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Regulatory effects of nitrogen and density interaction on grain quality
of high-quality late rice and its mechanism

HU Tian, YUAN Shuai, HU Rong, YI Zhenxie®, CHEN Guanghui”

(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In order to understand the regulatory effect and mechanism of nitrogen application rate and density on the
quality of high-quality late rice, Yuzhenxiang was used as material to conduct field experiment under four nitrogen
application rates including no nitrogen(N1), 180 kg/hm? urea(N2), 126 kg/hm? urea(N3), 180 kg/hm? urea+200 t/hm?
biochar(N4) and two densities including 18 cm>25 cm(D1), 14 cm>25 cm(D2), and the rice quality and leaf nitrogen
metabolism characteristics were collected for further comparative analysis for each treatment. The results showed that
density had no significant effect on head rice yield, amylose content, gel consistency and protein fraction, and the
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ML, #aR, FENEEY R A S RS ZCRTIOI, yizhenxie@126.com; @fRIEH, MOLE, 1, HR, FEMAFK
FEF ST S e FAMIFIT, cgh68@163.com
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indexes of D2 treatments were slightly higher than those of D1 treatments. Nitrogen application increased head rice
yield and protein content, reduced chalkiness grain rate and chalkiness, and N4 treatment had the best effect. The
interaction effect of nitrogen application rate and density on rice quality was significant, and N4D2 treatment had the
best processing quality and appearance quality, the longest gel consistency and the highest protein fraction content.
Density had no significant effect on leaf nitrogen content, nitrate nitrogen content, nitrate reductase(NR) and nitrite
reductase(NiR) activities, while D2 treatments had slightly higher leaf nitrogen content, NR and NiR activities.
Nitrogen application increased leaf nitrogen content, nitrate nitrogen content, NR and NiR activity, and N4 treatment
was the highest. The correlation analysis showed that leaf nitrogen content, NR and NiR activity were significantly or
extremely significantly positively correlated with head rice rate, amylose content, gel consistency and protein fraction
content, and significantly or extremely significantly negatively correlated with chalkiness grain rate and chalkiness.
Increasing biochar application could improve rice quality, mainly by increasing head rice rate and decreasing chalkiness
and chalky grain rate. In the studied conditions, N4D2 treatment had the best regulatory effect on the quality of
high-quality rice, and its regulatory mechanism was to improve the nitrogen content in leaves and the activity of

20234 6 A

nitrogen metabolism enzymes.

Keywords: late rice; nitrogen application rate; density; rice quality
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Table 1 Processing and appearance quality of tested rice in different treatments %
g i S Rk MR LR HEHE
2020 4 2021 4 2020 4 2021 4 2020 4 2021 4 2020 4 2021 4 2020 4 2021 4§
N1D1  78.17hc 75.01c 67.07c 65.85b 38.74c 38.81bc 20.43a 23.91a 2.12a 2.92a
N1D2  77.55c 76.73c 66.09c 67.90b 34.95d 40.58b 19.00a 19.06b 1.76b 1.71bc
N2D1  79.25b 75.84c 68.91bc 67.80b 43.22b 36.39¢ 17.65ab 14.62c 1.81b 1.47c
N2D2  80.05ab 78.49bc 69.83b 66.25b 39.98bc 41.37b 17.64ab 14.52c 1.10cd 2.02b
N3D1  78.26bc 80.26b 64.79d 61.24c 37.35¢c 38.20bc 15.88b 17.52bc 1.27¢c 2.14b
N3D2  79.49b 80.58b 66.19c 66.20b 38.44c 40.50b 13.85bc 14.87c 2.18a 1.81bc
N4D1  80.78ab 80.25b 70.58ab 70.64a 46.20a 45.06a 11.06¢c 11.31cd 1.38c 1.20c
N4D2  81.33a 81.97a 72.02a 70.45a 47.23a 47.63a 10.51c 10.16d 0.74d 1.08c
D1 79.12a 77.84b 67.84a 66.38b 41.38a 39.62b 16.26a 16.84a 1.65a 1.93a
D2 79.61a 79.54a 68.53a 67.70a 41.10a 42.52a 15.25a 14.65b 1.45a 1.66b
N1 77.86b 75.87c 66.58b 66.88b 36.35¢C 39.70b 19.72a 21.49a 1.94a 2.32a
N2 79.65ab 77.17bc 69.37a 67.03b 41.60b 38.88b 17.65ab 14.57b 1.46b 1.75ab
N3 78.88b 80.42ab 65.49b 63.72¢c 37.90c 39.35b 14.87b 16.20b 1.73ab 1.98ab
N4 81.06a 81.11a 71.30a 70.55a 46.72a 46.35a 10.79¢c 10.74c 1.06¢c 1.14b

