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Abstract: The production of extrafloral nectar is believed to be an indirect plant defense that allows plants to recruit
predators and parasitoids. Although damage and herbivory by various leaf-chewing insects induces secretion of plant
extrafloral nectar, the relative impact of different damage patterns and herbivory by different feeding guilds is not well
understood. In this study, we investigated the differential production of foliar extrafloral nectar in cotton plants ( Gossypium
herbaceum 1..) in response to herbivory by different feeding guilds and by mechanical damage and mechanical damage-
induced volatiles. To compare the levels of cotton extrafloral nectar induced by these factors, we subjected cotton plants
having three to four true leaves (first to third fully expanded leaves) to herbivory by the chewing herbivore Helicoverpa
armigera ( Hiibner) and the sap-sucking aphid Aphis gossypii Glover, and mechanically damaged the second leaves by using
scissors, by punching a needle through the leaves, and by exposure to the regurgitates of H. armigera. We also exposed
whole cotton plants having five to six true leaves (first to fifth fully expanded leaves) to (Z)-jasmone and mechanically
damage-induced volatiles. Extrafloral nectar levels were assessed every 24 h. Because extrafloral nectar in the single nectary
of the leaf mid-vein was viscous and could not be collected by capillaries, extrafloral nectar droplets were absorbed on
Whatman filter paper weighed on an electronic balance prior to and after extrafloral nectar collection. Pre- and post-leaf

damage over seven consecutive days as well as extrafloral nectar induction was analyzed by repeated measures analysis of
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variance. The analysis revealed that herbivory by H. armigera, mechanical damage caused by scissors, and mechanical
damage with regurgitate of H. armigera significantly increased extrafloral nectar production in comparison to undamaged
cotton plants. After 1 d of treatment, damage from A. gossypii and needle-punched leaves showed significantly higher levels
of extrafloral nectar production. No difference in extrafloral nectar production was found between cotton plants damaged by
A. gossypii and those damaged with a needle. While treated leaves were significantly affected, an additional systemic
increase was also observed on young leaves (third leaves). The effect was stronger on treated leaves than on untreated
leaves, and no significant changes in extrafloral nectar production occurred on old leaves ( first leaves). After 1 d of
treatment, (Z)-jasmone and mechanical damage-induced volatiles increased extrafloral nectar production by young leaves
(fourth and fifth leaves) , whereas no significant changes in extrafloral nectar production were recorded on old leaves (first
to third leaves). We conclude that the induction of extrafloral nectar secretion in cotton is primarily a generalized response
to tissue damage. Damage from different herbivores with different mouthpart types generated different levels of extrafloral
nectar induction. Damage from the leaf-chewing caterpillar H. armigera resulted in stronger induction than that caused by
the sap-sucking aphid A. gossypii. Treatment with ( Z)-jasmone and mechanical damage-induced volatiles stimulated
extrafloral nectar secretion in young leaves; these compounds serve as airborne cues to mediate communication between

cotton plants.

Key Words: cotton extrafloral nectar; Helicoverpa armigera; Aphis gossypii; mechanical damage; (Z)-jasmone; induction
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1.1 SEEephR
1.1.1 A

K44 B Helicoverpa armigera H1TAIACAY K% B Hu2b 3G P S UG 25 (A 35 RRIF Aphis gossypii R AT ALA 1
KEEFRA AR H
1.1.2 Bty

HiAE Gossypium herbaceum (L.) Fn AR FEAR 169, I AR b K= AR A BE AR AL B FI A o7 = 248
1.2 SEE Tk
1.2.1 AR A 3R

R4 R FRIREE 26°C  MIXHEEE 70% ,6H8 L:D Jy 14:10 h, 2 W FTIRME A TARRE, 2 W4 BT 36 1A AR 4
M PR T B 3 g it TR 24 h,

1.2.2 AR AL AR

FEARAETN - 28 IS RE RN AE VD 7R IR EE 26°C  AHXT AL 80% , R L:D 2 16:8 h M N TRUMEFEN T 1,
F e RIT ISR BB A IR A W B AR 8 em MMBRHEZL N, B4 1 #k . B Y KRBk BE 100 mL 1/8 YRJEH
A e 238 FH BC 5 8 R UG B 1 REERRFRAEDE 100 mL 1/4 ¥R E IR, 7EIRE 18—30°C , M X
60—80% 1 H i 2 P KG 5% . 3—4 MHHARRAEFL IR A5 50 Wb WKAESMEE | SERE 1 35— B0 Tohs B 3 AL 1
PIMRAEHER
1.2.3  Hg R ke

