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WE.UE/NE D H 30 57 BELEHB, TEIFI T 150 mmol/L NaCl FIA 7 ¥ B (25 mg/L Al 100 mg/L) 25 £ 1 (tea
polyphenols, TP) FU sl &2 S AL BIXT /N 4 i 4R 3R & & R IO R AL A (H,0,) PP A S AR PR R, 45
REW (1) 150 mmol/L NaCl FRAN A IR BN 22 By i I Fr it ¢ 38 3 1 KOGl iy B SEPRot i+ 7 & [ actual light quantum yield,
Y(I1) ] k223K ( photochemical quenching, qP) D68 HLF 1% 1% %50% ( photosynthetic electron transfer efficiency, ETR) ¥JF#AIL,
etk 2% K ( non-photochemical quenching, NPQ)#4K ; TP B b BEAN S M X B6HEHR . (2) BRI 36 155 20 M BE 5 AU T i ( cell
wall-peroxidase, cw-POD) | —_Ji¢ 48 fbl ( diamine oxidase, DAO) £ £ it E AL ( polyamine oxidase, PAQ) 7 P i 2 18 = (R vk
TP fifi ew-POD {7 ¥ i H K, T DAO 1 PAO Y& JE 2 Ak AR , S W TP RS2 cw-POD 1 A1 DAO Fil PAO i
PR EWR/DN, (3) 5 NaCl Bl A FEAH H, TP A9 IS 30 NaCl AbFE T /N gh i B i R A 38 in , B FOB AL 24 %0% (maximal
photochemical efficiency, F,/F, ) Fl ETR {Ei% K, i NPQ {5 .H,0, & & cw-POD DAO 1 PAO =FPEFIEMEREML, B2, TP A
RO R T ER A T 0 /N E L SRR S w09 BT PS 1L Y6 AL SR G4k 27 I N 2R B ] 3R T AR 1A'
GRS, SULRI AL T ew-POD . DAO F1 PAO &1, I8/ T H, 0, 17 A, AT 2% ik Jolhae X /INZ2 4y it o e i 45 3, 2 v /N 4
X ER R T A7 M

KB KW B R A RO /NS

Effects of tea polyphenols on physiological characteristics in leaves of wheat

seedlings under salt stress

SI Lianbang, LI Jiamin, LI Guiying, JIANG Xiaoyu, LU Lirong, YANG Yingli*
College of Life Science, Northwest Normal University, Lanzhou 730070, China

Abstract; Soil salinization, which can affect plant growth and agricultural output, is one of the worldwide environmental
problems. The salt environment may impair chloroplast structure and decrease photosynthetic pigment content, thereby
affecting the photosynthetic efficiency of plants. It may also alter the production of reactive oxygen species and thus affect the
physiological characteristics in plants. Extracted from tea, tea polyphenols (TP ) is an anti-aging, anti-tumor and anti-
bacterial substance. It is mostly employed in animal research, but there are few studies on its effect on plant stress. Wheat
cultivar Longchun 30 seedlings were used in present research to explore the effects of 150 mmol/L. NaCl and different TP
concentrations, in case of being applied or in combination, on such physiological characteristics as chlorophyll content,
chlorophyll fluorescence characteristics and hydrogen peroxide (H,0,) generation. The results were follows: 1) 150 mmol/
L. NaCl treatment alone decreased chlorophyll content, actual light quantum yield [ Y(II) ], photochemical quenching
(qP) and photosynthetic electron transfer efficiency ( ETR) in wheat leaves, but improved non-photochemical quenching

(NPQ). However, these indicators did not alter in response to TP treatment alone. 2) Salinity treatment resulted in the

BE&TE : HRE QARG H (31470464, 31360094)
rfm HH7:2019-03-29; [ £& H AR B A : 2020-03-31
# MIVEH Corresponding author.E-mail ; xbsfxbsdyang@ 163.com

http ://www.ecologica.cn



3748 JAE = 40 4

stimulation of cell wall-POD (cw-POD), diamine oxidase ( DAO) and polyamine oxidase (PAO) ; low TP concentration
significantly increased the activity of cw-POD, but did not have remarkable effects on DAO and PAO activities; in contrast,
high TP concentration did not affect cw-POD activity, but significantly inhibited DAO and PAO activities. 3) Compared
with NaCl treatment alone, the application of TP and NaCl in combination led to the increases of chlorophyll content,
maximal photochemical efficiency (F,/F,) and ETR of photosystem II (PS II) in salinity-stressed seedlings, but the
decreases of NPQ value, H,O, content and the activities of ¢cw-POD, DAO and PAO. In conclusion, while effectively
alleviating the reduction of chlorophyll content and the inhibition of PSII photosynthetic electron transport rate and
photochemical reaction rate in response to salinity stress, TP significantly reduced cw-POD, DAO and PAO activities as
well as the incidence of H,0, generation, thereby alleviating the damage on wheat seedlings caused by salt stress and

improving their tolerance to salt environment.

