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Abstract

In order to investigate the effect of meteorological factors on the yield and
quality of special rice during the filling stage, an experiment was conducted
with 10 special rice varieties which were planted in three different regions
during spring 2017. The results showed that the quality traits and yields from
different regions of the same variety were different, which reached up to a
significant level in most varieties. Among the quality traits, the grain chalki-
ness rate and chalkiness degree were the most sensitive to different climatic
factors, and changes were found among them in different regions, while mi-
nor variation was found between brown rice rate and white rice rate. The pa-
rameters that were severely affected by temperature were gel consistency, ge-
latinization temperature, brown rice rate and yield during the filling stage.
The critically affected factors by heat were brown rice rate, protein content,
essential amino acid and amylose content while brown rice rate, chalkiness
rate and gelatinization temperature were substantially affected by water fac-
tors. Grain yield and quality were closely related to meteorological factors on
different stages after heading. Our results revealed that yield and quality of
special rice were significantly influenced by meteorological factors during the
grain filling stage.
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1. Introduction

Rice is one of the most important feed crops in the world. Diversity is found in
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the use of rice with the development of social economy. However, it is still con-
sidered the staple food of half of the world’s population and an important raw
material for food, feed processing, and brewing. The quality standards of rice for
different uses are different in China, the quality of rice used as grain can be eva-
luated in terms of appearance quality, processing quality, cooking quality, nutri-
tion and hygienic quality. The chalkiness rate and chalkiness degree seriously
affect the appearance quality of rice, which is closely related to the price of rice
market, which requires less chalkiness and high transparency [1] [2]. The acces-
sions with high eating quality show an overall trend toward low amylose content
and low protein content, if rice with high protein content has inferior palatabili-
ty [3] [4]. As a feed processing, raw material requires suitable growth period,
high yield, high protein content and high brown rice rate, etc. [5]. Processing of
rice material for making of rice flour, many studies have concluded that instant
rice noodles produced by the rice varieties with high amylose content have good
cooking characteristics [6]. The rice with high amylose content and high protein
content has better quality and is suitable for processing rice noodles [7].

The predecessors have conducted a deep and extensive research on the rela-
tionship between the quality of edible rice and environmental factors. Yin Yanbo
[8] noticed that brown rice rate and white rice rate had a negative correlation
with temperature during the grain filling stage. However, Lin Hongxin [9] rec-
orded that low temperature leads to lower white rice rate and amylose content,
higher chalkiness rate, chalkiness degree and protein content during the filling
stage. Many studies concluded that the increases in temperature increase chalki-
ness rate and chalkiness degree [10] [11] [12] [13]. Cheng Fangmin [14] found
that the daily average temperature during grain filling had a greater influence on
rice protein content. Dai Yunyun’s [11] studies showed that the increase in tem-
perature will increase the rice protein content during grain filling. Tang Xiangru
[15] stated that an increase in temperature hardens the gel consistency during
grain filling stage. While Li Xin [16] observed that the gel consistency tends to
soften with increase in temperature during grain filling stage. Gomez [17]
showed that rice amylose content generally increased with the increasing tem-
perature during grain filling period. On the contrary, Dong Wenjun [10] found
that high temperature during the filling period reduces the amylose content. The
study by Asaoka [18] also showed that rice amylose content decreased with in-
crease in temperature. In the experiment of different sowing dates, Peng Bo [19]
found that the sowing date and the corresponding temperature changed during
the filling period had no significant effect on the amylose content of Japanese
“Golden” rice.

The temperature during grain filling stage has a great influence on rice amy-
lose content and effected yield at different periods. Zhang Yunfeng [20] con-
cluded that the difference in amylose accumulation was in the early grain filling
stage, that is, 3 - 6 days after flowering. The rapid accumulation of amylose and

amylopectin was in 3 - 12 days after flowering in which initial 6 days after flo-
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wering was a linear growth period, when meteorological factors had a certain in-
fluence on the formation and accumulation of amylose. Jia Zhikuan [21] re-
ported that the higher temperature was harmful for the accumulation of amylose
in the first 18 days in grain filling stage, after 18 days it was conducive to the ac-
cumulation. Yang Jimin stated that the temperature had a significant effect on
rice amylose formation in initial 20 days after heading, rather than the whole
grain filling period. Asaoka [18] considered that the level of amylose content is
quite dependent on the average temperature of 5 - 15 days after heading. Ahmed
[22] showed that high temperatures lead to decreased activity of sucrose syn-
thase, ADP-glucose pyrophosphorylase, starch phosphorylase and soluble starch
synthase, which lead to a decrease in total starch and amylose content of rice.

Research on the quality of noodle rice and feed rice is increasing. Zhong Yueyi
[23] selected the noodle rice variety Jinyou L2 in Jiangxi and studied its
high-yield cultivation measures. Wang Xuehua [24] conducted a research on
noodle rice variety screening and supporting cultivation techniques in Hunan;
Wu Chengchun [25] studied two kinds of chemical regulators, which regulate
(increase or decrease) the rice amylose content by affecting the distribution of
flag leaf assimilation products and the accumulation of sucrose and starch in rice
grains. Min Jun [26] studied the differences in noodle rice quality (amylose con-
tent, gel consistency and gelatinization temperature) between regions. Studies
have shown that amylose content and gelatinization temperature are significant-
ly different between regions, while gel consistency is mostly same among differ-
ent regions. For feed rice, most of researchers focused on the study of silage
quality, different varieties yield, brown rice rate and crude protein content [27]
[28].

