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Identification of salt-tolerant germplasm and analysis of its
physiological response during barley germination

SUN Jian"?, XU Xiaoyun®, MA Zengke'”, HE Jianjun'*, WANG Juncheng'?, YAO Lirong'?*,
LI Baochun'?®, MA Xiaole"*, SI Erjing"*, YANG Ke'*, WANG Huajun"*, MENG Yaxiong'**
(1. Gansu Provincial Key Lab of Aridland Crop Science/Gansu Provincial Key Lab of Crop Improvement &
Germplasm Enhancement, Lanzhou, Gansu 730070, China;

2. College of Agronomy, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
3.College of Life Sciences and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: In order to understand the salt tolerance and physiological response characteristics of barley germi-
nation, 126 barley subjects were treated with 200 mmol - L™' of NaCl to evaluate its effect on seed germination and
seedlings growth in hydroponic experiments on exireme salt tolerant materials and salt sensitive materials. The
results showed that the measured values of barley germination during salt stress decreased and the coefficient of vari-

ation increased compared with the control. The coefficient of variation of germination potential, germination rate,

plant height, root length and root number were 73.81% , 58.00%, 47.22% , 39.39% and 31.79%, respectively,
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indicating that the salt stress treatment of different materials was quite different; and there was no correlation be-
tween plant height and germination rate or root length. However, among other indicators, there was significant or
extremely significant positive correlation. Clustering analysis was used to classify the materials into four salt
tolerance categories, among which 33 varieties including ZDM655 were highly salt tolerant, 28 varieties including
MAVRIIP were moderately salt tolerant; 16 varieties including GN241 were moderately salt sensitive, and 49 varie-
ties including Putian 17 were salt sensitive. Under salt stress hydroponic conditions, barley mainly adapted to salt
stress by adjusting root surface area and root volume phenotypic characteristics. Highly salt-tolerant materials,
ZDM655, had Na® content in the shoots and roots of 3.63 and 2.55 times of the control, respectively, while the Na*
content in the shoots and roots of the salt-sensitive material ZDM222 was 8.95 and 2.92 times of the control, re-
spectively. Meanwhile, K" content in aboveground parts of ZDM655 was higher than that of the control and K* con-
tent in underground parts decreased, while K content in ZDM222 shoot significantly decreased while that in under-
ground portion was not significantly different compared with the control, indicating that highly salt tolerant material

had phenotypic characteristics and physiological response function of better adaptation to salt stress. The salt toler-

ance during seed germination is the key to growth in saline soil. Germination potential, germination rate, plant

height, root length, and root number can be used as reasonable indicators for salt tolerance evaluation of barley ger-

mination, and excellent for salted land excavation.

Keywords: barley; germination stage; salt tolerance; physiological response; identification evaluation
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Table 1  Germplasm materials
e ok e K e ok P LZR e
Code Material Code Material Code Material Code Material
ZDMO1-5 87 Hm 2 5 Ganpi No.2 142 MAV-97 189 ZDM6172
8 ZDMO1-6 94 GN241 143 7 45 Danqing No.4 191 FR 6 5 Supi No.6
11 ZDMO01-3 97 DM-13-00822 144 e 22291 194 7036Q029P
Heilong 22291
. Tanana £ 2
16 AF-05-19 98 08 3% 369 08 qin 369 146 . 196 MAVRIIP
Tanana xiong 2
17 00316-14 99 ZYM2306 147 12-D112 197 ZDM2297
18 P13-3 100 ZZNN62660 151 W4 4 % Zhuomai No.4 198 JRM 4 5 Supi No.4
23 P106 103 ZDM5512 152 1L46 200 ZDM5702
24 0333-21 105 12-7347 154 ZDM6470 201 ZDM5189
12-5223 1t 88
25 ZDM-01-4 107 PASADEMA 155 155993 hei 88 202 ZDM5512
. WL
26 ZDM-01-8 109 H 7 5 Ganpi No.7 157 08 293 08 jing 293 205 % ”"‘TT‘{j(i
Zhangai red barley
28 ZDM5199 113 H w15 Ganpi No.1 158 2 1211 Mei 1211 206 ZDM6931
29 ZDM5209 114 H 3 5 Ganpi No.3 161 ZDM5196 208 ZDM6113
2008 3% 1183 . .
31 £02730887 115 2008 qin 1183 162 08 51222 08 jing 222 211 ZDH50407
33 ZDM222 116 £1-11-18 Red-11-18 163 ZDM5187 212 7204-0021LW
35 F 4311 Mei 4311 117 HM 5 5 Ganpi No.5 164 ZDM5133 215 7693W
36 ZDM5175 118 0416-1 165 BYYMRA17 216 ZDM5740
y \ﬁ:{\
39 Z145V085W 120 ZDM101-1 166 2102 Mei 102 217 KA KA
Guangdong golden claw barley
SR 1S H & 0520 . N
_ e
40 Mengpimai No.1 121 Ganken 0520 167 ZP-2006 218 M4 02 Minmai 02
US QUTTIEPN: B 1116-1143
4 Baping short white barley| 122 Long 1116-1143 169 ZYM2268 219 ZD390404
43 M 45 Ganpi No.4 123 117-089 170 ZYM2198 220 08 57315 08 jing 315
B S AR
45 RRERL . 124 2008 3 326 2008 qin 326|| 171 DM-13-0085 223 P§-2915 Xi-2915
Black barley mutagenesis
46 71920005V 126 ZDMO01-2 172 BT U 21 Arndt 21 224 08 57334 08 jing 334
47 P002-2 128 B 6 5 Kenpi No.6 173 25| D-7 Meiyin D-7 228 ZDM5732
50 DM-13-0085 133 DZ 3£ 0148 DZ qin 0148 175 08 57 269 08 jing 269 229 ZL-56
51 2 341 Mei 341 134 ZDM6110 177 ZDM5142 231 12-P222
53 GN86 135 M 19 Qingpi 19 180 ZDM5174 232 3 1411 Mei 1411
55 ZDM5169 136 GN88 181 ZDM5145 234 DM-13-0071
MK AR
58 Medium and small 137 ZDM8744 183 ZDM369 235 ZDM5172
Xiong long black barley
60 GN236 138 3011 Mei 3011 184 ZDM5166 237 7145V00622
64 0835134 08 qin 134|| 139 #4175 Putian No.17| 185 ZDM655 238 ZDM5189
WRFFAE HRFE 95
p— . 57 S
63 HWEG6 %5 Ganpi No.6 141 Black barley mutagenesis 186 MZRIP2 240 Hubei barley No.9
70 GN63 188 DM-1300
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2.1 MFRFHMERELETE

