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Effects of exogenous hormones on chlorophyll fluorescence parameters and the
antioxidant enzyme system in soybean leaves under low-temperature stress

Jin Yu—Hel, Wang Xue—Feil, Xu Zhang—Yi—Wal, Miao Yi—Ningl, Jiang Yun—Jiez, Yi Yingl, Miao De—Linl, Zhu
Jing-Yi', Zhong Yi-Fan', Chen Ming-Heng', Fang Fang', and Liu Peng"’

! College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China; * College of Education, Zhejiang Normal University, Jinhua
321004, Zhejiang, China

Abstract: Low-temperature stress is a major abiotic constraint on soybean production. To evaluate how exogenous hormones
affect chlorophyll fluorescence and the antioxidant defense system in soybean leaves under low-temperature stress, we used two
cultivars with contrasting cold tolerance, Mengdou 16 and Heihe 18. Plants were exposed to 4°C and treated separately with op-
timal concentrations of abscisic acid (ABA), salicylic acid (SA), melatonin (MT), brassinolide (BR), and jasmonic acid (JA).
Their effects on morphology, photosynthetic performance, osmotic adjustment, and antioxidant enzyme activities were assessed
after 2, 4, and 6 days. Membership function analysis was used to identify the most effective hormones for enhancing cold toler-
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ance, and response surface methodology was applied to determine an optimal hormone combination. Low-temperature stress
caused substantial injury, with Mengdou 16 showing greater cold tolerance and more stable physiological responses than Heihe 18.
All hormone treatments alleviated growth inhibition, and the most effective concentrations were 13.93 mg L' ABA, 200.62 mg
L' SA, and 30.30 mg L' JA. Hormone application increased plant height, fresh weight, and leaf area, although responses differed
between cultivars. Total chlorophyll content increased by up to 97.60% in Mengdou 16 and 108.28% in Heihe 18. In both
cultivars, initial fluorescence (F;) and non-photochemical quenching (¢/N) decreased; photochemical quenching (¢P) and electron
transport rate (ETR) increased in Mengdou 16, whereas gP in Heihe 18 decreased in some treatments. The maximum reductions in
Fy were 34.38% and 24.86% in Mengdou 16 and Heihe 18, respectively, indicating improved photosynthetic energy conversion.
Malondialdehyde (MDA) content decreased significantly under all treatments, with maximum reductions of 66.50% (Mengdou 16)
and 62.57% (Heihe 18), while proline content increased by up to 24.47% and 19.97%, respectively. Activities of SOD, POD, and
CAT were also enhanced, with SOD and CAT peaking at day 4 and POD showing the greatest increase at day 6. Overall, exoge-
nous hormones mitigated low-temperature damage in soybean by improving photochemical performance and strengthening anti-
oxidant and osmotic adjustment systems, providing a theoretical basis and practical guidance for soybean production under
low-temperature conditions.
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Table 1 Effects of different plant hormones on soybean phenotypic traits
G o "

Ii?di V';:ity Dz_\if%d) cK L SAano MT0
7] 55 16 2 23.11£0.11 a 18.07+0.12 d 21.1540.21 b 20.78+0.20 b
PH (cm) Mengdou 16 (MD) 4 25.99+0.10 a 19.56+0.16 ¢ 23.77£0.10 b 22.74+0.22 ¢

