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Reduction in Gansu Province / Key Open Laboratory of Arid Climatic Change and Disaster Reduction of China Meteorological
Administration, Lanzhou 730020, China; 2. Dingxi Arid Meteorology and Ecological Environment Field Experimental Station,
China Meteorological Administration, Dingxi 743000, China; 3. Meteorological Bureau of Dingxi City, Dingxi 743000, China)

Abstract: Infrared simulations were conducted in semi-arid Dingxi, Gansu, Northwest China to investigate the influence of climate
changes that result in increased temperatures and reduced rainfalls on spring wheat production. Spring wheat was grown in one of the
following six simulations formed in a factorial arrangement of three ambient temperature changes (+0 ,+1.0 and +2.0 ) and
two rainfalls [normal (W) and 30% below average (W3g)]: 0-Wq, 0-W34, 1-Wq, 1-W3, 2-Wy, and 2-W3,. Wheat yield, biomass, pani-
cle characteristics, plant height, leaf area, chlorophyll, and net photosynthetic rate in each simulation were obtained. Decreased rain-
fall reduced wheat grain yield by 24.41%, 12.93%, and 27.38%, and wheat biological yield by 19.25%, 10.31%, and 22.11%, for
+0 ,+1.0 , and +2.0 , respectively. The decreases suggested that the impact of climate warming was especially unfavorable
for the economical return of wheat production. Wheat grown with decreased rainfall was lower in panicle length and weight, total
spikelet number, number of grains per panicle, weight of grains per panicle, and 1000-grain weight, and higher in sterile spikelet
number and spikelet sterility rate. Wheat net photosynthetic rate, leaf area, and chlorophyll content were reduced as the ambient
temperature was increased and rainfall decreased. Spring wheat growth and production were severely affected when the ambient
temperature increased 1 to 2 and rainfall dropped 30% in semi-arid China, suggesting that it is important to develop adapta-
tion cropping to climate changes.

Keywords: Temperature increase; Rainfall reduction; Spring wheat; Growth and development; Yield; Semi-arid area
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Fig. 4 Mean diurnal variations of air temperature (a) and soil relative moisture (b) under treatments of three temperature levels and
two precipitation levels

0-W: 5 0-Wso: 30%; 1-Wo:
5 2-W30C 2
1-Wy: temperature increased by 1

increased by 2 and normal precipitation; 2-W3: temperature increased by 2

and normal precipitation; 1-W3: temperature increased by 1

1 3 1-Wig: 1 30%; 2-Woy: 2

30% 0-Wy: normal temperature and precipitation; 0-W3o: normal temperature and precipitation reduced by 30%;

and precipitation reduced by 30%; 2-W,: temperature
and precipitation reduced by 30%.

F1 REASFEKEOHEIERNENEFEMZN 27.38%, 2.0
Table 1 Effects of temperature increase and rainfall decrease
on yield of spring wheat ’
1.0 2.0 30%
1 1 1 o o 0
Treatment Average gra{r} Av.e rage b1010g}f al Harvest index 19.25% 10.31% 22.11 A),
yield (g-plant ") yield (g-plant ") 0
0-Wy 1.221+0.04a 2.862+0.11a 0.427+0.01a 30%
0-W3 0.923+0.09bc 2.311£0.09¢ 0.399+0.02ab > 1.0 2.0
1-W, 0.959:60.09b 2.484+0.05b 0.385+0.03b 30% 6.60% 2.75% 7.40%
1-W3q 0.835+0.06¢ 2.228+0.13¢ 0.375+0.01b
2-W, 0.610+0.05d 1.877+0.09d 0.325+0.01c¢ (P<0.05, 2)
2-W3 0.443+0.08¢ 1.462+0.14¢ 0.301+0.03¢ 23
P<0.05 0-Woy:
5 0-Ws: 30%; 1-Wy: 1 ;
1-W302 1 30%, 2-W02 2 5 2-W302 ’
2 30% Different lowercase letters indicate significant
differences (P < 0.05). 0-Wy: normal temperature and precipitation; 0-Wsq: 30%
normal temperature and precipitation reduced by 30%; 1-Wy: temperature ° ’
increased by 1 and normal precipitation; 1-W3o: temperature increased ( P<0.05, 3) 30%
by 1 and precipitation reduced by 30%; 2-Wy: temperature increased by
2 and normal precipitation; 2-W3(: temperature increased by 2 and ’
precipitation reduced by 30%. (P<0 05, 3)
*2 BREASHEKECHEERNENEZWBEREFHES
Table 2 Two-way ANOVA of the interactive effects of temperature increase and rainfall decrease on spring wheat
Temperature Precipitation Interaction
Variable df F P daf F P df F P
Grain yield 2 12521 0.000" 1 46.13 0.000™ 2 3.45 0.048"
Biological yield 2 151.52 0.000" 1 83.01 0.000™ 2 3.63 0.042"
Plant height 2 24.78 0.000" 1 22.66 0.000™ 2 0.84 0.442
Leaf area 2 304.28  0.000” 1 148.98 0.000" 2 4.62 0.020"
Chlorophyll content 2 66.38  0.000” 1 162.02 0.000™ 2 3.75 0.038"
Net photosynthetic rate 2 617.69  0.000" 1 923.66 0.000™ 2 31.75 0.000""

