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Abstract: The aim of this work was to investigate the regulatory impact of salicylic acid (SA) on the antioxidant
system and photosynthetic capacity of maize (Zea mays) seedlings under high temperature, drought, and the

combination of these stresses. Seedlings of the maize cultivar ‘ Xianyu 335’ at the third-leaf stage were treated with a
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2.5 mmol-L. " SA solution applied as a foliar spray. High temperature and drought stress conditions were imposed
using an artificial climate chamber and polyethyleneglycol-6000, respectively. The results indicate that: 1) SA
augmented the activities of antioxidant enzymes, including superoxide dismutase (SOD) , peroxidase (POD) , and
catalase (CAT) , under heat stress and drought stress, and reduced the accumulation of malondialdehyde (MDA )
and superoxide anions (O, ). Under combined heat and drought stress, the positive correlations among antioxidant
enzymes were enhanced in the SA treatment. Specifically, the correlation coefficients between SOD and POD
activity, SOD and CAT activity, and CAT and POD activity were 0.93, 0.93, and 0. 99, respectively. 2) SA
treatment elevated the levels of soluble sugars and soluble proteins in maize leaves and roots, improved cellular water
retention, and increased the overall water content in maize seedlings. 3) SA treatment improved the variable
fluorescence (F,) and maximum fluorescence (F,) while reducing initial fluorescence (F,) in maize leaves under
stress, but did not significantly affect F,/F,. Additionally, the SA treatment increased the net photosynthetic rate
(P,), transpiration rate (T.), stomatal conductance (G,), and intercellular CO concentration (C;). On the 5th day
after the stress treatment, the values of P,, T,, and G, were 28.84%, 28.43% , and 34.21% higher, respectively,
in the SA treatment than in the control. 4) SA mitigated the inhibitory effects of stress on maize seedling growth,
enhancing dry matter accumulation and the root-shoot ratio. The results of this study show that SA enhances the
cooperation among antioxidant enzymes under compound stress conditions. Treatment with SA improves the
removal of harmful substances, mitigates the stress-induced inhibition of photosynthesis, increases overall dry matter
accumulation in plants, and improves the root-shoot ratio in maize seedlings.
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E K (Zea mays) 3 [F T B AR FERMEY . 2023 4R 3% (1 oK 277 ik ik 5] 28884. 2 7 t, B 6532. 1 kg
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A= 0 38 A AL R b, B AR A T 2 T BR ROS 1Y SC B8 43, 3 240 45 B A Ak ) 1B AL T (superoxide dismutase,
SOD) .1t & AL i (peroxidase, POD) it & 1k S (catalase, CAT ) %5 . AH 4 38 i< 18 o Pt 48 Ak it 335 1 oA 06 48 3 4=
Wy 0 5 | S 14 A8 Ak N I, U/ 30 85 IR B X 2 48 1T (photosynthetic system 1, PS 1) 52 A0 B9 45475 , M T 24 38 4
B L A% 388 R AL 27 A% | i f o i (9 OR BB 9 3000 ROS 77 48, BETT US4 O & R n i .
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Table 1 Information and numbers of different treatments

fib 3 IR W (s /1) ROl SA VW

Treatment Nutrient Temperature Drought SA solution concen-

solution (Day/night) treatment tration (mmol-L ")
%f B Control (CK) 1/2 Hoagland 28°C/25°C 7 Nothing 0.0
SA X FE SA treatment (CKS) 1/2 Hoagland 28°C/25°C JE Nothing 2.5
i it High temperature (T) 1/2 Hoagland 40°C/28°C J¢ Nothing 0.0
{5 i+ SA 4b ¥ High temperature+SA treatment (TS) 1/2 Hoagland 40°C/28°C JE Nothing 2.5
F 5 Drought (D) 1/2 Hoagland 28°C/25°C 20% PEG-6000 0.0
T 5+ SA 4b B Drought + SA treatment (DS) 1/2 Hoagland 28°C/25°C 20% PEG-6000 2.5
5 ¥ T 5 High temperature and drought (TD) 1/2 Hoagland 40°C/28°C 20% PEG-6000 0.0
i 5 -+ SA 4B High temperature and drought+SA treatment (TDS)  1/2 Hoagland 40°C/28 C 20% PEG-6000 2.5

