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Comprehensive evaluation and screening of cold tolerance of 240
broomcorn millet germplasm resources at germination stage

DONG Yang
( Qigithaer Sub-academy of Heilongjiang Academy of Agricultural Sciences, Qigihar, Heilongjiang 161006, China)

Abstract: Breeding of cold-resistant varieties is the most direct and effective means to solve the problem of
cold damage in agricultural production. In this study, 240 millet resources were used as test materials and 25°C en-
vironment was considered as the control treatment. The effects of low temperature stress at 10°C on the growth and
development of broomcorn millet at germination stage were studied. The tolerance of different broomcorn cultivars to
cold stress was evaluated by descriptive statistical analysis, correlation linear analysis, principal component analysis
and cluster analysis. The results showed that under cold stress at 10°C , the average values of each index at germi-
nation stage of 240 broomcorn millet resources were lower than those of the control group, but there were significant
differences among different varieties. The variation coefficients of each index ranged from 20.59% to 100.03%, in-
dicating that the broomcorn millet resources tested had rich genetic diversity. Correlation analysis showed that the
relative germination potential, relative germination index and relative germination rate were significantly positively
correlated, and the relative bud fresh weight, relative vigor index and relative root fresh weight were significantly
positively correlated, indicating that these cold tolerance traits had a great degree of correlation. The results of prin-
cipal component analysis showed that the cumulative contribution rate of the first three principal components

reached 87.22%. The first principal component was mainly related to germination potential, germination rate and
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germination index. The second principal component was mainly related to fresh bud weight and root weight. The

third principal component was mainly related to root and bud length. The cluster analysis of the comprehensive score

of cold tolerance of the millet resources showed that Jingtai pimple red and other 22 varieties cultivars were highly

cold tolerant, Zhangchuan sesame millet and other 138 varieties cultivars were cold tolerant, Zada millet and other

64 varieties cultivars were cold sensitive, and PAN 21 and other 16 varieties cultivars were highly cold sensitive.

Keywords: broomcom millet; bud stage; cold resistance; comprehensive evaluation
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Table 1  Information of tested broomcorn materials
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Code Name of germplasm Origin Code Name of germplasm Origin
1 =¥ Shuzi Jbat Beijing 62 T NET R Wuyuanxianghuangmi M5 Inner Mongolia
2 R T Huangshuzi JE 5T Beijing 63 [ 8 FIBEF Bamengbaimizi 5T Inner Mongolia
3 A85-29 JbIT Beijing 64 £ B BREE 7 Bamengheimizi N5 Tnner Mongolia
4 YE LR TS BE Jingyuanbuqingmi Hilt Gansu 65 BT BEF Dagigingmizi %7 Inner Mongolia
5 WK KRG BE T Qingshuinianmizi il Gansu 66 Nigjiigy AN Zhunqiziganhongmi N2 Inner Mongolia
6 HABWAE Ganguheichanbei Hil Gansu 67 /NELZR Xiaohongshu P Inner Mongolia
7 RARLIEET Minlehongmeizi Hifr Gansu 68 LT Hongmizi M5 Tnner Mongolia
8 SIRVERELT Jingtaigadahong Hil Gansu 69 MR Heishu N2 Inner Mongolia
9 VEIE L ATFLL Jingyuanziganhong Hf Gansu 70 /NELZR Xiaohongshu M Inner Mongolia
10 60 KEFFLIBE 60tianziganhongmi Hifr Gansu 71 HR R TR Huinonghuangnianshu THE Ningxia

