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Community Structure of Phytophagous Arthropods and Their Natural Enemies at
Different Weed Management Systems in Apple Orchards
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ABSTRACT The effect of ground-cover weeds on the occurrence of apple pests and therr natural enemies was
studied in an apple orchard in Ahnsung, Kyung-gi do during seasons of 1993 and 1994. The
major apple pests and their parasitoids and predators were surveyed on the apple tree canopy
in two experimenta) plots; a weed-free plot where all weeds were removed by herbicide treatment,
and a mowed plot where weeds were allowed restrictly by cutting with an asickle. Also, a sweep
net sampling was taken from ground-cover weeds in the mowed plot. There were no significant
differences 1n the abundance of mites and aphids between two plots, although mite densities tend
ta be lower in the mowed plot. The apple leaf mmer, Phyllonorycter nngoniella, was significantly
fewer in the mowed plot. The densities of natural enemies of mites and aphids were slightly higher
in the mowed plot. The parasitism of apple leaf miner in the mowed plot was 6~10% and 20~25%
higher than that i the weed-free plot in 1993 and 1994, respectively Several natural enemies
such as Apanteles kuwayamai (Braconidae), Orius sauteri (Anthocondae), Chrysopa sp. {Chrysopidae),
Coccinellidae, and Eulophidae were collected both from weeds and the apple trees. However, poten-
tial apple pests were not observed on weeds The development of insect community on the apple
tree canopy was restncted by the pesticide spray on apple trees. while the insect community on
weeds was maintained without significant destruction by pesticides spray an apple trees Consequen-
tely, the ground-cover weeds under apple trees affected occurrences of apple pests and their natural
enemies in apple trees. The specialist natural enemies such as apple leaf miner’s parasitoids dispersed
from weeds to the apple canopy and affected apple leaf miner density significantly. However, genera-
list predators that have preys available on weeds stayed on weeds, hence their control effects for
mites and aphids on the apple canopy were low.

KEY WORDS Pests, natural enemies, community, weeds.

Al Azaee] dE @ MEwAd HXE GEe Qoprr] fele] AEAE X ¥2E
AAT HAZTY FBERAN F2S 79HA AHLE o2 F(dxTEA e EF =2
AT Ao BEES 2l Ued 22 S AU SolFet WGBS LY AL
golagls Aol giglony, SojRel ALE dE2FdAM wge] He Fueldich Aty
A2 o zTolA 1993d0)s FHsggo] 10% AE Walar, 19943L 4% A v 242 Bt
2dsel ATEe AXF AL dxFolH B AFPelgont 2 AelE Qe AzEvind
1A NAZE o2 FoA 19930 6~10%, 19949 ¥ 20~25% % T2 Bin ALzh¢
FEAo)A EEUS olf EHFRE AW BARE 2o, AREEFe gARzA gged. A
AABEAY 298, TAYE oE=d, FHE4R, FIAF Sol L= AAFARTEE
ZEA B Zajola] mETAHSEs Aosidrh FddAe] LETAYAe] FALE E 4TS
z=q1 o1}, FradolAls kA Ee) AiEeR hAHE F3lo] fAHYU AeAHes AR F2=
obel AbulE)E B AA o] dRe Fa e, AlbE o FAEEE A)FEHR] AHNEL
sato|go] olate] mmeiAEEL EEE, FEA Holrlk FRENG Ev T HAES
B} 22 ARHe] e #FU=d £ 9% 4 F¥L

Aol A% W, TH, &=

1gla) ¢l 74 (Natonal Horticultural Research Institute, RDA, Suwon 440-310, Korea)

tedsty 4R n gy SASEy #354F [Div. of Entomology, Dept. of Agricultural Biology, College of Agri-
culture and Life Sciences, Seoul National Universty. Suwon 441-744, Korea)

31}z o35t (Naju Pear Research Institute, RDA, Naju 523-820, Korea)