The formation process of rice quality is essentially the process of grain filling
and development. The filling of rice grains generally shows slow, fast and slow
changes. The process can be mathematically simulated by Logistic or Richards’s
equation [29] [30]. Moreover, the basic structure of the ear of rice determines
that the top and base of the flowering and grain filling are not synchronized in
time. On the other hand, the formation of different quality traits also has a
chronological order. It is assumed that the relationship between the rice quality
traits and the meteorological factors during the grain filling period also varies
with the quality trait factors and the post-flowering time. Rice flour is a tradi-
tional staple food and is widely welcomed in southern China. In Guangxi, in
September 2015, the preparation of Guangxi specialty rice noodle production
specifications and the evaluation of Guangxi rice noodle demonstration store
were started in the whole district, and the “Hometown of Rice Noodles” brand
was further established. In Hunan, rice flour is also popular among consumers.
The statistics of Changsha Rice Flour Distribution Association show that
Changsha people consume 200 tons to 250 tons of rice flour per day on average.
There is more rice in the south, but early indica rice is difficult to sell, and the

shortage of feed ingredients needs to be transferred from the north. Scientific
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practice proves that high protein feed rice brown rice can completely replace
corn to feed pigs and raise chickens. This will not only solve the problem of early
indica rice difficulty to sell but also promote rice transformation and animal
husbandry development. Then noodle rice and forage rice are first proposed by
Hunan Province. Jiangxi rice noodles are of good quality and are exported to
more than 20 countries and regions such as the United States, Canada, Australia,
the European Union, and Hong Kong, China, of which Hong Kong has a market
share of 60%. All in all, Guangxi, Hunan and Jiangxi are the major provinces of
rice flour, feed processing and consumption in China. Therefore, in this experi-
ment 10 early indica rice noodle rice and feed rice varieties were selected among
rice varieties in Guangxi, Hunan and Jiangxi province, and examined them in
these three experimental sites. Analysis was made to study the relationship be-
tween each quality trait and post-earning meteorological factors. In this way, the
meteorological factors affecting the individual quality traits of the special rice

varieties and the post-flowering time are clearly analyzed.

2. Materials and Methods
2.1. Study Sites

The study was conducted in three different provinces of China in 2017 and was
carried out from March to August in Nanning of Guangxi province (E108°22/,
N22°48'), Hengyang of Hunan province (E112°21', N26°58'), and Nanchang of
Jiangxi province (E115°56', N28°32").

2.2. Testing Varieties

Ten varieties, which six varieties were noodle rice (Zhenguiai, Zhongzao39,
Zhongzu4, E477, E334 (Conventional rice) and Guiliangyou2 (Hybrid rice)), and
four varieties were feed rice (Xiangzaoxian24, Xiangzaoxian32 (Conventional

rice), Zhuliangyou819 and Luliangyou996 (Conventional rice)).

2.3. Experimental Design

The experiment was designed as randomized complete block (RCB) design hav-
ing three replications a total of 30 plots. The row and plant spacing were 30 cm X
13 cm, the plot area was 12.5 m* (2.4 m x 5.2 m), 8 rows per plot, 40 hills per
row, 3 seedlings per hill, a total of 960 seedlings per plot were transplanted.
There was no aisle between the plots, but had a 60 cm walkway between replica-
tions. Sowing and transplanting were made according to the climatic conditions
of each experimental site. Among them, in Nanning, sowing was done on March
10 and the seedlings were transplanted on April 9; in Hengyang, sowing was on
March 25 and transplanting was on April 24; in Nanchang, sowing was on
March 28 and transplanting was on April 29. The total amount of fertilizer ap-
plied was 330 kg-ha™ of urea, 495 kg-ha™ of superphosphate and 300 kg-ha™ of
potassium chloride. Urea was applied in 3 different splits, 50% at transplanting,
30% at tillering and 20% at panicle initiation stage. Superphosphate was applied
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at once as a basal fertilizer. Potassium chloride was applied on 2 different stages,
50% as base fertilizer and 50% at panicle initiation stage. Other agronomic prac-
tices were kept same for all treatments. The crop was harvested after physiologi-
cal maturity when the grains were dried and then kept it for 3 months to deter-
mine quality traits of rice. The sowing date, transplanting date, days to heading
and days to maturity were recorded during the study. Meteorological data was
obtained from an automatic weather station (model VP2-1612) installed near the

test site.

2.4. Parameters and Methods

2.4.1. Brown Rice Rate and White Rice Rate
100 g rice samples from each plot were shelled using the glutinous rice machine
and grinded them into brown rice. The white rice was obtained from brown rice
processed with a small rice miller (Kett, Pearlest) made in Japan. The calculation
formula is:

Brown rice rate (%) = (brown rice/grain sample) x 100, white rice rate = (po-

lished rice/brown rice sample) x brown rice rate.

2.4.2. Appearance Quality of Rice
The chalkiness degree and chalkiness rate of rice was measured by Wanshen
SC-E rice appearance quality inspection and analysis system (Hangzhou of Chi-

na).

2.4.3. Cooking Quality of Rice

The white rice was milled by a super high-speed pulverizer, then powder was
passed through a 100 mesh sieves. The amylose content was determined accord-
ing to the method of GB/T 15683-1995 [31], and the gel consistency was deter-
mined according to the method of GB/T 22294-2008 [32]. The gelatinization
temperature is expressed by alkali value and was determined according to the
method of the NY/T 593-2013 [33], Ministry of Agriculture, China.

2.4.4. Nutritional Quality of Rice

The brown rice was milled by an ultra-high speed pulverizer and then powder
was passed through 60 and 80 mesh sieves. Total nitrogen contents of rice grains
were determined according to Ginning and Hibbard’s method of sulphuric acid
using 60 mesh sieves powder of rice grains. Digestion and distillation were made
into saturated boric acid solution by Microkjeldahl’s apparatus. The percentage
of protein was calculated by multiplying the grain N content with a constant
factor of 5.95 [34].