Key Words: tea polyphenols; salt stress; chlorophyll; chlorophyll fluorescence; wheat

ERF SRR A K B AR SO e R IR R — ) degeit, S iy - T AR Y
9.5 12 hm?*, (5 A BRE A AL 109% 224, Al £ B TR TS b 2% L s, 801
WREEMIE R, FREFRE A 142 hm®, FEHAATEVEAL ARIEAARILA T 52 2R TR, e
YOa S R IR SO L REAY B B0 3R | M2 R IO 4 I WO'GB VR Y SE B K KOG 308 RO o T
JEORR i R P RRFE AR S 0 o R0 T RE S5 B SRASE B0 O & (3R S s, R A i 2
KEB, Z¥ 75V A, @R IE NaCl A3 A4 < B8 S it 4 3% & B R4 11 (photosystem 11,
PS II) He KA 24550 ( maximal photochemical efficiency, F,/F, ) \PS Il #7816 74 ( potential activities of PS 1I,
F/F,) A TR B RCR ( photosynthetic electron transfer efficiency, ETR) DA & J64k 2% ¥ K ( photochemical
quenching, qP) ¥ T, M AEYG L2418 K (non-photochemical quenching, qN) ¥4k, £h a2 5] &AL 41 i
IRAF BR300 A 1538 Tl AE 5 M A5 FR AR 21, 1 AT 1 480 an 3 4 AL & (hydrogen peroxide, H,0,) S5 g
filtn, ERM0 2 T AR A b 2 AR R, 3 B i A B ( diamine oxidase, DAO) 12 i A AL T
( polyamine oxidase, PAOQ) {EPEIG5R | 18 i S8 Ak ) e A0S0 RS e 7= 2 H, 0,7

ZXZ 1 (tea polyphenols, TP) EASHHF LULEFE N EEMAN LI AY, XAFEER . TP (HFEh)
BEM R o RFEIRN ML, AT PR HURRSS HUMR DUTE SE R IR A AR BRI RE, T2 0 T s B A
FE . WFIT R, TP RENSIE BRIGME A W/ 0 Tk SR A i, 38 T S Sk AR T M A S s T SR RS
U, TP 1S — i 2 SR AT Ak 70 7 £ it DR B RN A A B3 45 T A AR FH . 2R AR e 1O iRl (I
(45 22 B b B A5 S SEAE IV RO DL FAL I R e A — & MBS R, AR PSR, FIE" ok
B, TP ALFRE s 1AL IR 2R AR K AT R SR R I, T AR A D 0 R A, FRATIAE
BRI Th R B, TP 4 WO % 1075510/ NZE AR B s M 1 W i AR R T 3 A sl

INAZ JE M S IR Y AR EAE Y 2 — . AR i TR A5 F i R R N AR T A D (N2
(T B SO AT Y R S 5] & IR T N M B M T TS BRI A A AR E D
P, JEMTR LR TR R e SR, R B B AT AR 2575 % A B E R R 5 A B, P, Bk
RN AN AR s/ N TE T 5 R i AR AR RE ) S i A R SR L, BN B i b B 4 30 57
M H R ARB B /N DI BTk B, S SRR AR H Rl 76 G S sl s A T AR X e
PNETEER IR A A A A AR SRR AR DG TR D IAh R UL TP X e A i 2 R SO R e 2
A DAO F1 PAO & PEFZMA FA CHR B . AR FEZ 50T T TP 5 NaCl Fih sl &2 45 Whae X /N 22« B 45
30 5 AHI AR E i R VOSSR A AR R S S E— P BT A s TP OB A A ) A PR
PERTE T HLT B AL BRI AR , R & BRI 7T 8 7% TP X 450 ikt 463 3 B0 SR ipe A FH B AL 29 5 Sl
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1 #MRERFE

1.1 et Ak

A/INFZ (Triticum aestivum L.) “BEAR 30 557 W [ H A AR BHBE, TP i H i Fr A YA O80T R
AT DL, NEFF 0.1% A E AL REZHTTHEE 10 min, FK 0P85 B THREE N 25°C 1Y BERRAS T i
K24 h, PR AR PR, B T 259 .12 h/12 h (300 wmol m™2 s~ G/ BRI ) () 5% 35 46 1%
F% o AU AT B 1/4 Hoagland 2 3245 3% , 150 mmol/L NaCl,25 mg/L TP 100 mg/L TP 150
mmol/L NaCl+25 mg/L TP F1 150 mmol/L NaCl+100 mg/L TP AY4LFE ] 1/4 Hoagland 35l Hl . A1k 34
Y E 3 AN EA BT — KA B, FE AR 6 d 5 B 0 A5 T A
1.2 AEFFE PRI
1.2.1 MRS R AR

