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Abstract: Climate warming is having a great impact on wheat breeding and production in China and worldwide. To study the
regulation mechanisms of the agronomic characteristics of wheat varieties (lines) adapting to climate change in different ecological
wheat areas in China, this study selected 20 materials of wheat from the north and south of the Huanghuai winter wheat areas and the
middle and lower reaches of the Yangtze River winter wheat area, including good varieties with currently large distributions, new
approved varieties, and new breeding lines. The experiment was conducted in Shijiazhuang City of Hebei Province, which is located
to the north of the Huanghuai winter wheat area. The drought and cold resistance, root-shoot ratio, and dry leaf weight ratio were
investigated before the reviving stage. After harvest, the yield and ten agronomic characteristics, including plant height, spike length,
internode length under the spike, tillers number, spikelets number, grains number per spike, 1000-grain weight, biomass per plant,
grains weight per plant, and economic index were tested, after which correlation, clustering, and principal component analyses were
carried out. The results showed that the drought and cold resistance of different wheat varieties (lines) at the seedling stage was in the
order of the north of Huanghuai winter wheat area > the south of Huanghuai winter wheat area > the middle and lower reaches of the
Yangtze River winter wheat area. There were extremely significant positive correlations between grains weight per plant and tillers
number, grains number per spike, biomass per plant, and economic index in three ecological wheat areas. There were more
agronomic characteristics with significant and extremely significant positive correlations in the south of the Huanghuai winter wheat
area and the middle and lower reaches of the Yangtze River winter wheat area, indicating that the varieties from these two ecological
wheat areas had great similarities. However, there were some differences in the positive and negative correlations among other
agronomic traits in different ecology wheat areas. The 20 wheat varieties (lines) were divided into two ecotypes at a Euclidean
distance of 20. Varieties (lines) from the middle and lower reaches of the Yangtze River winter wheat area and the south of the
Huanghuai winter wheat area were in the type , and those from the north of the Huanghuai winter wheat area in the type . The
type was further divided into three sub-classes at a Euclidean distance of 6, which were represented by ‘Bainong 207’ ‘Jimai 22’
and ‘Xinong 979’, respectively. The type was represented by ‘Changhan 58°. There were four principal components, yield, spike
length, plant height, and economic index, which contributed to over 76.39% of the performance variation of the ten agronomic traits.
‘Jimai 22’ and other varieties (lines) from the north of the Huanghuai winter wheat area accounted for 95% of the varieties (lines)
whose comprehensive scores were ranked in the top 20 varieties (lines). These results provide important reference information for
wheat breeding and adaptions to climate warming.

Keywords: Wheat varieties (lines); Huanghuai; Middle and lower reaches of the Yangtze River; Winter wheat area; Agro-

nomic traits; Clustering analysis
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Table 1 Twenty wheat varieties (lines) tested in this study
()

No. Variety (line) Planting area Time released
1 55 Xiangmai 55 Middle and lower reaches of the Yangtze River winter wheat area 2009
2 1124 Annong 1124 Middle and lower reaches of the Yangtze River winter wheat area 2018
3 16 Yangmai 16 Middle and lower reaches of the Yangtze River winter wheat area 2004
4 27 Zhoumai 27 South of the Huanghuai winter wheat area 2011
5 22 Zhongwo 22 South of the Huanghuai winter wheat area 2017
6 979 Xinong 979 South of the Huanghuai winter wheat rarea 2005
7 7698 Zhengmai 7698 South of the Huanghuai winter wheat area 2012
8 35 Hengguan 35 North and south of the Huanghuai winter wheat area 2006
9 207 Bainong 207 South of the Huanghuai winter wheat area 2013
10 518 Xinnong 518 South of the Huanghuai winter wheat area 2018
11 0370 Yuanyu 0370 South of the Huanghuai winter wheat area 2017
12 XY22 Lin XY22 North of the Huanghuai winter wheat area 2016
13 36 Zhongmai 36 North of the Huanghuai winter wheat area 2018
14 Y8012 Lin Y8012 North of the Huanghuai winter wheat area 2018
15 22 Jimai 22 North and south of the Huanghuai winter wheat area 2006
16 28 Shannong 28 North of the Huanghuai winter wheat area 2017
17 325 Jimai 325 North of the Huanghuai winter wheat area 2016
18 1718 Shunmai 1718 North of the Huanghuai winter wheat area 2011
19 175 Zhongmai 175 North of the Huanghuai winter wheat area 2008