For Amino acid determination, brown rice powder which passed through 80
mesh sieves was used to hydrolyze by acid hydrolysis. The sample 1.00 g was put
into a plug hydrolyzed tube then add 10 ml of 6 mol/L HCI, mixed and covered;
then hydrolysis tube was placed in the refrigerator for 10 min. Vacuuming to 7
Pa, filling with nitrogen for 2 - 3 min, capping; put hydrolyzing tube into oven,
set on temperature 110°C for 22 h, shaken the hydrolysate tube intermittently, so
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that the sample is fully hydrolyzed. Took out the samples after 22 h later, when
cooling, samples were filtrated and constant volume to 50 ml capacity. Took 1
ml of the filtrate into a 100 ml small beaker, then putted it in a 60°C water bath,
when it dried, added 1 ml of distilled water and repeated to evaporate once to
complete the acid volatilization; added 0.02 mol/L HCI to dissolve and dilute to
10 ml, it was filtered into a brown sample bottle with a 0.22 um water filter, and

then measured by a Hitachi L-8900 high-speed automatic amino acid analyzer.

2.5. Data Analysis

The data were statistically analyzed by using SPSS 21.0 [35] analytical software.
The means between the treatments were tested by least significant difference test
at 0.05 probability level for those parameters which were significantly different

at 5% level of probability.

3. Results
3.1. Growth Period and Yield

Table 1 shows the significant difference for growth period among the varieties,
the longest growth period was recorded in 8 varieties (21, G2, E477, E334, X24,
X32, Z819 and L996) at Hengyang while the shortest growth period was noticed
in Z39 at Hengyang. And the longest growth period was observed in Z4 at Nan-
chang. The result showed that there are significant differences in the response of
the growth period of different special rice varieties to temperature and light.

The yield of the same variety was different among different experimental sites
except (239, Z4, and Z819) which were found non-significant on three experi-

mental sites (Table 1). The grain yield of other varieties was found significant.

Table 1. Analysis of growth period and yield of special rice in three experimental sites.

Growth period/days Yield (t/ha)
Cultivar
Nanning Hengyang  Nanchang Nanning Hengyang  Nanchang
Z1 125 130 125 7.45a 7.36a 5.03b
G2 127 139 130 7.12a 6.50 b 4.60 c
739 108 110 112 571a 5.60 a 5.37a
E477 110 117 112 6.23a 5.13b 470b
E334 112 119 113 5.57b 6.27 a 3.10c
74 104 107 108 391a 4.13a 4.03a
X24 97 111 109 4.04b 5.73a 5.10a
X32 97 111 102 2.93b 3.13b 4.23a
7819 107 110 112 6.41a 5.93a 523a
L996 109 112 112 7.01a 5.80 ab 5.17b

Note: Z1 is Zhenguiail, G2 is Guiliangyou2, Z39 is Zhongzao39, E334 is E334, E477 is E477, Z4 is Zhong-
zu4, X24 is Xiangzaoxian24, X32 is Xiangzaoxian32, Z819 is Zhuliangyou819, and L996 is Luliangyou996.
Lowercase indicates the difference significance among different places at 0.05 levels. The same as below.
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3.2. Grain Quality

Table 2 shows that brown rice rate of Z1, G2, E477, and Z4 had significant dif-
ferences in different experimental sites. E477, Z4, X24, 7819, L996 revealed s
significant white rice rate difference in different experimental sites. A significant
variation was found in the chalkiness degree of all varieties on all test sites except
Z39. Amylose content, gelatinization temperature, protein and essential amino
acids of the same variety at different test points was also various among the va-
rieties (T'able 2 continued).

For starch content of Z1, G2, Z39, E334, X32 and L996, for gelatinization
temperature Z1, G2, Z39, Z4, X24, X 32, and L996, while for protein content G2,
E334, Z 4, X 32, and L996 were significant differences between the experimental
sites. The essential amino acid contents resulted significant alterations for Z1,
739, Z4, X32 and Z819 among the experimental sites. All the above results
showed that the quality of different special rice varieties is different for temper-

ature and light.

Table 2. Grain quality of special rice in three experimental sites.

Cultivar

Brown rice rate (%)

White rice rate (%) Chalkiness rate (%) Chalkiness degree (%)

Nanning Hengyang Nanchang Nanning Hengyang Nanchang Nanning Hengyang Nanchang Nanning Hengyang Nanchang