BL0.5 g /NEMF A 4 mL 95% 1) ZFERFER 11000 g B0 10 min, B, 7EUTHE TP A SR AR 1 42
BURIR A PR LSR5 IR _E BT 25 mL AR ES . TSN OGEETHINE 663 nm 1 646 nm ik
FIGAH , 4% Lichtenhale ™ (5 3R M4 E S [ mg/g FW (#EH, fresh weight) ]

1.2.2  MEREIOCS AR

%% Demmig-Adams F1 Adams''®' {75 15 3 4% R 96 6 AR AL IMAGING-PAM 5 . TEIRFE A 25°C +
2°C REEH 45% 3% WFREE T Tl 4l i B4 BHRE 5 B 30 min 5, W) 465 ( the minimum fluorescence yield
in the dark-adapted state, F,) Fl& K %% (the maximum fluorescence yield in the dark-adapted state, F, ) , 718 15
N PS WEHE F/F, = (F, —F,)/F, . 259 &4 8k 76 78 %6 19 52 B 28 96 (the relative steady-state
fluorescence, F,)iEEIFAEIG 20 s FTTFEAPKMOE , MAG B K5 (the maximum fluorescence yield in the light-
adapted state, F, ") RIS TEZELLGT M JGiE T M A A9 B /N9 (the minimum fluorescence yield in the light-
adapted state, F,') . MALEF 1 EL#E T GG B T PS 11 A9 S8 bR i F 77 5 [ actual light quantum yield, Y
(1) ] .qP .NPQ .ETR &>
1.2.3  H,0, & & mlE

S Yin ZT T, HYIAEL 0.5 g IMA 5 mL 0.1% (m/V) (9 =45 2 R VKIS B , 12000 g 250 30
min , B F VRN 10 mmol/L B8R 2% 9% ( phosphate buffer, PBS) 1 1 mol/L AYRLILAT M3 K 7E 390 nm
A WA
1.2.4 i RE EALYIEE (cell wall-peroxidase, cw-POD) .DAO PAO 75 A4 45

Z R Lee 55 Lin!"™ (07 V4R A0 MO BE | BUNZ I H- 0.5 g, LA 2 mL 50 mmol/L PBS (pH 5.8) $E£BUK /KA
WFEE , 1000 g 5.0 10 min, PUIE B BFRVESE Va3 WK IR TTIE A 2 mL 1 mmol/L NaCl ¥4 , 30°C K E &
2 h,1000 g &5.0> 10 min, B E IR £

%8 Dos Santos %5 F7 M E cw-POD T, 100 wL B INA 2.9 mL & 7.2 mmol/L f G A 1Y 50
mmol/L PBS (pH 8.5), LA 11.8 mmol/L H,0, )3 21/, 7E 470 nm ALV 20 s S [E] [E] B 44 2 min,

DAO G PERIKE TN 2 1] Naik 27 09575, 1 g /NERF R IMAE A 20 mmol/L @ BIAK B Y 50 mmol /L PBS
(pH7.0) FEHUR , vKIBHFEE J5 16000 g 5.0 20 min, B35 BB 2 10 mmol/L JE R F1 0.1 mmol/L BRI IS
P ) 50 mmol/L PBS (pH7.8) ,30°CHFH 1 h,SRJGMMA 1 mL 20% H) =& LFRZ 1N, CE 30 min Ji5 5000 g
B0 15 min, BUEWE A 1 mL 8 =FE 59 (250 mg B =HlE T 6 mL ZFRF1 4 mL B8R ) , ¥ /K7 30 min &
JIA T mL VK2, M5E 510 nm AWEGAE

Z: 8 Asthir 257" (905 G T PAO T E . BUBHEE/NEZIFR 1 g INA 2 mL &4 5 mmol/L i 7R FFERY
100 mmol/L PBS (pH7.0) HHyKIEHHEE | 16000 g B> 20 min, BUTIEN A 1 mmol/L NaCl #J 100 mmol/L PBS
(pH7.0) FRFEHUS , 16000 g B0 20 min, L 450 wL BERINA 300 wL W[ 50 U it % AL &  catalase,
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CAT) 1 0.1% 2-FFAEFEE T, L)L 250 L N7 10 mmol/L WAEZ Y 50 mmol/L PBS (pH6.0) i3 3152 , 30°C it
B 3 hJEMA 1 mL 10% =& BRZ (E KV ,6500 g 5.0 10 min, BT 430 nm 2B E W OG(E
1.3 a3 5 o3 by

