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Abstract A high temperature at the flowering stage of rice, which is the most critical time, causes
spikelet fertility to decrease among different rice varieties. Variability and relationship between
agronomic characteristics and grain yield in 15 rice varieties were investigated under high-
temperature conditions from 40°C to 45°C for 6 hours during the daytime at their reproductive
stage. The results showed that high temperature significantly declined seed set and yield per plant
of all varieties. Based on the seed set at high temperature, M9962 was the most tolerant, while
Sinlek, Khao Dawk Mali 105, Chainat 1, and RD49 were susceptible. The genotypic coefficient
of variation (GCV) and phenotypic coefficient of variation (PCV) had analyzed. All traits had
lower GCV than that of PCV. The spikelets number per panicle, seed set, and 1,000-grain weight
had higher heritability than other traits under high temperatures. Phenotypic correlation
coefficients at high temperatures among all traits were estimated. The greatest directly positive
affected on yield per plant was seed set following by panicle weight under high temperatures. It
indicated that seed set and panicle weight could be applied for selecting high yielding genotypes
under high-temperature conditions.
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Introduction

The importance of rice to consumers is widespread around the world and
can be grown under the proper temperature ranging from 27 to 32°C for normal
development (Yin et al., 1996). Presently, the temperature in Thailand increase
by 1°C from 1951 to 2017 due to global climate change and the maximum
average temperature from March to June was higher than 35°C (Department of
Meteorology, 2018). As the temperature increased by 1°C, the yields of rice were
assessed to be reduced by 10% (Peng et al., 2004). In China, the yield decreased
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by 10%-20% due to high temperature during flowering stage (Luo ef al., 2015;
Wang, 2016). A high temperature exceeding 35°C more critically affects the
reproductive stage than the vegetative stage (Satake and Yoshida, 1978; Yoshida,
1981; Matsui et al., 2000). Under high temperature, spikelet fertility declined due
to anther dehiscence and pollen activity inhibition (Satake and Yoshida, 1978;
Coast et al., 2016) and grain filling decreased at the early ripening stages (Wei
et al.,2002).

However, high temperature of 40-45°C at flowering stage had a lower
seed set than in the booting stage (Cheabu et al., 2018), inhibited anther
dehiscence and pollen shed (Yoshida, 1981; Matsui et al., 2000; Prasad et al.,
2006; Jagadish et al., 2010), increased sterile spikelets number and reduced the
yield of japonica rice (Satake and Yoshida, 1978). Various rice varieties had
different effects on seed set under high temperatures (Cheabu et al., 2018;
Malumpong et al., 2020). A temperature of 38°C decreased the completed
spikelet of sensitive and tolerant variety of rice about 18% and 71%, respectively
(Jagadish et al., 2010). While, Madan et al. (2012), a temperature of 38°C
reduced the seed set of tolerant and sensitive rice by 4.4% and 9.8%, respectively.
High temperature during anthesis adversely affects the fertilization process.
Normally, the fertilization of rice completes within five to six hours after
pollination, and the kernel appears after two to three days (Krishnan and
Dayanandan, 2003). As the fertilization rate declined, the spikelets number per
panicle decreased that affected to sink size and yield-producing capacity
limitation (Kobayashi et al., 2004; Matsushima, 1995). Furthermore, high
temperature affected grain filling stage and decreased grain yield due to a rapid
seed growth rate but a short time to seed dry weight (Yoshida and Hara, 1977,
Oh-¢e et al., 2007; Xie et al., 2009).

In Thailand, the high temperature during flowering stage of rice in March-
April may lead to the reduction of seed set and seed yield. Each variety of rice
differently responds to high temperatures. Thus, variety screening under high
temperatures can be identified sensitive and tolerant varieties. The purposes of
the research were to investigate the variability of agronomic traits and grain yield
under high-temperature stress in 15 rice varieties. In addition, the relationships
between agronomic traits and grain yield were analyzed using correlation and
path coefficient assessments.