11 oK 1 R BE Zhangchuanmamizi Hil Gansu 72 JNEEBEF Xiaohuangmizi TH Ningxia

12 HIREAL Gulangbangehong Hf Gansu 73 213 PR BEF Hongheheimizi T H Ningxia

13 whul kB Gugutoumi il Gansu 74 KELTBET Dahongmizi THE Ningxia

14 S02036 #FF Hainan 75 W R SRR AL Haiyuanziganhong THE Ningxia

15 ¥EZ8 Nuoshu 5§ Hainan 76 AW Honghuamizi TH Ningxia

16 HHF Wuzuizi 4t Hebei 77 = AN Helandahong THE Ningxia

17 BRTF Heishuzi T4t Hebei 78 A85-88 T 5 Ningxia

18 i ZEF Nianshuzi 4t Hebei 79 KEBE Dahuangmi FHifF Qinghai

19 BB Gaoliangshu Jldt Hebei 80 % BE Saomi T Qinghai

20 Z&F Shuzi T4t Hebei 81 #EEF Huangmizi T Qinghai

21 KR Dahuangshu vt Hebei 82 J/NBEF Xiaomizi T Qinghai

22 FEEFF Dazigan Jldt Hebei 83 M Heizi T Qinghai

23 JNZLZE Xiaohongshu 74t Hebei 84 + #BE Tuhuangmi I Qinghai

24 Z&¥ Shuzi Wt Hebei 85 £ 2 ¥ Niuweihuang Hiff Qinghai

25 LR H Zijiebai W4t Hebei 86 FIZ35BE Baigadami FH¥# Qinghai

26 A ZR T Baishuzi Wt Hebei 87 ok BE Huanglimi H Qinghai

27 SR BET Dalimizi ST Heilongjiang 88 T HE Erbaimi i Qinghai

28 HEEF Huangmizi PEJEYT. Heilongjiang 89 BT Heishuzi 1175 Shandong

29 #83k Heietou 2P YT Heilongjiang 90 75T Suzibai 1175 Shandong

30 HE8 . Anchunwei AR Heilongjiang 91 HERT Baiyinshuzi TES Shandong

31 KL HL Dahongpao HPIT. Heilongjiang 92 4 Honggutui 117K Shandong

32 T EE T Heimizi P YT Heilongjiang 93 KM Daniansui 1175 Shandong

33 A Shugu IPIT. Heilongjiang 94 K Laolaihei 1175 Shandong

34 2048 PEJEYT. Heilongjiang 95 2T Huangshuzi 1175 Shandong

35 2096 HIET. Heilongjiang 96 60 K/NZE 60tianxiaohongshu L7 Shanxi

36 KJ 1036 Taiyuan 1036 HIPIT. Heilongjiang 97 JZIE I Gedabai 1175 Shanxi

37 I Z& 23 Nenshu 23 BIEYT. Heilongjiang 98 /NAZE Xiaobaishu 1175 Shanxi

38 HE A Danweibanuo it Hubei 99 KE K Dawahui 11PY Shanxi

39 FBE T Limizi AR Jilin 100 %72 Putaoshu 1174 Shanxi

40 HEET Huangmizi A Jilin 101 4 KZE Jinruanshu 1175 Shanxi

41 SRR Heimizi T Jilin 102 K5 2R Bainianshu I PY Shanxi

42 LI oKL BE T Hongkenianmizi AR Jilin 103 KELTBE+T Dahongmizi 1175 Shanxi

43 PREET Heimizi K Jilin 104 214 %% Hongruanshu 1175 Shanxi

44 T Hanzhanghuangmizi FFAK Jilin 105 INEEZR Xiaohuangshu 1174 Shanxi

45 HHRZR Jilinshu AR Jilin 106 44 g Dangdimi 1175 Shanxi

46 MZTF Lishuzi YL.J5 Jiangsu 107 JEJLREE Yanbeitianmi 1174 Shanxi

47 M Huangji YLJ Jiangsu 108 SLFFBE Ziganmi 1174 Shanxi

48 HR T Baijizi L5 Jiangsu 109 — R Yidianhuangshu BEVE Shaanxi

49 {ﬁﬁ@lﬁ¥ Qingyuanhemizi jie Liaoning 110 FFEEE Baisuimi BEPE Shaanxi

50 HITEREETF Xinbinheimizi iZT* Liaoning 111 I ETELTHEE Gedusuihongruanmi BEPE Shaanxi

51 KIAZE Dabaishu i Liaoning 112 KELTBE Dahongmi BPE Shaanxi

52 T Huangmizi i Liaoning 113 MAREE Heiruanmi BEPE Shaanxi

53 A75-2 iZT* Liaoning 114 HHEE Huangruanmi PP Shaanxi

54 W Huangqimizi W5 Inner Mongolia 115 MEE - Heimizi BEVE Shaanxi

55 - B B R Humengheinianmi M52 Inner Mongolia 116 FI7ERE (%) Baikemi(shu) BEPE Shaanxi

