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Abstract: Cotton ( Gossypium hirsutum L. ) is an important crop worldwide challenged by a number of pests which cause
enormous yield loss. Although extensive cultivation of transgenic Bt cotton has decreased the population growth of the most
destructive pest, cotton bollworm ( Helicoverpa armigera) , the secondary pest like mirid bug has become a primary pest. In
addition to the evolution of Bt toxin resistance in cotton bollworm, it is urgent to develop environment friendly and plant-
derived pesticides for the integrated pest management. Induction of plant defense against pests is very common among higher
plants. Jasmonic acid (JA) is a kind of plant growth regulator with a variety of biological function except for induced plant
defense against herbivores. The objectives of the current study were to investigate the dosage- and exposure time-dependent

induction of defense-related secondary metabolites and antinutritive/antidigestive enzymes in cotton seedlings by exogenous
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application of JA. The potential pest control nature of induced defense in seedlings of conventional cotton plants by JA was
also discussed in terms of the fecundity, developmental time, mortality and parasitism of insects. We hypothesized that, as
a ubiquitous phytohormone, JA should regulate the induced plant defense in cotton like those in some model plants
including mustard, tobacco and tomato by increasing the contents of some feeding deterrent secondary metabolites and the
activity of enzymes responsible for their synthesis, as well as the activities of antinutritive and antidigestive enzymes.
Results of the present study suggested that 0.01 mmol/L, 0.1 mmol/L, and 1.0 mmol/L JA were effective concentrations
in priming the pest resistance nature of six-foliage cotton seedlings within two weeks in terms of enhanced contents of cotton
tannin and protease inhibitors (PIs) and increased activities of phenylalanine ammonia-lyase (PAL) , polyphenol oxidase
(PPO), peroxidase (POD) and catalase ( CAT). In comparison, 0. 1 mmol/L jasmonic acid was more effective in
inducing Pls, PPO, POD and CAT than the other two concentrations tested, while 0. 1 mmol/L and 1.0 mmol/L JA were
equally powerful in priming tannin and PAL, and both JA concentrations were more effective than 0. 01 mmol/L JA. We
also found that JA concentration, time after JA exposure and their interaction have significant effects on tannin content,
PPO activity and POD activity, and that JA concentration and time after JA exposure have significant effect on Pls content
and PAL activity, while JA concentration and its interaction with exposure time after JA exposure have significant effects on
CAT activity. In addition, analysis of the duration of JA-mediated defense suggested that the optimal induction effects
occurred one day after JA treatment for POD, 7 d for Pls, 14 d for tannin, 1 d and 7 d for PPO, 7 d and 14 d for PAL,
while no significance was observed for CAT. In summary, JA can enhance cotton defense against insects by the induction of
defense-related chemicals like tannin, some antinutritive/antidigestive enzymes like PPO, POD, CAT, and enzyme related
to the synthesis of tannin like PAL. Future work should focus on the real effects of induced defense against insects in terms
of the feeding behavior, oviposition preference, ecological immunity, detoxification capacity, and tritrophic interaction
among cotton plant, herbivore insects and natural enemies, thereby facilitating the discovery of the physiological, ecological

and biochemical basis of JA-induced plant defense.

Key Words: plant growth regulator; induced defense; pest control; crop protection; conventional cotton
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F, WHRTE %l ¥ 2 B S AL i ( Polyphenol oxidase, PPO) i & AL W [ ( Peroxidase, POD) . i & 1k & i
(Catalase, CAT) FIARNZARLHZ M ( Phenylalanine ammonia-lyase, PAL) %4 LS AR P332 R 2R 1 B 400 ol
% (Proteinase inhibitors, Pls) & &M% F AT BRITRKFTIRIE T H AL B P HUPE 0 e BEARIPE RN RR A PE R
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1 MRE5EFEZ*E
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PERRRAE (Gossypium hirsutum L. ) Fh-FHERS 28F1 W FH S T 30k ra Ho A0 120 5], 22808 £l Bl A 5t
BERIE o R RURLIEE M1 2 AR ZE TR 1 S 46 T 00 B ORI b PR b 10101 A SDRAE
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BLIE BHBEK, TCHEAE . FEGIEC S 2 R B )E Rl B4 4 bR, IR E 5—6 JrE e (G 45d &£
) RTSEs, e84 MAb3 (RAERT i) A A 4 1k,