6 28.12+0.05 a 19.78+0.02 f 24.20+0.06 b 23.72+0.02 ¢
SR 18 2 22.01£0.10 a 16.74£0.21 ¢ 19.37£0.19 b 18.56+0.20 ¢
Heihe 18 (HH) 4 24.64+0.25 a 18.47+0.09 f 21.68+0.19 ¢ 20.46=0.16 d
6 26.18+0.04 a 18.77+0.04 g 22.11£0.02 d 22.65+0.01 ¢
fif 7 5H 16 2 5.44+0.03 a 3.33+0.10 g 5.07+0.03 b 4.68+0.02 d
FW (2) Mengdou 16 (MD) 4 6.46+0.06 a 3.60+0.03 f 5.62+0.02 b 5.40+0.01 ¢
6 7.24+0.04 a 3.82+0.02 g 5.97+£0.03 ¢ 5.77£0.03 d
SR 18 2 7.27+0.10 a 3.78+0.02 f 5.97+0.04 ¢ 5.75+0.04 d
Heihe 18 (HH) 4 8.18+0.08 a 4.21£0.08 ¢ 6.75£0.07 be 6.56=0.04 ¢
6 9.33£0.10 a 4.33+0.06 e 7.3240.04 b 7.08+0.03 ¢
TP 55 16 2 31.94+0.09 a 28.56+0.17 ¢ 31.02+0.18 a 30.9940.09 ab
LA (cm’) Mengdou 16 (MD) 4 32.63£0.15 a 28.05+0.11 ¢ 30.77+0.14 a 30.07+0.11 ab
6 33.36=0.11 a 27.87+0.03 d 30.27+0.24 be 29.71+0.22 ¢
JE 18 2 35.17£0.22 a 29.08+0.23 ¢ 34.33+0.18 ab 33.69+0.13 b
Heihe 18 (HH) 4 36.17£0.16 a 28.39+0.18 ¢ 33.15+0.13 ab 32.52+0.18 b
6 37.16£0.20 a 27.43+022 ¢ 32.19+0.16 ab 31.5740.22 b
Cr o
i?dti vl;uriiy D:}(j%d) ABAw TAs0 BRo.»
R 5 16 2 21.33+0.11 b 19.5240.15 ¢ 20.60£0.16 b
PH (cm) Mengdou 16 (MD) 4 23.98+0.20 b 20.93+0.26 d 22.48+0.13 ¢
6 24.63+0.20 b 21.65£0.22 ¢ 22.93+0.17 d
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jﬂz Vna:i{ly sz/?([d) ABAw IAs0 BRo.»
PR i 18 2 19.86£0.14 b 17.94+0.09 d 18.38+0.26 cd
PH (cm) Heihe 18 (HH) 4 22.3240.16 b 19.86+0.16 ¢ 20.15£0.19 de
6 22.81£0.12 b 20.62+0.11 f 21.03+0.03 ¢
& %5 16 2 4.88+0.05 ¢ 4.08+0.02 f 4.30+0.03 ¢
FW (g) Mengdou 16 (MD) 4 5.51x0.04 be 4.65+0.05 ¢ 5.09+0.04 d
6 6.09£0.04 b 5.17+0.03 f 5.31£0.02 ¢
B 18 2 6.37+0.03 b 5.34+0.05 ¢ 5.45+0.03 ¢
Heihe 18 (HH) 4 6.93+0.03 b 6.05+0.04 d 6.23+0.03 d
6 7.2120.02 be 6.38+0.03 d 6.47£0.03 d
i I AR %5 16 2 31.03+0.13 a 30.57+0.20 b 30.44+0.25 b
LA (cm®) Mengdou 16 (MD) 4 30.11£0.15 a 29.70+0.20 b 29.91+0.20 b
6 29.90+0.21 ab 29.44+0.16 ¢ 29.73£0.17 ¢
SR 18 2 34.23+0.25 ab 33.74+0.30 b 33.24+0.19 b
Heihe 18 (HH) 4 33.0040.11 b 32.654£0.22 b 32.214£0.20 b
6 32.03+0.32 b 31.68+0.21 b 31.24£0.20 b

CK: # Wi 787K, LT: RIEBEFZ K SAz: 200 mg L' /K HR; MTs: 30 mg L' #REEE; ABA . 14 mg L' BVEIR; TAse: 30 mg
L' AR BRo2: 0.12 mg L™ SRR NBR. ARI/NSFRFIR 2 4 SR — I 8] 5255 AL B 75 P < 0.05 /K72 53 3.

