
 

 

 

INTRODUCTION 

 

Rapid Visco Analysis (RVA) can quickly detect the peak 

viscosity (PKV), hot pasting viscosity (HPV) and breakdown 

value (BDV), as well as the cold pasting viscosity (CPV), 

Setback value (SBV) and gelatinization temperature (GT) of 

rice starch (Dang and Bason, 2014; Kesarwani et al., 2016; 

Shafie et al., 2016). Therefore, RVA has been widely used by 

analysts as a quick testing method to measure the cooking and 

edibility quality of rice (Cao et al., 2018; Balet et al., 2019). 

A previous study showed that the value of HPV, total setback 

(TSB), and peak time (PeT) were negatively correlated with 

the edibility quality of rice ( Wei et al., 2018), while, the BDV 

was positively correlated with the taste value (Pang et al., 

2016; Laenoi et al., 2018). Previous studies also reported that 

peak viscosity, HPV, BDV, TSB and TSB are all significantly 

related to amylose contents and gel consistency of rice and the 

varieties that have higher amylose contents usually show 

lower BDV but higher TSB and SBV (Tong et al., 2014; Kong 

et al., 2015).The rice with lower apparent amylose content 

(AAC) generally characters smaller starch swelling volume 

and higher viscidity, and perform as glossy and good taste 

(Pang et al., 2016; Siddik et al., 2019). Conversely, the rice 

with higher AAC is characterized as lower viscosity and 

larger starch swelling volume and performed as glossiness 

and poor taste (Sato et al., 2002; Cai et al., 2015). The AAC 

content of rice is regulated by genes and affected by nitrogen 

and phosphorus fertilizer management in rice field. Pan et al. 

(2017) reported that nitrogen fertilizer produced a significant 

impact on the rice amylose contents and other edibility quality 

of rice. Most scientists believed that the increase of nitrogen 

fertilizer decreased the amylose contents in the rice (Chang et 

al., 2007; Gu et al., 2015; Ju et al., 2015). In contrast, it has 

also been reported that increasing the nitrogen fertilizer 

significantly improved the amylose contents of rice (Cao et 

al., 2018; Tang et al., 2019). Similar to the studies of nitrogen 

fertilizer on amylose contents of rice, phosphorus fertilizer 

also show the same impact on amylose contents. For example, 

Hong et al. (2015) reported that phosphorous fertilizer 

improve the nutrition and edibility quality while Jiménez-

Hernández et al. (2007) reported that phosphate fertilizer 

inhibited or have little affect on the formation of amylose in 

rice. 

X-ray diffraction (XRD) relies on the dual wave/particle 

nature of X-rays to obtain information about the structure of 

crystalline materials (Ocloo et al., 2017; Nagataki et al., 2018; 

Yang et al., 2020). Primary use of this technique is the 

identification and characterization of compounds based on 
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To understand the relationship of rice quality with nitrogen and phosphorus fertilizers, it is essential to optimize the fertilizer 

control in the rice field. In the current experiment, two factors, nitrogen and phosphorus, were considered in a split plot design 

with 9 treatments. Nitrogen (N) was set at N0 (0 kg / hm2), N150 (150 kg / hm2) and N300 (300 kg / hm2), and phosphorus (P) 

was set at P0 (0 kg / hm2), P120 (120 kg / hm2), and P240 (240 kg / hm2). The results of the current experiment revealed that 

the correlation coefficients of nitrogen fertilizer with peak viscosity (PKV), breakdown value (BDV) and peak time (PeT) were 

-0.831, -0.794 and 0.874, respectively. The correlation coefficients of phosphorus fertilizer with hot pasting viscosity (HPV) 

and cold pasting viscosity (CPV) were -0.719 and -0.888. The intensity and width of diffraction peak at 2θ = 15.2°, 18.3°, and 

20° in XRD were significantly related to the nitrogen and phosphorus fertilizer in rice field. Based on results it is concluded 

that increasing nitrogen and phosphorus application could significantly increase the proportion of composite starch grains and 

improve the density of rice starch. Peak viscosity, BDV, HPV and CPV in Rapid Visco Analysis profiles and diffraction peak 

at 2θ = 15.2°, 18.3° and 20° in XRD are sensitive to N and P regulation, which can be used to guide the regulation of nitrogen 

and phosphorus in rice field. 
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their diffraction pattern. In the X-ray diffraction pattern, there 

are both diffraction peaks of crystalline materials and 

dispersion peaks of amorphous materials (Bhat and Riar, 

2019; Khatun et al., 2019). Therefore, the crystallinity of the 

material can be calculated by measuring the diffraction 

intensity of the crystalline part (the sum of all diffraction 

peaks) and the scattering intensity of the amorphous part. 

