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Abstract: [Objective] Global warming has been recognized as a key impact factor for wheat growth and development.
However, the responses of wheat growth and development to warming are still remain unclear, and have not been systemically
quantified in different climate regions of main wheat producing area in China. Therefore, there is a special need to
systematically quantify the magnitude and mechanisms of field warming impacts on wheat yield and growing period at different
periods in a day and the main climatic regions. [ Method ] This study collected 21 published literatures between 1990-2017 from
nationwide with the effects of field warming on wheat yield and development. In addition, the Meta-analysis was used to
systemically quantify the magnitude of field warming during entire wheat growing season on wheat yield and growing period at
different climate regions. [Result] The results indicated that: (1) Field warming (0-3 °C) significantly increased the wheat
yield, thousand kernel weight, and grain number per spike under subtropical monsoon climate whose the average growth rates
were 8.2%, 6.3%, and 4.7%, respectively, and significantly increased the wheat yield, spike numbers, and grain number per
spike under temperate monsoon climate whose the average growth rates were 6.8%, 3.9% and 5.5%; By contrary, field warming
(0-3 °C) reduced the wheat yield, thousand kernel weight and grain number per spike under temperate continental climate whose
the average change rates were 10.2%, 5.9%, and 8.3%, respectively. Specifically, the wheat yield significantly were increased
(8.5%) by 0-2 °C of field warming and were not significantly changed by 2-3 °C of field warming under subtropical monsoon
climate; The increment of wheat yield by 2-3 °C of field warming was 14.5% under temperate monsoon climate; On the contrary,
wheat yield were significantly reduced by 10.1% and 15.9% by 0-2 °C and 2-3 °C of field warming under temperate continental
climate, respectively. (2) The entire duration of wheat growing period was shorten by 3.3% and 7.1% by field warming (0-3 °C)
under subtropical monsoon climate and temperate monsoon climate, but was not changed apparently under temperate
continental climate. At the same time, the duration of wheat reproductive period in temperate monsoon climate and temperate
continental climate were not changed significantly, while the duration of reproductive growth in subtropical monsoon climate
was increased significantly (8.7%). (3) On the whole, though the effects of warming period in a day on wheat yield and
development were varied among different climatic regions, the wheat yield were significantly increased by 10.5% and 15.0%
under 0-2 °C and 2-3 °C of night warming within all climatic regions. [ Conclusion] The effect magnitude of field warming on
wheat yield and growing period was varied under different climatic regions and the period in a day. The findings of this study
could provide scientific base for rational optimization and arrangement of cropping system within the main producing areas in
China under new climate change situations.

Key words: continuous warming; wheat yield; climatic regions; warming period; warming degree; Meta-analysis
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Table 2 Heterogeneity test on the effects of warming on wheat yield and growing period under different classification conditions

T H SIRKAT H H SR S T B Ak 3 ) S BEN
Ttem Classification df Qt P Qb P
Jr AFSAEX Climatic type 73 643.5 P<0.001 38.7 P<0.001
Yield
AN[A R B Warming period 73 756.8 P<0.001 21.5 P<0.001
ThrE AN %X Climatic type 63 580.7 P<0.001 34.7 P<0.001
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) gE A EIRTHER (8.5%, P<0.05) , ARG 2—
=R o 1 3 D
3CI /N = BRI I8N AR 2= KX i 0—
2.1 FESEXEEERFEIEENNEFE RN 2CH 2—3CHy, NERIEBEREHT IR (2.6%—
o0 ) 14.5%, P<<0.05) : AHJz, il KRR 5 kL

ZRA AT ZR AU L ity 28 KUK DA Rl s KTt
AAEIXIX 3 BRI, DFRA A B I AR N 0
—3CH NP TR, BRI L R AL R
SEREOR, B (0—3°C) W= AR RN T
3.1%F1 3.8% (P<<0.05) , 1Tk LA SRR £ 34 0
B (B 1-a)

SR, AN ] DX /N 22 7= S 0] 386 ek 110 g 17 B &2
AW CE 1-b) o RARCkUL, A4 E RS (0
—3°C )0l 2% KUK R A 2 XK 1) 7N 22 2 3
RO, I BT KX N P e (8.2%, P<
0.05) K Tl Al 2= KX /N2 F= T MG 1 (6.8%, P<<0.05);
T K A X N2 P D 10.2% (P<<0.5)
HAACRYL, 703y 28 KX il 0—2°Coxf /N2 = it

0—2°C % 2—3°CH, /N = inh 25 FRAK, PRI il 10.1%
2595 15.9% (P<0.05) .

