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Abstract: [Objective] Given the challenges of water scarcity and abundant light resources in the arid northwest region,
this study aims to investigate the relationship between farmland soil moisture and crop photosynthesis to improve
comprehensive resource utilization. The goal is to establish a complementary soil moisture—light mechanism, thereby
promoting sustainable resource utilization. [Method] From 2019 to 2021, field experiments were conducted at three
typical experimental sites in the Yellow River irrigation area of Ningxia Hui Autonomous Region. Using traditional full
irrigation as the control, different drip irrigation treatments with varying water levels were established to analyze the
effects of different degrees of water stress on photosynthesis, key growth indicators, and yield components during critical
growth stages of rice. [Results] Water stress reduced the photosynthetic rate and the transpiration rate of rice and
negatively affected yield components, but improved water use efficiency. The maximum net photosynthetic rate occurred
at the booting stage, during which that under water stress treatments decreased significantly by 4.5%-26.6% compared
to CK. The minimum value appeared at the milk-ripe stage, with a significant decrease of 4.2%-46.9% under water stress
compared to CK. The maximum transpiration rate was observed at the booting stage, decreasing by 2.2%-16.8% under
water stress relative to CK. The minimum transpiration rate occurred at the seedling stage, decreasing by 7.5%—40.7%
under water stress compared to CK. Under water stress, rice plant height, straw height, straw dry weight, filled grain rate,
1000-grain weight, and yield decreased by 2.2%—-24.3%, 0.3%—12.6%, 0.8%—11.6%, 0.5%—7.9%, 0.3%—-9.2%, and 2.3%—
71.5%, respectively, compared to CK. However, water consumption decreased by 33%—46%. Under mild stress, water
use efficiency at the yield level increased by 1.9%—-21.5% compared to CK, while leaf-level water use efficiency decreased
by 2.1%—6.8%. These results indicate that mild water stress can reduce water consumption while maintaining relatively
high yield, thereby improving water resource utilization efficiency. Using the TOPSIS model combined with the
information weight method and entropy weight method to evaluate different water stress treatments, it was found that
maintaining the soil moisture lower limit at 90%—-100% of field capacity can optimize yield, quality, and water use
efficiency. [ Conclusion] In arid and semi-arid regions, precisely regulated deficit irrigation strategies should be further
promoted to maximize the drought resistance potential of rice. As an effective approach for water-saving agriculture, this
can reduce water consumption while maintaining stable grain production.
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Fig. 1. Changes in precipitation and temperature

throughout the growth duration of rice in Yinchuan
City, Ningxia Hui Autonomous Region from 2019 to
2021
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Table 1. Main physicochemical properties of tested soils (0-60 cm)
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TR TR 124 9.5 0.095 51.0 109 25.4 1.53 8.41
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Yinchuan City,

Ningxia
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22 EEFHKS BN KFIELE 1E R aIE

25.0 AT EE AL EE K2 53 M, SR HH Origin 2022 4314, 221 HhkbmE
H4i& TOPSIS BIALHEAT ZARIRERGVFOY, DAIRE ANTRIZK 73 il 360 Ak BT 7R PR 44 016 5 i 6 AR
®2 20192021 FAREIK S B TKFE®KS
Table 2. Rice plant height under different water treatments in 2019—-2021 cm
SR 2019-06-10 2019-06-30 2019-07-20 2019-08-10 2019-08-30 2019-09-20
Treatment
CK 10.19+0.13 a 20.38+0.16 a 45.88+0.26 a 73.43+£0.21 a 93.83+£0.21 a 99.90+0.20 a
Ml 10.13+£0.13 a 19.35+£0.15b 44.83+0.21 b 71.33+£0.21 b 87.72+0.20 b 93.80+0.20 b
M2 10.11+0.09 a 18.35+0.15 ¢ 43.83+0.21 ¢ 67.27+0.25 ¢ 83.62+0.20 ¢ 88.77+0.25 ¢
M3 10.15£0.10 a 17.3540.15d 40.77£0.15d 63.22+0.20 d 77.52+0.20d 84.62+0.20 d
M4 10.10+£0.10 a 16.2740.15 ¢ 38.72£0.20 ¢ 61.20+£0.20 ¢ 72.40£0.20 e 77.50+£0.20 ¢
M5 10.13+£0.08 a 16.27+0.15 ¢ 36.70+0.20 58.12+0.20 f 65.22+0.20 f 72.40+0.20 £
FA{H Fvalue 0.288 361.452 934.034 2367.379 7975.176 7095.524
P {H P value 0.911 <0.001 <0.001 <0.001 <0.001 <0.001
s 2020-06-14 2020-07-02 2020-07-14 2020-08-03 2020-08-13 2020-09-03
Treatment
CK 32.67+0.19 b 49.05+£0.18 a 69.25+0.20 a 78.38+0.21 a 81.12+0.16 a 98.42+0.16 a
M1 33.45+0.18 a 45.90+0.16 b 67.92+0.16 b 73.724+0.16 b 77.44+0.17 b 93.93+0.14 b
M2 32.85+0.19 b 45.08+0.21 ¢ 61.82+0.16 ¢ 64.07+0.21 ¢ 69.03£0.17 ¢ 86.52+0.16 ¢
M3 30.97+0.25 ¢ 42.85+0.20 d 59.83+0.21d 63.77+0.21 ¢ 67.32+0.16 d 84.37+0.21d
M4 30.22+0.16 d 40.1240.16 ¢ 57.92+0.16 ¢ 60.37+0.21 d 65.62+0.16 ¢ 80.17+0.21 e
M5 27.63+0.17 ¢ 37.77+0.21 f 56.98+0.21 f 59.05+£0.20 ¢ 64.42+0.16 £ 78.83+0.17 f
F{H Fvalue 255.362 942.845 1531.445 3004.815 3382.897 1369.774
P1{f P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ML 2021-06-20 2021-07-10 2021-07-30 2021-08-10 2021-08-20 2021-09-01
Treatment
CK 35.55+0.18 a 46.73+£0.17 a 60.98+0.21 a 81.28+0.21 a 90.48+0.21 a 96.57+0.21 a
Ml 35.57+0.16 a 45.75£0.19 b 59.97+0.21 b 79.2740.21 b 87.42+0.16 b 94.5240.16 b
M2 35.53+0.17 a 43.73£0.17 ¢ 56.92+0.16 ¢ 76.22+0.16 ¢ 85.42+0.16 ¢ 93.52+0.16 ¢
M3 35.58+0.17 a 41.67+0.21d 54.92+0.16 d 70.12+0.16 d 81.32+0.16d 89.42+0.16 d
M4 33.53+£0.17 b 39.63+£0.17 ¢ 51.8240.16 ¢ 66.03+0.17 ¢ 76.2310.17 ¢ 83.33+0.17 ¢
M5 32.53+0.17 ¢ 37.63+£0.17 £ 46.73£0.17 £ 62.02+0.16 f 71.1340.17 £ 79.23+0.17 f
F1H Fvalue 123.852 779.314 1736.832 3589.577 3466.298 3099.944
P1{H P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CK XS B/ HERE), M.

