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Abstract: [Objective] The objective of this study is to elucidate the effects of nitrogen rates and irrigation regimes and
their interactions on grain quality of rice. [Method] Two rice cultivars, Shendao 47 (an inbred japonica cultivar) and
Jingyou 586 (a hybrid japonica combination), were grown in pots. Four irrigation regimes, continuous flooded (CF),
shallow-wet irrigation (SWI), alternate wetting and moderate drying (WMD) and alternate wetting and severe drying
(WSD), and two nitrogen (N) rates, normal amount of N (NN, 180 kg/hm?), and high amount of N (HN, 220 kg/hm?),
were designed during the whole growing season. [Result] The interactions between N rates and irrigation regimes
significantly affected grain quality of rice. The milling quality, appearance quality, nutrition quality and cooking and
eating quality were better under WMD regime regardless of N rate. Under the NN treatment, the WSD regime decreased
head rice rate, gel consistency, the peak viscosity and breakdown but increased the percentage of chalky grain and
chalkiness, amylose content and setback as compared with the CF regime. Under the HN treatment, the grain quality of
rice was slightly better under the WSD regime than under the CF regime, however, the differences in grain quality
between the two irrigation regimes were not significant. The effects of irrigation regimes on total amino acid
concentrations varied with N rates and cultivars. Under the NN rate, the WMD regime increased the total amino acid
concentrations of both rice cultivars; under the HN rate, the WSD regime significantly increased the total amino acid
concentrations of Shendao 47, while Jingyou 586 had higher total amino acid concentrations, and the concentrations of
essential and non-essential amino acids followed the same trend as those of total amino acids. [ Conclusion] The WMD
improved grain quality of the rice cultivars. To achieve high rice quality, the combinations between WMD and NN, and
between WMD and HN were recommended for inbred rice Shendao 47 and hybrid rice Jingyou 586, respectively.
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SWI, Shallow-wet irrigation; WMD, Alternate irrigation with wetting and moderate drying; WSD, Alternate irrigation with wetting and severe drying.
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Fig. 1. Soil water potential of Shendao 47 and Jingyou 586 under various nitrogen and irrigation treatments.
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Table 1. Effect of nitrogen rates and irrigation regimes on rice grain milling quality. %
mi hb3 i 2 FKHE BEKE
Cultivar Treatment Brown rice rate Milled rice rate Head rice rate
PF 47 Shendao 47 NN-CF 81.83a 7435a 67.81b
NN-SWI 82.41a 75.56 a 69.91a
NN-WMD 81.95a 7475a 68.14 ab
NN-WSD 8l71a 70.41b 59.85 ¢
HN-CF 80.54 b 66.99 ¢ 54.08 d
HN-SWI 82.34a 7551a 69.14 ab
HN-WMD 82.02a 7531a 69.01 ab
HN-WSD 81.87a 7469 a 67.71b
SFHI{E Mean 81.84B 73.45B 65.71B
JE4L 586 Jingyou 586 NN-CF 82.28 ahc 73.15cd 64.92 hc
NN-SWI 81.29¢ 72.01d 63.36 ¢
NN-WMD 82.88 ab 75.23 ab 69.21a
NN-WSD 82.86 ab 75.40 ab 69.36 a
HN-CF 81.84 bc 7431 bc 66.31b
HN-SWI 83.24a 75.72 ab 69.04 a
HN-WMD 83.08a 76.04 a 69.68 a
HN-WSD 82.40 abc 74.47 be 68.54 ab
FHI{E Mean 82.49 A 7455 A 67.56 A
J5 Z 48T Analysis of variance
[ Fd Cultivar (C) ok ok **
Jiti % 5 Nitrogen rate (N) ns ns *
73K Irrigation regime (1) ns *x o
C)N ns *% **
C)d ns **k *k
N><| * **k *k
C>Nx * ok "k

CF—/K)ZEE: SWI—RIBHERE: WMD— BT B WSD— B TR HE®: NN—H%: HN—FEE: ANFE KNG TR AR 5
FlRVRI A — AP AS R AL B AT 7E0.05/K P L2 5 B3 *RORAE0.05 /K FRE, **FIR0.0UKTFRE: nsFRIE00S/KFARE. T,

