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Evaluation of Salinity Tolerance in Wheat( Triticum aestium )
Genotypes at Germination and Seedling Stages
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Abstract ; Soil salinization seriously impacts wheat ( Triticum aestivum L. ) production. Improving salinity toler-
ance is one of the main approaches responding to the problem. Salinity-tolerant germplasm resources provide a plant
material basis for the improvement of salinity tolerance in crops. The present research firstly selected the appropriate
salinity stress conditions for evaluating salinity tolerance at germination and seedling stages by screening a series of
NaCl concentrations. The results showed that 1. 2% NaCl solution and 0. 8% NaCl in soil were the optimal concen-
trations for germination and seedling stages separately. Under the selected NaCl stress conditions, some morphologi-
cal and physiological traits of 321 wheat genotypes were tested at the two stages. The salinity tolerance of the geno-
types were evaluated and classified by principal component analysis and cluster analysis. Total of 21 and 18 geno-
types with high salinity tolerance at germination and seedling stages were identified , which accounted for 6. 5% and
5. 6% of the tested genotypes,respectively. Two genotypes,Zhongzuo 60115 and Jimaiyihao,, were determined as the
high salinity tolerance at both germination and seedling stages.
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Table 1 Multiple comparison of germination rates of seven wheat genotypes under different NaCl concentrations

NaCl Bk 14 WA 47 T 175 k10 5 RUELL ThE Fik 12

(%) Lumail4 Jinmaid7 Zhongmail75 Hanxuan10 Chadianhong Zhongguochun Hanxuanl2
CK 93.3+6.7a 91.1+3.9a 96.7 £0. 0a 91.1 5. 1a 97.8 £8.0a 88.9+1.9a 97.8 £1.9a
0.6 96.7 £3.3a 94.4 £3.9a 90.0 £0. 0a 84.4 +£5. lab 93.3 £5.8a 55.6£5.1b 91.1x1.9a
0.8 87.8 £5. 1a 77.8 £1.9b 90.0 +£3.3a 82.2 +5. lab 92.2+7.7a 56.7 £10.0b 95.6 £3.9a
1.0 52.2£2.2b 63.3 £3.3¢ 80.0 +3.3b 76.7 £5.8b 51.1+1.9b 51.1+8.4b 74.4 £6.9b
1.2 47.8 £2.0b 40.0 +£3.3d 64.4 +2.0c 36.7 +3. 3¢ 32.2+5.1¢ 27.8 £5. 1¢ 46.7 £6.0c
1.4 13.3+6.7¢ 5.0 +3.0e 47.8 £1.0d 7.7 +5.1d 5.3+3.3d 13.3 +£3.3d 21.1+1.9d

Z W IWBERH Duncan % , ANRI/NE FHFRIRLE P <0. 05 KV T 25 3%

Multiple comparison using Duncan test, different lowercase letters mean significant difference at P <0. 05 level
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Fig.1 Salinity-tolerance identification of 20 wheat

genotypes at germination stage
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Fig. 2 Salinity-tolerance identification of 10 wheat genotypes at seedling stage
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Table 2 Indices comparison of wheat genotypes treated with 1. 2% NaCl solution at germination stage

KB Treatment 18 F% Index KHEZR(%)GR ZFK(em)SL MK (em)RL  HWERN  ZfEE (mg) SFW  HREFE (mg) RFW
XI i CK F K AE Max 100. 0 17.8 18.3 5.2 145.3 112.4
/M Min 49.3 1.1 8.8 3.0 76. 4 14.3
Il Average 90.0 14.3 13.9 3.9 102.8 30.6
LR RE(% ) CV 8.7 8.0 11.9 15.6 1.1 24.9
1.2% NaCl e RAH Max 94.2 7.7 5.0 6.4 46.5 44,0
H/IME Min 0.0 0.0 0.0 0.0 0.0 0.0
YIH Average 61.4 3.6 2.2 4.7 29.8 16.6
BRRE(% ) CV 31.1 39.1 32.5 16.6 23.9 29.9
Ab PR R 22 Y Average 28.6 10.7 ) 1.7 0.81 73.0 ) 14.0 ]
T-CK

T ACEIL AL FE, T Represents salinity stress , the same as below
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Table 3 Indices comparison of wheat genotypes treated with 0. 8 % NaCl at seedling stage

