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Establishment of comprehensive evaluation system for cold tolerance and
screening of cold-tolerance germplasm in peanut

ZHANG He', JIANG Chun-Ji', YIN Dong-Mei?, DONG Jia-Le', REN Jing-Yao', ZHAO Xin-Hua', ZHONG
Chao', WANG Xiao-Guang', and YU Hai-Qiu"""

! College of Agronomy / Peanut Research Institute, Shenyang Agricultural University, Shenyang 110161, Liaoning, China; * College of Agronomy,
Shenyang Agricultural University, Zhengzhou 450046, Henan, China

Abstract: Low temperature in early spring is the key factor limiting the yield and quality of peanut in Northeast China, which
mainly occurs at germination and seedling stages. The selection and breeding of cold-tolerant cultivars are the most direct and
effective means to solve the problem of chilling injury in agricultural production. In this study, 68 peanut cultivars mainly
planted in Northeast China were used as experimental materials, and their cold tolerance was evaluated at germination and
seedling stages in the climatic chamber and field, respectively. At germination stage, we found that the cold treatment at 6°C
for seven days could be the suitable condition for cold tolerance evaluation of large-scale peanut germplasm by the compre-
hensive membership function analysis and the standard normal distribution test according to the seed vigor of peanut cultivars
after treatments at 10°C, 8°C, 6°C, and 4°C for seven days. At seedling stage, after treatment at 6°C for seven days, plant height,
leaf area, fresh weight of aerial parts, fresh weight of root, dry weight of aerial parts, dry weight of root, and cold tolerance
grade were measured to evaluate the cold tolerance of various peanut cultivars. Correlation analysis revealed that the leaf area,
fresh weight of aerial parts and cold tolerance grade had the most significant relationships with cold tolerance and could be
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used as the main evaluation indicators for the identification of cold tolerance at seedling stage in peanut. In the field, cold tol-
erance of various cultivars were evaluated by emergence rate, emergence ability, and yield component factors through the early
sowing and sowing by stages. Finally, based on the multiple phenotypic analysis, the most cold-tolerant peanut (cultivar NH5)
and the most cold-sensitive peanut (cultivar FH18) were identified at germination and seedling stages, suitable for planting in
Northeast China. This study provided the reference for peanut planting in high-latitude and cold regions and the excellent
germplasm of cold tolerance mechanism in peanut.

Keywords: peanut; cold tolerance; comprehensive evaluation; screening for germplasm resources
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Table 1 Information of tested peanut materials
No. Cultivar Origin
1 1 Nonghua 1 Shenyang Agricultural University, China
2 5 Nonghua 5 Shenyang Agricultural University, China
3 9 Nonghua 9 Shenyang Agricultural University, China
4 11 Nonghua 11 Shenyang Agricultural University, China
5 12 Nonghua 12 Shenyang Agricultural University, China
6 13 Nonghua 13 Shenyang Agricultural University, China
7 14 Nonghua 14 Shenyang Agricultural University, China
8 15 Nonghua 15 Shenyang Agricultural University, China
9 16 Nonghua 16 Shenyang Agricultural University, China
10 18 Nonghua 18 Shenyang Agricultural University, China
11 19 Nonghua 19 Shenyang Agricultural University, China
12 20 Nonghua 20 Shenyang Agricultural University, China
13 21 Nonghua 21 Shenyang Agricultural University, China
14 23 Nonghua 23 Shenyang Agricultural University, China
15 7 Caihua 7 Shenyang Agricultural University, China
16 19 Huayu 19 Shandong Peanut Research Institute, China
17 20 Huayu 20 Shandong Peanut Research Institute, China
18 22 Huayu 22 Shandong Peanut Research Institute, China
19 26 Huayu 26 Shandong Peanut Research Institute, China
20 32 Huayu 32 Shandong Peanut Research Institute, China
21 34 Huayu 34 Shandong Peanut Research Institute, China
22 15 Luhua 15 Shandong Peanut Research Institute, China
23 2 Qinglan 2 Shandong Peanut Research Institute, China
24 6 Qinghua 6 Qingdao Agricultural University, China
25 1 Tiehua 1 Tieling Academy of Agricultural Sciences, China
26 3 Tiehua 3 Tieling Academy of Agricultural Sciences, China
27 5 Tiehua 5 Tieling Academy of Agricultural Sciences, China
28 6 Tiehua 6 Tieling Academy of Agricultural Sciences, China
29 Tieyinhua 1 Tieling Academy of Agricultural Sciences, China
30 5 Jinhua 5 Jinzhou Academy of Agricultural Sciences, China
31 9 Jinhua 9 Jinzhou Academy of Agricultural Sciences, China
32 14 Jinhua 14 Jinzhou Academy of Agricultural Sciences, China
33 15 Jinhua 15 Jinzhou Academy of Agricultural Sciences, China
34 9703 Jin 9703 Jinzhou Academy of Agricultural Sciences, China
35 3 Lianhua 3 Dalian Academy of Agricultural Sciences, China
36 6 Lianhua 6 Dalian Academy of Agricultural Sciences, China
37 7 Lianhua 7 Dalian Academy of Agricultural Sciences, China
38 10 Fuhua 10
Sandy Land Amelioration and Utilization Research Institute of Liaoning, China
39 12 Fuhua 12
Sandy Land Amelioration and Utilization Research Institute of Liaoning, China
40 17 Fuhua 17
Sandy Land Amelioration and Utilization Research Institute of Liaoning, China
41 18 Fuhua 18