RIS Rl AN ) T BE R AR PRI (4 22 57 A e 127 5 X (P<0.05)
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Table 2 Cooking and nutrient quality of tested rice in different treatments

e HEATR(gkgY) FREASR(gkYY) FEREASGRI(gkyY) AEAGR(gkgY)  HEEEM & R% HEHREE fmm
2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 20214 2020 4F 20214 2020 4F 20214 2020 4% 2021 4F
N1D1 452 3.55h 4.50c 408  11.28b  10.46b  31.40 30.99 16.10b 17590  67.5b 67.0c
Ni1D2  4.53c 3.60b 5.66b 564b  11.66ab 10.71b 3152 31.11 16.18b  18.01ab  66.0b 77.5bc
N2D1  5.41b 4.49a 6.40ab  5.07b  11.77ab  10.85ab  31.83 31.23 17.09b  17.33b  73.5b 95.5ab
N2D2  5.59 4.52a 6.22b 521b  1217a  11.20a  32.00 31.09 19.75a  18.18ab  89.5a 73.5bc
N3D1  5.65b 426ab  6.13b 509  11.44b  10.8lab  31.90 30.83 20.15a  18.75ab  74.5b 76.5bc
N3D2 5.75b 43lab  6.49ab  5.08b  12.00a  11.15a  32.03 31.59 20.92a  19.64a  74.0b 76.0bc
N4D1  6.63a 477a 659b  520b  12.06a  11.23a  31.94 31.35 17.97ab  18.70ab  80.5ab 82.5b
N4D2  6.84a 491a 7.02a 7.09a 12252 1153a 3211 31.61 18.31ab  19.04a  90.0a 102.0a
D1 5.55a 4.27a 5.90b 486b  11.63a  10.84a 3177 31.16 17.83a  18.09a  74.0a 80.4a
D2 5.68a 4.34a 6.35a 5.76a 12.02a 11.15a 31.91 31.28 18.79a 18.72a 79.9a 82.3a
N1 453¢c 3.58¢c 5.08b 486b  11.40b  10.59c  31.46 31.05 16.14b  17.80b  66.8c 72.3b
N2 5.50b 45lab  6.31a 514b  11.97ab 11.02b  31.91 31.16 18.42ab 17.76b  81.5ab 84.5ab
N3 5.70b 4.29b 6.31a 5090  11.72ab 10.98b  31.97 31.21 20.54a  19.20a  74.3b 76.3b
N4 6.74a 4.84a 6.80a 6.14a  12.15a  11.38a  32.02 31.48 18.14ab  18.87ab  85.3a 92.3a

(RIS e AN [l B o Ab BRIA] ) 22 57 GET T 7 3 (P<0.05).
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Table 3 Nitrate nitrogen contents in leaves of tested rice in different treatments g/kg
- 2020 AR AS A S i 2021 ARAHAS RS
SYEE R SRR TN 1) Sy EE] AR SRR TESE i)

