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Comprehensive evaluation of salt tolerance of wheat varieties in
Shanxi Province during germination and seedling stage

LIU Tongtong'. LI Ning?, WEI Liangdi?, YANG Jinwen?, SHI Yugang®,
WANG Shuguang®, Sun Daizhen®”
(1. College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, China;
2. College of Agriculture, Shanxi Agricultural University, Taigu 030801, China)

Abstract In order to study the salt tolerance of different wheat varieties in Shanxi Province and screen wheat varieties
suitable for planting in saline-alkali land in Shanxi Province, 40 wheat varieties mainly promoted in different wheat
regions of Shanxi Province were used as materials. These wheat varieties were treated with salt stress (1.2% NaClD
at the germination and seedling stages, respectively. The effects of salt stress on various morphological indexes of
wheat were analyzed at the germination and seedling stages. The salt tolerance comprehensive evaluation value (D)
was adopted to evaluate the salt tolerance of tested materials. The results showed that. Except the root fresh weight at
the germination stage and the number of roots at the seedling stage, all morphological indexes at the germination stage
and seedling stage of wheat were affected by salt stress, but the sensitivities of different indexes to salt stress were
different. A total of nine salt-tolerant varieties at the germination stage were identified (accounting for 22.5% of the
tested materials), eleven salt-tolerant varieties at the seedling stage (27.5% ). and five salt-tolerant materials,
‘Shinong086” ‘Linnuo88” ‘Pinyu8161” ‘Donghei1206’ *Pinyu8012’, were salt-tolerant at both the germination and
seedling stages This study provides material basis for the production of wheat seeds in saline-alkali land and the
cultivation of salt-tolerant wheat in Shanxi Province.
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AR i Bl Bk 30 7 fdt JFE A B 9 K Bk
Y A R AE 10 Y0 A IR FM S W P H 10 min,
ZJE M2 B oK S5 ok T4, SR 5 2 S) 1R TE 5
SehA 2 EIEAA G SR (H AR 10 em) H, [ 1
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FERRFRES 3 A 7 KLU ZE I K IR AR K [ ik
it 4 BE A S b 1 B9 K 2 AR HE SR T A% B Y R 2
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I3 IF S I IS 48 Sz 52 W AR BB 2 1K 43 s o) B
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Table 1 The name of the tested material
s 4R 9 i IX ErRes 2 = ¥ X
Code Name Region Code Name Region
1 I 3 = iz bk 21 A& 99 Il ¥
2 g 29 2 I 22 £ 118 Il 4>
3 K 6359 iz B 23 ik 20 Il ¥
4 AT B I 24 KA 68 I ¥4
5 iz M8 161 B I 25 W 22 Il ¥
6 Il k% 88 s Yk 26 T 102(F 1) Il ¥
7 i 8161 2 I 27 B 98 Il 4>
8 e 24 iz I 28 ik 086 Il ¥
9 KA 198 iz 3 29 W 66 Il %3
10 Ve 44 B 30 K3 6135(19-20) Kif
11 ShE 8012 iz I 31 K 6789 KiG
12 451206 12 I 32 K # 3897 Kk
13 BEE 719 iz bk 33 K 251 Kif
14 W 95 B I 34 K 6686 Kif
15 i 8 5 B0 35 K# 6197 Kk
16 HRZ 16 I 36 K3 5973 Kk
17 A 1212 iz I 37 K # 5079 Kk
18 FEH 296 I ¥y 38 W 62 KIE
19 T 22 Il %> 39 oK 1508 K
20 gk 17 Il 43 40 A 182 KIE
1.2.2 hEUHatHHERE 1.3 HEIW

PP AL B kR 1. 2. 1. BFREAS SRR AR 48
B & R AT R ZF R R LI 9R T d R PRk K H
— B TR G b dk Sk AT R R E &
W 2.5 L Hoagland B3 . &M 2 d B 1 RE
FW . EEREWH — 0 E, TERE & mA
1. 2% NaCl ¥ WA UL B 38 2% 1 2 45 n Ak B 1)
Hoagland & FF W AE M X R, K56 3 kER ., £
AEBE 7 d S FE RS S AP PR B — B0 5 bk &
A1 407 48 b 1 P E

