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Combined effect of water stress and pathogen infection on wheat physiology
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Abstract: Relative water content (RWC) , operation and development of alternative pathway, the changes in active oxygen species
(AOS) and activities of antioxidant enzymes, and the role of alternative pathway participating in the protection mechanism against
environment stress were studied and discussed in wheat seedlings leaves under combined intimidation of water stress and pathogen
infection. Experiments showed that the disease-resistant cultivars had more powerful ability to regulate moisture content than the
disease-susceptible cultivars under combined intimidation of water stress and pathogen infection. The effects of stripe rust on
cyanide-resistant respiration were very larger than that of water stress. The decrease in cyanide-resistant respiration caused by
water stress couldn’t counteract the increasing cyanide-resistant respiration aroused by stripe rust infecting. Combined intimidation
resulted in AOS accumulation, and cyanide-resistant respiration and the activities of antioxidant enzymes presented upon the
completion of lowing AOS production, to some extent. It was proposed that cyanide-resistant respiration participates in the anti-
oxidation mechanisms and regulate the ambivalence and balance of requirement of the energy and substance for combined
intimidation conditions .
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REBLSTEANEMYEARTEFETBINEYSELEYHNIIIAME, FERERE/NE
BIEMREERXRENEEEEEAIMENEE" . HEAYSEEAYHERE A THEY AR
REFFEIHHOARN FERELREFHRFEENE L,

BE,EHEARRBEFERE T2 KR BEGE) T, AYFTEHMAHEY (NKEEE)S ATP
BN DR SEERTHXNENEREEEBNTRY,, AN, TRESREREBRRHLFSHYALEY
AMRER"Y TBRENESHELSREYEEY , H3 RHARBF LT (PCD)' , FFLL, T 5% 2 Y
TR ERZAHXN YR SERMTR, RS RERARELRGRENMIEENERARNE,

FE YRR R E IR 55 B — 4591 WUFE 2 & 42 (cyanide-resistant pathway ) BR R 3¢ # 1% 42 (alternative pathway,
AP EABSHEY AW BX BEREAGYFHEEEY , EHEEHTURESHEFRENKF L
ML REERR TSR ERRBTAT LA /e 65T HFEIR 78 7K 53 B30 %7 359 3% fn , B &
BEMERK XERITH', FREEESI KRS A0X1a Fl AOX1b mRNA WEEM K™, BR, PLE R R &S
BB TRREE —<EWAaft,

Zagdaaska " AN, K Bk St B IRE A RS 5 B T 5 B0 hn, T A R B R R O R R
£ ; Mackenziea 1 Mclntosh 1A 5" , X R ZMETH URIELEEME TARN THREENEE, KEER
WAL, XERR KT REKE M T E BRI B8 B L5 , 1B M 40 f 33 B B R F R MR TR L, 51
FEIR SN ERFFE— KT, L IR RNETATRAEMEE ERETHYAESE TR SER
BAT  ATEA LV MR A B —ETRILEAE R (U0 SOD, CAT %) —HEBERELHE , 4%
HYEHNESHEFETERRAZ AN ETE " TR AEAPREEYRZARAEFHEEEEY
HEAG,

KEMARRAFEHEASHRFIRXRED, BHEFEIERESH FIBERNEALEHERPIEHEY
BOE BB ERG (R ERENKI O EERFS, AR THEREFESRY *  RWERLET,
EHERRRHEYTRREMBERBES -, B THEATERERS S THRARRBBEIS™ , 5
DEEUMENT XERBMETKEESHEHEMRBE K EEEHE:. — T EEHEMRETRE — 0
BER,A—FE, AR REKESEEN L, EZRFEENELE. UK RERYEE &
ETHHXHRAMNAEANTFHREBEEEASHRTRYSTRESAVILE , W EXT T #2558 E T s
ENEATRBEVACLURENERERUHREET -ENSEME,

KETHERTFREGESHEZEANEBLHHAELABRTEA MEATRSEERNEAABRERENERL
BXREBRPLBRFEHENEYL TAYSEEAYHEESHETH LRFRBFESRNETR SEHE
ZEHREREURUEFRITEYORFPEREMAT, R, AMMIxtEfHpazEm, REREYSEE
PRRZASBERINMHEZRNZELP KT, e KSR LR MM RNEE, EX A —
B EFREEARNE=RERS SHANRSKE, B, ZTHAMRLVEFAREERE
BB,

