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FEE AHY XS R o BCRr 7 AR 0 B AR SN, FE B B S R AR B G R ol s LA AVE . S W R 56 BEVE R Liriomyza
huidobrensis ( Blanchard ) HU £ 5 A B A 22 18] AR OG22, 430 B AE T R S BV M 4 A2 0 1.3 5.7 J2 9 d R B i rp o
TN B2 f# i ( phenylalanine ammonialyase , PAL) 2 ) % fL i ( polyphenol oxidase, PPO) i &AL ¥ ( peroxidase, POD) K #8 &
e BALREE (superoxide dismutase,SOD) W M 7A2 1k, Z52R3RH] . 7ERT R RO BRAN S LZL LA T, PAL (PPO ,POD #1 SOD 4 4 Fif
FE I M 35 1 Fh; PAL PPO #1 POD 45 3 i 1 A 52 35 A5 B8 (9 210 g B o, BV B2 32 3 > TR P A7 3 > R G0 ] R > {2 e
X RE T SOD IS AL BEAT ML, 7 R Gox) B E It v PAL PPO  POD Fll SOD 45 4 Fift i 1% 1 f KB 3 756 51,5 A1 5
R FERR B2 3235 # I F i, PAL (PPO (POD i1 SOD %5 4 B £ 55 R A 43 BIAESE 5.9.5 19 K 7E T A2 F #NM |  PAL,
PPO . POD # SOD % 4 R % B KAB A BIAESS 7.7 .5 F0 5 K, B A2 %5, POD Ml PPO & L FHIERE# K, PAL F1 SOD
TR LT IEEE RN, BB POD Al PPO X HCE i 57 H PAL AT SOD B R,

SRR PSSRV ; BTN IO s R T R RS 2 5 22 T A Al 5 i S ALl 5 A AT ) B AL Bl

Effects of Liriomyza huidobrensis infestation on the activities of four defensive

enzymes in the leaves of cucumber plants
SUN Xinghua, ZHOU Xiaorong, PANG Baoping” , MENG Qingjiu
College of Agriculture, Inner Mongolia Agricultural University, Hohhot 010019, China

Abstract; The pea leafminer, Liriomyza huidobrensis( Blanchard) , is a widely distributed pest of ornamental and vegetable
crops from subtropical to temperate regions and can cause economic losses to host plants by both adult and larval
infestations. Larval mining in palisade parenchyma tissue reduces the photosynthetic capacity of plants up to 62%, and
severely infested leaves may fall. A further damage to leaves is caused by females, which use the ovipositor to make holes in
the surfaces of the leaves promoting the production of leaf exudates on which both females and males feed. The defensive
responses of plants to insect herbivory play an important part in the interactive relationship between insects and plants.
Insects obtain their nourishment from plants. The nutritional quality of plants and the limited availability of various plant
parts deter many insects from using plants as a food source. Insects can be prevented from feeding by plant defenses,
ranging from physical barriers to toxins and antifeedants. Plants produce a considerable variety of chemicals with roles in
defense against herbivory. These chemicals include secondary plant metabolites and some proteins. Plants can produce
proteins that play a critical role in defense by targeting the digestive system of insects, thus impairing the ability of the
insect to digest and absorb food. These proteins include protease inhibitors and defensive enzymes which are widespread in

plants and are inducible by wounding and herbivory. Four main defensive enzymes, including phenylalanine ammonialyase
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(PAL), polyphenol oxidase ( PPO), peroxidase ( POD) and superoxide dismutase (SOD ), are key enzymes in the
generating process of secondary plant metabolites. However, the interactions between the leafminer and its host plants have
been studied mainly on the relationship between host preference of adults and trichomes, volitales, primary and secondary
metabolites in host plants. In order to explore the interaction between L. huidobrensis herbivory and plant defense, we
investigated the changes in the active levels of these four defensive enzymes in the leaves of cucumber plants that had been
continuously feeding by the larvae for 1, 3, 5, 7 and 9 days, respectively.The results indicated that the activities of four
enzymes in the leaves of cucumber plants, which had been feeding by the larvae, rose significantly. The magnitude of
activity rising of PAL, PPO and POD increased with the increase of damaged levels, i.e. damaged heavily > lightly >
systemically > undamaged, but the change of SOD activity were not regular. The maximum activities of PAL, PPO, POD
and SOD appeared on the 5th, 1st, 5th and 5th day, respectively, in the systemic controls. They were on the 5th, 9th, 5th
and 9th day, respectively, in the damaged-lightly leaves, and on the 7th, 7th, 5th and S5th day, respectively, in the
damaged-heavily leaves. The magnitudes of activity increasing of POP and PPO were more than those of PAL and SOD after

the leaves had been feeding, which suggests the responses of POP and PPO to insect herbivory are more sensitive than those

of PAL and SOD.

