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Abstract: Nitrogen fertilizer affects rice endosperm protein, which in turn affects rice taste. However,
study of nitrogen regulation of protein components is not sufficient. To clarify the effects of nitrogen
fertilizer on rice protein components and related traits, we used two high albumin content and two
low glutelin content rice varieties as test materials and analyzed the relationship between protein
components and rice eating quality. The results showed that nitrogen application significantly
affected prolamine and glutelin contents; moreover, a relationship was observed between variety and
fertilization level. The protein components of the low glutelin content rice varieties were sensitive
to nitrogen treatment; the albumin and globulin contents increased, whereas the prolamine and
glutelin contents decreased following treatment with medium level nitrogen. Nitrogen treatment also
significantly affected the apparent amylose content (AAC) of varieties except Yinguang. The eating
characteristics of the high albumin content varieties differed significantly among nitrogen treatments,
and the two varieties tasted better following treatment with high concentrations of nitrogen. In
conclusion, the short chain of amylopectin in the endosperm had a greater direct effect on taste, but
the effect was opposite in the two varieties. Furthermore, globulin was found to affect the taste of
low glutelin content varieties.

Keywords: japonica rice; nitrogen fertilizer; protein components; starch components; eating characteristics

1. Introduction

Rice (Oryza sativa L.) is one of the world’s most important food crops, with a planting
area of 162.05 million hectares, of which China’s rice planting area accounts for 18.5% of the
world, with a total output of 210 million tons. With the improvement in living standards,
the demand for rice has gradually shifted from yield to quality, with nutritional and taste
qualities being the most important traits for consumers. Except for starch, protein is the
most important endosperm component in rice, and its type and content are important
factors for evaluating the nutrition and taste quality of rice.

Most studies on the effect of rice protein on cooking taste quality have mainly focused
on protein content, with few on protein composition and form. High protein content
inhibits water absorption, expansion, and gelatinization of starch grains. When the protein
content of rice exceeds 7%, it exhibits poor taste [1,2]. However, some researchers believe
that the taste quality mainly depends on the rice variety, and a high protein content does not
necessarily reduce the taste value [3]. Therefore, protein content is not linearly correlated
with taste.

Storage proteins [4] account for the highest proportion of rice protein and include
albumin, globulin, prolamine, and glutelin. Glutelin accounts for the highest proportion
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(approximately 80%) of the total endosperm protein, followed by prolamine [5], globulin,
and albumin [6]. Furthermore, albumin has high lysine and threonine contents, which
are important factors affecting the nutritional quality of rice. Protein plays a key role in
the formation of rice chalkiness [7,8], which is mainly caused by differences in globulin
and albumin accumulation. Prolamine and glutelin are unsuitable for the growth of good-
tasting rice. Furthermore, prolamine can hinder the development of the starch mesh
structure and is mostly responsible for the reduction in taste quality. In addition, both
glutelin and globulin can reduce the adhesion of starch gel in a concentration-dependent
manner [9].

Genetic factors and cultivation measures affect rice quality. Regarding cultivation
measures, the effect of nitrogen application on rice quality has been the most studied [10].
Most studies have shown that an appropriate amount of nitrogen fertilizer can improve
the milling quality of rice [11], promote starch accumulation in rice, and reduce chalkiness
grain rate and chalkiness, thereby improving the appearance quality. Furthermore, nitro-
gen application reduced amylose content, increased protein content, and decreased taste
value [12].

In conclusion, protein content and composition are important factors contributing
to rice nutrition and taste quality and significantly affect other rice qualities. At present,
studies on the effect of protein on rice quality are insufficient, and there is no consensus on
the effect of nitrogen fertilizer on the content of different protein components. Therefore, in
the present study, we selected typical varieties with high albumin and low glutelin contents,
performed nitrogen fertilizer control during grout filling, and explored the changes in pro-
tein and starch properties and their relationship with eating taste to clarify the differences
in protein and starch components among varieties and their effects on quality. It provides a
theoretical basis for further improving the taste quality of rice by regulating endosperm
composition with fertilizer.

2. Materials and Methods
2.1. Test Materials

In this study, according to the specificity of protein components, two high albumin
content rice varieties, Jiyang 108 and Yinguang, and two low glutelin content rice varieties,
Jinongda 815 and Xinnongjing 8, were selected from the japonica rice varieties in China.