RoEPE EIETA SFHAHA095-94) FFEe] L3t RS

n
b
b

-256-



September 1995

dvtder kA mE Pz s HEEE
A FPAdeAE tddAAmE o Fe Lo
TaSe ALE 9wA $itHRoot 1973, Murdoch
1975, Altied 1977, Risch 1980, Risch 5 1983, An-
dow 1985). o] & F2él ol5e ) Fdol
AR MAHY gAY GPL s aH HHe
Mzgn AAES Fol A Natural enemies hypa-
thesis; AXAHE74), G444 = A4 &#E
- ddAH e AAAAAN A e FlFEe]
ZEo19l ] w2 FlFEHe] g3 a3 HEY
NAwdeg A 7hgde] F2 Wi, 844
oz gofgld A=A AE B2 AHE] E
Ao glo] #Ee] FiFLEe] AFEAY viTAE
#A47 sFe AoldE WHAE b} dEe
2ES FTVMA #IHeR ojEe WADAE
713 2 =7 {Resource concentration hypothesis; #4-3
Azrld)e s d9=x §lov(Root 1973, Altied
% 1977, Croft®} McGroaty 1977. Risch 1983,
Shechan 1986), & 03 §/ A% 975
o] o] $v} Risch 5(1983)2 AddAd =HE
A el Al AEAA AN g vkt A
o) whE #Fe] SAPFPE Bz, vioksbd
Al EAAEAdANE FAAFEl REEE
fFUeps v Fe] 2480 chadslE da
A AN AR IHe] Fesdty 53] #
A4 A4e] 284S FARG. #Eo Sheehan
(1986)2 AEAWLAe] I 7558 HAE
o83 FLr B WA FPARAANME A=
HupAal AFAE A s AR, hdsE w
AAEANA A o] AFUEA)s 58 g
A Fadg FARAC oA B riekid
FEARANAS BFe dexde s A5
LajolaA Bid #FH HHo d3ags 3l
HggrHde AAPFFTEe EPFHY SHelA,
FPHez Hriske 2o Fadoxa & £ it
(Sheehan 1986, Corbett 1993).

g AuAE 194 2B A WA
AERoZ eHgay =g B 0= st H
Aol AFslr] £L AL A0 Je JoE &
#A gtHVan Emdens Wiliams 1974). ¥ 7=
ol# gt Al AeANA 2RSS Fote] 7]
Hoz oiokst M-S o AF @AY BYe] o

Karean J Appl Entomeol 257

wE gaks whevlE ol o vlolr) AlxkelE

Ax Ao #ejsle 29g Ty 98 TE
ARE 47 HA5e] FPSPT
AME Y b

42e FAT Yol FYA AR 66ha B

2 Alm AJE(15-200340) 02 EAE 0.6hac] A

a8kl 06hae] AEbE e oA AlEAE X

b

ol

o) B2E 7147 e PR Faee
FEE 712dM g1gow dx2d FelxTe g
03ha®] bre 483

AtmH 2|

1993, AzxTe) 4248 33 dxegenby
129, paraquat dichloride, 300 cc/0 1 ha: 68 27%.
glyphosate, 300 cc/0.1ha: 82 17%, glyphosate,
300cc/01 ha)y, sz Agemr by 209, 74
209, 9 10¥ 33 dx& dAlele Fzo PFE
AgHezr FHEskck ARfubte] wlEiEuAle
HzokA 2 7)ARRA 800 mi/2043Y 7). T
Az 2 2004 4% 229 thiophanate-methyl 20g,
54 282 mancozeb 33g, 6% 8¢ propmeb 40g,
6Y 17¥¢ nuarimol +mancozeb 33g, 7€ 2¢ thio-
phanate-methyl 20g, 72 15% benomy! 13g, 7%
274 chiorothalonil+mancozeb 29g, 88 12¢ chio-
rothalonil+ oxine-copper 40g, d&Hde 449 224
maonocrotophios 20 mi, 5¢ 2849 omethoate 25 m!,
62 39 omethoate 25mj, 68 174¢ difflubenzuron
8g, 74 29 primuphos-methyl+ cypermethrin 20 ml,
2 A= 88 129 fenpropathrin 20 ml, propargite
25mie) cfre® 01hae 49 40050018
At

1994. AzTe] A2AZ 38 LSO AEE
154, glyphosate, 150 cc/0.1 ha: 64 139, paraquat
dichlotide, 300 cc/0.1 ha; 8¢ 144, glyphosate, 300
cc/0.1ha), e 2l8oes 54 13, 74 209,
84 17¢ 33 od=x5 AUk 3 A
Ay AgAsE B 20 44 279 thiophanate-
methyl 20g, 59 234 polyoxin B 20g, 64 149 pro-
pineb 33g, 64 89 clorothalonil+ozine-copper 40g,
62 169 mancozeb 40g. 6% 259 carbendazim



