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Abstract: Indigenous upland rice (Oryza sativa L.) is an important staple food for people. The produc-
tivity of upland rice is generally lower than lowland rice since crop yield depends on the amount of
rainfall. Climate change is a major problem in rice production due to the unpredictable rainfall. The
flowering time, maturity days, growth duration, and photoperiod sensitivity in rice are important for
determining productivity. Therefore, in this study, indigenous upland rice germplasm was classified
according to their flowering-related traits in the basic vegetative phase (BVP), photoperiod sensitivity
index (PSI), grain yield (GY), and yield components. The results reveal that the BVP ranges from
12 to 76 days (mainly less than 30 days) while the PSI ranges from −0.14 to 0.89. Classification of
the three groups was based on the PSI: 24 insensitivities (G1; PSI = −0.14–0.30), 214 weakly sensitive
(G2; PSI = 0.31–0.70), and 63 strongly sensitive (G3; PSI = 0.71–0.89). Grain yield showed different
correlations with day to flowering (DTF), PSI, and BVP in each group. The results suggest that the
selection criteria were not only based on GY and DTF but also PSI and BVP. The new ideotypes for
upland rice selection under unpredictable conditions such as rainfall and light duration are weakly
sensitive (PSI range 0.30–0.60), low BVP (20–30 days), and less than 105 days of DTF, such as ULR189,
ULR039, ULR036, ULR403, ULR364, ULR342, and ULR245 genotypes.

Keywords: genetic diversity; flowering time; crop duration; diversity; climate change; germplasm

1. Introduction

Rice (Oryza sativa L.) is an important food crop for Thailand’s economy. More than
half the world’s populations, especially in Asia, consume rice as a staple food [1]. Thailand
has nearly 10 million hectares of rice-growing area, with crops mostly consisting of popular
improved rice cultivars, such as KDML105 and RD6 [2]. However, ethnic groups in some
areas, such as the north and northeast, still grow landrace varieties as the main crop. Thai
indigenous upland rice varieties are traditional crops cultivated according to specific areas,
locations, geography, and preference. They are mostly grown on slopes and hilly areas
of the north, northeast, and southern parts of Thailand. Most of the indigenous upland
rice in Thailand has photoperiod sensitivity to prevent environmental effects during the
growing season, such as drought. Normally, farmers grow upland rice as a stable crop for
household consumption [3,4]. The growing area is mainly under rainfed condition with
yield loss prevention depending on flowering time.

Indigenous rice was domesticated with genes, geographics, and genetics involved
in nature through human selection [5]. Thailand has a genetically diverse source of rice
in Asia, especially indigenous rice which is beneficial for breeding since it can be used
as a source of valuable genes and characteristics, being particularly tolerant to biotic and
abiotic stresses [3,4]. Indigenous rice has diverse day to flowering (DTF) and photoperiod
sensitivity but is normally grown during the rainy season (July to November), especially
in Thailand’s rainfed areas. Days to flowering and photoperiod sensitivity are important
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criteria for predicting yield under unfavorable conditions, such as last season drought [6].
Photoperiod sensitivity index (PSI) is the stage that is affected by light duration change
from vegetative to reproductive. Most upland rice varieties are short-day plants, especially
indigenous germplasm. Upland rice production in Thailand is mainly based on the rainfall
pattern. The rainy season begins in May, reaching a peak from July to September then
sequentially reducing. Furthermore, the duration of daylight in Thailand becomes short
(less than 12 h) in October. Therefore, the decrease in rainfall and short light duration in
October is the main factor driving farmer’s rice selection of photoperiod sensitivity varieties.
Therefore, the identification of photoperiod sensitivity and yield potential in indigenous
upland rice is valuable for rice production, especially in indigenous upland germplasm.
Moreover, flowering time is an important selection criterion for rice breeding in tropical
regions [7] and to enable determination of adaption to specific cultivation areas [8] and
mitigate the impact of stress conditions, such as drought.

Climate change is found to affect crop production, with rice grown under rainfed
conditions predicted to reduce by 50% due to drought and flood [9,10]. Bi-module rain in
the north and northeast of Thailand makes it practical for upland rice planting by direct
seeding in the first month of the rainy season (May). However, there is a shortage of
rainfall in the middle of the rainy season (August); it reaches a peak in September before
reducing again, frequently causing drought throughout the planting season [6]. Moreover,
although the rainfall in the northeast of Thailand did not decrease in terms of quantity, the
rain affected the cultivation in areas subject to drought or flood, requiring adaptation to
cultivation practices [11]. Most lowland rice planting areas under rainfed conditions have
moved from transplanting to direct seeding due to the change in rain pattern. However,
upland rice requires direct seeding, which is a practical planting option. Therefore, breeders
need to find strategies to identify or develop new plant types suitable for the changing
environmental conditions.

