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Abstract: This study aimed to investigate how transplanting date affects the agronomic and grain
quality traits of two early maturing rice varieties. The experiment was conducted in the rice research
field of Chungnam Agricultural Research and Extension Services, South Korea and rice materials
were transplanted at intervals of approximately 15 days from April 16 to July 16 in 2019 and 2020.
Results showed that agronomic and grain quality traits varied according to the transplanting date,
and earlier transplanting resulted in the longer period of days from transplanting to heading (DTH).
The spikelet number m* was highly correlated with the milled rice yield (r = 0.963** for Jinbuol, r =
0.909** for Yeoreumi) and it significantly decreased as the transplanting date was delayed, which
was leading to lower yield. Environmental factors, the mean temperature during the grain filling
stage, had a negative correlation with head rice rate (r2= 0.825** for Jinbuol, r>= 0.803** for Yeo-
reumi), and the number of days from transplanting to heading showed negative correlation with
protein content (r?= 0.777** for Jinbuol, 1= 0.833** for Yeoreumi). Therefore, increasing the number
of days from transplanting to heading date can lead to higher milled rice yield and lower protein
content, and avoiding heading dates on July 17 can improve the appearance traits. As a results, it is
suggested that early transplanting is advantageous to increase the milled rice yield and grain quality
of early maturing rice.
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1. Introduction

Rice is one of the most important staple foods in the world, feeding more than half
of the global population, and approximately 90% of the world's rice is produced and con-
sumed in Asia. Rice has been a staple food in Korea for thousands of years and has had a
significant impact on the country's economy and culture [1,2]. However, the cultivation
area of rice continuously decreased from 1,306,789 hectares (1980) to 780,440 hectares
(2021) because of the industrialization [3]. As the standard of living has improved, rice
consumption per person has decreased from 132.4 kg (1980) to 56.5 kg (2022) due to the
increased availability and consumption of western-style convenience foods and demand
for rice with high quality has been increasing [4-6].

Rice grain quality is a complex characteristic that depends on multiple factors, in-
cluding appearance, cooking qualities, and eating qualities. Among these traits, consum-
ers tend to pay more attention to appearance including head rice, chalky rice and cracked
rice [7]. Chalky rice is generally regarded as undesirable characteristic because it is less
stickiness than head rice when cooked and has poor palatability. The reason for the in-
crease in chalky rice is that high temperatures during grain filling stage interferes with
grain development and reduces carbohydrates [8-11]. In addition, high temperature influ-
ences the physicochemical property such as protein and amylose content [12,13]. In an
effort to improve the quality of rice, many researchers have identified the relationship
between physicochemical properties and eating quality. And currently, it is used as an
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indirect method for estimating the eating quality texture by using physicochemical char-
acteristics such as protein content, amylose content, glossiness of cooked rice, alkali diges-
tion, and viscosity characteristics of starch [10,14,15].

Rice cultivation is a significant contributor to global methane emissions, Methane is
produced by the anaerobic (oxygen-free) decomposition of organic matter in the soil dur-
ing rice cultivation. Therefore, reducing methane emissions from rice cultivation is an im-
portant goal in the context of climate change, and researchers are actively working to find
innovative solutions to this problem [16-20] and one strategy for reducing methane emis-
sions from rice cultivation is to use early maturing rice varieties with a short growing
period [21]. By using early maturing rice varieties, farmers can also potentially harvest
their crops earlier in the season, which can give them more flexibility in terms of double
cropping and may also help to reduce the overall greenhouse gas emissions associated.

Early maturing rice varieties in Korea have been bred to grow in mid-mountain and
mountainous regions due to their adaptability to cooler temperatures and shorter growing
seasons in these regions. When these varieties are grown in plains areas, they tend to have
decreased grain quality with the increase of chalkiness and cracking due to high temper-
ature during grain filling stage, which can negatively affect the appearance, cooking, and
eating qualities of the rice [22-24]. Grain filling stage in rice is largely dependent on the
heading date, which can be influenced by various factors, including the rice variety, tem-
perature, day length, and transplanting date. Previous studies have shown that the
growth and development of rice can be influenced by transplanting date [25-27].

This study was conducted to investigate the variations of growth and grain quality
according to the transplanting date using early maturing rice varieties in plain area and
to use it as data for producing rice with a higher milled rice yield and better quality.