N1D1 0.50b 0.37c 0.41b 0.54c 1.54b 1.46b 0.57c 1.50b
N1D2 0.46b 0.37c 0.42b 0.56¢c 1.55b 1.45b 0.60c 1.44b
N2D1 0.57ab 0.54ab 0.50a 0.68b 1.73a 1.66a 0.63b 1.84a
N2D2 0.63a 0.5% 0.51a 0.64bc 1.71a 1.58ab 0.56¢ 1.86a
N3D1 0.61a 0.52b 0.47ab 0.66b 1.60ab 1.54b 0.56¢ 1.84a
N3D2 0.65a 0.5% 0.50a 0.67b 1.55b 1.60ab 0.60c 1.83a
N4D1 0.63a 0.60a 0.52a 0.82a 1.58b 1.63a 0.77a 1.82a
N4D2 0.64a 0.62a 0.54a 0.82a 1.59b 1.67a 0.71ab 1.88a
D1 0.58a 0.51a 0.47a 0.67a 1.62a 1.57a 0.63a 1.75a
D2 0.59a 0.54a 0.49a 0.67a 1.64a 1.58a 0.64a 1.76a
N1 0.48b 0.37b 0.42b 0.55¢c 1.55b 1.45b 0.53b 1.47b
N2 0.60a 0.56a 0.51a 0.66b 1.72a 1.62a 0.60b 1.85a
N3 0.63a 0.55a 0.48a 0.67b 1.58b 1.57a 0.58b 1.83a
N4 0.63a 0.61a 0.53a 0.82a 1.59b 1.65a 0.74a 1.85a

(RIS B AN [ Bk b RIB) 9 22 574 e 7 7 3 (P<0.05).
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Table 4 Total nitrogen contents in leaves of tested rice in different treatments g/kg
s 2020 4EA A S 2021 AE AR
Sy BEH 2R FEHE TSR i) Sy BEH 2T FEREW TSR )
N1D1 11.72b 12.60b 9.14b 8.70d 11.75cd 12.58¢c 8.47c 7.70c
N1D2 10.07c 11.67b 9.24b 8.60d 11.06d 12.13c 8.14c 7.65¢
N2D1 12.31a 15.59a 10.64a 10.36b 13.57b 16.11ab 10.74b 9.52b
N2D2 11.45b 15.07a 10.34ab 10.49b 13.01bc 15.36b 10.55b 8.88bc
N3D1 11.90ab 12.51b 10.40ab 9.40c 12.29¢ 15.22b 10.65b 7.79¢
N3D2 11.03b 12.23b 10.47a 9.27cd 11.10d 14.72bc 9.33bc 7.48c
N4D1 13.31a 15.61a 10.94a 11.10ab 15.91a 17.92a 15.10a 11.99
N4D2 12.18ab 15.81a 11.02a 11.38a 15.01a 17.25a 15.07a 11.94a
D1 12.31a 14.08a 10.28a 9.89% 13.38a 15.46a 11.24a 9.25a
D2 11.18b 13.69b 10.27a 9.94a 12.55b 14.86b 10.77a 8.99a
N1 10.90c 12.14b 9.19b 8.65d 11.41c 12.36¢c 8.30c 7.68¢c
N2 11.88ab 15.33a 10.49a 10.43b 13.29b 15.73b 10.65b 9.20b
N3 11.47bc 12.37b 10.44a 9.34c 11.70c 14.97b 9.99bc 7.63c
N4 12.75a 15.71a 10.98a 11.24a 15.46a 17.59a 15.08a 11.97a

[R5 B AN [ 2 A BRI B0 2 53 B3 3 3 (P<0.05)
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Table 5 Nitrite reductase activities in leaves of tested rice in different treatments U/g
- 2020 £ NiR T4 2021 4E 19 NiR T
SYEE] AR SRR TESE ] Sy BEH] A SRR M

N1D1 1777.0b 1864.0b 2255.0b 2022.0b 940.6b 1364.9b 1765.3b 1358.0b
N1D2 1793.0b 1888.0b 2271.0b 2093.0b 988.6b 1524.0b 1785.0b 1374.0b
N2D1 1983.0ab 2386.0ab 2678.0a 2411.0a 1076.7ab 1588.0ab 2022.0ab 1793.0ab
N2D2 2014.0ab 2425.0a 2710.0a 2426.0a 1100.7ab 1677.2a 2061.7a 1805.3ab
N3D1 1840.0b 2188.0ab 2532.0ab 2246.0ab 986.0b 1453.0ab 1817.0b 1772.0ab
N3D2 1880.0ab 2196.0ab 2623.0ab 2318.0ab 988.6b 1475.0ab 1822.0b 1793.0ab
N4D1 2164.0a 2441.0a 2812.0a 2457.0a 1260.8a 1589.1ab 2085.5a 2005.5a
N4D2 2172.0a 2512.0a 2844.0a 2512.0a 1364.9a 1738.0a 2197.6a 2022.0a

