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Abstract ; Soil salinization seriously impacts wheat ( Triticum aestivum) production. Improving salinity tolerance is one of

the main biological approaches responding to the problem. The germination stage is also sensitive to salt, and the salt
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tolerance at the germination stage is very important for wheat planting in saline-alkali land. In order to explore the
feasibility of using physiological indexes of leaves to evaluate salt tolerance of wheat at germination stage, CM6005 and
its 73 sodium azide mutagenesis families were used as experimental materials. The contents of proline, soluble sugar,
total protein and soluble protein, as well as the activities of peroxidase (POD), catalase ( CAT) and superoxide
dismutase (SOD) in the leaves were measured under the conditions of ultra-pure water and 40% artificial sea water, and
principal component analysis and cluster analysis were used to evaluate the salt tolerance of the wheats. The results were
as follows: (1) Under 40% artificial sea water salt stress, the contents of proline and soluble sugar increased, while
those of total protein and soluble protein decreased. The activity of POD increased, however, the activities of CAT and
SOD decreased. (2) In principal component analysis, the first and the fourth principal components were two factors of
the response of salt-tolerant enzyme system, and the second and third principal components were the main two factors of
osmotic adjustment of salt tolerance in wheat leaves at the stage of germination. (3) In the evaluation of salt tolerance,
the salt-tolerant grade of CM6005 was 2( salt tolerance) , and that of the lines was 1 (high salt tolerance) , which were
SAM1, SAM49 and SAM59. All the above results indicate that the activities of POD, CAT and SOD as well as the
contents of proline and soluble sugar can be used as physiological indexes to evaluate the salt tolerance of wheat at

germination stage. These results can be used as a reference for the evaluation of salt tolerance in wheat based on

42 %

physiological indexes of leaves at the germination stage.
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Table 1  Physiological indexes comparison of the wheat population from CM6005 induced by sodium azide
treated with artificial sea water at germination stage
N S M [RY N . - Ny P 7
_ WaEm ke BEH A aaam Sl
EE| Proli Solubl HH T . B Ab
roline Soluble sugar . otal protein POD CAT
Item (ng- L) ( g Soluble protein ( Cml) (U- L") (U~ mL") SOD
ng mg g (mg - mL") mg *+ m m (U-1")
Xif R e KAE Max 2 193.97 1.54 24.25 67.46 19.57 14.69 3943.12
CK
#iz/ME Min 994.60 0.94 17.06 48.56 8.60 8.39 1 548.57
YJ{H Average 1 600.90 1.25 20.73 58.96 14.15 11.73 2 844.49
FrifE2E SD 356.14 0.18 2.10 55.90 3.24 1.95 760.40
ASSEREL CV (%) 22.25 14.70 10.14 9.48 22.90 16.61 26.73
AhEET e KAA Max 3 433.80 2.18 14.12 47.02 30.75 11.09 3944.72
fz/IME Min 2 244.55 1.55 7.70 30.70 19.68 5.70 1 585.69
YI{H Average 2 804.34 1.84 11.13 39.02 25.81 8.39 2 763.92
Frifi 2z SD 345.19 0.19 1.71 50.29 3.55 1.53 671.30
ARRECY (%) 12.31 10.21 15.37 12.89 13.75 18.29 24.29
SEFRE X HE2EMH T-CK - 1203.44 7 0.59 1 9.60 | 19.94 | 11.66 1 3.34 80.57 |
AR L8 ¥ Range (%) 75.17 47.20 46.31 33.82 82.40 28.47 2.83

. CK. XFHE; T. 481 Max. S K{H; Min. fi/ME; SD. ARl CV. B REL
Note; CK. Control; T. Treatment; Max. Maximum; Min. Minimum; SD. Standard deviation; CV. Coefficient of variation.
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Table 2 Correlation coefficients between the traits of the wheat population from CM6005 induced by

