,
the perception that RD6 has a preferred cooking quality
than Hahng Yi71 decreases the probability of RD12 by
38%. This is because RD6 is superior for consumption in
the existing market. The adoption of new variety RD12 is
diminished when farmers have strong cooking
preferences for existing varieties.

It is hypothesized that yield could be an important
determinant of variety adoption. By allowing variability of
yield preference by the proportion of household
consumption, it was found that yield as valued by

household consumption increases the probability of
cultivating Hahng Yi71, but lowers the probability of
cultivating RD6. This could be because RD6 is premium
glutinous rice that also has high market price. As demand
of household consumption increases despite increasing
yield, the probability of adopting RD6 decreases. In other
words, as household rice demand increases, farmers are
more likely to grow Hanhg Yi71 and less likely to grow
RD6. Farming in the dry season is possible only for the
non-photosensitive variety. Predictably, it increases the
probability of growing RD10 (non-photosensitive variety)
and decreases the probability of growing RD12 and RD6
(photosensitive varieties).

The results of RD12 adoption excluding dry season
from the binomial logit model are shown in Table 9. It is
found that for the upper terrain, the probability of adopting
RD12 increases by 41%, compared to the lower terrain.
Similar implication drawn from this binomial model is that
for upper sloping terrain, increasing risk of late-season
drought results in a higher likelihood of new early maturity
variety. The studies by Joshi and Bauer (2006),
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Table 9. Parameter estimates and marginal effect of binomial logit model of RD12 adoption in wet season.

Variable Parameter (B) Std. Err. Marginal effect Std. Err.
CONST -5.328** 1.722

YIELD -0.0004 0.001 -0.00009 0.000
PRICE 0.381** 0.186 0.078** 0.038
RD12 TASTE 0.685 0.982 0.156 0.239
RD12 HARVEST -0.799 0.864 -0.139 0.122
RD12 TRANSPLANT -2.041 1.526 -0.248** 0.087
TOPOSEQUENCE 2.238** 0.518 0.418** 0.079
CONSUMP 1.434* 0.671 0.295** 0.137
Log likelihood -79.409

Number of plots 147

** = gignificance at 5% level, * = significance at 10% level.

Nanfumba et al. (2013), and Ward et al. (2013) also
suggest that farmer’s preferences towards early-maturity
or short duration significantly affects rice variety choice in
the rainfed area. Because glutinous rice production in this
region is important for household consumption, taste
preference can be important to the adoption decision.
The probability of adopting RD12 increases as the
percentage of household consumption increases,
perhaps owing to the superior taste and higher potential
yield than the existing drought tolerant variety. Similarly,
increasing the selling price for rice with the improved
cooking quality makes farmers more likely to adopt
RD12.

The physical appearance of rice paddy RD12 is more
similar Hahng Yi71 (long, skinner, darker yellowish
brown) than RD6.Since RD12 is new to the market and
not easy to distinguish by appearance, the market price
of RD12 is generally the same as Hahng Yi71 although
it's cooking quality is similar to RD6. This may suggest
that if RD12 were to become more recognized in the
market with a higher price, farmers would be more likely
to adopt it.

Between two competing drought tolerant varieties:
RD12 and Hahng Yi71, RD12 has stronger stalks than
Hahng Yi71 so it's believed to be easier to harvest,
especially in environment where wind and storms can
cause fallen stalks. However, the perception that RD12 is
easier to harvest than Hahng Yi71 insignificantly affects
the adoption decision of RD12. This is not surprising
because from the PVS, tillering is not one of the key
preferred traits and our result implies that it may not be
important to farmers. Surprisingly, perception of superior
cooking quality of RD12, compared to Hahng Yi71, does
not affect the probability of RD12 adoption. This could be
because in the binomial model, the dry season is
excluded and the cooking quality of the new drought
tolerant variety is not as important as the drought escape
characteristic thus, even if RD12 is superior to Hahng

Yi71 for consumption, the taste alone does not influence
the adoption of RD12. The result is similar to Joshi and
Bauer (2006) that taste is not significant toward variety
choice in the rainfed area of Nepal. It is surprising that
the perception that RD12 is easier to transplant than

Hahng Yi71 negatively affects RD12 adoption. It is
possible that the ease of transplanting is mistakenly
perceived as weaker rooting and germinating and
negatively has impacted the adoption.

CONCLUSION AND RECOMMENDATION

The breeding program of the Rice Department released
the new glutinous rice variety RD12, to target the drought
problem in Northeast Thailand in 2007. In the RD12
breeding program, farmers’ participatory selection was
the key in the selection process to ensure the acceptance
of the new variety. The major improved characteristics of
RD12 which were identified from PVS included early
maturity and good cooking quality. RD12 has been
promoted in Nongkhai province in the upper Northeast of
Thailand where late season drought is a major constraint,
particularly for upper terrain. Hahng Yi71 had been the
most appropriate variety to target the drought problem
prior to the release of RD12 and it has been widely
adopted despite its poor cooking quality. Our results
show that major traits of RD12 identified by the farmer
PVS significantly influences the adoption of the new
variety. Farmers in the upper terrain production are more
likely to adopt RD12 to minimize the risk from late-season
drought. The taste preference towards RD12 compared
to existing drought tolerant variety, Hahng Yi71, also
significantly increases the probability of RD12 adoption
and lowers the probability of adopting RD6, the superior
cooking quality variety. However, since RD12 is
photoperiod-sensitive, it is less preferred for cultivation in
the dry season. The current market still does not



recognize the quality of the RD12 and often suppresses
its price because of its similar physical appearance to the
lower quality variety. The result shows that a higher price
increases the adoption of RD12; this suggests that when
RD12 becomes more recognized in the market and when
its price reflects its superior quality, it will be more
accepted by farmers. The adoption RD12 has been found
to be closely related to farmer perception of its traits. The
preferred traits identified by farmer PVS program in rice
breeding of RD12 effectively enhance its adoption.
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