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Identification of Cold Resistance Wheat Varieties by
Laboratory Freezing Method
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Abstract: Winter freezing seriously threatens the yield stability of common wheat in the north area of China.
Test for freezing resistance under the field condition largely depended on the environmental climate.By taking
use of artificial freezing, we investigated the relative conductivity and freezing survival rate of the plants under
different freezing treatments in 209 wheat varieties, with a purpose of obtaining excellent variety resources for
cold resistance breeding of wheat.Furthermore, we analyzed the correlation of relative conductivity, freezing
survival rate and lethal temperature with field frost damage grade.The results showed a significant negative
correlation between the freezing survival rate and freezing injury level after treatment for 3 h at —14 °C( correlation
coefficient=—0.427 ) .By cold treatment under different temperatures, we found the optimal temperature condition
that could be used to identify the cold resistance at seedling stage.As a result, several cold resistance varieties such
as Henong 05(9 )7-11-4-15, Jimai 585, Le 639, Shimai 15, Bao 5108, Shixin 828, Zhongmai 1 and Henong
7069 were obtained.
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Table 1 209 wheat varieties used in this study

%S AR HKiE || G AR KR || S £ AU
Number Name Origin || Number Name Origin || Number Name Origin

1 TR 2552 FRIERRTAL (] 13 H1 05-7388 IERTL || 25 B 10 [T R
2 TR 825 PR || 14 3 5265 PR || 26 B o SRS ROE)
3 AR 826 FRiEE || 15 B 585 PR || 27 B 21 Hh T
4 A< 6425 FRIETL || 16 Al 9409 FRIEAL || 28 iz 0208 [T R
5 A< 5290 FRIERRTL || 17 4K 9123 FRIETAE || 29 =% 906 Hh g
6 AR 130-12 AL || 18 'K 639 TERAAL || 30 Wk 21 T T R
7 RS FrEE || 19 H6756 AR || 31 HAR 207 [T R
8 WA 05 (9) 7-11-4-15 i EwIL || 20 HESS AL || 32 B 160 T R
9 x9S AL || 21 % 119 TrEmAL (|33 &L 58 [ R
10 11 09-41344 TEL || 22 14 6005 TEAL || 34 F15 60 [l
11 BLF2 38 TEL || 23 Ji % 28 ThEE (|35 R 65 R
12 i 00-7221 AL || 24 B 52 % T || 36 FKOR 2122 [ R
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F1(%)