2.2. Field Cultivation Management

The experiment was conducted in the Nandi paddy field test field of Shenyang Agri-
cultural University in 2022, and the rice was sown on April 18 and transplanted on May
19. The basic conditions of the soil of the field were as follows: available N, 65.70 mg kg−1;
available P, 13.59 mg kg−1; available K, 120.40 mg kg−1; organic matter, 25.63 mg kg−1;
soil pH, 5.53; conductivity (5:1), 274.70; and conductivity (2.5:1), 294.70. A two-factor
randomized block design was used. Three nitrogen fertilizer treatments were used: (1) Low
N: 0.00476 kg·m−2 nitrogen fertilizer, (2) Medium N: 0.00595 kg·m−2 nitrogen fertilizer,
and (3) High N:0.00714 kg·m−2 nitrogen fertilizer. The proportions of nitrogen fertilizer
in the three treatments were 16.68%, 20.01%, and 23.09%, respectively. The base fertilizer
and topdressing treatment of the three treatments were the same, i.e., the base fertilizer
was a special rice fertilizer with an N–P–K content of 24–10–14, and the nitrogen content
was 0.0149 kg·m−2. The green fertilizer was applied with ammonium sulfate 18 days after
transplantation, with a nitrogen content of 0.00236 kg·m−2, and the tiller-urea was applied
25 days after transplantation, with a nitrogen content of 0.00648 kg·m−2. Each treatment
was repeated thrice, with a length of 1.5 m and four rows, and the distance between rows
and plants was 30 cm × 13.3 cm.
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2.3. Measurement of the Characteristics
2.3.1. Rapid Viscosity Analysis

A rapid viscosity analyzer (TecMaster, Newport Scientific, Sydney, Australia) and
TCW3 software were used for the analysis of gelatinization characteristics. The relative
deviation between the measured and mean values of each group of samples was <5%.

2.3.2. Determination of the Protein Components

Protein components were determined using a modified Bradford method [13] protein
concentration determination kit (product No.: C503041) from Biochem, Inc. (Shanghai,
China), and was determined using Thermo Fisher 3001 (Shanghai, China).

2.3.3. Configuration of the Standard Protein Solution

First, 12 1.5-mL centrifuge tubes were used, and one repeat for each standard product
was set. Then, 1 mg/mL of bovine serum albumin (BSA) standard protein solution (0, 5, 10,
15, 20, 25, and 30 µL) was added to each tube and mixed quickly, then fill with distilled
water to 1000 µL. After reaction at 25–30 ◦C for 10 min, the A595 value of each tube was
measured using the spectrophotometer with No. 0 tube serving as the blank control. The
average value of each A595 tube was taken as the ordinate, and the corresponding protein
concentration was taken as the horizontal coordinate. The standard curve was drawn in
Microsoft Excel.

2.3.4. Determination of the Albumin Content

First, 0.1 g of rice flour was weighed into a 1.5-mL centrifuge tube. Then, 1 mL
of distilled water was added, shaken at room temperature for extraction for 2 h, and
centrifuged at 10,000 rpm for 10 min. Next, the supernatant was poured into a 5-mL test
tube. The extraction procedure was repeated thrice before the extraction solutions were
combined. Then, 20 µL of the resultant solution was absorbed and dropped into the enzyme
label plate. Subsequently, 200 µL of Bradord working liquid was added, quickly mixed
at room temperature (25–30 ◦C), and reacted for 5 min. The A595 value of each hole was
measured using an enzyme label instrument. A standard solution of BSA was used as the
standard curve.

2.3.5. Determination of the Globulin Content

First, 1 mL of 5% sodium chloride solution was added to the rice flour precipitate
containing the extracted albumin. The extraction and determination processes were the
same as those for albumin.

2.3.6. Determination of the Prolamine Content

First, 1 mL of 70% ethanol solution was added to the rice flour precipitate containing
the extracted globulin. The extraction and determination process is the same as that for
albumin.

2.3.7. Determination of the Glutelin Content

First, 1 mL of 0.2% sodium hydroxide solution was added to the rice flour precipitate
containing the extracted prolamine, shaken, and then extracted on the shaking table for
two hours. Then, the supernatant was centrifuged at 12,000 r·min−1 for 10 min, extracted
thrice, and then combined.