1.2 MZW/IFAT &

1.2.1 JE&HE 30 05 5 5 R, M B 3 MR B — B R OK A MR R R R i T AR K 98 AR A
i (R K X FEX0. 75 KA K XFEX0.5), MAEAERKIERRK MR R AREBAR T HZ)
K IR R AL (Epson Expression 12000x1, 32 ) A7 R E o 2 J5 8 FERE 09 b b 358 At R 356 1 85 71 2
TFE TA5 & M 105 CA % 30 min, ZJ5 80 ‘CHLT R AH & , R A1 F e T8 . M b =FRMR R T 5/ bk
31557 o i

1.2.2 Préafbmgiste WA b PSS 3R 5K A A B 8] 3 AR ) b 5 em YU IR R AR S
BT — 80 CHl AR i vk AH AR A7, I e S AL g I M . b SOD 3 4 2R H AU #E DU 72 (nitro-blue tetrazolium,
NBT) Ml s POD i 4 5% FH A QA B v 00 5 5 CAT 0% 1 2R A o e i e e

1.2.3 Akt HURE O ¥k TR o 9 L% (malondialdehyde , MDA ) £ & I 8 18 B4 e % 2 325 (thiobarbituric
acid, TBA) A" s A B B 7 (O, ) & i R e A i I e

1.2.4 BBEWMITYE B ER B Al PR (soluble sugar, SS) 2 2 B % 8 26 (000 1 Oy vk 5 nl s
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#E 1 (soluble protein, SP) & & % F G-250 J7 & &
1.2.5 MHREKE BURE D7 B[] b s 5 6 R ) 20 41 i (fresh weight ,FW) , 22 5 #E4f f 105 C/ % 30
min, 2 J& 80 “CHEF 240 & , ¥ H1 5 il & 1 # (dry weight, DW) ., & /K& (%)=[(FW—DW)/FW ] X100,
1.2.6 MAOCEEAR BEECEORAEE 3 g SR LI1-6400 06 & € AL (LI-COR, 56 ) Il % Ot 7 3 R
(net photosynthetic rate, P,) . 7% 5 # % (transpiration rate, T,) . fL % & (stomatal conductance, G,) Fl g [i] — % 1k
ik & & (intercellular CO» concentration, C;) .
1.2.7 MHREIOLSE R Dual-PAM-100 M ZR R YOG (WALZ  FEE ) , B A L 54 5 KA b X 7] A48 9%
J¢ (variable fluorescence, F,) .#] Uf ¢ ¢ (initial fluorescence, F,) Fil iz K 2¢ 6 (maximum fluorescence, F,, ) #4171 & o
1.3 %t o7

K H Excel 2010 #E47 % #ha b BEANAE ], B H SPSS 26 84 247 Bt 3B

2 HBREHGH

2.1 KBRS ERERKETHRARENGH A

FER TR LA AT bR AR 25 T A (shoot dry weight, DWS) FIR & 1 T & (root dry
weight, DWR) B & TRtk (T AU DWS B9 3446 b5 v, AN [6] 1Bk 38 52 e 72 52 i K B/NEF 9y TD>D>T,
MAEDWR HHEF 4 TD>T>Do A 8 g P 2 REARGE L, 5 CKAR L, T .D #l TD &b 339 AR 5e Fe 430
R 51.28% .29.49% M1 46.15% , 25 5 3 (P<C0.05) o At I SA 1T 28 i A [a] oy 21 %o 5 K &0 i A K B4 3 4
JH,5 T.DATDAFEAR I, TS DS A1 TDS 4b B % & At 1 A .DWS Al DWR 3 Wi 43 531 2 7. 2026 ~20. 54 % |
10.03%~13.50% .24. 56 % ~24.62% 1 37. 50 % ~54. 54 % , Hirf & 7 DWS$8 4541, D 55 DS &b B4 H Al 5 b5 22
BRE TS5 TSAMMBDWRZR B, TDS TDSAF K DWS A DWR 2257 5 % (P<<0.05) . #MNEfE i SA #]
PN E W0 N K G AR e, B R 11,90 % ~20. 00 % , Horp D A3 T it JH SA HE He IS IR e R (£ 2) .