%' R FiR || G EiN || G R R
Number Name Origin || Number Name Origin || Number Name Origin
37 174 8 TETR || 76 J# 18 PR || 115 K 4853 Hh I e
38 HHE 13 LY || 77 BH35 PEILA || 116 i 65 R
39 5 54 I LY || 78 BE3 Y FrEER || 117 Bk 160 T E Ry
40 e 15 HHE P || 79 2#ES TR || 118 Bl 138 Ry
41 K 4738 rE LY || 80 KK 211 AL || 119 7G4 509 Hh I B
42 Bz 150 B || 81 A 24 YT || 120 /ME 597 H B
43 /IME 81 R || 82 A 822 FRETAE || 121 K58 LT
44 KK 212 tEdbnt || 83 A% 583 AL || 122 K 134 s
45 ek 5181 FEAE || 84 A 4198 L || 123 CA1092 L5
46 2411 e || 85 TR 6049 L || 124 #Hdk 10-6089 g
47 FHiE 10-6014 LT || 86 A% 05 (206) 3-10-4-9  FHETAL || 125 HA 115 L
48 A8 LT || 87 # 00-7050 PP || 126 U 989 e
49 P 17 LT || 88 3 FRENTL || 127 DHI55 T
50 CA0045 T || 89 241 700 R || 128 CA1004 HrE L
51 3k 103 PETAL || 90 A 26 TP || 129 4% 1690 LT
52 ik 987 PrECEET || 91 fA#E 15 TR (] 130 15 552 T EVLIR
53 Hk 65 R || 92 HKIE 85 TR || 131 M 33 H LA
54 H 07214 PP R || 93 i 4366 AL || 132 MERZ 0308 TN
55 #0818 P2 || 94 i 5108 AL || 133 24k 0807 SRR
56 ENESCO HRH || 95 A 828 FPETAE || 134 K 6-7-8 SHENIES
57 (PN BERA |96 HH 30 (3L 5418) AL (] 135 7DL-7Ag A PRE
58 Atlas66 Xl |97 N1 T || 136 AR K 3-2-1 T AR
59 Seri HRPUHE |[ 98 HLA 9908 PN || 137 =it FEL
60 1 8133 FRIERTER || 99 RE 1S TER || 138 i 4185 L
61 #9158 I EYLI || 100 BE 1 rhEAL || 139 4 06-27 AR
62 HEZZ 30 FrEVLIR || 101 15 FrEHE || 140 OASIS VYA
63 £#2E 0601 FPEVLIR || 102 JH 2 25 TR || 141 B JIEESN
64 114< 20 PP AR || 103 HZ 101 PR || 142 #9074 HEVLR
65 ZAR 18 PRI || 104 103 PENTR || 143 R 702 T E VLR
66 THE 22 %R || 105 19 hETR || 144 #5152 H RN
67 T 28 PP LA || 106 % 24 TR || 145 M 18 T ENT
68 FEA 2009 rhEAE s (| 107 FfE 15 RN (] 146 3 2103 hET I
69 it 50 PR || 108 £ 30 PR || 147 14k 10-2 LR
70 WL 35 rrEAL || 109 5% 7061 hELTY || 148 & 11 AR
71 B#E 345 TR || 110 I&fl 145 LT || 149 A 19 s AR
7 HE 7698 TR || 111 E 51608 P L || 150 B4 14 SREHIFR
73 *i 0856 TR || 112 7R 1718 TR (| 151 A 19 hE IR
74 JHZ 16 FETR || 113 x 13606 rELY || 152 AR 999 FE AR
75 JE% 22 TR || 114 1E5L 20410 P LT || 153 B 17 T AR
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F1(4)

%' Egin KU || e KU || H Eq s B
Number Name Origin || Number Name Origin || Number Name Origin

154 RE 99 2R [ 173 A5 5199 rpERRAL || 192 1830 AR
155 FH< 3106 e || 174 W3S FrEE || 193 e 3 s AR
156 Bt 38 R || 175 5168 rrERAL || 194 14k 4 TE AR
157 17 5364 L (| 176 P = T || 195 29 TR
158 Ci-5 By || 177 YRt 168 TEE (| 196 i 0705 T EVT
159 w35 R || 178 7 301 ThEE (| 197 B K 07292 VLR
160 %3z 57 hER || 179 W32 05095 ENTRES || 198 5 502 TR
161 1< 9206 L || 180 W 47 P LT || 199 e 22 i AR
162 AR 7069 TR (| 181 %% 217 TR E L7 || 200 JHA 21 AR
163 #6172 L || 182 ZF 618 P L || 201 HEW 84137 T AR
164 i 618 piEAE || 183 K 4640 PP LY || 202 T 13 HrE 2R
165 it 731 EwL || 184 ZR 142 FEBETY || 203 i 52 [ 2
166 518 rh L || 185 Bk 225 rhE BT || 204 e 53 B
167 i 136 Hr L (| 186 K 148 TEBEPY || 205 84111 2
168 17 7228 i EAL || 187 P 1376 FHEBRTY || 206 JH 2 26 T R
169 R 1006 rh AL || 188 KK 3432 i dbat || 207 Bk 33 Rk Py
170 1 5067 ERTL || 189 Fhik 11-6072 rhE st || 208 /ME 22 T E R
171 49 7183 TR (] 190 175 FEHERT (| 209 1A 31 LR
172 E5 36 rERAL || 191 3% 901 GHEE(A
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Fig.1 Daily average temperature of three locations in winter of 2016 to 2017

2017/3/1

TRASACILIE 118 2 ), R0 138 Ry /N2 B AR
o, BE ¥ 5] A HRVE . SR SE BN AT K
150 cm, 171 25 em, #RIE 2.5 cm, 3 IRER . HLH
AR, T2 AIKE 3 AWML RE G, A