2. Materials and Methods
2.1. Experimental site and rice varieties

This study was conducted in 2019 and 2020 at the rice research field of the Chung-
cheongnamdo Agricultural Research and Extension Services (CNARES) located in Yesan,
Chungcheongnamdo, South Korea (36°44'N, 126°49°E). The organic matter content of soil
was 20.3 g kg, alkaline dissolved nitrogen was 147.2 mg kg, available phosphorus was
43.6 mg kg, available potassium was 0.31 cmol+ kg1, and pH was 6.2. For this study,
Jinbuol and Yeoreumi, which are early maturing rice varieties with different agronomic
and grain quality traits, were used.

2.2. Meteorological data

To investigate the meteorological conditions during the rice cultivation period in Ye-
san, South Korea, weather data spanning from 2011 to 2020 sourced from the official web-
site of the Korea Meteorological Administration (https://www.weather.go.kr) were uti-
lized. Meteorological data from 2009 and 2020, corresponding to the rice growing season,
were used to analyze the relationship between temperature and rice growth and grain
quality.

2.3. Cultivation methods
In order to prevent diseases transmitted by seeds such as Bakanae disease, seeds were

soaked in cold water at 15 °C for 2 days and then treated with a seed disinfectant consisting
of Tebuconazole (12.5 %) + Prochloraz copper chloride (12.5 %) [28]. Disinfected seeds
were sown in a nursery box, grown in a greenhouse for 3 weeks after sowing and then
transplanted manually seven times at 15-day intervals from April 16 to July 16. A total of
4-5 seedlings were planted per hill, with the spacing of 12 cm between plants and 30 cm
between rows. A split plot design with three replications was employed with the trans-
planting date as the main plot, and cultivars as the subplots. The size of each plot was 13.5
m? (5 m long, 2.7 m wide, and 9 rows with a 30 cm row spacing). After transplanting, the
field was flooded immediately and maintained at a depth of 3-5 cm until 30 days after
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heading, and then dried for harvest. Harvest was conducted when an accumulated tem-
perature reach to 1,000 C after heading. Chemical pesticides to control pests and diseases
were applied only once immediately after transplanting, and fertilizer (N-P205-K20) was
used as a base fertilizer at the level of 90-45-57 kg/ha.

2.4. Traits evaluation
2.4.1. Agronomic traits

Days to heading (DTH) were evaluated as the number of days from transplanting to
50% of the panicle were heading. For panicle length (PL) and panicle number per hill
(PNH), 10 randomly selected plants from each plot were investigated at maturity stage;
Panicle length was measured in centimeters from panicle neck to the panicle tip and pan-
icle number was calculated as the panicle number hill' (PNM) and panicle number m
(PNM). For spikelet number panicle! (SNP) and ripened grain rate (RGR), 3 randomly
selected plants from each plot were harvest at maturity and plants were manually
threshed to separate the grains from straws. Spikelet (filled and unfilled grains) number
panicle! were manually counted as the spikelet number panicle!. The threshed grain sam-
ples were air-dried and then submerged in water to distinguish the filled and unfilled
spikelets, and then the ripened grain rate was estimated; the number of filled grains pan-
icle! divided by the total number of spikelet (filled and unfilled grains) panicle!. For
milled rice yield (MRY), 50 plants from each plot were harvested when the accumulated
mean temperature reached 1,100 C after heading. After harvesting, rice grains were
threshed, air-dried, and weighed. Additionally, 500 g of rough rice was de-hulled and
then each brown rice sample was milled to 92% milling yield by a milling machine (MC-
90A, Toyo), and then the milled samples were stored in a refrigerator (15C) to prevent
change of quality. One thousand grain weight (TGW) was evaluated by measuring the
weight of 1,000 randomly-selected brown rice grains; it was performed in triplicate and
the values were averaged. Milled rice yield and 1000-grain weight were corrected for the
15 % grain moisture contents. Head rice yield (HRY) was estimated using the following
equation: HRY = [(MRY x HR) / 100

2.4.2. Grain quality traits

Head rice rate (HR; unbroken and broken translucent grains with at least 3/4 of a
whole grain), chalky rice rate (CR; grains with an opaque and chalky appearance covering
at least half of the body of the grain), and the broken rice (BR) and defected rice (DR) were
calculated with a grain inspector (Cervitec, Foss) using a sample of approximately 1,000
grains. Protein content (PC) of milled rice was measured with a grain analyzer (Infratec
1241, Foss) using 100g milled rice samples.