According to the different X-ray diffraction spectra, starch 

crystals can be clustered into 3types, Types A, B, and C 

(Mohorič et al., 2009; Polesi et al., 2016b; Ding et al., 2019). 

In general, the spectrum of rice starch is A-type, that is, 2θ 

angle has strong diffraction peaks at 15°, 17°, 18° and 23°, in 

which 17° and 18° are continuous double peaks. The B-type 

crystal has strong diffraction peaks at 5.6°, 17°, 22°, and 24°. 

The C-type crystal is A-type and B-type complex. The 

crystallinity and the size of starch crystal can be determined 

quickly by XRD. The relative crystallinity and the starch 

crystal size are usually obtained by calculating the peak 

intensity and the peak width of XRD, respectively. 

It is certain that nitrogen and phosphorus fertilizer affect the 

relative crystallinity of rice starch, while most studies have 

showed that the crystal type of rice starch did not differ among 

different fertilizer treatments. Nagataki et al. (2018) and Ding 

et al. (2019) reported that with the changing of phosphorous 

fertilizer, the crystal type of rice did not change, still keep as 

A-type; but the X-ray diffraction absorption peak intensity 

increased with the increasing of phosphorous fertilizer.  

Due to the relationship between the fertilizer of nitrogen and 

phosphorous and the RVA specter and X-ray pattern of rice 

starch, there is some possibility to optimize the nitrogen and 

phosphorus regulation in the rice field by analyzing the RVA 

specter and X-ray pattern of rice starch. Therefore, the 

objective of this research was to analyze the RVA specter and 

XRD patterns of rice starch under different nitrogen and 

phosphorus treatments and to fetch the accurate regulation of 

nitrogen and phosphorus in the rice field for improvement of 

rice edible quality. 

 

MATERIALS AND METHODS 

 

Field experiment: The experiment was carried out at the 

Agricultural Experiment Center of Southwest University of 

Science and Technology Mianyang (31.53˚ N, 104.69˚ E) in 

2018 and 2019. The soil of Southwest University of Science 

and Technology is loam, with available nitrogen, phosphorus 

and potassium contents of 80.3 mg/kg, 43.3 mg/kg and 76.2 

mg/kg, respectively. High amylose hybrid rice, Byou268 was 

selected as the typical rice and used for the current 

experiment. The rice seed sowed into the seed bed in April 

and transplanted into the field in May with the space of 16.67 

cm × 33.33 cm. Expect nitrogen and phosphorous fertilizer, 

all other management were same for all plots during the 

experimental period. Pesticide and herbicide were used when 

necessary; to remove the impacts of insect and weed on rice 

quality, and other managemental practices were the same as 

that was recommended for the local high-yield field. 

For nitrogen level and 4 phosphorous levels (Table 1) were 

designed for the field experiment by using the split block 

design method with the main plot (4m×6m) of nitrogen and 

the sub plot (2m×3m) of phosphorous. The nitrogen fertilizers 

were applied as base fertilizer and tillering fertilizer of 6:4 and 

all the phosphorus fertilizers were applied as the base 

fertilizer. Some cemented ridges with a height of 50cm and a 

width of 30cm were built among plots to prevent the exchange 

of fertilizer among plots. Samples and measurement 

Starch sample: In September, mature rice was harvested at 2 

m2 (1m×2m). Harvested rice were kept in and dried in a cool 

and ventilated room. Moisture contents of rice were after 

every 3 days until moisture contents reached 14%.. Dried rice 

grains were de-hulled and milled and samples were collected. 

The milled rice samples was ground using a Cyclone Sample 

mill (UDY Corp., Boulder, CO) and sieved through 100-

mesh.  