288 oW o fF o W R 20 &
—fET R R
25
20
s WA
iy
o 10 \
‘8% 5 '
iy
Eg 0

2017/10/1 2017/11/1 2017/12/1

2018/1/1 2018/2/1

2018/3/1

HE§ (%/H/H) Date
B2 2017-2018 £ 3 MM XA HISBTHLE

Fig.2 Daily average temperature of three locations in winter of 2017 to 2018
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14+.2-.2.2+.3- 3.3+ 4 I8 Mg (K 2), H,

2017 AFEAEPRIEIR AL, VR S B/ IMELR 2—, B RAE
4,78 T R B K, N 27.03%; 2018 4 7E T B AN
IR FEY I MAR 1+, e KAA R 4,728 5% R8N,
7.55%. BLAh, T 2018 4F H P-4/ i i I T 2017
AF AR, B0 2018 AR R R, 7E 6 PR

®2 FREERFEER

T, PUFEM RIS A LR 5108 5T 411 A ST 8
A 05(9 ) 7-11-4-15 JAT4% 7069 A1 58 828 ARAZ 1
T A 15 G BUIEME T AR SR RS 1690 R
35 JEHZ 16 1K 4640 55 % 22 Bl 2009 A4 999 5
TE 901 45 PrIEM R M B A 13 dE 3. 18k 4.
Seri, OASIS  J# P 30 Fa[ e i 148 45,

Table 2  Statistics of freeze damage at different regions in 2017 and 2018

() e/ ME HRAH FEE P22 5 ZE (%)
Regions Min. Max. Mean SD cv
2017 {5 2017Baoding 4 11 6.46 0.82 12.69
2017 ¥ 2017Laiyuan 5 11 7.03 1.90 27.03
2018 fi5E 2018Baoding 4 11 9.29 0.81 8.72
2018 1l 2018Tangshan 6 11 9.58 1.27 13.26
2017 # £ 2017Qingxian 4 11 6.39 0.89 13.93
2018 7 & 2018Qingxian 5 11 9.14 0.69 7.55
1+.2-.2.2+.3-.3.3+ .4 535l 4.5.6.7.8.9. 10, 11 fUE AR ESEH

1+,2-,2,2+,3-,3, 3+, 4 were replaced by 4, 5,6, 7, 8,9, 10 and 11 respectively

22 ERAEIRELIE T @S FRR AR ST
225t 5 AANENEEEALBE 3 h 5, AN[E/NAZ SRR
VS S R 2E R B35 (P<0.01) (£ 3), -8 CE
VR Ak 38 PR B B R T 61.82%~100.00%
ZIE (L 3), YRG0 97.22% , FE P TEIX
] 90.01%~100.00% "1, F£ A % & Ry 194 4>, i =
X B BB 92.82% 5 471 A 60.01%~70.00%
70.01%~80.00% £ 80.01%~90.00% F¥) & Flt 5 #% /b
B v S 13 LA Hodr gl R 100.00%
1) S FRECE A 106 4>, (SRS 50.71%. b Fl
R 13 BTG RN, N 74.47% B ILIRET
BT R GE 2R 1A S R AR/, O 5.09% .

200
3
E 150
18 =
# 5 100
=5
ﬂgg 50
Z 0

R3 AREBELHLEENEREE
Table 3 Survival rates of wheat seedling plants after freezing
treatment under different temperature conditions

WIE(C)  RMA k(P bR l’f)ﬁ B
Temperature ~ Min. Max.  Mean SD cr Sig.
-8 61.82  100.00 97.22 4.95 5.09 **
-10 0.00 100.00 89.67 14.24 15.88 *
-12 0.00 100.00 7297 2521 34.55 *E
-14 0.00  98.04 4492 31.06 69.14 ok
-16 0.00 9048 1520 19.76  130.04 ok

5 7E 0.01 KV, AN

**. Significant at 0.01 level, the same as below
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%—12TC
a—14T
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ERHELSEBRINEREES

Fig.3 Distribution of wheat varieties post after freezing treatment
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SERECN 34.55%

