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# E:UAAFTEAXERAEOUNME 6% NROSOS.RB6 Fu Bk 229) B F A MM FRAAELAGTERE M X
BIBFH G EEYR BPHEES, FLUBAPEURINS K S REHY W FREV.ERBAT AELY
WEXKHSATAERNAR RANRFERK FK AN ERENARTAL TR FIFERE L
FE2R, HMBETHAE6E 5 NRMOS S EXH T 229 5 RB6; M E 6 § 5 NR9405 By 8 K 14 5 1t %
(SOD) 7% # % M & % K 0 W A 7 7 % s RB6 1 Bk 229 % 0 ~ 150 mmol/L % % K T SOD B 7% # # %, T £ 200
mmol/LE KK ,SOD FH AR T, MFEAXNARIATAAEA I ABEREREREN L, £ 200
mmol/LH RB6 HEHF R EFH TATXEE, HA B AENAR, Y EANN N 2 R H W K2 XTH,
Na*/K* L # ko, /MR 6 § f2 NR94OS t Wt # £ 48 F B 229 4 RB6.
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e EZERMBRNE, BRESECIHARY LR
/% RB6 Pk 229 AR FH R MG HEKH BHH
L FER/NE NR9OS AI/NME6 5, AT H—
SHERARBERNZOF SR EER KR
HEHE, FHRL 4 FRRZEERE/DE IS,
HARFFTERRHELMOEZHTHHEEK,
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TR IR IR B B/ F 0 2 00 o e b R LR, A
PFEEARENZRESRERER, A/NEHE
BFRAREREFHERER,

1 MR5FH®%

1.1 #Rk#H
AFHAFEEBNERFME 6 S (hEIR),
NR9405( B %) ; RB6, B¢ 229 (% &), LA LS AFH N
TR AR KER BN EFRZ R FE—FIK
KFF,
1.2 RBHE
1.2.1 &8 HERDM-H,WHEEFEENHD
EMT,EAISRHNEHYEE0s, TEAWYE 2~
3MEJH01MFARREEE 7~8 min, BHXL
EAKMGE4~5H . REETXEKTER8~10h,
UMSIEFBENEAEFHE, HPMARRKREH
NaCl, & 5/~#h ¥k B /K ¥ :0(CK).50.100,150 #1
200 mmol/L, EHFHEE RICTFHEKXHE 20 min( X
HWATpHAZE 5.8), HERERYRESEMN, B
SHREMIESF IO, EMLEIKREE.,
1.2.2 #% &4 BHE 25 ~28C,HH 54
pmol/(m?+s) , Y6 A} 8] 12 h/d.
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BRUBKEKER,7 dSRENERE . F
K, GBI E SOD . HBHIEER Na* K &
BEET.

BEMFROUE - BK . FKAZERNE,
BEAFHBERK,

EER(Cr) REFHRB(G) MEHER(VI)H
HE,2REMEZS Kk,
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WRIDREFHL
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TR 105CRF,70CHT 24 h, FHTH,
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KEFER2h G, BABZRBEPESZE 100 ml, it
WE AXESAKE I EEAEF Na* K B
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2.1 BBHEMN4HBFIRABERBENEHHEKHEMN
2.1.1 EME I EZHHLEHFYw £UR
HEERE R BEYESTHRENHEEFES, hE1
HEAsREREAEERRKERLEEEY R
AR T, B E R W E A, T R E ok,
FEFR—RERELET ,/ME 6 57 NR9405 =Y &
BI% FBE 229 #1 RB6, LA RB6 B9 Y1 BB (K, A
GHENNMER AHEEB IR EEERELE
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Table 1  Effect of salt stress on the shoot biomass of different wheat genotypes{g/bottle)

S # Varieties

NaCl % B (mmol/L) NaCl concentration

CK(0)

50

100

150

200

/ME 6 & Xisoyan 6
NR9405
Bk 229 Shaan229

0.79+0.01aA
0.74£0.11aB
0.70+0.01aC
RB6 0.67 £0.01aC

0.75 £ 0.00bA
0.72£0.01bB
0.69+0.02bC
0.54 £0.04bD

0.68+0.03cA
0.6120.07¢B
0.55+0.34¢C
0.4910.27¢D

0.64 £0.03dA
0.53 £0.00dB
0.41 £0.02dC
0.37£0.07dD

0.60 £ 0.00eA
0.47+0.15¢B
0.26+0.03eC
0.24 £0.00eD

EDNEFRRIEKEAFALESRKENERBER KEFERRARLFGFE SR KPFHERBEHE
Note: The lowercase letters and capital letters show difference significance at 5% between varieties in column and treatments in horizon, respectively.