7 FL 1 5 (Plant height, PHD AR AREL
MR 5 5 N 25 0 £ (Shoot fresh weight, SFW) ;8%
Je 3 AE 105 °C R A% 30 min J5 80 ‘CHL = fH &,
i 5 A+ (Root dry weight, RDW) FlZ5 I+ &
(Shoot dry weight, SDW),
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Table 2 Data statistics of wheat traits at germination and seedling stage under salt treatment and control condition
it 48] PR %ﬁégﬁ pagiisl AL At 4] PR %ﬁﬁ}%& i iR AL
Stage Trait Statistical CK Salt Stage Trait Statistical CK Salt
parameter treatment parameter treatment
FHME/ % 85.00a  58.00 b EHE/cm 23.39a 17.30 b
RS bRz 20. 00 21.00 = bR ifE 2 3.30 2.08
SRR/ % 23.53 36. 20 WERRE/ % 14.09 12.02
S/ % 95.00a  59.00 b - H{H / cm 16.16a 11.21 b
KRR bR 25. 00 20. 00 R b o 22 3.19 3.23
WERERE/ % 26.32 33. 89 TERRE/ % 19.74 28. 81
V-3 {E /cm 10.89 a 4.14 b F-¥{E /% 4.79a  5.02a
#FK 7 25 1.74 1.34 ity R 22 0.43 0.49
TRZFRE/ % 15.98 32.37 TRER/ % 8.98 9.76
2 1] FH{H/ cm 6.03 a 3.23b | A /mg 2.6la  1.52b
Germination R brifE 22 1.71 1.06 Seedling  ZEM - E bRz 0.51 0.42
stage AERER/ Y% 28.36 32.81 stage BREK/Y 19.54  27.63
F-¥E /% 5.36 a 3.78 b X E / mg 0.84a 0.51b
i e T 1 22 0.71 0.81 R i i 22 0.13 0.11
TRERB/ N 13.25 21.42 TREK/ % 15.48 21.56
SFH{H/mg 0.71 a 0.33 b FXIME /mg 0.29a  0.21b
R bR 0.13 0.11 BN o N 0. 06 0.07
SRR/ % 18.31 33.33 WERRE/ % 20,69 33.33
A4 {E / mg 0.22 a 0.13 a V¥ {H /mg 0.09a 0.07b
WREEE bRl 0.07 0. 04 RTE b 2 0.02 0.02

SR/ Y% 31. 81 30. 78

BRER/ Y% 22,22 28. 57

T R RAT AN [ 54 7R 22 5 1K B B 3K (P<<0. 05).,

Note: Different letters of the same line in the table represent significant difference (P<C0. 05).
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Table 3 Data statistics of salt tolerance coefficient of wheat traits at germination and seedling stage

- . %ﬁ%é& [ - e %ﬁ?ﬁ:}iﬁz [CEDER
Stage Trait Statistical Salt tolerance Stage Trai Statistical Salt tolerance
parameter coefficient parameter coefficient

S 0.30 -1 0.74

RAES hRiERE 0.13 W P 1 2 0.09

B RE N 43.33 A5 R Y 12.16

VX {E 0. 60 T3 {H 0.72

RER hRfEE 0.21 A P 22 0.19

A RE N 35.00 5 R H o 26. 38

3 0.71 2 {H 1.05

PN Fp 22 0.15 AL P 1 2 0.12

RS R N 21.13 B S FE 0% 11. 42

3 4] S 0.41 W B 0. 60

Germination [iERS b o 22 0.11 Seedling R R bR 0.14

stage A SR % 26.83 stage AR RE % 23.33

1 {H 0.85 - 34 {8 0.71

% P 1 22 0.25 AR i Pl 22 0.25

AR5 R A Y 29. 41 5 R E 0% 35. 21

K2 0.58 -1 0.82

FEEE bR 0.21 EMTE bR 0.24

R RE N 36. 21 A5 2R % 29. 27

V- 0.59 T3 {H 0.75

WREEE  brifE2 0.20 (i P 22 0.27

A RE N 33. 90 5 R H o 36. 00
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X /0N 2 S0 3 % 2 IR Y T R 2R 00
BEAT VAR BT . 2RSS R R (R O 1R K
ARG AR I, 20 i H MR fiF 55X 5 S PRIR BT R 2R
ZM8] S BR AR AR ORI AR B A AR DG R A 2 3 LA,
HAR A MR P 22 1) By 3% mA e 3 D A OGOk
£ MO MR 2 SR R 2EARIX 3 AR i

