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SNRE ACTE S R ITR IR 55 X BB T FR L
SRR

gAzer !, A2, RES, ZEMY, FFL REE, gpFt
bl AL K2 22 e, IR KD 410128, 2 I ZAEIRN R G S5 W AhE B 205 TR I L,
BV 410128; ° BSEAYEIE A E AL, WIET KD 410128)

8 B AW IUANE A KR AT OGRS Y T BN i AR A BE AR R, DASER 301 AyikAt, KA 0.1 pmol - L
SR Z A TE (BRs). 100 ymol - L [REHEZ (MT). 500 pumol - L™ (7K % (SA). 100 umol - L™ [¥fliv&#E (ABA).300 mg -
L' ) 6= FIEARENS (6-BA). 100 pumol - L AR T (MeJA). 20 pmol - L' A& (GR24) 7 FhHNGAE KA 17
VAL T . SRR BRI AL, R STENE T B i O R R B PR, R R TV R . IR
N RS R RN, MRS A S AR R T SARIERIS R BEARLL, & AMEAE R T B AR B K gl vt
HHRHCRIT TR . R AR S R A B ARSI B3, N S BRI, HERRTORSE FUF, AL
FRKRE (qP) Fhi, AR R (NPQ) B (R FRISMIE A KR T4 R SR SO e UR A % 5%, ABA.
MT. GR24 HURELF. AMEAEK YR A FERIE IS MR (5 D BORME, MEAEK S dEERARE. RURE
§5 I 2R AR, AN AE AT T A R AE L AT AU AR e AR A B M s R RSN AE T T )
JRACFERRAT 25, ABA. MT I GR24 fit 5 35 3 SR Bl B I IR 55 Bk 77, Hodh 100 pmol - L™ 1) ABA 2Rt
KHEIR): BAG ANEAKWRTYIR; RIRSSEENE; A AR

Effect of Exogenous Growth Regulating Substances on the Growth of Chilli
Seedlings under Low Temperature and Low Light Stress

ZHU Chenghong', FU Wen', ZHANG Zheng', LAN Jiayi', LI Shi', YUAN Siyi', DAI Xiongze" > "
('College of Horticulture, Hunan Agricultural University, Changsha 410128, Hunan, China; ’Engineering Research Centre

of the Ministry of Education for Germplasm Innovation and New Variety Selection of Horticultural Crops, Changsha 410128,

Hunan, China; *Hunan Provincial Key Laboratory of Vegetable Biology, Changsha 410128, Hunan, China)

Abstract: In order to study the effects of exogenous growth regulators on morphological and physiological
indexes of seedlings under low-temperature and low-light stress, seven exogenous growth regulators were
used to treat chilli seedlings with ‘Xingshu 301, including 0.1 pmol - L' oleandrin lactones (BRs), 100
pumol - L' melatonin (MT), 500 umol - L' salicylic acid (SA), 100 umol - L' abscisic acid (ABA),
300 mg - L' 6-benzyl adenine (6-BA), 100 umol - L' methyl jasmonate (MeJA), and 20 pmol - L™

monocrotaline (GR24) . The results showed that, compared with the ambient control, the stoutness index
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of chilli seedlings under low-temperature low-light stress was significantly reduced, and the contents of
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soluble sugars, proline and malondialdehyde in the leaves were significantly increased; the chlorophyll
content and catalase activity were significantly decreased. Compared with the low-temperature and low-light
control, the seedling index and leaf soluble sugars, proline, chlorophyll content and catalase activity were
significantly increased, malondialdehyde content was decreased, chlorophyll fluorescence parameter F,/F,, and
photochemical burst coefficient (¢gP) were increased, and non-photochemical burst coefficient (NPQ) was
decreased by the treatments of the exogenous growth regulators. However, the effects of different exogenous
growth regulators to alleviate low-temperature and low-light stress varied, and ABA, MT, and GR24 were
more effective. The effect of exogenous growth regulators was obvious in the early stage of low-temperature
and low-light stress (5 days), and the difference was not significant after 5 days of growth resumption. It has
shown that low temperature and low light stress would affect the growth of chilli seedlings, and exogenous
growth regulator treatments were effective in alleviating the damage of adversity stress on chilli seedlings in
the early stage; there were differences in the effects of different exogenous growth regulator treatments, and
ABA, MT, and GR24 significantly enhanced the ability of chilli seedlings to tolerate low temperature and low
light, of which 100 pmol - L™" ABA had the best effect.