CK: spraying distilled water at room temperature; LT: spraying without hormone at low temperature; SA,p: 200 mg L' salicylic acid; MTs:
30 mg L' melatonin; ABA 4: 14 mg L™ abscisic acid; JAs: 30 mg L™ jasmonic acid; BRy,j,: 0.12 mg L' brassinolide. PH: plant height; FW:
fresh weight; LA: leaf area. Different lowercase letters indicate significant differences among treatments at the same time point within the

same cultivar (P < 0.05).
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Fig. 1 Effects of different plant hormones on chlorophyll content in soybean
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Treatments and abbreviations are the same as those given in Table 1. SPAD value: chlorophyll content value. Different lowercase letters
indicate significant differences among treatments at the same time point (P < 0.05).
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SEREARG T Fo/Fn RN, 55 16 R K5

WFARS T, SRIAT 18 MU S48 I R ¥ . ANt
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Table 2 Effects of different hormones at their optimal concentrations on chlorophyll fluorescence parameters in soybean under

low-temperature stress

[=] 1= /‘\ H
szriiy ffdz Da%y:%d) cK LT SAan MTo
T 16 Fo 2 0.281+0.002 d 0.445+0.002 a 0.2920.002 cd 0.3030.003 be
Mengdou 16 (MD) 4 0.255+0.002 e 0.414+0.002 a 0.322+0.002 d 0.319+0.001 b
6 0.284-+0.002 d 0.470+0.002 a 0.406+0.002 b 0.397+0.002 cd
Fo/Fa 2 0.815+0.002 a 0.792+0.002 cd 0.803+0.002 b 0.796+0.003 be
4 0.818+0.002 a 0.7020.002 d 0.767+0.002 b 0.703+0.003 d
6 0.818+0.002 a 0.732+0.002 b 0.646+0.002 e 0.651+0.002 e
qP 2 0.684+0.002 a 0.318+0.002 f 0.41240.003 ¢ 0.498+0.003 b
4 0.687+0.002 a 0.318+0.002 g 0.406+0.002 d 0.492+0.003 b
6 0.687+0.002 a 0.320+0.003 f 0.398+0.002 d 0.486+0.003 b
gN 2 0.433+0.002 ¢ 0.660+0.002 a 0.457+0.001 ¢ 0.448+0.001 d
4 0.426+0.002 f 0.701+0.002 a 0.478+0.001 ¢ 0.461%0.001 e
6 0.431+0.002 f 0.756+0.001 a 0.492+0.001 d 0.480+0.001 e
ETR 2 23.2240.06 a 20.04+0.06 ¢ 21.530.09 d 21.74%0.15 cd
4 22.8140.07 a 16.72+0.12 ¢ 19.2240.12 ¢ 17.41+0.09 d
6 23.03+0.07 a 14.4140.12 ¢ 16.6240.12 ¢ 15.72+0.06 d
w18 Fo 2 0.26140.002 e 0.370+0.003 a 0.278+0.002 d 0.28140.001 cd
Heihe 18 (HH) 4 0.261+0.002 ¢ 0.255+0.002 a 0.414+0.002 b 0.32240.002 ¢
6 0.257+0.003 e 0.447+0.001 a 0.372+0.002 be 0.349+0.001 d
Fo/F 2 0.828+0.001 a 0.773+0.002 b 0.778+0.002 b 0.737+0.002 ¢
4 0.825+0.001 a 0.697+0.001 b 0.689+0.001 b 0.675+0.002 ¢
6 0.828+0.002 a 0.640+0.002 ¢ 0.638+0.001 ¢ 0.628+0.002 d
qP 2 0.582+0.003 a 0.313+0.003 ¢ 0.393+0.002 b 0.290+0.002 de
4 0.583+0.003 a 0.316+0.003 d 0.410+0.002 ¢ 0.299+0.002 d
6 0.579+0.003 a 0.307+0.002 ¢ 0.377+0.002 b 0.271%0.002 e
qN 2 0.537+0.002 f 0.867+0.002 a 0.592+0.002 e 0.642+0.003 ¢
4 0.553+0.002 g 0.902+0.002 a 0.618+0.002 f 0.665+0.003 d
6 0.535+0.002 g 0.966+0.002 a 0.633+0.002 f 0.672+0.002 d
ETR 2 20.31£0.10 a 17.51£0.17 d 18.4040.12 ¢ 19.1120.10 b
4 20.2040.09 a 15.12+0.09 d 16.2140.09 ¢ 17.4120.12 b
6 20.81+0.09 a 12.9240.09 e 13.5240.10 d 13.80+0.09 d
o -
v;iiy f;dti D:}(j%d) ABA BRo.»
2= 16 Fo 2 0.308+0.002 be 0.298+0.002 be 0.312+0.015 b
Mengdou 16 (MD) 4 0.327+0.002 b 0.329+0.001 ¢ 0.319+0.010 b