F2 KGBMEREHERKEEKTENZIT

Table 2 Effects of salicylic acid on growth of the stem and leaf and dry weight of whole plant of maize

pusiil PR iR RIEA ET BT AR T Bt R H
Treatment Plant height (cm) Leaf area (em”+plant ') Shoot dry weight (g+plant ')  Root dry weight (g+plant ')  Root-shoot ratio
CK 23.9040. 81a 36.79+0.47a 0.095+£0. 003a 0.074=£0. 004a 0.780+£0.023a
CKS 24.9741.43a 37.0140.33a 0.100=+=0. 009a 0.078+0. 004a 0.780+0. 036a
T 17.2340. 23bc 28.54+1.55bc 0.065=0. 002bed 0.025£0. 004de 0. 380=£0. 050d
TS 18.47+0.78b 31.4140.40b 0.081+0.001b 0.035+0. 002¢ 0.430+0.031cd
D 15.8740. 32¢ 27.174+1.69¢ 0.061£0.003cd 0.033£0.003cd 0.550=£0. 039be
DS 19.13+0.77b 30.3240.78b 0.077+0. 006bc 0.051+0.003b 0.660+0. 075ab
TD 11.60£0. 40d 18.66=+0. 75d 0.057£0.002d 0.024=£0.003e 0.420+£0. 055d
TDS 13.10=£0. 40d 21.1840.68d 0.071+£0.003bc 0.033=0.001cd 0.470+0. 003cd

Bl N AR e TR 25 . WA R ) NS B R OR A [a) gb PR H] 78 P<<0.05 K22 5% % . FIA . The data are showed as mean value=+ standard

error. Different lowercase letters in the same column indicate significant difference among different treatments (P<<0. 05). The same below.

A5 W30 B8R, ANt SA X TR K AR MR 3 T AURTAR (R BB ORI (H 4 B E BRI R AR (P<
0.05), 5 CKAHE, T 42 25 FREARAR K AR 22 i BURAR AR D b BRI AR 4 (HOAR 8 38 5 1 38 PR IR AR 6 T AL AR
PRFURIAR 27 24 B4 5 TD Ab 34 5 35 B AR AR BRURIAR 37 249 42, (0T AR K RTAR 38 10 AR JC b 35 M52 i) (P=>0. 05)
SN SA BT 2 fig it BREE AR R AE K MM EIER . 5 T DM TD AP L, TS DS A1 TDS 4 BEAY MR K MR
T AR R A B R MR S 2B AR e R B 17.90%~50.35% L 17. 60 % ~40.00% ., 13. 58 % ~48.12% F0
—6.30%~23.59%(%3).
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2.2 KRBERMNEREKEWT W

R38R, SR SA X E K I R B 2R & K 5 AN 3 (CK vs CKS) o AN [A) e ¥ 58 3 8o i FAR &
oK TR, S CKARLL, a5 5 KM R AR R 0 T . D TD & B & 7K 3 40 5 N R 12,1426 12,46 % . 14.77%
5. 14%.9.98% .13.29% A Z 2 W 3et ief & 7K &t T B B2 /N Tk o AN T SA R S i AL R oK
TOKE LA E S K, 5 T DM TDAMALL, M5 5 R M TS DS F TDS 4b B & K & 4 548 F+ 5.57% |
2.53%.3.51% F12.58% .2.41% .3. 2024 , 25 WriE 55 it 1 SA A A BX L 22 7 e 3 (P<<0. 05,1 1),

®3 KEBEMERREERKBGZID

Table 3 Effects of salicylic acid on growth of maize roots

pis: R it TR AR A2 A2
Treatment Root length (cm) Root surface area (cm®+plant ') Root volume (cm®+plant ') Root mean diameter (mm)
CK 216+20. 3be 42.2+40. 505ab 0.546+0.0291a 0.585+0.0118a
CKS 218+20. Oabc 45.8+3.707a 0.593+0. 0463a 0.509+0. 0184bc
T 14148. 0d 26.0+1.042d 0.382+0.0157¢ 0.587+0.0176a
TS 212422.9¢ 36.4+2.641bc 0.497=+0. 0508ab 0.550£0. 0146ab
D 229+13. 6abc 29.5+1.654cd 0.399+0.0321bc 0.479+0. 0090cd
DS 270+25. 5a 39.440. 647ab 0.591+0.0182a 0.592+0. 0340a
TD 206+6. 9¢c 35.84+1.439bc 0.383+0.0227¢c 0.429+0.0044d
TDS 266+13. 9ab 42.143.474ab 0.435+0. 0446bc 0.466+0.0177cd
140 0t i Leaf OCKECKSET ETS 140 r 4 & Root
120 ED EDS EITDEATDS 120 F
%100 abaecedefde a ced 100 2 ncled
<r1:[§ 60 sg § 60 ?i
5 40 S 5 40 t 183
201 ) & 20 ¢ I
0 % [ 0 Bl

