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Effects of water-saving irrigation on rice yield and population quality in
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Abstract: Water scarcity is a major constraint on rice production in the black soil region of Northeast China, underscoring the
urgent need for water-saving irrigation technologies to support sustainable cultivation. A field experiment was conducted during
2023-2024 at Jiansanjiang Qixing farm, Kiamusze, Heilongjiang province, using the conventional japonica cultivar Longjing 31.
Three water-saving irrigation regimes—shallow-wet irrigation (SWI), alternate wetting and drying (AWD), and controlled irriga-
tion (CI), were evaluated against continuous flooding (CF) to assess their effects on grain yield and crop population traits. (1)
Compared to CF, irrigation water input was reduced by 9.5%—18.9% under SWI, 12.2%-23.4% under AWD, and 17.0%—-26.8%
under CI. Grain yield increased by 10.5%—11.2%, 7.4%—13.5%, and 2.11%—-2.25%, respectively, while irrigation water use effi-
ciency improved by 21.7%-29.9%, 22.3%—39.8%, and 22.0%-29.2%. Yield improvements under SWI and AWD were primarily
attributed to increases in total spikelet number, with AWD exhibiting significantly higher water use efficiency than SWI. (2) Both
SWI and AWD also enhanced population quality by improving the productive tiller rate, effective leaf area index, spikelets-to-leaf
area ratio, non-structural carbohydrate (NSCs) accumulation and remobilization, post-anthesis dry matter production, root activity,
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and antioxidant defense. Additionally, they maintained higher leaf SPAD values and reduced membrane lipid peroxidation. In
conclusion, SWI and AWD not only conserve irrigation water but also optimize physiological performance, thereby contributing
to yield enhancement. These findings provide a theoretical foundation for the adoption of water-saving irrigation strategies in rice

cultivation within the black soil region of Northeast China.
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Fig. 1 Temperature and precipitation during the rice growth period
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Table 1 Water management schedule for different irrigation methods
T WK B B BHSER IR A R
Irrigation mode Irrigation Transplant.ing— Regre.eninvg— Late t.ill(.ering— J ointil.qg— HeadirTg—
threshold Regreening Late tillering Jointing Heading Maturity
CF [FR Upper 30 mm 80 mm 80 mm 80 mm 80 mm
THE Lower 10 mm 10 mm 10 mm 10 mm 10 mm
SWI B} Upper 40 mm 40 mm 40 mm 40 mm 40 mm
THE Lower 10 mm 10 mm -20 kPa 20 mm -10 kPa
AWD FR Upper 30 mm 30 mm 30 mm 30 mm 30 mm
B Lower 10 mm -10 kPa —20 kPa ~10 kPa ~10 kPa
CI [FR Upper 30 mm 0 mm 0 mm 0 mm 0 mm
THE Lower 10 mm ~10 kPa 20 kPa -5 kPa ~10 kPa

CF: W MLWE K HERE; SWI MR HERE; AWD: TR B WEM; CT. £ HIHEM
CF: conventional flooded irrigation; SWI: shallow wet irrigation; AWD: alternate wetting and drying irrigation; CI: controlled irrigation.
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(superoxide dismutase, SOD) . i E AL W EfF (peroxidase,
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Table 2 Effects of different water-saving irrigation methods on rice yield and its components

PEE THE =

HFE R

; H
ik 2% YE}_Eﬁit Panicles Grains per Total spikelet ~ Seed-setting rate 1000-grains Yield
Year Irrigation mode P . 4 . S

(x10" hm °) panicle (x10"m™) (%) weight (g) (thm~)

2023 CF 568.8 b 743 a 422.4b 89.6 a 252 a 9.5b
SWI 588.0a 79.1a 464.9 a 89.8 a 252 a 10.5a

AWD 583.4a 77.5a 452.0a 89.5a 252a 102 a

CI 572.1 ab 75.6a 432.1b 89.0 a 25.1a 9.7b

2024 CF 506.3 b 77.7a 3933 b 89.1a 253D 89b
SWI 544.6 a 79.1 a 4309 a 90.0 a 25.5 ab 99a

AWD 548.0a 79.7 a 437.0 a 89.9 a 257 a 10.1a

CI 5204 b 779 a 405.5b 89.0 a 252D 9.1b

J7Z458T ANOVA
Ay Year (Y) ok * kK * ns sk
HEWE 730 Irrigation (I) Ak ns Ak ns ns kK
YxI ns ns ns ns ns ns

AEHRRI 1o [FFUA R 7 B R 7] — 4R AR R AL BEAE 0.05 K F 257 . *.