Measurement method: The amylose contents were 

determined by using the standard methods mentioned in ISO 

6647-1-2007. The RVA of starch was measured by a rapid 

viscosity analyzer RVA4500 (Sweden, Perten) by following 

the methods described in American Association of Cereal 

Chemists (AACC, 1995). The XRD was test by X-ray 

diffraction instrument (Rigaku XRDDM ax. B) by the method 

introduced by Cheetham and Tao (1998).The relative 

crystallinity was analyzed by jade 6 software with the method 

mentioned by Towata et al. (2019b). Hitachi electron 

microscope (S-3000N) was used to scan the profile of rice 

grain.  

Data sorting and statistical analysis 

Each sample was tested 5 times. We, deleted the highest and 

lowest value and the mean value was calculated, from the 

remaining 3 values. The obtained mean value was considered 

as the sample value. . The results were subjected to an analysis 

of variance (ANOVA) for comparison of mean values and 

correlation analysis (CORR) by using the Statistical Analysis 

System, (SAS 11.0). 

 

Table 1. Nitrogen and phosphorous levels and its design for the field experiment.  
N (kg/hm2Pure nitrogen) P(kg/ hm2P2O5) 

 
Treatment 

1 0 0 
 

N1P1 N1P2 N1P3 

2 150 120 
 

N2P1 N2P2 N2P3 

3 300 240 
 

N3P1 N3P2 N3P3 
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RESULTS 

 

Response of RVA profile of rice starch to nitrogen and 

phosphorus regulation: Similar RVA changing trend was 

observed with the passage of time, the viscosity value quickly 

ascend to the first peak at 340-350s, and appeared as a trough 

at 500-5010s, the second peak took placed at 780-790s 

(Fig. 1). In the case of no application of phosphorus fertilizer, 

the PKV of starch increased first and then decreased with the 

increase of N application (Fig. 1A). However, under the high 

phosphorus level, it showed a decreasing trend. No matter in 

high phosphorus or low phosphorus treatment, the CPV was 

the lowest (2977-3066cp) at high nitrogen level, and the 

highest value of CPV (3306-3338cp) appeared at no nitrogen 

application (N0P0, N0P120 and N0P240). In the case of 

phosphorus fertilizer used, the HPV decreased with the 

increase of N fertilizer, the lowest value of HPV (1884-1899 

cp) always founded in N0 treatments (N0P120 and N0P240). 

ANOVAL analysis (Table 2) showed that nitrogen fertilizer 

significantly affected the AAC, PKV and BDV; phosphorus 

fertilizer significantly affected AAC, HPV and CPV. The 

interaction of nitrogen and phosphorus exert a significant 

influence on AAC, PeT and GT. These results indicated that 

AAC was not only affected by nitrogen and phosphorus, but 

also by the interaction of nitrogen and phosphorus. 

The variation coefficient of PKV, HPV and CPV were 3.68%, 

9.88% and 2.92% respectively, which were significantly 

higher than that of GT (0.43%). Results indicated that 

nitrogen and phosphorus fertilizer produced more impacts on 

PKV, HPV and CPV of RVA than that on GT. When 

Phosphorus fertilizer increased from 0 to 240 kg / hm2, the 

BD value of starch in Byou268 increased from 959 to 1261, 

and the AAC showed a similar increasing trend from N0 to 

N240 treatments. However, a converse results founded for 

CPV, HPV, PKV and GT (Table 3). The amount of nitrogen 

fertilizer increased from 0 to 300kg / hm2, the value of HPV, 

Table 2. Variance analysis of RVA characteristics of Byou268 grain’s starch under different nitrogen and 

phosphorus treatments. 

Source of variation PKV HPV BDV CPV SBV PeT/min GT AAC 

N 8.83* 1.58 19.28** 2.72 0.56 6.08 1.77* 24.48** 

P 1.54 9.10* 6.49 7.80* 1.42 1.57 0.46 12.00** 

N*P 1.76 2.43 0.88 1.08 1.45 5.43** 3.13** 9.49** 
PKV, HPV, BDV and CPV were peak viscosity, hot pasting viscosity, breakdown value, and cold pasting viscosity respectively; SBV, 
PeT, GT and AAC were setback viscosity, peak time, gelatinization temperature, apparent amylose content respectively.  