Materials and methods
Rice materials

Fifteen rice varieties were used in this study, including 13 varieties from
the Rice Department, Thailand, RD31, RD41, RD47, RD49, RD57, RD61,
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RD71, Suphan Buri 60 (SP60), Chainat 1 (CN1), Phitsanulok 2 (PL2), Pathum
Thani 1 (PTT1), Khao Dawk Mali 105 (KDML105); two varieties from Kasetsart
University, Thailand, Sinlek (sensitive variety) and M9962 (tolerant variety).

Growth conditions

The experiment was performed in the field and a high-temperature
greenhouse at the Rice Science Center, Kasetsart University, Kamphaeng Saen
campus, Nakhon Pathom, Thailand (14°01°16° N, 99°58’54’° E) from
September to December 2018. A split plot in completely randomized design with
4 replications was applied in the pot experiment. Main plots consisted of two
growth conditions in the field (30-35°C) and high-temperature greenhouse (40-
45°C) conditions as treatment during the daytime and subplot was 15 rice
varieties. All varieties of rice were sown in a plastic tray with soil and the rice
seedlings of each variety were transplanted at 30 days after sowing (DAS). Each
pot contained one plant in plastic pots (17 cm width, 17 cm length, and 21 cm
height) containing sieved sandy loam soil. The water level of 3.0 to 4.0 cm was
maintained until the plants attained physiological maturity. Each pot applied urea
46-0-0 of 0.5 and 0.6 g at 45 DAS (the mid-tillering) and 65 DAS (panicle
initiation) stages. Pest management was sprayed following the high-yield
recommendations.

After transplanting to the booting stage (R2), rice plants were assessed
under field conditions (30-35°C) (Jagadish et al., 2013). Then, rice plants (20
pots per variety) were maintained in the field conditions as a control. The other
20 pots per variety were treated in a high-temperature greenhouse of 40-45°C
with 50% relative humidity from 10.00 am until 4.00 pm (6 hours per day) at the
booting stage until harvesting. Usually, the temperature was gradually raised
beginning at 6.00 am from about 30°C to 40—45°C at 10:00 am. Subsequently,
the greenhouse temperature was reduced to 28—-30°C at night (18:00 to 6:00). The
minimum and maximum temperature, relative humidity, and light intensity were
measured five-minute intervals using the WatchDog 1000 Series data logger
(Spectrum Technologies, Inc., USA).

Agronomic traits and grain yield

Five rice plants per replication of each variety were used to assess plant
height and tillers number per plant. Three panicles of each variety were randomly
chose and tagged at the flowering stage (R4). The first three panicles from each
rice plant under high and field conditions were sampled after complete
maturation (R9). For panicle weight, the first three panicles of rice were
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harvested and weighed. Each panicle was separated and counted the number of
filled and unfilled grains per panicle and weighed filled grains per panicle. The
percentage of seed set was calculated between the filled grains number dividing
to the total spikelets number per panicle. The seed set percentage was used to
classified the heat tolerant level according to IRRI (2013), where, highly
susceptible (<11%), susceptible (11-40%), moderately tolerant (41-60%),
tolerant (61-80%), and highly tolerant (>80%). The grain yield was calculated to
units of “g” per plant at 14% moisture content. After threshing, the grains were
weighed to obtain the 1,000-grain weight, and this step was repeated three times.
In addition, grain width and length were measured from 20 seeds of each

replication.
Statistical analysis

The data were evaluated using analysis of variance (ANOVA) with
appropriate transformations in R program version 3.6.1 (R Core Team, 2017).
The mean was compared by least significant difference (LSD) at significance
levels 0of 0.01 and 0.05. For parameters showing significant differences among
the experiments, values from all experiments were combined to gain the mean
and standard error. The agronomic traits and grain yield were analyzed
correlation using Microsoft Excel software.

Genotypic and phenotypic variances
The genotypic and phenotypic variances of agronomic traits and grain

yield were estimated using the specified formula by Johnson et al. (1955).
Genotypic variance, 6° = GMS-EMS/r

Where GMS = genotypic mean square; EMS = error mean square and r = number

of replications.
Phenotypic variance, 6%, = 6%, + EMS

Where 6%, = Genotypic variance

Heritability

Heritability in a broad sense (h%,) was computed followed by Johnson
et al. (1955).