Keywords: Capsicum annuum L.; growth regulating substances; low temperature and low light stress;

growth physiology

BB Capsicum annuum L.) 277} Solanaceae )
HUE (Capsicum) —FA G R ZEEMY), &
FEE, WHMEE, Z2REAREENHEEZ—.
Hil, REBHEMRIAIA 213.33 77 hm’, &~
T2 6400 7 to BRI RCA TR BP0 i B )
HRERAK, MTHRE . HRURRE . &5
Ko B MR AR PR 25, 2020; 48248
&, 2022). BARUR RN, HiREL (AR
AR, 2022). LIRSS B A HEKKE
IR . Rk, WA s i HA e
JIRHBR = e A B

IR 2 2w b o A FE R A KR E
— A4y A E BT 0 CHMRIED FEE (K
T 0 CIIMKIRE) (Guo etal, 2018)., WYAFRKE
B Bl o 52 BN B 2 . B MR 2 4 )
PR, PP FRIER. RFHR. KRB
AR, sEZLhm A& (RN, 2009). ki
TR T AR IR B 1, (4 B RS MR i A AR
BRI AS, Wn#ENE (He et al., 2015). iR A
SEHEEYIAENBIE R TR AR R, MY i
T E SRR RIS SR I RE ) (AR A%,
2018). I BB I 22 Fo 0 SR R I A s, TS
AR S RE IR e AR AN 4, S e A 1E

(€)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

(Hu et al., 2010; B3 % 2%, 2022). {KiE 2
SEED RN IS E ARG (POD). A
1L (SOD). S EARG (CAT) Z5hi A (b B s
PER A CHRZESE 25, 2005). H4h, (REME
AR A — RINVE RIS 5 R RIS 557
5, HEFHEE T RIS PIEER RIS (FRER
s 2023),

TP 2R B BRI 4 () B R - BRARURR
TR I S IR N 25~28 C. IRELT 15 C
N A AT R B, 3 TN RS A i O
KK, 2012). KIRSSIE S S EH L B,
RARE, Hmymike. S W E R
B A5, 2016). BRACEIR TR I AG B AR A 2
TEAZEE . TBH RIS Y 2 B A ZE & 1
KEEA . BRINE. CRESY RS AL, it SME
AR YIFAE H AT eEAER, SHE
FRI, WRERAE EMZER, 2017), HRE
# (Lietal, 2022), /KR (ikZRE) %, 2008).
&R (I £, 2015), 6- FEaFEmEns (3K [H
WA, 2013). FKFBR HEE (XI/NBH, 2017).
4 NEE (Cooper et al., 2018) Z&kE4A4 KA
JREBRE S S R B AN BRI PUIERE . (B
R I 55 D610 58 T W it AN [ &7 305 A A TR 45 42 0T
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W E KN Ra i EUb, Bk, ALY
B 301 ARIGM KL, BRZRARIIS Y E e A [F SR
A T S5 BB A T T A5 R0 A B R AR (1) R
7 e Rk R AU AN AE K R, DA A B T A
VAR BRI AR S

1 HRST

1.1 RIEAR

TG I FH A 7 48 B0 ST 8 I SR AL PR IR A Y%
%301, 2023 5 4—7 F 7R R ARk K= 7E KM
Tt B — 2 SR = AT .

M EARE (BRs). MREZE (MT). KR
(SA). fi7%MR (ABA). 6- & ILES (6-AB).
KA F I (MeJA). M4 NEE (GR24) %57
MAMNEAE KB (A= 95.0%) 1Tt
REEEPHARAT . afEMERE (SS). MR
(Pro). § & (MDA). H%fLEHEF (CAT). M
GEER A (ChD AR brl il f &l 1 Hifg
HRAEMARAF.

1.2 R8T

PR . KNS B, =R
2R 4h, BT 28 CHHERFMMLE, BERFE3~5
d, i 80% & I FE A . KA 72 LA E
FTRACTTONEA L BERE =3 01 (R 8
WA Z P BB 43 2 10 em x 10 ecm B 97
e, LERMR T U E R

WIS IL W 9 M bHE: DUHIR + 818K Xt g
(CK1), MEHR I + ZR 1K N 7 — X (CK2),
MRIRIIIE T 7 Fh AR A= KA 54 )58 10t FH ok 2 L

*1 NEEKETYRIERMSERERE

QbR W

CK1 L+ Wi R TR K

CK2 RIS + Wi AL 1RK

L+BRs fRiEFIHE + LK AEE (0.1 pmol - L) CHRERIZEZ,
2017)

L+MT {RIEFSE +HBEZE (100 umol - L) (T HE 2, 2022)

L+SA  {IEFIE+ KB (500 umol - L) (153 &, 2013)
L+ABA {RIEIIE + BIEEE (100 umol - L) AR 45, 2015)
L+6-BA fIiLIHE + 6~ FEIIEL (300 mg - LD (REE 4,

2013)
L+MeJA fi6# 5506 + K FBE F ls (100 pmol - L) (xij /N FH,
2017)