6

0.410+0.002 b

0.408+0.002 b

0.411+0.002 b




%5 6 1] & B A AN HITIR A T R E M F 4 R S B E L R S 5% 1823
&%k 2)
[=] 1= T H
szriiy :Idtz Da%y:%d) ABA T80 BRo.12
5116 Fo/Fu 2 0.805+0.002 b 0.783+0.002 d 0.760:£0.007 e
Mengdou 16 (MD) 4 0.742+0.002 ¢ 0.701%0.003 d 0.698+0.007 d
6 0.659+0.002 d 0.626+0.002 f 0.670+0.002 ¢
qP 2 0.492+0.002 b 0.358+0.002 ¢ 0.380+0.007 d
4 0.481+0.002 ¢ 0.355=0.003 f 0.385:£0.007 e
6 0.464+0.002 ¢ 0.3710.002 ¢ 0.392:0.002 d
gN 2 0.456£0.002 ¢ 0.469+0.002 b 0.473+0.004 b
4 0.472+0.002 d 0.483+0.001 ¢ 0.503+0.003 b
6 0.5080.002 ¢ 0.519+0.002 b 0.519+0.002 b
ETR 2 21.60+0.15 d 22.52+0.09 b 22.22+0.43 be
4 19.31+0.09 ¢ 19.91+0.15 b 20.03+£0.21 b
6 17.72+0.18 b 17.76+0.07 b 16.60+0.31 ¢
18 Fo 2 0.286+0.002 ¢ 0.297+0.002 b 0.287+0.004 ¢
Heihe 18 (HH) 4 0.319+0.001 b 0.327+0.002 b 0.329+0.001 b
6 0.366:0.002 ¢ 0.37320.002 b 0.348+0.002 d
Fy/Fen 2 0.779+0.001 b 0.748+0.001 ¢ 0.751+0.015 ¢
4 0.697+0.001 b 0.677+0.002 ¢ 0.6760.007 ¢
6 0.669+0.001 b 0.631+0.001 d 0.632+0.001 d
qP 2 0.2850.003 e 0.229:0.003 f 0.295+0.001 d
4 0.293+0.003 d 0.236+0.002 ¢ 0.298+0.008 d
6 0.284+0.003 d 0.245=0.003 f 0.273+0.003 ¢
gN 2 0.6130.002 d 0.690:0.002 b 0.6470.001 ¢
4 0.631£0.002 e 0.723%0.003 b 0.675+0.004 ¢
6 0.641+0.002 e 0.752+0.002 b 0.694+0.002 ¢
ETR 2 19.20+0.12 b 18.43+0.12 ¢ 19.23£0.47 b
4 17.05+0.09 b 16.53+0.15 ¢ 16.30£0.31 ¢
6 14.91+0.09 ¢ 14.71£0.12 ¢ 15.21+0.09 b