KFIME (=95% , Sigma-Aldrich) FIC/K ZBERZE IR K R BE RO B 0..01.,0. 1 A1 1.0 mmol/L ¥,
PLTC/K Gl + ZEERK hoxst B T T4 s 5 T A AR 240 ) Wi, 38 i T A W 7 1 1k Aol D R AT (K]
FRBAR Wt FH 355 B SR AR SR B A 8h R B BR RHS 120 0l TSR AR S5 1.7 \14d SREER LN
FHATHEAL BT, AR N ZERY 4 BRAEY) FRBOTIRG
1.2 Wk
1.2.1 AT S R A

R I PR i R FH A R TR A T B 0.2 ¢ MBS REJSIR A 25 mL HU BRI 2 h, FREC L ISR
4% MFRRE-FERRS 2.0 mL, 5 1.0 mL #32RIEA )5 T 30 C/KETIAE 20 min, ZE T H PG-
1810APC (HHTIE A, dLH0) AR THNRE 510 nm FAYROGEEME, DA IR BE B0 7 FR W AR BE 22 i 7 vk
JE SO MRE AR TR R T SR, BT E RN me/g B ERIR,

1.2.2  PlIs &E1ME

Pls R4 Stout 257 EEDEATINE Y MERIFRER 0.2 ¢ M34EMH H 4 mL 574 7% ) PVP 1.67 mmol/L
ZEHMR 0.3 mol/L KC1 F1 0.4 mmol/L HLIRIMER Y Tris-HCl ZE ¥ (50 mmol/L, pH {E 7.8) WFEEA)H .
PRI AE 13000 v/min, 4 °C F &0 10 min, 35 WH T 00 2 A R SE 5L 26 P17 ik, DU i, B e &
0. 0015 mg JEEEFLER ARG HCL W (1.0 mmol/L) HMA R BURIR A KN 10 min, FREL 100 pL iEA
W 52.9 mL %4 0.5 mmol/L BTEE ( N-J&HI Jik-L-fi8 202 £l ) 1Y W Bs-W iR 22 i (pH MH 8.0) 1A, T
256 nm FUSE 10 min PIROGEE AR TRAE . FH BTEE FlBREEFLEE FBEVEXT HE . SR i a] YW OCE(E AR £k 0. 01
R4 PIs (B0 U) ,Pls S H] U/g SR FRIR,

1.2.3 PAL PPO .POD Fl CAT J5%: 89 &

PRI Tk s 0.2 ¢ fAEME R A 1,25 mL S AR50 7% PVPP BIBERRZE W (0. 1 mol/L,
pH {H 7.4) WFEERAIH, FHA A A 0.4 mL ARF3E1 10% /Y Trition X-100, JRA)J57E 10000 g, 4 C T
B0 10 min, BV E AT PPO POD (CAT Ml PAL {& PR E , B TEIE IR EE N 25 C,

PAL 3% 2 B AR e A F 4R b i b AT > 78 2. 80 mL A L-AKNERR (20 mmol/L) 1ML
2P (0.2 mol/L, pH {H 8.8) HiINA 20 wL BEHRIBOK , TR 15 T 290 nm AL AE 2 min WWOGEE(E R AR1E,
0D290 £ 0. 01 MNFANIAY TR T 1 wg/mL WAERR , PAL iMEM pg-g™' SFH ~min™' K,

PPO TP LASBIE W RS, 2 08 Tan S50 R EA 152 > 76 2.90 mL A 45K ) (0.02 mol/L)
BB RRZE M (0.2 mol/L, pH{H 7.4) HHILA 100 WL BEHEEGK , IR21)E T 420 nm AbW5E 2 min NMOEEEE
MR, DA O G EEEAR R 0. 01 /R 1 MRS J1 5807, PPO TEMEM U-g™! B8 -min™' 320,

POD TG LA QIR E KDY, 2 88 Kumari S5 19 7A€ ) 76 2.99 mL %4 0.2% A"
0.3% H,0,BEERZZ ik (0.05 mol/L, pHAE7.4) HMA 10 pL BEEEGK , 1R215 T 470 nm 2L %E 3 min
W SEEEE R AR AL, AR IOG B (AR R 0. 1 3om 1 ANETG J1 8807, POD TEMEH U- ¢! B min™' 3R,