258

@

20q, 79 7Y carbendazm 20g. 74 114 bitertanal
20g ¥ thiophanate-methyl 20g, 79 182 benomyl
13g. 79 26% benomyl 20g, 8% 44
nil +oxine-copper 40g, 88 94 chlorothalonil 25g,
34 21¢ dithianon 20g, 949 449 thiophanate-me-
thyl 20g, 24%4= 548 64 carbaryl 25g, 58 112
cytluthrin 20 ml, 5% 23%¢ imidacloprid 10g, 6% 1
o gyfluthrin 10g, 64 259 imidaclopnd 10g % oyf-
luthrin 20m!. 8% 4% omethoate 25mi, 88 9%
cyfluthin 20ml. 98 49 deltamethrin 20 m/, 24|
Ae 39 27Y clorfenson 13g. 62 162 clofente-
zine 10g, 74 18 fenpyroximate 10 mie] eFsFe 2
01hayd 54 400~50018 FL3lE.

chlorothalo-

TETA
1993, Aol o] w3
TAYE, AR EACE Absge), #Hvbo]g

RIS
2, A

Fp, eRHFUY 55 dyoR 578 ez
Aelsel F5 10708 A2(F 5083 R 2090

1004yl wntg e e HAg9TE SAletEn
EAMZ|TH2 5YNE 947t 9 18 dAsth
A45d RYzde ¥4Y AAH(FIAAT, B
AT, 3-:%011 5, A=A, Ak, A
Pl B AUy 2 Y E o FY
S0, Ak 7 WARARREEY, BT,
TAYH AeE AAdE FAs 25°C e
AelA 2oEEA sl ver AsiEir 9
7144 HAE BAESCH
FzoMe 2EF 2 ETZWHTA 33om)e
1%—&}04 FYFtgon, 19Eg AW o FahE A
=45 308 FF¥=2= om o] 5ERE 9¢

77}1] 9 1% 5ubEy FERFAL sE9Ych

1994. 199393 793 Wz & 2 @y
7 A2 FxY AFUFeA dEied. Eg
AR Fhale] HAsE e TERE AR
k. ZE AfHe & 1m, 2o 2md di¥ H]‘é—r‘ﬂ
Ug A#sled 24 3~4oms Ay 71X
A2 HL o o Hea e o) Efethyl acetate) = @'ﬂ

#E FYL SRR SlE TFE AHAA

A AASAT. ol A AT B a7 Ashiy
GFe|A) Zhay Buksha) Aalslgion) zt e vy
@ate 2o olg-etach

e o
SRR

Vol 34 No. 3

A
ZiE 60760 cme] FAAFRFALITE w0
222 A52AE shRov), FRFAE S9HE
sk 2ARE 1993Wd Rt dlian, Ak
2291, 99 249 <Iqivh

L

2,

BB

o

1]
P B

4]
= bE 214, 7¢

gg
=y

=

fr m‘r~ e

A=Y

#3949 AR o4 vlnss
o} g% A ‘—EHDC] H 7 E “o;ﬂl% arcsing/x =
WEs] BAo] ol&stden, ¥-3@Fe AsE A
B E vigsAgT E45rk

A aoiM AFE SEFeb 19949 Abet
U Felld AdE 22F 422 okE &
chef e 2] 42 (species diversity indices) &2 A 4FaiH ).
FFH S(species richness)= Menhinick(1964)71 #|
AlgE g ol&stded, o A EEIr|f
sS40l TUT F9 B ALY 45 v
T HE Fgel o Fk(species diversity}T
Shannon(1949)3 Hill(1973)0] A|A|gk w ez #
M5kt ShannanAl{H )= ZE(EF G o4
o g MAZ Y2 FE5H 2 A7} ojd F
&8 AE el Fed vl 5844
AEE HYss #og, 224 3 Evle] gle
FRAA = 100% o 7Hgslng D2 Al4ghs
Hold F47t F74E £5% 2 AFHs Bels &
o] AUk Hlnz}—rﬂ\ht ol THRPAM $HE
A de FE9 &5 vehlle Aoz 4 F5771
A dAH=AE jif’\] I3, nE ETEE{species
evenness)= §t Fo] AT AFFE 0k FH
Zatal g UM 2 F2e AT veg
) HRFE Hole 54 e Hill(1973)4) 4/(Es)
& o|&ate] Tapch 4 Frigke A5Ee A
e ol 2o

o EFR (R

Re=S/\/n

S &2 n FAF

- FTYE

» Shanmon=]4~(H')

H=—> Piln P

=1



Septernber 1995

S: 24 P oA AR FRA Fo vE

* Hill#]) =N,
Nl=¢e"
H': Shannen®|4=

o 2G5 (Es)
Es=[(1/A—1]/"—1)