2.1.2 &nrdsthAHFLAFOES FHFFHE
FR-IBHEEMEBEAIR. —ERETH
FHEER RFERBRENBEIANMEFEEE
SOl R BE M R R B, KR TUE
H,ERBERGET AR RREERPMENELRY
ZIAAFBENME EELRENMMRERL R
FHREEHEBEHEFR TR, REEEB/NE
AR A AFE . 7E 0.50.100.150 mmol/L ;¥
EL4BET 4HERBPMENRFERLERTAK,200
mmol/L £ % BE B, /ME 6 B F1 NR9405 MW X S % 5
FRE229 I RB6. KERPRR MY & HEFEFER
B — AR 7 0~ 50 mmol/L EL YK E AT, 4 Ff 2
BREMENRFREMERKR, HEEEFERT 50
mmol/L B, /N B 6 5 il RB6 B9 & F 5 MY H Tk

229 1 NR9405 ; 24 £b % BF 14 2 200 mmol/L i RB6 &9
BHIBPORF TN EBEAR, 7E 200 mmol/L B, /b
B 65/ FRFREMBEIEEHRH.,

2.1.3 #&miast iAo ¥e HExtIE
PR BERFRYFRENE W BEERKERN
BR,EHERHRAL TROAE . FEIH(E3)
£ 8.50.100.150 F 200 mmol/L (WA T , /N FE
HRE BEMERHBEDNTR, R, &8H%K
BT MENBRKLEEENER, ZHNH S50
mmol/L > 100 mmol/L > 150 mmol/L > 200 mmol/L; 50
#1100 mmol/L 2R EMET MEMBBZ AEEE
EHEF,50 F 150 mmol/L Z A BEEBZEME
5,7 100 mmol/L HEEE T MERKE XL TF 150
mmol/L ¥k FE T B4R £¢,200 mmol/L E£R AT
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BEESE D> FH AR AR ;100 1 150 mmol/L  FIZFKZE 200 mmol/L 2R EME T AR B ENTF
ERELABETIAENTFKBARENER.AEE HELH RHAERERREMATHIELERRZ™
F/NTF 50 mmol/L ¥ FBE 4078, T 200 mmol/L 29  E MM,

BEABFKEERTHELE, FHRABEK B

%2 BRBEMNEEFE RFRYMFZTHEMNNHER
Table 2 Effect of salt stress on the germination percentage( Gr) , germination index( Gi) and vigor index { Vi) of different wheat genotypes

% b =] NaCl ¥ B¥ (mmol/L) NaCl concentration
Varicties ltems CK(0) 50 100 150 200
EHEE G (%) 100 + 0.00 96.67 + 0.06 93.33£0.06 90.00+0.00 76.67 £ 0.06
;J(\i::j REHE G 30.8 31.4 34.3 32.3 16.0
Bhr® Vi 4.0 23.6 23.3 20.7 9.6
REE 6r(%) 96.67 +0.06 90.00 +0.00 96.67 £0.06 93.33£0.06 66.67+0.06
NR9405 BEHEHE G 30.4 29.9 21.9 17.9 9.7
BhHRE V 2.8 21.5 13.4 9.5 4.6
R¥E (%) 100 £ 0.00 96.67 £0.06 86.67+0.06 90.00 + 0.00 43.330.06
Bk 229 Shaan229 RHEHY G 34.3 34.3 19.0 19.7 12.0
Bhs®m Vi 24.4 23.7 10.5 8.1 3.1
REE Gr(%) 93.33+0.06 86.67£0.06 90.00 £0.00 83.33+0.06 46.67 £0.06
RB6 RERK G 33.3 33.3 32.2 2.0 19.4
BEhEE v 25.3 18.0 15.8 8.9 4.7