2.3.8. Determination of the Amylose Content

Refer to “NY/T2639-2014 spectrophotometric method for the determination of amy-
lose in rice”, 620 nm colorimetric determination method.
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2.3.9. Determination of the Amylopectin Content

Referring to the method of Nakamura et al. [14], the peak wavelength of starch iodine
adsorption λmax was obtained using an ultraviolet spectrophotometer at 400–900 nm, and
λmax was the corresponding absorbance of λmax. F2 is the area from 400 nm to λmax,
and Newλmax is the value minus the influence of glutinous rice. Fa, Fb1+2, and Fb3 were
calculated according to the following formula:

Newλmax = 73.307 × Aλmax+0.111 × λmax−73.016
λmax of Test sample−λmax of Glutinous rice

Fa =− 11.59 × F2 − 10.92 × Newλmax + 34.429
Fb3 = 44.691 × Aλmax − 0.774

Fb1+2 = 1 − (Fa+Fb3)

2.4. Data Analysis

The DPS 15.10 data processing system was used to analysis of variance, multiple
comparison and path analysis. GraphPad Prism 8.2.1 mapping software was used for
drawing.

3. Results and Discussion
3.1. Response of the Endosperm Components of the Rice Varieties with Different Protein
Components to Nitrogen Fertilizer Application

The cooking and eating quality of rice mainly depends on its starch properties and
protein components. Therefore, nitrogen fertilizer application can improve the eating
quality of rice mainly by affecting these two main physicochemical indexes [15,16]. In this
study, nitrogen application significantly affected the amylose content, and a relationship
between variety and fertilization level was observed (Table S1). The AAC of the high
albumin content varieties increased with an increase in nitrogen application, whereas the
AAC of the low glutelin content varieties fluctuated with an increase in nitrogen application,
possibly due to the competitive relationship between the protein and amylose contents
of rice (Figure 1). Previous studies have shown that nitrogen can change the content and
structure of amylopectin in rice as well as increase the proportion of short chains; however,
it is unsuitable for the formation of long chains [17]. The Fa and Fb3 of Xinnongjing8 and
Yinguang in this study increased with an increase in nitrogen application. For potatoes,
studies have shown that the amount of nitrogen fertilizer application significantly affects
the expression of the starch synthetase gene SSIII; reasonable nitrogen fertilizer application
can increase SSIII expression level [18]. Therefore, in this study, did the application of
rice panicle fertilizer increase the expression level of SSIII and promote the synthesis of
long-chain amylopectin? To answer the above question, further investigation is needed. In
general, nitrogen application significantly affected the branch structure of amylopectin of
the high albumin content variety Yinguang, whereas the AAC of the other three varieties
differed significantly in response to nitrogen fertilizer.
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Figure 1. Effect of nitrogen fertilizer on starch composition of different rice varieties. (A): Differ-
ences of AAC (apparent amylose content) in four varieties with different nitrogen application levels,
(B): Differences of Fa (short chain of amylopectin) in four varieties with different nitrogen application
levels, (C): Differences of Fb3 (long chain of amylopectin) in four varieties with different nitrogen
application levels, (D): Differences of Fb1+2 (medium chain of amylopectin) in four varieties with dif-
ferent nitrogen application levels. Note: The different letters indicate that the difference is significant
at 0.05 level.