Aib B £zt 7N 250t (mg) BEH 25t K 220t Na* ZEn K/
Treatment Index (em)PH SDW (MPa) OP (% )SKC  HH(%)SNC  Na*SKN
XT R CK 5 KAH Max 26.5 155.9 -1.5 5.2 2.17 131.5
fe/IME Min 16. 4 78.3 -2.1 2.3 0.03 19.3
YI{E Average 20.9 112.3 -1.7 3.6 0.08 51.2
BRE(%)CV 8.8 11.7 5.6 30.9 32.00 32.9
0. 8% NaCl e KA Max 24.7 123.5 -3.1 4.2 8. 66 1
% /IME Min 13.3 67. 1 -5.4 1.8 1.56 2
Il Average 18.8 92.0 -4.7 2.9 4.75 .7
RZK(%)CV 9.2 11.1 10.7 12. 4 35.90 30.0
A5 %) B 22 (H I{H Average 2.1 20.3 3.0 0.7 4.671 50.5 |
T-CK
X/ INAZ ZE BRI 0T ER VR A8 AR AT A OC AT IG5 HAR R 2 B B0 5%

SR, SRR AR 2R S AR R A AR
568 L S I S ORRR OG5 AR X R 3 A S AR R AR e L
SRR 2 TE ARG AR 2R 5 AR AR g b S A 3
TUAF G 5 AR 2F i F 55 AR 6 3 2 R B d 3 A oG
5 HAFE AR A B IEAHDC (R 4) o THIA A A BE
= SAXTZEM K /Na* MG A B3, 5 AR e in
2 I S O 3 IR G ; AR 25 E S5 A X Na®

R4 1.2% NaCl BB T/MNESFHMEIEIRMIAEX R

*H?é s FA B B H S MR e AT 25 i E AR
K S REREFEMRE(ES) . RUIER
FEVRIBICARSCHE SN, 22 BB b 77— FR .
ARG, B 22T bR B R i R (5 B N E &

AREE /N M E . AT — 2 ]
T AT JE A bR e el R ST B 25 4R
P, AR A /N A2 it R4

Table 4 Correlation coefficients between salinity-tolerance indices at germination stage with 1. 2 % NaCl solution

b XS AR xR E R LRI RS AHXF AR K AR 58 LE FRRTHR AL AFXT 2 i
Index RGR RSIR RSL RRL RRSR RRN RSFW
AT 2 RSIR -0.826"

FART 24 RSL 0.671 -0.513*

AHXSHRAC RRL 0. 469 ** -0.214* 0. 506 **

FHXFARIE L RRSR -0.271* 0.494 ™ -0.531* 0.333*

AHXTHEL RRN 0.524 -0.157* 0.474 ™ 0.357* 0. 005

AHXT 2 H RSFW 0.433* -0.212* 0.381* 0.513* 0. 084 0.454*

AHXT AR & B RRFW 0. 697 ** —0.481* 0. 892 ** 0.530* -0.428* 0. 549 ** 0.484

FIRMEE (P <0.01)

™ Represent significance level at P <0. 01 ,the same as below

&5 0.8%NaCl 8 T/NEE AT EIEFRIEX RE

Table 5 Correlation coefficients between salinity-tolerance indices at seedling stage treated with 0. 8 % NaCl

izt ARk v ARXF 2R AAXE B AT A K i AR 250 Na* &4
Index RPH RSDW ROP RKC RNC
AHXFZE M5 RSDW 0.531*

FHXBEH ROP 0.205 ** 0.145™

AHXFZEN K * & RSKC 0.324* 0.295 ** 0.241™

AHXF 25 Na* & & RSNC 0.117" 0. 061 0. 080 -0.017

AHXF 250 K+ /Na* RSKN 0. 049 0.116* 0.013 0.323* -0.628

*FKREE (P <0.05)

* Represent significance level at P <0. 05
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Table 6 The eigenvalue and contribution rate of different principal components

F 4> Principal component

i H
Hem 2] Germination stage T Seedling stage

1 2 3 4 1 2 3 4
FRAE(E Eigenvalue 4.49 1.54 0. 66 0. 63 1.98 1.70 0.92 0. 69
FTHkE (% ) Contribution rate 56. 08 19.20 8.24 7.93 33.00 28. 32 15.37 11.43
Z3T5THR®R (% ) Cumulative contribution rate 56. 08 75.29 83.53 91. 50 33.00 61.33 76.70 88. 12

PR B B A 1) 2 4 X 8K, 7E 32
FIVE B, 45 AR AR R IE R LR 7, & &
LAy R S AR R R BRSO SR A 1 R
SRR A 2R MR ZE ORI A X 2R 20 2 B
Oy RAXTARE L, 2 3 L AR R R S 4
F7 NEFHME R HIERA S B