Sandy Land Amelioration and Utilization Research Institute of Liaoning, China
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#x1
No. Cultivar Origin
42 23 Fuhua 23
Sandy Land Amelioration and Utilization Research Institute of Liaoning, China
43 24 Fuhua 24
Sandy Land Amelioration and Utilization Research Institute of Liaoning, China
44 4 Yubao 4
Liaoning Yubao Agricultural Science and Technology Co., Ltd, China
45 0620 Jihua 0620 Jilin Academy of Agricultural Sciences, China
46 Silihong Local variety in Jilin province, China
47 9 Baihua 9
Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, China
48 9 Honghua 9
Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, China
49 15 Honghua 15
Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, China
50 2 Jiyou 2 Hebei Academy of Agriculture and Forestry Sciences, China
51 9606 Jiyou 9606 Hebei Academy of Agriculture and Forestry Sciences, China
52 98 Jiyou 98 Hebei Academy of Agriculture and Forestry Sciences, China
53 4 Tangyou 4 Tangshan Academy of Agricultural Sciences, China
54 11 Yuhua 11 Henan Academy of Agricultural Sciences, China
55 9102 Yuanza 9102 Henan Academy of Agricultural Sciences, China
56 26 Yueyou 26 Guangdong Academy of Agricultural Sciences, China
57 29 Yueyou 29 Guangdong Academy of Agricultural Sciences, China
58 85 Yueyou 85 Guangdong Academy of Agricultural Sciences, China
59 196 Yueyou 196 Guangdong Academy of Agricultural Sciences, China
60 1016 Baisha 1016 Baisha Farm, Chenghai County, Guangdong Province, China
61 868 Quanhua 868 Quanzhou Academy of Agricultural Sciences, China
62 5 Guihua 5
Economic Crop Research Institute of Guangxi Academy of Agricultural Sciences, China
63 Japan Zhongfeng Japan
64 Y-7 Black peanut Y-7 Unknown
65 Baishaerlihong Unknown
66 Bairihong Unknown
67 Shuanglihong Unknown
68 5 Zihua § Unknown
1.22 wWERE pH 6.5
, 10 R 3 s 4
R 2018 2019 10 4 20 5 10 ( )
(41°82'N, 123°56'E) | , 30 3 m,
) 0.6 m, 0.5 m, 0.1 m, 3 s
3300~3400°C, 155~180 d, 8.7C, 150 kg hm™
714 mm 2018 2019 300 kg hm™ 150 kg hm™
448.4 mm  572.3 mm, ,
22.19°C  22.207C , 1.23 %MK
149 gkg™' 1.1 gkg™ 91.26 mg 10
kg™ 10.17 mg kg™ 125.12 mg kg™, ,
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Table 2 Classification criteria for cold tolerance of peanut seedlings
Rank Phenotype Marker
9 All leaves are green or close to green High tolerance (HT)
7 Leaves are slightly discolored or yellow Tolerance (T)
5 Most of the leaves are yellow Middle (M)
3 50% , Fifty percent of the leaves are withered and some seedlings die Sensitive (S)
1 Most or all seedlings die High sensitive (HS)
7d 5 )
5 > ( ) >
; ( ) CC= / x100%
[13]
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Table 3 Germination characteristics of 68 peanut cultivars under different cold temperatures
Indicator Temperature ('C) Max. Min. Mean CV (%)
10 100.00 39.00 87.76 9.15
Relative germination 8 100.00 10.00 70.96 30.17
potential (%)
6 97.00 0.00 55.75 48.22
4 91.00 0.00 27.00 85.23
10 100.00 47.00 90.38 7.41
Relative germination 8 100.00 12.00 72.37 29.08
rate (%)
6 97.00 4.00 61.10 41.02
4 94.00 0.00 31.00 77.10
10 94.00 3.00 76.66 13.96
Relative germination 3 82.00 5.00 46.10 35.35
index (%)
6 80.00 0.00 35.80 46.38
4 72.00 0.00 15.88 104.58
10 84.00 17.00 64.76 16.37
Relative vigor index 8 61.00 3.00 32.63 39.43
(%)
6 61.00 2.00 23.78 53.99
4 53.00 0.00 10.87 93.55

Max.: maximum value; Min.: minimum value; Mean: mean value; CV: coefficient of variation.
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Fig. 2 Cluster analysis of cold tolerance of 68 peanut cultivars
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Fig. 6 Distributions and correlations of the measured values of phenotypic traits
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