£3 FRABRENNERK BMEATFKOER
Table 3 The effects of salt stress on the root length,
root numbers and sprout length of wheat genotypes

W E (mmol/L) R (em) R FK(em)

Salt concentration Root length Root numbers Sprout length
CK 15.76+0.37a  6.08:0.14a 7.00£0.23a
50 11.48£0.61b 4.70£0.17bc  4.4620.22b
100 8.18£0.50¢ 4.95+0.24b 3.6320.12¢
150 4.04+0.32d 4.29:0.27¢ 3.16+0.14¢
200 1.40£0.30e 3.400.27d 2.13x0.12d

HBEBEARAFERTEREE(P<0.05), HRAFRRRE
RABE(P>0.05), EEHH 3. T,

Note: There is significant difference by the different letters in each col-
umn at the significant level of 0.05% , vice versa. Three repetitions. The

same as below.

A TAREER  NEHRE BREREFH
BRER, FEMNMEHRERS):/ME6SHR
KEEXTHMBIANAMBHRK, MEML 342
(NR9405.P% 229 M RB6) Z M RAF EEM E R ;&b
B TF/ME 6 S/ NROMOS MRBZEBEEEER,
BE229 M RB6 MM ZEIMBEEEER METHE
HBRHEBEERFERE;RMATARAMAMER
BEEENER. UELEEEZH ABK BEME
K3INMEBRE,MECSHREHERERTH
fis 3 N EFH,

R4 BRBOAMFIRABKMMERK BRENFKNER
Table 4 Root length, root numbers and sprout length
of four wheat genotypes under salt stress

3 B (em) RE F(em)
Varieties Root length Root numbers sprout length
AMEE g i1.9a  5.15£0.27a  4.2040.52a
Xiaoyan 6
NR9405 7.78+1.34b  4.8820.33a  4.03:0.43a
BK 229 Shaan229 7.49+1.39b  4.40:0.27b  4.10+0.48a
RB6 7.86x1.51b  4.31£0.30b  3.9620.42a

2.2 #HBpiEx4HAEERENESHHE SoD EFY

:9f A o}

SOD R—FI EFEETHYERRNHRPEE,
CAUELEEaENRARN, REEORRS
MRS RNE - HEXE, EXEET,
MERE AN ERERL TS EEREMN,
UYL FERFRT , XHFFERBITHR, B
BE SHNEHEETESHEYER SOD HEX
£, URBHYNRYEE, KB 1TR,7ZE0-~
150 mmol/L #REX A ,BELER BN AR 4 HA
FEER/E SOD FHHWE EFAEE, HH M EE
0 ~ 150 mmol/L 2 ¥k BE BB T , 5 8 18] P4 7= A= i B R
B4k SOD MM A, BRAGEUAERBEMNE
EHMEBE, HEEKE B 200 mmol/L B, /ME
65 \NR9405 BN /NE S # H9 SOD IE ¥ £ 7,
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Bk 229 5 RB6 Ky SOD IFHHE SRR THRAY . B
L RB6 T M0 B B, , X 32 0 /132 % b Jo 380 938 1Y
HEAREN ANAFEERMER, Z£0-~15
mmol/L ¥& ¥ F 78 Bl A, SOD 1 kB 7 5 LUR B /b
FE X 5T BB R B BE 75 Xk oK BE Ak B 200
mmol/Li , /ME 6 5 \NR9405 {3 B & — 5& it ¢ , T Bx
229 5 RB6 A £h 4 ) 2 PR AR
60 - —@— /€6 Xiaoyan 6
~—6— NR9405

50 " —a— $%229 Shaan229
—A— RB6

40
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SOD activities

20 +

SOD#EE (U/(g = h))
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Fig.1 SOD activities of different wheat genotyes under salt stress
23 HEBEBEX4HTIRNEERN I EHEHERR

