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Change Trend and Key Influencing Factors Identification of
Main Crops Water Demand in Jiansanjiang

XING Zhenxiang'? YU Yi' LI Fengyu'> WANG Lijuan' FU Qiang'? WANG Hongli'
(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of High Efficiency Use of Agricultural Water Resources, Minisiry of Agriculture and Rural Affairs,
Northeast Agricultural University, Harbin 150030, China)

Abstract; Studying the trend of crop water demand and identifying key influencing factors can provide a
basis for scientific crop irrigation, improvement of agricultural water use efficiency, and optimal allocation
of water resources. Based on the daily meteorological data of Jiansanjiang Reclamation Area from 1995 to
2018, according to the Penman — Monteith formula combined with the single-crop coefficient method, the
water requirement of the main crops of rice, corn, and soybeans during the growth period were
calculated. Using the trend-free pre-whitening Mann — Kendall ( TFPW — MK ) method to study the
change characteristics of the water demand of three crops, adopt the rescaled range ( R/S) analysis
method to predict the change trend of the future water demand of the crops, and the path analysis method
was used to quantitatively analyze the influence of six meteorological factors such as average temperature ,
net radiation, sunshine hours, wind speed, precipitation, and relative humidity on crop water demand.
The key influencing factors of water demand changes were determined, and the relationship between the
change trend of key influencing factors and the change trend of water demand was analyzed. The results
showed that the average multi-year water requirement of the reference crops in Jiansanjiang Reclamation

Area was 606. 68 mm. The inter-annual changes in the water requirement of major crops such as rice,
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corn and soybeans during the growth period were relatively stable. There was a significant difference
between the amount of water. The average multi-year water requirement of the three crops were
484. 84 mm, 425.91 mm and 319. 11 mm, respectively. In the time series from 1995 to 2018, the water
demand of rice and soybeans during the whole growth period showed an upward trend, while the water
demand of maize during the whole growth period showed a downward trend. In the future, water demand
during the whole growth period of rice and soybeans would increase, and water demand during the whole
growth period of corn would decrease. Average temperature, radiation and sunshine hours were the key
influencing factors for the water demand of rice, corn and soybeans, and they played a role in increasing
the water demand. Precipitation increased the water demand of crops, but it was not obvious. Wind
speed and relative humidity played a certain restrictive effect on the water demand of the three crops.
Therefore, the water demand of rice, corn and soybeans in Jiansanjiang Reclamation Area was affected by
many influencing factors. The change trend of water demand caused by the changes of meteorological
factors during the whole growth period of rice and soybean was consistent with the change trend of water
demand of rice and soybean in the TFPW — MK test analysis. The increase in the average temperature
during the whole growth period of corn was not enough to offset the influence of radiation and the
reduction of sunshine hours on the water requirement of corn, so the water requirement of corn showed a
downward trend, which was consistent with the change trend of water requirement of corn in the TFPW —
MK test analysis.

Key words: crop water demand; Jiansanjiang Reclamation Area; TFPW — MK method; path analysis

method ; R/S analysis method
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Fig.2 Inter-annual variations of crop water demand
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in Jiansanjiang Reclamation Area from 1995 to 2018
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Fig.4  Z-statistic values of growth period of rice, maize and soybean
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Tab.4 Hurst index of R/S analysis of rice in different growth stages
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Tab.5 Hurst index of R/S analysis of maize in different growth stages

A H 5 1) ) L4 AT il e 391 22 4 FLEU TS LAHY
Hurst 45 % 0.59 0. 84 0.62 0.62 0.50 0. 64 0.38 0. 66 0.73

x6 KEFRFAEEH R/S HHTH Hurst 3541

Tab.6 Hurst index of R/S analysis of soybean in different growth stages
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Tab.7 Path analysis of water demand of rice, maize and soybean

9 BHET R RN Efﬁiﬁé : } i) 42 388 72 R 4L \
RE AR A I ERIAIN RIS P [ K iERORITY; 3 At
AR 0. 949 0.571 0. 632 0. 107 -0. 040 -0.033 -0.120 0. 546
4 5t 1.789 0.878 0.411 0. 184 -0.022 -0.002 0. 009 0. 580
EREETRS 0. 682 0.427 0. 143 0.378 0. 002 0.016 0. 046 0. 585
KA PR -0.041 0.102 -0.194 -0.191 0.010 0.021 0. 102 -0.252
W ok 0. 001 -0. 060 0. 240 0. 036 -0.114 -0.045 -0.094 0. 023
iiRORLTYi S -0.009 -0.147 0.399 -0.056 -0.132 -0.071 -0.036 0.177
TR 0. 871 0.593 0.553 0. 046 -0.086 0. 002 -0.077 0.438
Ve I 1.670 0.912 0. 359 0.108 0. 008 0. 000 0. 001 0.476
H I 0.379 0. 355 0. 077 0.277 -0.015 -0.001 0.019 0.357
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Tab.8 Annual changes of various meteorological factors during whole growth period from 1995 to 2018

BV PRI/ (Cea™') RS/ (MIom ™ 2-a™")

AR/ (hea™h)

R/ (mes™ ea™h) FROKE/ (mmea”t)  MIXHBE/ (% a”")

K AE 0.032 0.413 0. 488
Tk 0. 041 -0.508 -1.525
K 0.039 0.283 1.594

-0.011 -0.500 0.120
-0.003 2.055 0.098
-0.001 0.011 0.083
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