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Table I Water management methods in the whole growth period of each treatment

LE B I Growth period CK WD20 WD40
221 A Seedling recovering 0~2 cm K2 0~2 cm /KJZE 0~2 cm /KJZE
S BEY] Tillering 2~4 cm /K2 2~4 cm K2 2~4 cm K2
8 FH Y Field drying HFK, fELREGNE HFOK, WELREEING 1K, W2 LR EEIRE
P Z2 8 Jointing and booting BB E BB E RIEACE
SFEHA-HFESS 40 d Heading — 40 days after heading HRIRALE £RFF 20 cm KE 1R4F 40 cm /KJZ
RS 40 d-RRFUY 40 days after heading — maturity BB E BB E RIEACE
FEH Maturity Wk 7 d A WK WERHET 7 d A WK WA 7 d A WK
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Table 2  Effects of different irrigation depths on rice yield and harvest index during grain filling stage

e fhgE $1ﬁgﬁ$ﬂﬁ iﬁu‘%‘( a‘ﬁﬂﬁizﬁz %%Z %*ﬁ%_ I@i@ﬁ% i%ﬁ% LEI R
Variety Treatment Eff.ectlve panliles pzer Splkelf.:ts Seed-setting IOQO-gram Theoretlcalzl Actual yzleld .Harvest
unit area (x10%/ hm?) per panicle rate (%) weight (g)  yield (t/hm?) (t/hm?) index (%)
FAHE 5718 CK 316.30a 168.86a 91.91a 26.44a 12.25a 12.19a 58.71a
NG5718 WD20 311.60a 159.92ab 88.60b 25.54b 11.02b 10.98b 56.93ab
WD40 309.13a 153.73b 83.22¢ 25.18¢ 941c 931c 52.86b
AL 898 CK 234.64a 242.98a 88.73a 25.80a 12.08a 12.39a 60.33a
HLY898 WD20 232.22a 234.78ab 84.19b 24.42b 10.42b 10.63b 58.16ab
WD40 234.96a 223.82b 80.07¢ 23.87¢ 9.12¢ 9.05¢ 53.58b
T ZAMHT A 2453.09* 2723.53" 90.91™ 46.41" 8.63" 28.82" 23.28"
Analysis of variance D 2.16 82.01" 178.20™ 39.41™ 186.48" 33.34™ 104.70™
VxID 1.96 2.99 1.21 1.71 1.09 0.05 227

Al — BN NGFRERIRAE P<0.05 K EEREE. “77 F“™7 53RIFRRAE P<0.05 F P<0.01 KT EEREE. VERMM, D&
ANEBRIREE, VXID Fon i Fh SRR EAE. TR

Different lowercase letters in the same column indicate significant differences at P < 0.05 level. “*” and “**” indicate significant differences at P <
0.05 and P < 0.01 levels, respectively. V represents variety, ID represents irrigation depth, VXID represents the interaction between variety and

irrigation depth. The same below.
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Table 3  Effects of different irrigation depths on dry matter accumulation and translocation of rice during grain filling stage