Lo 0’8
Heritability = GTpxmo

Where h? = Heritability in the broad sense was separated into low (< 30%),
medium (30-60%), and high (> 60%) according to Johnson et al. (1955).
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Genotypic coefficient of variation (GCV) and phenotypic coefficient of
variation (PCV)
GCV and PCV values were calculated using the formula of Burton and
DeVane (1953) and Singh and Chaudhury (1985) followed by

\Jo?g
GCV = TxlOO

\Jo?p

PCV = ——x100
X

Where x = Population mean

GCYV and PCV values were classified as low (<10%), moderate (10-20%),
and high (>20%) (Sivasubramanian and Madhavamenon, 1973).

Path Coefficient Analysis
Path coefficient was analyzed using the phenotypic correlation
coefficients as recommended by Dewey and Lu (1959).

rij =Py + 1Py,

where r; = the mutual association between yield-related trait (the independent
character i) and grain yield (the dependent character j) as evaluated by the
phenotypic correlation coefficients; P; = the direct effects of the independent
character i on the dependent character j as determined by the path coefficients;
and ) 7Py, = the summation of the indirect effects of the independent character
i on a given dependent character j through all other independent characters . the
contribution of the remaining unknown characters is captured as the residual

followed by
Pr=V(1-XP; i)
Results
Microclimate data during experimentation
The field experiment spanned the late rainy season from September to
December 2018, during which the seasonal daytime temperatures (10:00—16:00)
in the field conditions and greenhouse had an average temperature of 28.1°C and

39.9°C and a maximum temperature of 32.8°C and 49.6°C. These values
indicated that the average maximum temperature in greenhouse was higher than
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in field conditions of 11.8°C. The average relative humidity in the field and
greenhouse was 67.4% and 51.2%, while the maximum relative humidity in the
field and greenhouse was 87.6% and 71.3%, respectively. The relative humidity
in the field was greater than in the greenhouse conditions by 16.2% due to fan
ventilation in the greenhouse controlling the relative humidity. The field and
greenhouse conditions had an average light intensity of 1,254.1 and 610.0 umol
m2 s, respectively. The greatest light intensity in the field and greenhouse
conditions was 1,833.3 and 997.7 umol m s°!, respectively, which indicated that
the mean of light intensity in the field was greater than greenhouse conditions of
644.1 umol m s'! due to the plastic sheet in greenhouse (Figure 1).
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Figure 1. The average air temperature (°C), relative humidity (%), and light
intensity (umol m2 s'') under field and high temperature conditions about 10 am
to 4 pm in August - December 2018 from reproductive stage to harvesting
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Effects of high temperature on agronomic characteristics

The main effects of temperature, variety, and their interactions
significantly (P<0.05) affected agronomic traits. The plant height of all varieties
under high temperatures was higher than in the field conditions. RD61, PSL2,
and M9962 under both of the field and high-temperature conditions did not
significantly different in plant height. The temperature did not significantly
different in number of tillers per plant. However, the varieties and their
interactions were significant (P<0.05). Under field conditions, RD61 showed a
larger number of tillers per plant, but it did not significantly different from RD31
and RD57. While, RD29, RD31, RD49, RD57, RD61, and RD71 under high
temperature had declined in the number of tillers per plant by 20.0-40.2% (Figure
2).

The panicle weight in the field (3.13 g) was significantly higher than in
high-temperature conditions (2.15 g). Thus, the high temperature decreased the
panicle weight by 31.3% compared with the field condition. Among rice
varieties, a greater panicle weight was found in RD29 and RD31, although it did
not significantly differ from RD41 and RD47 in the field condition. However,
high temperature reduced the panicle weight in all varieties by 11.4-55.8% in
comparison to the field conditions. The top five varieties were dramatically
decreased in panicle weight due to high temperature, including Sinlek (55.8%),
followed by RD29, RD31, Chainat 1, and Khao Dawk Mali 105. In contrast, the
high temperature did not significantly affect Suphan Buri 60, Pathum Thani 1,
RD41, M9962, and Phitsanulok 2 with panicle weight reduction from 11.4-
21.2% in comparison to the field conditions (Figure 2).