1 #ESHE
1.1 HEYHEER TR SARE

L3R /N ZE ( Triticum aestivum L. ) 5 Fh 8 70 24,45 %% 169,98SN146 1S 18, E 70 24 FI4E % 169 Jy/hE
285 B ( Puccinia striiformis West) 5 /B F (3-4 &) ;2T 18 #1 98SN146 g /N3 245 B ( Puccinia striiformis West)
Fimam (12 B), H o ,985N146 5450 169 WK G, € 24 52T 18 B GH, MNEXEE
( Puccinia striiformis West) B #2531 S4B/ (CY-31), U EMRH I HBER LB 2HITBREM,

NERTE1%2KEARNEE, BXKPE, ZEBIK 12b 5, F 26 CEREFREFHA 24h, B EH -
MR TFRHABRSENAREDES, F(26+ 1) CEREFAIEFR, SXEE 12h, 5658 100 umol/(m’s), FLH &
B 74 @B, BETRP A AL,
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6 M ABXE F.TESEBERESHEXNNEMNERER 1965

FA4%GHERTOHMBHEHER T XBN/NETR, 2B EMGARK 0.4.8.12.16d W/DELEH NG K
BRP/MLEE, SRR, BT EEKS, BA —0.5M Pa PEG6000 2 18 /K ¥ ¥ *#™ 43 B 4£3% Oh, 12h,24h,
PAK BRI RIS AR, SRS Mha A EE NN E ERREFMEREGTAR,

1.2 HAMNE/KE(RWC)H U E

M H AR &K B (RWC) B M E RS AP B BT E . RWC (MR8 E T E kbt bl
#-TH)

1.3 HAFRSHH 0 E

ANEM B YIS 3mm K6 B, F Clark B A AR I @ JE0P R FEE R R, KM A N 20mmol/L (pH 6.8)
I BERR AP 2 PP, R W% 5 35 60 T 5B F03HB#% Bingham 45 Farrar™ #9075 850 TG (T MR 0% 410 &1 30 661 00 48 55 R 1% 5
#(V,),FB N A KCN #1 SHAM W8 F# R FR(V,,) , (NIMA KC(NNHBRREEBE V. AXEREER
(V) V, BE{UMA SHAM B} B R IE M S F R R LFRE (V) o FIBMFREEY L 0, nmol/(gFW-h)
HBMNFRR, BRI 6 KA LT EFHHE,

1.4 HEHEFALEALIHTE

HABEAAE FAOREMNPERAEZER, B/ £ 0k, SRS HBENTENTTEK
Mukherhuri F1 Choudhuri"™ B9 75 35 . 458K 6 W A Ll F 14,

1.5 HiELREE T E

B AL AL RS (SOD) I% 1 B9 I 5 : #% Dhindsa™ 5 Bt o i3 AL ERE(CAT) IE MMM E 3 B WA b
o SR YE(POX) B 5 : 3% Bergmeyer™ (I B, B & BIIE #% B Bradford % LB I G250 3,
SR 06 A LW EFHHE,

2 4%
2.1 FBEREBPAAK S MEXT/NESEH A S KE (RWC) K& R

BAEL EYEEZMAERIETHYSKEN TR, EHREMHFH P, TiEREMMKSHESHKER
Ry, R X B RS Y AT KA 8, PUR R R AR Sk B TR, R R R kB T R,
R, EAGL R R, £ LRNBERGT IARTUR MM EREH KL, LERNBRRBMHER
HHUIR MR AN E  ERME KM SRRERE T, U R EFH GO T KO MHE T, ZERREE R ®
MR AR MMHAEN S KERZAEMMHTRER, SALREYSKEEAYEERZFHEES
BAG, MEMKIBELNOENTRERIRSHEVNHE FRILRBL
2.2 KA HERERGEIRE Y xd/INE g i H SR O R g B v

WA 2, BRI RN 8d BRI LT, E AR MEAEME T LAY Him &R
BRI O T R B S R R A B8 s F  BREE R 16d S5 HUAR 5 B A PR SR BE K 40 B 38 T BRI , 75 L AR A B, K
SEYI BT M EYUR AR ERN EH,

R g R dn o, RS L B SRR R B R E TR /N T AR SR, K & Ma Xt R R & R g
ERNERERALTERMHAR  ZRNRSIMEREERNRK/NES, BIE L, KO0 ERHEHEN
2T I8MRERNABIERGBEN SR EH 98SN146 AR .