M2, M3. M4 F M5 $57K5 FBR 5 B AR K0 )i 90%. 80%. 70%-

60%H 50%. TIFl.

CK refers to the control treatment with full irrigation. M1, M2, M3, M4, and M5 represent the treatments where the lower limit of soil moisture accounts for
90%, 80%, 70%, 60%, and 50% of the field capacity, respectively. The same applies below.
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Fig. 2. Daily variation of rice photosynthetic rate under water stress from 2019 to 2021
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Fig. 3. Net photosynthetic rate of rice under water stress from 2019 to 2021
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Fig. 4. Daily variation of transpiration rate of rice under water stress from 2019 to 2021
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Fig. 5. Transpiration rate of rice under water stress from 2019 to 2021
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Fig. 6. Rice grain yield under water stress from 2019 to 2021
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Fig. 7. Straw height of rice under water stress from 2019 to 2021
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Fig. 8. Straw dry weight of rice under water stress from 2019 to 2021
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Fig. 9. Filled grain rate of rice under water stress from 2019 to 2021
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Fig. 10. Thousand-grain weight of rice under water stress from 2019 to 2021
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Fig. 11. Water consumption of rice under water stress from 2019 to 2021
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0, Field capacity (FC); 0.86, 80% of field capacity; 0.50, 50% of field capacity; ETo, Potential evapotranspiration (PET); In the date abbreviations on the abscissa,
numerals denote months and letters denote ten-day periods, i.e. E = Early, M = Mid, L = Late. For example, S5E denotes the early ten-day period of May, and 6M

denotes the mid ten-day period of June.
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Fig. 12. Water consumption of rice in drip irrigation experiments in 2021
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Fig. 13. Water use efficiency of rice in drip irrigation
experiments
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Table 3. Relative closeness of evaluation for each treatment plan from 2019 to 2021

IETE A R RS

Distance to positive ideal

B AR A EE B

Distance to negative ideal

HARS AL

Relative closeness C

HeFp4h

Ranking results

solution D* solution D™
Ty puseil S I U L
Year  Treament  fEEE 0N T TR T TR T
Information EntTOpy Information Entfopy Information Entfopy Information Entfopy
value method weight value method weight value method weight value method weight
method method method method
2019 CK 16.512 11.715 34.682 29.094 0.677 0.713 2 1
M1 13.753 11.275 29.680 23.796 0.683 0.679 1 2
M2 14.551 14.861 25.178 17.736 0.634 0.544 3 3
M3 20.539 22.017 19.910 11.667 0.492 0.346 4 4
M4 26.457 25.053 16.157 10.644 0.379 0.298 5 5
M5 34.682 29.094 16.512 11.715 0.323 0.287 6 6
2020 CK 17.267 10.776 31.231 27.662 0.644 0.720 2 1
Ml 14.456 10.430 26.256 23.832 0.645 0.696 1 2
M2 19.970 20.029 17.622 14.655 0.469 0.423 3 3
M3 24.260 24.157 13.984 9.492 0.366 0.282 4 4
M4 29.423 27.942 13.675 8.273 0.317 0.228 6 6
M5 31.435 28.415 17.072 9.692 0.352 0.254 5 5
2021 CK 18.316 12.330 36.564 28.635 0.666 0.699 3 1
Ml 13.406 12.682 34.764 24.014 0.722 0.654 1 2
M2 12.494 12.866 32.043 20.744 0.719 0.617 2 3
M3 15.068 21.574 28.985 13.286 0.658 0.381 4 4
M4 26.490 24.905 19.615 11.974 0.425 0.325 5 5
M5 37.792 27.894 18.163 12.713 0.325 0.313 6 6
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