2.5. Statistical analysis

Statistical analyses, including t-test, analysis of variance (ANOVA), correlation anal-
ysis, and regression analysis were performed using SPSS software (Ver. 20.0.0). Pheno-
typic means of each trait were compared using Duncan’s multiple range test. Microsoft
Excel 2019 was used to organize the data and to generate tables and figures.

3. Results
3.1. Meteorological conditions during rice cultivation period.

Meteorological date during the rice cultivation period was collected, and the mini-
mum, maximum, and average temperature data for the recent 10 years (2011-2020) are
shown in Figure 1. The diurnal temperature range (maximum temperature - minimum
temperature) showed a similar level from early April to mid-June, decreased slightly until
early August, and then gradually increased. The mean temperature maintained above 15
C from early May, and then dropped below 15C after mid-October. Additionally, the
minimum temperature reached 15C or higher in mid-June.
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Figure 1. Mean, maximum, and minimum temperature during rice cultivation period in the average
of ten years from 2011 and 2020. Data were obtained from the website of the Korean Meteorological
Administration (https://www.weather.go.kr).

Characteristics related to heading date according to the transplanting date was
investigated and then summarized in Table 1. Two varieties showed a significant
difference in heading date, and compared to Yeoreumi, heading date of Jinbuol was 11
days earlier and harvesting date was 14 days faster. As the transplanting date was
delayed, heading date tended to be continuously delayed in both varieties. The
accumulated temperature from transplanting to heading date showed a tendency to
continuously decrease in both varieties as the transplanting date was delayed. The highest
accumulated temperatures of Jinbuol and Yeorumi were observed at 1,358 C and 1,588 C
when transplanted on April 16, respectively, and the lowest were 851°C and 1,110C on
July 16, respectively. The heading date of Jinbuol transplanted on June 1st and Yeoreumi
on May 16th was the same as July 17th, and the mean temperature during grain filling
stage was the highest at 25.4C.
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Table 1. Characteristics related to heading date according to the transplanting date.

Variety Transplanting Heading date Accumulated Harvesting date Mean Temp.
date (m.dd) (m.dd) Temp. (°C) (m.dd) (°C)
4.16 6.29 1,358 8.13 239
5.01 7.01 1,204 8.15 24.1
5.16 7.07 1,096 8.19 24.7
Jinbuol 6.01 717 1,018 8.28 25.3
6.16 7.25 907 9.06 25.2
7.01 8.06 872 9.20 24.1
7.16 8.18 851 10.09 21.7
417 7.10 1,588 8.21 24.8
5.01 7.11 1,424 8.23 249
5.16 717 1,322 8.28 25.3
Yeoreumi 6.01 7.29 1,310 9.10 25.0
6.16 8.08 1,265 9.24 23.9
7.01 8.18 1,188 10.09 21.7
7.16 8.28 1,110 10.30 20.0
Jinbuol 7.19 1,043 9.02 24.1
Mean Yeoreumi 7.30 1,315 9.16 23.7
Difference ** ** ** *

Harvesting date was determined when the accumulated temperature reached 1,100 C. Accumulated temperature; the sum of the

mean temperature from transplanting to heading. Mean temperature; the mean temperature for 40 days after heading. *, **:

Significant at P <0.05 and P <0.01.

3.2. Growing period according to the transplanting date

As the transplanting date was delayed, the number of days from transplanting to
harvesting continued to decrease (Figure 2). On July 16, DTH of Jinbuol and Yeoreumi
showed the shortest period of 34 days and 44 days, respectively. DHH tended to increase
as the transplanting date was delayed, and DTG was 84-121 days for Jinbuol, and 102-130
days for Yeoreumi. DTG of two varieties showed the similar trend according to the trans-
planting date showing continuouse decrease from April 16 to July 1, and then increase on

July 16.
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Figure 2. Number of days for DTH (days from transplanting to heading), DHH (days from heading
to harvesting), and DTG (days of total growth period) according to the transplanting date. Each data
point is the mean of 3 replicates for 2 years.

Correlation analysis was conducted to find out the relationship between the number
of days from transplantation to heading and the mean temperature from transplanting to
heading, and it showed a highly significant correlation in both varieties. In addition, a
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linear regression analysis was conducted to predict the number of days from transplant-
ing to heading using the mean temperature from transplanting to heading as an explana-
tory variable, and it is summarized in Figure 3. The results of the regression showed that
the number of days from transplanting to heading can be estimated efficiently using the
mean temperature from transplanting to heading. In addition, the regression equation
showed that a 1°C increase in mean temperature would result in a reduction of 5.3 days
for Jinbuol and 5.5 days for Yeoreumi in the number of days from transplanting to head-
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Figure 3. Relationship between DTH and mean temperature from transplanting to heading for (a)
Jinbuol and (b) Yeoreumi. Each data point is the mean of 3 replicates every year. DTH; number of
days from transplanting to heading. **: Significant at P< 0.01.