One adaptation strategy involves accurately matching the different crop durations and
moisture availability using photoperiod response to escape or avoid predictable occurrences
of stress at critical periods in the crop life cycle [12], such as a strong, weak, or insensitive
photoperiod. Consequently, flowering time is an interesting trait used as a selection
criterion in breeding to offset the effects of changes in climate or rainfall patterns, especially
in upland areas. The basic vegetative phase (BVP) was a determinant of yield in rice,
especially for the long BVP variety, which has a higher grain yield than short BVP in
insensitive genotypes. However, under terminal drought conditions and late planting,
the long BVP was not practical due to the rice cycle requiring at least 30 days for the
reproductive period and 30 days for ripening [13]. The long duration of the BVP, therefore,
results in yield loss through terminal drought. The flowering time not only depends on
photoperiod sensitivity but also the vegetative phase. The BVP was the juvenile growth
stage which was not affected by photoperiod and the plant completed BVP before its
response to the photoperiodic stimulus for panicle initiation [14]. The BVP determines
the rice maturity days, especially for the insensitive variety. The rice harvesting time
consists of the BVP (days), 35 days from panicle initiation to flowering, and 35 days from
flowering to physiological maturity [14–16]. Consequently, the accumulation of the BVP in
the photoperiod group does not change to the reproductive phase until it reaches the critical
day length. On the other hand, immediate flowering after completing the BVP is a problem
for the short BVP variety due to the low assimilation accumulated in the vegetative period
causing a low biomass and grain yield. The BVP and sensitivity type are important for
yield prediction, especially in uplands. Therefore, direct seeding in upland fields requires
knowledge of the BVP and PSI as important criteria due to the unpredictable planting time
and dependence on rainfall.

The PSI and BVP in indigenous rice germplasm are useful for breeding programs
and rice selection. The PSI and BVP databases are used in this study for identifying the
ideo-plant type design in each environmental condition and growing area, such as upland
with short rainfall duration, and suitable vegetative or flowering time is a major yield
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predictor. Moreover, the correlation of yield, PSI, and BVP remains unclear in indigenous
upland rice. The BVP is vegetative period and PSI defines the sensitivity of genotypes,
enabling the farmer to plan the appropriate planting time to achieve the best potential
yield. Furthermore, the BVP and PSI are used as the selection criteria for rice breeding
programs in unfavorable conditions. This information is expected to be highly beneficial in
terms of germplasm since the planting time could be set to avoid unfavorable conditions.
Thus, this study aims to classify the PSI, evaluate the BVP, yield, and yield components in
Thai indigenous upland rice germplasm and their relationships for utilization as a genetic
database, and further rice breeding programs in unpredictable conditions.

2. Materials and Methods
2.1. Genetic Materials

This study used 301 accessions of upland rice germplasm (Table S1). The upland rice
germplasm was collected from rice growing areas in Thailand (northeastern, northern,
central, and southern) by the Rice Germplasm Collection Project of Khon Kaen University,
Thailand. In addition, all genotypes in Phapumma et al. [3] was a subset of this study.

2.2. Greenhouse and Field Experiments

Evaluation of the BVP was conducted under greenhouse conditions during the 2020
dry season. A total of 301 accessions were grown in plastic pots, each containing 5 kg of soil
and one plant seed. The experiment was laid out in CRD with two replications. The rice
seedlings were moved 14 days after planting to dark chambers using trolleys to control the
daylight (less than 10 h per day) using the rapid generation advanced (RGA) technique [17]
until booting was observed in the mainstem.

The field experiment was conducted on two planting dates during the 2019 wet
season in the upland field of the agronomy field crop station, Khon Kaen University, to
classify the PSI. The materials were laid out in a partially balanced lattice design with two
replications. The first planting took place on 18 June and the second on 7 August 2019
with a 49-day interval to classify the photoperiod group. The direct seeding method and
sprinkler irrigation were employed on both planting dates. Fourteen days after seeding,
the plants were thinned to maintain three plants per hill. The plot size was 1 × 1 m with
rows and plant spacing of 50 and 25 cm, respectively. Fertilizer was applied at a rate of
23.44 kg/ha N, 23.44 kg/ha P2O5, and 23.44 kg/ha K2O at 30 and 60 days after planting.
Pesticides and insecticides were used as necessary.

2.3. Data Collection

Days to 50% flowering (DTF) were recorded, representing the number of days from
sowing to the time when inflorescences anthesis occurs for more than half the plots of each
genotype. The BVP was measured by subtracting 35 days from the days to 50% flowering
(DTF) [14]. The PSI was defined following the method used by Immark et al. [18]:

PSI =
(DTF1 − DTF2)

IBD
(1)

where DTF1 represents the days to 50% flowering of the first planting date and DTF2
represents days to 50% flowering of the second planting date, and IBD refers to the intervals
between the first and second planting dates. The PSI was classified into three groups:
PSI = 0.00–0.30 (insensitive to the photoperiod (G1)), PSI = 0.31–0.70 (weakly sensitive to
the photoperiod (G2)), and PSI = 0.71–1.00 (strongly sensitive to the photoperiod (G3)) [18].

In the PSI experiment, the tiller and panicle numbers were recorded from four marked
plants. The plants were harvested at ground level in an area of 0.625 m2 (four plants in
each plot) to determine the grain yield (GY), calculated to 1 m2. The harvest index was
calculated according to the economic yield divided by the biological yield in each plot.
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2.4. Statistical Analysis

The cluster was based on DTF, PSI, BVP, panicle number, tiller number, and grain
yield using Ward’s method with the average arithmetic algorithm, cophenetic correlation,
and phylogenetic tree visualization, performed in MEGA7 [19]. The correlation coefficient
calculation followed by Gomez and Gomez [20] was used to determine the contributing
factors by applying the Pearson correlation coefficient.

