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Effects of Irrigation Regimes During Grain Filling Under Different Nitrogen Rates on Inferior

Spikelets Grain-Filling and Grain Yield of Rice

ZHU Kuanyu', ZHAN Mingfei', CHEN Jing*, WANG Zhigin®, YANG Jianchang', ZHAO Buhong?”

(*Key Laboratory of Crop Genetics and Physiology of Jiangsu Province / Co-Innovation Center for Modern Production Technology of Grain Crops, Yangzhou

University, Yangzhou 225009, China; Lixiahe Region Agricultural Research Institute of Jiangsu, Yangzhou 225009, China; “Corresponding author, E-mail:

zhaobuhongnks@126.com)

Abstract: [Objective] To investigate the effects of water and nitrogen application on yield and grain filling, [Method]
an indica/japonica hybrid Yongyou 2640 with large-panicle and a japonica inbred Huaidao 5 with mid-panicle were
grown in pots. After field seedling nursing then transplanting to pots, we designed three N rates, namely ON (0 g N/pot),
medium N level(MN, 2 g N/pot), and high N level(HN, 4 g N/pot), and three irrigation regimes post-anthesis consisting
of conventional irrigation (ClI, soil water potential was kept at 0 kPa), alternate wetting and moderate drying irrigation
(WMD, rewatered when soil water potential reached -15 kPa), and alternate wetting and severe drying irrigation (WSD,
rewatered when soil water potential reached -30 kPa). [Result] In the Cl regime, MN showed the highest grain yield; in
the WMD regimes, however, there was no significant difference in grain yield between MN and HN. Furthermore, in the
WSD regime, grain yield under HN was the highest. In terms of grain filling, the superior spikelets present no significant
difference in grain filling rate and final grain weight compared with all water-nitrogen treatments; Inferior spikelets
performs better in grain filling rate and final grain weight at ON and MN under Cl and WMD regimes. However, in the
WSD regime, ON led to the lowest while HN showed the highest grain filling and final grain weight, but not significantly
different to MN. The above results showed that there was an obvious interaction between water and nitrogen. Among the
varieties, grain filling rate and grain weight of inferior spikelets of indica/japonica hybrid Yongyou 2640 were lower than
that of japonica inbred Huaidao 5, and the advantage of grain yield of Yongyou 2640 stemed from higher spikelet number
per panicle. Finally, in the WMD+MN treatment, there was a higher nitrogen efficiency, creating higher grain yield with
less nitrogen, and achieving the purpose of water and nitrogen saving. Secondly, it also eahanced the activity of root and
leaves, improving the non-structural carbohydrate(NSC) remobilization, which promoted the upground biomass
development and dry matter translocation in order to strengthen the inferior spikelets filling to induce an increase in grain
yield. Therefore, it turns out to be the best water-nitrogen management in this research.

Key words: rice; yield; superior spikelets; inferior spikelets; interaction; physiological traits
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Table 1. Analysis-of-variance (F-values) for grain yield, grain filling characteristics and physiological traits of rice among

years, cultivars and treatments.

_ o TR . NSC ¥4z % Jehdi EiEEE WA IAAGE WA Z+ZR &8
AR KU H i ) oE2S VA: S o WRERENA o
Mean of grain NSC remobiliza Photosynthe ~ Transpiration  IAA contentof ~Z+ZR content of
Source of variance  df Yield Final weight Root oxidation

filling rate -tion rate -tic rate rate Root Root
ERE Year(Y) 1 7.95™ 8.58™ 2.45™ 3.32™ 4.67™ 4.77™ 19.81"™ 16.35™ 12.89™
fFh Cultivar(C) 1 63.65" 141.36™ 71.917 20.99™ 25.68" 46.93" 98.32" 33.66" 34.78"
WEWE Irrigation(l) 2 18.98" 148.92" 89.15™ 28.22" 86.82" 48.90" 484.03™ 14.15" 16.52"
ZUE Nitrogen(N) 2 15.09” 24.66" 54.88™ 11.627 53.53" 54.91" 5.66" 40.68™ 42.26"
Y>C 1 138.98™ 148.92™ 89.15™ 202.22™ 486.82"™ 486.90™ 484.03™ 12.15™ 616.52™
Y 2 8.99™ 6.08™ 11.43™ 102.62™ 68.52™ 57.14™ 2.87™ 59.37™ 51.42™
Y>N 2 30.90™ 11.82" 96.13™ 22.54™ 78.65™ 33.64™ 49.25"™ 25.45™ 22.06™
Cx 2 99.57" 0.35™ 0.02™ 0.95™ 1.23" 1.22™ 1.22™ 64.53" 64.56"
C>xN 2 152.52" 0.21™ 332 17.55" 140.56" 140.58" 139.75™ 27.71" 27.74"
>N 4 97.29" 18.00™ 66.65" 1.29™ 0.51™ 0.50™ 0.50™ 421" 425"
Y>Cx 2 2.68™ 0.09™ 0.93" 0.82" 0.05™ 0.72™ 0.01™ 0.23™ 0.21™
Y>CN 2 3.62™ 0.08™ 0.97" 6.75™ 5.23™ 0.43™ 0.83™ 0.10™ 0.09™
Cx>N 4 11.38" 0.18™ 2.05™ 5.54" 10.15™ 10.16™ 10.10™ 0.02™ 0.02"
YN 4 2.11™ 0.03™ 0.90™ 5.32" 44.24™ 0.81™ 0.11"™ 0.02™ 0.01™
Y>Cx>N 4 3.92™ 0.04™ 0.92" 112.52" 68.93™ 42.34™ 60.52™ 33.21™ 8.97™