Z1 813a 80.3 ab 79.3b 72.1a 71.0a 718 a 438b 785a 77.6 a 14.1c 37.1a 252b
G2 81.0a 78.0b 79.7 ab 71.1a 69.1 a 69.3 a 42.7b 52.1b 752 a 16.1b 23.4 ab 355a
739 80.2a 80.4 a 80.4a 69.9 a 712a 69.4 a 912a 79.5b 78.1b 325a 30.1a 328a
E477 82.9 ab 83.8a 82.4b 69.6 b 74.0 a 73.6a 91.8a 57.5b 88.6a 325b 202 ¢ 46.0 a
E334 80.7 a 81.0a 80.2a 70.6 a 72.0a 70.5a 763 a 718 a 67.5a 26.2b 38.8a 35.6a
Z4 81.1ab 81.8a 80.4b 73.1a 73.6a 68.2b 914a 75.1b 64.0 ¢ 43.7 a 304D 36.0b
X24 81.8a 813a 80.8 a 73.1 ab 74.7 a 71.7 a 87.2a 749b 764b 320a 255b 325a
X32 81.0a 8l4a 8l.1a 719 a 74.1a 739a 813a 412D 47.2b 37.1a 150 ¢ 213b
7819 81.1a 80.9a 80.1a 70.3 ab 72.1a 69.2b 61.6a 49.9 ab 455D 19.7 a 18.8a 239a
L996 824 a 81.7 a 8l4a 72.5b 749 a 72.6 b 769 a 404 c 552 b 24.6b 14.7 ¢ 275a
Amylose content (%) Alkali spreading Gel consistency/mm Protein content/% Es§ential amino
Cultivar value/level acid content/%
Nanning Hen-  Nan- Nanning Hen-  Nan- Nanning Hen-  Nan- Nanning Hen-  Nan- Nanning Hen-  Nan-
gyang  chang gyang  chang gyang  chang gyang chang gyang chang
Z1 21.36b 24.02a 23.69a 7.0a 66ab 63b 50a 36¢ 44b 797a 729ab 6.64b 226a 175b 1.69b
G2 20.08a 21.58a 23.0la 39b 4.8a 25¢c 58a 58a 51b 716a 725a 6.11b 1.62a 166a 142a
739 21.37b 2425a 24.19a 3.8a 3.0b 38a 58a 33b 39b 8.17a 7.76a 7.07b 2.08a 1.69b 1.67b
E477 22.24a 22.80a 225la 24a 23a 2.5a 62a 67 a 57a 7.78a 7.10a 7.20a 1.73a 149a 146a
E334 19.98b 21.40ab 22.24a 6.6a 6.5a 58a 50a 44b 45b 8.30ab 87la 6.76b 246a 252a 2.14a
74 21.77b 22.54ab 23.99a 3.4a 29ab 26b 50a 45a 48 a 8.67a 6.67b 6.64b 3.09a 229b 224D
X24 20.60b 21.61ab 2251a 34a 2.8b 2.6b 5la 36b 35b 890a 7.75a 825a 3.6la 293a 340a
X32 21.96a 22.60a 2242a 3.6b 3.6b 51a 48 a 34b 36b 897a 7.06b 7.05b 3.60a 2.89b 2.89b
7819 1947a 19.59a 2059a 24a 23a 23a 70 a 45b 46b 878a 832a 846a 290a 253b 2.64ab
L996 24.60a 22.77b 2425a 32a 29a 2.2b 56 a 44b 37b  827a 797a 813a 3.00a 260a 2.60a
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3.3. The Changes in Meteorological Factors during the Growth of
Special Rice

Figure 1 shows the alteration of meteorological factors during the growth of
special rice. It is recorded that during special rice growth, the daily average,
maximum and minimum temperature fluctuated, and this daily temperature
difference varied between 7.8°C - 35.5°C, 9.2°C - 39.6°C, 4.4°C - 31.3°C, 0.6°C -
19.0°C respectively. Rainfall was mainly in June. The air humidity ranged be-
tween 40% and 95%, with large fluctuations during the day, but this fluctuation
during special rice growth was relatively small. The daily radiation amount fluc-
tuates between 600 W/m? - 12,000 W/m? and the fluctuation range before and
after rice growth period was large.

Changes in meteorological factors during special rice growth period showed
large differences among three test sites. The maximum temperature in the Nan-
ning test site in March, June and July was significantly higher than the Hengyang
and Nanchang test site. After July, the daily minimum temperature in Nanchang
site was significantly higher than that in Nanning and Hengyang. Before July,
the average temperature of the Nanning test site was significantly higher than
that of the Hengyang and Nanchang test sites, and the average daily temperature
in Nanchang increased to the highest after July. Hengyang’s daily average tem-
perature difference was the highest among the three sites. The daily solar radia-
tion in Nanning was the lowest, mostly below 5000 W/m?, while the solar radia-

tion in Hengyang and Nanchang was significantly higher than that in Nanning.
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Figure 1. Fluctuation of meteorological factors during the growth of special rice varieties.
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Especially after July, the solar radiation in Hengyang and Nanchang was signifi-
cantly higher than Nanning test site, Nanchang’s solar radiation even up to
10,000 W/m’.

3.4. Relationship between Yield, Quality of Special Rice and
Meteorological Factors during Grain Filling

In order to further clarify the relationship between yield, quality and meteoro-
logical factors of the special rice, the varieties with single traits showed a signifi-
cant differences on all the three test sites were selected, and then the relationship
between the traits and the meteorological factors during the whole filling stage
(heading to maturity) was plotted (Figure 2). Amylose content, essential amino
acid, brown rice rate and polished rice rate were negatively correlated with
maximum temperature. The gelatinization temperature, gel consistency, protein
content, chalkiness rate, chalkiness degree and yield were positively correlated
with maximum temperature of the day. In an appropriate range, as the maxi-
mum temperature of the day became higher, the rice quality about amylose con-
tent, essential amino acid, brown rice rate and polished rice rate were lower, but
the rice quality about gelatinization temperature, gel consistency, protein con-
tent, chalkiness rate, chalkiness degree and yield were higher.

The relationship between yield, quality of special rice and the minimum tem-
perature at the grain filling stage is shown in Figure 3. The results revealed that

the daily minimum temperature was negatively correlated with amylose content,
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Figure 2. The relationship between grain yield, quality of special rice varieties and daily maximum temperature during grain fill-

ing period.
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Figure 3. The relationship between grain yield, quality of special rice varieties and daily minimum temperature during grain fill-

ing period.

protein content, essential amino acid, brown rice rate and polished rice rate, but
gelatinization temperature, gel consistency, chalkiness degree, chalkiness and
yield were positively correlated with minimum temperature. In an appropriate
range, when the daily minimum temperature became higher, as the rice quality
about gelatinization temperature, gel consistency, chalkiness degree, chalkiness
and yield were higher, while the rice quality about amylose content, protein
content, essential amino acid, brown rice rate and polished rice rate were lower.