3 AR AL B AU AR AE M B 3 d e, AR 5 R AR AL HUSK S, I B AN UREE 1 I, A EP 45
-80CARIFE ™,

1.2.4  A[FEFH A BERIARAE I R AL S 53 Uk F 152 )

IR AT — KBk KA IARAE (3—4 A B M 1—3 B E RSN A ) 43l 6 4, B4 15 7k K2
230y WAL SN T A (UB RIS ) , AR 1 RAEHKRDE 100 mL 1/4 ¥ B A bel 2038 R iC 07 8 32, 186 24 K Ab
FEET(0 d) 14 8:00—10:00 B R 7 it AR AN EEHEATIN 8 | BEREAS 2 v ECrE (A 4t 9 26 )5 I HE
S VE AL BRM i, ARALER S BRARAE, A 3 Yk, ALFRJE BB AR, 45K 8.00—10 00 A Y AR A o A
MIAESNE . RT3 i AR b AN e B A0 W BUE o, DRI 7 5 I ) A6 A1 3 o (DB 4RI R
TR RO e 2 i) R T RIS R (6 d)
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EFRIBUAR AT AL B, FH R U B 2 AR B R 50 W, 405 1T (AR 1 mm) S50 A H

To 0 b B 3 A TG A MG R AL B AN U o A 2
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PN TSR N, B 1 RAERERRAEDE 100 mL 1/4 ¥R H A [l =03l B & 20, AR 8:00—10.00 B
AL 5 A AR A1 8 B i (DR AU IO AT S A 2E ) IR T RIS LR (6 d)

IR ( =85% , Aldrich) 4bHH . 2% Birken %' #6565 E B W E , L) 0.05 me/ L f L BIFR
T —E R SR AT AR IR 4R L B 15.4 L TS % P BEES 25 85 0, IO 2 BREE A0 B A A 48 22 58 A X
AR 5 R

BUBSAS 5 & ) AL B A L 2 RRARAE B 200 5 BT RE  BOA 15.4 L AR T 25 R BB 2548 Y, A 2 BR 2 Ah F
HIRRAE R BEAEA AR Z P

Xof REAL B R A 0 2SR AR ) 46 (0 2 IR K TR TR BB 4R L A 15.4 L R TS B PR BE B 2528 N, A 2 Bk
BN ARAE .
1.3 Bl 5 58T

DABSFTE] A 28 PN PR, DA A B Ak SRR v 7 58 oA 201 () A1 -, 2R P o 4000 ik 19y 2 43 W % it e AE 4/ 25 43 0k
SRR T 3 T I R4 T 4 P RN ZH TR1 RS ) 7 P FL A (SPSS 15.0,P=0.05)
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2.1 MG E IR AE N R A6 A 3D i 1) 5 )
211 AN[AALBEARAE WAL BRI F AR B 50

Xof 7 A I A A 4% ST ] 5 0 6 R AT ERIE A6, P= 0.003, 58] 0—6 d 7 YR T 42 I 5t ) 46 i 4k 34
(56 2 B ) AEANEE A i B A7 A S, AN TR ARG S0 45 S R I, R [ ) 265 2 JL i AE A8 43 2k
WAPTE R EH 255 (F=300.669,P<0.001) , 21K FHEEEE R LI, ANFEALHLRISE 2 B FJ A8 /& 43 Wb i A7 7E
W EXEF (F=40.179,P<0.001) , 41N [F] B[R] AR50 43 W o PG 7 L 45 SR R W, Ab 3 1—3 d 5 03T (0
) AHELSS 2 B AE AN Ay Wit S i AR AL BRAE 7 AN A E A LA B KR AR BT T ML
P+ Rias O ) BY TIHUA AR B 1—3 d 55 2 Fr B RSN 3 b i S AR BT (0 d) AH eI B AR e (3R
1), BFH G 1—2 d 55 2 B B AEANE 2 b i 55 A0 PR AR LU & S 8 v, I LAR G A0 BE 1 d 26 2 B e
By AL PRFTAR L IR R . DR ASFIAE S 2 F L AR AN R 23 Wb A i 4 E A BT AR K