21,1 #masRERFAAERFEHG G R R
B EREE T, KA R 2F A A MR8 A5 1 AR fL 7R A
)RR S ke T i b ek R A AR s L i 2
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0.97% , % HE5RAE 0~0.90% , FRE7E 0.24~5.67 em  MRK
7E0.15~3.62 em , HRELAE 1.07~2.89 4>, Hta] W, Az
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FIYETE

2.1.3 BIsARZ MARE MK SH  HE—EXTER G
UL R 2T AR i AT AT, A X RS AR, T
SRR oy 38 Ak PR X BE 2 (8] (9 Bl T R ZE KA
bR ARAECRIAR I T [ B i R aE S
Fh—FREXE e ZE 3 AE X e 288 RO i R AR A
FAREL, ISR AR Z [ A e, ik 5 W LR
AR Z TR A7 AR AN [R) R B 1 R DG M, AH X & 2
PCETHAXS A 25 2 AE X bR A AR RTAR B ) A
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Table 2 Changes of different indexes in germination period for different varieties under salt stress

e R % R/ % PR/ cm K/ em WA A~
.%‘fﬂ;{ﬁ Germination potential Germination rate Plant height Root length Root number
Eigenvalue

NaCl CK NaCl CK NaCl CK NaCl CK NaCl CK
FYIEL Average 0.42 0.79 0.50 0.95 3.96 12.09 1.98 4.49 3.68 8.28
brufE2E SD 0.31 0.26 0.29 0.22 1.87 1.62 0.78 0.95 1.17 2.34
e RKAEH Max. 0.97 1.00 0.90 1.00 8.95 20.88 3.62 8.07 6.35 10.71
fe/ME Min. 0.00 0.39 0.00 0.69 0.24 5.67 0.15 1.45 1.07 2.89
ARRBCV/%  73.81 32.91 58.00 23.16 47.22 13.40 39.39 21.16 31.79 28.26

R3 AEMREFRRFE LKFE KSERFEST

Table 3 Variance analysis of germination energy, germination rate and plant height of barley materials during germination period

o I R B
AL R A b Germination potential Germination rate Plant height
Variation source df
¥ MS F—{f F-value ¥ MS F—{f F-value ¥ Ms F—{§ F-value
i E] Varieties 125 0.113 2.329"* 0.088 2.316" " 20.883 1.946**
AbFRIE] Treatments 1 14.424 297.817" * 8.130 214.180 " * 6550.318 610.427 " *
%2 Error 125 0.048 0.038 10.731

e o TR EE (P<0.05) 5+ FatHRMEB I B3 (P<0.01) , FIH,

Note: * and * * indicate significance at P<0.05 and P<0.01 level, respectively, the same below.

R4 REMBBHERRK REFTE=HHF

Table 4  Variance analysis of root length and root number

FK(P<0.01) ; AH XSk e FHAR KL AR AR AR %o
SRR 225 IEAR G (P<0.01) o 2T I, T LAR
PSR bR AT VAR R M S bR

in germinating period of barley

ﬂ‘x\l;g;:é{)ﬁ i #EK Root length H%L Root number 21.4 ki*ﬁ*‘]’i %,}i}] ﬁﬁ'}iéﬁz/‘?\‘ﬁ"ﬁ]\ Z‘fxd‘ Ll
ariation df Sy F-{H b5y F-1H e . "y e
source MS F—value MS F-value Lkiﬁiﬂ:/ﬂﬁ ﬁﬂﬂ‘lﬂﬁiﬂﬁ—‘ri’{k ﬁ’fﬁ *nz: IEJ%E