56 ERZEIZIEZR Balinzuogatashu IS Inner Mongolia 117 JKEET Huimizi BEPE Shaanxi

57 H B ZT Wuyuanheishuzi M Inner Mongolia 118 B85-68 P Shaanxi

58 It m] XUk 2R Linheshuanglishu M52 Inner Mongolia 119 A85-101 BEPE Shaanxi

59 RN Hanghouxiaoqingshu M52 Inner Mongolia 120 B85-72 BEPE Shaanxi

60 E B H % T Bamenghuangshuzi  PI5ETY Inner Mongolia 121 FLiLHE Zadami FERK Tibet

61 FIARLLBE T Helinhongmizi M52 Inner Mongolia 122 F1BET Baimizi Hrae Xinjiang
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Code Name of germplasm Origin Code Name of germplasm Origin
123 HRBEF Zamizi B3k Xinjiang 182 PI 427248 JeIA/R Nepal
124 JBET Mizi B Xinjiang 183 PI 427250 JETH/R Nepal
125 HESLTEE Eminhongmi B Xinjiang 184 Shiroishikei NG-33 HA Japan
126 BEF Mizi Hrim Xinjiang 185 Tajikistan s st Tajikistan
127 H#HEF Huangmizi % Xinjiang 186 PAN 108 F4 3 FEHIM Tajikistan
128 £1J8E Hongmi B8k Xinjiang 187 TU-86-42-03 T HH Turkey
129 #J5€ Huangmi i8R Xinjiang 188 TU-85-074-03 +H I Turkey
130 PFEET Yemizi B Xinjiang 189 PODOLIAN 24/273 55824 Ukraine
131 - FBE Tulufanmi i Xinjiang 190 Veselopodoljanskoe 557 2% Ukraine
132 % Baishu ZxFd Yunnan 191 Spain 9676 24 PEHEF Spain
133 M EE - Heimizi 2z Yunnan 192 Spain 10161 26 VEHEF Spain
134 g€ 10 5 Longmi 10 Hil Gansu 193 PAN750 ) 2F F) Hungary
135 FeBE 9 5 Longmi 9 Hilt Gansu 194 LOVASZPATONAI £ 25 F] Hungary
136 [ BE 4 5 Longmi 4 Hl Gansu 195 Vol noe HAZ T Belarus
137 Mk 1 5 Haxuan 1 2IPIT. Heilongjiang 196 PANO1 W F] Austria
138 W23 5 Longshu 23 MAEIT Heilongjiang 197 PAN950 T B HlV Croatia
139 3% 1% Qishu 1 PP IT. Heilongjiang 198 HIHREF Liegente 2 W1 Russia
140 i3 7 5 Nianfeng 7 HIEYT. Heilongjiang 199 T 5 Longshu 5 YT, Heilongjiang
141 iTBE 3 5 Liaomi 3 iIT* Liaoning 200 JEZ 7 Longshu 7 HIPYT. Heilongjiang
142 iLE 56 Liaomi 56 iLF Liaoning 201 H.Z% 9 Longshu 9 IJpYT. Heilongjiang
143 TRBE 2 5 Chimi 2 21 Inner Mongolia 202 JEZE 10 Longshu 10 PP IT. Heilongjiang
144 5% 9 % Chishu 9 M52 Inner Mongolia 203 & 2% 13 Longshu 13 SIPVT. Heilongjiang
145 NBE 5 5 Neimi 5 M52 Inner Mongolia 204 JEZE 16 Longshu 16 IEIT Heilongjiang
146 P BE 7 5 Neimi 7 M52 Inner Mongolia 205 W7 18 Longshu 18 AR Heilongjiang
147 kT BE Yixuanhuangmi N5 Inner Mongolia 206 H7ZR 21 Longshu 21 AT Heilongjiang
148 HMBE 9 5 Neimi 9 M52 Inner Mongolia 207 3 1 Nianfeng 1 My T Heilongjiang
149 TRE17 5 Ningmi 17 TH Ningxia 208 HEE2 Nianfeng 2 MY Heilongjiang
150 T 13 5 Ningmi 13 T X Ningxia 209 4£5 3 Nianfeng 3 HLJEIT. Heilongjiang
151 THE 4 5 Ningmi 4 TH Ningxia 210 HEg Nianfeng 4 T Heilongjiang
152 [E B 13 Gumi 13 T H Ningxia 211 432 5 Nianfeng 5 HIPYT. Heilongjiang
153 HZR 475 Jinshu 4 1175 Shanxi 212 43 6 Nianfeng 6 IZIT Heilongjiang
154 HZ 95 Jinshu 9 1P Shanxi 213 JfEZE 3 5 Yanshu 3 1174 Shanxi
155 fHEE 15 Pinmi 1 174 Shanxi 214 P BE 6 5 Neimi 6 M52 Inner Mongolia
156 WEZR 75 Yanshu 7 175 Shanxi 215 [5BE 7 5 Gumi 7 TH Ningxia
157 HiBE 2 5 Yumi 2 B P4 Shaanxi 216 255 Jinshu 5 1174 Shanxi
158 HiBE 3 5 Yumi 3 BEPE Shaanxi 217 FEE 15 Yimi 1 M52 Inner Mongolia
159 #HiZR 15 Yushu 1 B PE Shaanxi 218 BeRE 5 5 Longmi 5 Hilt Gansu
160 FZR 3% Jishu 3 [t Hebei 219 B 75 Jinshu 7 LLVE Shanxi
161 # 7% Huangshu T4t Hebei 220 JeBE 2 5 Longmi 2 S2IPIT. Heilongjiang
162 T HBE Jingninghuangmi Hil Gansu 221 NBEE 15 Neimi 1 M52 Inner Mongolia
163 M1 Jilin 1 A Jilin 222 MEE 3 5 Neimi 3 M52 Inner Mongolia
164 Klal-1 Datong—1 I PY Shanxi 223 JEZE 8 5 Yanshu 8 I P4 Shanxi
165 BBET Yemizi 1174 Shanxi 224 THE9 5 Ningmi 9 THE Ningxia
166 BPEET Yemizi 1174 Shanxi 225 7EE 15 Chimi 1 M52 Inner Mongolia
167 BEEF Yemizi e Xinjiang 226 TR 25 Jinshu 2 I PY Shanxi
168 IPM 1036 ] # 4E Argentina 227 [# € 21 Gumi 21 TE Ningxia
169 WHITE FRENCH KFI Australia 228 NJEE 4 5 Neimi 4 M54 Inner Mongolia
170 White French WAF]E Australia 229 i BE 2 5 Pinmi 2 1174 Shanxi
171 IPM 1118 [ M3 Pakistan 230 TEE 15 5 Ningmi 15 T & Ningxia
172 BOLGAR 161 A5 nF) 7. Bulgaria 231 BeRE 4 5 Longmi 4 Hf Gansu
173 GE.2013-20 K& . Georgia 232 7%= 1 5 Chishu 1 52T Inner Mongolia
174 URAL M B2 i BT dH Kazakhstan 233 g 1 %5 Chaomi 1 iL7* Liaoning
175 Chuushuugunsan i [H Korea 234 15 Longshu 1 Hil Gansu
176 Teisengun Suizanme i [E Korea 235 JEZE 11 5 Yanshu 11 1174 Shanxi
177 DOMACE BIELE $E50 Czech Republic 236 PHEE 5 %5 Yimi 5 M5 Inner Mongolia
178 HANACKE MANA 5 Czech Republic 237 5% 2 5 Chishu 2 5 Inner Mongolia
179 PAN 19 % 5 J¢ . Romania 238 fiiZ& 15 Yushu 1 PP Shaanxi
180 PAN 21 % I JE . Romania 239 F5% 2 % Qishu 2 SIPYT. Heilongjiang
181 P1 427247 JEI/K Nepal 240 PBE 155 Neimi 155 P % Inner Mongolia
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Table 2 Eigen values of 3 principal components and