Key Words: Liriomyza huidobrensis; cucumber; herbivory; phenylalanine ammonialyase; polyphenol oxidase; peroxidase;

superoxide dismutase
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PR IAE M AAExE o MR 57 BRI A A0 mp s o 0 55 A 4 % o il 2 i T A R R 19 SR
JEH R — S A A BOE G B v i SC BB 02 TN 24 92 % 2 I8 ( phenylalanine ammonialyase, PAL) (£
5y 4 A ( polyphenol oxidase, PPO) i S AL W i} ( peroxidase , POD) Flli#E & AL W) 157 fk i ( superoxide dismutase,
SOD) fE AP A AR IR P i) 4 FpOCHERG , ZERIY) RO BT BB 8 Pl 5 B AL E R R E
Xt 2 R A P 907 A S A ) ) A B A0, AR R B KRR SR E RO AR AL R T AR AR B
IR A e O R RO TR R B I A e S A AR AR S O A

P L BREWE MG Liriomyza huidobrensis ( Blanchard ) J&— 1 3 Z2 Pk S MO ALY ke E R HErH
KA R BETE I 5 A EAE Y Z A BAE G R RYBEY , E R D T3 BRI R R R VBRI
Bk AACE 5 2 E R SC R i & R 5% TRV MR B A Sy o e 2 R A A P 7 R R 4 5 ) )
WFIER AT I HGE o PR, A6 18 o 0] g S v i 4l UBCED 175 5 J5 I - PAL POD \PPO Fi1 SOD 45 4
S PE R AR AT ST, LU E— 20 1 M i SE DV g 5 L2 A WA B AR T RO LB, F AR P75 S o A BE AR
R R BRI BTG J7 2%, il LT LG B A R g B — i i BRI
1 #MRE5AE
L1 iy

e IR b 7 DX 3 A AR ) B I R R 4 5, REEE TR R AP 1 IR A 2 IS R T3 A A A
JAEZE D B AAG 3—4 KiFh ¥, FRAEMR KR —F By, B4 e B 2 pRE TR E D Fr K3 7—8 J E I,
Fmi Tt AR HAE R 4
1.2 flhjg

AP TR 2 R0 4 VT LR B AN DI0 2 i i it e TR SR T2 SR 88 i 6 X e %) ol R RTgG , mC HR AR 55 T
RS T FR U N R SR R TR S AR EK & 70% e A FNARYD IR A AR b 3 E T L
BREC IR FEAE T (IR 25 °C , AHXHEE 709%—80% , Y6 W] 161.:8D) , fE#EAk 2 E L %5 1 105 K 2 100
P, R T A TR AR ERIEAT | AR PR 5 6% T R R AT ORI . Rl B T B R ERY
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FLAYPREEAS AT | B 1 ROV MR F= B0 Ol 3 fl RS R AR 2 5 I o A7 5 b B S8 4l A 0,20 1 30 X [
—FPE R RS DS BEEMAL H,7 d R I O DABRECZ B R AR SR Z 0, A 3K,
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SRBRAEANT

fRRFEXT AR oRdo HUf R Y

YN AR E 2 E I AR E R

BREZE  BaEr BN 10%;

HAEZE A AR TR 40%
1.5 e 7k

T A b BN [R]— 55 28 3 Z0 80N (IR 2 45d) e Bsz R FE AR Y 2 B, 55 BORH ] 52 3 78 B 1Y 2
MR 3—5 Fr, e R T 4 Bl 1, SR 5 4% BRI F8 bm B ifs () s A TR, B4 3 IR

PAL WEVEIE S BB e 750 BEEPE ST AOD g g min™',

PPO JEMENE S MEBR KUK B A AOD e g™ min™' |

POD IEMEE  SHEARKAE  BEETERA AOD,,¢ g min™'

SOD ThHEME SRR R AR BRSPS R AOD e g " min™',
1.6 HHageit ot

ARSI T BAE R SPSS16.0 GEi MR AT Hr , AN [l A 2 0] 22 57 it 2R ] Duncan 35 E17 £
AL,
2 BR5HH
2.1 FEERE ML SO FE X PAL T P50

H % 1 AL FE R — A2 FHA N 4 FPOAS R FR R 0 3 Ab B 27 1] PAL 36 PR FF 28 I 25 5 B 28 (P<0.05) ; [F]
— 52 R R BRI (] 2 6] PAL 36 PR AR R A [ 25 5 18 3 (P<0.05) , RGN BN [ 22 5 PAL WG 7
T s TR 359 4 25 b o2 T X R ( P<0.05 ) , B2 B 22 585 7 R 9 KK Tk i xof R, G A sF [ 2y gy (g B o R
Bifi 5 T 58 BV e 40y R ARl o I R O R  TA AL LAY PAL 3P BT, REEXT IRV A2 E AR 5 RikEI i
5 7 RIS R 9 R T 24 7 KibfmifE, 5 9 K2 TR,

N

F1 BHERERYHRBENAEERM P PAL FHEHEL

Table 1 Changes of PAL activity in cucumber leaves after Liriomyza huidobrensis larvae feeding continuously

TR AEBRI ] Time/d

Damage level 1 3 5 7 9

{athE U 18.34+£2.20(d)d 19.43+3.25(d)c 23.34x1.27 (d)a 22.48+2.52(c)b 23.27+1.49(c)a
RES 19.26+2.01(b)d 23.26+3.11 (b)c 26.26+£3.61(b)a 24.39+0.71(b)b 26.24+3.01(a)a
B L 22.03+1.43(a)c 21.88+2.09(c)d 24.63+£2.05(c)a 21.50+1.21(d)e 22.73+3.47(d)b
EHEH 18.92+3.02(c)e 23.73+£2.82 (a)d 26.53+2.32 (a)b 29.99+2.08(a)a 24.03+2.04(b)c