Many scholars have relatively consistent views on the effect of nitrogen fertilizer on
the protein content of rice. Nitrogen fertilizer significantly affects the protein content of
rice, but it had marginal utility [19]. However, the effect is marginal, and nitrogen fertil-
izer application at the booting stage or increasing the application ratio at the ear stage
is the most beneficial for protein accumulation. Studies have shown that after nitrogen
application (Figure 2), changes in prolamine and glutelin contents are more prominent,
albumin and globulin contents are less affected, and the effects of nitrogen on the same
protein component of different rice varieties also differ [20]. This study also confirmed that
nitrogen application significantly affected prolamine and glutelin contents, and the variance
between fertilization treatment and the interaction of variety × fertilization level was signifi-
cant (Table S2). From the perspective of variety type, nitrogen application insignificantly
affected the high albumin-containing varieties, while the protein components of the low
glutelin-containing varieties were sensitive to nitrogen application. Medium application of
nitrogen increased albumin and globulin contents and decreased prolamine and glutelin
contents. Additionally, nitrogen application significantly affected the proportion of protein
components in Xinnongjing 8 and the proportion of prolamine content in Yinguang and
Jinongda 815. Therefore, it can be further confirmed that the effects of nitrogen fertilizer
on protein content and composition vary with variety. Nitrogen fertilizer treatment can
change the protein content and composition of rice as a whole and improve the cooking and
eating quality of rice, but it needs to be controlled according to the variety characteristics.
In addition, the distribution of the four proteins in rice grains was also different. Gluten
gradually increased from the outer to the inner endosperm, globulin and albumin mainly
existed in the outer part of rice (i.e., aleurone layer), and promaline is uniformly distributed
throughout the whole region of the rice [21]. Therefore, from the point of grain develop-
ment, gluten accumulates first, while globulin and albumin accumulate later. According
to the accumulation time characteristics of different protein components, can we adjust
the application period of ear granule fertilizer to regulate the content of a certain protein
component in a targeted way? It is worth further study.
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Figure 2. Effects of nitrogen fertilizer on protein composition and proportion of different rice
varieties. (A): Differences of albumin content in four varieties with different nitrogen application
levels, (B): Differences of globulin content in four varieties with different nitrogen application
levels, (C): Differences of prolamine content in four varieties with different nitrogen application
levels, (D): Differences of glutelin content in four varieties with different nitrogen application levels.
(E): Differences of albumin percentage in four varieties with different nitrogen application levels,
(F): Differences of globulin percentage in four varieties with different nitrogen application levels,
(G): Differences of prolamine percentage in four varieties with different nitrogen application levels,
(H): Differences of glutelin percentage in four varieties with different nitrogen application levels.
Note: The different letters indicate that the difference is significant at 0.05 level.

3.2. Response of Rice Varieties with Different Protein Components to Nitrogen Fertilizer Aplication
in Terms of Eating Quality

The RVA spectrum of rice starch is an important index for evaluating rice quality,
which is closely related to cooking and eating quality. The RVA starch spectrum parameters
of rice are significantly affected by the nitrogen supply level, and the performance differs
among varieties, which is related to the experimental varieties, cultivation environment,
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and experimental conditions. RVA characteristic values of the different varieties differed
significantly, indicating that variety significantly influenced RVA traits. However, previous
studies have found that the coefficient of variation between the trough viscosity and the
final viscosity is larger [22], indicating that nitrogen fertilizer significantly affected the two
RVA eigenvalues. The results of this study also showed that the nitrogen application level
significantly affected the trough and final viscosities (Figure 3, Table S3). Generally, the
starch viscosity of rice tends to deteriorate with increasing nitrogen fertilizer application.
However, in this study, low protein varieties showed a higher viscosity value under high
nitrogen (N3) treatment. For high albumin-containing varieties, RVA of Yinguang was
not sensitive to fertilization, while the RVA (except backdown) of Jiyang 108 was lower
under low nitrogen treatment and higher under high nitrogen level. It can be seen that
high nitrogen treatments positively affected the RVA value of the two varieties, but it rarely
has a significant impact, which is related to the small fertilizer horizontal gradient set in
this study and the nitrogen fertilizer does not reach the critical value.
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Figure 3. Effect of nitrogen fertilizer on RVA characteristic values of different rice varieties. (A): Differ-
ences of peak viscosity in four varieties with different nitrogen application levels, (B): Differences of
trough viscosity in four varieties with different nitrogen application levels, (C): Differences of break-
down in four varieties with different nitrogen application levels, (D): Differences of final viscosity in
four varieties with different nitrogen application levels, (E): Differences of setback in four varieties
with different nitrogen application levels. Note: The different letters indicate that the difference is
significant at 0.05 level.