20 58 Changhan 58 North of the Huanghuai winter wheat area 2004
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Fig. 1

Root-shoot ratio and ratio of dry leaves weight

to shoot fresh weight of wheat varieties (lines)
from different wheat ecological areas

MLRWA:

; SHWA:

; NHWA:
P<0.05

MLRWA: middle and lower reaches of Yangtze River winter wheat
area; SHWA: south of Huanghuai winter wheat area; NHWA: north of
Huanghuai winter wheat area. Different lowercases mean significant
differences at P < 0.05 level among three wheat ecological areas.
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Fig. 2 Comparison of agronomic characters of wheat varieties (lines) from different wheat ecology areas

MLRWA:

; SHWA:

; NHWA:

P<0.05

MLRWA: middle and lower reaches of Yangtze River winter wheat area; SHWA: south of Huanghuai winter wheat area; NHWA: north of
Huanghuai winter wheat area. Different lowercases mean significant differences at P < 0.05 level among three wheat ecological areas.
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Table 2 Correlation analysis of agronomic characters of varieties (lines) from different ecological areas

X X, X3 X, Xs X X7 X3 X Xio
X 1.000
North of the X 0.353"  1.000
Huanghuai winter X 03477 0.090 1.000
wheat area "
X, —0.087 -0.129 —-0.070  1.000
X; 0.401™ 04567  -0.003  0.078 1.000
Xq 0316™  0.493" 0.041  0.113 0.542""  1.000
X 0.097 0.011 —0.035  0.848"  0.2697 0344  1.000
Xs 0.016 -0.002 —0.062  0815™  0.1977 03167 0964  1.000
Xo 0.201 0.205 0.000  0.044 0.036  —0.040  0.048 0.015 1.000
Xio -0.195"  -0.024 —-0.081  0.061 -0.168™  0.003 0.081 0.330”  —0.081  1.000
X 1.000
South of the X 0.313" 1.000
Huanghuai winter o o
wheat area X; 0.261 0.199 1.000
X, 0.223"  0.034 0.054  1.000
Xs -0.039 0.071 -0.117 -0.135" 1.000
X 0356 04727 0.061  0.100 0.419™  1.000
X; 0.463" 0205 0.111  0.839™  0.006 0.362""  1.000
Xg 0.457"  0.183" 0.097  0.778"  0.012 0316™  0.954™  1.000
Xo —0.087 0.058 -0.059  0.114 0.088 0327 0.119 0.140 1.000
X0 0.150°  —0.006 0.045  0.055 0.063  —0.020 0.169" 0.443" 0214  1.000
X 1.000
Middle and lower X, 0.597"" 1.000
reaches of the Yang- o .
tze River winter wheat RE 0.639 0.597 1.000
area X, -0.126 —0.066 -0.165  1.000
Xs 0.424™ 0.385™ 0.106  —0.060 1.000
Xs 0569  0.478" 0.216" —0.001 0.680"  1.000
X 0.437" 03307 0.191"  0.665™ 03257 0.538"  1.000
X 0.376™" 0.316™ 0.186"  0.666™  0.2977 04757 0.948"  1.000
Xo 0.342" 0.236 0.351"  —0.007 0.145  —-0.085 -0.053  —0.030 1.000
Xio -0.077 0.035 0.043  0.141  -0.010  —0.030  0.113 04117 -0.019  1.000
*okk 0.05 0.01 ( ) Xi: s Xo: s Xa: s Xyt s Xs: ; Xe: s X7t
s Xg: 5 Xo: ;s Xio: * and ** mean significant correlation at 0.05 and 0.01 levels (bilateral), respectively. X;: plant

height; X;: spike length; X3: internode length under spike; Xj: tillers number; Xs: spikelets number; Xq: grain number per spike; X7: biomass per plant;
Xs: grain weight per plant; Xo:1000-grain weight; Xjo: economic index.