F B T Y E AR DR s BUR 5 455 N R R A R R AS R AR Y 25 57t 0 25 1 | B0 I 8 5 5B 3 7 A ) A A [ e i) 11 25 57 4
B ARIEXS A O B MR AR E A N 25583 (P<0.05) ;U {#EEXT IR Undamaged control;S: R X IR Systematic control; L; 2% 52 %
Lightly damaged;H: 32 Highly damaged

http ; //www.ecologica.cn



23 ) PIAE S T SRR Ay T T B TSI 4 0 7 0 0 2 140 5 ) 7351

2.2 FEETEIEMEL) O FEXT PPO TEPEM R

H 2% 2 v R Rl — 32 F A 4 BORTRIRE B () U Ab B 2 (8] PPO 16 M 7E 34K 1 225 55 18 38 (P<0.05) 5[]
— S E R AR R (8] Z 1] PPO W& PE A HE A b 22 7 W 3 (P<0.05) . BREE 5 REJEZF PPO EIEMLT
B RSN AR AR T 2 E SR 2 > RGN IS fd R X I8 Bl 25 52 5 FE B A9 IR, PPO 15 PEAE 1L
BRI, fEREXT IR PPO 1 MRS TR IR B A /N 55 3 FI S K, RGEXATIR PPO IGTESS | K, 25 R,
855 RIRFRARAE, 55 7 RYITHEITE . 252 FE AL PPO TEPESS 1 13 KA, %5 3 Kigts I, %5 5 Kig
IHIREERN, TR A2 E AN PPO IR TEALACK S 5 RINERARME, SR )5 208 LT

R2 WERBBYRFEWNAFELMFH PPO EENER

Table 2 Changes of PPO activity in cucumber leaves after Liriomyza huidobrensis larvae feeding continuously

AR AL PR E] Time/d
Damage level 1 3 5 7 9
fdtEE U 19.17£1.07(d)b 19.63+1.53(d)a 19.77+1.69(d)a 19.10+1.09(d) b 18.97+0.87(d) b
ARG S 24.07+£3.19(c)b 21.63+2.49(c)c 20.37+£3.24(c)d 20.53+2.72(¢c)d 23.33+1.29(c)a
BREL 25.43+2.12(b)d 24.20+2.66(b)e 31.43+4.12(a)c 32.33+3.48(b)b 33.17+2.33(b)a
FJ¥ H 30.17+1.22(a)d 32.70+3.21(a)c 28.23+3.15(b)e 44.73+4.09(a)a 43.47+3.08(a)b

2.3 FESETERRMEL) O FEXT POD I MR R
H 2% 3 WA FE Rl — 32 F A 4 BIORRIREEE () U Ab B 22 (8] POD {5 PR 7R 38 4R - 22 S 8 25 (P<0.01) 5
[F]— 52 72 BE AL JHUR [R] i) (1] 22 (6] POD I P 7E #4422 il i 2 (P<0.01) o BREE 9 KERFE 323 POD WMk
T AIRAN I [RI 3 R BE 32 AR AN, POD TG T, BIVER B A2 5 S B a2 3 > R0 B> fad FE iR, fat
FREXT HE AN ZR GeXT B POD T PEAR AR BEA /IS | N4 B A2 5 RN B2 52 5 POD ZBARIRERCR . Ay b BRS4 SR 76 5
5 RikfmifE.
#3 BHEBEEEMHRBENAT R L POD EMMEL

Table 3 Changes activity of POD in cucumber leaves after Liriomyza huidobrensis larvae feeding continuously

ZERE Ab BRI E] Time/d
Damage level 1 3 5 7 9
fa@hE U 31.20£2.21(c)d 31.20+1.25(c)d 35.47+2.46(c)a 33.47+1.41(d)b 32.1742.36(c)c
RES 34.47+£2.03(b)b 34.47+£3.15(b)b 36.00+£3.06(c)a 34.57+£2.53(c)b 34.37£1.06(b)b
BE L 34.87+2.53(b)c 34.90+2.32(b)c 40.77£1.35(b) a 38.73+0.83(b)b 27.87+£3.03(d)d
EEH 48.67+1.81(a)c 58.77+£1.38(a)b 63.33+0.93(a)a 49.00+£1.46(a)c 44.23+2.73(a)d

2.2.4 I FEBEENEL) A EXT SOD 1 M AR

H13% 4 I e TR — 32 I, 4 FiAS [R) 238 ) L 3 b 22 18] SOD {5 PEAE RE AR I 7F 7E il B35 22 5+ (P<
0.01) ,BR%E 5 KARGEX IR SOD 16 Mdi i 4, HoA ab BiAY 2 832 2 3 SOD Wit s BREE 9 KR GEXTIR SOD
T 5 i 52 5 22 S A 1 35 A | AR I ) 49 2 2R G 0 BRSOD T P 1w T8 B8 52 5 R (it B X BRSOD i M 7E AN

R4 HEBERGHJBENTFEELMFH SOD FiErEL

Table 4 Changes of SOD activity in cucumber leaves after Liriomyza huidobrensis larvae feeding continuously

