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Abstract: To explore the development of winter wheat production under global warming, the effects of elevated temperature on leaf

protective enzyme activity and winter wheat yield during the vegetative and reproductive growth periods were studied by experimental
warming during the whole growth period. In November 2021, a frame—planting experiment was conducted at the Agricultural Meteorological
Experimental Station of Nanjing University of Information Science and Technology. Ambient air temperature was designed as control (CK),
and an open warming device was used to simulate an atmospheric temperature increase of 1.5 °C (eT). Winter wheat grown on black soil
(from Heilongjiang), brick red soil (from Hainan), and yellow—brown soil (from Nanjing) was the focus of this research. The changes in
growth amount at the maturity stage were reflected by indicators such as plant height, kernel number per panicle, and 1 000—grain weight.
The contents of chlorophyll(SPAD) and malondialdehyde(MDA ), and the activities of superoxide dismutase (SOD), peroxidase(POD) and
catalase (CAT) in wheat leaves of jointing and flowering stages were used to characterize the protective enzyme system. The results showed
that elevated temperature significantly reduced the chlorophyll content of wheat grown on yellow—brown soil, black soil, and brick red soil
by 9.51%, 19.03% and 4.60%, respectively, and increased the MDA content at the flowering stage by 10.59%, 14.83% and 13.72%. This
indicates that warming attenuated leaf function by affecting photosynthesis and membrane lipid peroxidation. Significantly increased SOD,
POD, and CAT activities in wheat leaves during the flowering stages indicates that winter wheat leaves maintain a high protective capacity
under warming conditions. MDA content and POD activity showed significant negative correlation with yield during the reproductive growth
period. In addition, elevated temperature significantly decreased plant height, kernel number per panicle and 1 000—grain weight of wheat
grown on yellow—brown and black soils, leading to a 33.86% and 16.53% yield reduction, respectively. The degree of response of wheat
grown in black soil to elevated temperature is weaker than that of wheat grown in yellow—brown soil. The 1 000—grain weight of wheat grown
in brick red soil was decreased by elevated temperature, but the yield did not decrease significantly. In general, warming slows the growth
of winter wheat by reducing photosynthesis and increasing the level of membrane lipid peroxidation. This mitigation effect is weaker on
winter wheat in black soil, but stronger on that in yellow—brown soil.

Keywords : winter wheat; warming throughout the growth period; soil type; protective enzyme activity; yield
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Table 1 The physical and chemical properties of soil

in different areas
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i (mg-kg') (mg-kg') (mg-kg') (g-kg")
HHAE Ybs 585 63.02 16.30 88.50 15.42
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Figure 1 Variation of daily average temperature of winter wheat canopy during whole growth period
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Table 2 Effects of warming on yield composition of wheat in different soil types

SR i b3 P LATERIEL AR R AT i
Soil type Treatment Plant height/cm Grain number per spike Ear number per pot 1 000—grain weight/g Yield/(g-pot™)
HAEIE Yhs CK 73.90+0.44a 30.22+0.63b 19.33+1.15a 48.00+0.62a 27.97+0.45a
eT 65.92+1.25d 25.09+0.73¢ 18.67+0.58a 39.63+0.55¢ 18.50+0.72¢
21 Bls CK 73.66+1.47ab 33.66+0.11a 19.00+1.00a 45.43+0.58b 29.03+1.14a
el 69.36+1.37¢ 30.51+0.31b 18.00+1.00a 44.10+0.96b 24.23+0.72b
TG 2155 Las CK 70.29+1.11be 31.75+1.28b 12.67+0.58b 47.27+0.47a 19.03+0.61¢
el 61.47+1.49¢ 31.70+0.45b 13.33+1.53b 45.52+0.28b 19.27+0.67¢
iz AU RING TR Ab ) 22 53 i 2 (P<0.05) .
Note: Different lowercase letters in a column indicate significant differences among treatments (P<0.05).
80 N 801
SR LS
a =)
é a ab &
7 60 b % 60 a
i 5 c c c 2 b b
QI @ g < d N d
% 8 40 B S 401 b
K= K=
= <= = _§_
g 20 & 20}
3 3
BIERIE Ybs 1 Bls %2115 Las HOERIE Ybs 2+ Bls TG 4135 Las
132571 Soil type LA Soil type
O cK O eT

AN NE PR FORAE [ — YA [ b B E) 22 57 2.3 (P<0.05) . T 1A

The different lowercase letters indicate significant differences among treatments in the same period (P<0.05). The same below.

B2 HBIEX AR KB L g /N R T EA R T L H SPAD ERI R0

Figure 2 Effects of warming on SPAD values of wheat at jointing and flowering stages in different soil types
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Figure 3 Effects of warming on MDA content of wheat at jointing and flowering stages in different soil types
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Figure 4 Effects of warming on SOD activity of wheat at jointing and flowering stages in different soil types
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Figure 5 Effects of warming on POD activity of wheat at jointing and flowering stages in different soil types
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Table 3 Correlation analysis of wheat yield and its components

& R B Correlation coefficient

PR AR AR

e e N BRI HREEL TR S
Plant height Grain number per spike  Ear number per pot 1 000~grain weight Yield
F# Plant height 1
AR Grain number per spike 0.303 1
A5 3R Ear number per pot 0.487% -0.292 1
T TR 1 000—grain weight 0.456 0.739% -0.317 1
FE AR Yield 0.757%* 0.467 0.661%* 0.406 1
P{H P-Values

+HEHH Soil type <0.001 <0.001 <0.001 <0.001 <0.001
TR Temperature <0.001 <0.001 0.504 <0.001 <0.001
%2 H. Soil typexTemperature 0.019 <0.001 0.363 <0.001 <0.001

=3 HI IR FE P<0.05 FTP<0.01 K25 3. R,

Note: *,** indicate significant difference at P<0.05 and P<0.01. The same below.
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Table 4 Correlation analysis of wheat physiological index and

yield in different periods

H: B B K Z2 %Y Correlation coefficient
Growth stage SPAD MDA  SOD POD CAT
T Jointing stage  0.501%  0.113  0.820%*  0.141  0.398

FFAEW] Flowering stage —0.129 —0.797#% -0.144 —0.741%* -0.435

3 g

3.1 RSN Z /N E ERKE AT REHLHI
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TEAE R 8] 7 A R P AL T B 25 R AR
G PRE 2 AT RO M-, (T PR AR R A )
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- SPAD {ELRT LSz Wit J rp I 2RI 35 4, e i)
2R 2 A A TR m SRR, i 5 L REA
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