BRaRYHEW

HRERE-HEZNAIEZERBTYR,AF
FHEBRBFORKERS, B RAREBK, BEH
REEREH, B ILMELESER, HE2
TR ANDERHELMERGTHHEARSE
Exf B, HEERENARTT LR, EO
~150 mmol/L MW E XK B E B & B L7 P8, 4
WA E 200 mmol/L B, A M & B HHREKX
BEHMK, WHELRBET, EMNELIHRAREHN
MEERZ BT W8, AREYDELMETRE
K, ZRAHBEROWEE, 7 200 mmol/L £k ¥ & &t
RB6 EAM AR LFES, LHITE 200 mmol/L £
BT PEZHFENGE BRARRTRKEY
Na* B EIAARERNY S BREFH LG,
REHEROLERBAUBRBRTHEANEEFR
p
24 HMET4AMRAREER MY EREDS

Na* MK 'HRBRER
24,1 REFF N FKESEGELER NEIE
H4MAREER ESEB LMY Na* FRE
CK5 S0 mmol/L EERETXRAHR. BHEHEK
EOAE,NEEA N AR BHEZA R, E/ME

e
=

—&— /{65 Xiaoyan 6
—0— NR9405

—&— %229 Shaan 229
—A—RB6

o =4
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M2 #BEXNEHERERERNER
Fig.2 Effect of the free amino acid content on wheat under salt siress

655 NROM4OS XA DESH EABEET B,
TiBE 229 W E A D) 150 mmol/L 2L ¥ RS ,Na* &
BFBEAKEEAR,HIER 100 mmol/L W E R 2
5,85 200 mmol/L 32 EARE Na* SEHER
Ko RB6 7£ 50 ~ 150 mmol/L 3 4~k ¥R B X [H] , #k 3
Na* S BERAHE , BRI E LB 200 mmol/L B,
Na* & BEERMMED 2.49% ., 7E 200 mmol/L B
MNEKN Na* SR LLRB6 B H Bk 220 (K2, /ME 6
£ 1 NR9405 1%,

R AT ,NR9405 # E ¥4 K* S B E R, /D
{8 6 S ,RB6 fIPK 229 BiK, #Habra&HET,
MNEGHEAK TROTABEE N FEMAR,
PEELRENARBTRES, 7 50 ~ 200 mmol/L
4R EAE T ,NRY405S FI/ME 6 5 K* S B
HEERNESBOMAMNER. % 0~ 150 mmol/L
AETR2OF K ERTHRIBEEFRK, MEEEE
2| 200 mmol/L i} , 5 150 mmol/L #8 1 K* & B A1k
ZAKo. RB6 £ 0~ 100 mmol/L £ ¥k X 6] K* & &
BB, R E LT 150 mmol/L FF 14 K 8
T, 7 200 mmol/L R BB T A B BAK A
2.4.2 B EHRH Na*/K* BB EXBET,4HR
FIEER/NEH EE2 8 Na*/K* 7 50 mmol/L £
RELABETSNBELERAHE., BELEREN
FRE,Ne* /K HWERB AR, Yk E X3 150,
200 mmol/L Bf Na*/K* I E R FH BAK SH %
BE , HLBX 229 I RB6 # T NR9405 FI/ME 6 B, iHA
FEAR B 20 9 BE B 38 F BB & X K+ A9 0% it FI XF Na*
MOMHEERBENTEE. HYWELE Sk E
FXF Na* BRBBR B K Na* /K WRBREN A
X, E 4T LE Pk 229 1 RB6 I th = F
NR9405 FI/ME 6 &




®am

EMEEF - LEBFFGTAREER MEWEERAEBNH TR 103

350
[ /% 6 & Xiaoyan 6

S 280 F NR9405
{2

g %229 Shaan 229
H

8 210 F E rBé
22

z

=

£ 140

«

4

0.70

JUSETIIE U ([T

I/
I
NN

0.00
CK 50 100 150 200

R B (mmol/L)