o e jﬂﬁiﬁ%ﬁ iﬂiﬁiﬁﬁ {%@i@ﬁ)ﬂ jﬁhi@{iﬁ %ESZE%%J?I @%Mﬁﬁ
Variety Treatment HZEZEWTE R E FZERHTE RZEH BT E RZEZEETE RN TH
SDWPS-H (g) LDWPS-H(g) PDWPS-H(g) ADWPS-H(g) SDWPS-M(g) LDWPS-M (g)
FFE 5718 CK 3.27a 1.17a 0.56a 5.00a 2.56b 0.49b
NG5718 WD20 3.28a 1.07a 0.58a 4.93a 2.65b 0.55ab
WD40 3.24a 1.05a 0.57a 4.86a 2.81a 0.60a
LWL 898 CK 3.88a 0.93a 0.81a 5.62a 3.03b 0.59b
HLY898 WD20 3.92a 0.94a 0.79a 5.65a 3.10b 0.64b
WD40 3.86a 0.93a 0.83a 5.60a 3.35a 0.74a
T \Y% 87.38" 35.97" 161.88* 16.32° 62.42* 3.68"
Analysis of variance ID 0.83 0.82 0.45 0.47 24.91* 2.64"
VxID 0.12 0.77 1.36 0.38 0.05 3.71
o e @%Mﬁﬁ %Bi%éu;iﬁ i@iﬂi@—ﬁi%&ﬁ)ﬂ 3 %ﬁﬁ%—ﬁi%ﬁﬁ 3 E AN %%Eﬂ%
Variety Treatment PR E M BT E REEMTEMNRE I TR E  REE fsTikE
PDWPS-M (g) ADWPS-M (g) PDWAPS (g) SDMOPS (g) SDMTR (%) SDMCR (%)
M 5718 CK 434a 7.39a 3.78a 0.71a 21.80a 21.81a
NG5718 WD20 4.08b 7.29a 3.49ab 0.62a 19.04b 17.84a
WD40 3.82¢ 7.22a 3.25b 0.42b 13.15¢ 13.10b
BT 898 CK 5.82a 9.49a 5.01a 0.85a 21.91a 17.01a
HLY898 WD20 5.39b 9.27a 4.60b 0.78a 19.81b 16.89a
WD40 4.52¢ 8.44b 3.69¢ 0.53b 13.66¢ 14.29b
e \% 162.47" 266.42* 74.39" 30.98" 1.93 229
Analysis of variance D 73.18" 28.87" 60.01** 172.96* 217.86™ 58.08"
VxID 12.34" 15.40" 10.61" 0.52 0.31 6.67"

SDWPS-H: i 2284415 ; LDWPS-H: filifffi A 5n 5, PDWPS-H: Hiflfisp 24815, ADWPS-H: Hiffis 2 [T,
SDWPS-M: MR LM TFH; LDWPS-M: FJIs 2t F8; PDWPS-M: MMM H LT H; ADWPS-M: AUHIH 25 b T
H; PDWAPS: il — i 2T HANRE; SDMOPS: filifli— I 22228 T il &5 SDMTR: 8 TWF % E%; SDMCR:
EWT YR TTIRE.

SDWPS-H: stem-sheath dry weight per stem at heading; LDWPS-H: leaf dry weight per stem at heading; PDWPS-H: panicle dry weight per stem at
heading; ADWPS-H: aboveground dry weight per stem at heading; SDWPS-M: stem-sheath dry weight per stem at maturity; LDWPS-M: leaf dry
weight per stem at maturity; PDWPS-M: panicle dry weight per stem at maturity; ADWPS-M: aboveground dry weight per stem at maturity;
PDWAPS: panicle dry weight accumulation per stem at heading-maturity; SDMOPS: stem-sheath dry matter output per stem at heading-maturity;
SDMTR: translocation rate of stem-sheath dry matter; SDMCR: contribution rate of stem-sheath dry matter.
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23 NEFERRE XK AEFF R IR 4B X R FRAY 20
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ME, SEAHEMRE REBIE 4. BRI 53
FoRLAJI G BEIIFE 0.9900 LA_E, Bt WA [FPRLAL KR
FLEE RS F2 3 7T F Richards BEAUHEIR . 2 A5 AR &
ARPR SR §5FORT REARS B N KT 1.00, BiW
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Table 4 Richards equation parameter estimates for grain filling process