their contribution and cumulative contribution
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Principal Eigen Contributi Cumulative
0. 001X8 +0. 185X9 component value entribution contribution
Al 422 A SE
BERE10 2 2.06 22.87 75.44
F=0.5257Y,+0.22868Y,+0.11783Y, 3 1.06 11.78 87.22
®3 BRTFHEERE
Table 3  Loading matrix of all components
F 0y
Principal GE GP Gl SL RL SFW RFW Vi CDR
component
1 0.850 0.856 0.852 0.319 0.271 -0.724 -0.749 -0.746 -0.856
2 0.351 0.425 0.372 0.344 0.060 0.672 0.656 0.657 -0.425
3 -0.044 -0.196 -0.075 0.569 0.807 -0.040 -0.012 0.001 0.196
&4 BEXMERER S FHE R 25
Table 4  Eigenvectors matrix of all traits of principal components
F by
Principal GE GP Gl SL RL SFW RFW 174 CDR
component
1 0.180 0.181 0.180 0.067 0.057 -0.153 -0.158 -0.158 -0.181
2 0.171 0.206 0.181 0.167 0.029 0.327 0.319 0.319 -0.206
3 -0.042 -0.185 -0.071 0.536 0.761 -0.037 -0.011 0.001 0.185
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Table 5 The resource source, relative value of each character and ranking of cold