WP 1o For WIIRTOL; Fo/Fn: IOGHERCR PSTTA RO Z R 7774 gP: SOl KA gN: AU KA ETR: Ot
EAAR T AR . ARE/NE FREFIR 2 A AP R — I ] 54 AL BRI 7 P < 0.05 KRR RE,

Treatments are the same as those given in Table 1. Fy: initial fluorescence; F,/F,: maximum photochemical quantum yield of PSII; ¢P: pho-

tochemical quenching; ¢gN: non-photochemical quenching; ETR: electron transport rate. Different lowercase letters indicate significant dif-

ferences among treatments at the same time point within the same cultivar (P < 0.05).

23 MEFEMEEBEEETKESERTYR
REETEXHMR _EaEMNE N

R 8 T A Y BB E L R G2 B, )
P E VE W EREAL, REUEMEKEME, (40
ZF 5. MDA 1E AN i A AR 2= 2 —,
A B R AR S S W B A W A 2 B RE Y A
e 128 VA T Tl 0 45 U R 4 ATt R AR AT 38 T A
BRI F A9 MDA &8, Hib 14 mg L' ABAXI52E 16
FEC RS2 403 1) 28 fot s SR e A, 6 d I LT FAAIK 66.50%,
I 30 mg L' MT 4hFE T 24307 18 () MDA 5 /b fix
B, A LT I 62.57% (K 2-A). 168 521 E R}

AL 440 L P 9B s A G R T S Al I G K, T i AL
RAE MY RN B G RKIERNB BT YR
—, R AT S RERE, D4R
B, R AR A i s R R E .
W RV, % V3 3% 7 dac il ViR B it I X mT A AR B 1Y
Pro 38 im, ARAAHAFELEE, FH 1652
W18 1 Pro SRR AN 7.92%~24.47%5
6.72%~19.97% (& 2-B).

24 MEHEMBEEBRFETRKEREXLRESEHN
A1)

HY I EALEE RS SOD. POD Fl CAT %
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Fig. 2 Malondialdehyde and proline content in soybean leaves under different hormone treatments at 6 days

ACFRFNZE 5 6] 1, MDA: N _F; Pro: &R .

AR NG FRER IR [R]— i Bl [R] — I ] g 45 AR BRIB)7E P < 0.05 KF- 22 B 3% .

Treatments and abbreviations are the same as those given in Table 1. MDA: malonaldehyde; Pro: proline. Different lowercase letters indicate
significant differences among treatments at the same time point within the same cultivar (P < 0.05).

N, PrEALEET LIS/ ROS LR, MGG TEA
B0, CK 415 LT 41K SOD Fl CAT & 1
Y6 0T R, ELBE 2 W6 i () %) SE 4 AR 5 Jin g
o MHREPNE T 2 AN K 5 A0 POD s &5 5 n
WBE, BIERETHEY, F4dEAMEETRE
A e Xgg LTk, (AT CK 41, Hih%EE
16 FI2EIH 18 (Y POD {GPEZEMRIRAL R 4 d B3k B i
i, AHEET CK A5 5 TR 7.06%F1 16.17%, FWIEE
SLARIR T RSP A A R G 32 B — o B R
(I 3-C, D)o WS INAS [R] AMIR 0 2 AT DA% Mgt AKG IR 36 i 1
oA ALBHEE R, 5 LT AbFRAR e 0.12 mg L
R N ERALHE 4 d Bt 8K 5% SOD i 1 1 T

L' KA BR AL BE 4 d AR ¥4 70 K 0 A4 CAT 336 % T e e
K, ik 397.52% (&l 3-E). ifii 200 mg L™ /KA A X4
TUBR R G HVE RO B, 27 4 R8BI 18 Ry
SAz 1% LT 41 SOD fifi 5 CAT s M54 &
79.63%#11 500.82% (1€ 3-B, F). 2 4~ K& 5 Fh i) POD
TEHETEA B AR R B R AL S LT MR
¥R, 0.12 mg L W3R NBRAE S50 16 F1R
W 18 K& POD if¥ LI B3, 4 6 K 2
AR AN SAgo ZH AR T LT 4 53532 F 54.91%
F135.09% (& 3-C, D)
25 RERHBSMHEESUMERE
FHR & R B34 4E, BE T LT BR A B 48 An ot
Ky, TR EEA T 0 2 1 X ], {154