h AR B 18] 5 B 3 IR A G

B 2% T R R BCRY A OC TR o B 45 R R
(3 5) , i iy 5 25 0 fif o R 2R 0 ] SR A
TEAH G AR5 AR i R () B OE A OC, 2K i i
R R E AR X 4 DR R
Bz 0] B AR B 5T AR SRS B 3 LAAh L
SRS TR P 22 ) B Y 3 s R 3 IR ARG E R
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Table 4 Correlation analysis of salt tolerance coefficient of wheat in germination stage
Fetk R KR K [i:SS AL LEMEE AR i B
Trai Germination Germination Bud Root Root Bud fresh Root fresh
rait
potential rate length length number weight weight
R ZF B 1
Germination potential
KR 0.95™ 1
Germination rate
EaN 0.21 0.23 1
Bud length
RE 0.14 0.14 0.81" 1
Root length
HREL 0.04 0.12 0.49™ 0. 24 1
Root number
2 i 0.21 0.17 0.85" 0.63" 0.47" 1
Bud fresh weight
IR 6 T 0.44™ 0.43" 0.30" 0.26 0. 40" 0.42" 1
Root fresh weight
T ¢ RIORTE P<<0. 01 KFF 8.3, » RIRTE P<<0.05 KT F B3, TR,
Note: ** means 0. 01 significant level and * means 0. 05 significant level. The same below.
x5 MNEEEWHERHMBXESFT
Table 5 Correlation analysis of salt tolerance coefficient of wheat in seedling stage
FER if=1 Li:8S AL EUgi R fif 2t iz
Trai Plant Root Root Shoot fresh  Root fresh Shoot dry Root dry
rait
height length number weight weight weight weight
e 1
Plant height
(SN 0.12 1
Root length
MR %L 0. 20 —0.23 1
Root number
E-Lg s 0.55" 0.11 —0.02 1
Shoot fresh weight
AR 6 0.23 0.02 0.35" 0.42" 1
Root fresh weight
E-L s 0.53" 0.01 —0.08 0.92" 0.35" 1
Shoot dry weight
R E 0.11 0. 09 —0.14 0.66" 0.07 0.56" 1

Root dry weight
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Table 6 Principal component analysis of traits of wheat at germination and seedling stage
s 141 i H F 43 Principal component
Stage Item PC1 PC2 PC3 PC4

K 0. 864 —0.385 —0.208
A 0.721 —0.382 —0.431
R %L 0.576 —0. 260 0. 658
2 fif 7 0.833 —0.348 —0.038

2 M i 0. 648 0.271 0. 448

Germination stage 4 34 0.551 0.791 —0.161
KR 0.559 0.781 —0.104
FRAE (A 3.327 1.791 0.901
DTk E/ % 47.525 25. 590 12. 866
St vk % 47,525 73.115 85. 980
HiE 0. 637 0. 254 0. 262 —0.634
i8IS 0.161 —0.488 0.813 0. 202
AR %L 0.036 0. 844 0. 066 0.168
R fif i 0.970 —0. 060 —0.092 0. 005

Hi A i 0.492 0.563 0. 240 0.425

Seedling stage e 0. 929 —0.096 —0.111 —0.095
T 0. 669 —0. 364 —0.339 0. 358
FRAEAE 2.928 1.477 0.927 0.789
DTk E/ % 41. 832 21.095 13. 249 11. 278
2t stk R/ % 41. 832 62.928 76. 177 87. 455

FH 31053 o0 A A5 20 09 I 15 0 (AR S N 02 IS T a7 N [ W 2 i I 1 i 7 Nl 1 i
ZEIIFN T I Eh MR 2R B A8 b, SR T & TR bR SR BRURAL SR 2RI R A SR AT 9 S (22.5%0)

J& PRBUE R A f 5 TH 5 40 AN /N2 R TE 2F
BRI W00 25 6 0P D (B, B4 & R 0 2554 Tt 2R R
J1o IF 7 HFE I /N bR 2B i R M 25 50T
Hr DB ARG B R 0. 15~0. 83, Hirb < B AL 687 (1)
ZEWIT ER M0 . D (M 0. 835 K 6686 Y 2 ] it
EPEES D M 0. 15, SRJEXF D H 2R S Jr Bk R
P AT RGE R I HT (B 1)) K43 40 A4S i