L+GR24 fRIEFSE + MAM4EABE (20 pmol - L) (BHEH,2021)

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

Lo RABEALX AT, TR 20 Pk, &E 3 RE
2, 60 k. BRMAIEKZ S —0n, Pk
K — B R R T AN AR KR T R AL B . i
23 dF 18: 00 X 2% AbBE 4 1 Wi 1 AR KT
VI B ZE TR, B 20 BRETWEE 200 mL, M IE.
B, DARMEE — 2R T

EN TR RS AT IRIR IS e ia b B . %
EWE 4 C/4C B/, IR 100 umol -
m’-s', M I12WI2h (B /&), KRS EE
hihiE 15 d J5, FEYEE THEIRSM (28 C,
GRS 300 umol - m - s ) RKEREFE 5 d.

EAMEARK AT S5 5. 15, 20d
MSETEASIEFR; 85 5. 100 15, 20 d Wl & A= B 45 bR
At g R ZOCSH, U R A K S NG
4~6 Fr il E A B bR AN A ERBEHLIN SE 6 Bk
4
1.3 MEMBSHZE

Phimr: P DR S BRI S v 2528350 21 AR K ST
IR RS . 2R FHAR R RO E SRS R ST
AR ERIALE . B E T KBRS
B IERIUYE, BRI EEAR R
EFE, B AR TR RRE K, 2 5IE
RIS AN 5, RREEE R REET
R 105 CRT, 65 CHT R H G
TR, HEias = GO/ bR + R/
H B RUED < AbRTRE (BRI 5, 2021).

AEBRFERR: SR RGN AR R A T A=)
NS ERA & EY R & T
QIR EEANRA & HYHTSRBAY M REE
G A A A ) 540 0 I € MDA
SS. Pro. Chl Z &1 CAT &1, HEGEER NS
K FluorPen FP110 F-HFAUH- 2 2 98 G AT 72
1.4 HIEAIE

f§iF Excel 2010 AT 85 Si vt AR 20, ik
6 #4% K FH SPSS 26.0 % {4 Duncan % 56 15 i3t 47
SEMSHT (P <0.05),

2 ERG5HH

21 AESNEE KBTI RXHRIR T E TR
W E KSR
HI% 2 T, R 59 6 W08 T (0 O &) i
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Phims Z2HL M BT E. NS R E
HHREO L CK1 B3 PR, bhas 7 PR AE K I
WIRAC A 5. 15, 20 REH SR (K
D, BHBJEY 5 K, ABA AP R 3 E T BRs, SA

M MeJA 4 ¥, {H 5 MT. 6-BA fil GR24 kb ¥
FAEE: ABA P& DUAEKIRRELF (R 2),
Phms 2. #h BT E. MO E. CH
TR BB CK2 $E5 12.55%. 18.65%. 43.82%.