JHir 38 J5 K %X Days after stress (d)
E1 KFGEBENAEMETERSKENT N
Fig. 1 Effects of salicylic acid on water content of maize under different stresses
AN A /NG g e TR — 38 A () S [R) Ak B3 ) 22 5 5 3% (P<<0.05) . R IA] . Different lowercase letters indicate significant difference among different

treatments for the same stress time (P<Z0.05). The same below.

2.3 KRB E K AT IEAF 0 H R

B 2 130 R AR B, R ik R FIAR R MDA & B2 BFH##H . 5 CKARL, T Dl TD 24355 3R 5K
R AR & B9 MDA & & 23 T 5 (P<<0. 05) , JHE iR 7y TD>D>T, i SAJ5 , 5 CK.T D Al TD &b 2
I, CKS. TS DS Al TDS &b B 76 55 3 A1 5 K 19 I i MDA B I iR & 43 51 Ry 23.45%~30.77% M 7.27% ~
34.37% Bk CK 5 CKS b3 ] 25 5 AN b 25, JL Al 4k 34 ) 22 5 3% B 35 (181 2) o AR R 58 3 1 5 K1 MDA & &t BRI
R B 0 ) A 16. 47 % ~32. 48 % 1 25. 56 % ~33. 97 % , [ CK 5 CKS &b B[] 22 5 R 5 2%, Hofl 4b 7 6] 22 55 . 2% (1
2)o BEE WM KRB, AR R O, &R LI B AREET H SA X AR RO, &
R 2 (CK vs CKS) s A0 R8T, ik 5 FAR R N A9 O, % 1 35 TH &, 45 Mol 3 &k 3 7 o it B2 k7 oAy
TD>D>T. A SAJ5 & Bha b3 O, & & W& AR, a5 35K, 5 TD A FAT L, TDS iy i v
O, F AT AFEAL 29. 19% F124. 61% M ZR T[4 29. 13% F128. 64 % ( 2) .
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Fig. 2 Effects of salicylic acid on oxidative damage of maize under different stresses

2.4 KHERERREAHF LG A

Bt 5 300 A 1, ok R RAR R ) SOD IR PR3 R ka3 . JEZE W han S5 8 ik e AR &R 9 SOD 3 1
B8 55 5 KBy 7 AR TD A HE PE 5 CKAH e i 3 T R (P<<0.05) , 730 5l N R 1 32,4626 F147.29% . AR
it T SA AT & 2 48 TR [ 38 R ik RAR R 09 SOD G 1, 5 T D A TD &b 33 B, Bk 55 5 K it i AR & 1
TS.DS.TDS 1§ SOD i ¥4 43 5l #& 7+ 14. 93% .27. 08% .66. 23 % 1 22.22% .21. 05% .86. 76 % , #d F 4% 4 6] 22 5+
WM AT A TS AR 22 5 A i 3 (P>>0. 05,181 3) .

W 5 30 R B B, ik e AR R 09 POD TR MR35 2 R R s bt B R R IR B S AR R . 5 CKARLL , i
5 ZR CKS AR HE ) POD I 1 T i, {0 AR 28 (1 i 76 1 B) 22 5 9 3% (P<<0. 05) . WrifJ5 55 3K, T .D I TD &b 3
it S5 &R 0 POD & PR3 & F CKLAZE A J5 58 5K, TD AL B POD 3 MK T CK. il FH SA W] R [ 22 B 4
w AR A R B K 4 B 89 POD 3% P, 1 R POD IE M 20, 17%~71.22% , MR & 4R 25,54 %~
32.22% (E 3).

