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Fig. 1 Multi-year average monthly precipitation in the study area
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Tab. 2 The distribution of stations corresponding to the irrigation zones
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Tab. 4 TIrrigation scheme setting

. /K8 i/ mm ) . K AE A /mm o
MR ———— —— — HEE R/ mm || TR ———— N — T AE 75/mm
Gt M g B 1112 N 11 it ey s i N i 2
I, 20 0 0 20 I 20 20 20 60
I, 40 0 0 40 Ly 40 40 40 120
I 60 0 0 60 L 60 60 60 180
I, 0 20 0 20 L, 40 20 20 80
I 0 40 0 40 L 20 40 20 80
I 0 60 0 60 Ly 20 20 40 80
I, 0 0 20 20 Ls 60 20 20 100
I 0 0 40 40 Ly 20 60 20 100
Iy 0 0 60 60 I, 20 20 60 100
I 20 20 0 40 Ly 40 40 20 100
I, 40 40 0 80 L 20 40 40 100
I, 60 60 0 120 jon 40 20 40 100
I; 20 0 20 40 Ly 60 60 20 140
L, 40 0 40 80 L;, 20 60 60 140
Ls 60 0 60 120 I 60 20 60 140
L 0 20 20 40 L, 60 40 40 140
I, 0 40 40 80 Lss 40 60 40 140
L 0 60 60 120 Ly 40 40 60 140
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Tab. 5 Field trial data for AquaCrop model calibration and validation
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P XA TEAT T AL HE RN GRAIE, 7647 ZF FR B E T
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W5 H A RIS A, 0. M AR AL
JF K AE K EF #FTEL, 15845 403 C 1 R
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Fig.2 Calibration and validation results of C,. and biomass of maize in Keshan County in 2017
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HH 3 6 T 1. AquaCrop H& AU E 7= B AL LT, [
IR 2 Ab, A ISR ™ B3 e = i, 38
I EE R P2 RA RN 0.892, Eys N 0.23 t/hm’,
Ep 4 0.888, X —Z5 5 HT BT 45 SRAR T,
S AR AR b B A ORI A R B oK 7= o
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Tab. 6 Comparison of simulated and measured maize yields

under different irrigation scenarios

7/ (thm )
R Hi A5 (A4 JSLLyiEay - —
Sl (EDLIEN
R 7Eil(2017) e 12.83 13.12
1562 ELli(2017) T 13.85 13.53
R63 £ (2014) TR 14.32 14.49
R4 M (2017) 3B 12.65 12.67

2513, AquaCrop BEAUTERCHE RIS TIE R FE
BT XI5 DX 38k Y AS [R) 45 1R F BRI 2 AR K
AR R R R, R T R AR
R IS FHE, AT A2 IX A Aol A = 4R A — 2 1Y
ZZ PG T BRI, S ATt g T — 2L R R 2
TRAE I Bt D 1) (1) S0 Ay P i AR R (1,,) 5B
RYFUNAE AF A — S0P, 33X 0] BE VR T RBP4
F RGF Rt gl Bk 5 SEBR s 0 i 2255 (2) 5
RV A 25 5 HUFE FE g 3 0 45 2R DL SR
A B I ok Co n9 R R B, xon]
A 2 5 ) 2 B 0 TN 25 R o Sk 1 — 25 4R v R A
() TR0 i 7, eSS TR 1 S o R 7 2 0 3 PR o)
DR 204 7 B 4 1 ) 285 R 1 o
22 FREEBRFEXFZWHHA
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B K AR S BT % R R 2% 0 T 7 s b . AE T
FREAE T A [ [ A AR 26 L (1 6 K 7= S B 43 )
9793, 8.42, 9.72, 9.13 t/hn’, 1EHEM S0 T £ oK
PR 1019, 9.53, 9.78, 9.13 thm’. 5
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Fig. 3 Variation of yield under rain-fed and irrigated conditions in different precipitation years
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Simulation of maize yield and water use efficiency based on the AquaCrop model

TANG Bowen, MENG Fanxiang, MENG Bo, WANG Jin, FAN Yiming
( School of Hydraulic and Electric Power, Heilongjiang University, Harbin 150080, China )