The high temperature significantly reduced filled grain weight per panicle
in all varieties by 22.3-70.6% in comparison to the field conditions. Sinlek had
the greatest affected by the high temperature to decrease filled grain weight
(70.6%), followed by RD29, Khao, Dawk, Mali 105, Chainat 1, RD31, RD47,
RD49, RD57, RD71, RD41, RD61 and Phitsanulok 2, ranging between 60.2 and
30.8% (Figure 3). However, the grain width and grain length during the grain-
filling of all varieties between field and high-temperature conditions were not
significantly different (Figure 3).

The high temperature did not result in a significantly different grain yield
per plant compared with field conditions. Whereas, the varieties and their
interactions had significantly different on yield per plant. All varieties was
reduced the yield per plant ranging from 4.8-52.4% under high temperature.
Under field conditions, RD31 had the highest yield per plant at 23.05 g, while a
greater yield per plant under high-temperature conditions was found in RD29
(15.01 g) and RD49 (14.58 g). However, the high temperature largely decreased
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the yield of Sinlek by 52.4%, followed by RD31 and RD71 by 39.8 and 28.2%,
respectively, in comparison to the field condition (Figure 4).
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Figure 2. Plant height, number of tillers per plant, and panicle weight of rice
grown under field and high temperature conditions in the late rainy season of
2018.
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Figure 3. Filled grain weight per panicle, grain width, and grain length of rice

grown under field and high temperature conditions in the late rainy season of
2018

A greater seed set percentage was found under field (75.0%) compared
to high-temperature (42.9%) conditions. Under field conditions, RD29 (85.2%)
had the highest seed set percentage, but no significant effect was observed for
other varieties, except for Chainat 1, Pathum Thani 1, Khao Dawk Mali 105,
Sinlek, and M9962. However, the high temperature decreased the seed set in all
varieties by 18.6 — 63.1%. M9962 under high temperature showed the greatest
seed set of 63.1%, indicating that this variety was tolerant to heat stress. High
temperature reduced the seed set percentage in Sinlek (18.6%), which had the
greatest seed set reduction by 69.6%, followed by Khao Dawk Mali 105, RD29,
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RD49, Chanat 1, and RD47, respectively (Figure 4). Thus, this study divided rice
varieties into three groups according to IRRI (2013) with the seed set at high
temperature: tolerant (61 to 80%, 1 variety), moderately tolerant (41% to 60%,
10 varieties), and susceptible (<40%, 4 varieties). RD29, RD47, RD57, RD31,
RD71, Suphan Buri 60, RD61, Pathum Thani 1, Phitsanulok 2, and RD41 were
identified as moderately tolerant, and Single, Khao Dawk Mali 105, Chainat 1,
and RD49 were susceptible to high temperature (Figure 4).
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Figure 4. Yield per plant, seed set, and 1,000 seed weight of rice grown under
field and high temperature conditions in the late rainy season of 2018

The 1,000 grains weight was significantly lower under high-temperature
than field conditions in all varieties. As shown in Figure 4, 1,000 seed weight
decreased under high temperature. The interaction between temperature x
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cultivar was significantly different for 1,000-seed weight (P < 0.05). The seed
weight in Chainat 1 was reduced of 1.7%, Khao Dawk Mali 105, RD57, RD29,
Pathum Thani 1, RD31, and M9962 ranging from 2.7% to 7.5%. While, RD47
had the highest reduced in seed weight (13.9%) under high temperature. (Figure
4).

Genetic parameters for quantitative traits under high temperature

Plant height, filled grains number per panicle, seed set, panicle weight,
1,000-grain weight and grain yield per plant gave a highly significant (P < 0.01)
among the genotypes, environment, and interaction of genotype by environment.
While panicle per plant had not significantly difference among rice varieties
(Table 1).