3. Results
3.1. Genotype Classification Based on PSI, BVP, Geography, and Yield

The BVP values for Thai indigenous upland rice germplasm ranged from 12 to 76 days
(Figure 1). According to the results, more than 200 accessions showed BVP values lower
than 20–30 days. This indicates that most Thai indigenous upland rice germplasm has
a short BVP, suggesting that the short vegetative period affected the flexibility of the
planting time, depending on the rainfall or water conditions. Moreover, the long variety,
either by natural or human selection, had a short BVP which was more suitable for this
area. The genotypes were classified into three PSI groups based on the method used
by Immark et al. [18]. The PSI varied from −0.14 to 0.89 (Figure 2) and 24 accessions
showed photoperiod insensitivity with PSI values lower than 0.31 (G1). Weak photoperiod
sensitivity was exhibited by 214 accessions, with PSI values from 0.31 to 0.70 (G2), while
63 accessions showed strong photoperiod sensitivity with PSI values greater than 0.71
(G3) (Figure 2). The results indicate that Thai indigenous upland rice germplasm has high
genetic PSI diversity, and most of the genotypes exhibited photoperiod sensitivity.

The data shows that the north and northeast mainly grow indigenous upland rice
(178 and 79 accessions, respectively) while some upland rice genotypes were grown in the
southern (16 accessions) and central parts of Thailand (28 accessions). Furthermore, the
distribution of genotypes was based on photoperiod sensitivity and was geographically
dependent. Groups 1–3 (G1, G2, and G3) were distributed over four regions from north
to south (Figure 2). The results indicate that Thai indigenous upland rice has high genetic
diversity for photoperiod sensitivity. However, the distribution of sensitive groups (G2 and G3)
was predominant in the north, central, and northeast areas, while the insensitive group
(G1) was mostly grown in the southern part of Thailand. In addition, the weakly sensitive
genotype group (G2) has been adapted throughout the cultivation areas of Thailand,
representing more than half of the planting genotypes.

Figure 1. Frequency distribution of basic vegetative phase (BVP) for 301 Thai indigenous upland
rice genotypes.
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Figure 2. Distribution of indigenous upland rice germplasm in each part of Thailand (left), and
frequency distribution of photoperiod sensitivity index (PSI) for 301 Thai indigenous upland rice
genotypes. The black bar, gray bar, and white bar rice genotypes were insensitive to photoperiod
(G1), weakly sensitive to photoperiod (G2), and strongly sensitive to photoperiod (G3), respectively (right).

The indigenous upland rice genotypes were classified into five groups based on days
to flowering, panicle number, tiller number, and grain yield. The genotype groupings,
mainly based on grain yield, consisted of cluster group I with one genotype (ULR076),
which had the highest grain yield (656.5 g/m2). Cluster group III had a high grain yield
of 391.2 g/m2 (362–450 g/m2) with 11 genotypes, followed by cluster group II, 271.0 g/m2

(220–250 g/m2). The yield varied in cluster groups IV (0–136 g/m2) and V (0–127 g/m2) with
49 and 163 genotypes, respectively (Figure 3 and Table 1). Some cluster groups contained all
photoperiod genotypes: insensitive, weakly sensitive, and strongly sensitive (Figure 3). The
highest yielding cluster was in group III, consisting of weakly sensitive (ULR036, ULR039,
ULR189, ULR232, ULR245, ULR342, ULR364, ULR377, ULR403, ULR408) and insensitive
genotypes (ULR010). On the other hand, cluster group II had high yielding genotypes,
such as ULR155 had 350.2 g/m2 with weakly sensitive, ULR085 had a grain yield of
287.0 g/m2, and strongly sensitive, while ULR162 had a grain yield of 301.7 g/m2 and
exhibited insensitivity. This indicates that the high yielding genotypes were not only
dependent on photoperiod sensitivity.

Table 1. The number of genotypes, PSI, BVP, and grain yield (GY) of each group based on
cluster analysis.

Cluster Group Number of
Genotypes PSI BVP GY

I 1 0.33 41 656.5
II 77 0.56 (0.20–0.77) a 24.4 (17–42) 271.0 (220–250)
III 11 0.52 (0.29–0.64) 26.0 (18–43) 391.2 (362–450)
IV 49 0.59 (−0.04–0.89) 27.5 (14–73) 30.5 (0–136)
V 163 0.58 (−0.14–0.88) 26.0 (12–76) 143.0 (0–127)

a The numbers in brackets represent the lowest and highest values of each trait in the group.
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Figure 3. Cluster analysis of 301 indigenous rice germplasm based on days to flowering (DTF), panicle
number, tiller number, and grain yield according to Ward’s method. The yellow circle represents
the insensitive group (G1), the green circle the weakly sensitive group (G2), and the red circle the
strongly sensitive group (G3).