CF, Continuous flooded; SWI, Shallow-wet irrigation; WMD, Alternate irrigation with wetting and moderate drying; WSD, Alternate irrigation with
wetting and severe drying; NN, Normal amount of nitrogen; HN, High amount of nitrogen. Values followed by different uppercase and lowercase letters mean
significant difference at 0.05 level among varieties or treatments for a given variety, respectively; *Significant at 0.05 level; **Significant at 0.01 level; ns, Not

significant at 0.05 level. The same as below.
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Table 2. Effect of nitrogen rates and irrigation regimes on rice grain appearance quality.
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m A posiil PR ISE RSP EHE
Cultivar Treatment Grain length/width Chalky grain rate/% Chalkiness/%
L& 47 Shendao 47 NN-CF 198a 5.24 be 1.89b
NN-SWI 197a 351d 184b
NN-WMD 199a 4.80 bed 0.92e
NN-WSD 2.02a 5.76b 211a
HN-CF 207 a 7.18a 154c
HN-SWI 199a 411cd 1.13d
HN-WMD 199a 4.60 bed 0.93e
HN-WSD 201la 5.08 bc 1.04d
SFHI{E Mean 2.00B 5.04 B 143B
4t 586 Jingyou 586 NN-CF 2.05a 16.54 ab 415a
NN-SWI 2.05a 16.12b 354b
NN-WMD 2.08 a 1439 ¢ 3.19bc
NN-WSD 2.06 a 17.41 ab 417 a
HN-CF 2.08 a 17.77 a 3.25bc
HN-SWI 2.07 a 16.69 ab 3.46 b
HN-WMD 207 a 1417 ¢ 2.84c
HN-WSD 2.06 a 16.39 ab 3.21bc
“FH4{E Mean 2.06 A 16.19 A 348 A
77 Z 54T Analysis of variance
FFf Cultivar (C) * * **
i % & Nitrogen rate (N) ns ns hid
T 75 3% Irrigation regime (1) ns i hid
C>xN ns ns ns
C)d ns *k *k
N> ns **
C>N x| ns ns

&3 TEREBMERASRNEREDRMDTEDS
Table 3. Effect of nitrogen rates and irrigation regimes on rice grain protein contents and total amino acid concentrations.

cey AT

B - HART A MR SRS = W R e FEEER S &
Protein contents Total amino acid Essential amino acid Non-essential amino acid
Cultivar Treatment
1% concentrations/(mg g ") concentrations/(mg g ") concentrations/(mg g %)

JL#% 47 Shendao 47 NN-CF 6.33¢e 60.76 f 18.43 d 4233 f
NN-SWI 6.93d 66.09 e 20.25¢ 45.84 ¢
NN-WMD 7.30 be 72.19 be 21.93b 50.26 bc
NN-WSD 747D 69.84 cd 20.97 be 48.87 cd
HN-CF 7.00 cd 68.88 d 20.83 bc 48.05d
HN-SWI 7.47b 69.31d 21.38 bc 47.93d
HN-WMD 7.90a 73.04b 21.45b 51.60 b
HN-WSD 8.17a 81.12a 24.45a 56.68 a
“F-¥{E Mean 7.33B 70.15A 21.21A 48.94 A

FE1f 586 Jingyou 586 NN-CF 6.83d 58.87 f 17.61e 41.26 f
NN-SWI 7.50 be 64.33 ¢ 19.37d 44.96 ¢
NN-WMD 7.80b 70.09 cd 21.25¢ 48.84 ¢
NN-WSD 7.60 bc 70.78 cd 21.23¢ 4954 ¢
HN-CF 7.27c 68.26 d 21.28 ¢ 46.98d
HN-SWI 7.60 be 72.33¢ 22.15¢ 50.19 ¢
HN-WMD 8.27a 80.81a 2480a 56.00 a
HN-WSD 8.13a 76.92b 23.48b 53.44b
“FHI{H Mean 7.63A 70.30 A 2140 A 48.90 A