~14 °C ¥ VR Ak 35 B B ORE A9 BTG R A
T 0~98.04% 2 [6], 4% DX [] & b B0 = 4 A 35 5,
S35 B TR R 44.92% , b Bl 5108 B TS K e
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15.20% , 181 2 Bz e W S A A AR AE 145 (190.48% ),
B A 0 A AVECE N 67 A, i SR i Rl
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DL B 09-41344 | 3 5265 . 1 W 35, Fk 5k 2122,
WA 13 ) (5 AR )R 25 A 530 Ry
7.50.7.75.8.42.8.58 . 11.00 ), A~ [al i i 4b B R /N
RO INE R BTG (L 4), Hop 8 13 TR
P, —10 CHRMFF eI, 3L 5265 TR, fi
W35 T B FE AL TP ] KO, 335 FH R0 240

100.00
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Survial rate
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Fig.4 The survival rate of five varieties post
freezing treatment
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Fig.5 The recovery growth of five varieties under
different freezing temperatures
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H25.71%. 10 CEURAE S A9 45 /INAZ df Rl A4 A4
Xof L SR A BTN, YA R 52.49%, Ho YT
SRR BT 9074, LT F N 71.67% , FXTH
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101 4>, 5 S i Fh BB 48.33%, —12 C¥ dRAb
PG R /INAZ 1, SR N 62.79% , Herp e AR b
T 9 H 5%k 90.31%, fie/IME & BB 2 3 1)
HL SR 44.25% 2 T A B R R o A
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PSR, —14 CHRURALBRSG AT B R R
71.95%, it I A i Bl Atlas66 14 HL 5 %6 92.17%,
T/ ME SRR 211 1L 58y 46.41% , ILTRIE T
LR SR X B R 5] . —16 CIRTRE
P AT B SR ME l 80.79% , e /IME M 50.30, ¢
KAA K 94.88% , Ho v AT HEL 5 K F 70% B & Ff
i SRk A R 88.04% , 2 B RN 7RI IR
TNNE R E O, AR S R AU/ AR 9.84%,
1201
1001
80
60
40

201
0

SRR
Numbers of culitivates
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Table 4 Relative conductivity of wheat after different
temperature freezing treatment

MEECC) fm/ME fRE FHE RfE2E @Zii%l B
Temperature Min. Max.  Mean SD cv Sig.
-8 2571 7638  47.07 7.76 16.48 o
-10 31.56  71.67 5249 7.26 13.84 ok
-12 4425  90.31  62.79 9.98 15.89 ok
-14 46.41  92.17 7195 10.37 14.37 K
-16 50.30  94.88  80.79 7.95 9.84 ok

BEAR, ] — S Fh 78 A [ B VA R A B R ) L
SRANIR] , Bt oAb B P AV, AFDX P S T 5
(7). VISR 09-41344 %2 5265 Fk 4k 2122 %
F 13 UL 35 SR, Bt A B A REAIR, 5 A A
(AR FEL G 4 T, -8 CC AL B B AR L e

AR (%)

Relative conductivity

B 6 RERESHOEENERESEST

Fig.6 Distribution of relative conductivity after freezing treatment
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Fig.7 The relative conductivity of five varieties
post freezing treatment
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AEBRIS , 209 53 /NZZ db b1 B0 IR 5 L A -4.30~
-1529 C,¥{H K -8.41 €., HAFEICIREBARN
A AR AR K 211 (=15.29 °C ) 5k 639 (-11.46 °C )i
4 9206 (-10.25 °C ) 45, 3 4 i Fp 7 H A 45 78 46 A
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HRHTIEPE R R, 2 B IR v ) R A
B 13 IZ SRR /NEE SRR A A % FR A
PrIEERIZE
25 NEENMEEREHESESERNHEXE
S
FNPLIEMIR 5 K WA E g 2 A A e R
Bt R (FR6) R, IR FEFRAE 6N AR
T ¥R I B I 3 E AE DG (P<0.01 ), #H ¢ R TR
0.482~0.713 Z ], -12 °C.-14 °C F1-16 C ik ik
AL 3T A U B 25 RS PR ) VR AR (]
o7 2 0 0 2 B0 AH G, A OC R A 430 o -0.302.
-0.427.,-0.336; AHXTHL G, -8 °C . -10 C . -12 C
R T 3RS 6 MR MHRESRE T
2 ( P<0.05) IEAHSG, —14 °CIR AN FE R (A % i 5

