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Water-yield relationship and its impact on
yield of spring wheat in semi-arid area

ZHAO Funian', LIU Jiang’, ZHANG Qiang', WANG Runyuan', WANG Heling', LEI Jun’
(1. Lanzhou Institute of Arid Meteorology, China Meteorological Administration, Key Laboratory of Arid Climatic Change
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of CMA, Lanzhou ,Gansu 730020, China; 2. Dingxi Meteorological Bureaw, Dingxi, Gansu 743000, China;
3. College of Resources and Environment, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract; Water availability is the most important environmental factor influencing the growth, development,
and yield formation of semi-arid rain-fed crops. This study collected long-term observation data and literature data to
analyze the relationship between spring wheat yield and water availability, as well as the environmental factors af-
fecting it. The study aimed to reveal the characteristics and regulatory mechanisms of water limitation in spring
wheat under different environmental conditions. The research results showed that under conventional management
levels in the semi-arid region, the relationship between rain-fed spring wheat yield and water availability was rela-
tively stable. However, pre-sowing soil water storage affected the relationship between precipitation during the grow-
ing season and spring wheat yield. Under different pre-sowing soil water storage conditions, for each additional
1 mm of precipitation, the increase in spring wheat yield was 21.3 kg - hm™ and 16.8 kg + hm™*, respectively. At

the same time, the atmospheric moisture conditions during the growing season ( difference between potential evapo-
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ration and precipitation) also affected the relationship between pre-sowing soil water storage and spring wheat yield.
When the atmosphere was relatively dry ( difference between potential evaporation and precipitation exceeds 425
mm ) , the slope of the relationship between yield and soil water content was 22.9 kg * hm™ « mm™". When the at-
mosphere was relatively humid ( difference between potential evaporation and precipitation is less than 425 mm) ,
the slope was 20.1 kg + hm™ + mm™". Compared to precipitation during the growing season, pre-sowing soil water
storage played a more decisive role in spring wheat yield. The climatic year type of semi-arid rain-fed spring wheat
in the region was jointly determined by pre-sowing soil water storage and atmospheric moisture conditions during the
growing season. Increasing pre-sowing soil water storage and irrigation at specific stages of the growing season could

alter the relationship between wheat water consumption and yield, ultimately affecting water use efficiency. Both at-

mospheric moisture conditions and irrigation conditions contributed to the regional differences in the boundary func-

tion of spring wheat in northwest China.

Keywords: spring wheat; soil water content; yield; precipitation; water use
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Table 1 The five most and lowest related environment

factors withbiomass, HI and grain yield in Dingxi station

H: Wi Biomass

EARDCEKRAEHT Py PGS P, Swe Py
Positive correlation

maximum sorting~ 0.663° 7 0.6037° 0460 0333 0.280
FREMEHEY  ADC,  EVAP,

Negative correlation

Tyaxs VPDs ADC
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minimum sorting

Wi g H

EMSCERKENY P RPRE, PGS SWC P,
Positive correlation

0.511**  0.307 0.236 0.105 0.100

maximum sorting
AR IME AT

Negative correlation

Tuwe VPD, ADC, EVAP, E

-0.582" " -0.532" -0.523" " -0469" -0.406"

minimum sorting

77 HE Grain yield
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0629 0.624"" 04437 03911  0.3207
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Py P, Ps Pg 7R 3.4.5.6 HBIKEK ; PGS Forn EE 4
BRI ; SWC LR FE BT 1 HE 5 K4 ADC R KT & A
EVAP R 78 & 1 VPD R 25 S M T BE 5 Ty 20 71 ¢ o 1
RPRE; /R #5611 148 8  ~45 2 48 2 H Mok, = AL FIGt
1 EIKF P<0.05, + + fURIBHIGE KT P<0.01,

Note:P;, P,, Ps, and Py represent the precipitation in March,
April, May, and June, respectively; PGS represents precipitation during
the main growth period; SWC represents the soil moisture content before
sowing ; ADC represents atmospheric dry and wet conditions ; EVAP repre-
sents evaporation capacity, VPD represents the poor air saturation; Ty,x
represents the maximum temperature ; RPRE represents the total precipi-
tation from August to February of the following year. * represents
reaching a statistically significant level of P<0.05, s #* represents reac-

hing a statistically significant level of P<0.01.
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Table 2 Multivariate statistical relationship between spring

wheat yield, soil water storage before sowing, and
precipitation during growth period
VAN [mUEpgi

Formula

R? RMSE

Regression equation

Y = 13.1SWC + 13.4PGS - -
1 3110.5 0.604 566.1

Y = 11.6SWC + 10.5PGS + .
2 0.013PSWC - 2776.1 0604777 5792

Y = 13.8SWC + 34.4P, + 17.1P, +
14.5P; + 2.9P, - 3090.4

T Y JEAR/N Ao, SWC AR T LYK Y, PGS St AT I
FKo Py Py Ps Pg 73R 3.4.5.6 MK, « « * fRFKik
#geitw#E K P<0.001,

Note: Y is the yield of spring wheat, SWC is the soil moisture before

0.724* ** 508.1

sowing, and PGS is the precipitation during the main growth period. P;,
P,, Ps, and P represent the precipitation in March, April, May, and
June, respectively, #* * * represents reaching a statistically significant

level of P<0.001.
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Note; Soil moisture refers to the pre-sowing soil moisture content.(a) shows the relationship between wheat yield and growth period precipi-

tation for all collected literature data, (b) shows the soil moisture division map befroe sowing, (c¢) shows the relationship between wheat yield

and growth period precipitation after excluding extreme years in 1994 and 2009, and (d) shows the relationship between wheat yield and growth

period precipitation for 1999, 2006, and 2007.
1
Fig.1
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Response of spring wheat yield to precipitation during growing season
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Fig.2 Response of spring wheat yield to soil water content at sowing
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Fig.3 Response of yield and stem weight to water supply during growing season and

soil water content at sowing in Pengyang and Dingxi stations
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Fig.4 Year patters of climate for spring wheat in semi-arid area at Dingxi, Northwest China
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Fig.5 Water use and yield relations for spring wheat under different agricultural managements
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Table 3 Water use and yield relations under

different agricultural managements
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a statistically significant level of P<0.001.
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Fig.6 Response of yield for rainfed and irrigated spring wheat to water use in different areas of Northwest China
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