3.3. Agronomic traits according to the transplanting date

Culm and panicle-related traits according to the transplanting date were investigated
and then summarized in Table 2. Two varieties showed significant differences in culm
and panicle-related traits, and compared to Jinbuolbyeo, culm length of Yeoreumi was
14.3 cm longer, panicle length was 1.8 cm longer, and panicle number hill-! was 3.2 lower.
According to the transplanting date, there were statistical differences in culm and panicle-
related traits for both varieties. As the transplanting date was delayed, culm length in-
creased until June 16 and then decreased, and Jinbuol and Yeorumi showed the highest
values of 63.4 cm and 81.5cm on June 15th, respectively. Panicle length hill! of Jinbuol
increased until June 1st, and then decreased continuously. However, panicle length of
Yeoreumi tended to increase continuously as the transplanting date was delayed and the
longest panicle length was observed at 19cm on July 16. On May 1, panicle number m2 of
Jinbuol and Yeoreumi were the highest at 517 m2 and 431 m?, respectively, but on July 16,
they were the lowest at 470 and 384, respectively.
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Table 2. Culm and panicle-related traits according to the transplanting date.

Variety Transplanting date Culm length Panicle length Panicle. number Panicle number

(m.dd) (cm) (cm) hill? m?

4.16 63.4a 17 .4a 21.9a 522a

5.01 63.8a 17.4a 21.7a 517a

5.16 63.1a 17.5a 21.6a 515a

Jinbuol 6.01 62.7a 17.0ab 20.6b 489b
6.16 62.9a 16.7bc 20.5b 488b

7.01 58.6b 16.2c 20.3b 484b

7.16 56.7¢ 15.4d 19.8b 470b
4.16 75.2a 18.7a 17.9ab 423ab

5.01 754a 18.8a 18.1a 431a

5.16 75.1a 18.7a 18.1a 429a

Yeoreumi 6.01 73.4a 18.6a 18.0a 428a
6.16 73.5a 18.2ab 17.5ab 417ab

7.01 68.1b 17.8b 17.1b 408b

7.16 67.5b 17.6b 16.1c 384c

Jinbuol 61.6 16.8 20.9 498

Mean Yeoreumi 72.6 18.3 17.5 417

Difference ** ** * **

Numbers followed by the same letter in each column are not significantly different based on Duncan’s multiple range at P < 0.05. *,
**: Significant at P <0.05 and P <0.01, respectively, ns: not significant

Data on grain-related traits according to the transplanting date are summarized in
Table 3. Compared to Jinbuol, Yeoreumi showed higher spikelet number panicle-! and
spikelet number m= by 32.9 and 10,732, respectively, and ripened grain was 1.9% higher,
while 1,000 grain weight was 4.3 lighter. Grain-related traits showed a statistical differ-
ence according to the transplanting date. As the transplanting date was delayed, spikelet
number panicle-! and spikelet number m2 decreased in both varieties. The highest spike-
let number m2 was 24,069 on April 16 for Jinbuol and 32,738 on May 1 for Yeoreumi.
There was no difference in ripened grain rate according to the transplanting date.
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Table 3. Grain-related traits according to the transplanting date.

Variety Transplanting dates Spikelet. number Spikelet number Ripened grain 1000-grain weight

(m.dd) panicle™ m? (%) (8)

4.16 46.1a 24,069a 80.5a 24 .5a

5.01 45.1ab 23,301a 80.8a 24.6a

5.16 44.6ab 22,899a 81.3a 24.3a

Jinbuol 6.01 42.9b 20,983b 81.7a 24 4a

6.16 42.8b 20,880b 80.6a 24.5a

7.01 38.5¢ 18,233¢ 82.1a 24 4a

7.16 32.9d 15,514d 82.8a 24.1a

4.16 75.7a 32,007a 83.2a 20.2a

5.01 76.1a 32,738a 83.4a 20.3a

5.16 75.8a 32,540a 83.5a 20.1a

Yeoreumi 6.01 74.8a 32,048a 84.1a 20.0a

6.16 76.5a 31,886a 83.2a 20.1a

7.01 69.2b 28,210b 84.1a 20.1a

7.16 69.0b 26,465¢ 84.3a 20.0a

Jinbuol 41.8 20,840 81.4 244

Mean Yeoreumi 73.9 30,842 83.7 20.1
Difference * ** ** **

Numbers followed by the same letter in each column are not significantly different based on Duncan’s multiple range at P < 0.05, *,
**: Significant at P <0.05 and P <0.01, respectively, ns: not significant