ZERE Ak PR E] Time/d
Damage level 1 3 5 7 9
{@HE U 30.88+1.26(c)a 30.93+£0.28(h)a 30.68+0.62(c)a 30.05+0.26(c)a 30.13£1.67(c)a
RES 32.47£2.10(b)e 33.23+£3.17(a)c 41.47+1.08(a)a 38.43+4.10(b)b 33.07+£2.98(b)d
2L 31.28+1.09(c)b 24.58+2.09 (c)c 21.16+3.52(d)d 24.96+3.32(d)c 34.09+3.53(b)a
HEH 38.18+0.22(a)c 32.9413.21(a)e 35.16£2.70(b)d 40.89+2.70(a)b 55.69+2.19(a)a
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(A ) 22 AN 2 A (P=0.681) , HARAL R[]I ] 2Z [i] SOD 37 Pt A B A4 | 2% i b 2 (P<0.01) , FE3E
BV Ll RO S, RGO IR SOD TE R LT 5 5 Kak i = (E 5 B8 T K 2 B 52 5 SOD TR PR IZ M T %
55 3 RIKEARME G )i It 2% SOD IR PETESS 3 K TR & 7t
3 g

T AE 52 3 R 4R 3 I 30 23 S AR B 1) B B A R R N R AT AR 2 IR, AR RS B B A
FE2 o ARSCHIFST R, TS E BT b 4 HUBRCE S AT R 5 3 A N PAL PPO POD Al SOD 4§ 4 RS 1)
B E T, 2 E AR b TR RO, T S SRR R G, SE R B Rt &
T R E Y B E Y S EOLE BN PAL PPO Fil POD JtE BT, SASCIFSE 45 5 — 50, {0 Bk if
FEIRBTETE FROR A A RGN, XG5 098 A 4 € U R B2 75 3 1 R A N i S T
(lipoxidase , LOX) J& &t E W ZL % B ( hydroperoxide lyase, HPL) (KN 4 IR i & B ( PAL) A9 35 45 1 3% 7+
e, 9 CEURIO6T PAL B S2MA 2 R GEHERY , TR LOX A 52 Wi ANy B 48 6 mURI I R A2 B9 254 b, sk i
Mgt R | Z A8 CECE S, FRIA N E SOD TEHER N i3 A (L S0 ( catalase, CAT) 1GPE TR,
POD & P AES T SRR O e o 2 S BB IS MRS I, J5 38 R R 3248 RECH 5, SOD I MR i, CAT
1 POD & PEAEGT BB K, TR AL Fr o O 3 T A BT R A R SOD T 39 < R Ak b R
CAT I PE N R L A RElS . &8 BTk, Haide R 2858 R, & BIRCE o F ] 397 RPN
PAL PPO POD 1 SOD %5 B (0t 1% 11 b4, DATTT AT GE X 35 H = A AR B 5

R TN SR ik 2 (PAL ) S AR R e AR A28 v 14 SC At A B S 2 e A el A M 7= 2 i S o R
JR R AR 2 BT BRSBTS ) B ) (9 A A % B R B SR i s A AR Y A
SCEGIER B AU TS S W A T A A Y . AR R (3R 1), B L BT R 4l Uk S SO Rt o
PAL WG PER 3 BJF, 5T 4k 2 09 B e W S5 Wy S 9 o, DT AT BB 1 96 RE v B IR FAE KR B P AR AN
FIRISEI 3% 5 %5 E PR DRI 45 Rl — 2, R 56 TRV W AN S UC7E B B T Sy S ) o 5 i v A 27 A
Yy bR

Z W AL (PPO) TEAED Y BABAL T b 2 #8 T HZE VR, 76 R I FE v, & BRI 1 IR 2 55 4% Fil
SAALEY AL G W BTIY& I, X S BT 2of B AR 1 b i T EE IR B B Ak , HE I 7 A — g I BEPE , AT I 4K
T HUE VR AR SCRFGT R (3% 2) R I 1 22 B R SEBETE R 4 UL E S 8 IR PPO TR MERE % 2
R EE G g i HL5 A 3 FhEEAR L, PPO ISR bR B AR OK  RR AR AESE 7 K9 R EEZ E M
PPO E PR B 1 A5 2L L, U8 PPO X35 Hh 35 B Rk

TR 32 B H 3 Sk 2 72 A R AT 1 4R (reactive oxygen, ROS) ,%%E@(Eﬁ’fmé\%ﬂmﬁ%ﬁﬁéﬁi
PGS, FEAEYE R AR R b AR A N BT SR ALl 2R 8 AR BT AL 2R Gt 23 BT R B 203 1k 402, DA
T3 B 1 T 4R R P P s SR T s 0 4 RS R e 81495 . i POD A1 SOD 1 S 146 1 ST B
RGN 2 AR S 1T IE VA A R E . SOD LA A B EE(07) PR AR AR SN, A
FHEBU/IMG H,0,F1 0717 POD Ref AL M2 Buéa AL, 72T BR H,0, Rl OH™ A il 307 it HL A F 2 1 By
RS XA AR AR R, A0 P Y A A5 DL RR R 1 KT, IR T A S 1 B
=P TSRS AR R (£ 3, K 4)  TER BRI A SE , R REZE
R B2 50 A ef POD A SOD (% P24 T RREXT AR, JF HLAEE 5 ki {iL