BB AL BRA FH SPSS 17.0 #4758 0H7 , >R B R 25 (one-way ANOVA) Fl Duncan %3517 2201 fl 2
AL A AR A 3 AN E R BRI (X) shRr iR (SE) &R, R Origin 7.5 BAFHAERE], FIARTRE/N
R FOR 25 7 (P<0.05)

2 HREH

2.1 AS[R AL FENT/INAE By v R AR R s TR

FH % 1 AT%1,150 mmol/L NaCl 43 /N2 41 i it i Chla ("F %% &K a, chlorophyll a) ,Chlb (FF4£Z b,
chlorophyll b) FLEM42 2R & & S5XT IR, 0 BIBEAR 2 34% .60% Fl 42% , 4% 2% a/b (ratio of chlorophyll a and
chlorophyll b, Chla/b) i B8 K AR TP (25 mg/L F1 100 mg/L) 23T LA F 2805 % BRI B 78
1t 5 NaCl Bl AL BEAH EE 25 mg/L TP BT IR Chlb A% 5 Chla/b {H, 17 Chla FIEM4EE &2 B %
B AN A] S 150 mmol/L NaCl+100 mg/L TP Zb3E T i3 S8 s £k S Ab 353 5738 I 2 28% \50% 1 34% .,
A, 25 mg/L TP AREWELAE SH9 Chlasb 284k, 1 100 mg/L TP T { 3% L (L {2 &k /)

*1 FARAK/EBTNEHEMHPHFESE (mg/g FW) HTR
Table 1 Changes of chlorophyll content (mg/g FW) in wheat leaves under different treatments

b3 M2 a 2R b B 4% a/b
Treatment Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll a/b
CK 1.26+0.01c¢ 0.53+0.014¢ 1.79+0.09¢ 2.38+0.06a
150 mmol/L NaCl 0.83+0.02a 0.21£0.010a 1.04£0.04a 3.91+0.13¢
25 mg/L TP 1.26+0.04¢ 0.55+0.004¢ 1.81+0.06¢ 2.33+0.09a
100 mg/L TP 1.35+0.06d 0.60£0.007¢ 1.94+0.04c 2.27+0.03a
150 mmol/L NaCl+25 mg/L TP 1.03+0.02b 0.26+0.002a 1.30+0.05b 3.99+0.14¢
150 mmol/L NaCl+100 mg/L TP 1.06+0.02b 0.33+0.008b 1.39+0.02b 3.19+0.07b

CK: X} HR Control; TP Z5Z Wi Tea polyphenols; [Fl—FIAN[F/NG 4] 2 [A] /R £ A B A] 25 57 3 (P < 0.05)

22 AR NEGEMHCRGE F/F, 5 Y (1D) [5E00

F /F JEWGIE N SR SR PS TR TE A9 S KOG AR08 SR A0 0 il 8 25 A R 55 136 52 e S 54
AR EZAERR ™ B 1 878,150 mmol/L NaCl AbFE R /N L it iy F/F 5556 HE 8 S5 B A 24 25% , 1T 25
mg/L TP 1 100 mg/L TP HUMANARFZ IS5, A, AR E TP B Inis i /hNEnt R F /F,
F T, SR A FRAH LA B N2y 1.19 A5 1.18 £%

Y (1) Frmoafb il m e e A sl 1= it SRR ORISR T PS T sEhot i 7= ™ A1 ]
DIA Y (1D {HAE 150 mmol/L NaCl ZbFE T 5 X} HEAH L i R LY 23% ,25 mg/L 5% 100 mg/L TP b Ti%
SR R AR AL AR B B E 7K SF . 25 mg/L A1 100 mg/L TP ARSI ER A FRXT /N Sl it i HYC R S8 Y (11)
HAMEIER
2.3 A[REBEIEX/NZ G HOCRGE P 5 NPQ B

qP 7T LU WG A1 OB O B TR RORERE > AR 2 sl LA, 150 mmol/L NaCl AbEE T P 454 I
/N 53% 1117 25 mg/L B¢ 100 mg/L TP AbHXS/NAE 4y f iz S 8000, 5 R S Ab B 1L, 25 mg/L 5§
100 mg/L TP BYENNME NaCl &b/ NZE LY P 34958 W PRI R, 40 3G N2 57% 1 83% (& 2)