The milled and head rice yields of two rice varieties, according to the transplanting
date, are presented in Figure 3. Both varieties exhibited a tendency for milled rice yield to
continuously decrease as the transplanting date was delayed, with significant reductions
observed from July 1. The highest milled rice yields were obtained on May 1, with 491
kg/10a for Jinbuol and 534 kg/10a for Yeoreumi. The lowest yields were 352 kg/10a and
426 kg/10a for Jinbuol and Yeoreumi, respectively, on July 16. Furthermore, head rice yield
exhibited a similar trend to milled rice yield, with continuous decreases as the transplant-
ing date was delayed. The highest head rice yields for both varieties were observed on
April 16 and May 1, and no significant differences in yield were observed between May
16 and July 1. The lowest head rice yields were observed on July 16 in both varieties. Alt-
hough Yeoreumi's milled rice yield was lower when transplanted on June 16 than on June
1, its head rice yield remained similar.
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Figure 3. Milled and head rice yield according to the transplanting date for (a) Jinbuol and (b) Yeo-
reumi. Numbers followed by the same letter are not significantly different based on Duncan’s mul-
tiple range at P <0.05.

Correlation analysis was conducted to investigate the relationship between agro-
nomic traits, and the results showed that most of the traits were significantly correlated
with each other, as shown in Table 5. DTH was found to be positively correlated with CL,
PL, PN, SNP, SNM, and MRY, but negatively correlated with PRG in both varieties. More-
over, MRY was found to be positively correlated with all traits except PRG, and signifi-
cantly correlated with SNM (r =0.963** for Jinbuol and 0.909** for Yeoreumi). In Yeoreumi,
the highest positive correlation was observed between CL and SNM (r = 0.950**), while
the highest negative correlation was observed between SNP and PRG (r =-0.663**). On the
other hand, in Jinbuol, the highest positive correlation was observed between SNP and
SNM (r = 0.972**), while the highest negative correlation was observed between TGW and
PRG (r =-0.802*).
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Table 5. Correlation coefficients of two varieties for DTH and agronomic traits.

Yeoreumi

Trait DTH CL PL PNH SNP SNM RGR TGW MRY
DTH 1 0.791** 0.835** 0.677** 0.659* 0.697%* -0.507ns 0.565* 0.731**

CL 0.689** 1 0.930** 0.890** 0.879** 0.950%* -0.552%s 0.528ns 0.909**

PL 0.779** 0.875** 1 0.829** 0.783** 0.870** -0.575* 0.633* 0.912**
PNH 0.816** 0.608* 0.736** 1 0.711** 0.915** -0.347ns 0.555* 0.835**
SNP 0.780** 0.924** 0.940** 0.758** 1 0.927%* -0.663** 0.333ns 0.864**
SNM 0.851** 0.889** 0.927** 0.881** 0.972** 1 -0.547* 0.462rs 0.909**
RGR -0.607* -0.769** -0.723** -0.432ns -0.790** -0.725** 1 -0.467ns WP
TGW 0.5260s 0.677%* 0.549* 0.350ms 0.650* 0.590* -0.802** 1 0.600*
MRY 0.766** 0.942%* 0.938** 0.788** 0.962** 0.963** -0.726** 0.648* 1

Jinbuol

DTH: days from transplanting to heading, CL: culm length, PL: panicle length, PNH: panicle number hill", SPP: spikelets number
panicle”, SNPM: spikelets number m?, RGR: ripened grain rate, TGW: 1,000 grains weight, MRY: milled rice yield. *, **: Significant
at P<0.05 and P<0.01, respectively, ns: not significant

3.4. Grain quality traits and mean temperature

Grain quality traits of the two rice varieties according to the transplanting date were
summarized in Table 6. There were significant differences between Jinbuol and Yeoreumi
in appearance traits and protein content. Compared to Jinbuol, Yeoreumi showed 8.5%
more in head rice rate and 0.7% lower in protein content. The head rice rate for Jinbuol
was the highest at 90.3% on July 16 and the lowest at 74.6% on June 16. Those of Yeoreumi
had the highest head rice ratio of 95.3% on July 16th and the lowest of 84.9% on May 16th.
The protein content of the two varieties showed a tendency to continuously increase as
the transplanting date was delayed, and on July 16, Jinbuol and Yeoreumi showed the
highest values at 8.7% and 8.0%, respectively.