AR SCE YO B 22 BETER W IR 5 BTN v 7 S 1 B T R R R S I () () AR AR AT T WAL
5, RINAE TN AZ 31 g S B g4y A Ry B Lt b PAL PPO (POD 1 SOD %5 4 Bl (1) 1 1 B 7 o R
B AN [ FRASF 232 F ) B T A8 Ak, (H AR AR ) 23 F AL TR ABESE

References:
[ 1] GeF. Stressing role of insects on plants// Wan F H, Xia Y L, eds. Research Advances on Insect Ecology. Beijing: China Science and Technology

http ; //www.ecologica.cn



23 ) PIAE S T SRR Ay T T B TSI 4 0 7 0 0 2 140 5 ) 7353

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Press, 1992, 87-91.

Qin J D. Relationship between Plants and Insects: on Interaction Between Insects and Plants and lts Evolution. Beijing: Science Press, 1987
38-61.

Liu Y Q, Jiang L, Sun L H, Wang C M, Zhai H Q, Wan J M. Changes in some defensive enzyme activity induced by the piercing-sucking of brown
planthopper in rice. Journal of Plant Physiology and Molecular Biology, 2005, 31(6) : 643-650.

Zhang J F, Xue Q Z. The activity dynamics of main protective enzymes in rice plants under feeding stresses of Sogatella furcifera and Nilaparvata
lugens. Scientia Agricultura Sinica, 2004, 37(10) . 1487-1491.

Tan Y A, Bai L X, Xiao L B, Wei S'Y, Zhao H X. Herbivore stress by Lygus lucorum inducing protective enzyme activity and MDA content on
different cotton varieties. Cotton Science, 2010, 22(5) ; 479-485.

Mao H, Chen H, Liu X X, Zhang Q W. Effects of Apolygus lucorum feeding and mechanical damage on defense enzyme activities in cotton leaves.
Chinese Journal of Applied Entomology, 2011, 48(5) : 1431-1436.

Sha P J, Qi Y F, Li C, Li X X, Shi X Y, Gao X W. The effects of Helicoverpa armigera herbivory on the activity of phenylanlanine ammonialyase,
lipoxygenase and polyphenol oxidase in cotton seedling leaves. Chinese Journal of Applied Entomology, 2012, 49(2) . 414-421.

Liu C Z, Lan J N. Variations of oxidase in the seedling of three alfalfa varieties infested by Therioaphis trifolii Monell ( Homoptera: Aphididae).
Acta Agrestia Sinica, 2009, 17(1); 32-35.

Cheng L., He C G, Hu G X, Wang S S, Zhu Y L. The effects of Therioaphis trifolii on the activities of PAL, POD and PPO in five alfalfa varieties.
Plant Protection, 2009, 35(6) : 87-90.

Zhang L, Chang J, Luo Y. Activity changes of POD, PPO, PAL of the different sorghum genotypes invaded by Aphis sacchari, Zehntner. Chinese
Agricultural Science Bulletin, 2005, 21(7) ; 40-42, 198-198.

Wang T, Lei G H, Cao C X, Ji C M. Effects of whitefly damage on activities of PAL, PPO and POD of glabrous cucumber in greenhouse. Shandong
Agricultural Sciences, 2011, (9): 81-84, 87-87.

HuZ H, Shen Y B, Wang NN, Wang J F, Zhou Y C, Zhang Z Y. The activities of polyphenol oxidase in Populus simonii X P. pyramidalis * Opera
8277’ leaves in response to insect herbivory and volatiles exposure. Acta Ecologica Sinica, 2009, 29(10) : 5265-5270.

Felton G W, Bi J L, Summers C B, Mueller A J, Duffey S S. Potential role of lipoxygenases in defense against insect herbivory. Journal of Chemical
Ecology, 1994, 20(3) : 651-666.

Scheffer S J. Molecular evidence of cryptic species within the Liriomyza huidobrensis ( Diptera: Agromyzidae ). Journal of Economic Entomology,
2000, 93(4) . 1146-1151.

Pang B P, Gao J P, Zhou X R, Wang J. Relationship between host plant preference of Liriomyza huidobrensis ( Blanchard ) ( Diptera:
Agromyzidae) and secondary plant compounds and trichomes of host foliage. Acta Entomologica Sinica, 2006, 49(5) . 810-815.

Gao J P, Pang B P, Liu H, Meng R X. Relationship between host selectivity of Liriomyza huidobrensis on tomatoes and leaf trichomes and
nutriments. Plant Protection, 2006, 32(2) : 25-28.

Gao J P, Pang B P, Meng R X, Wang J. Relationships between host preference of Liriomyza huidobrensis ( Blanchard) and nutrient and chlorophyll
contents in host foliage. Chinese Journal of Applied Ecology, 2007, 18(3): 701-704.

Yan L Y, Pang B P, Zhou X R, Zhang C Q. Relationship between host plant preference of Liriomyza huidobrensis for different Phaseolus vulgaris
varieties and plant compound contents. Scientia Agricultura Sinica, 2008, 41(3): 713-719.