*F* 0y HIARETE P=0.05 I P=0.01 /KF EZERRE, ns FR%EFALE(P>0.05).

KEAH . TH.

NSC—AELMPERAKAL EW: IAA—TGIR-3-2 8 Z—MAMEREARR: ZR—F

***represent significance at P=0.05 and P=0.01 levels, respectively, and ns denotes non-significance (P>0.05). NSC, Non-structural carbohydrate; IAA, Indole-3-acetic acid; Z,

Zeatin; ZR, Zeatin riboside. The same as below.
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Table 2. Effects of irrigation regimes during grain filling under different nitrogen rates on the yield components of rice.

R e B ESZEYE RS THLE P
. No. of panicle Spikelet number  Seed setting rate 1000-grain weight Grain yield
Cultivar Treatment . 1
per pot per panicle 1% 9 /g pot

Mtk 2640 CI+ON 11.2¢ 2295¢ 905¢ 245b 57.09
Yongyou 2640 CI+MN 18.7b 276.3b 89.5d 246b 114.3b
CI+HN 212a 289.4a 759 f 236¢ 110.2 ¢

WMD+0N 11.2¢ 230.1c 938a 255a 61.7f

WMD+MN 186b 276.8b 932b 25.6a 122.7a

WMD+HN 212a 289.2a 80.1le 254 a 124.8a

WSD+0N 114c 2319¢c 747h 229e 44.7h

WSD+MN 185b 2749b 7539 23.4d 914e

WSD+HN 211a 288.5a 7559 23.0d 105.7 d

iR CI+ON 138¢ 1415¢ 919b 27.1b 48.6 g
Huaidao 5 CI+MN 230b 171.6b 91.7b 27.2b 97.0b
CI+HN 242a 1779a 80.7d 26.4c 91.7¢

WMD+0N 139c¢ 1419¢ 929a 27.7a 50.7 f

WMD+MN 228b 171.3b 925a 275a 99.9a

WMD+HN 242 a 177.0a 854c 276a 1009 a

WSD+0N 137¢ 1416¢ 80.1e 25.1e 39.0h

WSD+MN 226b 169.8 b 81.9d 25.8d 8lle

WSD+HN 240a 175.6 a 82.2d 25.9d 89.7 d

B G AN A B R ORTE F — S AR S e 0.05 K F L EREE.
% MN—H%; HN—m%.

1 — ML, WMD — 8T 58 B HEBE; WSD— TR 2 B . ON— ANt

Values within the same column for the same cultivar followed by different letters are significantly different at the 0.05 level.Cl, Conventional irrigation;

WMD, Alternate wetting and moderate soil drying; WSD, Alternate wetting and severe soil drying. ON, Zero nitrogen fertilizer; MN, Medium nitrogen level;

HN, High nitrogen level.