3.2. Effect of DTF, BVP, and PSI on Grain Yield

The genotypes were grouped by PSI to reveal the relationship between GY and DTF
in each group. Significant differences in correlations were revealed between DTF and GY
in each group of genotypes based on the PSI. Moreover, DTF was negatively correlated
with GY in all groups, with group 3 (G3) having the highest correlation of all groups
(r = −0.678 **) (Figure 4). The overall group results indicate that early maturity genotypes
have higher grain yield than late maturity genotypes in upland rice. The results reveal
that most upland rice genotypes have a higher grain yield than average grain yield, even
though rice germplasm is basically low yielding. Interestingly, the results show that rice
genotypes with around 90–105 DTF after seeding have high yield potential, especially in
the weakly sensitive group (G2). The critical day length of weakly sensitive genotypes was
longer in terms of light hours than the strongly sensitive genotypes, for example, weakly
sensitive needed less than 12 h/day but strongly sensitive needed less than 11 h/day. In
Thailand, daylenght becomes short in September, indicating that on the same planting date,
the maturity time was earlier in the weakly sensitive group.

The PSI were calculated between the flowering time of two planting dates that were
different from DTF in each genotype. Some genotypes had low PSI (photoperiod insen-
sitivity) but late flowering time (Figure 5). The PSI classification groups were found to
be significantly related to GY, with each exhibiting high variation. Group 1 (G1) showed
a positive correlation (r = 0.640 **) while groups 2 (G2) and 3 (G3) were negatively correlated
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(r = −0.224 ** and r = −0.243, respectively) with GY (Figure 5A). The photoperiod-sensitive
groups (G2 and G3) were found to have increasing PSI values with low yields in upland
rice genotypes. According to the results of this study, the selection criteria for upland rice
production under rainfed conditions should consist of early flowering and insensitive,
and weakly sensitive genotypes. In addition, the BVP was not correlated with GY in
weak and strong sensitivity groups, but insensitive groups showed a negative correlation
(r = −0.414 *) (Figure 5B). The results suggest that a long growth period under upland
conditions produces lower grain yield than early maturity or short BVP, especially in the
insensitive group. Moreover, the analysis showed a negative correlation between the BVP
with PSI and significant differences in groups 1 and 2 (G1 and G2) but not group 3 (G3)
(Figure 5C). The BVP represents the vegetative duration of rice before the reproductive
phase, indicating that the strongly sensitive group (G3) had a shorter vegetative phase than
the weakly sensitive (G2) and insensitive groups (G1). In contrast, the rice genotypes in
group 1 (G1) exhibited a high variation in BVP since the light duration did not affect the
flowering or panicle initiation time, suggesting that GY depends on PSI and BVP in all
genotype groups.

Figure 4. Relationship between DTF and GY in each group. G1 represents insensitive to the photope-
riod, G2 weakly sensitive, G3 strongly sensitive, ** represents significance levels at p < 0.01.

Figure 5. Cont.
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Figure 5. Relationship between PSI and GY (A), BVP and GY (B), PSI and BVP (C) in each group.
Triangle = G1 (insensitive), circle = G2 (weakly sensitive), square = G3 (strongly sensitive), while ns, *,
and ** represent not significant and significant at p < 0.05 and p < 0.01, respectively.

4. Discussion
4.1. Genotype Classification Based on BVP, PSI, Geography, and Yield

Rice is known to be a short-day plant [16], with its flowering time dependent on
the photoperiod. However, some genotype groups were insensitive to the photoperiod
with the flowering time being dependent on thermo-sensitivity [21]. The flowering time
and photoperiod sensitivity in rice exhibited significant differences, not only in variety
but also temperature, geography, and light intensity, especially the photoperiod-sensitive
group [22,23]. In this study, 301 accessions of Thai indigenous upland rice germplasm
were classified into three groups based on the photoperiod sensitivity index (PSI) and
five cluster groups based on days to flowering (DTF), yield, and agronomic traits
(Figures 2 and 3). This indicates that Thai indigenous upland rice germplasm exhibits high
genetic variations in PSI, flowering time, and yield performance. In this study, most of
the rice genotypes were classified into short BVP (less than 30 days) (Figure 1). The BVP
duration affects the days to maturity for rice, especially in the photoperiod sensitive group.
Upland rice germplasm was mainly collected by ethnic groups, leading to the selection
being based on the natural growing season in each area. The north and northeastern parts
of Thailand are the main areas for rice growing under rainfed conditions from June to
October. Since the fluctuation and unpredictability of rainfall affects the length of the grow-
ing period, a short BVP was selected due to the natural rainfall phenomenon. Moreover,
the long maturity period or long BVP was subject to a high risk of late season drought.
Most long BVP in genotype group 1 (Figure 2) was grown in the southern part of Thailand
due to the long rainy season and different planting times from August to December or
harvesting from January to February in flooding years. The variation in BVP supports
the criteria for maturity selection, especially in insensitive and weakly sensitive groups
of less than 30 days. Therefore, the most suitable BVP was the one considering criteria
for predicting the harvesting day that were BVP + 35 days (PI to flowering) + 35 days
(flowering to physiological maturity) [14].