Table 3. Effect of nitrogen and phosphorus on RVA characteristic and apparent amylose content. 

Processing number PKV HPV CPV BDV SBV TSB PeT/min GT/℃ AAC/% 

N0P0 3318a  2132b 3787a  1186 469 1655 5.60b 81.08abc 30.41e 

N150P0 3186d 2161a  3815a  1025 629 1654 5.75a  80.72bc 31.74b 

N300P0 3024i 2065cd 3779a  959 755 1714 5.73a  80.70bc 29.13g 

N0P120 3215b 1954f  3568d 1261 353 1614 5.58b 81.52a  31.16c 

N150P120 3195c  1990e 3581d 1205 386 1591 5.58b 80.97abc 30.93d 

N300P120 3091f  2059d 3729ab 1032 638 1670 5.73a  80.72bc 30.17f 

N0P240 3087g  1934g  3603cd 1153 516 1669 5.55b 80.67bc 30.99cd 

N150P240 3113e 2078c  3686bc 1035 573 1608 5.71a  81.28ab 31.92a 

N300P240 3064h 2069cd 3730ab 995 666 1661 5.73a  80.47c  30.58e 
Values followed by the same uppercase letter within a line and the same lowercase letter within a column for each parameter do not 
differ significantly according to Turkey’s test (p < 0.05). PKV, HPV, BDV and CPV were peak viscosity, hot pasting viscosity, 
breakdown value, and cold pasting viscosity respectively; SBV, PeT, GT and AAC were setback viscosity, peak time, gelatinization 
temperature, apparent amylose content respectively. 

 
Figure 1. Effect of nitrogen and phosphorous fertilizer on the RVA profile Byou268 starch.  

  PKV, peak viscosity; HPV, hot pasting viscosity; CPV, cold pasting viscosity respectively. 

 

 

PKV 

HPV 

CPV CPV CPV 

PKV 
PKV 

HPV HPV 
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CPV, SBV and PeT showed a similar gradually increasing 

trend, while the PKV, BD, AAC and GT showed a gradually 

decreasing trend (Table 3). 

The correlation analysis showed that PKV, BDV and Pet are 

significantly correlated with nitrogen fertilizer and their 

correlation coefficient were -0.831, -0.794 and 0.874 

respectively. HPV and CPV were significantly correlated 

with the phosphate fertilizer, and the correlation coefficients 

were -0.719 and -0.888 respectively. These results indicated 

that nitrogen regulation affect the PKV, BDV and PeT values 

of rice starch, while the phosphorus regulation influenced 

PKV and HPV of rice starch. 

Response of rice starch X-ray to nitrogen and phosphorus 

regulation: The X-ray patterns of different nitrogen and 

phosphorus treatments were similar, which was related to the 

crystal structure characteristics of rice starch. The diffraction 

peaks of all treatments were concentrated in 15°-25°, with 

strong absorption peaks at 15.2°, 17.2°, 18.3° and 23.5° and 

diffraction peaks at 20° and 26° respectively, which were all 

typical A-type crystals. Among them, the peaks of two strong 

diffraction peaks near 15.2° and 18.3° were sensitive to 

nitrogen and phosphorus regulation, and the weak diffraction 

peaks at 20° were sensitive to phosphorus regulation. At the 

same nitrogen level, the diffraction intensity at 18.3° and 

15.2° increased first and then decreased with the increase of 

phosphorus content. Under the same condition of 

phosphorous fertilizer, the diffraction intensity at 18.3° and 

15.2° decreased with the increase of nitrogen fertilizer. A 

weak absorption peak near 20° appeared and its intensity and 

width increased gradually with the increase of phosphorous 

fertilizer (Table 5).  

The response of starch crystallinity to different nitrogen and 

phosphorus fertilizer was significantly different (Table 5). 

Even with similar amylose content, it was still appeared as 

significant difference in relative crystallinity among nitrogen 

and phosphorus treatments. Furthermore, the relative 

crystallinity of starch decreased with the increase of nitrogen 

but increased with the increase of phosphorus (Table 5). 

