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Impact of warming climate on crop water requirement in Gansu Province
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Lanzhou 730020, China; 2. College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China; 3. Institute of Soil,
Fertilier and Water-saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China)

Abstract Global warming is an increasingly worrisome environmental and climatic phenomenon. Global average temperature
increased by 0.60~0.70 °C over the last centuray, with an average temperature rise of 0.80~1.50 °C in China. Northwest China is one
of the most sensitive areas to climate change. Temperature (a critical factor of global warming) is often used in an integrated method
to calculate crop water demand. In other words, temperature afftects climate change, which in turn affects crop water needs. Crop
water requirements in Northwest China is therefore critical in farm water cycle. It is also an important hydraulic and water-saving
parameter in agricultural research, planning and design. This study addressed issues such as: the effect of climate change on
agricultural water demand in different regions, and current lack of systematic and quantitative data to support crop water requirement
research in the face of global warming. This study analyzed the effects of warming climate on crop water requirement in Gansu
Province under different temperature scenarios (future temperature increases of 1~4 °C). The results showed that the effects of
warming climate on crop water requirement were different for different crops. Warming climate greatly afftected water requirement
of winter wheat, followed by spring wheat and maize. When future temperatures rose by 1~4 °C, water requirement of winter wheat
increased by 3.05%~12.90%, which was the equivalent of 13.2~81.2 mm. That of maize increased by 2.49%~10.80%, the equivalent
of 9.9~60.6 mm. Then spring wheat water requirement increased by 2.74%~11.69%, the equivalent of 6.7~40.0 mm. Regional

differences were noted in the impact of warming climate on crop water requirement. The impact of warming climate on crop water
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requirement was highest for arid regions, followed by semi-arid regions, and then semi-humid regions. The least effect was for humid

regions. When future temperatures rose by 1~4 °C, the temperature scenario caused additional irrigation water requirement of 1 243,
1302, 1374 and 1 465 million m? for winter wheat; 794, 832, 878 and 930 million m? for maize; and 497, 516, 542 and 576 million m’

for spring wheat, respectively. Warming climate worsened water shortage problems in the study area.
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Table 1

Basic parameters of different soil texture

Soil water content (%)

Soil texture
Field capacity (6)

Bulk density (g-cm™)
Wilting coefficient (6,,)

Porosity (%)

Sandy loam 14.0
Medium loam 20.0
Heavy loam 20.2

5.0 1.39 48.8
8.0 1.29 52.5
9.5 1.37 49.8
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Table 2  Suitable soil water content and upper and lower limits of soil water content for three crops (by field capacity %)

Winter wheat Spring wheat Maize
Stage Appropriate water ~ Lower water ~ Appropriate water ~ Lower water ~ Appropriate water ~ Lower water
content content content content content content
Early stage 70 65 70 65 70 60
Developmental stage 75 65 75 65 75 65
Late stage 70 65 70 65 65 55
Upper limit of water content is field capacity.
3 s - ,
4 3.25%~12.84%
2 3 FAO 3.46%~12.90% 3.17%~11.85%  3.05%~11.54%,
K. 3.11%~11.33% 3.10%~11.69%
2.80%~10.37%  2.74%~10.25%,
#*3 AREDFAREENEEDRBE)RE 2.80%~10.27%  2.91%~10.80%  2.55%~9.57%
Table 3  Crop index (K.) values of crops in different _
development periods 249%~9.45% >
1~4 C
Crop Early stage Developmental Late stage Maximum height
K Cini K mi K ate f
(") otope W) (Rew) _ofcrops ) 3.05%~12.90% 2.74%~11.69%  2.49%~10.80%
. 0.3 1.15 0.25 1.0 3
Spring wheat
. 0.3 1.15 0.25 1.0 >
Winter wheat
Maize 0.3 1.15 0.60 22
@, ’ ’
2
b b 3
b 2 ,
(GCM) o 1c o,
’ 1e 13.2-22.7 mm 9.9~16.6 mm 6.7~11.0
10% 2 > mm; 2 C 3
’ 23.1~38.0mm 17.7~29.0 mm 11.4~18.8 mm;
. 1.5~4.5 C Hadley 3 C 3
; 1% s 34.8~56.8 mm 27.0~44.0 mm 17.6~29.0 mm;
21 1.5~ 4 °C ,3 50.2~
3.9 TP, 1~4 C 81.2mm 38.0~60.6 mm 25.0~40.0 mm
, 3 2.2
1’\‘4 oC: Py 2, >
mm 16.7~60.6 mm 11.0~40.0 mm, 3
. . 18.1~67.3 mm 13.7~50.6 mm
2 HRSHW 8.9~33.0 mm, 3
2.1 15.4~57.3 mm 11.3~42.0 mm 7.4~27.4 mm,
1 3 1~4 C 3 13.2~50.2
s 4 mm 9.9~38.0 mm 6.7~25.0 mm ,
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Impacts of given temperature scenario on water requirement of different crops in Zhangye (arid area), Dingxi (semi-arid area),