tolerance of 22 broomcorn millet resources with high cold tolerance

LR R S8 FIXHE Relative value FE  fiF
Germplasm Source GE GP GI SL RL SFW RFW Vi CDR  F value Order
2 :
‘..\'@-?. o 0.61 0.72 0.23 0.56 2.98 0.49 0.61 0.12 0.28 0.63 1
Heishuzi Shandong
IR PEL N
./J\?ﬁt%ﬁil L 1.00 0.96 0.28 0.66 1.38 0.19 0.30 0.05 0.04 0.54 2
Jingtaigedahong Gansu
A%% . H it . 0.92 0.96 0.26 0.73 1.41 0.48 0.59 0.12 0.04 0.53 3
Huangmizi Qinghai
B R -
CLHLFIE T > 0.84 0.88 0.23 0.68  1.65 043 055 011 012 053 4
Bamengbaimizi  Inner Mongolia
* =2y
LB . N iy . 0.96 0.98 0.34 0.66 1.31 0.48 0.60 0.12 0.02 0.53 5
Tuhuangmi Qinghai
TR 2
‘/J\'Tﬁi o . 0.79 0.88 0.28 0.93 1.20 0.45 0.56 0.11 0.12 0.51 6
Xiaohongshu  Inner Mongolia
/J\,ﬁflﬁg‘: . TE 0.92 0.98 0.31 0.69 1.16 0.45 0.56 0.12 0.02 0.50 7
Xiaohuangmizi Ningxia
o~z = fa=a—1
T.B?é 4.7? TR 1.00 0.98 0.34 0.71 1.02 0.59 0.79 0.18 0.02 0.50 8
Ningmi 4 Ningxia
R 2
IR - WS g 0.98 0.35 070 098 044 055 011 002 050 9
Daqiqingmizi  Inner Mongolia
%Jﬁ¥ IJ_IW 1.00 0.98 0.29 0.80 0.96 0.62 0.85 0.20 0.02 0.50 10
Yemizi Shanxi
g y 2
}HT/F,TAE?E%‘ NS . 0.96 0.98 0.37 0.61 1.07 0.43 0.53 0.11 0.02 0.50 11
Helinhongmizi  Inner Mongolia
s : oy
%}‘.ﬁig&g . %ﬁﬁ— 0.92 0.96 0.27 0.66 1.22 0.55 0.71 0.15 0.04 0.50 12
Eminhongmi Xinjiang
ik
m‘.§ NS . 1.00 0.98 0.31 0.57 1.13 0.45 0.56 0.11 0.02 0.49 13
Heishu Inner Mongolia
H I
REF . j[:}? 0.72 0.92 0.26 0.69 1.28 0.03 0.21 0.02 0.08 0.49 14
Huangshuzi Beijing
VETT YRS 52
. jﬁﬂ:;ﬁﬁt/l Hil 0.96 0.96 0.23 0.68 1.04 0.23 0.30 0.05 0.04 0.49 15
Jingyuanziganhong Gansu
17 b
RETH I.szqi 1.00 0.96 0.32 0.68 0.92 0.37 0.43 0.08 0.04 0.48 16
Dahongpao Heilongjiang
Y B : Iy
(ﬁ?ﬁ:%ﬂ:ﬁ% . NS . 0.92 0.96 0.35 0.77 0.88 0.44 0.55 0.11 0.04 0.48 17
Zhunqiziganhongmi Inner Mongolia
EJE{J\%:% . NS . 0.88 0.98 0.30 0.65 1.07 0.43 0.54 0.11 0.02 0.48 18
Wuyuanxiaohuangmilnner Mongolia
.
WgélSS NS . 075 0.84 0.25 0.81 1.49 1.33 2.13 0.69 0.16 0.48 19
Neimil55 Inner Mongolia
RELBE Dahongmi BEPY Shaanxi  0.95 0.98 0.36 057 1.0l 053 067 0.4 002 048 20
T % e M
. ?ﬁ.}T/.J\A% . Hol 0.96 0.98 0.30 0.73 0.90 0.62 0.83 0.19 0.02 0.47 21
Jingningxiaohuangmi Gansu
/NBEF Xiaomizi T HF Qinghai  1.00 0.98 0.32 0.52 0.99 0.48 0.59 0.12 0.02 0.47 22
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Fig.3 The ranking cluster analysis of cold tolerance of 240 broomcorn millet resources
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Fig.4 Cluster analysis of cold-tolerant traits of 240 broomcorn millet resources
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Fig.2 Correlation analysis of each character index under cold stress during germination
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Fig.5 The relative mean value of each trait in the cluster group
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