The relationship between the yield, quality of the special rice and the daily av-
erage temperature during the filling period is shown in Figure 4. The statistical
analysis of the data showed that daily average temperature during grain filling
period was negatively correlated with amylose content, protein content, essential
amino acid, brown rice rate and polished rice rate, but it was positively corre-
lated with gelatinization temperature, gel consistency, chalkiness degree and
yield. In an appropriate range, when the daily average temperature became
higher, as the rice quality about gelatinization temperature, gel consistency,
chalkiness degree and yield were higher, while the rice quality about amylose
content, protein content, essential amino acid, brown rice rate and polished rice
rate were lower.

The relationship between yield, quality of the special rice and the daily tem-
perature difference during the filling period is shown in Figure 5. It is indicated
that the daily temperature difference during grain filling was negatively corre-

lated with amylose content and brown rice rate, but positively correlated with
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Figure 5. The relationship between grain yield, quality of special rice varieties and daily temperature difference during grain filling

period.

gelatinization temperature, gel consistency, protein content, essential amino ac-
id, chalkiness rate, chalkiness degree, white rice rate and yield. As the daily tem-

perature difference of the day became higher, the rice quality about gelatiniza-
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tion temperature, gel consistency, protein content, essential amino acid, chalki-
ness rate, chalkiness degree, white rice rate and yield became higher, but amylose
content and brown rice rate became lower.

The relationship between yield, quality of special rice and solar radiation dur-
ing the filling period is shown in Figure 6. The data indicated that solar radia-
tion was positively correlated with amylose content, gelatinization temperature,
chalkiness degree, polished rice rate and yield while negatively correlated with
gel consistency, protein content, essential amino acid, chalkiness rate, and
brown rice rate. It meant that with the solar radiation more and more, conducive
to the formation of quality amylose content, gelatinization temperature, chalki-
ness degree, polished rice rate and yield, but harmful to the formation of quality
gel consistency, protein content, essential amino acid, chalkiness rate, and
brown rice rate.

Amylose content, gelatinization temperature, gel consistency, chalkiness rate
and chalkiness degree of special rice varieties were negatively correlated with
rainfall during the heading to maturity period (Figure 7). While protein content,
essential amino acid, brown rice rate and polished rice rate were observed posi-
tively correlated with rainfall capacity during the filling period. During heading
to maturity period, rainfall capacity was good for protein content, essential
amino acid, brown rice rate and polished rice rate formation, but harmful to
amylose content, gelatinization temperature, gel consistency, chalkiness rate and
chalkiness degree formation.

Figure 8 shows that amylose content, gelatinization temperature, gel consis-
tency, chalkiness degree, chalkiness rate, polished rice rate and yield of the spe-

cial rice varieties were negatively correlated with air humidity from head to
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Figure 6. The relationship between grain yield, quality of special rice varieties and solar radiation during grain filling period.
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Figure 7. The relationship between grain yield, quality of special rice varieties and solar radiation during grain filling period.
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Figure 8. The relationship between grain yield, quality of special rice varieties and air humidity during grain filling period.

maturity stage. However, protein content, essential amino acid and brown rice
rate were positively correlated with air humidity from head to maturity. With air

humidity higher became higher during filling stage, protein content, essential
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amino acid and brown rice rate became higher, while amylose content, gelatini-
zation temperature, gel consistency, chalkiness degree, chalkiness rate, polished

rice rate and yield became lower.

3.5. Correlation between Grain Quality, Yield of Special Rice
Varieties and Meteorological Factors in Filling Periods

3.5.1. Gel Consistency

Table 3 shows that, correlation of gel consistency was highly significant with all

the meteorological factors except solar radiation at grain filling period. A posi-

tive correlation was found among gel consistency and daily maximum, average

and minimum temperature having difference of 5, 10, 15 and 20 days after

heading. The rain fall and humidity were found negatively correlated with each

other.

3.5.2. Brown Rice Rate

Brown rice rate resulted negative correlation with daily maximum temperature,
average temperature and solar radiation. This daily temperature difference
wasl5 and 20 days after heading (Table 4) while positively correlated with pre-
cipitation and air humidity of 10, 15, and 20 days after heading.

Table 3. The correlation between gel consistency of special rice varieties and meteorolog-
ical factors at grain filling stage.

5 days after 10 days after 15 days after 20 days after

Factors heading heading heading heading
Maximum temperature 0.652** 0.626** 0.583** 0.642**
Minimum temperature 0.361 0.491* 0.528** 0.675**

Average temperature 0.615** 0.712** 0.562** 0.624**
Daily temperature difference 0.650** 0.650** 0.555%* 0.583**
Rainfall capacity —0.511* —-0.458* -0.356 —-0.566**
Air humidity —-0.618** —-0.597** —-0.557** —-0.623**

Solar radiation 0.132 0.066 0.154 0.175

Note: *When the confidence (double test) is 0.05, the correlation is significant. **When the confidence
(double test) is 0.01, the correlation is highly significant. The same as below.

Table 4. The correlation between brown rice rate of special rice varieties and meteoro-
logical factors at grain filling stage

5 days after 10 days after 15 days after 20 days after

Factors heading heading heading heading
Maximum temperature —-0.266 —-0.466 —-0.673* —-0.701*
Minimum temperature -0.175 -0.207 -0.336 -0.357

Average temperature -0.287 —-0.533 -0.613* —-0.634*
Daily temperature difference -0.322 —0.488 —0.564 —0.669*
Rainfall capacity 0.399 0.727* 0.699% 0.816**

Air humidity 0.541 0.774** 0.716** 0.676*

Solar radiation -0.420 -0.783** -0.692* -0.517
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3.5.3. Protein, Essential Amino Acid
No significant correlation was observed between protein, essential amino acid of

special rice varieties and meteorological factors at initial 20 days after heading
(Table 5 and Table 6).