R1 FRGEREE 2 FEMIENENSWE
Table 1 Extraflor]l nectar secretion of the second true leaves under different treatments
JbFH Treatment 0d 1d* 24d* 3d* 44d 5d 6d
s it #
Damage of cotton bollworms

BY TIHUBRA + A% R

1.47£0.14  11.78+0.40 " 10.67+0.33 = 5.28+0.49 * 2.56+0.44 1.53+0.24 1.22+0.11

Damage of siccator+ regurgitate 1.61£0.06  8.67+0.88"  8.50+1.04*  4.39+0.53" 1.53+0.41 1.47+0.24 1.81+0.10
of cotton bollworm

59 JIHLIEAS* Damage of siccator 1.50+0.10  11.64+1.05% 12.19+0.56 % 5.36+0.69 *  1.36+0.22 1.36+0.22 1.58+0.30
BF {1 j37% Damage of cotton aphids 0.83:0.25  4.06x0.49*  2.53x0.24%  1.56+0.29 0.64+0.22 0.89+0.11 0.72+0.31
EFAIPUAS Acupuncture damage 0.83£0.25  4.36+0.49 *  3.28+0.86 1.44£0.22 1.06+0.28 0.89+0.11 0.97+0.17
Jetii# No damage 1.72+0.15 1.81+0.29 1.78+0.11 1.61+0.20 1.83+0.42 2.03+0.17 1.58+0.13

T B A Y AR EDR BN 0.1 mg/d, # FoR 50405 AL BIAH FLAE AN 38 S0 i 22 57 [ 3 (1SD, P<0.05) , 2 — AT a) 5 * FeoR 5 4ab 3
HI(O d) fEANEE 4y i 25 57 {35 (1LSD, P<0.05) BB G + /R 1E [A]— b ¥R Py SL A 18] 2 5 A FRAT (0 d) AEAMNEE 4 i 25 5 18 35 (1LSD, P<0.05)

T AN [ Ak R 9 1 b e 225 SR 2 I MR 48 4 5 B DML A% + A 4% SR k0 L B D MLAR A5 A BEEES 2 5 LR
TEHNE 5y Wi FTC A T AL FEAH LU 25 B g AR 0053 A SR MILAR A5 4 BEEES B L A8 A1 43 1 o 5 TE 05 5 A
MZEESARE,

2.1.2 [ ALBEXTAR AL AL B R AR AL B R RSN 43 U i )5 )
ANFIAL XS ARAESS 1 7 A 3 L 0—6 d fEAME W AR 2, B TR RIAL BEXTARAESS 1—3 )7 EL A
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TEANE ST IR AL BB AETE 0—3 d, IO AR AR BE 1-3 B 0-3 d fEAMNE 0 Wb 33547 T LARS ] oy
T LB 57 B LRI T B O 2500, AN PR IR 2 SRR I SRR RIS 1—3
BB AN S I AP AR B 5 5 5 (F=55.498,P<0.001) . Z[H] A A B0 45 B R [EI AL BRE] 45 1-3 F E i
AN Sy I AFAE L R (F=3.641,P=0.007) , A [E M 7 B AESNE I WA L E £ (F=
46.186,P<0.001) , ZH N [RIBS [E] A4 43 D 2 P R LU A 25 SR B A0 P 1-3 d SARHRT (0 d) A LA 1—3
B AN Ay i i R AL RS TR A R LA 2 SR B AR L | B T AR AT + AR S R k|
S IHUA AL BRES 1-3 Fr S A8 A8 o3 W 5 RN TG A 35 AL B Lb o 25 4 e 2 TR AS ) i o7 1 7 L R 4 R 3R
WY, A [RIAL B B Ab 38 (55 2 7 EL ) AEADEE 115 R0 2 S TARALE (55 1 7R 3 B ) XS 3
FLI AN 5800 0 3 = TR 2

K2 TRLERES 13 FEMIEIENSWE

Table 2 Extraflor]l nectar secretion of the first and third true leaves under different treatments