Ma X D, Pang BP, Li Y Y, Zhen N, Cao Y, Meng Q J. Behavioral response of Liriomyza huidobrensis ( blanchard) adults to host plant volatile.
Journal of Inner Mongolia Agricultural University: Natural Science Edition, 2009, 30(2) . 74-77.

Xue Y L. Experimental Manual of Plant Physiology. Shanghai: Shanghai Science and Technology Publishing House, 1985, 138-139.

Gao J F. Experimental Technique of Plant Physiology. 4th ed. Xian: The World Book Press Xian Company, 2000.

Fukasawa-Akada T, Kung S D, Watson J C. Phenylalanine ammonialyase gene structure, expression, and evolution in Nicotiana. Plant Molecular
Biology, 1996, 30(4) . 711-722.

Hahlbrock K, Scheel D. Physiology and molecular biology of phenylpropanoid metabolism. Annual Review of Plant Physiology and Plant Molecular
Biology, 1999, 40. 347-369.

Hartley S E, Firn R D. Phenolic biosynthesis, leaf damage, and insect herbivory in birch ( Betula pendula). Journal of Chemical Ecology, 1989,
15(1) : 275-283.

Felton G W, Donato K K, Broadway R M, Duffey S S. Impact of oxidized plant phenolics on the nutritional quality of dietar protein to a noctuid
herbivore, Spodoptera exigua. Journal of Insect Physiology, 1992, 38(4) . 277-285.

Arias M C, Luna C, Rodriguez M, Lenardon S, Taleisnik E. Sunflower chlorotic mottle virus in compatible interactions with sunflower; ROS

generation and antioxidant response. European Journal of Plant Pathology, 2005, 113(3) . 223-232.

http ; //www.ecologica.cn



7354 JAE = 3%

[27]
[28]

[29]

[30]

Zhao F G, He L F, Luo Q Y. Plant Physiology and Ecology Adversity. Beijing: Chemical Industry Press, 2004 93-99.

Bowler C, Montagu M V, Inez D. Superoxide dismutase and stress tolerance. Annual Review of Plant Physiology and Plant Molecular Biology,
1992, 43(1) . 83-116.

Usha R P, Jyothsna Y. Biochemical and enzymatic changes in rice plants as a mechanism of defense. Acta Physiologiae Plantarum, 2010, 32(4) .
695-701.

Bruce R J, West C A. Elicitation of lignin biosynthesis and isoperoxidase activity by pectic fragments in suspension cultures of castor bean. Plant

Physiology, 1989, 91(3) : 889-897.

S 300k

[1]

[20]
[21]
[27]

X, BRHEYMRAER /2 T, k. BIRASU R R (FEAS¥ERA2)). Jbat. b EBFEE AR A, 1992,
87-91.

PGS, MY SR R R . IR R S 0 B Bk, dbnt. Blesmpat, 1987, 38-61.

XUIHSER, VL3, IMrZ2, TR, BREE, J7 @R # CEUH T 09K A% — Lo B 60 vk 5 vk a9 28 k. R A 5 0 T A W 3R
2005, 31(6) ; 643-650.

sRAEE, BT, A CECH T XK R AR N 32O R RS b E LR, 2004, 37(10) @ 1487-1491.

WKL, KR, MR, BLTHE, BXULES. ST WA fS T AR AL B A M T 1 N R SR . ARAESA, 2010, 22(5) ¢ 479-485.
BLL, BRl, XMk, 53530 U B IE S AU i3 AR AL P9 B A MRS M 052w B R AR, 2011, 48(5) « 1431-1436.
Wi, TR, B, Z2HE, DEE, maaX. M RS IR X AR 2K =R B AR R S P R VR L. R R A, 2012, 49(2) .
414-421.

XA, 22 . R SR = AN A SRR S LR AR RER AR, 2009, 17(1) ¢ 32-35.

FEBE, RS, WIEERE, EARL, RIWR. BIESEY N FEXT 5 FETE MR (R) PAL POD \PPO BT ¥ 12 0. HIHI LRI, 2009, 35(6)
87-90.

akm, W AtE, FRR. RIE S SRIE R AR LETE POD PPO PAL BEIEMEAS L/ Hr. h A 2242, 2005, 21(7) ; 40-42, 198-198.
T, TERL, WRM, ZHEM. BEAMAN BTN PAL PPO POD iHMERIREM. ILARR AR, 2011, (9); 81-84, 87-87.
EANOEE, YRR, ETT, B, MR, SR A MRS R S I b 2 Wy ARG MR AR fb. AR ZS A, 2009, 29
(10) ; 5265-5270.

Ve, W, R, T8, B SEBEs R 27 EE Bt SR A A R BRI R, B HAR, 2006, 49(5) : 810-815.

U, AT, XE AR, G BRI T B B S BRI E SR A R SC R RS, 2006, 32(2) ; 25-28.
R, AT, W, TIE. mERERR A et S E SR T B R A B OC R, MRS A, 2007, 18(3) : 701-704.
EIE, BT, JEIBERs, SKARTE. B S BEIRE XT AS [ 3 5 SRl A4 e 4k 5 A A R A R OC R, T EROELAE, 2008, 41(3)
713-719.