2.4 () , 3
20, 20 ()
20 ( )
10 ( ) 70%  30%
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Fig. 3  Cluster analysis of agronomic traits
() of wheat varieties (lines)
( ) 1: 55;2: 1124; 3: 16; 4: 27, 5: 22; 6:
. 35° 979; 7: 7698, 8: 35, 9: 207; 10: 518; 11:
> 0370; 12:  XY22; 13: 36; 14:  Y8012; 15 22; 16:
28; 17: 325; 18: 1718; 19: 175; 20: 58 1
¢ Xiangmai 55; 2: Annong 1124; 3: Yangmai 16; 4: Zhoumai 27; 5:
Zhongwo 22; 6: Xinong 979; 7: Zhengmai 7698; 8: Hengguan 35; 9:
22’ , Bainong 207; 10: Xinnong 518; 11: Yuanyu 0370; 12: Lin XY22; 13:
Zhongmai 36; 14: Lin Y8012; 15: Jimai 22; 16: Shannong 28; 17: Jimai
> ° 325; 18: Shunmai 1718; 19: Zhongmai 175; 20: Changhan 58.
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Table 3  Principal component analysis of agronomic characters of wheat varieties (lines)

Principal component

Agronomic trait Y; Y, Y; Ya
Plant height 0.530 0.434 0.444 —-0.112
Spike length 0.204 0.742 0.055 0.114
Internode length under spike 0.170 0.325 0.805 0.026
Tiller number 0.822 —-0.386 -0.129 -0.210
Spikelet number 0.094 0.637 -0.438 0.073
Grain number per spike 0.439 0.685 -0.300 0.008
Biomass per plant 0.953 —-0.142 —-0.141 -0.139
Grains per plant 0.950 —-0.189 -0.139 0.092
1000-grain weight 0.433 -0.282 0.368 0.034
Economic index 0.236 —-0.180 0.011 0.947
Contribution rate (%) 32.816 20.367 13.201 10.005
Cumulative contribution rate (%) 32.816 53.183 66.385 76.389

1 20 () 0.950X+0.433X,+0.236X;, 1
32.816%, © Y,=0.530X,+ Xs) X2 x) «
0.204X,+0.170X;3+0.822X,+0.094X5+0.439X+0.953 X7+ » 1
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Table 4 Comprehensive scores of agronomic traits of wheat varieties (lines)
Y, Y2 Y; Y4 .
No. of excellent plant Comprehensive score Group
1 2.08 2.54 0.96 0.39 1.80
2 1.19 0.67 0.22 7.08 1.66
3 0.64 0.31 1.92 6.92 1.60
4 0.91 2.42 1.31 1.19 1.42
5 3.08 0.87 0.19 -1.43 1.40
6 1.69 1.79 0.68 0.24 1.35
7 2.64 1.31 -0.63 -0.70 1.28
8 2.63 0.83 -0.20 -0.57 1.24
9 1.61 1.48 0.54 0.23 1.21
10 1.83 0.86 1.58 -0.66 1.20
11 1.49 1.08 0.53 0.91 1.14
12 0.95 0.12 2.60 1.94 1.14
13 1.11 1.64 2.01 -0.97 1.13
14 2.36 0.38 1.48 -1.93 1.12
15 1.91 0.86 0.81 —-0.55 1.12
16 1.04 1.07 1.41 0.78 1.08
17 3.67 -0.51 -1.21 -1.13 1.08
18 1.42 1.72 0.79 -1.03 1.07
19 2.42 0.26 0.96 -1.83 1.03
20 1.25 1.04 2.44 -1.59 1.03
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