3.5.4. Amylose Content
Table 7 showed that amylose content had a negative correlation with daily

minimum temperature on first 5 days after heading, but the correlation with
other factors were found non-significant.

Table 5. The correlation between protein content of special rice varieties and meteoro-
logical factors at grain filling stage

Factors 5 days .after 10 days‘ after 15 days. after 20 days‘ after
heading heading heading heading

Maximum temperature 0.216 0.206 0.194 0.133
Minimum temperature -0.094 0.109 -0.060 0.047
Average temperature —-0.039 0.089 0.102 0.082
Daily temperature difference 0.327 0.324 0.402 0.419
Rainfall capacity 0.381 0.308 0.140 0.085
Air humidity 0.037 —-0.042 —-0.184 -0.163
Solar radiation -0.436 -0.355 -0.120 -0.017

Table 6. The correlation between essential amino acids of special rice varieties and me-
teorological factors at grain filling stage.

Factors 5 days 'after 10 days. after 15 days' after 20 days. after
heading heading heading heading
Maximum temperature —-0.054 0.086 0.027 -0.050
Minimum temperature —-0.398 -0.197 -0.293 -0.155
Average temperature -0.170 -0.083 —-0.041 -0.100
Daily temperature difference 0.131 0.258 0.264 0.236
Rainfall capacity 0.008 -0.233 -0.218 -0.037
Air humidity -0.106 -0.162 -0.220 -0.128
Solar radiation -0.222 -0.008 0.178 0.106

Table 7. The correlation between

amylose content of special rice varieties and meteoro-
logical factors at grain filling stage.

Pactors 5 days .after 10 days. after 15 days' after 20 days' after
heading heading heading heading
Maximum temperature —-0.383 —-0.247 -0.236 —-0.138
Minimum temperature —0.495* -0.176 -0.312 -0.312
Average temperature -0.314 -0.317 -0.237 —-0.196
Daily temperature difference -0.171 -0.175 —-0.197 —-0.225
Rainfall capacity -0.054 -0.075 0.056 0.031
Air humidity -0.020 0.058 0.199 0.229
Solar radiation 0.445 0.332 0.077 0.236
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3.5.5. Gelatinization Temperature

Correlation between gelatinization temperature and meteorological factors is
showed in Table 8. The gelatinization temperature directed no correlation with
precipitation, air humidity and solar radiation on first 20 days after heading, but
significant correlation was observed with temperature factors. Among tempera-
ture factors, gelatinization temperature and daily maximum temperature of first
5 days, 10 days, and 15 days, daily minimum temperature of first 5 days after
earring, daily average temperature and daily temperature difference of first 5

days and 10 days after heading were significantly positively correlated.

3.5.6. Chalkiness Rate
Table 9 shows that there was no significant correlation found between chalki-

ness rate and meteorological factors of first 5, 10, 15 and 20 days after heading.

3.5.7. Growth Period and Yield

Growth period was mainly affected by daily minimum temperature after heading
(Table 10). A positive correlation was observed with daily minimum tempera-
ture on first 20 days after heading. Yield was greatly affected by daily maximum
temperature and daily average temperature (Table 11) and had a significant

Table 8. The correlation between gelatinization temperature of special rice varieties and
meteorological factors at different grain filling stage.

5 days after 10 days after 15 days after 20 days after

Factor heading heading heading heading
Maximum temperature 0.620** 0.448* 0.493* 0.379
Minimum temperature 0.526* 0.420 0.406 0.378
Average temperature 0.524* 0.366 0.496* 0.408
Daily temperature difference 0.616** 0.428 0.448* 0.439*
Rainfall capacity -0.079 -0.340 —0.425 —-0.390
Air humidity -0.362 -0.365 -0.420 -0.302
Solar radiation 0.301 -0.006 0.213 0.107

Table 9. The relationship between chalkiness rate of special rice varieties and meteoro-
logical factors at different grain filling stage.

5 days after 10 days after 15 days after 20 days after

Factor heading heading heading heading
Maximum temperature 0.235 0.196 0.269 0.360
Minimum temperature 0.196 0.232 0.250 0.334
Average temperature 0.247 0.324 0.263 0.341
Daily temperature difference 0.233 0.215 0.295 0.268

Rainfall capacity 0.055 0.080 -0.173 -0.377

Air humidity -0.312 -0.233 -0.242 -0.342

solar radiation 0.050 0.031 0.207 0.301
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Table 10. The relationship between growth period of special rice varieties and meteoro-
logical factors at different grain filling stage.

5 days after 10 days after 15 days after 20 days after

Factor heading heading heading heading
Maximum temperature 0.246 0.140 0.166 0.339
Minimum temperature 0.386* 0.478** 0.392* 0.383*
Average temperature 0.323 0.321 0.272 0.391*
Daily temperature difference 0.137 -0.075 0.132 0.034
Rainfall capacity 0.017 0.110 0.190 —0.081
Air humidity -0.080 0.051 -0.006 -0.214
solar radiation 0.378% 0.015 —-0.093 0.222

Table 11. The relationship between yield of special rice varieties and meteorological fac-
tors at different grain filling stage.

5 days after 10 days after 15 days after 20 days after
Factor

heading heading heading heading
Maximum temperature 0.563** 0.459* 0.401 0.425
Minimum temperature 0.277 0.421 0.437* 0.373
Average temperature 0.426 0.363 0.307 0.378
Daily temperature difference 0.482% 0.440% 0.298 0.362

Rainfall capacity —-0.250 -0.214 0.043 —0.068

Air humidity -0.334 -0.304 -0.251 -0.277

solar radiation 0.254 0.181 0.070 -0.105

positive correlation with daily maximum temperature and daily average temper-

ature at 5 days and 10 days after heading.