Table 1. Mean squares of agronomic traits, yield, and yield components of 15
rice varieties

Traits Genotypes Environment GxE Error C.V.

(G) (E) (%)

Plant height (cm) 5877.36**  1700.15%* 133.01**  39.78  5.06
Panicle per plant 19.53 56.02 13.96 147 1535
Panicle length (cm) 36.98%* 0.67 11.23%x* 1.82 5.59
Panicle weight(g) 5.72%* 154.36** 2.26%* 032 17.85
Number of spikelets per panicle ~ 1269.82%* 465 3831** 112 24.06

Number of filled grains per 5006.31%%  16884.12%*  433521%% 441.02 28.62

panicle

Ea‘ggl’zr of unfilled grains per 6701%%  19010.44** 299223  342.01 30.19
Seed set (%) 2033.54%*  93186.78%*  896.74** 58  13.88
Grain length (mm) 0.07%* 0.03 0.01 0.001 3.16

1,000-grain weight (g) 0.74%* 4.20%% 0.07%*  0.005 2.71

Grain yield per plant (g) 4.01%* 174.89%* 3.15%* 027  26.76

*xhighly significant at P < 0.01, C.V; coefficient of variation

All traits gave higher PCV than the corresponding GCV. The greatest
PCV was observed in unfilled grains number per panicle (38.62%), grain yield
per plant (29.59%) and filled grains number per panicle (27.85%). Higher GCV
was presented for unfilled grains number per panicle (28.73%) and seed set
(19.24%). The quantitative traits had heritability ranging from low (13.4%) to
high (98.68%). Grain length showed the highest heritability of 98.68% followed
by plant height (97.74%) (Table 2). It indicated that the high heritability in each
traits was less influenced by the environment. Whereas, the lower heritability of
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the filled grains number per panicle (13.40%) and grain yield per plant (21.45%)
gave highly affected by the environment of high temperature.

Table 2. Estimation of phenotypic and genetic variances of agronomic traits
related to the yield of 15 rice varieties under high temperature

Characters Phenotypic  Genotypic PCV ~ GCV  Heritability
variance variance (%) (%) (%)
(8’p) (3%
Plant height (cm) 489.75 478.67 17.97 17.76 97.74
Panicle per plant 1.63 0.46 16.16 8.59 28.52
Panicle length (cm) 3.08 2.15 7.28  6.09 69.63
Panicle weight (g) 0.48 0.29 22.62 17.58 60.49
Number of spikelets per panicle 1058.17 73892 2349 19.63 69.83
Number of filled grains per panicle 417.17 55.92 27.85 10.20 13.40
Number of unfilled grains per panicle 558.42 309.08 38.62 28.73 55.35
Seed set (%) 186.09 111.42 2487 19.24 59.87
Grain length (mm) 0.01 0.01 9.63 9.63 98.68
1,000-grain weight (g) 0.06 0.06 9.40 9.40 89.50
Grain yield per plant (g) 0.33 0.07 29.59 13.63 21.45

Correlation and path coefficient analysis

In field condition, grain yield per plant were highly significant and
positive relation with panicle weight (0.95%*), number of filled grains per panicle
(0.89*%), a total of spikelets per panicle (0.83**), primary branch (0.76**), plant
height (0.60**) and day of heading (0.80) (Figure 5A). However, the correlation
results in the high-temperature stress were highly significant and positive relation
of grain yield per plant with panicle weight (0.89**), seed set (0.84*%*), and the
number of filled grains per panicle (0.69**); while 1,000-grain weight (-0.53*%*),
grain length (-0.70**) and unfilled grains number per panicle (-0.65*%*) were
negatively correlated to grain yield per plant under high-temperature (Figure 5B).
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Figure 5. Correlation coefficients for (A) field condition and (B) high
temperature stress related each traits. GY: grain yield per plant (g); GW: 1,000-
grain weight (g); GL: grain length (mm); PW: panicle weight (g); SS: seed set
(%); FGP: filled grains number per panicle; UFGP: unfilled grain number per
panicle; SP: a total of spikelet per panicle; PB: primary branch; PL: panicle
length (cm); FL: flag leaf length (cm); PH: plant height (cm); PP: panicle per
plant; DH: day of heading