NPQ BT PS IT KLk (0 R W 4 6 RE LR AR TR SRR L I R BEF TR & T s Ok EE™ . A
2 FirR, SRR /NZ LA EE , 150 mmol/L NaCl 4bF R NPQ {38 i A XF B A 2.15 £%, 1 25 mg/L 5%,
100 mg/L TP AbFEF NPQ ¥ JCH] 254k, 150 mmol/L NaCl+25mg/L TP F1 150 mmol/L NaCl+100 mg/L TP 4b
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09 09 ¢
oy
s.g O‘S*L ¢ o - O.S*L ﬂb_ L
E’% 0.7 + b _lIv_ %i 0.7 N
%g 0.6 - a ﬂﬂ} g 06 a a
BSSE, 05 b 1§ 05¢f
ED% 53 H.., o
> 2 04 UﬂEHE 04 -
RE REFEY
RE=o03¢ B 03[
®E 02| KB o2t
% <
= 0.1 0.1 |
0 0
CK 150 NaCl 25 TP 100 TP 25 TP+ 100 TP+ CK 150NaCl 25TP 100 TP 25 TP+ 100 TP+
Z reatments
KEPRLA T

E1 AELEMNEHEN F,/F,5Y (1) B BUE A AR 2 )
Fig.1 Changes of F,/F,, and Y (II) in wheat leaves under different treatments( mean+SE)
F,/F, 3 KIGA02ERE Maximal photochemical efficiency; ¥ (11) : SZFR i F 7 & Actual light quantum yield; CK: %] Control; 150 NaCl 25
TP (Z8£ M Tea polyphenols) 100 TP 25 TP+F1 100 TP+43 317 : 150 mmol/L NaCl 25 mg/L TP 100 mg/L TP 150 mmol/L. NaCl+25 mg/L.
TP 1 150 mmol/L NaCl+100 mg/L TP ; AN [a)/INE FhE 3678 4% 4b HE] 22 5 i 3 ( P<0.05)

1.0 1 048
d 4 d d
] o 042 Ea
208r < = c
S5 ] 25 030 | 1
K& 06 K3 >
B3 -2 | a
%2 a iﬂ"é 024 | 4 .
A\_Q s 04 A‘é-J Q
= 2 018
R3 g
s e 002 |
= 02Ff &
“Z 006 |
0 0
CK  150NaCl 25 TP 100 TP 25 TP+ 100 TP+ CK 150 NaCl 25 TP 100 TP 25 TP+ 100 TP+
Qb FH4H Treatments

B2 AELETMNEDEMN qP 5 NPQ BT (BUE N P +hrEiR %)
Fig.2 Changes of qP and NPQ in wheat leaves under different treatments( mean+SE)
qP: YAk K Photochemical quenching; NPQ: BG4k K Non-photochemical quenching; 150 NaCl 25 TP 100 TP 25 TP+ 100 TP+4351
#7R% : 150 mmol/L NaCl 25 mg/L TP 100 mg/L TP 150 mmol/L NaCl+25 mg/L TP Al 150 mmol/L NaCl+100 mg/L TP ; AN [F/NE TR 4%
Ab PR IA) 25 5 1 2 (P<0.05)

PR /NZZ it e NPQ 53k 5l b BAH Eb 43 5108249 19% F1 28%
2.4 ANFEAFEX/INE DL RS ETR (520

ETR S S SL PR G IR S R R T3 %> NaCl A B /NG R 48 ETR 5% I8 LL i 3%
REAR 2 23% , AN AR BE TP FAARAL BIOR S /N 22 ETR (&1 3) o 5 5 M ER AL BRAR 1L, 150 mmol/L NaCl+25
mg/L TP B¢ 150 mmol/L NaCl+100 mg/L TP ZbEEff ETR &4 K29 12% M1 15% (F 3),
2.5 R[RIEFRXT/INAZ 4 H, O, 5 2 B 5

W& 4 78,150 mmol/L NaCl 5 25 mg/L TP AbFEE T /N2 I H, 0, & 5 43 il 3 fin S %t BRAY 1.53 £% 1.14
£ ,100 mg/L TP AMH,0, & ;25 mg/L 8% 100 mg/L TP ZEf# T A SN EL M TP H,0,R R 5
NaCl Fh b AR LA H, O, 77 A2 43 98 24 149% F 25%
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48 - 900
- ¢ ¢ d
— —— b b 800 B
40 —~ c
Yo a — [T @ 700f . — .
55 ntf E € 600 — —
o) =~ ——
g@ g‘m;[ & 500
=) g 2t S35
N o > B 400}
- = 2
gﬁ 16 + g 300
H S 200}
jas)
8T 100 -
0
0 CK 150 NaCl 25 TP 100 TP 25 TP+ 100 TP+
CK 150NaCl 25TP 100TP 25TP+ 100 TP+
QEFHE4H Treatments
AbFH4H Treatments