D1 1941.0a 2219.8b 2569.3b 2284.0b 1066.0a 1498.8b 1922.4b 1732.1a

D2 1964.8a 2255.3a 2612.0a 2337.3a 1110.7a 1603.5a 1966.6a 1748.6a

N1 1785.0b 1876.0b 2263.0b 2057.5b 964.6b 1444.5b 1775.1b 1366.0b

N2 1998.5ab 2405.5a 2694.0ab 2418.5a 1088.7b 1632.6a 2041.8a 1799.1ab

N3 1860.0ab 2192.0ab 2577.5ab 2282.0ab 987.3b 1464.0b 1819.5ab 1782.5ab

N4 2168.0a 2476.5a 2828.0a 2484.5a 1312.9a 1663.6a 2141.6a 2013.7a

[RIZ AN R T B R Ab R (4 22 574 GE 3 24 72 X (P<0.05).
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Table 6 Nitrate reductase activities in leaves of tested rice in different treatments Ulg
e 2020 1Y NR T E 2021 4F ) NR 5k
53 BEW 2P FERE I I S BER 2P S TES I

N1D1 0.66d 0.64c 0.66b 0.61b 0.63c 0.60c 0.47b 0.44b
N1D2 0.69d 0.66¢ 0.64b 0.61b 0.75bc 0.69b 0.49b 0.46b
N2D1 0.92b 0.79b 0.70b 0.68b 0.80b 0.78ab 0.56ab 0.52a
N2D2 0.95b 0.81b 0.74b 0.67b 0.93a 0.82ab 0.67a 0.54a
N3D1 0.78b 0.75b 0.66b 0.64b 0.72bc 0.70b 0.55ab 0.48ab
N3D2 0.81b 0.77b 0.68b 0.63b 0.93a 0.74b 0.65a 0.53a
N4D1 1.22a 1.15a 1.08a 1.06a 0.89a 0.90a 0.64a 0.52a
N4D2 1.24a 1.19a 1.11a 1.06a 0.94a 0.92a 0.69 0.57a
D1 0.90a 0.83a 0.77a 0.75a 0.76b 0.75a 0.55b 0.49
D2 0.92a 0.86a 0.79a 0.74a 0.89a 0.79% 0.62a 0.53a
N1 0.68c 0.65c 0.65b 0.61b 0.69b 0.65b 0.48b 0.45a
N2 0.93b 0.80b 0.72b 0.67b 0.87ab 0.80ab 0.61a 0.53a
N3 0.80bc 0.76bc 0.67b 0.63b 0.83ab 0.72ab 0.60a 0.50a
N4 1.23a 1.17a 1.09a 1.06a 0.91a 0.91a 0.67a 0.55a

() 5 B3 A [7] B o A B ) 22 5 A G 17 7 L (P<0.05).
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3.3 EKRMESHASARBHEIRAER M

FH2¢ 7 Al L, 2020 AFRG ARG ISR AR S R AU
OSSR AN RS S AR G
PRSI B TEAHSE . 2021 AERERSATRERR | A KR
5 AR SR | AR DR | R
AR Y AR B IEAHSE, KRS 4 AR
FEPRFHSENEAN 2

2 4FME], IR AR SEAE bR SRR AL 5

LA I W 2 A 2 DRSBTS S A
FRE 55 A QAR DA s B 2 it 8 2 TE AT G

R A SC A Bn -5 R K S 7 by S AR IE
KPR, 2020 4F, BRAER . FEASTRSAN
A TR R 1 2 25 B B AE A O s BREE i
SRR PR MEA 2 . 2021 4R, HEH
Ao fatn 9 M 7 BACHI A G HE bn e AS b S i
IEAR

®TOERPHUKREN R RRSERS KR RAE XM

Table 7 Correlation between leaf nitrogen metabolism indexes in leaves at mid-filling and processing quality