sodium azide treated with artificial sea water at germination stage

w3t IRt AR T b A S A
?bﬁ*‘ Hrﬁ/ﬁ@ﬁ IJ] {g‘ﬁtﬁ EE *HX‘J}E\ﬁE *Hx‘jﬁ%ﬂ.{h% {JC%‘?LW@ *ﬁ%]ﬁ%k'fh%
IEld Relati " Relative Relative Relative total Relative Relati 15 Ak g
ndex © T.lve soluble soluble protein POD EZV}VE Relative SOD
protine sugar protein
AT I 2R 1
Relative proline
AR A A 0.069 6 1
Relative soluble sugar
AR TSR -0.041 1 -0.051 1 1
Relative soluble protein
XS -0.242 5 % 0.034 0 -0.014 8 1
Relative total protein
AR 5 S A ) -0.081 4 -0.049 7 -0.050 0 0.049 3 1
Relative POD
AR I A A S 0.190 6 -0.058 6 -0.164 2 -0.183 9 -0.085 3 1
Relative CAT
AR i 4R 0 05 A Tl -0.014 7 -0.060 9 -0.117 1 0.0159 -0.051 8 0.438 9 s 1

Relative SOD

T * FREBEEF(P<0.05); == R EBEEF(P<0.01), FHE,

Note: * represents significant differences (P<0.05); *#* represents extremely significant differences (P<0.01). The same below.
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Table 3 Partial correlation coefficients between the traits of the wheat population from CM6005 induced

by sodium azide treated with artificial sea water at germination stage

tit i ML MR R e
b fo 57 i - - o
;fafﬂ? E{H‘]ﬁ@l Relative Relative Relative R#?ﬁf@ g{k‘ﬁm ﬁilﬂiﬁﬁ
ndex © Gll.lve soluble soluble total ;SL})VC E:,}ve gSLl)ve
profine sugar protein protein
AR I 21 R 1
Relative proline
AT BT 5 P 0.081 3 1
Relative soluble sugar
AHXT TR -0.023 7 -0.064 4 1
Relative soluble protein
X B A -0.207 2 0.219 1 -0.041 0 1
Relative total protein
AR 3T S Ak P ity -0.059 7 -0.0559 -0.069 7 0.022 1 1
Relative POD
AR b A Ak S 0.171 7 -0.054 2 -0.1322 -0.168 2 -0.059 5 1
Relative CAT
A Ak B A i -0.089 8 -0.038 9 -0.052 3 0.087 7 -0.030 9 0.440 8 = 1

Relative SOD

GEmN R 2 AR B 5N E S A m B AR 2.4 ATiEKBMETIEE 6005 B RLNIFLEE
MR G OC, ERAWB/NZ W A R R BT WA MRS TM

R, T 2 M3 EERI /N ZF M it FHZE RO 0 AT AR A 9 A B2 32 By 1 1A
B ER TR 2 AT TAF AR g M /N A 2 i R A B A £R A 4R
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Table 4  Eigenvalue and contribution rate of different

principal components

WH F 43 Principal component

Item
1 2 3 4

ERRREN 1.627 5 1.239 1 1.063 7 1.0156
Eigenvalue

Tk 23.2498 177012 15.1953  14.509 0
Contribution

rate (%)
ZURTTHAE  23.2498  40.9510 56.1463  70.6553

Accumulative
contribution

rate (%)

RS ERSOSTPHNBLERE

Table 5 Feature vector of the principal component analysis

-4 2 H=
. FAiE ) i Feature vector
(L7
Index

1 2 3 4
AHXT I 2 R 0.3376 -0.6206 0.1076 -0.1869
Relative proline
AF ] 5 P -0.0690 -0.2627 0.8153  0.1867
Relative soluble sugar
MXFAI R -0.3329  -0.2884 -0.4559  0.390 3
Relative soluble protein
X EEA -0.408 9 0.3824 0.270 8 0.280 6
Relative total protein
AR A LB 02229 0.2804 -0.0238 -0.818 2
Relative POD
AT 3T S Ak St 0.8284  0.1555 -0.0505  0.024 6
Relative CAT
X B ALY B ALEG  0.6460  0.4097 -0.0443  0.2115

Relative SOD

B, THIALAS B 01 45 25 6 48 b 19 SR eR B0 A
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EZRZ Ty vk B b et A T 6 P 43 A o T
R RS RS NIRRT .
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T AR Y L NE TS AT ER GO R
BIBUR IR A 3.17.22.22 .10, 430 51 15 L 41 kL i1
4.05% .22.97% .29.73% .29.73% .13.51%, 3£ T
ANFZZERA I B A B bR A T R 1 A 2 S 2R
TP T A £ (1 2 2 ) /N R
20 >, 2.5 P A R ) 13