%5 RRMNESMELBIERE (LT, )

KR B3 B4 E6 B AN, 7E HABIREE T A
PIREE, -16 CIREEALBE T AAHNTH $R 5 6 4~
IR FE S P IR B 2 BIRES 6 4~
RBE BV T S 4 S S A O M e R BB
0.325(7<0.427 ), ik, -14 CAREALFE 3 h )5, /)
22V VRIS 85 H AR 3 A GO G R B U =, BN
AT -14 CARIRYR VR 3 h 5 /NS VR TG %
RETEARFINAE i A HTIEME RN
2.6 INEMEHERNBERSW

Fi| F SPSS 19.0 %5 5 Ab B 51 {4 v 11 2R 48 R 2%
2 MR 4E 6 AR T H R R E SR E P -14 Chb
BEF /N0 R B S N FE R AR X 209 itk
MORMIEA T RS HT A AR FE 85 0 12 Ak, AR AL
SRR 3 2 (K] 8 ),

Table 5 Semi-lethal temperature ( LT, ) of different wheat varieties

TiH fo/MHE SN E] FHIE brifEz: A FE (%) PIA
Item Min. Max. Mean SD cv R’
LT (C) -4.30 -15.29 -8.41 1.08 12.87 0.867-1.00"

Lethal temperature

&6 ENMEIERS 6 MMENEAEEFRZ MMEXREY

Table 6 Correlation coefficient between indoor cold resistance index and frost damage grade in six environments

FDG-El FDG-E2 FDG-E3 FDG-E4 FDG-E5 FDG-E6 FSR-1 FSR-2 FSR-3 FSR-4 FSR-5 REC-1 REC2 REC-3 REC4 REC-5 LT,
FDG-E1 1.000
FDG-E2 0618  1.000
FDG-E3 0.629" 0573  1.000
FDG-E4 0528" 0.563" 0519”7  1.000
FDG-E5 0.645" 0604~ 07027 0713 1.000
FDG-E6 058" 04827 06727 05347 0685 1.000
FSR-1  -0266" 03317 -0.197" -0.172° -0.072 -0.077  1.000
FSR2 -0304" 0421 -0253" —0.199" -0.181" -0222" 0.665" 1.000
FSR-3  -0283" 05377 -0204" —0246" -0247" 02097 0452" 0.670" 1.000
FSR-4  -0.358" 0559 -0477" 0394 -0386" -0.392" 0318 04417 0.685" 1.000
FSR-5  -0.309" 0519 -0.408" -0218" -0.288" —0275" 0233" 03127 0426" 05257 1.000
REC-1  0212" 01737 01907 01527 0216° 0151 -0.121 -0.175" -0276" -0.280" -0.149"  1.000
REC2 0228”0228 0278 0246° 03127 02787 -0.181"-0217" -0.242" -0.124 -0.183" 0.419" 1.000
REC-3 0208 0173 02397 01877 0247° 02777 -0.045 -0.093 -0.287" -0.233"-0.197" 0327 0.388™ 1.000
REC4 021 0098  0.149° 0143 0104 0155 -0.084 —0.084 -0.181"-0.199" -0211" 0286~ 0301 0.511" 1.000
REC-5 0002 0046 0023 0014 0014 0044 0037 -0.001 -0.133 -0.175 -0.078 0.238" 0.068 0.352" 0594 1.000
LT, 03267 04157 0317 02897 03277 02767 -0237" 02777 -0.286" -0.139" -0.234" 02607 0398 0306" 0.136 -0.198" 1.000