A3 TR A X AR ORT AR X AR K B IS 1 F A
SRR R AR 2R M 2R K AL R
2 TS AT ZE M Na* & & R AR X280k K*/
Na* %5 3 R ZAXT B ES, 5 4 E 2
XPZEm K,

Table 7 The feature vector of salinity-tolerance indices at germination and seedling stages of wheat genotypes

sy 47 Fatx FFAE [a] & Feature vector
Stage Index 1 2 3 4
ZEM] Germination stage AHXT & 2% RGR 0. 884 -0.078 -0.321 -0.237
AHXF R % # RSIR -0. 680 0. 439 0.528 0.174
AHXTZEK RSL 0. 889 -0. 161 0.221 0.294
AHXTHR K RRL 0. 605 0.614 -0.236 0.389
AHXSARIE L RRSR -0.379 0. 855 -0.262 -0. 064
FHXTAREL RRN 0. 630 0.342 0.418 -0. 486
AHX 2 . RSFW 0.910 -0.041 0.236 0.204
AHXT AR 6 B RRFW 0.597 0. 485 0.029 -0.119
Wil Seedling stage ARXT B RPH 0.710 0.375 -0.282 -0.166
AHXS 25T RSDW 0.709 0.280 -0. 404 -0.217
AHXS BB ROP 0. 420 0.252 0.795 -0.355
AXFZEM K * £+ RSKC 0.717 -0.008 0.216 0. 647
FHXT 251 Na* B 5 RSNC -0.193 0. 888 0.029 0.257
AHXFZEM K * /Na* RSKN 0.496 -0.792 0. 007 0.013

2.4 NEMEMESEEEN

FH 32 1873 73 M AR 18 0 oA S 28 e /N

W IR G e bR, AKX 1 RS LG
FEbR SR m R B ; i A X 2 HER G T bR i DTk
BRI AE, ZF 4 A 32 5053 A (E AR IR
0.572.0.233.0. 109 1 0. 086, 1y 1 ) A3 F {E AR IR S
0.375.0.321.0. 174 F10. 130; M A 3 58153
LEATEME D, R K-240ME 58 25 pe i A b B 1
[ E N =T N NG AT T G =V I I b &1 8
ZEA S AT £ O ARG A0 B R R 21 85,109,

74 .32, 5 Lk A BB 6.5% | 26.5% | 34.0% |
23. 1% H19. 9% , J& T =i iR h 2 110 502
5 R 21 A 2 5 T 9507 A1 4185 LA 66
B S B KIF 633 dbnt 8694 WS MESE
B3 23 WA HTEE 25 AR K 20074 VG4 688 K
K183 R 60115 445 169 Ff K 36 ; i 5 i
RGBT R B0 )0 18 51,111,104 37, i ik
WA KB 5.6% . 15.9% 34.6% .32.4% . 11.5% ,
J& T R i 3 04 B LS T 6172 BLHT 5099 | DU £T
ik W 68 P 20 B UE 294 B 5 i
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Fig. 3 Correlation of D values of salinity tolerance
between germination and seedling

stages in wheat genotypes

Table 8 Wheat genotypes with same salinity tolerance at germination and seedling stages

[EDE3I] R R R

Salinity tolerance Number Varieties

T HT 2 WE 5 hE60115

fif£h T 12 FE9 5 bk 25 F/51 5 Bk 105 HW 35 JHE 26 HEM FER GES S AFI13.F
123 K 86-% 2

rpifit MT 44 Drysdale At 5T 837 962 6001 K75 1 5 % R8043 HE 05-5092 53 11 1 136 fE45 6 5 3L 30,
WA 32 B 95 B AT WA S0 HE 54 FHAR 207 548 5 B 80 K107 UK 84-6786 3T
b 11 3Tk 20 T AE 85 %5 28 Il 5 5089 | Ifi 5 917 & 57 19 &3 8 5 ¥ FH 8628 . 4¢ K 81146 -
35 MERIZZ A 14 AR 17 AR 20 JRA 3 5 EE 6 5 A 296 Ak 19 5 18 Bk 416 5
& 834 iz 520410 i 618 KA 620 HE 9 5

% S 27 Jb 57 8686 HE 4589 HEHK 6050 1L 12 BB M 216 LLANM HEH 25 TFFF 13 .35/ 2 5 % K
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