[CJCK LT SA,, EEAMT,, RKNABA ,BE=HJA,, NBR, ,

R R R, THIRIAF] 46.34% (& 3-A); JifH 200 mg
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Fig. 3 Effect of exogenous hormones on superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) activities in soybean

leaves under low-temperature stress

IEPERIAEE R 1, SOD: #E LY ALAE; POD: it LW, CAT: W4 AT, AR/NG FREFRIRIF — SR F — B ) 5 2% b B

TE P<0.05 KFEEFRH,

Treatments and abbreviations are the same as those given in Table 1. SOD: superoxide dismutase; POD: peroxidase; CAT: catalase. Different
lowercase letters indicate significant differences among treatments at the same time point within the same cultivar (P < 0.05).

A BRZL R AR DT IERE 1 ELA AT HPERT AR A AL 1 52
16 SRR, SR s TR LE S TN 2541
TR RN R S PUFEE MR RN, F AR A A K AR
Pt Al Ty S Ja R BB S AR B EGER 3). R4l
SEHRIEE, HEAE RN 14 mg L' ABA, HikHh
200 mg L' SA. 30 mg L™ MT, FW5xX 3 Fig &1 %
TR R R AR R R BUIERE Sy, B ks O
WEAVE R B BT FE MR T2 A E AR
2.6 WmALf EZ4E R4
RARTEINIRE B B R X K T AR a6 2 A sk

AR R e, AR50 83 Box-Behnken UM AKX
i, 48 Y VE N, B 10, 14 F1 18 mg L' ABA
W (4), 180, 200 A1 220 mg L' SA ¥ (B), 25. 30
M35 mg L' MT #EE(OFER 3 INE | 3 KFiEF7
7 A 8 S W R R Y = —22.58+0.14xA4+0.19%B
+0.23xC=0.000144x4B+0.000250xA4C+0.000030xBC
—0.004x47-0.0005xB*-0.004xC* (R* = 0.998), M\ &
AAL 3 R R AE TR N A E A (A 4),
HIYREIE BB s BEAE I C R, o i & s
FEIXT EE AT 0, SA e FEXS &2 & R VR 350U 1Y 52

F3 REPETEEVHEHMAEZNFERZMHRERBESSITN

Table 3 Comprehensive evaluation of membership function values for cold-tolerance indicators in soybean under low-temperature stress

SR R AUE
Qb3 Subordinate function value
Treatment =2 fif T I [ AR MRS
i fief ] TR Fy FUF. oP N
PH FwW LA Chlorophyll content
S A0 0.86 0.75 0.87 1.00 1.00 0.88 0.49 0.95
MTsg 0.71 0.66 0.78 0.77 0.75 0.96 1.00 1.00
ABA, 1.00 0.84 1.00 0.81 0.76 0.82 0.94 0.90
JA3o 0.07 1.00 0.76 0.59 0.52 1.00 0.37 0.84
BRy.1» 0.50 0.89 0.76 0.76 0.62 0.98 0.40 0.86
sk s R AUE
Qb . . FHIME He#
Subordinate function value
Treatment Average Rank
ETR Pro MDA SOD POD CAT
SAs00 0.81 0.98 0.89 1.00 0.99 1.00 0.89 2
MT; 0.25 0.81 0.98 0.82 1.00 0.95 0.82 3
ABAy, 0.66 1.00 1.00 0.83 0.99 0.98 0.89 1
JA3 1.00 0.88 0.89 0.81 0.99 0.99 0.76 5
BRo.12 0.69 0.83 0.88 0.88 0.99 0.99 0.79 4

AFIFE 1. HEFE 1, £2. B2 WA 3,

Treatments are the same as those given in Table 1. Abbreviations are the same as those given in Table 1, Table 2, Fig. 2 and Fig. 3.
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Fig. 4 Response surface plots for optimization of the compound hormone formulation
ABA: i75FR; SA: /KIHER; MT: A% . ABA: abscisic acid; SA: salicylic acid; MT: melatonin.