The taste value of rice is a comprehensive feeling, including vision, taste, and smell,
and the taste quality of rice is an important part of the rice quality. The results the present
study showed that varieties and fertilization levels significantly affected food taste value,
appearance, hardness, viscosity, and balance (Figure 4, Table S4). Variety and fertilization
level significantly influenced hardness, and a relationship was suspected between the two.
This indicated that nitrogen fertilizer application greatly affects food quality. Several studies
have concluded that late nitrogen fertilizer application adversely affects rice quality [23].
With increasing nitrogen application, most varieties show an increase in rice hardness
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and a decrease in appearance, viscosity, balance, and taste value, especially when the
nitrogen content is high. The eating characteristics of high albumin content varieties differed
significantly among nitrogen treatments. Under high nitrogen application, the hardness of
these varieties was the lowest, and the other taste traits were the highest. Low protein varieties
were insensitive to fertilization treatment. Regarding the relationship between nitrogen
application rate and rice’s excellent taste, some studies have suggested that the optimal
nitrogen application rate for japonica rice’s taste was 0.0240–0.02625 kg·m−2 [24]. However,
the high nitrogen setting rate in this study did not reach this range. Moreover, because
high nitrogen application promoted the content of short-chain amylopectin, albumin, and
globulin of high albumin content varieties, it was concluded that high nitrogen application
was conducive to taste formation of these varieties. Because food taste is also related to
fat and mineral content, the reasons for the difference in food taste value with nitrogen
response will be further studied and analyzed from these aspects.
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Figure 4. Effects of nitrogen fertilizer on eating quality of different rice varieties. (A): Differences of
appearance in four varieties with different nitrogen application levels, (B): Differences of hardness in
four varieties with different nitrogen application levels, (C): Differences of viscosity in four varieties
with different nitrogen application levels, (D): Differences of balance in four varieties with different
nitrogen application levels, (E): Differences of taste value in four varieties with different nitrogen
application levels. Note: The different letters indicate that the difference is significant at 0.05 level.

3.3. Path Analysis of the Relationship between Endosperm Components and Food Quality

Although personal preferences influence the evaluation of rice taste, the core factor is
the viscoelasticity of rice. Good taste of rice is characterized by strong viscosity and elasticity
and moderate hardness when chewed; these characteristics are related to the endosperm
composition. Within a certain range, the lower the AAC with low water absorption and
swelling, the greater the viscosity of the rice, the softer the rice, and the better its taste.
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In general, the AAC of rice with better taste is <18% [25]. However, taste among similar
AAC varieties has been reported to differ and mainly affected by amylopectin. In the
amylopectin side chain, the greater the proportion of short branches to long branches, the
softer the rice [26], whereas the lower or higher the proportion of medium chains, the
harder the rice [19] and more difficult to cook [27]. A previous study also showed that a
high long-chain Fb3 ratio of amylopectin increases the hardness of rice, and high Fa and
Fb1+2 contents and Fa/Fb3 ratio increase the viscosity of rice [28]. For japonica rice varieties
with slight difference in amylose content, protein content is the main factor affecting the
taste quality of rice. However, the relationship between protein content and food taste
value is not fixed, and the food taste value of rice usually increases with a decrease in
protein content. When the protein content decreases to a certain level, the food taste value
of rice tends to decrease. Through the detection of rice protein components, it was found
that albumin content in indica rice had a significant negative correlation with food taste
value, whereas albumin content in japonica rice had a significant positive correlation or
an insignificant negative correlation with food taste value. A high content of prolamine
negatively affects food taste value, whereas glutelin can form various hydrogen bonds
with water, and the water-holding capacity and hydration degree of starch are weakened
when glutelin is increased [9]. Therefore, glutelin also negatively affects food taste value,
but it can improve the food taste quality of rice. Because several varieties were selected in
previous studies, it is evident that the effects of protein content and components on food
taste value may vary with variety. In this study, the path analysis of starch, protein, and
taste value of the two varieties revealed that the direct effect of amylopectin Fa, Fb3, and
AAC in high albumin varieties were the largest (Tables 1 and 2). The direct coefficients
of all endosperm components, except Fa, were less than the sum of indirect coefficients,
and mainly through the indirect effects of Fa and Fb3, indicating that the short-chain ratio
of amylopectin significantly affected the taste value of high albumin-containing varieties.
In the low glutelin-containing varieties, the direct effect of Fa and Fb1+2 on taste value
was the largest and positive. For indirect effects, globulin content and Fa were the main
factors. The results show that the direct effect of Fa is very significant in the two varieties,
but the effect is the opposite. Higher Fa content is suitable for the performance of the
low glutelin-containing varieties but unsuitable for the high albumin-containing varieties,
further confirming that its effect on taste varies according to variety, which also confirms
that protein content determines the interaction between protein and starch [29] as well as
affects the formation of hydrogen bonds and gel networks within starch molecules [30],
thereby affecting taste quality. However, further studies are needed to determine whether
the difference in protein content and types of rice changes rice taste quality and whether
it is caused by the direct effect of protein or the indirect effect of the synthesis of starch
structure or starch gelatinization. In addition, due to the different distribution of protein
components in rice grains, do the protein components at different layers of endosperm
have positive or negative effects on taste value? Is there a difference influence of protein
components on taste among different layers? It needs further study and discussion.
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Table 1. Path analysis of endosperm composition and taste value of high albumin content varieties.