CAT 15 PES IR Kumari 2507 kb A2 ™, 7254 0.3% H,0, MBFERZE thil (0. 05 mol/L, pH {A
7.0) A 20 pL BHEBOR IR 55 T 240 nm A E 2 min YO BE(E 1928 4k, DL AR 23 B IO B (8 A2 4k
0.1 F/m 1 ANEEE S0, CAT WM U-g”' B H -min™' 3R,

1.3 HdRAH S 0t

DABGE P RN BT B i oy [ A a DA SRR TR vl 8 T (i) A i1 2 R - , R FH B £ 22 R 3R 25 40 A %o 5
FPAbFE IFE4T Tukey HSD £ AL (SPSS 15.0, P = 0.05) ¥ FIALFH 5 i 18] ok il 1 1 A1 BT 3 R i 5
M FH—4E 75 225387 (One-way analysis of variance) #1775, Ifi4T Tukey HSD ZEH ILE (P = 0.05),
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2 GBRE5SWH
2.1 AR AL RN RR AL BT 5 i (R

e 1 AN, SRR MR A0 Ah B HsF [) LA R e J5 Rk 8] 1) 52 B A FH XA I B 5 B S A B 3 (P <
0.001) , AIFJHERE ARG SRR A 2 AR 0. 1 mmol/L 1 1.0 mmol/L i iR &b B4 #i -2 & it
B R & TXHR (P < 0.001) ;0. 1 mmol/L ARANR MY FRCR I RALT 0.01 mmol/L (P <0.001), {HFI1.0
mmol/L (2R AEE (P = 0.057),

A P AN [ s () B 5 e () 2 T LR I . b FRS AR 14 RAR M P S B B A 1 RAIER 7 R (P <
0.001) ,fHZE 1 KA 7 R AT HRZRAVIE (P = 0.106),

R1 KHBRERFARLEFHEXNRETSEXMANERERE

Table 1 Main effects of JA treatment and time after JA treatment on tannin contents of cotton leaves

Bl Type IIT F-J7 I ¥ B
Type III sum df F N

Data source of square Mean square Significance

b 38 st ]

Time after jasmonic acid (JA) treatment 222.5 2 1.2 37.03 <0.001

JA #FE JA concentration 539.7 3 179.9 59.88 < 0.001

it [ x 3% ¥ Timex Conc 153.1 6 25.5 8.49 <0.001

¥ Fhr s o2 A ELEY f
I SRS KR T AR RS TR .
ﬁ%%fﬁ ([gl 1) ;%%ﬁ@fiﬁifﬂ)ﬁ 1 35, %ﬂ‘fi?ﬂﬁ“‘[‘iﬁj e 25 @ 0.01 mmol/L m 1.0 mmol/L
NN b e Ty 2
SR T X, L 0.1 mmol/L HEAT ML B4 o
N = 15
e a e, HS 0.01 mmol/L #1 1.0 mmol/L WAL {Et 2 0
il

BEAAFAEALI] (P = 0.002) %5, AbBIF 7 K, 0.1 £5 |

mmol/ L S R Ab FLZH K - B3 5 AT W fak o T BN § 0
0.01 55 1.0 mmol/L Zb¥E4L (P fH43514 < 0. 001, | RERLRENE
0. 002 *ﬂ 0. 001) ) QEIEE 14(1, 1.0 mmol/L %%ﬂ@ﬁﬁl’: Time after jasmonic acid treatment/d

PR BT O W] 0 S TR (P o= 0.042) ;0.1 Al E1 FHBLEMRH LTS BHOBM

1.0 mm OI/L m:}igﬂ $a‘2/a\%% ﬁ%ﬂ: 0.01 mmol/L m: Fig.1 Effects of JA treatment on tannin content in cotton leaves
4L (P=0.007 A1 0.006) . HoARFE 07 RIRVNE R R AR STE P < 0.05 KT E25R
2.2 SRIRANAS Pls ik o

P 2 T, JA R BE AN AR BRI [RDGHAR I Pls 5 B REMRB B 2 (P < 0.001) o ANIFI W BESRFTRR A 401
M2 E AR B0, 01 mmol/L A1 0.1 mmol/L KEATMRALFRAM MY Pls F AR TX R (P=0.027 F
0.000) ,1H 0. 1 mmol/L AR AV TR BT 0.01 mmol/L Al 1.0 mmol/L (P=0.046 F10.002) ;0.01
mmol/L Al 1.0 mmol/L F[RHHEFR R 2ZFAHE (P=0.6),

R2 FABRRKFERAE G EXHEM Pls & 22000 EHEEE

Table 2 Main effects of JA treatment and time after JA treatment on PIs contents of cotton leaves