2 RIRSSIEHMNE TINRE TR IR AN i A KR FRRI 1L

EREYd bR Kk /em Z2HH/mm Hb_ R g TR BT g VANEEE (=R
5 CK1 11.95+0.55a 239+0.15a 0.243+0.011a 0.042 +0.004 a 0.107 £0.007 a
CK2 9.16+0.14d 1.93+0.11¢ 0.089 + 0.006 d 0.021 +£0.002 d 0.050 £ 0.003 f
L+BRs 9.61 £0.30 cd 2.07+0.13 cde 0.103 £0.026 cd 0.027 +0.005 cd 0.063 £0.012 de
L+MT 10.11 £0.48 bc 2.24 +0.07 abc 0.122 £ 0.005 be 0.031 +0.004 bc 0.074 +0.007 bc
L+SA 10.16 £ 0.38 be 2.12+0.21 bed 0.111 £ 0.023 bed 0.029 + 0.006 bc 0.066 £ 0.010 cde
L+ABA 10.31 £0.66 b 2.29+0.10 ab 0.128 £0.009 b 0.034 +0.002 b 0.079 + 0.006 b
L+6-BA 9.97 £0.25 be 2.19+0.10 be 0.116 £0.017 be 0.030 + 0.002 be 0.071 +0.005 bed
L+ MelJA 9.80 +0.36 bed 2.01 £0.08 de 0.101 £0.009 cd 0.026 + 0.005 cd 0.059 +0.007 ef
L+ GR24 10.23 +£0.55 be 2.27+0.09 ab 0.122+0.014 be 0.033+0.003 b 0.076 +0.006 bc
15 CK1 17.97+0.74 a 297+0.10a 0.727+0.052 a 0.199 £ 0.022 a 0.406 £ 0.047 a
CK2 9.46 +0.46 d 206+0.17¢ 0.089+£0.010 ¢ 0.022 +0.004 ¢ 0.052+0.010 ¢
L+ BRs 9.75+0.42 cd 2.19+0.27 de 0.102 £0.014 be 0.024 + 0.007 bc 0.059 +0.016 bc
L+MT 10.27 +0.49 be 2.47+0.13 be 0.126 £ 0.006 b 0.030 + 0.005 be 0.075 +0.006 bc
L+ SA 9.91 +£0.25 bed 2.27+0.13 cde 0.123 +£0.020 be 0.027 + 0.004 be 0.068 +0.009 bc
L+ABA 10.64+0.25b 254+0.11b 0.130+0.005b 0.036 +0.008 b 0.087+0.014b
L+6-BA 9.84 +0.58 cd 221 +0.08 de 0.119 +0.009 be 0.027 + 0.006 bc 0.066 +0.011 be
L+ MelJA 9.81 +£0.80 cd 2.20+0.19 de 0.113 £ 0.041 be 0.026 + 0.003 bc 0.064 +0.010 be
L+ GR24 10.48 +£0.41 be 2.34+0.15 bed 0.128 £0.014b 0.033 +0.007 bc 0.078 £0.013 be
20 CK1 20.07+0.87 a 320+022a 0.799+£0.107 a 0.202+0.042 a 0.414+0.085a
CK2 9.85+095d 227+0.08d 0.161 £0.018 ¢ 0.063 +0.005 ¢ 0.140+£0.011 ¢
L+BRs 10.40 +0.53 cd 2.57+0.17 cd 0.185+0.030 be 0.076 + 0.004 bc 0.173 £0.011 be
L+MT 1296 +0.84 b 2.86+0.07 bc 0.221 +0.026 be 0.085+0.008 b 0.187+£0.013b
L+ SA 11.18+0.77 ¢ 2.67+0.22 be 0.202 +£0.016 bc 0.080 + 0.008 bc 0.179 £0.017 be
L+ABA 13.79+0.55b 2.99+0.18 ab 0.241 £0.028 b 0.088 + 0.006 b 0.193 £ 0.008 b
L+ 6-BA 11.53+£0.55¢ 2.73+£0.33 bc 0.219 £ 0.033 be 0.082 +0.007 bc 0.184 +0.011 be
L+ MeJA 10.75 +0.79 cd 2.55+0.13 cd 0.194 + 0.020 be 0.077 £+ 0.005 be 0.172 £ 0.007 be
L+ GR24 12.89+1.14b 2.94+0.41 ab 0.238 +£0.009 b 0.087+0.005b 0.193 +£0.008 b
e R EIBEEE S5 AN AN R R A B R 25 R 2 (P << 0.05), T
0.6 OCKI OCK2 HEL+BRs L+MT BL+SA L+ABA O L+6-BA EL+MeJA O L+GR24
a
0.5 a
0.4 %
i
;E[ 03
H
0.2 F Y
5 15 20
Ib 3K H/d

E1 {KEISAE TMNEE KA RS E TSR RN T
Bt EARFENG F R N AH R AR B R T AR 22 57 B3 (P << 0.05), TFEIF.

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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61.90%. 58.00%. M55 15 K, %4MEAKIN
YA A K AR AR, SRR IS GNE
5 RIGHUAEALL, MT. ABA F1 GR24 4b B i) B
Wit R s . IREAEKEE 5K, ANEA K
Y AL B R BN A O iR A E R AR (&
1), {H ABA. GR24 AbBHFI BB v P S 0F . @
IR BN B A KA DL, CK2 AR BB Al i A
FEAR B A FIRE S Gt . 2 T RS
FHOR, WEAEK S dfE s AvE R, TAE
ATV AR BE I B v 32 FH AR EAI B . 7 Fh
ANRA KR T AR B A T AN S E R, B
AR I N A U A o AL R R T AR AR S
RS eE, HATHHRCR R, Wi ABA JUR
fEo

22 AREMNEEKBHIRITE RGBT
RIS IR R AR A 2

221 xR Gt A TEME SR 4
N AT MR RE (SS) B 5 18 i A2 A A2 HE A 1 555
B EEAEE N (A 4, 2018). HE2 W

A1, CK2 BMAH FrHr (1 SS £ BBl A e i 7]
FEKIZET N, 15 RE Ea&E, HCKL S
43.00%; PiE ] CK2 BAA) i SS & & i
T CKl, (EEAEK S d iks] CK1 K. 7
Tl A A K T 5 4 5 A R SRS I AR SS
BIE 4 MBI CK2 A ANEREER . 55K,
MT. ABA F1 GR24 4b 2 [¥) R AR 4 8 i Fr o SS &
HREST CK2; %10 K, &4MEA KPR
LbFH R) 22 5 B 5, MT. SA. ABA Il GR24 4b ¥
) SS & B Em T CK2, Hr ABA &bF L CK2
PEm 39.00%; H5 15 K, SAMEAE KT Y5 A 2=
SIRWAS /N, {H MT. ABA. MeJA Fl GR24 4b 7
PIEMA T SS SR B E T CK2; kE A&
K5 R, FAMEAEKETTY RS CK2 Bl
Y SS FEERL/N, AA MT. ABA b5
CR2HREER. HREW: HMLhE Fh SS
BRI 3 B RIR IS e a sgm, AMEAE KR
YA Bt R IR S A SS &, DAt — P
SR AR SR RE 71 AFRAMEAE KTV