Abstract: Sustainable water resource use and food security are fundamental to society's sustainability. Likewise,
crop production is a prerequisite for guaranteeing food security. Heilongjiang Province is an essential commercial
grain production base in China and has an important strategic position in ensuring national food security. It is
located in one of the world's three major soil belts, recognized as the world's golden growth for maize. According to
statistics, in 2021, the sown area of maize in Heilongjiang Province was about 652.4x10* hm®, accounting for 44.8%
of the total sown area of grain in the province, and its output accounted for 37.7% of the national total maize
production. The main planting areas of maize in the province are concentrated in the Qiqihar, Suihua, and Harbin
regions, which are all in the Songnen Plain region of Heilongjiang Province. However, the region has undergone
significant environmental changes due to the trend of aridification, and water scarcity is a severe problem that limits
maize growth and development processes. In addition, numerous studies have shown that drought often occurs
during the reproductive period of maize and that in dry years, maize production can be increased through
scientifically sound irrigation measures, while in years of high-water availability, when precipitation can satisfy
maize water demand, care needs to be taken to avoid over-irrigation that leads to wasted water resources and crop

damage.
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Based on 60 years of long-term historical meteorological data, the modified AquaCrop model was used to
simulate maize yields under different rain-fed and irrigated scenarios for different precipitation year types at each
typical site in the Songnen Plain. Water use efficiency and irrigation water use efficiency were further computed to
assess the efficiency of water resource use under different precipitation year types. Finally, the data were spatially
interpolated using ArcGIS, and the results were visualized as maps to better understand maize yield and water use in
different regions.

The results show that in arid years, the irrigation combination of seedling stage - jointing (20 mm), jointing stage
- pulling stage (60 mm), and pulling stage - filling stage (60 mm) was the best irrigation scheme. The yield of maize
was 11.33 and 10.23 t/hm’, and the average Ey, was 2.35 and 2.16 kg/m’, respectively. Irrigation can alleviate the
effects of drought on yield. The optimal irrigation scheme in a typical water year was the soxion-filling period (60
mm). Still, the irrigation yield only increased by 0.1 t/hm’, and the average Ey only increased by 0.028 kg/m’. If the
seedlings could emerge neatly, irrigation would not be allowed in an average water year. In wet years, precipitation
can meet the water demand of maize without irrigation. For normal and wet years, rain-fed agriculture can obtain a
similar yield to Eyy. Therefore, irrigation strategies should be differentiated according to hydrological years.
Irrigation should not be done in wet years to save water resources, and adequate water should be required in dry
years, especially in the key growth stages of maize during jointing—pumping, and pumping-filling. In addition,
planting dates need to be adjusted to climate change trends to make the most of natural precipitation and reduce
irrigation needs. Future studies should comprehensively consider the effects of climate change, soil moisture, and
maize variety improvement to provide a theoretical basis for formulating a reasonable and effective maize irrigation
system, coping with climate change and water shortage challenges, and ensuring food security.

Conclusion: The AquaCrop model can effectively simulate the growth process of maize in the Songnen Plain.
During the critical growth stages of maize, timely and appropriate irrigation can ensure the crop receives sufficient
water, reduce yield loss, and improve Water Use Efficiency (Eyy). However, over-irrigation can lead to a decrease
in both. As yields increase, Ey, may decline because higher yields may require more water. In arid years, the
optimal irrigation schemes are 20 mm from the seedling to the jointing stage, 60 mm from the jointing to the
tasseling stage, and 60mm from the tasseling to the filling stage. In dry years, the optimal schemes are 60 mm during
the jointing to tasseling stage and 60 mm during the tasseling to filling stage. Precipitation is sufficient in normal
and wet years to meet the maize’s water needs. No irrigation is required. This study can provide a theoretical basis
for developing a more rational and effective maize irrigation system in the Songnen Plain of Heilongjiang Province,

thereby better addressing the challenges of climate change and water scarcity and ensuring food security.

Key words: maize; AquaCrop model; yield; water use efficiency; irrigation water use efficiency
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within such pumps, offering guidance for their operation and maintenance under sandy conditions. The results
indicate that to minimize erosion and enhance pump longevity, careful consideration of sediment parameters and
operational head conditions is essential. By understanding the effects of these parameters, operators can optimize
pump performance and reduce maintenance costs. This research contributes to optimizing pump design and
operation, ensuring more reliable and efficient performance in sediment-laden environments. Future studies could
further explore the development of erosion-resistant materials and coatings to enhance the durability of centrifugal

pumps used in similar settings.

Key words: centrifugal pump; head condition; sediment mass concentration; sediment size; erosion characteristics
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