O Type 111 -5 F1 e

BB vpe L % o W
Type III sum df F Lo

Data source Mean square Significance

of square
b 5 A [

L solly 24.99 2 12.5 20.84 < 0.001

Time after JA treatment

JA ¥JE JA concentration 21.73 3 7.24 12.08 < 0.001

At [A] x ¢ & TimeXx Conc 7.34 6 1.22 2.04 0.099
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A PRSI (] Pls % i 2 5 LLASER I . AbSRUSSE 7 KA PIs Sl & 755 1 K (P=0.038) Al
%14 K(P <0.001) {HAMBRSES 1 KA Pls S 25 E & T 14 K(P=0.002)

W BE 5 A B E KBS AR I PLs & f 520 Y 2 8 L 5 0 mmol/L 5 0.1 mmol/L
B (F2) ALFES 1d,0. 1 mmol/L R AL 341 ° 000 mmol/L e 1.0 mmol/L
Rt Pls U85 X (P=0.049)  (HFHE M P
AhFA 22 TP R E . S5 7 K,0.01 mmol/
L 1 0.1 mmol/L ZEF[FRALFRLAARH P Pls BH i 5 %)
B (P=0.032 Ml 0.035), AbPRE % 14 K, Bk 0.1 - =
mmol/ L 2R R b #L 41 Fn Xt B4l A W 3% 22 4 (P< SRR B I} ]
0.03) ’ /H\ T:,_' % 2ﬂ|‘Eﬂ E@ % j@r Z:E%o Time after jasmonic acid treatment/d
2.3 EFTERRALFEXIAE I PPO T AR R H2 RFABLERR Pl S RAOKM

EE %:2 3 Ef %l] ’ JA //,& B{_ ﬂ] ﬂ‘ EE E H‘T IETJ w\ ﬁ{}ﬁ &F *ﬂ H‘T Fig.2 Effects of JA treatment on PIs content in cotton leaves
[i] () 38 EAE XA T PPO 6L R R M B 5, AS [R) v 3
RANRISE SRR Z E AR SR RR A FRAL AR PPO T B 5 TR (P < 0.004) ;0. 1 mmol/L F#]
12 695 AR E BT 0.01 mmol/L Al 1.0 mmol/L (P=0.001), {H 0.01 mmol/L #1 1.0 mmol/L ZH JC4H [A]
Z5,

AEFRJE R [E ] PPO I £ B AR R W . AP E5 7 KA PPO IEMEM B T4 14 K (P =
0.012) fHFIZ 1| REFAME (P=0.52),

—
)

<
]
X
<
T

—_
(=}

ab be ac

52

a

R
o

&

2

HE R R & =

PIs content/(U/g fif:5)

%

(=T N - ]

F3 FHBERFHBLEFHETHEM PPO EER N ER LA

Table 3 Main effects of JA treatment and time after JA treatment on PPOs activities of cotton leaves

SN Type III ~-J5 40 e

K rpe L% | o 55
Type III sum df F o

Data source Mean square Significance

of square
b [

Liﬁ 1] 680. 81 2 340.4 5.04 < 0.001

Time after JA treatment

JA HJF JA concentration 4711.7 3 1637.2 24.25 < 0.001

s} 8] x 3¢ B Timex Conc 675.3 6 112.5 1.67 0.015

W 55 b B B AR PPO TEPERZ IR Y 2 1 L
BRI (E3) . 3 vk B R A R A BRI 2 5 7 AR )
PPO {5, (B A5 SRV AR (P < 0.05), 4b

o 0 mmol/L o 0.1 mmol/L
0 0.01 mmol/L = 1.0 mmol/L

120

FRJE 1d F17d,0. 1 mmol/L F1 1.0 mmol/L #b¥f £H A i "
60
PPO JGPEX W B XAl (MhHEEH 1 X, P = 0
0.002 #10.038; AbHJF% 7 K, P=0.006 i1 0.04,{H . =
1

Z IR AL
PPO activity/(U-g '8 5 -min™")

ZHiE 2 AN ) . S 14d,0. 1 mmol/L ZH A3 it :
PPO 1B B & T XA 1.0 mmol/L Z4H (P =0. 006 Time aftff ﬁfﬁ?ﬁmﬂmmd
F10.009) , Hogr 4% b HiAH 1] 22 57 R BH
2.4 SEFFRALFXTR T PAL 36 M52 00