AN TR DS 6] /N 22 TR B IR g 2 (&
1-¢) o VAR, A E IR (0—3C) Xk
PR KX N TRCER A S (6.3%, P<0.05) ;
RIS,y K A X Il S 3 PR T /N TR R
(5.9%, P<<0.05) 5 {Hf 2= XS0 X il A B 2
REM /N TRIEE . HARORUE, 76 WF H 23 RUX R Y
ZERX IR 0—2°C JiF , /N2 TR 73 3] S 35 1 6.8%
M 3.7% (P<0.05) , {H¥GHL A 2—3°CHf /N TR
BB B3 n: AR, el KR ARG 0—2°C
& 2—3°CHf, /NETRERERC, FIEY 4.5%—
11.2% (P<<0.05) .



2 34 T RIS PP AN ) U DX/ A RO T R N TR 0] FE TR 389 i £ g 2 391

H 7 ﬁ T.TI%I: All climatic regions @ WA KM% Subtropical monsoon climate
@ TR M Temperate monsoon climate O 5 KBk~ % Temperate continental climate
a 7 GY = 74
TRi# TKW il (64)
HERI % GNE —i— (54)
HA ENP - (42)
b — (20)
0-3°C —O— 1)
—@ (33)
O (16)
0-2C ——O— (13)
— v}
4
o o ©
2-3C
i ‘ ©)
¢ (O 15)
0-3¢C —pP— @
. (28)
. —O— (11)
0-2¢ —@— (13)
= (22)
|—O—< (4)
23°C —O ®)
' ® ! ©)
d O (15)
0-3°C —O— @1
—@— (28)
—— O an
0-2°C —O— (13)
- (22)
O— 4)
23C ‘ & ‘ ®)
o ' (6)
e @ { )
03°C @ (20)
e an
I q | )
0-2°C —QO— (12)
I—'—i ( 11)
2-3C —QO— ®)
1 1 ' 'I I 1 (6)
-20 -10 0 10 20

7 MM AR AL 43 %1 Changes in yield and components (%)

a FOREEO AR 0—3 CR /N (GY) « THhiHE (TKW) . FK% (GNE) FIEEH (ENP) HISEMI; b—e 73l m AN XA
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a: Represents the effect of increasing 0-3 °C on wheat yield (GY), thousand-kernel weight (TKW), grain number per ear (GNE) and ear numbers per unit area
(ENP) under the three climatic regions; b-e: Represents the effects of different warming ranges in different climatic regions on wheat yield, thousand-kernel
weight, grain number per ear and ear numbers per unit area. Dots with error bars denote the percent change and 95% CI, respectively. The 95% CI which does
not cross the zero line means warming treatment has a significant impact on the related physiological indexes of wheat. The warming degree is on the left, and
the numbers in the right brackets represent the sample numbers. The same as below

B1 FAESEX/NEFEE. FRE. BRSO mREEoT ERIEE 8N 5y
Fig. 1 Responses of wheat yield, thousand-kernel weight, grain number per ear and ear numbers per unit area to warming degrees

under different climatic regions
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Fig. 2 Response of wheat growth duration to different warming degree under different climatic regions
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Fig. 3 Response of vegetative and reproductive growth duration of wheat to different warming degree
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Fig. 4 Response of reproductive growth duration of wheat to

field warming 0-3 °C under different climatic regions
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a: Represents the effect of increasing 0-3°C on wheat yield (GY), thousand-kernel weight (TKW), grain number per ear (GNE) and ear numbers per unit area
(ENP) under different warming period; b-e: Represents the effects of different warming ranges in different warming period on wheat yield, thousand-kernel
weight, grain number per ear and ear numbers per unit area
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Fig. 5 Responses of wheat yield, thousand grain weight, grain number per ear and ear numbers per unit area to warming degrees

under different warming period
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Fig. 6 Response of wheat growth duration to warming degree

under different warming periods
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Fig. 7 Response of flowering-maturation period of wheat to

warming degree under different warming periods
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