Tianshui (semi-humid area) and Chengxian (humid area)
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Table 4 A infall duri h period i
380 mm 29.0 mm 18.8 mm: able verage raldn. all during crop growth period in
ifferent areas mm
3C ,3 56.8
o Area . . .
mm 44.0 mm 28.8 mm; 4°C ,3 Spring wheat ~ Winter wheat ~ Maize
81.2mm 60.6 mm  40.0 Zhangye 54.8 625 108.5
( Arid area)
mm > Dingxi
L 171.6 205.1 324.9
1 C , ( Semi-arid area)
Tianshui
13.2mm 9.9 mm 6.7 mm; . . 217.3 288.9 401.9
( Semi-humid area)
2°C ,3 23.1mm 17.7 mm CILtllengzlan 2574 3324 195.1
11.4 mm; 3°C ,3 ¢ umid arca)
348mm 27.0mm  17.6 mm; 316.2 mm 334.3~383.5 mm,
4°C ,3 50.2 mm 38.0 mm 194.0 mm 209.4~251.3 mm,
25.0 mm 104.1 mm 117.3~154.3 mm,; ,
2.3 480.7 mm 497.3~541.3 mm,
s 146.0 mm 159.7~196.6 mm;
s s 298.0 mm
, 309.0~338.0 mm, 111.1 mm
IR=ET,-P 4) 119.9~144.1 mm
, IR (mm), ET, , P
(mm) 50 ,
4 2
4), (
5) , 4 C ,
570.7 mm 591.3~651.9 mm,
#z5 SETENHEHFATEAMREZEMERTKENF T
Table 5 Effects of climate warming on irrigation amount of the main crops in different areas of Gansu Province ~mm
Area
Crop _Temperattlre Zhangye Dingxi Tianshui Chengxian
increase ('C) ( Arid area) ( Semi-arid area) ( Semi-humid area) ( Humid area)
0 298.0 111.1 47.9 -13.9
Spring 1 309.0 119.9 55.3 -72
wheat
2 316.8 126.3 60.6 -2.5
3 326.8 134.2 67.8 3.6
4 338.0 144.1 75.4 11.1
0 570.7 316.2 194.0 104.1
Winter 1 591.3 3343 209.4 117.3
wheat
2 608.7 347.5 220.0 127.2
3 627.5 363.8 233.7 138.9
4 651.9 383.5 251.3 154.3
0 480.7 146.0 36.5 -90.8
Maize 1 497.3 159.7 47.8 -80.9
2 509.7 169.1 56.4 -73.2
3 524.7 182.0 66.6 —63.8
4 5413 196.6 78.5 -52.8
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Table 6 Effects of climate warming on increase irrigation amount of the main crops in Gansu Province = X 10° m®
Increased irrigation amount
Temperature
. Crop
increase () Arid area Semi-arid area Semi-humid area Wet area Total
1 Spring wheat 2.96 1.62 0.39 — 4.97
Winter wheat 1.77 4.46 5.03 1.17 12.43
Maize 5.18 2.12 0.64 — 7.94
2 Spring wheat 3.04 1.70 0.42 — 5.16
Winter wheat 1.83 4.64 5.28 1.27 13.02
Maize 5.31 2.25 0.76 — 8.32
3 Spring wheat 3.13 1.81 0.47 0.01 5.42
Winter wheat 1.89 4.85 5.61 1.39 13.74
Maize 5.46 2.42 0.90 — 8.78
4 Spring wheat 3.24 1.94 0.53 0.05 5.76
Winter wheat 1.96 5.12 6.03 1.54 14.65
Maize 5.63 2.61 1.06 — 9.30
50 48 , 1~4 C
34 , 1~4 C , , 12.43x10°
1243x10°m® 13.02x  m’ 13.02x10° m® 13.74x10° m’>  14.65x10° m’,
10°m’ 13.74x10°m®  14.65x10% m’, 7.94x10° m*  8.32x10° m’
7.94x10° m®  8.32x10° m® 8.78x10° m’ 8.78x10°m*  9.30x10* m’,
9.30x10% m’, 4.97x10° m’ 4.97x10° m® 5.16x10°m’ 5.42x10°m®  5.76x10° m’
5.16x10°m’ 5.42x10°m’  5.76x10°m’( 6 N
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1<4 C ’ [M]. , 2003
(2] , , .
[J1. , 2005, 20(1): 119-125
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> 5 [4] Wang HL, Gan Y T, Wang R Y, et al. Phenological trends in
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