RIBAR, JEORT, Zeatts, Ao, B FH, daPCIA. m G BRI 27 AU YR R WAOAT R RN . RS2t Rl 22440 ( HARBHEIR) |, 2009,
30(2) ; 74-77.

HENJE. AP BRI T L. DIRREEOR I, 1985 138-139.

R Y A S E R (SR PG%E . SRR I AL PE A F], 2000.

BAERE, e %, B, MY R AR S bt 2 Tl iRt 2004 93-99.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.23 Dec.,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Ozone uptake at the canopy level in Robinia pseudoacacia in Beijing based on sap flow measurements =~ «ereeeeeeerereeneeinaii.,
.................................................................................... WANG Hua, OUYANG Zhiyun, REN Yufen, et al (7323)
Genetic impact of swimming crab Portunus trituberculatus farming on wild genetic resources in Haizhou Bay —+«-eceeeeeereeneeeeieaenns
................................................................................. DONG Zhiguo, LI Xiaoying, ZHANG Qingqi, et al (7332)
The effect of soil salinity to improve the drought tolerance of arrowleaf salthush — ++sseeveeeeereeeeeiiiiiii
....................................................................................... TAN Yongqin, BAI Xinfu, HOU Yuping, et al (7340)
Effects of Liriomyza huidobrensis infestation on the activities of four defensive enzymes in the leaves of cucumber plants =~ ---e-eeeeeeees
.............................................................................. SUN Xinghua, ZHOU Xiaorong, PANG Baoping, et al (7348)
Autecology & Fundamentals

Early effects of simulated nitrogen deposition on annual nutrient input from litterfall in a Pleioblastus amarus plantation in Rainy

Area Of West CRina ««-c-eeeceeeeenenroenenemmenmmnenenemnenenneaenaeaeneneeaenes XIAO Yinlong, TU Lihua, HU Tingxing, et al (7355)
Relationship between nutrient characteristics and yields of tumorous stem mustard at different growth stage ««++-+coeeeeeerereeeeiieaenes
............................................................................................. ZHAO Huan, LI Huihe, LU Huifeng, et al (7364)
Decomposition rate and silicon dynamic of mulching residue under Phyllostachys praecox stands «+«ceeeeeeeeereeeeneianiini..
........................................................................... HUANG Zhangting, ZHANG Yan, SONG Zhaoliang, et al (7373)
Effects of waterlogging on the growth and physiological properties of juvenile oilseed rape — +reeererererrreraiiiiiiiiiiiii

....................................................................................... ZHANG Shujie, LIAO Xing, HU Xiaojia, et al (7382)
The crude protein content of main food plants of Francois’ langur ( Trachypithecus francoisi) in Fusui, Guangxi, China —«:eoceeeeeeees

.................................................................................... LI Youbang, DING Ping, HUANG Chengming, et al (7390)
Effects of nitrogen on photosynthetic characteristics and enzyme activity of nitrogen metabolism in maize under-mulch-drip irri-

GALIOM ++rvreeessssemmmiitt ittt GU Yan, HU Wenhe, XU Baijun, et al (7399)
Ecotoxicological effects of exposure to PFOS on embryo and larva of zabrafish Danio rerio = «++-eoeeeeeeereeeenieniiiiii

................................................................................................... XIA Jigang, NIU Cuijuan, SUN Luyin (7408)
Allelopathic effects of extracts from Ulva prolifera powders on the growth of Prorocentrum donghaiense and Skeletonema costatum —------

.......................................................................................... HAN Xiurong, GAO Song, HOU Junni, et al (7417)
Predation evaluation of Diaphorina citri's ( Homoptera: Chermidae) natural enemies using the CO I marker gene -+--eeeveeveeenennnnns

.................................................................................... MENG Xiang, OUYANG Gecheng, XIA Yulu,et al (7430)
Effect of volatiles from healthy or worm bored Korean pine on host selective behavior of Dioryciria sylvestrella and its parasitoid

MACTOCENETUS SP. ++++++wvreresesssssmsmsmttiitiee et WANG Qi, YAN Shanchun, YAN Junxin, et al (7437)
Population, Community and Ecosystem
Relationship between rhizosphere microbial community functional diversity and faba bean fusarium wilt occurrence in wheat and

faba bean intercropping system «««««--essseeeesseniiretiii DONG Yan, DONG Kun, TANG Li, et al (7445)
Characteristics of soil fertility in different ecosystems in depressions between karst hills — -«-eeereeeeremminiiii

............................................................................................. YU Yang, DU Hu, SONG Tongging, et al (7455)
Evaluation on carbon sequestration effects of artificial alfalfa pastures in the Loess Plateau area «+«+eeveeeerereerseeriieiiiniii.,

.................................................................................... LI Wenjing, WANG Zhen, HAN Qingfang, et al (7467)

Landscape, Regional and Global Ecology
Effects of deep vertically rotary tillage on soil water and water use efficiency in northern China’'s Huang-huai-hai Region «-+«-eeeeeeeee

....................................................................................... LI Yibing, PANG Huancheng, YANG Xue, et al (7478)