75 %53 HT Analysis of variance
JibFh Cultivar (C)
Jiti%( & Nitrogen rate (N)
#7732\ Irrigation regime (1)
CxN
Cx
N>
C>N>|

Hk

*k

*k

ns

ns

ns

*%

*%

*k

*k

*%

ns

*%x

*%x

*k

*%x

ns

*k

*k

*k

*k
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Table 4. Effect of nitrogen rates and irrigation regimes on essential amino acid concentrations in rice grains. mg/g
pL b3 HARER HERSE EEARSE FEARSE REAMSE  FNEARSE  HEREE
Cultivar Treatment Thr content ~ Val content  Met content Ile content Leu content Phe content Lys content
Ik 47 Shendao 47 NN-CF 1.77d 457¢ 112a 1.77¢ 3.28e 3.14d 2.77¢
NN-SWI 1.96 cd 474c¢ 123a 1.94 cde 3.66d 3.49 be 3.23b
NN-WMD 2.26b 5.13b 117a 2.19 ab 419b 3.85ab 3.13bc
NN-WSD 2.11 hc 5.12b 130a 2.07 be 3.84 bed 3.43cd 3.10 be
HN-CF 2.07 b 521b 112a 2.00 bed 374 cd 3.60 bc 3.11bc
HN-SWI 2.1bc 5.09b 123a 2.12 abc 4,03 be 3.59 be 3.23b
HN-WMD 217 b 511b 1.36a 1.80 de 4.13b 3.63 bc 3.24b
HN-WSD 259a 562a 120a 232a 479a 416a 376a
FHI{H Mean 213B 5.07 A 1.22A 2.03B 3.96 B 361A 320A
JH1k 586 Jingyou 586 NN-CF 1.76 d 427¢ 1.22a 1.68d 3.15d 293e 2.59d
NN-SWI 2.13¢ 464d 1.18a 1.80d 3.45d 3.28d 2.90¢
NN-WMD 2.16¢ 5.01 cd 117a 2.08¢ 410c¢ 3.66 bc 3.06 be
NN-WSD 2.24bc 4,96 cd 133a 210¢ 404c 3.55 cd 3.02 be
HN-CF 2.07¢ 5.21 abc 117a 2.22bc 410¢ 3.52cd 2.99 be
HN-SWI 221c 5.08 bc 1.36a 215¢ 4.32 bc 3.83 abc 3.20 be
HN-WMD 3.07a 5.42 ab 125a 2.60a 489a 407a 350a
HN-WSD 250b 554a 1.28a 2.38b 456b 3.96 ab 3.26 ab
FH51E Mean 227A 5.02A 1.25A 213A 408A 3.60A 3.06 B
J7 243 HT Analysis of variance
fmF Cultivar (C) *x ns ns ki * ns *
Jiti % 5= Nitrogen rate (N) ok ok ns ok ok ** ok
HEWE 53X Irrigation regime (1) ok ok ns ok ok ** ok
C>xN ns * ns faled faled ns ns
Cx * ns ns faled ns ns ns
N> ns ** ns * ns * ns
C>xNxX ** ns ns ** ** * ns

Thr, Threonine; Val, Valine; Met, Methionine; lle, Isoleucine; Leu, Leucine; Phe, Phenylalanine; Lys, Lysine.

MR st BRI AR MR AR5 S (M AR
ML FEIEH BTN, SHOKZ AL, &
THRAC T B R IR = T RER IR BRI
AR SRR AHRRMBEAIRN SR, |
HERSE RS B R, A
—HG WEKTN, ETRSEEREE RS TIL
FEATHE K B R = R Ah LA 6 M b 75 AR BRI 3%
B, RRTRRNTARS, HRULREEREE
FEHRURERE « VRITHEBL AN 10 A B E R A B ) 22
FARE, SHROKZHEMALL, BTRAE R D
Fikwm VRS KT A AR . AR =
TR KNERNB AR S &=, HNEEHER
B B ERRIERZKT . EEIRAEA F AL R
ERARE . WH, EEEEAA T RS D HR
RN & .

