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Abstract In order to investigate the effects of soil moisture on maize root system and yield under different
supplementary irrigation amounts, five supplementary irrigation treatments of 900 (W,), 1,050 (W,), 1,200 (W;),
1,350 (W,) and 1,500 m*hm?® (CK) were set up in one Nalin orchard of Jungar Banner, Inner Mongolia in 2022-
2023. Determination of soil water content, water consumption, root length density, root surface area density,
root weight density, root wounding intensity and yield of maize throughout the reproductive period in different
treatments, and the interaction effects between soil moisture, root distribution and the two were investigation
of conducted. The results showed that: The soil water content, water storage and water consumption increased
with the increase of supplementary irrigation, in which water content, water storage and water consumption
showed a single-peak curve trend in different soil depths (0-20, >20-40, >40-60 cm) and fertility periods,
respectively. Peak values were reached in the >20-40 cm soil layer and during the tasseling stage of the maize.
Within the 0-100 cm soil layer, the maize root system was mainly concentrated in the 0-20 cm soil layer, with
the proportion of the total root system ranging from 60% to 80%. The root density decreased sharply with the
extension of the soil layer depth, and with the increase of irrigation volume, the root density in the surface soil
layer of 0-20 cm showed an increasing trend, while the opposite was true for =20-100 cm. In addition, there
were significant differences in maize root wounding intensity with increasing supplementary irrigation amount,
among which W; had the highest wounding intensity, which increased by 1.28% to 30. 72% compared to the
other treatments. The economic yields of W,, W,, W; and W, were reduced by 12. 78%, 6.34%, 0.51%,5.64%
and 9.52%, 7.79%, 3.93%, 0.54% respectively, compared to the CK treatment in 2022 and 2023. W, had the
smallest reduction, but its water use efficiency was 3. 37% to 23. 17% higher than other treatments. In conclusion,
W, can achieve stable maize yield in this region under limited supplementary irrigation condition and also improve
water use efficiency. Therefore, the optimal supplementary irrigation rate for maize in Loess Plateau region of
Inner Mongolia is 1 200 m®/hm? (W,) for the whole reproductive period.

Keywords maize; limited supplementary irrigation; soil moisture; root density; yield; Loess Plateau region of

Inner Mongolia
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Table 1 Experimental design m’/hm”*
HEBE%E B Trrigation quota PR
Trﬁim Y Al A il 91 Wiy Total supplementary
Before seedling Jointing stage Tasseling stage Filling stage irrigation amount
W, 225 300 (150. 0+150.0) 225 (112.5+112. 5 150 900
W, 225 375 (187.54+187.5) 300 (150. 0+150. 0 150 1050
W, 225 450 (225.0+225.0) 375 (187.5+187.5) 150 1200
W, 225 525 (262.5+262.5) 450 (225.0+225.0) 150 1350
CK 225 600 (300. 0+300. 0) 525 (262.5+262.5) 150 1500

T 455 P9 SR BT R S A5 4 2 YR A E

Note: In parentheses is the amount of supplemental irrigation divided into 2 doses each at the nodulation and stamen withdrawal stages.
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Fig. 2 Changes of soil moisture content in maize growth period under different supplemental irrigation
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Fig. 3 Changes of soil water storage at different growth stages of maize under different supplemental irrigation
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Fig. 4 Soil water consumption in the whole growing period of maize under different supplementary irrigation
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Fig. 5 Changes of root length density of maize in key growth period under different supplemental irrigation
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Fig. 7 Changes of root weight density in key growth period of maize under different supplemental irrigation
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Fig. 8 Root wound flow intensity in critical growth period of maize under different supplemental irrigation quantity
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Table 3 Yield components and water use efficiency of maize under different supplemental irrigation amount

e wm TRRE ety e gty e SRR
Year Treatment weight Economic yield Biological yield Harvest index WUE
W, 261.90+10.17 9 167.58+£495. 68" 24307.204904. 20° 0.3840.03"  17.264+0.93"
W, 279.00418.46" 10 438.53+1 035.86™ 26 103.23+222. 05 0.40-+0.04" 18.87+1.87"
2022 W, 292.40+4. 44° 12 066. 86+ 144. 54° 27 727.05+663. 68" 0.4440.01"  21.26+0. 25"
W, 292.67+5. 30" 11 788.284931.53" 26 296. 50+402. 75" 0.45+0.05"  20.22=+1.60"
CK 296.40=5.77" 12 202. 80+818. 45" 27 869.614789.17" 0.44-+0.04"  20.57+1.38°
W, 264.85+1.76" 9 050. 45+295. 40° 24 513.504769. 99¢ 0.3740.02"  34.86+1.14"
W, 278.3349.73" 10 266. 774 357. 15" 24 983.00+624.66™  0.41+0.01"  36.96+1.29"
2023 W, 286. 604 3. 45 11 375.96+159. 79® 26 067.25+817. 24" 0.44+0.01° 39.70+0. 56°
W, 292.98+12.90" 11 671.56+1 084. 27 26 947.50+£629. 49° 0.4340.05"  37.95+3.53"
CK 295.24+14.68" 11 980.01+948.98" 27 093.254968. 79" 0.44-+0.04*  37.57+2.97"
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Fig. 9 Correlation of maize yield and water use efficiency with soil water and inedx of root under different supplementary irrigation



76 IS [ N SR S

2025 4F 45 30 %

YI71%2%/% IncMSE

-0.5 S R T S S S S
9 A 4 O & © S O
SFEF ¢ &P P HSS
545 Index
(a) 20224F

35,
3.0f
25}
2.0f
1.5}
1.0}
0.5}

YIITIR%/% IncMSE

0.0
-0.5

-1.0} ns
ns

-1.5

—— .G.$I\'©‘4Io‘o'<¢\'
gl &d TS PE S
FEFT Index
(b) 20234F

R 53 3 22 7R 5 AR 96 (P<20. 05) A 3 4 56 (P<<0. 01D
*and ** indicate significant correlation (P<C0.05) and highly significant correlation (P<C0. 01), respectively.

10 REEETEKR™

EXMEARNERESN

Fig. 10 Comprehensive analysis of influencing factors of maize yield under different supplementary irrigation
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