\;;E;':ﬁtl‘l?ﬂ 125 6.011 1.385* * 9.564 2.840" * 1%2@7"59\%@%*}? E{J%Eﬂt Py ﬁ*ﬁ*”mﬁ@ @ﬁ
i ) R AR S R R b A

Treatments 1 796.231 183.446 2026.437 601.814 X‘T*E‘[{(%[M:Eﬁ 5 /I\TE‘T/?TJL%@J [O , 1 :I ,‘ﬂ B:I‘E—[JJ: , }i/%_

%% Error 125 4.340 3.367

BAEAR LKL BE I 73 30 353045 1t k46 A 1) I i



20 T F XA 5T

o537 &

RS AEEIREEXES

Table 5  Correlation analysis of different indexes

XA AT HAXF HAXF AAXT
P RER OHE R R

EiEta ; . . ) !
Ind Relative  Relative  Relative  Relative  Relative
naex germination germination  plant root root
potential rate height length number
AHX & 2F 3
Relative . . s .
e 1 0.646°° 0233°° 0305°* 0.632°"
germination
energy
AR & 2%
Relative 1 0.107  0216% 0.798"
germination
percentage
AHXS PR
Relative 1 0.008 0.243**
plant height
MR K
Relative 1 0.231" "
root length
IR
Relative 1
root number
> [16
BUH T LA RIH . R NE 1 iR, s

H Pearson A, ISR B 20 5 AR K
MR 53R 4 AT ER GO SR, Horp 260 1 A
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IV A R HUSRRL 49 17
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Comprehensive cluster analysis of salt tolerance

Fig. 1

of different barley varieties



5 6 1] PN A R S 2 S P I 4 S R FG A R 157 A 23 H 21

F6 NaClRAETAREMHAMXZHE, TE,. QKEMRE LB LR
Table 6 Comparison of fresh weight, dry weight, water content and root-shoot ratio of

different salt tolerant barley under the NaCl treatment

B/ (mg - R FE/ (mg - B

g R eSS Ak 7 . . B/ % R L/ %
. Fresh weight Dry weight .
Material type Treatment T 1 Water content Root-shoot ratio
/(mg * strain”" ) /(mg - strain”" )
ey it 45 4 NaCl 2.85+0.29b 0.45+0.065a 84.23+4.32a 72.33+4.86a
High salt-tolerant type CK 3.22+0.14a 0.43+0.032a 86.45+5.67a 56.82+3.21b
Eh AR NaCl 1.42+0.17b 0.30+0.051b 78.69+5.20b 60.39+4.12a
Salt sensitive type CK 3.19+0.22a 0.46+0.644a 85.44+3.91a 57.47+2.84a

T : [RISUAN )N SR 7R AN [ 70 Ab B ) 22 57 2.3 (P<0.05)

Note: Different lowercase letters in the same column indicate significant difference among salt treatments ( P<0.05).

50r1
30 a a
401 a a 25 + +
b [ +
g ?D 30+ c ?DZO r
28 53
wms K25
¥ E20f %5
(=9
10
10 b ;
- 5 -
0 : 0 :
ZDM655 ZDM?222 ZDM655 ZDM222
a
. ! . h
o o o
e b W
- N o
= Sl
=4
ZDM655 ZDM222 ZDM655 ZDM222

H NaCl O CK

T A TR AR 4 i S B+ AR 3 (SE) R, BB 3 IKE 2 (n=3) , 1] Duncan’ s IEGLTT 4% 1845 22 52
IV, W — R AR/ NE FRER IR 28 5 B35 (P<0.05) , T 1A,
Note: The values are presented as means * standard error (SE) ; n=3 for all groups. The bars represent the SE. Bars
with the same letter are not significantly different at P<0.05 according to Duncan’s multiple range test, the same below.
B2 B TEMEME(ZDM655) BB (ZDM222) X ZEFRFIEIRLE
Fig.2 Comparison of morphological indexes of highly salt tolerant barley (ZDM655) and
salt sensitive barley (ZDM222) under salt stress

ZDM222 7E NaCl ZbBE T 4 ik i R AR R
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NaCl 5557 i e @ 7 R Z Mk i Na* & 2, (A7

T ER AR ZDM655 H Na* & B T h U
FEE ZDM222 , ZDM655 L i3 J5 i b #8 Na* & & 2
XFHRAY 3.64 175, T ZDM222 #i F 35 Na® & & & xf 1R
) 8.95 %, L FHiE B I &5 T ZDM655 ; ZDM655 AR
Z P Na® &S IR 2.55 £, i ZDM222 i |35
Na™ & & J& X BB % 2,92 %, 4 hin i & 15 #F & F
ZDM655 , £hJira J5 = i £ A1 B ZDM655 X Na* [y
Wi i /b TG PR R T RE R b B4R A9 Na®
K

LB 5 v T PR AL ZDM655 Hb F R KT
50T RAR L S S 0 R = i (P<0.05) 1T
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Fig.3 Comparison of Na” and K* distribution between high salt tolerant ZDM655 and

salt sensitive ZDM222 under salt stress in barley
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