In this study, the PSI ranged from −0.14 to 0.89. In general, the PSI tends to range
from 0.00 to 1.00. Low temperatures lead to delayed flowering [14], especially in insensitive
plants, due to the slow accumulation of thermal degree days [24], slow response during the
vegetative phase, and delayed heading date in cool summers [21]. The low temperature
on the second planting date resulted in late flowering and minus PSI for insensitive rice
genotypes (Figure 2). Moreover, most upland rice genotypes were found to experience
photoperiod sensitivity which is important for rainfed cultivation since the unpredictability
of rain affects planting time, growth duration, and yield. The start of the upland rice-
growing season depended on rainfall, which affects the maturity time. The same maturity
time of sensitive genotypes mostly reduced the yield due to the effect of late planting time
and late season drought. Late planting time was affected by short dry matter accumulation
that resulted in low grain yield. Moreover, weakly sensitive genotypes with long BVP
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could be subject to late season drought. However, the same maturity time resulted in
reduced yield loss by natural enemies, such as birds or rats targeting the plants due to
early or late maturity. The same maturity genotypes were also the critical criteria for
genotype selection in each planting area. However, the insensitive group (G1) was mostly
grown in the southern part of Thailand, which receives more rainfall than the north and
northeastern areas.

Furthermore, five group clusters were classified based on grain yield, days to flowering,
tiller, and panicle number (Figure 3, Table 1. The high yielding group had mostly weak
photoperiod sensitivity, making them suitable for upland rice production in Thailand.
The unpredictability of rainfall affected the planting time, especially in strongly sensitive
genotypes with low BVP (<20) due to the short biomass accumulation, reducing yield [25]
and yield components [26]. Although the strongly sensitive genotypes with a long BVP
were a better choice, they were subject to high risk under late season drought. Consequently,
the target environment was a major deciding factor in the selection of upland rice. The
growing areas in Thailand were sloping or hilly under rainfed conditions, creating a water
deficit and runoff according to the percentage of the slope gradient [27]. High yielding
genotypes with a BVP of 20–30 days and weak sensitivity (PSI group 2) were suitable for
rice production in these areas, such as those in cluster group III: ULR036, ULR039, ULR189,
ULR232, ULR245, ULR342, ULR364, ULR377, ULR403, and ULR408.

4.2. Effect of DTF, BVP, and PSI on Grain Yield

The relationship between GY and DTF in each group of indigenous upland rice
genotypes showed that late flowering genotypes exhibited lower yield than early flowering
genotypes. Rice genotypes with 90–105 DTF mostly exhibited high yield (over mean
yield), especially in the weakly sensitive group (G2) (Figure 4). The critical day length
of weakly sensitive genotypes was longer than strongly sensitive genotypes, so on the
same planting date, the maturity time was earlier in the weakly sensitive. Although the
long vegetative period increased the GY by assimilated accumulation [14,28], the late
maturity genotypes were at risk of water deficit, especially under rainfed conditions.
Although this study used an irrigation system, the percentages of 20–30% did not benefit
the plants due to evaporation, high evapotranspiration [29], and high penetration in sandy
soil [30]. Therefore, late maturity genotypes were not suitable for rainfed upland conditions,
especially in late season drought areas.

The correlation between PSI and GY was negative in the weakly sensitive group
(G2) and strongly sensitive group (G3), while positive in G1 (Figure 5A). The BVP in GY
was unaffected except for G1 (Figure 5B), while the BVP was correlated with the PSI in
G2 and G3 but not in G1 (Figure 5C). Based on photoperiod sensitivity, insensitive and
weakly sensitive groups were suitable for upland rice production under rainfed conditions.
However, the weakness in the insensitive group produced long BVP genotypes, resulting
in low GY (Figure 5B). Moreover, the highest GY was mainly from the weakly sensitive
group, making it suitable for upland rice production areas in Thailand due to unpredictable
rainfall affecting the growth duration. A delay in the planting date affected the strongly
sensitive genotypes, while an early planting date had a greater effect on the insensitive
group. For example, a late start to the rainy season affected the late planting date, reducing
the growth period of the strongly sensitive genotype, especially those with low BVP
(<20). Rice reaching the reproductive stage with low source accumulation affected the GY.
However, the strongly sensitive genotypes with a long BVP were another choice for this
situation. On the other hand, the early planting date of insensitive genotypes that had
early harvesting times affected the grain quality through the high moisture content, or in
the strongly sensitive group, long vegetative period was affecting the input factor such as
fertilizer, water, and labor. Therefore, the target environment was a major decision factor in
selection. Germplasm diversity is beneficial since it has the potential for breeding progress
or selection to release the genotypes. The GY, PSI, and BVP were the selection criteria in
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unpredictable rainfall conditions. Consequently, the most suitable BVP and PSI in each
cluster group were considered.