B4 AELLET/MENTRWLS (Hydogen peroxide, H,0,) &
BTN BUE RV Bk 2)

B3 RELLET/INELEM G B F %% B E (Photosynthetic

electron transfer efficiency, ETR) BIZE L (E0H - 2 50+ bR i 1R
Fig.4 Change of H,0, content in wheat leaves under different

)

Fig.3 Change of ETR in wheat leaves under different treatments treatments ( mean+SE)

(mean=SE) 150 NaCl,25 TP 100 TP 25 TP+ 100 TP+43 7% : 150 mmol/L
150 NaCl 25 TP 100 TP 25 TP+F1 100 TP+43513 7% : 150 mmol/L NaCl.25 mg/L TP 100 mg/L TP 150 mmol/L NaCl+25 mg/L TP #
NaCl 25 mg/L TP 100 mg/L TP .150 mmol/L NaCl+25 mg/L TP I 150 mmol/L NaCl+100 mg/L TP ; AN[l/ING i} For 45 b #2257
150 mmol/L NaCl+100 mg/L TP ; 7~ [fl/ING 55 2 77 4% 4b F ] 2 5 3 (P<0.05)

1.3 (P<0.05)

2.6 AFEAEFENT/INE S cw-POD DAO F1 PAO 15 1A 520

W 2 fiw, SR FRLH A L, 150 mmol/L NaCl 5% 25 mg/L. TP ZbH F/NEZ MK ew-POD 16 M i 2% Tt
29 189% 1 28% , fii 100 mg/L TP AL SZ ML BN P, AR (25 mg/L #1100 mg/L) TP W) E il
NaCl 2bFH/NEZ Ly cw-POD {5 M 1 AL, 5 5k NaCl AbSHAH LU 53 SRR IR 29 38% Fl 54% .,

S HRA EE , ERMR0 5 SN A DAO A1 PAO % P43 S8 N2 149% 1 319% ;25 mg/L TP 4bBE R
DAO 75 PETCH S 284k i PAO T TH B 29 16% 5100 mg/L TP AT DAO F1 PAO i 1 ¥ FEAK 249 o4 Xof HE Ay
66% Fl 73% , H 22 ¥R 8 1o K- ARWEE TP #7375 519 DAO Ml PAO {H A3 I, 5 Bl NaCl
Sb FRAH A3 SIREAR 29 33%F1 31% , T 100 mg/L TP BIA NS 52 Wi £k 175 S 1 W e 6 035 2 4 A8 A

xR2 AEAET/NELHEHH cw-POD DAO 71 PAO (U/mg protein) &R 54K
Table 2 Changes of cw-POD, DAO and PAO activities in wheat leaves under different treatments

b7 2 L BE-POD A AL EZiEia
Treatments cw-POD DAO PAO
CK 68.91x1.76a 2.9720.09¢ 1.760.02bc
150 mmol/L NaCl 199.11+2.39d 3.39:0.01d 2.310.01d
25 mg/L TP 88.03£5.80b 2.95+0.04¢ 2.050.04cd
100 mg/L TP 66.09+2.29a 1.95+0.02a 1.28+0.03a
150 mmol/L NaCl+25 mg/L TP 123.82+8.34c 2.2720.03b 1.600.07b
150 mmol/L NaCl+100 mg/L TP 92.53+3.36b 3.38+0.03d 2.08+0.03d

cw-POD . 4 ffl BE i S AL YTl Cell wall-peroxidase ; DAO ; %A AL Diamine oxidase; PAO ; Z N E ALKl Polyamine oxidase ; [7]—3 ARl INE F
BEFROR A AL A] 22 57 2 (P < 0.05)