7614 oA % R 334

Effects of landscape patterns on runoff and sediment export from typical agroforestry watersheds in the Three Gorges Reservoir

area, CRINA  +ooeereererrerrerserseeneneeeeteeteeteeteetetteetttttetteeeeeeeaeee, HUANG Zhilin, TIAN Yaowu,XIAO Wenfa, et al (7487)
Land cover classification of Yancheng Coastal Natural Wetlands based on BP neural network and ETM+ remote sensing data ~ «-+--+---
................................................................................................ XIAO Jincheng, OU Weixin, FU Haiyue (7496)
Early responses of soil CH, uptake to increased atmospheric nitrogen deposition in a cold-temperate coniferous forest =+« +«=eseeeeeeeeenees
................................................................................. GAO Wenlong, CHENG Shulan, FANG Huajun, et al (7505)
Temporal-spatial characteristics of soil respiration in Chinese boreal forest ecosystem — +eoeeeererereremirniiiiiiii
.............................................................................. JIA Bingrui, ZHOU Guangsheng, JIANG Yanling, et al (7516)
Seasonal and interannual variability in soil respiration in wheat field of the Loess Plateau, China —+e-eeeeereeeeeeeeriiaiaianiin.,
........................................................................ ZHOU Xiaoping, WANG Xiaoke, ZHANG Hongxing, et al (7525)
Dynamics of atmospheric ammonia concentrations near different emiSsion SOUICES «+««+«++sereresssssmmimmmmiriieititii s
.................................................................................... LIU Jieyun, KUANG Fuhong, TANG Aohan, et al (7537)

Influence of residues and earthworms application on N,O emissions of winter wheat --- LUO Tianxiang, HU Feng, LI Huixin (7545)
Resource and Industrial Ecology
Ecological monitoring of the fish resources catching and stocking in Lake Tianmu basing on the hydroacoustic method =~ -«----eveeveeeeeee
.................................................................................... SUN Mingbo, GU Xiaohong, ZENG Qingfei, et al (7553)
Application of support vector machine to evaluate the eutrophication status of Taihu Lake — +reeererererreeraiiiiiiiiiii...
..................................................................... ZHANG Chengcheng, SHEN Aichun, ZHANG Xiaoging, et al (7563)
Research Notes
Amount and dynamic characteristics of litterfall in four forest types in subtropical China «+seeeerereeerrrimiiiiiiiii,
....................................................................................... XU Wangming, YAN Wende, LI Jiebing, et al (7570)
Allelopathic effects of artemisinin on seed germination and seedling growth of vegetables «+-eeeeeereeeereiimeiiiiiiii
............................................................................................. BAI Zhen, HUANG Yue, HUANG Jianguo (7576)
Nitric oxide participates symbiosis between am fungi and tobacco plants ------ WANG Wei, ZHAO Fanggui, HOU Lixia, et al (7583)
Mapping wildlife habitat suitability using kernel density eSMAtion «+«««««x-+ssreereeriimmmretiiii
........................................................................... ZHANG Guiming, ZHU A’xing, YANG Shengtian, et al (7590)
Effects of nitrogen fertilizer methods on the content of Bacillus thuringiensis insecticidal protein and yield of transgenic cotton «++++----

.......................................................................................... MA Zongbin, LIU Guizhen, YAN Gentu, et al (7601)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ“
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁu%ﬂ?jﬁﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂﬂﬁE%ﬁﬁtﬂ%’ﬁﬂﬁmﬁﬁE’JJ?!Z‘*@J%E@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] it : www.ecologica.cn

AERERIER TEA WEFEME LM HATHRE XIKE B ¥

5 5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEAT 1981 48 3 A 81T (Semimonthly , Started in 1981)

{33 F23 (201312 H) Vol. 33 No. 23 (December, 2013)
/=) L= <<$ ?T&>,ﬁiﬂjﬁ Edited by Editorial board of
Mk JE T E X XU 18 5 ACTA ECOLOGICA SINICA
M B 25 £ - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
HLI: (010) 62941099 Tel: (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

; ﬁ i‘gﬁ ﬁ*fj}/\ Editor-in-chief WANG Rusong
S ; | ﬁzi,—%z.,—%t. £ Supervised by China Association for Science and Technology
o [ Rl 2 pe A SIS SY ol Sponsored by Ecological Society of China
Hihk . b e X AUE R 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MR i 65 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m :=
MR 24 8% - 100717 Add ;16 Donghuangchenggen North o)
Eﬁiﬁf (910) 64034563 Street, Beijing 100717 , China ‘-T’ =
- i gn[%a%i%uﬂjgj%l@ cspg.net Tel. (-0110)64034563 g =§
ESNEST T EEFEE RS BN E-mail ; journal @ cspg.net E =0
Hidl . JL 5T 399 {545 Domestic All Local Post Offices in China - g
B EE 2555 . 100044 Foreign China International Book Trading 3 E
&35 o - Corporation - N~
i WO ST 550 8013 %5 Add:P.0.Box 399 Beijing 100044, China %:
155N 1000-0933 ASMATF ST A& RS 827 ESNRATRE M6T0 R4 90.00 7

CN 11-20317Q



	1.pdf
	fm.pdf
	23ml.pdf

	stxb201209121285.pdf
	3.pdf
	英ml.pdf
	23fd.pdf