MR SRR A S K CATIEMES S 3 KA LI 2 T %, 5 CKAH, CKS &b B CAT 6 I+, HAXAE
38 56 3 K 25 5 i 3 (P<C0. 05) o AN ) ity Al A 0 ol 26 b R4S ) A2 3 42 85 CAT 06 4 b BEER 3 Rt SR &
9 CAT W PEHEF R TD>D>T, 7645 5 K g D>T>TD, X 3¢ W il 2 [ 38 I 18] £ 385 hn 42 4 19 30 x5 5 K 4h i 4t
S Ak T T B 0 A R . AN EONE F SAUJS  CAT TG PR A5 A [ A2 B A9 42 5, an ik AE A AE 5 KL, 5 T D
FTD 4 BEAR 6, TS.DS F1 TDS 4b #E CAT I ¥k 43 5 $& &5 15.83% . 12.84% H1 34.09% , H 22 5 W & (P<<
0.05,1&3).

2.5 KB EREERT YRR

CKY5 CKSAHHH  BREE 5 RIR A M SS i 22 57 I % (P<<0. 05) 4, KA 22 R AR (P>0.05) . @&l . TR X
HAZ A W38 AT A ) A B2 42 va it R AR SS & &, 48 THIR B Oy 48.6806~379. 47 % , H 2% 5 . 3 (P<<0. 05) , {H i
G55 KA TD AL FE SS & & 5 Wi J5 58 3 R A — 3, R T DAL o S SA W] [ B2 B2 2 e
FSM AN SS & & HACH a5 5 K1 TD 5 TDS &b #f ] 22 5 1 3% (P<<0. 05) , 43 il #& % 28. 03 %6 1 28. 87 %
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Fig. 4 Effects of salicylic acid on soluble sugar and soluble protein content of maize under different stresses
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B % T30 R B0, i R RSO S RO B A, | TR EEE A SR F L BRAILE, JF,Of
FJ/F,, 8 kb 355 B HE ¥ o TD>D>T, 5 CKAH H, #8433 b 3 ) 22 5 5 2 (1 5) o ARG SA AT BEAIE F,
fem F, F AF/F, e s 5 K FFMEF 8 T DA TD 355081 TS DS # TDS &k B L i 23 50 B
flK T 8.20% . 11.19% F19.30% , J5 # 43 5 Tk 11. 51% . 17. 82% F1 14. 68 % , H 25 5 & 3 (P<<0. 05, 5) . Wi
5K, 5T DM TDAEAME, TS DS TDS 4 HE K F, 435 745 T 18.58% .10. 81% M116.93% , H % F B %
(K5) . SAXTHESE 3 RAFAIR F,/F,JC 3 50, 05 138 25 5 K/ T F1 D AL A W2 5 m , 5 AL TS
M DS ALBERY F/F, 70 51 T 6. 3420 #13.88% (1 5) .
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Fig.5 Effects of salicylic acid on chlorophyll fluorescence of maize leaves under different stresses
Fo .F, . F, RF,/F, 5 AR 0 b5 256 AT 248 980 e RO RT A8 9 6/ fe K9 6. F,, F,, F,, and F,/F, represent the initial fluorescence, variable

fluorescence , maximum fluorescence and variable fluorescence/maximum fluorescence.

BE & 38 R AR IS N, CK Al CKS AR BRAYOL & MR & S8R BT S AL BN 2 T REs . &k, T
BRHEGEMA 2 BERERP, T, .G M C, FREERE R RB/NMEF R TD>D>T(E 6). 5T DA TD Ak #AH
L, TS.DS A1 TDS 2B i) P, , HOWR 8 55 5 K0 TD M TDS b B 22 55 8 3, J5 2 5 Ai & 4 5 28. 84 % (1 6) .
HMEEFH SA R TR TR 8 T, Hoh b 45 3 A 5 K B TD A TDS kb 3 (] 22 5 3%, 38 5 06 B 2 51 oA
16.79% F128.43% (K 6) . Wi 3K, 5 T A TDALFAHLL , TS A TDS # G55 il #& 1= 33. 87 % #128.57% , H.
ZREFEP<0.05) . W% 5K, SALBEZERIN T T & TD M F# G, AD 5 DS 2 7 A B & (P>
0.05,/86). i SA A4 m AR AL Bt fr C, i r i 55 3 R D 5 DS 43 . TD 5 TDS 4b 38 A 8 £ 5 K 1Y
D 5 DS kb H ] 25 5 3, 40 3 T 23.91% .18. 03% F132. 79% (&1 6) .
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Fig. 6 Effects of salicylic acid on photosynthetic rate of maize leaves under different stresses
P T G A C oy SRR HOb A R MR AL S M ] — A bk ¥ . P, T., G, and C, represent the net photosynthetic rate, transpiration

rate, stomatal conductance and intercellular CO. concentration.