2.3 KAMEAMEZFBRBRM/PNEHEHHRBELRRERNEW

Bl e, B M ETE 24 4R 169 9 V, ERRM LA E8,8d /5 R EF, 16d BF 43 3 K Xt R &Y
417531265 FURANEH V, ERPE T FREK 5 16d & 98SN146 5&T 18 19 V,, 4 B h 3 B89 13.9
BE 11215, EEKMMEREETEMN 12d GRBRSFHN V, RBPHRBSM V EEESKSMET
MRS E (B 3),

Rl i b, MG ABENER 1600 V, AXTRPHENET 2: B SR, RBRHMNE 16
RAGLF I 98SN146 1V, HE TRIBMHEN ST 18, KA E KN, HESHFN V, EE FRVEAHER
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Fio VulV, 5V HEABHESRHL(E4),

—u— Oh /K43 )38 Water stress for 0 h

—A— 24 h /K48 Water stress for 24 h

—e— 12h /K 4} Hri Water stress for 12h —o— % Control
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4 18] Time after inoculation (d) B %01 Time after inoculation (d)
EH1 RERBIAKYEE/NES T R HTEKR(RWC) K% ¥
Fig.1 Effects of water stress on relative water content { RWC) of wheat seedling leaves infected with stripe rust
(a) BT 24 dingxi 24, (b)4& B 169 mingxian 169, (c)%: T 18 huining 18, (d)98SN146
—m— 0h K4} i Water stress for 0 h —A— 24 h K5} 338 Water stress for 24 h
—e— 12h K43 fHfl Water stress for 12h  —o— 48 Control
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B R0y E Time aﬁer inoculation (d)

B %1 Time after inoculation (d)

B2 FERRPRAKDHEI/ELDE A SRR RN

Fig.2 Effects of water stress on total respiration

rate of wheat seedling leaves infected with stripe rust
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3 0oh K4Hfl Water stress forOh 7 24h K5 A Water stress for 24h
12h 7K 43 BHiE Water stress for 12h @ % Control
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l
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7. & 7 - 0 L ,f’u’f XA
2 0 4 6 8 10 12 14 16 18 2 0 2 4 6 8 10 12 14 16 18
R Y81 [H Time after inoculation (d) R %Rt Time after inoculation (d)

B3 RERERAKSMENAEHETAXERERENHE W

Fig.3 Effects of water stress on V,, of wheat seedling leaves infected with stripe rust

—o— Oh /K4 B8 Water stress for Oh —eo— 24h K5 BrifL Water stress for 24h
—m— 12h 7K 4+ HHA Water stress for 12h —a— A B Control
06 , 06~
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0 J— -/.
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X ® Ny | %D%ﬁ\ P
3 02f 125%574;\51/“ 302 s a
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H 06~ . i 06 - 4
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2445} [ Time after inoculation (d) {23546 [ Time after inoculation (d)

B4 KRERBRRMAKSBESDEGES RVl v, WER

Fig.4 Effects of water stress on V,,/V, of wheat seedling leaves infected with stripe rust

2.4 KOBHARMEZBHRREXNDESNET A XBERELRETREMNETRAENER
RERBREFRBNFEHABRER SMENT ANME T XERRNLRETENETRAE. WA S,
TE4F/ANEP RERR KSHHE, URE SR BN X ERBRXRETRENELSHXXERRER
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R 2:# M Time after inoculation (d)
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Fig.5 Effects of water stress on pV,;, of wheat seedling leaves infected with stripe rust

BME, BRRHORERRETRBER RN LA, % 8d F LAAFIRE. R/ MEXERT
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Fig.6 Effects of water stress on p of wheat seedling leaves infected with stripe rust

2.5 KAMEMEFRBRET DEHEM K 0; M H0, =43 2%
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H7RB% -BHE,BE/IEO SRERBTEAERFER KV KR/ PNEEMNE O, SBBHF LI,
2T 1I8EF 12d EE XTI K%, BEJ5H T FHE;98SN146 2B Bk, XMEMEN/NEFTKIEEH
8,0, SBYFEAN LT, BEL BEHETERBRN/NDENFEKGME O, SRENMEE BN /PE
0, SEMMAMEMEL,