Table 6. Rice grain quality traits according to the transplanting date.

Variety Transplanting date Appearance traits (%) Protein
(mm.dd) Head Chalky Broken Damaged (%)
4.17 79.2c 17.0b 3.6ab 0.2a 6.6¢c
5.01 80.1c 15.1bc 4.5a 0.4a 6.8¢c
5.16 76.2d 20.0a 3.2abc 0.6a 7.5b
Jinbuol 6.01 75.4d 21.3a 3.3ab 0.3a 7.9b
6.16 74.6d 21.2a 3.8ab 0.4a 8.1ab
7.01 83.8b 13.1c 2.7bc 0.3a 8.6a
7.16 90.6a 7.5d 1.8c 0.2a 8.7a
417 88.8b 8.8b 2.0c 0.4a 6.5d
5.01 89.2b 8.1b 2.6bc 0.3a 6.3d
5.16 84.9d 12.3ab 2.8bc 0.3a 6.9c
Yeoreumi 6.01 86.2cd 10.4a 3.0b 0.4a 7.2b
6.16 87.3bc 8.1b 4.3a 0.3a 7.5b
7.01 94.4a 2.6d 2.8bc 0.2a 7.8a
7.16 95.3a 2.5d 2.0c 0.2a 7.9a
Jinbuol 80.0 16.5 3.3 0.3 7.7
Mean Yeoreumi 89.4 7.5 2.8 0.3 72
t_test *% *% * ns *%

Numbers followed by the same letter in each column are not significantly different based on Duncan’s multiple range at P < 0.05, *,
**: Significant at P <0.05 and P <0.01, respectively, ns: not significant.

Correlation analysis was conducted to find out the relationship between the mean
temperature during ripening stage and the head rice rate (Figure 5). As a results, a highly
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significant correlation was shown in both varieties. In addtion, a linear regression analysis
was conducted to predict the head rice rate using the mean temperature during ripening
stage as an explanatory variable. Regression equation in this study show that the head
rice rate can be estimated efficiently using the mean temperature during ripening stage.
If the mean temperature rises by 1C, the head rice rate droped to 4.10% for Jinbuol and
1.68 % for Yeoreumi suggesting that head rice rate for Jinbuol was more sensitive to mean
temperature.
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Figure 5. Relationship between the mean temperature during ripening stage and the ratio of head
rice for (a) Jinbuol and (b) Yeoreumi. **: Significant at P <0.01.

3.5. Relationship between protein content and growing period

In order to identify the cause of the continuous increase in protein content of milled
rice grains as the transplanting date was delayed, rice growth period was divided into
three periods (DTH: days from transplanting to heading, DHH: days from heading to har-
vest, and DTG: days of total growth period). Then, correlation analysis between three pe-
riods and protein content was performed, respectively and shown in Figure 6. It appears
that there is a negative correlation between DTH and the protein content of the milled rice
grains for both varieties. The correlation between protein and DTH is higher than DHH
or DTG, and indicates that as the DTH period becomes longer, the protein content de-
creases.
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Figure 6. Relationship between protein content and three different periods of Jinbuol (a, b, c) and
Yeoreumi (d, e, f), respectively. DTH, DHH, and DTG indicate days from transplanting to heading,
days from heading to harvest, and days of total growth period, respectively. **: Significant at P <
0.05 and ™: not significant.

4. Discussion

Agronomic and grain quality traits of rice are generally influenced by environmental
conditions [12, 13, 22-24]. Therefore, it is important to identify the variation of those traits
according to the transplanting date and to develop cultivation methods that can improve
yield and quality in response to climate change. This study aimed to investigate the influ-
ence of the transplanting date on the agronomic and grain quality traits of two commercial
early maturing rice varieties with different characteristics, to understand the effects of en-
vironmental conditions, and to provide insights into the best cultivation practices to
achieve optimal results

4.1. Agronomic traits and productivity

As the transplanting date was delayed, the heading and harvesting dates were con-
tinuously delayed. Additionally, as the mean temperature from transplanting to heading
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increased by 1°C, the number of days from transplanting to heading decreased by approx-
imately 3.5 days in both rice varieties. This phenomenon can be attributed to the meteor-
ological environment in Korea, where the average temperature continuously rises from
April and gradually decreases from early August. Temperature is a critical factor in rice
growth and development, as high temperatures can accelerate growth and maturation,
while low temperatures can delay growth [29-31]. Therefore, early transplanting in this
study showed a longer growth period due to the low temperature compared to late trans-
planting.