) B BTN
Ay KRR . —— . — -
WAHER A SRR YE R D P R R AR SR
2020 Rk 0.037 0.062 0.010 0.105
KA 0.040 0.126 0.083 0.051
R 0.536** 0.772** 0.561** 0.785%*
T RLR -0.378 —0.749%* —0.422* —0.721%*
RARY:S ~0.681** ~0.627** —0.741** ~0.640**
HEFER O = 0.347 0.801** 0.584** 0.639%*
il 0.709** 0.585** 0.592** 0.764**
HEOERE 0.482* 0.331 0.528** 0.457*
BRI AR 0.375 0.121 0.192 0.226
[IEa S g s 0.446* 0.410* 0.419* 0.671**
BEA R 0.820%* 0.736** 0.622%* 0.679**
2021 Rk 0.770** 0.715** 0.539** 0.641**
AR 0.221 0.377 0.312 -0.272
KR 0.593** 0.592** 0.803** 0.686**
FERLR —0.935%* —0.919%* —0.791** —0.788**
L —0.644** —0.739** —0.603** -0.493*
HEEER 0.604** 0.462* 0.521** 0.498*
JirgES 0.669** 0.886** 0.781%* 0.520**
HEAE 0.988** 0.912%* 0.793** 0.909**
BREE A it 0.529%* 0.667** 0.588** 0.346
[ R R 0.482* 0.662** 0.394 0.537**
HEAOTHE 0.864** 0.799** 0.692** 0.759**
ki RIRASEE B (P<0.05)FIE 3% (P<0.01).
4 ER5ite B, VRN B RAR . R Tl AU GE
H B HR 25 A-EL MEAL A IR s
TR R e, g o RRR AR, GERDEREH, AL
B, SESRAKRPUREE MR R RE 118, Wi I

ASHBORTE AR . AT, it
FRBETIN, RERR | KRR SBORPRREE BT,
T FREARNIE (R B PR AR,
SEOCMIAELE E RE  5 4 v AR OR B8 It S A A UL
a e AR, PR R AN Tl S S
WAL T AN 25, (ERAEAE B HEE R, =
R AP HAE P (NA)RTRER A R S BORG R R

JEOTs ity A= 4 o (Al FH RERE AR IR, fe KA
FeorW, e mAE AR N R RS R0, TRl AR
H B —E IR R

N LR NI
R E R, BPEDSRM, R R MR, |
SRR O AR R OR ZR B R T A ASBIEST
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W, N4 ACERRHRBE R, TRROK LRV B B
AR T N3 ABFEY . ORIt FIE ] SECK IR B
BEAIS . FEORZEE ST M RRLS), (H G it A Py i e i ik
IKFEFRA WSS AR D4R S A K o 7],
EPMGAENS] | ARSI, HEHURE RS, K
PSR B EBETEN S AR HA R R BTt AR
o B SR 2 AR 4% B A BE A AT RY S
FURCHIE T 25 5, AL (D2) A B &

I 5 R e BRI RE e A B T R S R 1
Z—, AR RS 56 A R BT R,
SRUERR SRR, 3 21 it AU BB S 4K e KRS
MR RWILRE ), B AR B E . AR
o KRR RS B IR R B e A, LA
NEBCiEAE Y peREE— 3t R/ &, BT
aifp IR EALEE . FTIL, AEY ok AT e e T e
R A28, gy ee 25136 KRR RS RS
B2 S R B R R T . A gE R, KA
RS A Y LR R PR, HLERC A
Wy s St 4e s FE SR E, KAE
FAMA RSB U B A B, RO RS A 1
FEIAR ) = 3haz i ok AREPI IR N 5 5 e 38 J5UR
A RERIF S, AER A R I NOs FE b2 2k
PRI 25, RROE UERE R RS AU IR i 271,
7% FE AL B RE B 5 AR SR W ) TG PR 20, B R R
AR, AR R Bl A5 U IR A
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REEERRAR, HUOEH R Bk & =,
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0 ARG, MR EES PE AR S R SR T
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i AW Iy A R A it i £ S |
UL, et A AR S R S, TRk
WATETESr, SRR TR, $EEAEk
HORPRR, ZEEMEFRMIR, ok E RS
MR G R RS RE R EAAS &R R EIE
S, AIOL, HESRM A RS PE . R A A
R E IR K IR B R AL B i

WFFEBHA , AHs ] IR S K RS T4
SRR | AR e B s R R, R

ERERRRUIE R IR WABITEENACK , AP
X ARSI ™ . A TR BRSO ARk X
AU, (HAE—EFREE B4Rm TSR, ThE
Fit . i EECTY TR, FEIR TSGR R AT
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