FAEE,

S8 WIS IRAE 0.05 F1 0.001 /K P25 38 ns £RE

Treatments are the same as those given in Table 1. In the same year, different letters within the same column indicate significant differences at

the 0.05 level. * and *** indicate significance at the 0.05 and 0.001 levels, respectively; ns indicates no significant difference.
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Fig. 2 Effects of different water-saving irrigation methods on irrigation water input and irrigation water use efficiency in rice

AR 1o AR EERRTE 0.05 KT 2253 3 .

Treatments are the same as those given in Table 1. Different letters indicate significant differences at the 0.05 level.
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BUSH. HET CF, SWI I AWD AbBEIHE & T
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AHAT B L CF W& . SWI AT AWD 4b B AG %8 - i A1
FeR Y= T CF; T CI AL BB (e T AR 50 S
CF R ARE . St BE & KB T ¥

%3 FRTAGERSRAKTEE T E QL0

T CF, Hr SWI £/, CI &K 5)-
2.6 KFERIATEE

AN A1V R 7 2T 7K R 1l 0 1 R b A A 2
5o MR E, SWIFIl AWD 16 A A RE R b 4k el 31
RRtE, T CL 2 TR, SWI A AWD ¥4m T
SR W W T AN & T WL T AV S8 YA WL T 2
1M CI Al CF L iRTe AR ¥R, 32 IS B A9 5 /K HE R
O5 A Bh TR e 4R (F] 3).

Table 3 Effects of different water-saving irrigation methods on the aboveground dry matter accumulation in rice

. s . 53 BE it A A 2 I ErEiE
G20 W7 o . . . .
o Tillering Heading Maturity Heading to Harvest index
Year Irrigation mode = 3 5 . 5
(thm ™) (thm ") (thm ™) Maturity (t hm ~) (%)
2023 CF 2.84 be 10.0b 20.1b 10.1a 474 a
SWI 297 a I1.5a 219 a 104 a 479 a
AWD 2.91 ab 11.3a 21.5a 102 a 47.5a
CI 273 ¢ 10.1b 20.4 b 103 a 473 a
2024 CF 2.16 b 9.5b 20.0 b 10.5b 443 b
SWI 233a 98a 21.5a 11.7 a 459 a
AWD 2.38a 99a 21.8a 12.0 a 46.2 a
CI 2.16 b 9.6 ab 20.3 b 10.7b 44.8 ab

AEPRIAIZR 1o [A4E R — 3 R R BE 7R TE 0.05 KP T 285 3% .

Treatments are the same as those given in Table 1. In the same year, different letters within the same column indicate significant differences at

the 0.05 level.

R4 FEFHABESRIKEEEDSHTN
Table 4 Effects of different water-saving irrigation methods on tillering dynamics in rice
. \ 73 B BT I AR el ZEUE MR R
A BT 3t i - : . S
L Tillering Jointing Heading Maturity Productive tiller
Year Irrigation mode P P 4, P
(x10" hm ™) (x10" hm ) (x10" hm ) (x10" hm °) percentage (%)
2023 CF 419.4 ab 752.8 ab 606.5 a 568.8 b 75.6b
SWI 423.1 ab 773.1 a 615.7 a 588.0 a 76.1 ab
AWD 4352 a 765.7 a 614.8 a 5834 a 76.2 ab
CI 41390 7429 b 591.3b 572.1 ab 77.0a
2024 CF 377.8 ab 611.2¢ 554.0 ab 506.3 b 82.8b
SWI 3944 a 642.7 a 581.4a 544.6 a 84.7 a
AWD 400.9 a 646.4 a 585.6a 548.0 a 84.8 a
CI 366.7 b 630.3 b 530.7b 520.4b 82.6 b

AEPRIAIZR 1o [A4E R — 3 R R BE 7R TE 0.05 KP T 285 3% .