The long BVP and insensitive genotypes were useful in favorable areas with no
drought or a long growing duration, such as southern Thailand [11]. The BVP represents
the vegetative duration of rice before the reproductive phase. Therefore, a short BVP
affects biomass accumulation and GY. Photoperiod sensitivity was the main factor in rice
production, especially under late season drought [6,31]. The weakly sensitive group with
a suitable BVP (20–30 days) was selected for upland conditions. Moreover, the GY depended
on both PSI and BVP (Figure 5). The BVP was related to high PSI (photoperiod sensitivity)
in most upland rice germplasm. Consequently, a short BVP did not affect the growth
duration due to early or late planting; the rice did not reach the reproductive phase until
the critical day length, so the photoperiod sensitivity genotypes mostly had a short BVP
in this Thai indigenous germplasm. Furthermore, the main upland rice cultural practice
took place in the rainy season, and the maturity time tended to be the same before the dry
season. The main upland rice-growing area in north and northeastern regions was mostly
subject to late season drought [6], and selection is not only based on GY and DTF but also
PSI and BVP. The selection criteria for upland rice genotypes were weakly sensitive (G2)
with PSI values ranging from 0.30 to 0.60, low BVP from 20 to 30 days, and DTF of less than
105 days. The flowering times of the selected group ranged from the middle to the end of
September, resulting in a high grain yield due to the upland environment being suitable
for rice cultivation in Thailand [32]. The main upland rice-growing area in the north and
northeastern regions, mostly subject to late season drought, were selected not only on the
basis of GY and DTF but also PSI and BVP. The ideotype for upland rice genotype criteria
consists of weakly sensitive (G2) with PSI values ranging from 0.30 to 0.60, low BVP of
20–30 days, and DTF of less than 105 days. For example, ULR189 (PSI 0.60, BVP 26 days,
DTF 102 days, GY 421 g/m2), ULR039 (PSI 0.53, BVP 24 days, DTF 102 days, GY 420 g/m2),
and ULR403 (PSI 0.47, BVP 26 days, DTF 95 days, GY 388 g/m2). This ideotype will provide
good adaptation throughout the target area with weak sensitivity, a short vegetative phase,
and short time to maturity to mitigate the impact of unpredictable rainfall conditions and
escape drought.

5. Conclusions

Thai indigenous upland rice showed variation in their response to photoperiod sensi-
tivity. The rice was separated into three groups, most of which were weakly sensitive (G2)
with a short BVP (less than 30 days). The ideotype for upland rice selection exhibited weak
photoperiod sensitivity (G2) with a low BVP (20–30 days), DTF of less than 105 days, and
PSI values from 0.30 to 0.60 (weakly sensitive), such as ULR189, ULR039, ULR036, ULR403,
ULR364, ULR342, and ULR245 genotypes. These genotypes should be selected as breeding
material or for promoting upland rice production in the planting area.
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Author Contributions: Conceptualization, T.M.; methodology, T.M., S.C. and J.S.; validation, S.K.
and T.M.; data curation, S.K. and T.M.; writing—original draft preparation, S.K.; writing—review and
editing, T.M. and S.C.; supervision, T.M. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

https://www.mdpi.com/article/10.3390/agronomy12040957/s1
https://www.mdpi.com/article/10.3390/agronomy12040957/s1


Agronomy 2022, 12, 957 11 of 12

Acknowledgments: This research was supported by The Plant Breeding Research Centre for Sus-
tainable Agriculture and Rice Germplasm Collection project of Khon Kaen University, Khon Kaen,
Thailand. The author also thanks to the Thailand Research Fund, providing financial support through
the Senior Research Scholar Project of Sanun Jogloy (Project No. RTA6180002).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sombunjitt, S.; Sriwongchai, T.; Kuleung, C.; Hongtrakul, V. Searching for and Analysis of Bacterial Blight Resistance Genes from

Thailand Rice Germplasm. Agric. Nat. Resour. 2017, 51, 365–375. [CrossRef]
2. Office of Agricultural Economics. Agricultural Statistics of Thailand 2020; Annuals Report of 2020; Ministry of Agriculture and

Cooperatives: Bangkok, Thailand, 2020; pp. 4–5.
3. Phaphumma, A.; Monkham, T.; Chankaew, S.; Kaewpradit, W.; Harakotr, P.; Sanitchon, J. Characterization of Indigenous Upland

Rice Varieties for High Yield Potential and Grain Quality Characters under Rainfed Conditions in Thailand. Ann. Agric. Sci. 2020,
65, 179–187. [CrossRef]

4. Chumpol, A.; Chankaew, S.; Saepaisan, S.; Monkham, T.; Sanitchon, J. New Sources of Rice Blast Resistance Obtained from Thai
Indigenous Upland Rice Germplasm. Euphytica 2018, 214, 183–192. [CrossRef]

5. Huang, X.; Kurata, N.; Wei, X.; Wang, Z.; Wang, A.; Zhao, Q.; Zhao, Y.; Liu, K.; Lu, H.; Li, W.; et al. A Map of Rice Genome
Variation Reveals the Origin of Cultivated Rice. Nature 2012, 490, 497–501. [CrossRef] [PubMed]

6. Jongdee, B.; Pantuwan, G.; Fukai, S.; Fischer, K.S. Improving Drought Tolerance in Rainfed Lowland Rice: An Example from
Thailand. Agric. Water Manag. 2006, 80, 225–240. [CrossRef]