OCK1 OCK2 EL+BRs L+MT BL+SA L+ABA OL+6-BA HOL+MeJA O L+GR24

50
45
40 -
35
30
25

ALETERE S R /mg - gt (FW)
8

f \

22

_

2 ///4 2.

2

22

7

AR HUd
B2 (REFSIE FINREET R RS E F RS BT

Wi R BANE, MT. ABA Al GR24 4b B [ BAR 4
FEMMERT 10 d i SS SRR S -

222 xRS YT R AR S ENF R HER
(Pro) JEHEY)ANML AN EZIBIE TR . hE 3
AHL, CK2 BT A Pro & BEFHERIR 59t
Jolp 3L BF [A] SiE Z FT H n, FeliE 28 15 K Pro % fE i
&, Hb CK1 300 165.00%; KB AEK S5 d, B4
Hi v Pro & & N, CK2 5 CK1 ZRARE.
B IR], 7 Foh A AR A TR 5 4 5 A B BB A) i
— 44

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

J 18 Pro & & b CK2 3 AN FIRE 3G n. fria 5d
B, ABA b EE B LN i Pro & BB E
T CK2, HABAMNEAEKETYRARS CK2 Z57
AR BEEREMER RE K, B A Pro
RGN, MHEsE 15 KRB B E K, &AMEA
KR 5 ot b PR R] 22 A K, MT. ABA Fil GR24
Wb FEBARS R R Pro SR B KEAKSd
Jei » BN A b Pro SR AR R R, 45 RR.
R 55 6 ol 3 2 R A 1 B Pro £ 2R (1) 32 LA

http://www.cnki.net



O OB R CHINA VEGETABLES
OCKI MCK2 EL+BRs BAL+MT MBL+SA L+ABA OL+6-BA OL+MeJA 0O L+GR24
- a
250 . .
. 225¢f a b
Z 200} 1 c
T sk b 2 d
on 150 b b bc
on b C )
2 i ab ~aa . g4 |
& 125 b a2 b2 3
g 100 F ,
w T ¢ R el
£ 50 |
25+ :
0 . ‘
5 10 15
VSt

B3 (RIESSAEMME TINREK AT RAIBRMA A R SRS BT

Wt AR AR A T A I R E— P R RSN
B A Pro i, HSRILHUSERE /5 Wi MT.
ABA T GR24 2% fift B &)y T A 5 55 ' Pl a5 R
®t.
223 RS EeT b LR ABEE RO A H
4 W] %N, CK1 BB &) B i Fr o 3o 4 A & B
(CAT) JEMERFaE . CK2 FIBAAI I H A f CAT
TEVEAE B BEEE 5 R, JaRFEE R, KRB
KA 5K, CAT iEME NIRRT BHKIRT
JE oA i BB SN e CAT 3 PERRAR, B
i E] A LK . B 5SS K, MT. 6-AB. GR24

OCK1 OCK2 EL+BRs
550 |-
500
450
400 |
350 -
300 [
250 F
200 F
150 F
% 100
25t

0

L+MT BL+SA

LA BHETE/U - gt (FW)

HIABA b B (R BARSN I v CAT SRR & T
CKI1 1 CK2; WMEZ 10 K, & ABBHL
W CAT 351 T I%, CK2 & #EKT CKI1, [ BRs 4h
() F A AR R AL BEBRALAN H o CAT it S
CK1 TR #E % . WHESE 15K, BMEErt
CAT JEPE 4k 22 T %, MT. ABA. GR24 ib ¥l i 3%
BT CK2, EAK 5 d, SR A K5 kb
T (KBRS 1 I CAT 35 M S 2K T CKI, {H
BERET CK2, [ ABA 4 CAT jEMEE E 4, H
A A KA A B AL R ) 2 R B R S b
FHES 15 RELE, WEAK 5d E&MNEAE KT

L+ABA OL+6-BA HL+MeJA O L+GR24

7\

ALFERH/d
El 4 (RESBIHIE TIHNREKETTYRA BB EM Fd S SEEENT L

JoT AL B BRBL AN o CAT 3 P4 % MT. GR24
SRR SRR KR S5 M IE G RO N
B Fr e CAT 36 P N R, HJERF I ECLRE ;s Ab
PEAEAR T ) PR AR BRAE AR IR 55 06 B HT 5 d B4l