HIRETT 1, ZKHE AL P AN il Aok oK o &R
DR RS ERRE, BRI ERTT
AN AR 34 IR 3R 18147 AR 5 AN RIRE BE (0 LA 0N, i

BUKF ST AR REER AR 28R
IS IR 1 AR RN AR W KT i 2
KFR, S8 EBAI L, 32 TIRAC B T i)
& VKRR 10F R L R R S &, (HEE
TR BB 2 RN B2, WA —38, &
FOKFT, ETEASHEBREERS TIERBATH K
R RITZ AR L RFFELFEIERS &, &
TR AT HEE T 2 4 =y 1 R 5864 K H 10 Rk R
TR AR, HS5ETBLEEMGEEA S
EERRINADRE . AR E RN, s,
TEFR M7 20F, S IE0 FE IR & b i
I S AEA S, TRREATR K
e TR R & B LHN+WSD & Ok, 4818586 LA
HN+WMD{HN+WSD#¢ X o

2.4
2.4.1

JAG A BRI A S B R R
P25 9 Bl i A EAS [ SRUIE AT AN U7 5K
KePE T BRI & BRI . WETRRTEUE 1,



JEI A e SRR A 7 3 5 LA O 2R LR R A K i JBE S 363

®5 HMABMERSAMERIELFRERSENTM

Table 5. Effect of nitrogen rates and irrigation regimes on non-essential amino acid concentrations in rice grain. mg/g
i S RIVEFEREE 2FREE FERGE TEREE WaRSE PMEAR S E REaAReE HaREE HBamRsSE HaRa s
Cultivar Treatment Asp content Ser content  Glu content Gly content Ala content Cys content Tyr content His content ~ Arg content Pro content
PLF% 47 Shendao 47 NN-CF 4.82d 2.62d 9.24¢e 2.35d 2.77e 6.56 a 457d 0.96¢c 452¢e 3.92d
NN-SWI 529c¢ 2.87cd 10.28 d 2.65¢c 3.15d 6.38a 4.66 cd 0.98 be 4.97d 4.62 ¢
NN-WMD 595b 2.95cd 11.64b 2.84 bc 354b 6.45a 4.91 bed 133a 5.62¢c 5.04c
NN-WSD 5.74b 3.01lc 1091c 2.73 bc 3.31 bed 6.56 a 4.81 bed 1.05 be 5.52¢ 5.24c
HN-CF 6.00 b 353b 10.27d 299b 3.33 bed 5.96b 5.08b 1.17 abc 4.97d 4.75¢c
HN-SWI 5.66 b 291cd 10.85¢ 2.66 c 3.24cd 5.89b 4.96 bc 1.20 ab 5.39¢ 517c
HN-WMD 5.86 b 3.97a 11.57b 2.87 be 3.48 bc 577b 5.02b 1.15 abc 6.09 b 5.83b
HN-WSD 6.71a 3.62b 1294 a 3.26a 3.89a 5.99b 5.55a 13la 6.45a 6.95a
SF¥41E Mean 5.75A 3.19A 10.96 B 279A 3.34A 6.19A 4.99 A 1.14A 544 A 519A
Hgif) 586 Jingyou 586 NN-CF 454 e 2.76b 9.2le 2.33f 2.85d 6.19 ab 4.38d 0.87d 4.21d 3.93e
NN-SWI 5.04d 2.83b 10.34d 2.43 ef 3.34c 6.01b 4.82c 0.92cd 4.75¢ 4.48 de
NN-WMD 5.45¢c 2.98b 11.13¢ 279 cd 3.39 bc 6.15ab 5.24 ab 1.08 bc 5.24 bc 5.41 abc
NN-WSD 5.53¢c 297b 11.26 ¢ 2.63 de 3.36 bc 6.71a 5.00 be 1.08 bc 541b 5.58 ab
HN-CF 5.44c 292b 10.48d 2.54 def 3.29¢c 5.94 b 5.18 ab 1.14 ab 5.15 bc 4.90 cd
HN-SWI 557c¢c 346a 1145¢ 2.91 bc 3.54 bc 6.46 ab 5.15ab 1.22 ab 5.24 bc 5.19 be
HN-WMD 6.61a 3.60a 13.71a 3.33a 402a 6.08 b 5.20 ab 134a 6.25a 5.88a
HN-WSD 6.25b 350a 12.24b 3.06 b 3.83ab 6.54 ab 5.39a 1.24 ab 599a 5.41 abc
“FII{H Mean 555B 3.13A 11.23A 2.75A 345A 6.26 A 5.05A 1.11A 5.28B 510A
77 Z453H Analysis of variance
i Ff Cultivar (C) wx ns *x ns ns ns ns ns * ns
D’ﬂ/):?\‘i Nitrogen rate (N) xk xk *k xk el el *k el *x ekl
#E 77 32X Irrigation regime (1) heid ox ok ox ok * ok ok ox hid
C>xN Ns ns el ns ns * ns ns ns *
Cx * * > e ns ns ns ns ns *
N> *x * ns ns ns ns *x ns ns ns
C>N | el *x el *x ns ns ns ns ns el