Endsoperm
Component

Direct
Coefficients

Sum of
Indirect
Coefficients

Through the
X1

Through the
X2

Through the
X3

Through the
X4

Through the
X5

Through the
X6

Through the
X7

Through the
X8

Determination
Coefficient

AAC (X1) 0.61 −1.50 −3.21 1.74 0.00 −0.01 −0.02 0.17 −0.17 Rˆ2 = 0.921
Fa (X2) −3.25 2.37 0.60 1.81 0.00 −0.01 −0.02 0.16 −0.17
Fb3 (X3) 1.85 −2.67 0.58 −3.19 −0.01 −0.01 −0.02 0.15 −0.17
Fb1+2 (X4) −0.03 −0.07 0.04 −0.51 0.49 0.00 −0.02 −0.04 −0.01
Albumin (X5) 0.04 0.34 −0.14 0.71 −0.29 0.00 0.03 0.02 0.02
Globulin (X6) 0.10 0.11 −0.13 0.75 −0.46 0.01 0.01 −0.10 0.02
Prolamine (X7) −0.25 0.76 −0.41 2.13 −1.11 0.00 0.00 0.04 0.11
Glutelin (X8) −0.19 −0.59 0.53 −2.87 1.63 0.00 0.00 −0.01 0.15

Table 2. Path analysis of endosperm composition and taste value of low glutelin content varieties.

Endsoperm
Component

Direct
Coefficients

Sum of
Indirect
Coefficients

Through the
X1

Through the
X2

Through the
X3

Through the
X4

Through the
X5

Through the
X6

Through the
X7

Through the
X8

Determination
Coefficient

AAC (X1) −0.08 −0.02 −1.50 0.30 1.01 −0.01 0.41 −0.07 −0.17 Rˆ2 = 0.934
Fa (X2) 4.79 −3.97 0.03 −1.10 −2.86 0.06 −0.45 0.06 0.28
Fb3 (X3) −1.12 1.94 0.02 4.68 −2.71 0.06 −0.43 0.06 0.25
Fb1+2 (X4) 2.90 −3.67 −0.03 −4.73 1.05 −0.06 0.46 −0.06 −0.30
Albumin (X5) −0.08 −0.65 −0.01 −3.75 0.90 2.15 0.28 −0.02 −0.20
Globulin (X6) −0.66 1.02 0.05 3.26 −0.72 −2.01 0.03 0.10 0.29
Prolamine (X7) −0.16 −0.22 −0.03 −1.80 0.39 1.07 −0.01 0.41 −0.24
Glutelin (X8) −0.37 −0.22 −0.04 −3.70 0.77 2.37 −0.04 0.53 −0.11
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4. Conclusions

Nitrogen application significantly affected the content of prolamine and glutelin; this
effect was obvious in the low glutelin content varieties. Nitrogen fertilizer treatment
increased the proportion of short chain (Fa) and long chain (Fb3) of amylopectin in Xin-
nongjing8 and Yinguang. The AAC of the high albumin content variety Jiyang108 showed
an increasing trend with an increase in nitrogen fertilizer application, whereas the AAC of
the low glutelin content varieties showed a fluctuation. High nitrogen levels promoted the
RVA viscosity and taste value of two type varieties, and had a significant effect on the taste
value of the high albumin content variety. Among the endosperm components, starch had
a greater direct effect on taste, but the effect was the opposite in the high albumin content
and low glutelin content varieties, so were the albumin and globulin.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agronomy14030469/s1, Table S1: ANOVA of the effect of nitrogen
fertilizer regulation on starch characteristics; Table S2: ANOVA of the effect of nitrogen fertilizer
regulation on protein components; Table S3: ANOVA of the effect of nitrogen fertilizer regulation on
RVA characteristic; Table S4: ANOVA of the effect of nitrogen fertilizer regulation on taste traits.
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