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

T A A CAT 3 PRI S 0, i — 52 122
filR R s ABA KL IR BB ) B 42 e CAT & 1
AR B A

224 kMY EHrth ASBASENYR N

http://www.cnki.net



ey

HRIEX I

H

CHINA VEGETABLES

it (MDA) 2 20 Jfa 5 i it S804 e 90 11 B 28 40 ik 7=
Y. HEY)IE 2B AN MDA & & & T (BB
gkie 55, 2005). HES BlHL, 4 ANErB CKI BIBE
WA o MDA & &= AN, BIME R 28.01
nmol - g'; WA 5d, CK2 FIBHANE A MDA
AWM, FiES T EAKSdE,

CK2 ff] MDA & & &, {H& % & T CKl. %4k
JEAE AT 0T AL B () BB A v PR AR 55 06
B R MDA & & R E KT CK2, AFESMEA K
WAL A 2 . WA 5 d, ABA A GR24 &b

FRIBRAR A o MDA SR EEKT CK2, 5
CKl ZRAEE, hE 10d, S4MNEAK TR
AbER IR A T o MDA 23N, BHEES
T CKI1; i 15d, ABA Kb B BELL) B i F b
MDA 7 BHAL, 5 CKI ZR A 8%, mEAEK
5dJE, AMEAEKIFETTY AL B MDA & &K T
CK1 /K, AbEEfA]ZE AR E. 45K Bl
T AR MDA SR 5906 s b Uk, MR
AT T 5T Ak B e A 288 A AR Pl L B SRR ) e
1 MAD & & Wi ABA S22 i 305 45 45 2 11 AU

OCKIl OCK2 EL+BRs AL+MT MBL+SA L+ABA OL+6-BA EL+MeJA 0O L+GR24

90
80 -
70 -
60 -
50
40
30
20
10
0

fi & &/mmol - g (FW)

W=

5 10

) .

ALFER H/d
5 RIESAME FINREKETH BRI EM R B S 2rEN

U
23 ARNEEKBFHIRITERSZ BT
R R EERRFEMm

2k R B I A Y A R T 1) B R AR
(RTE %, 2013). HE 6 A LLEH, CK2 1
B GHH  HRSgE R (Chl T) 5 S e i
) ZE K T E T T %, Chl T &8 583 T CKl. 4
ARV RS 5. 100 15 RAKEEK S
dJ5, 7 PN A AR T 5T AL B R BB A P
I Chl TEHEWE#E ST CK2, AMNEEKIFETY
JiR AL B (A 25 . AR S5 OEINE ZE 5 R, ABA 4b
HBERAE b Chl T &8585, RS MT Ml
GR24 43 7 S ANB R Ah, 235w T HoAth 4 Fh MR
AR BEE Ea R A K, SRA
KA T 5T AL 3 S BB B A Chl T 5 508
TR, HACEER ZE AR /N, ABA 31BN S
M Chl T & &ERFFR G IREAKS 5K, 4k
TR o A B AR A e Chl T & =
46 —

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

&, HEE(CT CKIl. B3 & T CK2, [ BRs fl
SA A A AR AR KR T T Ak B BB A T
HCh THEERARE. 45RRY: KIRILH
B RS PR A T i SRS &, SR
KA TP e AT AR il Wia 7 55 Wi ABA #5CR
Bar.

WA SR SR RO S BUR EAR
Ak G 2%, 2017). 3 w40, fE4MEAE
AR A5 57 Ab ER S ) 4 AN SE I IR B, CK )
B PS TR = RE (FJF,D. Ot
WK ZE (gP) ARG K R E (NPO)
AN o Bl L B B A G, IR 55 6
1B B B CK2 A0 B B4 15 1 Fv/Em F gP )
ik F CK1, NPQ #iF CKl. fhif 15 d i, A8
ARV AL A NPO )BT CK2,
Fv/Fm [k 6-BA #1345 3% 5 T CK2; ABA Kb EE (1)
W qP BE T CK2, HAWANEYIALEE gP 55
CK2 ZF AR, MEAKSd, Bghierf
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B Chla O Chlb
6 6k
a ab 5d

et e g E/mg - g (FW)

MR BT Emg - g (FW)

¢ be

15d

M4 A& B/mg - g' (FW)

MaE RS E/mg - g (FW)

10d

20d

S La v R
— = 5 5 5 — = oo g A
E 6 {RIRSSHME TINREEKETYRAEFHFMANEITAHREEZENTN
B PG ORI 7 R B (P < 0.05),
#3 (RIRSEAME TINEEICETB Y FRCIEFMAMEH R R RRASHNTK