4. Discussion

4.1. Differences in Quality of Special Rice Varieties under
Different Ecological Conditions and Main Influencing Factors

This study showed that the variation in the quality of special rice among three
experimental sites was related to the variety and quality traits by itself, and did
not show a consistent trend of variation. This indicated that the formation of
quality was very complicated process and regulated by both genetics and envi-
ronment. Many researchers have also suggested that in addition to genotype dif-
ferences, the physicochemical properties of rice varieties at different experimen-
tal sites vary [36] [37] [38]. Comparison with the variety traits (Table 12), the
quality of X32 changed the most, while quality of Z819 changed the least. Com-
parison with the quality traits, maximum variation was observed in the appear-
ance quality (chalkiness rate and chalkiness degree) and the processing quality

(brown rice rate and white rice rate) showed alteration in a very minute amount.
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Table 12. Variation coefficient of quality traits of 10 special rice varieties among different experimental sites.

Cultivar

Z1
G2
739
E477
E334
74
X24
X32
7819
L99%6

Average

Brown rice  White rice Chalkiness Chalkiness Amylose Gelatinization Gel Protein Essential Average
rate (%) rate (%) rate/% degree/% content/% temperature/level consistency/mm content/% amino acid/%
1.2 0.8 29.7 45.2 6.3 53 16.2 9.1 16.5 14.5
1.9 1.6 29.5 39.2 6.8 31.0 7.3 9.3 8.2 15.0
0.1 1.3 8.7 4.7 7.1 13.1 18.9 7.3 12.7 8.2
0.9 34 239 39.2 1.2 4.2 8.1 5.0 9.5 10.6
0.5 1.2 6.1 19.5 54 6.9 6.9 13.0 8.6 7.6
0.9 4.2 17.9 18.2 5.0 13.6 5.3 15.9 18.8 11.1
0.6 2.1 8.4 13.0 4.4 14.2 22.0 6.9 10.5 9.1
0.3 1.7 38.2 46.5 1.5 21.1 19.3 14.4 13.1 17.3
0.7 2.1 15.9 13.1 3.1 2.5 11.3 2.8 7.1 6.5
0.6 1.9 31.9 30.1 4.1 18.5 21.0 1.8 8.4 13.1
0.8 2.0 21.0 26.9 4.5 13.0 13.6 8.6 11.3 11.3

Rice processing and appearance quality are mostly controlled by quantitative
genes, and in addition to genotype, they are closely related to the environment.
Relatively speaking, the brown rice rate and the white rice rate were greatly af-
fected by genetic factors, but despite of this chalkiness traits were highly affected
by environmental factors [39] [40] [41]. The hybrid offspring of indica rice had
the smallest variation in brown rice rate and the white rice rate, while maximum
variation was recorded in the chalkiness rate and chalkiness degree under dif-
ferent ecological conditions. The brown rice rate and white rice rate of hybrid
rice had little difference, while the chalkiness rate and chalkiness degree altered
in a large amount due to environmental factor [42] [43] [44] [45]. Liu Bo [46]
found that the variation in white rice rate and brown rice rate of the main Japo-
nica rice varieties were not influenced by environmental factor in Liaoning
province during different years, while the chalkiness rate and chalkiness degree
had the largest variation. His study revealed that the special rice varieties planted
under different ecological conditions, a maximum change was observed in the
appearance quality (the chalkiness rate and chalkiness degree) while the
processing quality (brown rice rate and polished rice rate) were not really af-
fected.

The results of our study showed that for any single quality trait, there were va-
rieties with significant differences among the three experimental sites. This in-
dicates that all quality traits are regulated to varying degrees by meteorological
factors. However, different meteorological factors may have high differences in
the regulation of different quality traits. Temperature is an important environ-
mental factor affecting crop growth and yield, and a primary environmental
factor affecting rice quality [47]. Temperature alteration directly affects rice an-
tioxidant system, photosynthesis, respiration and carbohydrates formation, thus

influenced the quality of rice [48] [49]. Zhang Songwu [50] reported that tem-
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perature was the most significant factor affecting rice quality, especially at grain
filling stage.

In our experiment, the effects of meteorological factors (the maximum tem-
perature, the minimum temperature, daily average temperature, daily tempera-
ture difference, solar radiation, humidity, rainfall) on rice quality during the
head-mature period were analyzed in detail. The daily average temperature was
positively correlated with gelatinization temperature, gel consistency, chalkiness
rate, chalkiness degree, yield, but negatively correlated with protein content, es-
sential amino acids, and brown rice rate. Solar radiation was positively corre-
lated with gelatinization temperature, chalkiness degree, amylose content, white
rice rate and yield but negatively correlated with gel consistency, protein con-
tent, essential amino acid content and brown rice rate. Our results are in line
with Liu Bo [46] during his study entitled effect of temperature and light factor
on the yield and quality of main japonica rice varieties in Liaoning province, He
recorded that the daily average temperature showed a very positive correlation
with the brown rice rate, a highly negative correlation with the amylose content
and chalkiness degree while slightly a negative correlation with white rice rate,
chalkiness rate, grain length and gel consistency; the solar radiation was nega-
tively correlated with the brown rice rate and the gel consistency, but positively
correlated with the white rice rate, chalkiness rate, chalkiness degree and amy-
lose content; the humidity was positively correlated with gel consistency, gelati-
nization temperature and chalkiness, but negatively correlated with amylose
content.