FHEE 4 AT JA W AL B3R B[R] A i PAL 15
PERZ IR (P < 0.001) , ANFEVRERFIRIS SBCRMZH AR FEP 0.1 mmol/L F1 1.0 mmol/L FEF[R
AEFRLAAR ) PAL 15 PERH B X R (P < 0.001), {H 0.01 mmol/L i iR b F 25 %5 %} 1R 41 22 5 A B i,
(P=0.132); 0.1 mmol/L ZKFFRALIA M AT PAL 3EPEHE & T 0. 01 mmol/L 41 (P < 0.001) ,{H# 1.0
mmol/L JA Zb3ZH 2E AR E (P=0.057),

3 RFERALIERIARA PPO & Y00
Fig.3 Effects of JA treatment on PPO activity of cotton leaves
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APRE AR 0] PAL W& PR 2 5 LL BRI . b3S 55 7 KNS 14 KA PAL 3& PR & T4 1
K (P=0.000 fi10.006), {H55 7 KA1 14 FARMH PAL 1E#E2E 2 AU & (P=0.106) .,
F4 FHEBERFFBLESFHEIIEH PAL FES WA EHLEAE
Table 4 Main effects of JA treatment and time after JA treatment on PAL activities of cotton leaves

Type 111 A AR

’ﬁi%}ifil?A treatment 5.80 2 2.90 15.68 < 0.001
JA ¢ JA concentration 11.33 3 3.78 20. 41 < 0.001
A 7] x ¢ B TimexConc 2.21 6 0.37 1.99 0.106
WAL KA PAL RIS TS £
BeAl) (F4) ATUIR 1d 454100 PAL TEHEMEDIG 22 | 000t 2 b
Kt AMERIE7d, 0.1 11O mmol/L 4 PAL TEHEHW] €% T ato ﬁggm oz B
BETXI (P=0.003 f1 0.007) fHALMZER AW E £ 220 . [ = =
(P=0.86), AbFJF 14d, 0.1 mmol/L 4LARIF PAL % 22 0] ﬁ = ﬁjﬁ =
LR S 25 T % B2 A1 0. 01 mmol/L 4 (P < 0.05) ,{H *%;j o ‘ = B =
8 1.0 mmol/L I RRAMTRAL 2 5 AW i ) e
2.5 RHMRALFEXSARIT POD HE M5 M Time after jasmonic acid treatment/d
FHER 5 AT, JA ¥R B2 R Ak 3RS Isf 8] A R R J3E R s B4 HHBLEISH PAL E 0N

8] ()32 HAF Fi XA i POD 15 PRS2 M A% (. 3% (P < Fig.4  Effects of JA treatment on PAL activities of cotton leaves
0.001) , AN ERAIRE S UL L T LR RN,
0.1 mmol/L Al 1.0 mmol/L ZEF[EALFELHAR MY POD JH M 2 & TX & (P < 0.001) ;0. 1 mmol/L 4]
12 695 SRR BT 0.01 mmol/L A1 1.0 mmol/L (P < 0.001), 1 1.0 mmol/L SEFIRAIIH SRR WAL
5 0.01 mmol/L (P=0.041),

A FEJE ANRIS (] POD FEMEM 2 8 HRAC R . bS58 7 RAEE 14 KA POD BB BAL T4 1 K
(P=0.001 F10.000), {HES 7 KA 14 KARHA POD 3122 AN B

K5 RABKKFRAEFHEIIFA POD & MM A E A6

Table 5 Main effects of JA treatment and time after JA treatment on POD activities of cotton leaves

o LY Type 111 - e

Bt vpe I F7H )7 , St
Type III sum df F Lo

Data source Mean square Significance

of square

AR5 B[] Time after JA treatment 1.34x10° 2 6.71x10% 13.49 < 0.001

JA ¥ JE JA concentration 1.02x10° 3 3.41x10° 68. 62 < 0.001

i ) x 3% BF Time X Conc 1.99x10° 6 3.31x10* 6.65 < 0.001

W FE 5 Ab B RBOAR I POD W& P2 1) 2 8 LRI (K 5) . 3555 1 K, 0.1 mmol/L 1 1.0
mmol/L ZHARH POD 5 B &= TXR (P <0.001) , HAFEAE 225 (P <0.01), AFRSEH 7 K014 K,
0.1 mmol/L A4 POD i ML W& FHEAA (P <0.01),