Compared with N0 treatments, the crystallinity of starch 

treated with N150 and N300 decreased by 0.26%-1.77% and 

1.10%-2.39%, respectively. Compared with P0, the 

crystallinity of P120 and P140 increased by 0.21%-0.87% and 

0.21%-1.17% respectively. A significant correlation (- 0.846) 

between the relative crystallinity of rice starch and the amount 

of nitrogen fertilizer, but it was not at a significant level with 

the amount of phosphorus fertilizer. These results indicated 

that the response of starch crystallinity to nitrogen was more 

sensitive than that to phosphorus. 

The relative crystallinity, the diffraction intensity and the 

diffraction width at 2θ = 15.2° were all significantly correlated 

with the amount of nitrogen fertilizer (Table 6), with the 

correlation coefficients of-0.846, -0.648 and 0.618. The 

Table 4. Correlation Analysis of RVA characteristic value and nitrogen and phosphorus regulation.  
PKV HPV CPV BDV SBV TSB PeT/min GT/℃ AAC/% 

N  -0.831* 0.254 0.288 -0.794* 0.820 0.038 0.874* -0.591 -0.658* 

P  -0.259 -0.719* -0.888* 0.342 -0.428 -0.296 -0.171 -0.034 0.678* 
PKV, HPV, BDV and CPV were peak viscosity, hot pasting viscosity, breakdown value, and cold pasting viscosity respectively; SBV, 

PeT, GT and AAC were setback viscosity, peak time, gelatinization temperature, apparent amylose content respectively. 

 

Table 5. Comparison of X-ray diffraction characteristic of starch in B you 268 grains treated with different nitrogen 

and phosphorus. 

Treatment Relative 

crystallinity (%) 

Peak intensity (s-1) Peak width (︒) 

2θ=15.2° 2θ=18.3° 2θ=20° 2θ=15.2° 2θ=18.3° 2θ=20° 

N0P0 35.15 2162 2213 1597 1.43 1.58 0.33 

N150P0 33.38 1984 2173 1582 1.47 1.54 0.14 

N300P0 32.76 1831 2090 1597 1.57 1.54 0.14 

N0P120 34.51 2017 2104 1524 1.37 1.64 0.75 

N150P120 34.25 1719 1998 1521 1.61 1.63 0.73 

N300P120 33.41 1582 2058 1520 1.62 1.68 0.77 

N0P240 35.35 1741 1863 1450 0.92 1.73 1.73 

N150P240 34.32 1676 1968 1457 1.42 1.67 1.65 

N300P240 33.87 1607 2060 1458 1.43 1.67 1.35 

 

Table 6. Correlation analysis of XRD characteristic value with nitrogen and phosphorus.  
Relative 

Crystallinity (%) 

Peak intensity (s-1) Peak width (︒) 

15.2° 18.3° 20° 15.2° 18.3° 20° 

N  -0.846* -0.648* 0.038 0.010 0.618* -0.132 -0.130 

P  0.383 -0.686* -0.796* -0.996* -0.481 0.901* 0.975* 
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intensity of XRD diffraction peaks at 2θ = 15.2°, 18.3° and 

20° was negatively correlated with the amount of phosphate 

fertilizer, and the correlation coefficients were - 0.686, - 0.796 

and - 0.996, respectively. The width of diffraction peaks at 2θ 

=18.3° and 20° was positively correlated with the amount of 

phosphate fertilizer, with the correlation coefficients of 0.901 

and 0.975, respectively. 

Structureof rice starch under different nitrogen and 

phosphorus treatments: The arrangement of endosperm cells 

in the cross section of brown rice was similar and all of them 

 
Figure 2. Wide angle X-ray diffraction pattern (2θ) of rice at different fertility levels  

 

 
Figure 3. Comparison of endosperm cells with different amylose content after nitrogen and phosphorus treatment 
Note: A-C: comparison of starch morphological differences in endosperm cells, with a magnification of ×50; D-F: comparison of 

morphological differences in oblong columnar cells, with a magnification of ×2000; G-H: comparison of starch morphological 

differences, with a magnification of ×2000.From left to right, there were three different nitrogen and phosphorus treatments: low nitrogen 

and low phosphorus (N0P0), high nitrogen and low phosphorus (N300P0), low nitrogen and high phosphorus (N0P240). 
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radiated outwards with the center of cross section. Several 

layers of oblong columnar cells arranged along the direction 

of the dorsolateral diameter, with some polygonal or irregular 

cells appeared at peripheral parts of the cross section. 