R, MT 5 ABA WK Z . &M B0, fEdl s
5 ABA e 13.93 mg L', SA ¥ 200.62 mg L
T MT ¥ 30.30 mg L' 7E 4514 R ik — T R 56
W, RBAERERILAASNE S MBELHT,
5 LT M, S5 16 e MR, Hbke | Bkt
T A I T 19.70% . 78.44%F1 23.37%,
XU A5 R T A RO 2 R S 40 AP T A AR
5 3 o BT 45 A S N A8 bR, R A TR A AR Ak
A A — P R AL P — B, Hh b A AR PR
Akt N B3, SOD. POD K CAT i M4 i 43 %) My
44.08%. 39.60%F01 26.27%. HILAI %1, ABA. SA Fl
MT 3 Ff R Wb [m] 42 AR TR B30 T K &2 A A B e i,
H 358 1 BOE PUELE R GeoR 4R R K T4 A
IR AE T -
3 itig

AR AT, ALY RIE SRR 2 & A B AR
fb, FERI HEKRAERKEZEEZZHIET . i
AR 5 b 2 25 7 4 4 Y A 45 SR AR A Y IF g
SR, 5 CKAlM L, (KA & BRI RS
FORkE | EEE . R SR R A, S R
& BRI M ae 25 5 80K 5 AR 4 B R AR 2 1 45 SR A
— TN AMEAL Y E T DL AR, 5
LT gAMbk, ®kes. @A EAY L. W, 7
200 mg L' SAAbBEF, MR SRR K,
16 7£ 6 d B ERFE & 84 LT AT 97.60%, B
W18 7E 4 d BFIEAN T 108.28%., Hik, KRS 51
HYCEE R R Rt A ILSESLE
ZHCT B, 5 FLRE U8 0 R fE 5 ok IR S A0 A
. SRR G B A% R R AL RE 1A OEP0 T
M2 NS HOT HHEE R W AR T LA

A AE LY, AR, 5 CK 41AH LL, LT Zb B4
K& Fy. gN LT, F/Fn. qP 5 ETR TR, X5
22D IR A T K GORRER B . FERLS
W, OGE U S B I Z5 e AT RE . SR it fin
WY EG, 5 LT 4/, 55 16 i Fy. gN FF%,
Fu/Fuw. qP 5 ETR W2 a3, i 18 A&k 5
gP (E W] AR, T ULAE P38 3% R AN (] DR it A AT iR
HENEMENEAREES

FERE NG SAAL T T, TN AR R BN it R Akt AR
) R B 2 —, R RS S A R Y
TR, — ML 5 H A it € B AR 5,
IR ZE AT, 16 14 mg L' ABA bR, 52
16 ) MDA &t %¢ LT A1FE(% T 66.50%, 1fi7E 30 mg
L' MT Ab#R, M0 184 LT L N/ T 62.57%, Al
UL it o0 3 R A R R RT3 R AR R S Y
MDA &, X 46 A: R HLE] CAE /N 22 (Triticum