2.7 FRRAE £ EIRARAR KM R

TS [ AL B i SA B EEIE AR R R AN 7 % T 5 TS4AEE D5 DSA4FE TD 5 TDS 4b#i 5=
BEAE AR A 0 BEAT A OCHE 3 AT OB 1 R AR 5 LA AR AR A DG HEE AN TR AR BN AN 2 e R RS . 5 T
MTSHMEL, TD M TDS A% T DWS HI DWR 5 SOD #1 CAT A 1E M 1, SOD #H 56 R %04l i 0. 51 1
0. 4438 0. 93++F1 0. 92%* , CAT H 0. 72 F1 0. 63 [ F- 2 0. 88**F1 0. 81*; &Ik T DWS 5 SP iy 1EAH & 1, A ¢
ZHh 0. 76+ T £ 0. 56, DWR 5 SS9 IEAH X HE AN 5 MDA A £ A G Mt 2 F BB 35, 106 R 500 il g 0. 78
1 —0.85% F & F] 0. 64 1 —0.48; TD A1 TDS 414 = T SOD 5 POD #9 1E AH 3¢ M, A 5¢ & el 0. 70 3% i 51
0. 93%x, [d if SOD 5 SS il #1 5& & B 0. 66 1 FF 5] 0. 84, t #h CAT 5 MDA i M 56 & B —0.76 LT+ 3
—0.82(#£4).

5 DMDSYIA L, TD fl TDS 4142 5 T DWS 5 SOD . POD FI SS (i #5& F 8, 4351 B 0. 52.0. 41.0. 68 =
F) 0.93%% 0. 85%% 0. 96%%, 5 MDA f M 3 R Eh —0. 52 2 5 ] —0. 91+, 5 SP AY K1 56 R Frh 0. 73+ F [ 21
0.56;DWR 5 MDA |SS 1 SP B 5 2 5043 5 i1 — 0. 85% 0. 77+ 0. 90** F [ £] —0. 48 .,0. 64.0. 33, TD Fil TDS
AR T PSR B S P 22 8 R OE M, SOD 5 POD M CAT B A 3¢ 2 % 0. 76581 0. 72 7F & 3] 0. 93+ F1l
0.93%¢, 5DAMDSAMEL, TD A TDS AL T MDA 5 SOD M POD () i M 56 22 80, (B3 75 CAT M %
FHC, 0. 7T7T4RTFE) — 0. 82% AN ME 5 SS B IE AR C PR 5, 5 SP I IE A G F e (3 4).
3 iTig
3.1 SPRSAXNREMATERYGHEERGH

AFLR 1 99 20 UL £ 5 000 A AR R B RO AR 2 2 Ui/, 0 kAR 2R 0 A, DT /R R X R A R T B
X R o A P BB A 1, DT 5 4 ik A B SR R O T R AR e Lt S R 2 R R R R OR AR
FAKZBE, 1 s T R R ARG R R R A B B b B T R A B, RS AR e AT B
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Table 4 Correlation coefficients of various indexes under different stress treatments