Treatments are the same as those given in Table 1. In the same year, different letters within the same column indicate significant differences at

the 0.05 level.

x5 ARTAGERARIKEMBERTEREROZ0
Table 5 Effects of different water-saving irrigation methods on leaf area index (LAI) at heading stage
0y HEW T AL LAI 3L LAT B LAI
Year Irrigation mode High effectiveness LAI Low effectiveness LAI Total LAI
2023 CF 4.69 b 0.92b 5.62b
SWI 495a 1.14a 6.09 a
AWD 4.86 a 1.08 ab 594 a
CI 4.75 ab 0.94b 5.69b




%31 W FLAE TR K D 20 2R AL DX R 7 S R 5T 1 5 901
&ER5)
0 MW T X Fi AL LAI itz LAI K LAT
Year Irrigation mode High effectiveness LAI Low effectiveness LAI Total LAI
2024 CF 4.71b 0.81b 5.53b
SWI 478 a 0.94 ab 572a
AWD 4.79 a 0.97a 5.75a
CI 4.67b 0.85b 5.53b

AEFRIEIZR 1o [F4E R —3 AR R 7 BE 7R TE 0.05 KP T 2257 B3 .

Treatments are the same as those given in Table 1. In the same year, different letters within the same column indicate significant differences at

the 0.05 level.
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Fig. 3 Effects of different water-saving irrigation methods on grain-to-leaf ratio in rice
APRFER 1o ARIFRERIRTE 0.05 KF T 25 3.

Treatments are the same as those given in Table 1. Different letters indicate significant differences at the 0.05 level.
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Fig. 4 Effects of different water-saving irrigation methods on leaf SPAD values in rice

ARFRFE K 1. MT: 2pBERS; HD: S MA: BRI . RRFHERRTE 0.05 KV T 257 EB¥.

Treatments are the same as those given in Table 1. MT: tillering stage; HD: heading stage; MA: maturity stage. Different letters indicate

significant differences at the 0.05 level.
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Fig. 5 Effects of different water-saving irrigation methods on antioxidant enzyme activity and malondialdehyde content in rice

leaves (2024)

PRI 1o MT: 4)BEW); HD: fhAEN; MA: G . SOD: M4 LY LEE; POD: i S LYIBE; CAT: i %L EM; MDA: N .
AR FREFR R 0.05 KFTFEFBE.

Treatments are the same as those given in Table 1. MT: tillering stage; HD: heading stage; MA: maturity stage. SOD: superoxide dismutase;
POD: peroxidase; CAT: catalase; MDA: malondialdehyde. Different letters indicate significant differences at the 0.05 level.
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Table 6 Effects of different water-saving irrigation methods on non-structural carbohydrates (NSCs) in rice
- NSCs ¥z fit NSCs $4i5 % NSCs X j" f i) BTk A
. N ) A . . o
AEAR V7 =X : ) NSCs translocation NSCs translocation NSCs contribution to
o Heading Maturity .. -
Year Irrigation mode S 5 amount efficiency grain yield
(thm™) (thm™) 5
(thm %) ) )
2023 CF 1.94b 1.01a 0.93b 47.74 b 9.74 b
SWI 2.18a 095a 1.23a 56.42 a 11.73 a
AWD 2.19a 0.94 a 1.24 a 56.85a 12.16 a
CI 1.97b 1.02 a 0.95b 47.09b 9.82b
2024 CF 1.75b 1.01 a 0.74 ¢ 42.31b 8.38b
SWI 2.10a 0.96 a 1.14a 54.47 a 11.62 a
AWD 2.10a 095a 1.15a 54.94 a 11.46 a
CI 1.81b 0.96 a 0.85b 41.84b 9.35 ab

AEPRIAIZR 1o [Al4E R — 3 R R BE 7R TE 0.05 KP T 285 3% .

Treatments are the same as those given in Table 1. In the same year, different letters within the same column indicate significant differences at

the 0.05 level.
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Fig. 6 Effects of different water-saving irrigation methods on root bleeding sap and root oxidizing activity in rice (2024)
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Treatments are the same as those given in Table 1. MT: tillering stage; HD: heading stage; GF: grain filling stage. Different letters indicate

significant differences at the 0.05 level.
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