3 g
2R ARV AT EAE MR Z R HMHE S A A MR AR B4R 3R a 2R b FLE
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2R 2 S A AR 2 X AT RESE FH T Na®Fll C1 A S (A — @ A 3 sl R s 3385 1 A 9 1Ak Y
IH- 5% 22 A5 PR DTN 1 -2 R B A% 12 Chla F1 Chlb 206 3 48 R4 524 1A Y T 8 40 1l 2, R
Chla A4 Chlb AYVEFE M S £ 3 6RE , HA A8 Chla BAFEOGRERIMER . AW 1, NaCl
T A RS BN G e R S >, T Chlas/b {E3E K, 6 I ER b8 5 % T 20 2 B, FLXT Chlb BBE IR
YEFI5E FXF Chla B, TR S5 ER 036 R /N2 0 R X G RE A SR A5 36 . FHARL, RE 7K &5 45 5 5 b P Ak B
R S R 2 K A3 e T U ) R 3 BRI T Chla/b (HEDIE K, S 4R AGHE , #YEE b sl 52 & 1
I FAH LR b LR a+b TR R ETHEREA R, M4 a/b ST RREAE,
TP BB I/ N RO A AR SR (R 1) . MILAT UL b Nt & AR 5 ah 2 b
TR K ol B A N R A O, R MG A B A R T IE W RO A VT R A A R
Chla/b {H7E— & 1 /N RIS YOERE MR i Y . BRATAEDRIE Rl KB, R IRVR B TP REfS A
BT SR AR TR0 T /N2 S 2 B R, X R 3 i R PR 6 /N 22 4 G RE I s 3, A R TG A VR T
PEAT  INITHR 0 T /N R EREAE (038 M, A1, 100 mg/L TP AN AfdE NaCl ZbFE 41 i Chla/b {EIH/)N , 32
B 100 mg/L TP JIAXF Chlb B3R A9 2% ff A F 5% T4 Chla,

FEIEE A R R G R R BRSSP R ST RIAFE B RIS, iR
ROOCSEULWE TR F W A& FERUI B YCRE R BE ) Bl PR I 52 38 R A e &
G ZAREIE A SCHRHRAE , NaCl 38 S ECE S 4 AR EE PS TN F /F, Y(11) .qP F1 ETR {2 3
AN, T NPQ 33K 2 RIS, R e i T HE S OB, 6 FL/F, qP R ETR [, i NPQ
FEMEARE 3011 3 INHIFEHE 43 8701 S Ae KW/ N AR LRSS L F /F, (E AR I & A R
FRAE qP (I8N T PS 1T KR (B WA G RE A TRtk i A i s 0 Y . NPQ B T PS T
R A ZWHHGRE I GE B X FE R AN R THOLA i FE 3 RDRE . R UL TP S ) i 4r R 950
PR BRI ST TGS . 5 HT AR ST 3245 AR, NaCl BAfiAb BER /AN F /F, Y(I1) .qP #l ETR 238,
/N, NPQ S B3GR (0 TP Sl A BN X Sdg bR e o 3 A8 Ak, X Se g SR B NaCl Bl b BHBH i FRAIK T /A2
W B XGRE W IRCR i PS TT &3 B B8 J1 T [, 80 YR RE TR FH TR, LA 2CHE B 1) L 9] S
EHhE ., AURCE U, FPNAES qP BN NPQ A, ULHITE 6 A AE AL R e PR e 2o 5 Bl o ol 3 o 4
RERIIE CREHL ™ IS E A MU A5 . DRk, AR5 205 SR [ sf b 26 W, NaCl 3t /IN22 & v vl fig o o 42
5 NPQ, IHFE PS 1T ANREF i3 RIGEE , NTITE PS 11 SR v e 52 BRIt 220G RETTT 5 RS 1 Y AL A
Hilfi 5. deAh, TP AL NaCl AbBR/NZZ 4 F /F, qP A1 ETR 23K, 1 NPQ 2/, B w0,
NaCl Jifi i RS T/NZ S 7 PS T XS SGRE R R FH 28 38 K T XHGHRE M FAFE T TP MBS A 23 & 1
R /NZZ G PS 1 7B T Aig A T3l R K e sz G i B 7 B R 1, 35 T OG0 M Il T OB BB A PFE L

HIYIE B IA T | T EAC R S B N ROS i FEF R | HAEYEA RE 1 IR T AES ROS {9,
FEH,0, 7744 56 . EAH, O, 1 S — i S0 Ak 700 mT LA 2 o o I 4 o i S AR HL T e Az B A SCiik
A, TR SRR AR a2 S RN T AR S ROS /ST SR R A O I L A
3B 0 AR R I Fr (0 28 S B0 R ROS REARIE Y . ABFSEH  NaCl 5% 25 mg/L TP ¥
AEFRYTE T/ NG B H, 0, & 5 RN, HLEhaE i S R0 SR, A ELER 25 me/L TP A5 850% 55 ,
1M 100 mg/L ) TP ANFEMH, 0, 17 o H, 0, 7% A 143 S48 Ak R 3425 A R W Ab 3 2 28 55 i I AR AR BT 36
B, b0 75500 2 H,0, MR R AT e 5 /N2 i 4 2 A i sl A G ik a5 F/F, Y(T) (qP
1 ETR W/NE 9 M H,0, AR 24 Frft—BryIgE . ARMRL, BROFORAE R BIETE R B e b s P R B )
2, FHOCA R EMME T HEA R Rt ] 8 o i & A A P R Y ROS AR 5 | T Y AN 45 R an
I RE AL, BRI SR S5 R ) RATEABF T P i & B, IR E TP AYINA AT 2% NaCl AbHIE S /N E
- H, 0, RS 55 I [R] Ak e o it 3R A e SV P 559 3 i — 25 0 B 46 i 175 S 09 /N 22 4l i o
SRR/ IEESH,0, MR C, B, TP il #] NaCl ZbH /N 4 ik B H, 0, 19 7= A | 2 17 ek 55
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3754 JAE = 40 4