b5 Index  4b¥E Treatment DWS DWR MDA SOD POD CAT SS
MDA A —0. 94 —0. 85%
B —0.52 —0. 85%
C —0.91%* —0.48
SOD A 0.51 0. 44 —0.41
B 0.52 0.77% —0. 80%
C 0. 93%* 0. 92%% —0.70
POD A 0. 85* 0. 75% —0. 92 0.70
B 0.41 0. 87* —0. 97%* 0. 76%
C 0. 85%* 0. 84+ —0.81* 0. 93%*
CAT A 0.72 0.63 —0.76 0. 85% 0. 97%%
B 0. 94%* 0.81* —0.77 0.72 0.63
C 0. 88 0. 81* —0. 82+ 0. 93%* 0. 99
SS A 0. 84 0. 78% —0.92%* 0.66 0. 99+ 0. 93+
B 0.68 0. 77% —0. 83* 0. 64 0. 68 0. 81*
C 0. 96%* 0. 64 —0.90%* 0. 84 0. 87+ 0. 88+
Sp A 0. 76% 0.60 —0. 83* 0.51 0. 88* 0.77* 0. 90+
B 0.73* 0. 90%* —0. 92 0. 85* 0. 88 0. 90+ 0. 80*
C 0.56 0.33 —0.74 0.53 0.72 0.72 0. 60

AB.CHHMETSE TSH . DEDSY4 . TD5 TDS4l. A, B, and C represent T and TS groups, D and DS groups, TD and TDS groups,
respectively. DWS: Z50F Jii & Dry weight of shoot; DWR: ## & + Jii & Dry weight of root; MDA : A —. % Malondialdehyde; SOD: & % b4 1% 1k
fiti Superoxide dismutase; POD: i 4k ¥ W Peroxidase; CAT: i S {1k A i Catalase; SS: Wi P #¥ Soluble sugar; SP: 1 i 1 2 1 Soluble protein.
*: P<C0.05,**: P<<0.01.

A R R, S ORI LR AR . SA AT LAECGE T R A R 23 (Chenopodium quinoa) WA $2 m Ho4t 52 A
30 T A AT AR R 2 AR A R R (Lolium perenne) Bl T & 2E S K AT BT FAPE S AREESE L RS [ 3A X
5 N O 1B N R =R S o S 1 R (SO W= B N [ 7 B B R o EA4) S o = ol N S (E DA B SR B =Rl S 1S T
Fe/N T — i B4 HE L R/NR I D>TD>T. 4347 JE R AT RE = il P A~ J5 1l 80, — SR el =2 hia e, T
Sb 3 A HR AR T BRI B /N (L 6) , AT RE S LR AR XT 2 D6 & 7= e i BB AT 30 T A AR ed L e iR . —
ARET T A, D AL BT AR 2R I i /E /N (3R 1R ER 2) , N 51 i AR 5 b T 5 o DA B a0 Br i i i — 25 3050
BOHs 0 SCFE B E A W SE SR BT 5L 0 5 Sk 3 A R R R T TR R A O I B AT — o S
YEH o

SAJE— M Way B KA G W B TR AR AR . IR SA RTZE i iR T R A N R AR K
PR R ST T SRR @R T RE AN T, SA R A K SR R — e T e
LI (Pennisetum glaucum)™ BA%G (Citrus reticulata) ™ 25 VEY) . BIRVEYI R A7 22 5 (H 25 S 45 F 0 SA 7 2% i
T R A I AE Y AR I E . AR BOR A SR TR RILE G AR AN SA W] i 3 R
SRR AR AL FE R T Y BT RO R R o T AR OGRS AT SRR T R Wi SA AR L, & A E T g
B SA B 1 T H 5 PUA AL BT Y IE A G BRI T 5 SP ORI SS BYIEAR G S 5 MDA BRI SCE (R 4) o X
FEOTAEXS TR — 0, SA X i iR T R A WA T K A Y I 4 AR T A RS AR .
3.2 MRSAMS AR MBATERYERAMALZRLG TR

R TR RS ST AR N 27 R ROS, X 25 MDA 89 B AL 2, DI X 40 jE 7= A= 5
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EAEH . MY RN B PTE A R G REA S R ROS, Hid SOD POD Al CAT JEAE Y Pt Ak R G iy =22l . oF
FERWLIEER . FREWA T, EXYAHN SOD . POD 1 CAT i&PETHE MDA & & F ., (HdAHfE 5N, T
LA A0 240 ) SOD &5 Wi 15 M,k 55 4190 15 B ROS B8, S BUMDA & &I . oM e B 400~ 9 i
I SS A SP 5 SR HE T AN M Y 1535 1R, DA 396 AR X S R IR B A R RE H Y, AR R e — B A
N, E R MR R MDA (O, \SS ISP & & B3 T &, A I SOD (POD K CAT I ¥ & 35 55 (552 5 i
T8 S BT AP T P T AR, 3k AT R R K B TR] Y 2 A X R OK 1 AN T g 4, S U EE L