FERERES 3 X, 4PFEJGAE 105°C RART, o abhokt
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135 FA#54t~
TR, ACHEIRE S B TEM, 875

NIANEE, HETRE., 459K, L
AR, BRKR R E=(ERA X B8 — A
it 8 X FE A ) it U X IR FH &, U 2B 77 )=
R iR
1.4 ¥iEaiE

KH Microsoft Excel A1 SPSS 22.0 4i it 4: 4>
Mrozib#idiE, F Sigmaplot 10.0 fEE. P & FIVES
SR AR E R . SR RUIE. HEMRALEE
()75 2253 W3R B, B FabnrE B (R B A 206 350 2 ¢
AN, BURER T, FIRAEKRE &,
IR VN A B A A A B () LA R b I BV PR (5R 1)

SCH R A R A T R R
2SR5

21 FERHEMRKREZR
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BAEBEFET S, S50 AINm, UiRAAHLL ON, Jif
REAETEE K WriE N 2 48 SE R A MMEEN . 7E
THREL, FEEREAFHERELT, ThES
DL WMD #bBEfc, HIE ClL &4 F, FEERIEK
SERAEE TR, TR 7E HN R4S, 76 WMD 4+,
SRR AERERE 2 8], ToRLE 2 RN R, MAE WSD
T, RS RARN 8, R R, TEAHEIK



R TEE: AR BEILKT TG SYENJ7 300 K5 55 R0 1 BRI 159

70— —
o e Voo TN | Haidno
150 M H ulE
H g Z 40f
25 24
22 =
3 C o2 % 7 %
& 10] / / /
~ [ S
é‘j - ;\;{J(Iﬁgz;)gg 2640 [T @ | | ﬁj:lzai,b
; g 25} 1 . e 1
& ’::Z) 201
T o9
é 3 151 ?
§=4 E 101 %/ // %,
© 5
cl cl WMD WSD
HEBE KT LK

Irrigation regime

Irrigation regime

Cl— WM : WMD— TR &M : WSD—E TR EHER: MN—H%: HN—&%.
Cl, Conventional irrigation; WMD, Alternate wetting and moderate soil drying; WSD, Alternate wetting and severe soil drying. MN, Medium nitrogen level;

HN, High nitrogrn level.

B 1 ARIFMEKE TSRS XK FERALFI A R FBER e B0
Fig. 1. Effects of irrigation regimes during grain filling under different nitrogen rates on the nitrogen use efficiency and

harvest index of rice.
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Table 3. Effects of irrigation regimes during grain filling under different nitrogen rates on the grain filling characters of rice.

- . RRHER AR ESGYN st TS A TEERESR N RZHIE A
Guax/(Mg grain™d™?) Traxdd Grean/(Mg grain™d™) Active filling period/d /(mg grain™)
Variety Treament
S | S | S | S | S |
A 2640 CI+ON 2.08a 1.16 ab 1437 a 3342 f 149a 0.54 b 18.43a 30.13d 2746 a 16.27 ¢
Yongyou 2640 CI+MN 210a 1.13ab 1442a 35.88e 148a 0.53b 18.52a 31.26 ¢ 2741a 16.56 ¢
CI+HN 2.04a 1.02 ab 14.83 b 41.86b 1l46a 0.46¢c 18.55a 33.63a 27.08a 15.46 d
WMD+0N 2.08a 123a 14.38a 31.32¢g 150a 0.61a 18.30 a 28.28 e 2745a 17.25b
WMD+MN 210a 1.18ab 1440a 32.12¢g 151a 0.62 a 18.33a 30.12d 27.68a 18.67 a
WMD+HN 2.08a 1.15ab 1450 a 38.37d 147a 0.59 a 18.46 a 3258 b 27.14a 18.63 a
WSD+0N 2.05a 0.88c 14.95b 37.51d 147a 0.33e 18.35b 22659 26.97 a 747fF
WSD+MN 211a 1.02b 14.45a 40.32 ¢ 148a 0.40d 18.39a 27.95f 27.22a 11.18e
WSD+HN 2.09a 1.04b 1452 a 44.68 a 1l46a 0.41 cd 18.42a 28.12 f 26.89 a 11.52e
HERE 5 5 CI+ON 2.26a 1.32ab 15.35a 26.56 h 168a 0.80b 1754 a 24.26 ¢ 29.47a 19.40 b
Huaidao 5 CI+MN 2.23a 1.27ab 15.38a 28.48¢e 1.70a 0.76 b 1756 a 25.71b 29.85a 19.53 b
CI+HN 2.20b 1.2ab 1537 a 30.15b 169a 0.70¢c 17.65a 26.33a 29.83a 18.43 ¢
WMD+0N 2.28a 143a 15.38a 26.09 i 1.70a 0.89a 1752 a 23.16d 29.78 a 21.32a
WMD+MN 225a 1.37ab 15.40 a 27.31g 169a 09la 17.58 a 2421c 29.71a 22.03a
WMD+HN 2.23a 1.24ab 1542 a 29.12d 167a 0.87a 17.68 a 25.32b 29.53a 22.02a
WSD+0N 222a 0.95¢ 15.33a 27.68 f 171a 0.54¢e 1742 a 19.86 f 29.79a 10.72e
WSD+MN 224a 1.13b 1541a 29.66 ¢ 1.70a 0.63d 1754 a 22.56 e 29.82a 14.21d
WSD+HN 219a 1.15b 1542a 31.85a 169a 0.61d 1752 a 23.18d 29.61la 14.14d