FDG . FSR,REC 7l U IR T A5G e R AE A AL, EL VB2 VB3 B4 E5 E6 73U 2017 R . 2017 BKIR ., 2018 fR5E . 2018 SR5%
2017 HH 2018 FHAL 6 NFRBE, 1~5 /1L -8 “C.~10 °C.~12 °C.~14 C .16 CALBIRNE; ™ 16 0.01 KF-B3; ": 78 0.05 KF-B 3
FDG, FSR, REC represent the frost damage grade, freezing survival rate and relative conductivity, respectively.E1, E2, E3, E4, E5, and E6

represent 2017 Baoding, 2017 Laiyuan, 2018 Baoding, 2018 Laoting, 2017 Qingxian, 2018 Qingxian respectively.1-5 represent freezing temperature
in-8 C,-10C,-12 °C, -14 °C, -16 °C, " significant at 0.01 level; ": significant at 0.05 level
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T 2838 73 Ak, 404 L X e ), ok & 1 P ]
At AR L P AR 10 AN (R 7) DL S A &
KA E K, Hod REET H R b A 48 o A
F UL TR BT 1L AR A A E SR e R R
TR, A3 5] 5 A B b XA R BB
1) 48.57% . 66.67% . 44.00% H1 87.50% ., % 25 5 &
JEURE PR T 2+, W RS /N T 23.53%,
PR eSS, L HE A 13 5% | Atlas66
Seri, OASIS . ik A% 148 [t 4 IR 4 29 55 i Fb

®7 BHWKMERWE~NEXHHBESE
Table 7 Percentage of wheat varieties in each

region in the [ -1l category (%)

HiIX Region I I Iir

ATt Hebei 15.87 42.86 4127
JA[F5 Henan 48.57 17.14 34.29
117G Shanxi 31.25 43.75 25.00
[ PG Shanxi 66.67 0.00 33.33
4t Beijing 16.67 33.33 50.00
K Tianjin 100.00 0.00 0.00
1175 Shandong 44.00 24.00 32.00
YL Jiangsu 37.50 37.50 25.00
L Anhui 28.57 0.00 71.43
Hift Gansu 100.00 0.00 0.00
[£4} Abroad 87.50 0.00 12.50

T 2835 60 M #1BE, S H 6 A48 (1) 1y, Hovp
WA VS R R B A A S, 435
25 H M X AR R 42.86% 1 43.75% ., 122

BRI ESYRT 2+, B IE RE T 69.12%,

an R FE MR R, ST AR A 05(9 ) 7-11-4-
15,384 5854k 639 A7 15 & 5108 . F 8 828 . Ak
1 SR 7069 A5 5 Fh

23k 76 3 #4KL, ok B B A 8 A~ 1 DL X
S X, LA b TR R AR R A
FELLZE, 0 ) 45 A b XA R B 5L 50.00%
M T71.43%, ZRFERRRFFRAN T 2-~3+ ZIH],
VA VR LT K 24.19%~66.67% , it Rl FEME h 45
IR IR & 21 K 4738 Z& 4k 18 B4k 2009 .48
TE 1690 A 999 K 4640 FIHETE 901 25/ F

3 e
PLIEME RN T M I T > 2 %

MR T RN A R B W] — 2R 80 38 N 1 A
b, AT MAE BRSMERRFAE (U T FEBE K3 ) FIpy
0 A T PR 22 Ay T SR s L S
HMERFF LA FE /N A U IE M, B AT TR R R ZE R
T 5323 R () 0 A6 P ) 2 6 5 T i, %/
(0L N B | e Al A AR i s o W e R e e 3 S U
it T FE P B LB S E TR BRTACH R
P S S o T S A S v, B AR 2 8 e
BOER R BB/ N P IE MR T 52 15 /N A
WAL i30T 530 SEEER R BAE Ry /N A U FEPE
Y P EAR AR, T H [R5 52 IR B R AR
W ERT 2 L2 S EEIRE, FERHK  T/ER K,
WP ) — PR o e T A P S 8 T T BEAR,
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PEA IR AR 58 4 B e i, Ph e O R
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T FAk VRN-1 25 (7 5 PR 4 % 5 i 98 4 19 56 &,
FE KB, SR T TRl — A 745 XA i A, TR 9 —
Bl VRN-1 5 1 45 7 356 PR s ol 110 7 P 255007 1 34 it
MR, 722 I T FE M — AN iR, B
FALFER A XA, i85 Fopp B dea v (B s
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B YA IR S SRR I E
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o ARG A 5 AN [R] /N G PP R s 43 BE T
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