3 5t# Control w2 12h 7K 538 Water stress for 12h
0h /K 4 B3l Water stress for Oh ENE 24h K58 Water stress for 24 h
30 - 30

BERR TR
(=4 (v}

Generating rate of O, (nmol/(gFW-min))

BT R E
Generating rate of O; (nmol/(gFW-min))

N N\
AN
N \\
I&lﬁ Ixﬁ: I%

-b\"-
; i
0 N 2 ; ) 0 ’ B
-2 0 2 4 6 8 10 12 14 16 18 2 0 2 4 6 8 10 12 14 16 18
R Y8t 18] Time after inoculation (d) BB} A Time after inoculation (d)

H7 RERBRAKIHENDNEGER K 0, SREBH

Fig.7 Effect of water stress on O; content of wheat seedling leaves infected with stripe rust

E S, EME HEREBNER,BR/NE HLO, SRFEAR FIHEM 16d /5, 7 24 L 169 4 51K
MERE1.8MFE2.7/fF. MAEDEN HO, SEMERBENARRAVUBHNETH, REMNELTREKS
raE, O, ER¥EFE-HE LA, BEMEN/NEEKSBET Lo, SEFFAABEN LA, BEFBY 16d
B, FL R SRR 7E 24h BOK A T, 82 12h B9k 8, H,0, S B XFF B TR,

2.6 KAMHERMEZBRERT/NEGEMN FIEARPEEEHEL

Wl 9, B e BA/NE SOD BHEKX FHMmMA, KA ESHERE L5 R TEMNE/NE SOD FH EFH,
BEMEATRE/NE SOD EHRTFHEMF. XEMEH/NEH#HTKIES G, R BN /NERF S soD
EHEAFRBENEFA  ERHER d B MFH SOD FHEKSES B THRA LH ,{(BER 124 5# SOD
EHEKGBETREFAERERTEBS,

BR/NEEMES 4 X CAT B X FIGMHE, S Z 8 TR, BX TR E QTR S (8 10), x4
M EFEREREBEEANBRRAT R 169 B9 CAT F# A, MEK MBS N/INES, KSE S
T CATEHANBRIAE THREE,

PiR/ME POX EH TS BRR/NELL EEMHEE 8 RIT A ME, EUGHKRBEDZEH TR, (BR

W/NE POX MM AR THRAF (B 1), K4ESMEERRSHE LIBRTEME/NE POX FEHK
—FF%O

3 Wit
TR REBRIKSBERER THYAS K BE; KIBE TSN /NEY KKy 8%HE
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Fig.9 Effects of water stress on SOD activities of wheat seedling leaves infected with stripe rust
BMBR/DELRREKDSIE RERE, CREZGHE T HRENARKER KD BEL, RAL TER

BTREEE, TR, KARERRERRAKSHEXATEERNEMRIR, HESHRDESHNRZIAH
KK M PA#ERE 1 o Rizhsky BRI, FTRAUSI B EHMRMAEEHRE . Xiong™ FikN, MYEFRF


http://www.cqvip.com

D 0 00 http://www.cqvip.com|

1971

ARE % TRSFGRESHEN NENEBEREW

6 M

ARMMINNNNNRINNNNY «
ANNNRINNNINNNINRNNNNNRNY

RN &
Ry <

8 10 12 14 16 18

W 12h K >Rl Water stress for 12h
NN 24h 7K 7B IE Water stress for 24 h

AN
AUENERNTTINENRINENRRNRNNNY

EZ2 0h 7K 4338 Water stress for 0 h

) Xt/& Control

w O v o <
<t

- -

(urajoxd-3uyn) IVD HARBHRR

AN //V/
ANNNNNNNN

ANNNANNNNNNY

,///// / A
AN

30
25
20 +

AR

16 18

10 214

N «

Y @

nw o n o

— -

(umoxd-3w/n) IVO FEUMNEHBHR

14 16 18

@R 5 Time after inoculation (d)

6

N

RN

W 12h 7K 53R 38 Water stress for 12 h
W 24h 7K 5> BHE Water stress for 24 h

L | | L
S wn S v O wn o [=3
M N N L]

B 10 KHERBRAKSHEXDELHB A CATIEHERNE W
Fig.10 Effects of water stress on CAT activities of wheat seedling leaves infected with stripe rust
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Fig.11 Effects of water stress on POX activities of wheat seedling leaves infected with stripe rust
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