PR KA 687 £k MELE A R A AELLAN, K 1827
CEOK 15087 i E 80127 ‘K 3897 A Fh A AR LA
B (AT R A8 T 5 R R SRR AT 20 A, d7 R B R0
50 %0, Hoar 11 A Sy 2 10130 38 SO AL /N 22 i i

MR /N B RE T 0T R M 25 5 DA D E Y S
fEIEFE g 0. 27~0. 73(F 7, o < Il HR 887 Y 1 W]
i Pk fe 5k . D B R 0. 735 432 2517 () 1 W1 £
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Table 7 D value of the tested material

HH D H

D value of

i D {H

D value of

it Bl 44 B

Variety name

germination stage seedling stage

[ ZE D Wi D
Variety name D value of D value of
germination stage seedling stage
i 3 % 0.38 0.40
g 29 0.55 0.32
£ 6359 0.46 0.38
AT 22 0.35 0.35
iz % 161 0.56 0.65
I k% 88 0.67 0.73
i E 8161 0.69 0.62
g 24 0.55 0. 67
KA 198 0.33 0.38
Traz 44 0.27 0.63
A 8012 0.71 0. 67
4B 1206 0.73 0.63
iz F 719 0.23 0.48
HE 95 0.36 0.47
i 8 & 0.28 0. 34
HB 16 0. 44 0. 46
A 1212 0.46 0. 32
FEH 296 0.40 0.33
WA 22 0. 20 0.67
ik 17 0.35 0. 44

R A 99 0. 34 0.38
“HF 118 0.34 0. 40
14 20 0.38 0.40
A 68 0.83 0.45
) 0.62 0. 66
WA 102 1) 0.39 0.44
B 98 0.52 0. 45
4k 086 0.79 0.62
W 66 0.49 0.47
K5 6135(19-20) 0.33 0.45
K 6789 0.53 0.41
K5 3897 0.71 0.34
K4 251 0.39 0.27
K% 6686 0.15 0. 69
K24 6197 0.47 0.49
K 5973 0.25 0. 40
£ 5079 0.30 0.28
W 62 0.32 0. 45
K 1508 0.73 0.48
K 182 0.68 0.47
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81617 ‘&M 12067 5h & 80127/ 8 ML FhTE 2 4
Ao S A0 T e ) B S e, 4 R K #E 61357 gk
177 8 957 W& 627 /W& 102° ImFE 3 57 ‘iz
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11429 K- 773897
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The abscissa in the figure represents euclidean distance
B1 MEFHQBEHBOLD)HBESWER
Fig. 1 Cluster analysis of wheat at germination and seedling stage
8 FHMEBHARMG LR
Table 8 Comparison of salt tolerance types of varieties at germination stage and seedling stage
A 3t it 5 A v ] 24 T
Period Salt tolerance type Intermediate type Sensitive type
RE 68. 44086 i f## 88, KF 198. & W 118, K 6135 EFF Wi Z . ili & K& 6359 . M 4 1212,
2 WK 182,48 B 8161 &M 17 . RE 99. HF 95 . HF 62, K% 5079. &% K& 619718 16. &
Germination 1206 .35 K 1508/ B 8012, 296 &2 102 IR 20 K4 251 6 3 5% % 66, W & 98, K &
stage K2 3897 44 I 8 5 B R 719 K E 5973 A 22 K FE 6789 14 29 1l gk 24,
6686 LM 161,38 % 22
A 8012 &AM 1206 LR WFFES B HE102.li4£17 FF 62 . KFE 6135, K 251, K% 507910
Hi 24 MG A% 88 UF A& A4 A& RE 68K 98,184 16,154 66K 95 K K29 M 1212, F &
Seedling 224 B 8161 .G A 086 15  182.9% K 1508 iz H 719 K F 6197 R & 99.Kk 296, ki 8 5., K #
stage BO161. 35 22 KFF 6686 F 198K 6359 . K 5973 14K 20 K4 6789, 3897 JEFT M

£ 118

T« ORI A Ay B R AR 2 A DT R 2 AR IR]

Note: Varieties with italic font represent the same salt tolerance type in the two stages.
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The circles in the figure represent the D value distribution of

different varieties in the two periods.
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Fig. 2 Correlation analysis of D value in wheat

germination stage and seedling stage
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