2.6 RAMRLIEXAR CAT 16 M52 0

FHER 6 FIHL, JA ¥R B2 DL RV B Rt 8] ) 22 B AR HISH AR I CAT 1S PR RS2 B i (P < 0.05) . A[FVEEESE
FIRE SRR Z H AR 0. 1 mmol/L ZE AR A SRR L & T 1.0 mmol/L (P = 0.005), Hk
0.1 mmol/L 1 0.01 mmol/L AbHEAYZH[A] 22 5 A BH 5 {5 0. 1 mmol/L HKA[BRAL B Y CAT WG 415 0. 01
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mmol/ L ZFHRAC L 7y, AbFRJE AR TR] CAT 76 M1 2 LU BRI 45 AL BRALE] CAT (S PR E .25 5%

R6 FHEEFFABLIEGHEIEH CAT FHERMA ELM KIS
Table 6 Main effects of JA treatment and time after JA treatment on CAT activities of cotton leaves

Type TIT 77 Al

G Yo7 3
I Type III sum o F e
Data source X df Mean square Significance
of square
AbFRJE EFE] Time after JA treatment 273.38 2 136.69 0.902 0.421
JA #FE JA concentration 7201.12 3 2400. 37 15.85 < 0.001
Bt ] x ¢ JE TimexCone 3296.36 6 549.39 3.63 0.013
o 0 mmol/L @ 0.1 mmol/L
140 2 0.01 mmol/L ® 1.0 mmol/L
1400 o 0 mmol/L 8 0.1 mmol/L r b

w 120t
100 t
80+
60
40 +
20+

0 0.0l mmol/L  ® 1.0 mmol/L

1200 b
1000 -k
800
600
400
200

X

R
%

R

0

>
>

X%

N7
5%

S A AL T I

POD activity/(U-g"! 8 -min™")
T AL S T

CAT activity/(U-g" 8 5 -min™")

0 0
1
AR AR I ]
Time after jasmonic acid treatment/d Time after jasmonic acid treatment/d
5 RAEMRAT POD & {00 B6 FAEMIGH CAT &M

Fig.5 Effects of JA treatment on POD activities of cotton leaves Fig.6 Effects of JA treatment on CAT activities of cotton leaves

e 5 AR RECT AR CAT {E PR 28 R (K1 6) : 0.01 mmol/L 1 0. 1 mmol/L ZKFijER X
it S A RS A B (P < 0.05) , AbBES 1d A1 7d,0.01 mmol/L A1 0. 1 mmol/L 1k &b B4
Fam CAT VG PEY ] B 5 TR (AbFEJS45 1 K, P=0.008 #10.004; AP435 7 K, P=0.017 #10.005, {H
A (B 6), AFE 14d, & 4R CAT IEPER T b 2% 5
3 itig

SRFTIR e —Fh EA ZFh D RE AR A A1) , RE i B AR S L B () 1 5 36 TR R0 HUAH DG AL & W i 1
AR E Y BUR Y EYPUES S RCRIE TS S R T R HURR R S S A R AR R
B B KRR B OB A Re R R B KRR . AR R, TR AE S AR AL D) 0 SR ek A= AR
O T FIRH DG TG P 7 T A7 AR R BE MR P RN 5 1 . A AE 5 7* (P1s \PPO POD \PAL 1 CAT 48X} JA &b 3 A%
TR I S 91 AN AR TR
3.1 AR T 5T

HT PR 28, BeS R A M A RTIE AL B &, T DR B AU AR RS, T R RO AR 8 Y
TR > AN R 1T R 3 R 1 R P PG X AR 4 B 7 5 B — R A0 A, (ELA7 A T AR v i i
I SIS MR TR AT K (Zea mays) S H2E B R G015 S 05 & 3,0, 1 mmol/L ARFTFRALHLS 48
h ER M A B A TR MR A1 0,01, 0.05 F10. 2 mmol/L X} E K41 Ml AE S A W,
TE 48 h LARGEE 3046 B4 iR & s . AR B () MeJA 5SS T k4 7R 5 1R (‘hydroxamic
acid) FIBERES & 8L, 1 wl/L Ff12 wL/L (£ 0.005 mmol/L F1 0.01 mmol/L) K MeJA ZbFR/5 48 h, AbHZH %)
B PN T R o ] B T BRI H 10 mmol/L JA X KM A SR YA S R R BR7E S 3—6 h!PY |
Moreira 2555 & B8, FH 5 mmol/L MeJA 4L B A% ( Pinus pinaster) %6 J5 60d, & B9 S0 5 8 T = AN BH
W AR A R LT 0. 01 mmol/L FIfE T 1.0 mmol/L Y JA XFHIAE SN B HEAT AL B % A7 7€ 24 h
DL JA AP SR8 (BN HERR AR S o i iR JA XSTARAE A T S A S, LR TR R 3 Fhik
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FE R RFTRRIBELE 14d I FARAEL T T A s ST, WRSRARI ) 4 T Bt 23 & BUTE K 1375 5 i
JEi,