Path coefficient was analyzed for all other traits of grain yield per plant
(Figure 6). At the field condition, it showed that the directly affected of the filled
grains number per panicle was positive and high (0.581) and its indirectly
affected via a total of spikelets per panicle (0.934) was positive. While, in the
high-temperature, all characters excepting 1,000-grain weight, filled grains
number per panicle, and unfilled grains number per panicle had negatively direct
effects on grain yield. Seed set showed the greatest positive directly affected on
yield per plant of 0.575, meaning a higher seed set lead to increase grain yield.
The phenotypic correlation between seed set and grain yield (2= 0.84; P <0.01)
and panicle weight had yielded the next highest and directly affected on grain
yield (0.439). The phenotypic correlation between the traits was positive and
statistically significant (+* = 0.89; P < 0.01). It indicates that a reliable criteria for
high-yielding genotypes was seed set and panicle weight in heat stress
environments.
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Figure 6. Comparison of genotypic path coefficient diagram between (A) field condition and(B) high-temperature
stress of effective relationships between yield component traits and grain yield (GW: 1,000 grain weight; GL: grain
length; PW: panicle weight; SS: seed set; FGP: Number of filled grains per panicle; UFGP; Number of unfilled grains
per panicle; SP: a total of spikelets per panicle)
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Discussion

Global warming causes air temperature increase and has an impact on
rice production. A high temperature exceeding 35°C induces floret sterility and
decreases rice yield (Afuakwa et al., 1984; Matsui ef al., 1997; Nakagawa et al.,
2003). An average temperature of 39.9°C in the greenhouse was conducted
during 10.00 am to 4.00 pm. This temperature was higher than the typical field
condition of 11.8°C. The relative humidity had no difference in both the field and
high-temperature greenhouse conditions. While the greenhouse had light
intensity lower (644.1 pmol m™ s'!) than field conditions due to a plastic sheet
was used to cover the greenhouse similar to Jagadish et al. (2007), who observed
a light intensity of 650 umol m s’! in the greenhouse. Additionally, Murchie et
al. (1999) reported an optimum light intensity for growth and photosynthesis in
rice with a saturation of less than 1,000 pmol m? s, It was confirmed that the
rice plants had been directly affected by extremely high temperatures, while the
relative humidity and light intensity did not affect growth.

The plant height, tillers number per plant, yield components, and grain
yield had affected by high temperatures in all 15 varieties. However, the degree
to which each characteristic was affected differed depending on the genotypic
variation (Matsui et al., 2001). The plant height in all varieties herein was higher
under high temperatures when compared to field conditions. This was supported
by Oh-e et al. (2007), who found that the plant height under high temperatures
steeper increase than field conditions. Among rice varieties showed variation of
tillers number per plant and tillers number per plant of most varieties decreased
under high temperatures. Therefore, tillers number per plant in ambient
conditions had greater than high temperatures at the maturity stage.

High temperatures reduce yield by causing spikelet sterility at the
flowering and grain filling stage (Cheabu et al., 2019; Malumpong et al., 2019;
Malumpong et al., 2020). High temperatures also decreased grain weight by
inhibiting photosynthesis and starch biosynthesis enzymes (Long ef al., 2015;
Wang et al., 2012). The reduction of the rate of photosynthesis by high
temperature decreased sucrose accumulation in the leaf and its translocation to
the phloem. The starch biosynthesis enzyme is sensitive to high temperatures and
has a reduced yield via the inhibition of starch synthesis and grain filling (Fu et
al., 2016). In this study, the seed set of all varieties decreased under high
temperatures. The decreased seed set was associated with a high temperature-
induced decrease in pollen production and shedding during flowering. Spikelet
sterility is greatly increased at a temperature above 35 °C (Nakagawa et al., 2003;
Jagadish et al., 2007). Contradicting results were observed for a heat-tolerant
accession, M9962, with better anther dehiscence, higher pollen germination, and
higher spikelet fertility (Cheabu et al., 2019; Malumpong et al., 2019). The
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genetic variation of rice showed a different of floret sterility under high
temperature stress (Sheehy et al., 2005; Malumpong et al., 2020).