The productivity of rice is determined by yield components such as panicle number,
spikelet number, ripened grain rate, and 1000-grain weight [32]. In this study, significant
differences were observed in agricultural traits, including yield components, according to
the transplanting date, and almost all traits showed significant correlations, indicating
that they were interdependent and affected by environmental factors (Figure 5). In partic-
ular, the milled rice yield was highly correlated with the spikelet number m-2 (r = 0.963**
for Jinbuol and r = 0.909** for Yeoreumi), which is the representative trait of sink size.
Previous studies showed that the number of spikelets per unit area was the primary factor
that determines productivity and can explain about 80% or more of the variation [33-36].
However, the spikelet number has a certain critical point representing the maximum
yield, and beyond that, the yield does not result in further increase (Son et al. 1989) be-
cause the spikelet number per unit area and the ripened grain rate are complementary to
each other [37]. These previous results support that the ripened grain rate was negatively
correlated with milled rice yield and spikelet number in this study. Additionally, the
spikelet number m significantly decreased as the transplanting date was delayed, and
the panicle number m-2 also decreased as well since the number of days from transplanting
to heading is shorter. This means that the decreased panicle number m- affected the spike-
let number m? and could result in lower yield. These findings suggest that early trans-
planting is advantageous to increase the yield of early maturing rice.

4.2. Rice appearance traits

Environmental factors, particularly mean temperature during the grain filling stage,
can have a significant impact on the grain quality of rice. The grain filling stage is the
period during which the rice grain is developing and filling with starch, and the mean
temperature during this stage can affect physicochemical property, starch structure, and
appearance traits of rice grain [12,13]. In this study, there were significant differences in
the head and chalky rice rates between the two rice varieties, and these rates varied de-
pending on the transplanting date since differences in the transplanting date can result in
differences in temperature and sunlight exposure, which can affect the growth and devel-
opment of rice plants.

The head rice rate was different depending on the transplanting date, as environmen-
tal conditions such as temperature and sunlight exposure can vary depending on when
the rice is transplanted. Additionally, genetic differences between rice varieties can also
play a role in determining head rice rate [38-42], so two rice varieties showed different
head rice rates even though they had the same heading date of July 17 showing the 74.6%
for Jinbuol transplanted on July 1 and 84.9% for Yeoreumi transplanted on May 16. In
order to identify the variation, correlation analysis was performed between mean temper-
ature during grain filling stage and the appearance traits. There was a significant correla-
tion between head rice rate and mean temperature during the grain filling stage suggest-
ing that temperature during this stage may have a significant impact on the final appear-
ance and quality of the rice grains, including head rice rate. Higher temperatures during
the grain filling stage may have a negative impact on head rice rate by increasing the like-
lihood of chalky areas developing in the rice grains. Conversely, lower temperatures may
be more favorable for the development of intact, whole rice grains with high head rice
rates [8-10].
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Estimated biomass value

In addition, the study found that it is possible to estimate the head rice rate based on
mean temperature during the grain filling stage and showed that temperature is a key
factor influencing head rice rate [8-13]. Therefore, it may be possible to increase head rice
rate by controlling temperature during the grain filling stage. If the mean temperature
rises by 1T, the head rice rate dropped to 4.10% for Jinbuol and 1.68 % for Yeoreumi
suggesting that Jinbuol is more sensitive to mean temperature.

According to Table 1, mean temperature during grain filling stage was the highest
on July 17, and mean temperature during grain filling stage and the head rice rate are
significantly correlated in this study. This means that if rice is headed on July 17, the head
rice rate might be lower compared to other dates, so changing the transplanting date to
avoid high temperatures during the grain filling stage may be a potential strategy to im-
prove rice appearance traits, including head rice rate.