aestivum L.) P¥ Fhli(Solanum lycopersicum L.) P

GZFEY PSR, [, AR 2 AR M
SRR, BB IS E B B ALY S T,
AT 200 60 958 175 34 N T 3 47 40 1 88 2 ok, ok 4 i 4
Ff— BB EWRE ., R EBR, TEARMEYHE G
PR, 5835 16 550 18 i F 1 Pro 1 #8 LT 414
RN 5K 7.92%~24.47%5 6.72%~19.97%. 7] W., b
TRAE P 2R T DR I R i FUR, iR 2 s B
S, DT S48 AR X I R T 3 A i A7 M, S
ik B AR ROV BURIR M T Pro BLRAYRE
JIRRE ) BT TENE B IE A 56 R B MFT 5 o
T AAE IG5 S s A5, AP
AREE S EPREEZEEMACT, MYT7E AR R
HEAk 2 F ROS W BRMLEIR AT A IR B4, MR
IS M AU R B 05, B E RGO Y R g8 AR B
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PUAALRICY, 5T B, 78 LT AbBE4] 6 d i, 525
16 5230 18 1) POD {EPEAHI T CK 41430 R T
7.06% M1 16.17%, W] U435 IR bl a0 2 X6 A8 4 1
e A F o ARG IS 9 3R AT DA e 3 R AR 1K
RO XY R0, S LT ML, 55 167E0.12
mg L' MR NBRAL B 4 d Bf SOD JHig & kil ik
46.34%, 200 mg L' KipieabH 4 d B CAT H§jm
397.52%; B 18 7F 200 mg L™ /K MRALBE 4 d ),
SOD Fil CAT [ 1443 534 =5 79.63%H1 500.82%
FH AT L, A it A 0 3R e A AR B R AL
TV, I BR 22 40 06 1 AN T 4 K G AR Ak e
X 5 B S A POV I 0 2 R i 1o R R T SR AL T
PR, DT G2 i AR IR 30 15 SR AS AR5 i 114 235 SR AT AR

o — A K o A 4 T S AR ) 1 T FE g
MUERGIEH ABA. SA. MT. BR I JA &K
T PUIRE R, ARG R SRR eR Ok IR AT 25
Gorbr. BiRFEM, KW E N T HEE N
0.769~0.899, H:Ht ABA . SA Il MT B2 {8 {51 5] iy
=, R = H RN KRG ST IE M E . [,
AN E R Z BIAF AR T 2 W B IRl S P ¢ &,
ARG 2 $5 4 %ok A I 3 R A i 1y T, g
Ding %R H MT Ml JA 75 F AP IEE T KI5 5
PhFEHEAE A . AT ABA . SA Fil MT #4741
A, i 3 REE L3 K A MR O TR A ST AR R
ARSI AT, SA YR IE X E A IR M RUR I
iR, MT 5 ABA WEIRZ, 58 RAEKERR
444 13.93 mg L' ABA, 200.62 mg L' SA Fll
30.30 mg L' MT. 7EBLERS [ TR 1) 50t 5 % 1
BT PR L BRSOl 3, 5 LT 4 L,
525 16 i) SOD, POD Fl CAT {34 g 435k
44.08%. 39.60%F1 26.27%. ML, B H5MEFE
B O R G PR R G, RS A
AR R, IR GR 05 o, B6
PR AE R G ARk R B e T AR LT 4 R,
HEATR 19.70% ., 78.44%F1 23.37%., A] W H5iE
SRR 2y (S90S RA s N4 IR (=SS I i e R 7 S <SP
GER, B R G AR R ) .
4 iR

IR MG S BOR T A KNS . A ROREE |
FEL g = A A i B bt A G R e 32 B . X5 T 16 F
Myl 18 AMJEmEE ABA, SA. MT. BR Al JA 0]
B ARIR S, Hoh ABA Xk i A ALY 2%

RO B B, SA AT ARER MM 4R & i . 1R
PUACEEG PE, MT B 5 F#IX MDA 7EAE#) 1A i
R RS BB TE LR PP 25 R BUIERK
W, e T ABA L SA FIl MT 1 K 5 2 bi 76
o [, SE e A ik 3 FECREC L, 3R
BRAEMERLAS N 1393 mg L' ABA |
200.62 mg L' SA F130.30 mg L' MT, %ESME
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