High temperature largely affected 15 rice varieties in terms of yield
reduction. During the flowering and grain filling stage, high temperature
negatively affected yield due to the reduction of sterile spikelets and the short
duration of grain filling (Oh-e et al., 2007; Tian et al., 2007; Xie et al., 2009). In
addition, high daytime temperature reduced pollen viability and number of
germinated pollens that affected to fail in fertilization process (Prasad et al.,
2006). At the ripening stage, the high temperature decreased yield due to the
respiration of seed (Tanaka et al., 1995).

The size of grain was affected by high temperature (Cao et al., 2008,
Chaturvedi ef al., 2017). The grain width and length in all varieties had no
significant difference in both high-temperature and field conditions. The opposite
results showed that high temperatures during early seed development decreased
the seed size in rice (Begcy et al., 2018). The 1,000-grain weight of all varieties
slightly decreased under high temperatures. This result indicated that high
temperature negatively affects the early seed development stage and then
decreases starch accumulation. High temperature inhibits the translocation of
starches from source to sink and affects accumulation in the seed and grain
(Brown et al., 1996; Jeng et al., 2003; Folsom et al., 2014). Zhang et al. (2018)
found that heat-susceptible rice cultivars had a lower grain weight under heat
stress. The decreasing grain weight affected by high temperature due to limitation
of sucrose allocation into the grains. It indicated that the kernel weight in plants
was regulated by sugar metabolism as treated by heat stress (Wang et al., 2008;
Ruan, 2014).

Genotypic and phenotypic variance analysis found that all traits had GCV
lower than PCV, indicating that the environment influenced the traits. In this
study, high GCV was presented for unfilled grains number per panicle. It is a
possibility to improve yield through this trait selection (Bitew, 2016) The filled
grains number per panicle and grain yield showed low heritability combined with
a low genetic advance that might not be recommended for selection. However,
the spikelets number per panicle, seed set, and 1,000-grain weight belonging to
higher heritability indicated that it might be recommened as an effective selection
for these traits under high temperature conditions (Hossain et al., 2021).

The investigation entitled correlation and path coefficient analysis for
agronomic traits of rice at the field and high temperatures was carried out. It was
found that the greatest directly positive affected on yield per plant was seed set
and panicle weight under high temperatures. This experiment was consistent with
Prasanth et al. (2017) and Oladosu et al. (2018) resulted that the major traits for
high yield per plant under high temperature was filled grain number and spikelet

1838



International Journal of Agricultural Technology 2024 Vol. 20(5):1823-1842

fertility percentage. In addition, Poudel ef al. (2021) reported that panicle weight
exhibited a positive correlation and highly positive direct effect on grain yield in
wheat. Kande ef al. (2018) found that grain yield had highly positive direct effect
to kernel weight and the number of kernel ears. Whereas, Aman et al. (2020)
found that ear height gave the highest directly affected on protein quality in
maize.

In the current study, there are differently sensitive and tolerant heat-stress
rice varieties. M9962 was confirmed as a heat-tolerant variety, while RD29,
RD47, RD57, RD31, RD71, Suphan Buri 60, RD61, Pathum Thani 1,
Phitsanulok 2, and RD41 were moderately tolerant, and Sinlek, Khao Dawk Mali
105, Chainat 1 and RD49 were susceptible to high temperature. For the
variability and relationship of agronomic traits and grain yield, the PCV was
greater than that of the GCV for all traits. The spikelets number per panicle, seed
set, and 1,000-grain weight had higher heritability than other traits under high
temperatures. Phenotypic correlation coefficients at high temperatures among all
traits were estimated. The results presented that yield per plant gave the highest
directly positive affected by seed set followed by panicle weight under high
temperature. It indicates that a reliable criteria for screening high-yielding
genotypes in high-temperature conditions was seed set and panicle weight.
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