nﬁ'nﬁ Qb PR .*ﬁ{ﬁ_ . y B % N K FrifEZE WE R

Variety Treatment Grain position w(g) S 7

FAA 5718 CK SRFKL 28.75 75.89 0.25 2.05 28.74 0.57 0.9994

NG5718 SR 23.79 542.92 0.25 2.86 23.74 0.56 0.9992

WD20 gy A 26.48 54.17 0.25 1.80 26.47 1.33 0.9964

BSR4 21.53 2404.84 0.27 3.94 21.45 0.44 0.9993

WD40 gy A 24.76 14.34 0.18 133 24.69 0.96 0.9976

BEEZY A 19.91 5440.38 0.24 4.03 19.31 1.45 0.9917

B 898 CK SRR 29.46 129.16 0.27 2.87 29.45 0.9 0.9983

HLY898 F5 %k 25.42 9970.80 0.30 4.67 25.36 136 0.9958

WD20 HIARL 27.59 20.10 0.20 1.82 27.54 1.16 0.9967

EEEZY A 24.60 3532.45 0.24 4.76 24.22 1.23 0.9961

WD40 KL 26.42 18.74 0.18 1.80 26.33 1.06 0.9970

BSR4 22.65 7485.26 0.21 5.01 20.92 0.03 0.9999

>WD40, i 55 F A % -

B2 4 ATH, 2 AN S 3R 55 SR B 4R
HOCEKAEE O WHRKTmAK, Him, 55
PR K E W BRI CK>WD20>WD40 1]
Fath . FIRE 5718 1E WD20 Ab B R 5 3ok 1 55 $hoki
K H 43 0 8L CK AR PR T 7.9% 1 9.6%, WD40
Ak B i AR N 55 B0 ) R EE 43 B CKOBRAR T
13.9%#1 16.3%; B 898 /£ WD20 AbFE R 5534
LN 55 F50E 1R B8 43 3 558 CK AL FEAR T 6.4% 1

3.2%, WD40 K3 5 4000 A0 55 38000 1R 2 23 5 952
CK A EEFEAE T 10.3%F1 10.9%.

F 5 R, 2 A E IR RLE S (1) GRmean F1 GRimax
I CK>WD20>WD40. & 1 7%, 24
A AN [ AL BB 55 AR I E SR S R S R I S
FhE FRErIES, HEAR GRmax F1 GRuean ¥ T
AR AL R 553400, R ARIEF] GRumax [ 8]
IR B 55 3A0RE, SR 3AGRE (135 AV S 35 R0 1 1R Ak
bl N ESE Y s

=5

L SHAR RLEB R B XK AT ADE R E S B

Table 5 Effects of different irrigation depths on grain filling characteristic parameters of rice at grain filling stage

pE Qb PR p A A BIEAEKS  BRRKERERERN ] PIEREE  RREREE  ERER
Variety Treatment  Grain position Ro Tmax (d) GRmean (mg/d) GRmax (mg/d) D (d)
BIKE 5718 CK SRR 0.1241 14.21 0.9025 1.8051 31.85
NG5718 §5 %k 0.0884 20.72 0.6189 1.2379 38.43
WD20 HIARL 0.1367 13.83 0.8575 1.7151 30.88
EEEZY A 0.0678 24.01 0.4843 0.9686 44.45
WD40 HIARL 0.1361 13.17 0.6721 1.3443 36.84
EEEZY A 0.0587 30.50 0.3903 0.7806 51.01
R 898 CK SRHRL 0.0950 13.93 0.8255 1.6510 35.68
HLY898 SR 0.0653 25.14 0.5807 1.1614 43.77
WD20 [iEy A 0.1079 12.26 0.7084 1.4168 38.94
ERES A 0.0597 27.94 0.4921 0.9842 49.99
WD40 gy A 0.0988 13.18 0.6179 1.2358 42.75
ERES A 0.0427 34.12 0.3460 0.6919 65.46
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Grain weight and grain ﬁlhng rate dynamic of rice under different irrigation depths during the grain filling stage

It 898 ik Ao 55 55 FA KL I B HE S I R I CK <
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[F) 22 e K T o ks
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AARIGM 5 T WA 15 135 d KRGS e G
ZHOF SPAD 1 (3R 6). JTZAHTEE R, fhfh
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FEXE 2 AN AR Pow D15 [ Gs A1 2 ANEF A T2 45
BABERm, 5 AR E % D15 Al D35
(51 SPAD 18 H A5 M 52 520, IR &R EAERR T
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Table 6 Effects of different irrigation depths during the grain filling stage on photosynthetic
parameters and SPAD values of flag leaves at 15 and 35 days after heading