However, under different nitrogen and phosphorus 

treatments, the number of long column cell layers was 

significantly different. Compared with N0P240 (Fig. 3-C), 

more layers of long column cells arranged in the cross section 

and arranged as more loosely than N0P0 (Fig. 3-B) and 

N300P0 (Fig. 3-A). These results showed that phosphorus 

fertilizer reduced the number of long columnar cells and made 

starch more loosely. 

Diameter and composition of starch under different 

treatments were significantly different (Fig. 4). Comparing 

with N0P0 treatments, percentage of >5μm starch granules 

increased but the percentage of <2μm starch granules under 

N300P0 treatment, similar results founded in N0P240. These 

results indicated that nitrogen and phosphorus fertilizer 

significantly affect the starch granule morphology and 

endosperm cells. 

 

DISCUSSION 

 

Response of RVA of starch to nitrogen and phosphorus 

regulation: Different component of rice starch, including 

amylose, amylopectin, starch-lipid complex and starch-lipid 

complex, led to the difference in RVA map characteristics. 

Nitrogen fertilizer cause a higher level of protease and its 

activity in the stems, leaves and ears of rice at the filling stage, 

which fast the translation of protein into rice grain (Borah and 

Johari, 1987). The amylose content decreased with the 

increasing of protein content in grain, that results in changing 

in the cooking and taste quality of rice (de Souza Batista et 

al., 2019). Nitrogen fertilizer affects the starch quality 

through protein content, also by regulating the activities of 

enzymes (SuSy, AI and SPS etc.) and the expression of genes 

(Os GBSS I, Os ISA I and Os SBE II) (Sun et al., 2012; Leng 

et al., 2014). Based on the finding of the previous studies, the 

results of the current study explore that the amylose content 

of Byou268 decreased significantly with the increase of 

nitrogen fertilizer. Furthermore, this study also showed that 

the amount of nitrogen fertilizer was significantly correlated 

with PKV, BDV and PeT (Table 4). 

The percentage of starch granules(diameter<18μm) increased 

significantly; while its percentage of diameter>18μm 

decreased significantly (Jane et al., 1994; Bao, 2019) with the 

increasing of phosphorous fertilizer. Regardless of impact of 

phosphorus onthe starch granule’s diameter, phosphorous 

fertilizer also affected the protein content and amylose 

content in starch. Ordonio and Matsuoka (2016) reported that 

the increase of phosphorus fertilizer results in the increase of 

starch-lipid complex in rice grain, which leads to the decrease 

of apparent amylopectin content in rice. Similar to the results 

of previous studies, this study showed that phosphorous 

fertilizers affect the RVA value of AAC, HPV and CPV 

significantly. Furthermore, correlation analysis showed that 

there was a significant correlation between the phosphate 

fertilizer and HPV and CPV, with the correlation coefficients 

were -0.719 and -0.888.  

The results also showed that the interaction of nitrogen and 

phosphorus significantly affected the AAC, PeT and GT. 

Under N150P240 treatment, the amylose content of rice was 

the highest (31.92%), which was suitable for rice noodle 

production; while under N300P0 treatment, the amylose 

content of rice was the lowest (29.13%), which was better to 

improve the palatability of Byou268. 

Response of XRD characteristics to nitrogen and 

phosphorus fertilizer: As the most important component of 

rice starch, crystal and amorphous appeared as peak and 

dispersion in X-ray diffraction. The width and intensity of X-

ray peak is related to the crystal size and the crystallinity 

respectively (Polesi et al., 2016a). The wider peak means 

larger crystal, higher intensity of peak means more 

crystallinity (Towata et al., 2019a). Due to the destroying of 

the double helix structure of amylopectin, amylose in the 

crystalline layer decreased the density and transition layer 

thickness of the crystal. Therefore, the increase of 

amylopectin content often leads to the decrease of starch 

 
Figure 4. Comparison of starch composition of different amylose content grains after nitrogen and phosphorus 

treatment. 

