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Optimization of Irrigation Frequency and Timing of Winter Wheat in
North China Based on WheatSM Model
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Abstract; Under the context of global climate change, the North China, as the main winter wheat
production region of China, has faced an intensifying conflict between the expansion of cultivation area
and severe water scarcity. Optimizing the irrigation system held great scientific and practical significance
for ensuring wheat production and efficient utilization of water resources. Although the “few but frequent”
irrigation could achieve water conservation and enhance resource utilization efficiency, optimizing the
number of irrigation events within practical limits in large-scale agricultural production was more feasible.
Based on the validated WheatSM crop model, aiming to clarify the impact of irrigation frequency and
timing under different precipitation types in North China from 1988 to 2016 on winter wheat yield and
water use efficiency. The results indicated that the recommended irrigation frequency for the region was
2 ~3 times. Although yield was increased with additional water inputs, the effect of three times irrigation
was limited. Two growing-season precipitation isolines (504 mm and 463 mm) served as effective
thresholds for irrigation planning. In areas with below-average seasonal precipitation, a single irrigation
during the green-up stage delivered a clear yield advantage. The research result can provide quantitative
guidelines for region-specific, water-saving, and efficient irrigation management in winter wheat
production in the North China.
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Tab.1 Irrigation scenario design
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Fig.2 Interannual variation and distribution characteristics of winter wheat growing-season precipitation at six

meteorological stations during 1988—2016
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Fig.3 Winter wheat yield and water use efficiency under different irrigation amounts at six stations
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Fig.4 Winter wheat yield reduction rate and water use efficiency under one-time irrigation scenarios

at different growth stages across six stations

W2 AKIERE (S, bt AT BE 5 R 1
EVERINEE G VEBERT W™ RN T 15% , BET
HAFERE R W20 A, B WUE S 25 8000 5 M 76 50 7
FFEE R S5 2 K&RHHAS T, s Em
KARHRFEE T AR,

3 KGR (B 6) 45 X~ =l WUE #4
PRI HE IR B HA 20 A S ] L 0 B S 06 8, AREE 1 7KORT
TR 2 K HEWRAS S5, ™ 3 i PR AR, WUE 5
2 KIE ST, PR, HE 3 7 Aot TR IR 30 0 4 o
HICH W | (HXF WUE B4R TR A R

RSB bR BT AR EROK S (P,) 577
1 G ZR R AN [ MR U 8 A BT R [l D A

e R Rt B TR IS IO R Ak SR (BT 7) L9 1 KAk
HR y =12.848 9P, +2775.8 (R’ =0.56) 7 2 7k
AbFRFy y =9.277 9P, +5001. 17 (R* =0.50) , % 3
IKALFEN y =6.986 2P, +6 402. 44 (R* =0.39) ,/E
K=K i 57 a5 W EAC, BRI
77 e X} A AR AR K oy A

T XA [ R R B B R 7 5 AR K ZR K
HICRM 95% B 5 X MHATE T o34, i o IR
B FER A K R K I E, 24 P, =504 mm I,
T K IR ERE , PP TR 9 500 kg/hm? LA 154
463 mm <P, <504 mm i, PEFEFE 2 7K n]Aff £
PEIE 9 500 kg/hm’ ;24 P, <463 mm B, £ 1E > it



138 & ol HLoB cE 2026 4F
40; lﬁ?ﬂﬁ WK 2 FACE 150 dop MR WASFIRAE o 4o ERGTR BARSPMAREE
) bab abb a b b a a a a
& £ = £ X £
B o B o i)
L éi :
® & ¥ 2 % £
5 P S I7J<ﬁ*']ﬂ%§i$
or 30
& £ = £ 1oz &
B o B q i)
H£ fi 32 i ki 103; i
% < ® = % =
R K R g ’
T e WA
R O S
T
() RAF
K5 R[RIRHIHE 2 KRR 6 A~ TG mA /N ™ 38 5 K 73 I IR
Fig.5 Winter wheat yield reduction rate and water use efficiency under two-time irrigation scenarios
at different growth stages across six stations
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Fig.6  Winter wheat yield reduction rate and water use efficiency under three-time irrigation scenarios
at different growth stages across six stations
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