7. Shahidullah, S.M.; Hanafi, M.M.; Ashrafuzzaman, M.; Salam, M.A.; Khair, A. Flowering Response and Crop Duration of Aromatic
Rice in Diverse Environments. Comptes Rendus Biol. 2009, 332, 909–916. [CrossRef] [PubMed]

8. Jiang, L.; Xu, J.; Wei, X.; Wang, S.; Tang, J.; Zhai, H.; Wan, J. The Inheritance of Early Heading in the Rice Variety USSR5.
J. Genet. Genom. 2007, 34, 46–55. [CrossRef]

9. Hussain, S.; Huang, J.; Huang, J.; Ahmad, S.; Nanda, S.; Anwar, S.; Shakoor, A.; Zhu, C.; Zhu, L.; Cao, X.; et al. Rice
Production Under Climate Change: Adaptations and Mitigating Strategies. In Environment, Climate, Plant and Vegetation Growth;
Fahad, S., Hasanuzzaman, M., Alam, M., Ullah, H., Saeed, M., Khan, I.A., Adnan, M., Eds.; Springer Nature Switzerland AG. Part
of Springer Nature: Cham, Switzerland, 2020; pp. 659–686. ISBN 978-3-030-49732-3. [CrossRef]

10. Pray, C.; Nagarajan, L.; Li, L.; Huang, J.; Hu, R.; Selvaraj, K.N.; Napasintuwong, O.; Chandra Babu, R. Potential Impact of
Biotechnology on Adaption of Agriculture to Climate Change: The Case of Drought Tolerant Rice Breeding in Asia. Sustainability
2011, 3, 1723–1741. [CrossRef]

11. Sujariya, S.; Jongrungklang, N.; Jongdee, B.; Inthavong, T.; Budhaboon, C.; Fukai, S. Rainfall Variability and Its Effects on Growing
Period and Grain Yield for Rainfed Lowland Rice under Transplanting System in Northeast Thailand. Plant Prod. Sci. 2019, 23,
48–59. [CrossRef]

12. Ceccarelli, S.; Grando, S.; Maatougui, M.; Michael, M.; Slash, M.; Haghparast, R.; Rahmanian, M.; Taheri, A.; Al-Yassin, A.;
Benbelkacem, A.; et al. Plant Breeding and Climate Changes. J. Agric. Sci. 2010, 148, 627–637. [CrossRef]

13. Dingkuhn, M.; Asch, F. Phenological Responses of Oryza sativa, O. glaberrima and Inter-specific Rice Cultivars on a Toposquence
in West Africa. Euphytica 1999, 110, 109–126. [CrossRef]

14. Vergara, B.S.; Chang, T.T. The Flowering Response of the Rice Plant to Photoperiod, 4th ed.; International Rice Research Institute:
Los Baños, Philippines, 1985; ISBN 971-104-151-0.

15. Köhl, K. Growing Rice in Controlled Environments. Ann. Appl. Biol. 2015, 167, 157–177. [CrossRef]
16. Yoshida, S. Fundamentals of Rice Crop Science; International Rice Research Institute: Los Baños, Philippines, 1981.
17. Vergara, B.S.; Patena, G.; Lopez, F.S.S. Rapid Generation of Rice at the International Rice Research Institute; IRRI Research Paper Series

No. 84; International Rice Research Institute: Los Baños, Philippines, 1982; ISSN 0115-3862.
18. Immark, S.; Mitchell, J.H.; Jongdee, B.; Boonwite, C.; Somrith, B.; Polvatana, A.; Fukai, S. Determination of Phenology De-

velopment in Rainfed Lowland Rice in Thailand and Loa PDR. In Proceedings of the International Workshop on Breeding
Strategies for Rainfed Lowland Rice in Drought-Prone Environments, Ubon Ratchathani, Thailand, 5–8 November 1996; ACIAR:
Canberra, Australia, 1997; pp. 89–96.

19. Kumar, S.; Stecher, G.; Tamura, K. MEGA7: Molecular Evolutionary Genetics Analysis version 7.0 for Bigger Datasets. Mol. Biol. Evol.
2016, 33, 1870–1874. [CrossRef] [PubMed]

20. Gomez, K.A.; Gomez, A.A. Statistical Procedures for Agricultural Research, 2nd ed.; John Wiley & Sons: New York, NY, USA, 1984.
21. Choi, K.; Lee, J.; Chung, N.; Yang, W.; Shin, J. Effect of Temperature and Day-Length on Heading Habit of Recently Developed

Korean Rice Cultivars. Korean J. Crop Sci. 2006, 51, 41–47.
22. Craufurd, P.Q.; Wheeler, T.R. Climate Change and the Flowering Time of Annual Crops. J. Exp. Bot. 2009, 60, 2529–2539.

