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Effects of Sorghum-Sudangrass Hybrid Returned as Green Manure on
Winter Wheat Yield and Water Use in the Summer-
Fallow Season in Weibei Rainfed Highland
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Abstract: A field experiment was conducted during the 2023—2024 growing season on the Weibei rain-
fed highland to investigate the effects of summer green manure sorghum-sudangrass biomass incorpo-
ration on grain yield and water use efficiency of subsequent winter wheat. A summer fallow treatment
was used as the control(CK), and three incorporation treatments were established: whole biomass in-
corporation without mowing(M,) , incorporation of one-third mowed biomass(M, ), and incorporation
of half mowed biomass(M,). The effects of different biomass incorporation methods on soil water

storage, leaf photosynthetic characteristics, aboveground biomass accumulation, grain yield, and wa-

Y H 37 :2026-01-29 & 1] 5 ] :2026-06-09
BEEWAB . pvE A d S A &R H (2023-ZDLNY-51)
% —{E& E-mail 12634799624 @ qq. com (IR #E)

B 1EFE E-mail: Bexu@ms. iswe. ac. en(F 05 5



. 1220 # X E B ¥ M % 46 &

ter use efficiency of winter wheat were evaluated. The results showed that sorghum-sudangrass culti-
vation significantly decreased soil water storage in the 0—200 cm soil profile before winter wheat so-
wing, with reductions of 1.31% —1.93% compared with CK. Sorghum-sudangrass biomass incorpo-
ration significantly increased leaf net photosynthetic rate of winter wheat at anthesis and grain-filling
stages, with increases of 17.349% —46.97% and 6. 27% —25. 33%, respectively. The leaf water use
efficiency under M; was significantly improved by 12. 72% — 18. 79% from jointing stage to filling
stage. Biomass incorporation promoted aboveground biomass accumulation of winter wheat, with ma-
ture-stage aboveground biomass increasing by 18.47% —38. 88%. The increase in grain yield was main-
ly attributed to enhanced spike number(7. 77 % —15. 94 %) and thousand-grain weight(2. 50% —4. 48 %), re-
sulting in a 6. 37% —13.97% increase in grain yield and an 8. 85% —23. 60% improvement in yield wa-
ter use efficiency. After one rotation cycle, soil water storage under M, and M, was significantly re-
duced by 2.22% and 2.92%, respectively, compared with CK, whereas no significant difference was
observed under M,. The M, and M, treatments significantly reduced seasonal water consumption of
winter wheat, with the greatest reduction observed under M, (6. 53%). All sorghum-sudangrass in-
corporation treatments significantly increased winter wheat water use efficiency, and M, showed the
greatest improvement(23. 60%). Overall, summer cultivation and biomass incorporation of sorghum-
sudangrass during the fallow period improved photosynthetic performance, enhanced water use effi-
ciency. and increased grain yield of subsequent winter wheat under rainfed conditions on the Weibei
highland. Among the tested incorporation methods, incorporation of one-third mowed sorghum-su-
dangrass biomass exhibited the most favorable agronomic performance.

Keywords: Weibei rainfed highland; Sorghum bicolor X S. sudanense; Green manure; Soil moisture;

Winter wheat
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Fig.2 Net photosynthetic rate, transpiration rate, and leaf
water use efficiency of winter wheat under different

treatments at key growth stages
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Table 1 Soil water storage at different winter wheat growth stages under different treatments

+ )2 Soil depth HHF WY Growth stage M, M, M, CK
0~200 cm &1 Before sowing 463.87+0. 04b 465.06+0. 43b 462.26+1.53b 471.16+0. 46a
A Maturity stage 419.2940.07b 428.50£0. 59a 416.44£2.61b 428.59£0. 20a
 0~100em G M Regreening stage  238.52-0.60a  238.070.04a  234.3640.65b  224.8942.26c
KW Jointing stage 204. 0444, 83c 209.92+1. 76bc 218.3941. 46a 212.9240. 68ab
AEW Anthesis stage 196.5540. 19¢ 208.114+0. 63a 197.56+0. 29b 194.5440. 35d
HEJ W Filling stage 205.84+0. 14a 206.94+0. 50a 195.55+0. 32¢ 198.6441. 14b

Different lowercase letters following the values within the same row indicate significant differences among treatments(P < 0. 05).

[ AT BUME 5 AR W) /NG B 36 R A B A) 22 53 19 3 (P <<0. 05) . F &,

The same in table 2 and 3.

L 00 1) A7 AN [ B 7 Ak B8 ) 22 S g 35 (P <C0. 05)

Different letters for the same row on the right side of the figure indicate significant differences among treatments(P<Z0. 05).

B3 AELETENELEFRE 0~200 cm T EIKESFNESH
Fig.3 Soil water storage and profile distribution in the 0—200 cm soil layer of winter wheat under

different treatments at different winter wheat growth stages
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Table 2 Evapotranspiration and water use efficiency of

winter wheat under different treatments

)

o K AR
Ak 1 W 151 Water use efficiency
Treatment ater at yield level/

consumption/mm (kg » hm 2 » mm~1)

1 ¥4 Y1 & Above ground biomass/(kg + hm™

M, 248.54+1.07¢ 27.5040. 81b
M, 249, 37+0. 10¢ 29.75+0.61a
M, 258.72+1.22b 26.20+0. 46b
CK 264.77+2.56a 24.07+0. 74c
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B4 TENBTZNEEEFNEM EHEYE
Fig. 4 Aboveground biomass of winter wheat at different

growth stages under different treatments
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Table 3 Grain yield, yield components, and harvest index of winter wheat under different

Sorghum-sudangrass hybrid incorporation treatments

— — — vy
(X10" « hm ?) per spike weight/g (X10*" kg » hm ?)
M, 582.46=+1. 35b 30.8740. 45a 46.1740. 06a 0.68=0.02b 43.35740.03a
M, 626.64+5. 26a 31.5040. 61a 47.0640. 24a 0.73-+0.03a 43.2940. 02a
M, 587.24=+7.15b 30.40+1. 61a 16.8040. 37a 0.68=+0.01b 42.4940.01a
CK 540.49+3. 82¢ 29.5340.75a 45,0440, 49b 0.64740.01c 40.5340.02a
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