Asp, Asparagine; Ser, Serine; Glu, Glutamine; Gly, Glycine; Ala, Alanine; Cys, Cystine; Tyr, Tyrosine; His, Histidine; Arg, Arginine; Pro, Proline.
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CF, Continuous flooded; SWI, Shallow-wet irrigation; WMD, Alternate irrigation with wetting and moderate drying; WSD, Alternate irrigation with wetting
and severe drying; NN, Normal amount of nitrogen; HN, High amount of nitrogen.
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Fig. 2. Effect of nitrogen rates and irrigation regimes on amylose content in milled rice.
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CF, Continuous flooded; SWI, Shallow-wet irrigation; WMD, Alternate irrigation with wetting and moderate drying; WSD, Alternate irrigation with wetting
and severe drying; NN, Normal amount of nitrogen; HN, High amount of nitrogen.
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Fig. 3. Effect of nitrogen rates and irrigation regimes on gel consistency of milled rice.
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Table 6. Effect of nitrogen rates and irrigation regimes on RVA profile characteristics value of rice starch.

mh R b R IR AT A RAAE THIAE AU IR
Cultivar Treatment PV/cP TVI/cP FVI/cP BD/cP SB/cP PaT/'C

ILF5 47 Shendao 47 NN-CF 2839 cd 1648 a 2899 b 1191 f 60b 705b
NN-SWI 2977b 1677 a 2914 b 1300 cd —-63e 71.0b
NN-WMD 3034 a 1478 d 2987 a 1556 a —-47d 712 ab
NN-WSD 2829 de 1524 cd 2740d 1305 b -89 f 712 ab
HN-CF 2746 f 1582 b 2810 ¢ 1164 f 64 b 71.0b
HN-SWI 2782 ef 1559 be 2860 hc 1223 ef 78a 71.3ab
HN-WMD 2885 ¢ 1528 cd 2891b 1357 b 6¢ 715ab
HN-WSD 2780 ef 1492 d 2858 hc 1288 de 78a 720a
FHIE Mean 2859 B 1561 B 2870 B 1298 A 10.8 712A

JE4L 586 Jingyou 586 NN-CF 3013 be 1875 cd 3142 be 1138 ab 129¢ 69.5a
NN-SWI 3039 b 1950 ab 3176 ab 1089 be 137¢ 702a
NN-WMD 3100 a 1956 a 3209 a 1144 a 109 e 702a
NN-WSD 2976 ¢ 1887 cd 3112¢ 1089 be 136 ¢c 69.6 a
HN-CF 2711 f 1845 d 2952 ¢ 866 e 241a 69.4a
HN-SWI 2876 de 1900 be 3040d 976 d 164 b 702a
HN-WMD 2917d 1837 de 3023d 1080 b 106 e 69.9a
HN-WSD 2833 e 1788 e 2953 e 1045 ¢ 120d 69.7a
SFHI{E Mean 2933 A 1880 A 3076 A 1053 B 143 A 69.8B

J7 5B Analysis of variance
shAf Cultivar (C)
Jiti%( & Nitrogen rate (N)
73K Irrigation regime (1)
C>xN
Cx
N>
C>Nx
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PV, Peak viscosity; TV, Trough viscosity; FV, Final viscosity; BD, Breakdown; SB, Setback; PaT, Pasting temperature.
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