H*: Shannan®| 4~

L

4, P @A AAes

Karean J Appl. Entomol 2569

19931d Azgls) FEREEE 5ol HAEE7

0%), Z&o]&E(337%), HHEEB3%). FEt (65%)
FobE(5 3%), o FH4.7%), Wl %{24“’) 2ol A(12
%), 7THolE MY B356%), nbr]E(149%), 74
(14.9%), 7N8]2(139%), Hol+(7 9%), —T:—Q 2(59% )
FAEA(30%), SITF20%), BoHAEZR0%B). -
21 0ol wlelo)(28 2%), /14 5{25.5%), —&ﬂg%
AN(14.8%), PRE(114%), HebR(74%), EE
60%). THR@ATR, FEU0% Fo2 AF
213tk

Az Foh dxrel ) 9B W gofer olge

Table 1. Abundance of aphids, mites, and their natural enemies at mowed or weed-free (herbicide sprayed)
plots in an apple orchard, Ahnsung, Kyung-gi do, 1993

Samplng date
Species Treatment
21 May 17 June 22 dJuly 20 Aug. 24 Sept.
Pests
Aphis citricola Mowed 17 1400 00 00 00
(mean/5 shoots) Sprayed 15 150.0 00 00 0o
Panonychus ulmi Mowed 20 1.8 45 220 449
(mean/10 leaves) Sprayed 18 i5 20 7.1 73.2
Tetranychus urticae Mowed 0.0 01 02 52 19 2%
(mean/10 leaves) Sprayed 0.0 00 00 47 270
Natural enemies®
Coccinellidae Mowed 0 2 5 g 1
Sprayed 0 1 3 0 1
Surphidae Mowed 1] ) 0 0 1
Sprayed 0 4 ] 0 0
Chrysopa sp Mowed 1 3 8 9 2
Sprayed 3 3 5 3 0
Orius sauteri Mowed Q 0 0 11 1
Sprayed 0 0 0 3 0
Oligota yasumatsii  Mowed 0 0 0 7 0
Sprayed 0 0 0 5 ]
Sub total Mowed 1 10 13 27 5
Sprayed 3 8 8 11 0

“*Significantly different (t-test; p=0.05)

"Total numbers from 50 shoots and 100 leaves from 5 trees
o ¥*Gionificantly different {x®test, p=0.05, 0.01, respectively) in total numbers of natural enemies
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Table 2. Abundance of aphids, mites, and their natural enemies at mowed or weed-free (herbicide sprayed)
plots in an apple orchard, Ahnsung, Kyung-gi do, 1994

Sampling date
Species Treatment
21 May 17 June 22 July 20 Aug. 24 Sept.
Pests
Aphis cltricola Mowed 112 7.9 - 3675 176
{mean/5 shoots) Sprayed 83 15 -~ 2845 131
Panonychus uimi Mowed 01 0o 00 0.0 0.0
(mean/10 leaves) Spraved 02 0.0 0.0 0.0 0.0
Tetranychus urticae  Mowed 0.0 0.0 0.0 0.0 19
(mean/1Q leaves) Sprayed 0.0 00 00 00 24
Natural enemies®
Cocanellidae Mowed 2 5 1 1 @]
Sprayed 1 4 0 0 0
Syrphidae Mowed 0 0 0 25 0
Sprayed 0 0 0 4 0
Chrysopa sp. Mowed 3 13 7 3 0
Sprayed 4 & 4 4 0
Onus squteri Mowed 0 0 0 3 0
Sprayed 0 0 0 1 0
Ofigota yasumatsui  Mowed 0 0 0 0 0
Sprayed 0 0 0 0 0
Sub total Mowed 5 18 8 354 0
Sprayed 5 12 4 9 a

“Total numbers from 50 shoots and 100 leaves from 5
b *Gignificantly different(y®test, p=001) in total numbers
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Table 3. Abundance of leaf damge by leaf miners and their natural enemies at mowed or weed-free {(herbicide
sprayed) plots in an apple orchard, Ahnsung, Kyung-gi do, 1993

Sampling date

Species Treatment
21 May 17 June 22 July 20 Aug. 24 Sept
Pests
Phyllonorycter ringoniella Mowed 00 10 48 535% 790*
(% damaged leaves) Sprayed 0.0 15 6.6 63.3 885
Lyonetia prunifoliella Mowed 2.0 20 — — —
maiinelia Sprayed 10 20 - — —

(% damaged leaves)