4.3. Rice protein content

In general, protein content was negatively correlated with eating quality [9,15,43] be-
cause rice with higher protein content had lower adhesiveness, glossiness, taste, and stick-
iness of cooked rice than rice with lower protein content [14,44,]. The results of the study
indicate that the protein content of rice can be significantly influenced by the transplanting
date, even when the same level of fertilizer is applied. Specifically, the study found that
as the transplanting date was delayed, the protein content of both Jinbuol and Yeoreumi
varieties continued to increase. In particular, the highest protein content values were ob-
served when the two varieties were transplanted on July 16, with Jinbuol having a protein
content of 8.7% and Yeoreumi having a protein content of 7.9%. This suggests that delay-
ing the transplanting date may lead to higher protein content in rice, at least for these two
varieties.

In order to understand the relationship between the protein content and the three
kinds of periods (DTH, DHH, and DTG), correlation analyse was performed and sug-
gested that DTH has a stronger correlation with protein content than DHH and DTG. Spe-
cifically, the analysis showed that DTH had a higher correlation coefficient (r2 = 0.802**)
with protein content, indicating that as DTH increased, protein content tended to de-
crease.

Previous studies showed the same trends indicating that protein content increased
as the transplanting date was delayed [27,45,46], and early maturing rice varieties showed
higher protein content than mid-late maturing rice varieties even when transplanted on
the same date and with the same level of fertilizer applied [47], suggesting that rice with
higher protein content has a shorter vegetative period.
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£
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Figure 7. Correlation between DTH and Estimated biomass value (EBV) of (a) Jinbuol and (b) Yeo-
reumi. **: Significant at P <0.01.

Nitrogen is a crucial nutrient for plant growth and development as it is a key com-
ponent of many important biomolecules such as amino acids, nucleic acids, chlorophyll,
enzymes, and hormones. Nitrogen is required for various plant processes including till-
ering and leaf area development, grain formation, grain filling, and protein synthesis, and
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is essential for protein synthesis in rice plants, and applying nitrogen fertilizers can in-
crease the protein content of rice grains. In order to identify the relationship between pro-
tein content and DTH, the EBV (estimated biomass value) was calculated by multiplying
the panicle number and plant height (culm length + panicle length) since these two traits
are determined before heading date. Therefore, the EBV increases as the plant height and
the panicle number increase, and it can be expected that the higher the biomass value, the
higher the EBV.

[Estimated biomass value (EBV) = Plant height x Pancle number]

There was a negative correlation between the estimated biomass value (EBV) and
protein content (Figure 7). This suggests that when the days to heading (DTH) are short-
ened, the vegetative period is also reduced, resulting in less plant growth. When there is
less growth due to shorten DTH, the amount of nitrogen remaining in the soil may be
transferred to the rice grains, which can lead to higher protein content.

Previous studies have shown that the total amount of nitrogen absorbed throughout
the rice growing period is a major factor influencing yield, and that most nitrogen absorp-
tion is completed at heading date [48-50]. There is a significant correlation between the
amount of nitrogen uptake until heading date and the spikelet number [51-52]. Addition-
ally, there is a significant correlation between the amount of nitrogen uptake until heading
date and the number of spikelets, which can influence biomass and milled rice yield [53-
55]. Thus, if the vegetative growth period is longer and the EBV is higher under the same
nitrogen fertilizer conditions, the amount of nitrogen transferred to rice grains may be
reduced, potentially leading to lower protein content and better quality rice.

4.4. Transplanting date suitable for early maturing rice variety

As a result of this study, it is recommended to avoid heading dates of early maturing
rice varieties on July 17, which is the period with the highest mean temperature during
the grain filling stage in Chungnam Province, South Korea. This can help to improve the
appearance traits of the rice. Furthermore, early transplanting is beneficial for increasing
milled rice yield and improving taste, and can increase the DTH (days from transplanting
to heading) which is positively correlated with these traits. Therefore, it is recommended
to transplant early maturing rice varieties in early May, as this can result in heading before
July 17 and lead to higher yield and better grain quality.

5. Conclusions

In this study, the number of days from transplanting to heading has an impact on the
protein content and milled rice yield. Longer growth periods were found to result in lower
protein content and increased yield. In addition, the mean temperature during the grain
filling stage affects the appearance traits of rice including head rice and chalky rice be-
cause grain filling is the stage of rice development that determines the final yield and
quality. Therefore, early maturing rice varieties should be transplanted in Chungnam
province in early May to improve the yield and grain quality, as the number of DTH was
increased and the temperature during the grain filling stage was lowered in early trans-
planting date. This information will be useful for farmers and rice breeders who seek to
improve the yields and the quality of rice using early maturing rice varieties in response
to climate change.
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