[CrossRef] [PubMed]
23. Villegas, D.; Alfaro, C.; Ammar, K.; Catedra, M.M.; Crossa, J.; Garcia del Moral, L.F.; Royo, C. Daylength, Temperature and

Solar Radiation Effects on the Phenology and Yield Formation of Spring Duram Wheat. J. Agron. Crop Sci. 2015, 202, 203–216.
[CrossRef]

http://doi.org/10.1016/j.anres.2017.11.001
http://doi.org/10.1016/j.aoas.2020.09.004
http://doi.org/10.1007/s10681-018-2267-3
http://doi.org/10.1038/nature11532
http://www.ncbi.nlm.nih.gov/pubmed/23034647
http://doi.org/10.1016/j.agwat.2005.07.015
http://doi.org/10.1016/j.crvi.2009.07.003
http://www.ncbi.nlm.nih.gov/pubmed/19819411
http://doi.org/10.1016/S1673-8527(07)60006-X
http://doi.org/10.1007/978-3-030-49732-3_26
http://doi.org/10.3390/su3101723
http://doi.org/10.1080/1343943X.2019.1698970
http://doi.org/10.1017/S0021859610000651
http://doi.org/10.1023/A:1003790611929
http://doi.org/10.1111/aab.12220
http://doi.org/10.1093/molbev/msw054
http://www.ncbi.nlm.nih.gov/pubmed/27004904
http://doi.org/10.1093/jxb/erp196
http://www.ncbi.nlm.nih.gov/pubmed/19505929
http://doi.org/10.1111/jac.12146


Agronomy 2022, 12, 957 12 of 12

24. Counce, P.A.; Siebenmorgen, T.J.; Ambardekar, A.A. Rice Reproductive Development Stage Thermal Time and Calendar Day
Intervals for Six US Rice Cultivars in the Grand Prairie, Arkansas, over 4 Years. Ann. Appl Biol. 2015, 167, 262–276. [CrossRef]

25. Suriyagoda, L.; Sirisena, D.; Kekulandara, D.; Bandaranayake, P.; Samarasinghe, G.; Wissuwa, M. Biomass and Nutrient
Accumulation Rates of Rice Cultivars Differing in Their Growth Duration when Grown in Fertile and Low-fertile Soils. J. Plant Nutr.
2019, 43, 251–269. [CrossRef]

26. Marcaida, M.; Li, T.; Angeles, O.; Evangelista, G.K.; Fontanilla, M.A.; Xu, J.; Gao, Y.; Li, Z.; Ali, J. Biomass Accumulation
and Partitioning of Newly Developed Green Super Rice (GSR) Cultivars under Drought Stress during the Reproductive Stage.
Field Crops Res. 2014, 162, 30–38. [CrossRef]

27. Jourgholami, M.; Karami, S.; Tavankar, F.; Monaco, A.L.; Picchio, R. Effects of Slope Gradient on Runoff and Sediment Yield on
Machine-Induced Compacted Soil in Temperate Forests. Forests 2021, 12, 49. [CrossRef]

28. Yang, Y.; Guo, X.; Liu, G.; Liu, W.; Xue, J.; Ming, B.; Xie, R.; Wang, K.; Hou, P.; Li, S. Solar Radiation Effects on Dry Matter
Accumulations and Transfer in Maize. Front. Plant Sci. 2021, 12, 727134. [CrossRef] [PubMed]

29. Shareef, T.M.E.; Ma, Z.M.; Chen, J.; Niu, X.X. Investigation of the Relationship among Water and Crop Production under Bounded
Irrigation Conditions. Comput. Water Eng Environ. Eng. 2021, 10, 18–35. [CrossRef]

30. Alhammadi, M.S.; Al-shrouf, A.M. Irrigation of Sandy Soils, Basics and Scheduling. In Agricultural and Biological Sciences—Crop
Production; Goyal, A., Asif, M., Eds.; IntechOpen: London, UK, 2013; pp. 49–67. ISBN 978-953-51-1174-0.

31. Monkham, T.; Jongdee, B.; Pantuwan, G.; Sanitchon, J.; Mitchell, J.H.; Fukai, S. Genotypic Variation in Grain Yield and Flowering
Pattern in Terminal and Intermittent Drought Screening Methods in Rainfed Lowland Rice. Field Crops Res. 2015, 175, 26–36.
[CrossRef]

32. Jaruchai, W.; Monkham, T.; Chankaew, S.; Suriharn, B.; Sanitchon, J. Evaluation of stability and yield potential of upland rice
genotypes in North and Northeast Thailand. J. Integr. Agric. 2018, 17, 28–36. [CrossRef]

http://doi.org/10.1111/aab.12226
http://doi.org/10.1080/01904167.2019.1676903
http://doi.org/10.1016/j.fcr.2014.03.013
http://doi.org/10.3390/f12010049
http://doi.org/10.3389/fpls.2021.727134
http://www.ncbi.nlm.nih.gov/pubmed/34603357
http://doi.org/10.4236/cweee.2021.101002
http://doi.org/10.1016/j.fcr.2015.02.003
http://doi.org/10.1016/S2095-3119(16)61609-X

	Introduction 
	Materials and Methods 
	Genetic Materials 
	Greenhouse and Field Experiments 
	Data Collection 
	Statistical Analysis 

	Results 
	Genotype Classification Based on PSI, BVP, Geography, and Yield 
	Effect of DTF, BVP, and PSI on Grain Yield 

	Discussion 
	Genotype Classification Based on BVP, PSI, Geography, and Yield 
	Effect of DTF, BVP, and PSI on Grain Yield 

	Conclusions 
	References