SR S D BESEA 375 S R B Ak 2 S e R e I 300 9 B, SRS R 53 36 T R 56 6 1 Y s A
PRI RN AT SRR T, HLL O, 1 mmol/L 2 2 0935 AR S 4 WIS 01 0 10—20d1") 8 6 4 25 46 Hy
FEAYIFFE W ,0. 1 mmol/L ZEATERALEE 5d J& , MIAC it A BT R & IR Fc KT IR AR 2R 40 mmol/L MeJA
SRS 2 JE I P RS i O R 1.9 A5 ARIFGE R BL 0. 1 AT 1.0 mmol/ L AR AE S AR iR
T AR TA S EE 14 KT S A, TR AR R RN S I 1w 4 ) S AT AR R
TR R T AR
3.2 FEFHIERXHRM Pls A1 PPO (5 S:

PPO 2 S5t M VIAR S BB E 37 8 1, LA Ak B S Ak BT A A A0 B B 5 Tl O e S fh B e b 75
BRI R R AR R, 5 R AUE R, M Elgh A R ML F Y Pls JRFRPUIN LR
F1H, AEIE o0 S H i A RS T S ) R AR R (R 3R el R R S R A R AE T Al
BRI, T4 25 1.5 mmol/L ZEFIR P EEAL S 4d, 1 H- PPO I Pls §GHEM] B Ibe 2 1—2 4F2E
THAAZE 0.1 mmol/L ARATIR R (VRFEEMYE ST M) 403 48 h J5 3K RAY PPO GPES Pls &yl
X ORI R, ARSI 45 0.01.0.1 A1 1.0 mmol/L 3 FVESE JA AbFESS  Pls & & FI PPO T
PR FIAREE T, BAAMIR TA REE T AR AE DU I3 B AT AL S P ni 48 S AR AL 4 i b etk . 53 A iF
FEAFL,0.1.0.5.1.0 F15.0 mmol/L ZEHTML H BE W AEIE FH it A PLs & BIF AWk 2 /DY K
( Cajanus cajan) 22 0.1 mmol/L oK AR H g Ab B FS 24 h, M F ) Pls {ﬁ@@%@ﬂ*%“ﬂ o FEEIAS (Pinus
radiata) % 4.5 mmol/L FKFTR HIRALHLS 4d, 51 AY PPO FEPELLXT IR 2.3 % (H4 MeJA WREEm T
4.5 mmol/L W HIX AN AT . AW AL, 0.1 mmol/L ZEFIIL HIA S BUR R AR, B S A G WA ik 2
JE L ELL JA AbBRJEES 7 AR PTs &M PPO TG PR, FEIA WEE R JA SHRAELh S (it stk
SRR ET S, 557507 B S 0 AR S AA PO FIT Lomate F1 Hivarel ™ b A 57 09 BF 98 4H [ s LS S 0 T I ST
T 45 Fujimoto 5 XA AYHFIE AL, FRARAR AT B 9 2 W K #1 BR FH R 7638 S % il PTs & i LR AW
85 (HARTF I A 3 Rk R — e R LIS THRES Pls STRTHE,

3.3 RAIRXIRA PAL 195

IR AL FRAESE =5 0 (9 PAL YD B 42 JA BRI A PAL IEPEIR R B K FEL)
B2 0.1 mmol/L ZKATMRALH G PAL IGPET1r , PUR B b 2 58, AW n Kk 1547 ) ABFsE £,
0.1 F11.0 mmol/L ZEATFRLE A AL PAL {G VS W55k (4 Z0MERARRE) FFIIEI Tk
1—2 J&, Z5 R 5AREHA IR XK R RRF S SEAAME, Beoh , A HF5E 0 0. 1 mmol/ L YR FTHR FH ik fik
'S 155 (Lycoris radiata) PAL Rk T PAL SR A R SRR Al ARG EE T) JA LB
FRAEAHT PAL W61k LT, AW SR AT RIS sk B2 5 T WA T AOZE I B R ad A2 | 76 B2 0 03 46 40 1 B A
WA & RO R AR,