JISEPN e PS IRt AR K etk YIEE S e PS IRt AR Jetb ek

Fu/d R (FJF,) FE (NPO)  FE (gP) $/d R (FJF,) FH(NPQ)  RH (gP)

5 CK1 0.678£0.020a 0.39+0.09a  0.73+0.07a 15 CK1 0.784+£0.010a 032+0.09b  0.73+0.08a
CcK2 0.299+0.050c 043+0.1l1a  061+0.15a CK2 0206+0.025d 043+0.10a  0.57+0.05b
L+BRs 0404+0.009bc 0.19+0.06b  0.63+0.08a L+BRs 0371+£0.152bc 0.17+0.04c  0.67+0.09ab
L+MT  0403£0.079bc 0.17+£0.09b  0.72+0.04a L+MT  0408£0.072b 0.17£0.05¢  0.69+0.07 ab
L+SA  0411£0.057bc 0.17+£0.06b  0.66+0.04a L+SA  0349£0.026bc 0.16£0.03¢  0.66+0.04ab
L+ABA 0485+0.148b 0.15£0.03b  0.73£0.03a L+ABA 0399£0.078b 0.15+£0.03¢c  0.72+0.03a
L+6-BA 0415+£0.052bc 0.14£0.02b  0.63+0.06a L+6-BA 0.251+£0.038cd 0.18£0.06¢c  0.69+0.08 ab
L+MeJA 0403+£0.051bc 0.17£0.03b  0.65+0.05a L+MeJA 0.381+£0.058b 022+0.05bc  0.69+0.09 ab
L+GR24 0424+0.064b 0.15+007b  0.63+0.05a L+GR24 0372+£0.065bc 0.15+0.03¢c  0.70+0.08 ab

10 CK1 0.706 £0.022a 0.31+£0.07b  0.73+0.05a 20 CK1 0.722+£0.026a 042+0.03b  0.74+0.04ab
CK2 0.196+0.030c  0.66+0.08a  0.59+0.06¢ CcK2 0.565+0.053b  0.61+0.07a  0.67+0.03b
L+BRs 0376+0.019b 0.14+0.04c  0.62+0.07 bc L+BRs 0.657+0.031a 047+007b  0.70+0.03b
L+MT  0399+0.136b 0.12+0.04c  0.66+0.09 abc L+MT  0.651+0.066a 049+0.02b  0.73+0.02ab
L+SA  0336+0.105b 0.14£0.08c  0.72%0.05 ab L+SA  0.659+0.028a 042+0.10b  0.70+0.04b
L+ABA 0424+0.053b 0.14£00lc  0.73%0.06 ab L+ABA 0.716+£0.006a 048+0.06b  0.79+0.01a
L+6-BA 0422+0.027b 0.16+£0.05¢  0.72+0.11 ab L+6-BA 0.684+0.010a 0.51+0.06ab 0.71£0.03b
L+MelJA 0.355+£0.036b 0.15+£0.03¢c  0.68=0.06 abc L+MeJA 0.705+0.041a 049+0.04b  0.69+0.01b
L+GR24 0422+0.123b  0.15£0.06¢c  0.74=0.03a L+GR24 0.692+0.035a 041£0.05b  0.74+0.06 ab

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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FJF,. gP F1 NPQ 1k 5 % CK1 /K *F, MT. ABA
A1 GR24 Kb FE 1) qP {f ey T H AR AR A K5 4 o
AR, SERF . AMEAE KT T A B R DR O
i, fE—ERRE e e R R, SRR
TS5 68 XS B A T B s B s MIRE AR
K 5 d JG e R i i aR R O S ek
F, ABA LCH RS v TR ROV
3 itig

BB R B A e I AR R ) ORI  . —
YO B 1) 32 BRI 2 25 L B a1 IR,
MRSt MRARKIEHRE, TRMRE (LG
ik TEE, 2019). EHR-FAKTF (2011) #FFRK
L, AR I AR e, SR KL
18, M EETREEBEDHE. SHEEAE
FER. FEESE (2016) FIEHRMEESE (2022) W5
W, AR5 Y o 38 2 BRI AS R BB b 40 v () ke
s ML AR AR AR T 2 A AR KRR . AHT
TR I, AR 568 2 51 S BRAA T Pk =r  Z0
iy b A R TR R AN B, e S
g, HEEE AR e, ERE™E, 565
W4 REAMAE . Z3d 15 d FRIR 58 A m
S5AdEAEK, BIEE (ABA). 6~ FEIEEL (6-
BA). FHIBRTEE (MeJA). /KR (SA). JhzEE
WEE (BRs). R (MT). A4 N (GR24)
X7 P AR A T 5 A B AR T (RO T AR bR
BERT AT R Pria b AT HIEDEE 5 R
SN, U B X R P it o R AR A T
REA RIS e i, HANEA KA R %
REGRRNE. H4h, AFEAME AT T B
WA B i SRR R AR 7, Hd ABA U
. FEBRBREE (20200 PCMIRE TS EYEK
REIERAS R E, YR B TE RS A H A A
SR R B AR S e aa . 4RI
WaE (20150 WP EMAH AT ABA Wi ab 2, K
AL it BH S 1 SR B 4 P KPR e R e