3 it
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N 2R e s 9 R BV 2 AR B A A O, R,
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Z A IR bR i LR AE ] (R B4, 2014)
M, A S ERTHE A TG K 3R i BN i A
A BRFEBR A A8 Ak DL K A BREE A5 0 /N 22 28 300 it 6
Y EPEN By A, T HL, /N 22 2R A R 1 4 ]
TR ] Y X R 3 B (R AT %6, AT T
KA /INZZ SRl (R ) T ER M) 2504 A BTN
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RN I R i Py 7 R S A IR i
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IKERIA T, /N2 ZE I R v i i 2 e AT i
O B 4 L BE | AR PR D IR 3 I R 4 S 4 4
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—H(#F45,2010)

AR P 1 e 8 A Tl 30 o 8 P Y v 3k
J7 B A H AR (P05 FEE AE ) 1998)
CAT ,POD F1 SOD WA, 3 [m] 4t 47 3 M A
A, 5y A WS R, AE R % R, SOD | CAT,
POD S5 I PEBEAR (85 45,2017 ) , ABFFE T, 78
N THg/KER AT POD IR 58 1l CAT F1 SOD
TEPEREAR, 13X 0T RE 2 B A /N 22 I 46 A U 32
Z AR 2 AL [ 52 ) 9 5 2 ki Mtk i ELUAR [R] )N
22 it P 1 i 8 ALt AN A [R] AT A A [R] 3at
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Table 6  Identification of salt tolerance of CM6005 and its population induced by sodium azide at the germination stage
R D fH S BB D fH S BB D {H AR
Material D value Grade Material D value Grade Material D value Grade
SAM1 0.703 6 1 SAM23 0.460 3 3 SAM28 0.384 8 4
SAM49 0.723 3 1 SAM29 0.494 2 3 SAM34 0.440 7 4
SAMS59 0.687 3 1 SAM30 0.549 8 3 SAM40 0.419 0 4
CM6005 0.603 7 2 SAM33 0.514 7 3 SAM42 0.401 9 4
SAM2 0.559 6 2 SAM38 0.526 4 3 SAM43 0.427 8 4
SAM6 0.600 4 2 SAM41 0.471 5 3 SAM47 0.378 8 4
SAM9 0.600 2 2 SAM44 0.518 7 3 SAMS51 0.406 5 4
SAM14 0.566 9 2 SAM48 0.507 2 3 SAM62 0.395 4 4
SAM20 0.618 1 2 SAMS50 0.528 3 3 SAM63 0.383 7 4
SAM22 0.574 4 2 SAMS53 0.479 4 3 SAM67 0.410 2 4
SAM26 0.614 0 2 SAMS55 0.527 7 3 SAM69 0.412 9 4
SAM35 0.647 8 2 SAMS56 0.472 6 3 SAM72 0.385 8 4
SAM36 0.604 9 2 SAM65 0.486 5 3 SAM74 0.3952 4
SAM39 0.611 4 2 SAM66 0.496 4 3 SAM75 0.442 4 4
SAM54 0.556 9 2 SAM68 0.549 8 3 SAM3 0.351 4 5
SAM57 0.6155 2 SAM70 0.497 3 3 SAM7 0.336 1 5
SAMS58 0.605 0 2 SAM76 0.532 8 3 SAM13 0.305 6 5
SAM61 0.618 7 2 SAM4 0.368 6 4 SAM25 0.325 1 5
SAM64 0.597 8 2 SAM12 0.398 1 4 SAM27 0.334 3 5
SAM73 0.590 8 2 SAM16 0.391 8 4 SAM37 0.314 3 5
SAMS5 0.496 8 3 SAM17 0.436 0 4 SAM45 0.353 4 5
SAM8 0.506 7 3 SAM18 0.411 8 4 SAM46 0.340 2 5
SAM10 0.529 2 3 SAM19 0.423 7 4 SAM60 0.293 7 5
SAMI11 0.480 4 3 SAM21 0.447 2 4 SAM71 0.3219 5
SAM15 0.478 9 3 SAM24 0.430 7 4

x7 EFNEFHM R EBEROTEETN
Table 7 Evaluation of salt tolerance in the wheat
population based on physiological indexes of leaves
at the germination stage
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