AP IE SA AT DL T R0 R BE A DL K AR A B A BV B S A B 1 R AIRA A PR ) MDA FiLO,
R, X5 Luo % FE K RE A1 Huang %5V 78 £ oK L0 58 25 AR L. BL b 38 Bk B SA &b B AT 482 & A% A
(Platycodon grandiflorus) ¥ Il &R .SP A1 SS (& &, E i s o S W e . ARIFSRES SRR, mil .
TR R A W0 R SA £33 P AL i TE M BR AR MDA S FE Y A R R a4 s aE R Y
TR, SR A H, SA AL FE TR R A a0 A AR B TR I A DG BB Tl 2 R s AR A
PLEAL R GZ 1T F Ak, A SA BRI A AL 55 SP a) (4 1E AR SCPE , i TR e i & A, 5 SP AR T
B Rl BEAL 2 W SA AT LRI il T 2 2 6 Whan T S A AR B AS o0 1 TR IE DT B AL R R R
3.3 MR SAST AR AT RS GRA4FRA TR

W28 9T 12 TS R AR 4 8 B R 6 A M RE B S ), T LATEAR PS T1 H 1 1% 336 4 4535 43 1) 4 40
JE L WRgE R IR R AR A A 0 PS T RR o 23 i R 05, 3 B AR e RO R RORBR AR, A
o iR TR A HE A & S E RN A WK F I F F, e HE T B, X S 25 1 R B ik B PS T i
H A2 B0, X 5 LSRRI ZT 45 AR o AN R Y R0 T R PS IR H G B O RE T OR TR AR TR
PEFN T EE B, Bl 38 M AR PS I PR BE 48 i AR AR 10 G e R SR IRl AL BB 0. RS SRS R, T M
AN 100 pmol - L' (14 SA 7] &g 35 42 i A RE(Hibiscus syriacus) W F, . F, M F,/F,, %1 5 Wi %+ PS 11 & h H
Ao AT i SA I N R e R A F R, M E/F, BERF,, X 20 SA 238 PS 1T iR H 0 Y
LT 1% 36 B R % 3 3005 ol fo it 2 R A W 7 5 RS B AR I ROS, DT X 200 Jfd 2 At 45 o W] B SA 4 s i it
ARG M, ] KBS BR ROS, X PS I o i 2 4R 378 o

I TSR 0 2 T BOR W 1 A VR 32 B G R R 2 R R SRR AR i CoRn
GYI T, P, BB Z AL HIER s sk G B 0 COARAR G T, W) PR BRI A B 3R AL BR i B 2 A s i
ARG KR, B —E AT iR G G R X R P T B 2 0 2 A2 B SCFL R 9 5 L 24 Bk an
B A VR R R T R — e o 3 EUR Y SA AL FE AT DL R S A8 R AR (Azractylodes macrocephala) (H
H ¥ ( Zinnia elegans) W 5 (9 P, T, G C o #E T R0~ , EOLAE 0 0 5 B A A L2508 . (R iFod &
B, 52 30 R AR ] SA 2 e R 0 P, E T GA e T [, LU/ K 23 Bk, 32 w5 K 20 1) k3
ST RE AW b 5 AR RIS T SA RS P, T, G A C AR 3E T 9 B B2 (H 3 R 452 ] g 1o 8 45
WAR . AT, B — KA WA R AMNIEE B SA X G A F S B0 5 a0 N2 SRR AL . g xS
- H- SS FIHT A AL B % PE 20 B R0, 52 A 0 R SA Ab BN DL b8 bR B4R T ORI T 8 —haa R IA 5 —
[0 A B, 2 Wt R SA BT AT BE S A B = AR A DR KRR T A i R SR AR A 403 R 5 e AFL I AL DATT I T GO

C., JEMis2 ) P T o
]

4 Ei
PAUEL T JH A I 2 03 IV oK 0 K A B PR S T . P — BB A L, SA
L 5 A TSR R R I S, R0 SS A SP o Bt B A M K R T 4R R R K B
WA S8 52 0 A0 L0, W R0 0 2 PR 00 A D 30 .30 6K 40 K
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