AbHH Treatment 0d 1d* 2d* 3d” 4d 5d 6d
FRAS A # 1 0.11+£0.11  0.22+0.11  0.27£0.15  0.31£0.03 0.11x0.11  0.19+£0.11  0.33+0.19
Damage of cotton bollworms 3 0.83+0.17 2.17+0.42  2.08+0.39 0.97+£0.32 0.75+0.25 0.61+0.06 0.72+0.15

TR +ARER Rk g

Damage of siccator + regurgitate of

0.11+0.11  0.39+0.20  0.00+0.00  0.28+0.15  0.08+0.08  0.39+0.06  0.08+0.08

1.11£0.29  2.14£0.43  1.92+0.08 0.97+0.17 0.89+£0.11 0.78+0.22  0.64+0.35
cotton bollworm

By TIHLI A5 # 1 0.00+0.00  0.00£0.00  0.00+0.00  0.00£0.00 0.00+0.00  0.00£0.00  0.00+0.00
Damage of siccator 3 0.94£0.24  1.72+0.49 1.31£0.19 1.11£0.11 0.81+0.10  0.97+0.17  0.89+0.11
iof 5 1 0.56+£0.29  0.97+0.36  0.56x0.29  0.44+0.29  0.22+0.11  0.33+0.19  0.22+0.11
Damage of cotton aphids 3 1.00£0.19  1.91£0.21  0.92+0.21 0.53£0.24  0.22+0.11  0.28+0.15  0.11+0.11
EF B A 1 0.56+0.29  0.42£0.13  0.11x0.11  0.44£0.29  0.33x0.19  0.22+0.11  0.22+0.22
Acupuncture damage 3 1.03+0.17 1.33£0.19  0.89+0.29 0.81x0.10  0.67+0.33  0.72£0.15  0.72%0.15
TtiE 1 0.19+0.10  0.31£0.19  0.00+0.00  0.42+0.13  0.39+0.20  0.31+0.03  0.19+0.10
No damage 3 1.31£0.03  0.94£0.24  0.69+0.03 1.06+0.34 a 1.14+0.19  0.72+0.15  0.83+0.42

Fe PR N M L PR AER B0 R 0.1 mg/d, # R 500 FEALFIAR AL SMNE AW B 22 5 .35 (LSD, P<0.05) , S5 —ATHHAIG * FoR 5403
HI(0 d) fEAME 3 i 25 57 |9 3 (LSD, P<0.05)

2.2 K-SR B A 5 22 ) AL BN AR AEAS [R] i A A1 48 43 1 B AR 52 iR)

T - R P FIBTLA £ 428 1k AR AL BAR AR 0—6 d 5 1—5 Fr ELRHAAE S8 Zr Wb i L3R 3 - A
AEFRRRAE 3 d JGHEARZEE I A L8 TRTRIAL BE 0—2 d 55 1—5 B RAEANEE il ol . 20 N IR A 56
SRR [R5 1—5 Fr B ARSI 7 WA S A7 AR B 25 5w (F =22.881,P<0.001) . #4bFEAE 0—2d 3 4
N I] s b PR LR B ISR AT R A LT 45 A AL B 1 d 5% 4—5 Fr ELH RSN 3 i B S5 A0 0 d AH
oA BRI 2H A A A SR 25 R AR A R 2 BB 2 1—5 LM ARSI o3 W B A7 AE 1035 25 57 (F = 5.389, P
=0.007) , ARl o B AL SN o W AP TE 1 3 22 5 (F =6.913,P<0.001) . ZH [B]AS [F] b B9 1 LL 4045
M A -TRFT AL HE 0—2 d 55 1—5 J B AEANEE 73 I B RO JEOMH b @ 8 4 v o 2L R) A [m] S P 7 A
R, A FIAEEEAFAESS 1—3 Fr FL B0 W AN 43 W6 T 56 4—5 7 FLRE AR A o b i 4 S 3 o 1
PR N i) S R N S g o VAo =T U s U oA ey I S R