 

 

2018 2019 
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crystallinity (Bhat and Riar, 2019). Similar with previous 

results, this research showed that the relative crystallinity of 

starch decreased with the increase of nitrogen and phosphorus 

fertilizer, which may be related to the change of amylose and 

lipid content in starch.  

Although the external environment does not affect the crystal 

type of rice, the intensity and width of the X-ray diffraction 

peak often change with the change of temperature, fertilizer, 

water and other environmental conditions (Ocloo et al., 2017; 

Ding et al., 2019; Tang et al., 2019). In this study, all the 

treated rice starch have strong absorption peaks at 2θ=15.2°, 

17.2°, 18.3° and 23.5°, and weak diffraction peaks at 20° and 

26°, which are typical A-type starch crystals. Due to the 

change of long and medium B chain content, and the change 

of protein-starch complex, the intensity of diffraction peak 

near 2θ=15.2° and 18.3° was negatively correlated with the 

amount of nitrogen and phosphorus. At the same time, this 

study also shows that the width of diffraction peak at 2θ=15.2° 

is positively correlated with the nitrogen fertilizer, with the 

correlation coefficient of 0.618. Phosphorus fertilizer was 

significantly correlated with the width of the diffraction peak 

at 2θ=18.3° and 20°, with the correlation coefficients were 

0.901 and 0.975, respectively. These results indicated that N 

and P fertilizer not only affected the crystallinity of rice, but 

also the size of starch crystal. 

Nitrogen and phosphorus regulation and starch structure: 

The process of starch gelatinizing actually is the process of 

starch crystal desolating. This process included the breaking 

and decomposition of amylopectin double helix structure and 

the extracting of amylose from amyloplast, which influenced 

by the arrangement of amyloplast and the molecular 

composition of amylopectin chain. Therefore, the study of 

amylose content, starch structure, viscosity and crystallization 

characteristics are better to reveal the internal mechanism of 

nitrogen and phosphorus fertilizer affecting rice quality. 

Similar with previous research, this research found that 

nitrogen and phosphorus fertilizer affected the structure of 

starch granules and the arrangement of starch endosperm is 

significantly related with the relative crystallinity of starch. 

The results also showed that nitrogen and phosphorus 

treatment could not only significantly affect amylose content, 

but also change the microstructure of starch. Compared with 

the inferior rice varieties, the starch granules of high quality 

rice are more polyhedral in shape and more closely in 

arrangement (Jane et al., 1994).  

Of course, the quality of rice is also affected by the level of 

chalkiness, which related with the arrangement of long 

columnar cells (Peng et al., 2009). Although there was no 

significant difference in the shape and size of starch grains 

among different types of rice lines, this study found that there 

were significant differences in the structure of starch granules 

in the same variety but different nitrogen and phosphorus 

treatments. Under lower nitrogen and phosphorus fertilizer 

treatments, more small starch granules (diameter <2μm) 

produced more spaces among starch granules, which 

appeared as insufficiently filling and more chalkiness on rice 

grain. With the increasing of nitrogen and phosphorus 

fertilizer, more large starch granules (diameter > 15μm) let 

the starch granules arranged more closely, which appeared as 

sufficiently filling and less chalkiness on rice grain. 

 

Conclusions: Nitrogen fertilizer significantly related with the 

RVA value of PKV, BDV, PeT; phosphorus fertilizer is 

correlated with the RVA value of HPV and CPV. The 

intensity and width of diffraction peak at 2θ = 15.2°, 18.3° 

and 20° in XRD were significantly related to the nitrogen and 

phosphorus in rice field. This study also revealed that the 

increasing of nitrogen and phosphorus fertilizer, large starch 

granules (diameter > 15μm) let the starch granules arranged 

more closely, which appeared as sufficiently filling and less 

chalkiness on rice grain.N150P240 was suitable to produce 

more starch by Byou268; while N300P0 treatment was better 

to improve the palatability of Byou268. 
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