3.4 EFRRXIHR U ALEG POD A1 CAT Y5

POD 2 544k , A B S 2 MR e O BRI A 9, IR 2 5K TR 2 A & A, 188 5 400 At BE LG AR5
BRI AR #, CAT RRKGBE AR T (LG R R ) R SRR N SOk 147 A4 i ad = H, 0, 43k, IR
TR LA W R A R P 405 8 . T AFIE 22,250 wmol/ L ZE#R HY 16 7T 75 S /K RS 42 371 /i 22 POD I CAT
WEETHRE . 25,100 F1 250 wmol/L SRATRRALEISE = T 7 H I ELN (Arachis hypogaea 1. ) MR F (1)
POD Fll CAT {1, AT AL EMIFL L5 7d HIACH POD 3EMEF 5, {H 0. 01 mmol/L AR A9 FHER
BAET AHFSE A XHREAE POD AT CAT B9 S50 21 ,0. 1 mmol/ L Fij e 4b FE A 2 $2 %5 7 AR I POD A1
CAT 35, 5 S R0% AT H54E 1—14d, 5 T B 155 FHE X HIFC AN Kumari 253060164 BOBIFSE REA KT )16 27
WAMIT R | YL E RS 1 852 (Solanum tuberosum) ZNH4: 107 mmol/L ZRATRRALH ) , 1 - POD &tk
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FHE M CAT 1&ME FBES . Makissimov 551AK . AMNEAIRAL B , T B0t A nl v POD Y& HETHE, 5
JEWA ( Phytophthora infestans) T 22K R A 38 I 40 0 I o 7 B AVE AT s CAT 16 PR T B U HI 55 JA o5
ST EGURYE , O CAT AL H,0,7% o ARBFSE A AL I 225N JA AL BRS i J CAT T P 1 7,
55 Makissimov %5 (HRIE AL , 7= A 2 5 0 B R AT REJE 8 I8 00 R 408 R FH A JA VIR AR Ak B FS R AR it ]
ANTA] . Makissimov S5 FBIFFE X G 1 6 928 PR JER L 1) D % SRR T AR ST 35 1) X G R Ag BR A A AEABLBR . 3 4h,
SFTRRBR T LAE FAE RO DU ARESN R REE ShE Mk H,0,00 % it SR ERET PR 24 1,0, RFE
YA AR SRR A TR B AR HE e HEI AR5 b BT SR B CAT 36Ty, T e BT fif 1 B SR AT R
Y5 TR iR A, AETRIS S 14 RIS CAT 1614 55 %0 BEAR LU JCHA W22 53¢, T BE = JA 15 S i 05 Kk B
A BB (1) SE A 2 T R 55 P

R H S 1 SR AR I BE I ] SR SR % (Apolygus lucorum) G SIS dufbig ) EL &
HIEEFBEAEM . PPO B AN HIARES s SR Pls WAETR A A D A HUAR #S B b ke B
FIES 2 BRI B JA i AR AL X AR AL dU S 3 s (R R AT R S LT BB 1 6 S 90
BRI 2.0 mmol/L SR AR AL FEAT Bt A 0 KR FEAK T 5 L 97 %Mk ( Spodoptera frugiperda) W AHXT A K
A 4 AR UREL MeJA AEBIL Y Ml (Tainan ASVEG No. 6) WS JETH A 100% ™, SMNERFTR
A B AT B AR RE L v A AT I A RS AE B U R B DT IIE K 2 AR & B, ML ST 4R A
MRAL S, B FNTIE AL & B B TF PUE IR BRI T S A IS T T o PR AR A S A 4 SR A
FRATRAC PR EE AR AL S BBk . S 81, B TR R SRR R 5 A7 A2 W B AR & B B BORE S v A
Fofp e — 30 0 T JR ST 1) 5 0 S 00 P A B T 2 SRR P BB A 3 R S TR RIS X G R B B, A
R L — 20 R 3 e Al 22 B 7 EE R R RIS S 7 A T HUPE U A A A7 7 P R £ A, AR AE 55 Bl
RS S IR AT IR A A A S AR B DD RE AT S R W A U B A AR
RSN 25 A E SRR AT LS T i n AR 2 i AR e p AR B A AR AR PR
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