HE 5 AN A7 BEF R A — R YA [ SRR TE 0.05 ZKF B2 2. Cl—aHIERE: WMD—H T8 Billk; WSD—H T s Bilh: ON— A% MN— % HN—
Values within the same column for the same cultivar followed by different letters are significantly different at the 0.05 level. Cl, Conventional irrigation; WMD, Alternate wetting

and moderate soil drying; WSD, Alternate wetting and severe soil drying. ON, Zero nitrogen fertilizer; MN, Medium nitrogen level; HN, High nitrogen level.

~-CI+ON-S ,
HifL2640 —~CI+MN-S HEFG S 2
Yongyou 2640 —~ WMD+0N-S Huaidao 5

—o WMD+HN-$
—~ WMD+MN-I

Grain weight/mg

—~WMD-+HN-I

0 10 20 30 40 5 60 70 0 10 20 30 40 50 60 70
HACFS: HACPS

Days post anthesis/d Days post anthesis/d

CI+ON— MR+ A HE A CIHMN—H BB+ % CIHHN—# BB+ % WMD+ON— T8 B+ A % WMD+MN— 8T8 &
HEAT S WMDHHN—2FR A B+ % WSD+ON— B R A M+ AN A WSD+MN—FE A B+ %: WSD+HN— B R
WM. S—IBBKL 1 —FHRL.

CI+0N, Conventional irrigation+0 nitrogen fertilizer; CI+MN, Conventional irrigation+medium nitrogen level; CI+HN, Conventional irrigation+high nitrogen
level, WMD+0N, Alternate wetting and moderate soil drying+0 nitrogen fertilizer, WMD+MN, Alternate wetting and moderate soil drying+medium nitrogen
level; WMD+HN, Alternate wetting and moderate soil drying+medium nitrogen level; WSD+0N, Alternate wetting and severe soil drying+0 nitrogen fertilizer;
WSD+MN, Alternate wetting and severe soil drying+medium nitrogen level; WSD+HN, Alternate wetting and severe soil drying+high nitrogen level. S,
Superior spikelets; |, Inferior spikelets.

B2 TERAEKFETELHERG AR IERSB RIS TR

Fig. 2. Effects of irrigation regimes during grain filling under different nitrogen rates on grain weight of rice.
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Fig. 4. Effects of irrigation regimes during grain filling under different nitrogen rates on the root hormone of rice.
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Fig. 5. Effects of irrigation regimes during grain filling under different nitrogen rates on leaf photosynthesis(A-F) and
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Fig. 6. Effects of irrigation regimes during grain filling under different nitrogen rates on non-structural carbohydrate(NSC)
content(A-F), remobilization (C, G), accumulation(D, H) of stem in rice.
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Table 4. Contributions of yield components and physiological traits to grain yield.

e B b FLEA IR
Yield components and physiological traits Direct contribution Indirect contribution
X1 X2 X3 Xa Xs Xs X7 Xg

X1 0.079 0.645 -0.083  -0.002 -0.045 -0.005 -0.027 -0.049
X2 0.647 0.078 -0.081  -0.001 -0.036 -0.003 -0.019 -0.045
X3 0.214 -0.031 -0.243 0.029 -0.040 0.030 0.017 0.084
X4 -0.036 -0.004 -0.031 0.174 -0.002 -0.002 -0.013 0.021
Xs 0.543 -0.007 -0.043 -0.072  -0.001 0.026 0.156 -0.018
X6 0.038 -0.009 -0.056 0.016  -0.002 0.376 0.225 0.032
X7 0.225 -0.009 -0.056 0.016  -0.002 0.376 0.226 0.032
X 0.172 -0.022 -0.171 0.106 0.005 -0.288 0.007 0.042

Xi— G o — R o —455EFR; xo—THE; xs—RAEMT; 6~ REAWEETE: x— HEHEZE; xg—NSC iz,
x1, Panicle number per pot; x,, Spikelet number per panicle; xs, Seed setting rate; x4, 1000-grain weight; xs, Root oxidation activity; xs, Hormone content of

root; X7, Photosythetic rate; xs, NSC remobilization rate.
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Fig. 7. Correlations between grain filling rate, final weight of inferior spikelets and seed setting rate, 1000-grain weight.
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