Natural enemies

% parasitism (n) Mowed - - 15.0%(40} 155%(71) 24.0(146)
Sprayed — - 8.3 48) 6.1 (80 18.0(150)
Holcothorax testaceipes Mawed - - 2 3 3
Sprayed - - 0 2 0
Apanteles kuwayamat Mowed - - 0 0] 3
Sprayed - - 0 0 1
Eulophidae Mowed — - 4 8 29
Sprayed - - 4 3 26

Numbers in parenthesis are sample sizes.
*Significantly different (t-test; p=0.05)

Table 4. Abundance of leaf damge by leaf miners and their natural enemies at mowed or weed-free (herbicide
sprayed) plots in an apple orchard, Ahnsung, Kyung-gi do, 1994

Sampling date

Species Treatment
21 May 17 June 22 July 20 Aug. 24 Sept.
Pests
Phyllonorycter ringoniella Mowed 156 15* 10 0.7 22*
(% damaged leaves} Sprayed 27 32 17 22 6.7
Lyonetia prunifolielio Mowed — 03 0o D4 1.0
malinella Sprayed - 04 0.0 0.2 09

(% damaged leaves)

Natural enemies

% parasitism (n} Mowed - 455%55)  433%60)  31.7*60) —
Sprayed - 196 (51} 156 (64} 11.7 (60) -
Holeothorax testaceipes Mowed — 9 6 1 -
Sprayed - 5 0 0 —
Eulophidae Mowed - 16 20 18 -
Sprayed - 5 10 7 —

Numbers in parenthesis are sample sizes.
*Significantly different (ttest; p=0.05)



262 F=EEZF T EH A Vol. 3¢ No. 3

Aoty oM EHYL 01§ RREE AP o|9lT). 19939 1994 ¥ Fubde fal B7
A AT AR d3Ee 2EEA wger  Ad ge £A4 AR e de A £44
Aol 4 WA H Y Al 19 HEQ dEedds 19939 8 oW &A B
(& 5. T9 $U%F 2%5 FE sglout 199490 B BAEA Bk 744

Table 5. Abundance® of natural enemies of apple pests on ground-cover weeds at a mowed plot in an apple
orchard, Ahnsung, Kyung-gi do

Natural 1993 1994

enemies 21 May  22July 20 Aug 24 Sept. 20May Z27dJune 27Jul 26Aug 27 Sept.
Orius sauteri 0 Q 54 94 0 0 0 0 0
Apanteles kuwayamai 0 5 17 31 0 26 1 4 1
Chrysopa sp 0 0 3 2 0 ] 0 0] 0
Aphidiidae 0 6 31 G 2 7 1 1 5
Coccinellidae 1 0 3 4 0 0 1 1 0]
Eulophidae 0 0 19 258 0 2 1 9 3
Syrphidae 2 0 19 21 2 0 0 5 0

*Total numbers from 150 sweep net (33 cm in diameter) sampling

Table 6. List of dominant species in an arthropod community at ground-cover weeds at a mowed plot in
an apple orchard, Ahnsung, Kyung-gi do

Domunant species Order. Family Propottion (%)?

1993
Agromyza yanonis Diptera: Agromyzidae 14.2
Laodelphax striatellus Homoptera: Delphacidae 123
Unknown sp. Diptera: Scatopsidae 88
Unknown sp. 1 Diptera: Scatopsidae 76
Unknown sp Hymenoptera: Eulophidae 75
Orius sguteri Hemiptera: Anthocoridae 49
Typhlocyba sexpunctata Homoptera: Cicadellidae 38
Drosophila angufaris Diptera: Drosophidae 37
Yanunka miscanthi Homoptera: Delphacidae 3.0
Unknown sp. Coleoptera: Curculionidae 2.3
Others 318

1994
Dirosophila sp. Diptera: Drosophidae 276
Phytomyza sp. Diptera: Agromyzidae 112
Lagodelphax strutelius Homoptera: Delphacidae 30
Unknown sp. Diptera: - 7.3
Nuysius plebejus Hemiptera: Lygaeidae 6.9
Phorbia sp, Diptera: Anthomyidae 6.8
Unknown sp. Hemiptera: Pentatomidae 3.3
Tunypus punctipennis Diptera: Chironomidae 15
Unknown sp. Hymenoptera: Ichneumonidae 1.3
Homoeocerus dilatatus Hemiptera: Coreidae 11
Others 247

“Values for 1993, and 1994 are based on 3,611 and 2981 individuals, respectively. Total numbers of individuals
are from manthly 150 sweep net (33 cm in diameter) sampling from May through September in both years.
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