NaCl b BE XS /N3 4y 4 2 (W B R R W SR AR 25 A0 4613, #2150 NaCl AbBR/NZ h B e A gy, ik an
V5 A ROS 13 22 (7= A R 7= A A A A AE T ARBSE TP BOVR IR T bt i 519
H, 0, 17 A NI SS 1 PR3 1 SR B8 T X AR 3 J ) 3 56, H 5 T /N A2 &) v Rk PR3 A3 1 il

FEYI AN MIEE /) cw-POD JEAEHIAR I H, 0, 7= Az il 2 — , 80 i3 i AMA NADH A9 &AL 7= 4= 1,0,
BrubZ A MY 2 e RhEE b i) PAO F1 DAO WPt vl G825 H,0, 197 E , Horh DAO FE#EALE i (Put)
FRFEA R A B, 0, , PAO TEAEARRS e RIS e S A I S e 228 A0 Pue B AR R =42 1,0, A 3
HkARIE , NaCl 40 HE T /K R i B T 45 A4 ew-POD TGS H, 0, Y7L ¥slam ) A 4nRaE , Ehan ffi 25 A
Z:th DAO TEE W50, 17 PAO 7 1 52 BRSG 15 5 D 55 A A AL A 34 AR SZEe v NaCl AbBEIE S/ 0
ew-POD \PAO F1 DAO {5 & T+ ,25 mg/L TP HUMAL LT ew-POD 15 PEHG 58 1T 100 mg/L TP AbFH i 41
il PAO 1 DAO {4, A WF5¢ & il i 2l 28Uk 2= e (o RN F BRI 245 A BTG M0 BT B ABA b FRE T £k
I F ew-POD K JAMA PAO I PER TS, X PRI Z 5 T ABA B SA9H, 0, FLR ! HIBUR 45 SR A L
TR B A A AR BT T i I8 20 L S 4RI, EhAb B R K AEAR h DAO Wi 5 H,0, LR A
181 FAH, 0, AP A ARIT PAO IR IES T NH,C1 ALFE R /KAS DAO 36 1E 5 H,0, (A B I 6P HohTE
T AT NaCl AbEEXS cw-POD \PAO 1 DAO 16 M A9 175 200 B 5 , FLAERE S B 2 H,0, 9724, 1 25
mg/L TP AN cw-POD Fl PAO TG PE IS RN B . 45 G A RIBESE, 7T LAHEN NaCl 3 25 mg/L TP
AR PR T 1Y) ew-POD  PAO F/5% DAO i PE T} = 7] 685 H,0, AR BA7 3¢, RATHEA L ik & 8, 25
mg/L TP B FH 5 2 #5851 ERMmc X /N2 2l 1 - ew-POD  PAO HI DAO 357 19375 S AE AT, 107 100 mg/L TP
USR8 5 19 cw-POD IEPEM T A SR E T, X SE AT REE TP AU F:3L NaCl ZbFE R /NZE 0T H,0, 774
WCR . RS T A ST R, WA T ew-POD DAO il PAO & PETT BE 5 H,0, B 24 5, SRS
FaX =R H, 0, B S AV Kb B s U A P - R i SO IO A R 25,

ZE L RTR  Fhhn SEUNE R R SR> JERGE F/F, Y1) qP FETR W8/, NPQ HEK, T
M TP AR FEASFZ M X BEFERR , TP AR I SIS T 50 e 75 5 (R 3k SE 300, T3 4R 2 S in b A
FALG BRI B S S T K A1) FH S0 5 1T AARE HIOR 55, 398 T NaCl Ab B/ Z 2l B (06 4 1
P, R T R AL B/ NZZ 2B 1 AR ew-POD \DAO F1 PAO 361 I/ T H, 0, i 7= Az TS T 36 ke Xt
AN YT AR B T /NZE Al X AR IR I i 22 4
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