CJT( Cis-jasmone treatment ) Fe7R L FTHIAZLBE | MIV ( Mechanical damage induced volatile treatment ) 3&
ISR 75 4 A W AE B, CK (Control ) F/RXT i, M xC-SEFTHA b BRI AR AL 3 d JGAET-, R AL BG4
Fon HH e R EME 22 5 W35 (LSD, P<0.05) , BUE ) + 2R 1E [F]— AL FH N M 8] 555 40 FERT (0 d)
AEHNE Y i 2 57 8.3 (1SD, P<0.05)
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Table 3 Extraflor]l nectar secretion of the first to fifth true leaf under different volatiles treatments

It I b
cIT 0.00+0.00 0.00+0.00 0.00+0.00 - - - -

1 MIV 0.00+0.00 0.00+0.00 0.20£0.20 0.20+0.20 0.10£0.10 0.30+£0.20 0.00+0.00
CK 0.00+£0.00 0.00+0.00 0.00+£0.00 0.00+0.00 0.00+£0.00 0.00+£0.00 0.00+0.00
cJT 0.00+£0.00 0.60+0.40 0.00+0.00 - - - -

2 MIV 0.10+0.10 0.70+0.44 0.40+0.29 0.00+0.00 0.20+0.20 0.20+0.12 0.10+0.10
CK 0.00+0.00 0.00+0.00 0.10+0.10 0.10+0.10 0.00+0.00 0.00+£0.00 0.00+0.00
CJT 0.20+0.20 0.40+0.40 0.10+0.10 - - - -

3 MIV 0.40+0.24 1.20+0.85 0.20+0.20 0.00+0.00 0.00+0.00 0.10£0.10 0.20+0.12
CK 0.20+0.20 0.60+0.48 0.30+0.30 0.30+0.20 0.00+£0.00 0.30+0.20 0.00+0.00
CJT 0.30+0.20 2.40+1.02" 0.70+0.12 - - - -

4# MIV 0.40+0.29 1.30+0.66 * 0.10+0.10 0.00+0.00 0.20+0.12 0.00+£0.00 0.10+0.10
CK 0.30+0.30 0.40+0.40 0.10+0.10 0.20+0.20 0.00+0.00 0.10+£0.10 0.00+0.00
CJT 0.70+0.34 7.60+1.10" 0.60+0.10 - - - -

S5# MIV 0.20+0.12 1.20+0.51°* 0.10+0.10 0.10+0.10 0.40+0.19 0.20+0.12 0.20+0.12
CK 0.50+0.27 0.60+0.60 0.40+0.10 0.50+0.22 0.10+0.10 0.30+0.30 0.00+0.00

3 itig

31 AFEE LS ARAE F AESNE o Wb B B 2

FRES s BT THUAS +A 42t Sk 59 T HUAR A iF e 3 FVEE RIBILA s A BRARAE 1 d, S RERG N4
AbFRI (5 2 Fr L) AESNE R b o LA RS B0 5 TR AT + A % U ik R B T AL AR AT A B Y
RO ECN IR BEBIARAET R AEANE S S S 32 00 T R S BRI AR BE AT OC , AN ] 11 28 2 U Y B H XA
FEAESME TS T i AN (] ELIGE 2 1 B2 A4 e i 1 T X AE AN EE 105 O T =X 1 4 B R I, 7 S5 AR R
Triadica sebifera "HRHIE = 1 #% B AUBRCE SR ZNFE T 1 ARSI 530, i W =X 101 4 B SR A 52 U B AR M
AN e E AR T3 Brassica juncea WA 17141 B AURIRINE S 1128 B AU SR BCE R AR
HAESNE S WG N AP S0 B AT S AN ) L =X 1 2 L e Y e 0 IR R S 1 d Bk
W A 4 e R e R TE RS T 5 2 41 AR AN A BEXHAR AL T R ARSI S AN 7E AR B 142 d
J5 A B e, Bt A B B R] [R] B Y SE A 75 RN e 2 HE DN 5 40 3 5 R Y 5 BR A OG, AILBR + A 4%
Rz kb B 5 5 TIHUAR A AL BRAE S Sy b E O] b 25 S BRI AR 169 R AL AES1N 8 1155 SR AR AR X 20
LU — S

AR FEXS AR AL S 3 B AEANE 5800 5 i AL BRI A AL, (B 5 5 0 1 A A BRI i B
XARAEAE S ME RS AR Y TP A TE R Ge . X RV IG RIAEAAAE TR 5 DA 35 sy IR BRI i
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