T: [mmol/(m?-s)]

SPAD fH SPAD value

ol b3 P, [umol/(m?-s)] G, [mmol/(m?-s)] Ci (umol/mol)
Variety Treatment D15 D35 D15 D35 D15 D35 D15 D35 D15 D35
M 5718 CK 27.76a  1490a  044a  029a 373.00a 294.67a  857a  327b  44.77a 36.50a
NG5718 WD20  24.60ab 13.10a 0.39ab  0.31a  359.00b 298.00b 8.39ab  3.95a  49.50a 38.67a
WD40 22596  19.73b  033b  035a  351.33b 324.67b  7.53b 4432 47.17a 43.83b
HFiAL 898 CK 25.60a 11.14a  0.38a  0.32a 379.00a 342.00a  9.47a  3.63a  43.03a 26.20a
HLY898 WD20  25.53a  10.60a  036a  029a 374.67a 330.33a 9.19ab  3.84a  41.70a 31.77ab
WD40  2347b  13.76b  032b  036a 371.00a 33833a  821b  3.27b  41.80a 35.07b
T ZAMHT \Y% 0.52 6.95" 2.89 0.06 0.55 8.55" 6.80" 1.12 37.34™  99.70™
Analysis of variance ID 8.44" 5.51° 870"  0.09 0.57 0.42 4.82° 5.90" 12.22 11.92”
VxID 3.17 1.78 1.71 0.22 0.13 0.40 0.07 3.51 7.28" 0.64
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on Rice Yield, Dry Matter Transportation and Grain-Filling

Guo Wei'?3, Sun Dong'?, Yan Zhilin'?, Ding Bei'?, Du Yuechen'?,
Wu Huiyang'?, Xu Qiang"23, Dou Zhi'?3, Gao Hui'?3
("Jiangsu Co-Innovation Center for Modern Production Technology of Grain Crops, Yangzhou 225009, Jiangsu, China;

2Jiangsu High-Quality Japonica Rice Industrial Engineering Research Center, Yangzhou 225009, Jiangsu, China;
3Research Institute of Rice Industrial Engineering Technology, Yangzhou 225009, Jiangsu, China)

Abstract

planting system. Many integrated rice-fish farming systems need to form a semi-deep water environment during

In recent years, the rapid expansion of integrated rice-fish farming has become an important rice

a certain period of rice planting to meet the needs of aquatic animal growth activities, which is quite different
from the conventional shallow wet irrigation method of rice monoculture. In this study, japonica conventional
rice Nangeng 5718 (NG5718) and indica two-line hybrid rice Huiliangyou 898 (HLY898) were used as
experimental materials, and three irrigation modes were conducted: conventional shallow wet irrigation (CK); 20
(WD20) and 40 cm (WD40) irrigation depth from heading stage to 40 days after heading. This research
investigated the effects of different irrigation depths during grain period on rice yield, dry matter translocation
and accumulation, and grain filling. The results showed that, compared with CK, WD20 and WD40 treatments
significantly decreased the seed-setting rate and 1000-grain weight of the two test varieties, resulting in a
decrease in rice yield. The yield reduction effect of WD40 was significantly greater than that of WD20 treatment,
and the yield loss of Huiliangyou 898 was greater than that of Nanjing 5718. The analysis showed that, compared
with the CK, the vegetative organs of rice under semi-deep water irrigation showed obvious ‘stay green’
phenomenon. The leaf senescence slowed down but the photosynthetic substances could not be fully transported
and utilized. The dry matter transport and grain filling of stem and sheath were significantly worse than those of
CK treatment, and the harvest index showed a significant downward trend. The grain filling rate of superior and
inferior grains of rice under semi-deep water irrigation was significantly reduced, resulting in a significant
decrease in grain weight, and the grain filling of inferior grains was more severely affected.

Key words Rice; Semi-deep water irrigation; Yield; Dry matter transportation; Grain filling
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