*: P<0.05; **: P<0.01
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Table 3  Effects of temperature increase and rainfall decrease on spike characteristics of spring wheat
Treatment Lepgth of We.ight of Total spikelet Sterile spikelet 'S.pikelet Graiqs per Grains yveight IOQO-grain
panicle (cm) panicle (g)  number per plant number per plant  sterility rate (%) panicle per panicle (g) weight (g)
0-W, 13.70+£0.31a 1.42+0.09a 33.80+1.33a 5.20+0.75d 15.4242.38e 29.00+0.63a 1.18+0.09a 40.62+3.10a
0-W3 12.35+0.68bc 1.03+0.15b 28.80+2.04bc 6.00+0.63bcd 20.99+3.20cd 22.60+1.36bc  0.76+0.07¢ 33.71+1.33b
1-W, 12.89+0.77ab 1.07+0.11b 30.40+2.42b 5.8040.75¢cd 19.14+2.38de 24.60+1.74b 0.88+0.07b 35.94+0.70b
1-W3 10.88+0.50d 0.85+0.04c 27.60+1.36¢d 6.80+1.17abc 24.78+4.93bc 20.80+0.75cd  0.67+0.06¢c 32.21+2.94bc
2-W, 11.95+0.46¢ 0.82+0.13cd ~ 26.20+1.33d 7.20+0.75ab 27.59+3.41b 19.00+0.63d  0.54+0.08d 28.09+3.49cd
2-Ws 9.68+0.71e 0.67+0.09d 23.40+1.36¢ 8.00+0.63a 34.41+4.31a 15.80+0.75¢ 0.41+0.08e 25.65+4.56d
P<0.05 0-Wy: 5 0-Ws3o: 30%; 1-Wo: 1
5 1-Wjq: 1 30%; 2-Wo: 2 ;5 2-Wso: 2 30% Different lowercase letters indicate

significant differences (P < 0.05). 0-W,: normal temperature and precipitation; 0-W3o: normal temperature and precipitation reduced by 30%; 1-W:

and normal precipitation; 1-W3(: temperature increased by 1 and precipitation reduced by 30%; 2-W,: temperature

temperature increased by 1

increased by 2

and normal precipitation; 2-W3(: temperature increased by 2

and precipitation reduced by 30%.

1.0 2.0 , 30% 2.0 s 30% ,
, 9.85% 15.59% 19.00%, (Py) 9.54% 16.45%
27.68% 20.56% 18.29%, 22.19%, (P<0.05, 4)
14.79% 9.21% 10.69%, 22.07% , P,
15.45% 16.84%, 35.59% 23.86%
24.07%, 17.01% 10.37% 8.69%, P, (P<0.01, 2)
1538% 17.24% 11.11%, 1.0 2.0 R
36.12% 29.47% 24.72% 30% , 8.00%
, 5.07% 11.11%, 24.35% 29.26%
, 30.80%, 13.64% 18.01%
26.76%, 21.11% 33.37% 27.94%
) , , 1-W30  1-W, ,
(P<0.05,  4) ,
2.4
— , 1.0 (P<0.05), ( 2)
x4 BEASHEKBEDHEIERNENESFAGERRNE KL B BRI
Table 4 Effects of temperature increase and rainfall decrease on leaf net photosynthetic rate and growth characteristics of spring
wheat
Treatment Net ]()Er(;tgls}r];{tlhzgz rate Plar}i r}Ille)ight Le(acfnazr)ea Chlor(z];l;):})c)ontent S(t;:f;llﬁ{gll)lt
0-Wy 25.38+0.21a 76.66+1.47a 79.53£3.23a 52.36+1.15a 1.028+0.09a
0-W3 22.96+0.42b 70.53+1.80bc 60.17+4.03¢ 45.22+1.63¢ 0.811+0.07b
1-W, 23.3440.16b 72.33£1.73b 67.81£3.99b 48.20+1.20b 0.851+0.07b
1-W3g 19.50+0.26d 68.66+2.13bc 47.97+3.08d 39.52+1.37d 0.567+0.06d
2-W, 21.36+0.38¢ 67.16+£3.33¢c 35.07+2.88¢ 44.50+1.39¢ 0.673+0.05¢
2-W3 16.62+0.24¢ 59.70+5.34d 24.27+2.60f 32.59+2.64e 0.485+0.06d
P<0.05 0-Wo: ; 0-Ws: 30%; 1-Wo: 1
5 1-Wjq: 1 30%; 2-Wo: 2 ;5 2-Wso: 2 30% Different lowercase letters indicate

significant differences (P < 0.05). 0-W,: normal temperature and precipitation; 0-W3o: normal temperature and precipitation reduced by 30%; 1-Wj:

temperature increased by 1

increased by 2

and normal precipitation; 1-W3,: temperature increased by 1

and normal precipitation; 2-W3(: temperature increased by 2

http://www.ecoagri.ac.cn
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