FEPHCARER L A8 22 7= A Y28 ) o A 1 R 1
SFUE BRI R B AR B N B A R, FEA)IE
B SS A Pro Fr &, AT IO MLIBKR B, B
RYIMBRVK s, dERFANMLE MY, TR RIS I3 ik
5 CHMVEERIBA ST, 2006). AWFFR A, 1K
48—
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1555 )6 W38 2 {5 B S R SS 1 Pro & & B
EXn, JRREE E R R KA R ANEAE KR
W) Ak B 2= 3 — 0 4 v BN BT A SS D Pro
S, AR EAK 5d, SS A Pro &R EEAKE F
IEH K ANFEAMNEAEKE YRGS 2 5,
MT.ABA il GR24 Kb 35U R 0T o i g B 452009
R AR I 555 016 9 3 2 {5 AL 4 v 240 PR e 2 FHLER SS
Al Pro, VLAFIMSRPTIEMER H K, HAF Pro & &
B 3 ) ) S K R B Tk, SS S & A Mie
BT S d KIBET S, SRR 8. (B3
(2009) A ZEACIFREE F BT 150 mg - L
ABA R, RE W E B S RS B Pro & &,
i HAHARA FE e

B b 8 AR A 7 AR K RS A,
YU M R Gi. CAT i EiE R & %
B, MDA D2 20 ff 5 AR ok 4800 S5 I 1) g 280 il 7
Y. CAAERE Y8 520 B 2 R AR R 2% AR (Dat
etal., 20000, AHFFAKIM, TEACETSEHERIRT S
d, AMJEAE KR R AL FE A BBl B R CAT
W ETE, BEE TR, WEAEK S, CAT EHE
FCTIEF KBRS . SHEAE KR AL
HRBRA A ) MDA 2 £ b A 38 B [ 48 K 1
B, ARE S d)E, FRERIBULT IR A K
Ko AFISMEA K TP AL 2= F I i, ABA
AR AT X 5T AN A RAFE (B2
S, 1994; i AIEEMESE, 20005 Al4kAE 4,
2005). A5 ABA Al MT Ab3 AH % [F]— B BOAG R b)
TELIE i ZE P K (R R (CK2) BE B Z 4 IS 89k
Fip A R AR I HH CAT 35, B E P4k MDA
T, DI AN . IRIHIAE (2015)
L& (2022) B 43 5 HE B A ABA Fil MT #g
5 AR B S 17 MDA % & 3% 7% SOD. CAT.
POD 25 (13

MER & & B I E AR L T Y6 & RE TR
550 AIG I, BN A 2K 556
BJERDONH A AR AR, Chlath & 8RR % N4,
SR KNS H o FJF, M qP BEAK, NPQ Jt .
X5 R —80 (FISCRE R SR, 2001,
T A, 2008 AT A%, 2013). AMEAE KR
W0 e 2 P R IR 58 e 8 R AR T SR R
Y. FJF, M qP; NPQ 1 [fig B FA% T 5 i A1K
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MORE FE A 28BS i, IR AN IR AR B 2K IR 59
Je I8 R BB A R, W R FJF, FlgP 5
SR (RIRE9E, WG KD MR ZEE N, NPO
B 2 I M1 o

PbAh, SFIX 7 FPANEA KR AR TR i
AN AR KR B L], AR N AN AE KR
TP AR R A 1) A AT RSB AT

4 ZEip

IR 55 6 i 23 X BB A O R, HiBR
WAHE A, B2 FRACHA H e 20
Hh EET R HONETRE CHETREEE A,
I HLBE A e A IR, BRARAT i H B0 A4
REI™E a2 g B AR B AR AR
254k, 1SS, Pro Ml MDA 2 &4, CAT %1t %
i AR, g i 4R & = IR,
FJF, fl qP (A%, NPO Fti&. Wit 4h 6 A= 4 75
W) e 0% B =R 55 06 8 T B S i H HSS
A Pro & &, (RFEBEWITWHRME, &5 CAT
TEPE, T B AR P R S 9] B 7 R R R MDA & &,
W gx R E &, & FJF, M gP, [#K NPQ.
ABA MT.GR24 S il {E I8 55 6 18 A U 35U,
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SE 30K
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