Salt concentration

{0 /& 6 8 Xiaoyan 6
NR9405

$%229 Shaan 229

B RB6

0

K'& & K’ content(%)

IIHEIHI AN

RN

R

1
#5 ¥k E(mmol/L)

Salt concentration

w
N
=3

M3 #BaxMESHBER N K HRR
Fig.3 Effect of salt stress on the concentration of Na* and K* in the shoot of wheat
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Fig.4 Effect of salt stress on Na* /K* in shoot
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3 W #®

SOD RHEYEANFTERPBE, £HYRE
g, 2B HBEEE N, B KEELH
T ,4 FpEBER/NE SOD F ¥, 8 & X
Hhpg AE - ARAERS ., HZE 200 mmol/L
ok Bt /ME 6 B FIBR 229 FF4E £ A, W RBS FipK
229 SOD {EHE KB E K, TTEBRZEM K E RB6 0
Bk 220 EMERERE , ARKNBEYHBEEL . R
PEREZIER ERHEETEEFRNSIEF
HRATH L, WEEAEMN A NENERAR
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MEMEBRSHYMEUNXEESBAS

WO e R T B YA A R AR
AR THRBKAEF R AP OMEE, BRF

ANAHERBRRATRREAYZARTHER. M
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NAGBHERTFEHAKRBRN LA™Y, LER
FURERTHEEWHEYER AR, et e T &
NEBRREIE ., ZEBRE KX, RB6EHRKRES T
200 mmol/L B , A NI EREFBERTFHE I
B, ENa*SE®E . Na* /K" HE K, EYER/D,
W RBAMKETZELHERELE X, BEM
AR ARNEEREFTFH—-EHR,
FRBFAAAEFTERREMEAXETR
FEEBNENFFED SEERRFBEE
BEHEBAYRLE Na* K*FEM Na*/K* %, &R
R, RBO( &Y ) it EEtE AR XT 82 25, B 229(¥ )
w2, /ME 65 (4[] ) I NRO40S (B8 &) 8247, X
S5RBESHHRER K, HEAR/PEME
R AR IRB /PR, EERFARTSHENE
53 ,NR9405 FI/ME 6 SR KBEMBBER
W/NTFBE229 FIRB6, BB KB K, FENHE
Z.RAANEZERERERTEINENTERHA,
HRNGAH EBFEETRENHRS), HEAE
HAEFFBT B FREREHEMNEHMNAE S
#TBEBK, FRIERABNENEBERED,
A A HBHUAFIREEAHEEER ALE
MEERRESNE#GTHE P RARR.,
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Study on salt tolerance of different winter wheat genotypes and
their physiological mechanism under sterile condition

WANG Li-mei', LI Qing-song', ZHOU Chun-ju*, SHANG Hao-bo', WANG Lin-quan'
(1. College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China;
2. College of Life Sciences, Northwest A & F University, Yangling , Shaanxi 712100, China)

-1

Abstract: The seed vigor, seedling biomass, protective enzyme activity and compatible osmolytes as well as Na*
and K* content of four wheat genotypes seedling under salt stress were studied in vitro. The results indicated that the
seed germination and seedling growth were inhibited under the salt stress. The germination rate, single root length, bud
length and biomass decreased significantly as the increase of salt concentration, and there were significant differences a-
mong genotypes. The biomass of Xiaoyan 6 and NR9405 were significantly greater than Shaan229 and RB6 under salt
stress. SOD activity of Xiaoyan and NR9405 increased with the increase of salt concentration. SOD activity of RB6 and
Shaan229 increased under the salt concentration of 0 ~ 150 mmol/L; however, it decreased sharply under the 200
mmol/L salt concentration. As the increase of salt concentration, the free proline content in four different wheat geno-
types increased, and the accumulation in RB6 was significantly higher than others under the 200 mmol/L salt concentra-
tion. The Na* content and Na* /K" in wheat seedlings rose but K* content dropped owing to the increase of salt con-
centration. Overall, Xiaoyan6 and NR9405 were better than Shaan229 and RB6 in salt tolerance.

Key words: salt stress; wheat; SOD; MDA; free proline