Humidity was positively correlated with protein content, amino acid content,
brown rice rate, while negatively correlated with amylose, gelatinization temper-
ature, gel consistency, chalkiness rate, chalkiness degree and white rice rate. Our
results have a little contradiction with previous studies. The possible reason rea-
sons might be first the types of varieties used in the experiment were different, so
their genetic basis was different, and it’s not necessary that every variety with
different genetic coding respond to meteorological factors in the same mode;
secondly the large differences in experimental areas lead to maximum variation
in climatic environments, so that the test results are not completely consistent.
This indicates that quality formation and alteration in it is a complex process,
every variety has their own responding ability to environmental factors, thus the
impact of meteorological factors on quality of each variety is also different.

In addition, the maximum temperature, the minimum temperature, the tem-
perature difference and the rainfall in this experiment all had different effects on
rice quality and yield. Throughout the seven meteorological factors, the highest
impact on the quality indicators was: chalkiness rate, chalkiness degree, brown
rice rate, white rice rate, gel consistency, and gelatinization temperature. It was
found that the chalkiness rate and chalkiness degree variability were largest, the
gel consistency and the gelatinization temperature were the optimum while the

brown rice rate and the white rice rate were the smallest. It was indicated that
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the chalkiness rate and chalkiness degree (appearance quality) were more af-
fected by environmental factors than genetic factors, while the brown rice rate
and white rice rate (processing quality) were more affected by genetic factors
than environmental factors. The results are in line with Lu and Yang’s studies,
who stated that the brown rice rate and the white rice rate were greatly affected
by genetic factors, but despite of this chalkiness traits were highly affected by en-
vironmental factors [39] [51].

Among these seven meteorological factors, it can be divided into temperature
factors (the maximum temperature, the minimum temperature, daily average
temperature and daily temperature difference), moisture factor (rainfall and air
humidity) and caloric factor (solar radiation). The rice quality indicators mainly
influenced by the temperature factor are: gel consistency, gelatinization temper-
ature, amylose content, brown rice rate, chalkiness rate and yield; the rice quality
indicators mainly associated with moisture factor are brown rice rate, white rice
rate, gel consistency, chalkiness rate and chalkiness degree; the indicators asso-
ciated with caloric factor were: brown rice rate, white rice rate, amylose content,

gel consistency, protein content and essential amino acid content.

4.2. Relationship between Quality and Yield of Special Rice
Varieties and Meteorological Factors at Different Time after
Heading

The grain filling stage is a key period for rice yield and quality formation. Head-
ing and flowering are the most sensitive periods for rice. In previous study, most
of them are concentrated on these three stages of rice panicle differentiation,
flowering and grain filling [52]. From this study we observed that the formation
of amylose content was correlated with temperature factors (the daily maximum
temperature, the daily minimum temperature, the daily average temperature,
and the temperature difference) at initial 5 days after heading and the correla-
tion coefficient was higher than the other periods. There was a significant nega-
tive correlation between the minimum temperature and amylose content, within
a certain range, the low temperature during this period is more conducive to the
accumulation of amylose in the special rice, which was in similarity with the re-
sults of Aboubacar [53]. In parallel, our study also showed that solar radiation
had a large correlation with the accumulation of amylose after 10 days of head-
ing. All of the temperature factors showed a significant or highly significant cor-
relation to the gel consistency during the grain filling period.

The moisture factor showed a highly negative correlation to the gel consis-
tency at all times during the grain filling period. For the gelatinization tempera-
ture, the temperature factor showed a positive correlation for the whole filling
period and reached a significant or extremely significant after 5 days of heading
stage while the moisture factor indicated a negative correlation for the whole
filling period.

Lin [54] who found that high temperature can enhance the transcription of

DOI: 10.4236/as.2019.104036

470 Agricultural Sciences


https://doi.org/10.4236/as.2019.104036

Y. Xuan et al.

gluten, prolamin, globulin and protein disulfide is omerase during early filling,
but decreased the expression of these genes in the late filling stage, that is tem-
perature had an effect on protein accumulation in rice grains. The maximum
temperature and daily temperature difference were more closely related to the
accumulation of protein than other factors, and there was a positive correlation,
but not up to a significant level. The effect of the minimum temperature and the
daily temperature difference on the essential amino acid content was greater
than the other factors, but none of them reached a significant level. For feed rice,
brown rice rate is an important indicator but although it is mostly affected by
genetic factors rather than environmental factors [39] [51]. It will also help to
improve the brown rice rate when knowing that the specific of meteorological
factors after heading. There was a positive correlation between temperature fac-
tor, heat factor and brown rice rate, while water factor had a negative correlation
with brown rice rate. The influence of these two factors on brown rice rate in the
middle and late filling stage was greater than that in the early stage, and the cor-
relation was significant or extremely significant. Therefore, in the late filling
stage, irrigation increases the humidity in the field, and can also appropriately
lower the temperature, which has a positive impact on brown rice rate.

The chalkiness rate is the most important quality of appearance quality, and
the good appearance is favored by consumers. For the special rice, there is no
excessive demand for appearance quality. In our study, the temperature factor
and the heat factor were positively correlated with the chalkiness rate, and the
water factor is negatively correlated with chalkiness rate, but all these three fac-
tors had not reached till significant level.

For the yield both the temperature factor and the heat factor were positively
correlated and the water factor was negatively correlated. The maximum tem-
perature and the daily temperature difference factor were significant or ex-
tremely significant with yield after 10 days of heading, while the lowest temper-
ature was significantly correlated with yield after 10 days of heading. This
showed that during the filling period, within a certain range, the temperature

rise and the sunny weather are more conducive to the formation of yield.

5. Conclusion

The results obtained from the experiment revealed that meteorological factors
have a significant influence on yield and quality of special rice during grain fill-
ing period. In meteorological factors, daily temperature difference indicated the
maximum effect on grain quality. In quality traits, chalkiness rate is influenced

by meteorological factors mostly.
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