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Historical Change of Population Abundances of Panonychus ulmi and
Tetranychus urticae (Acari: Tetranychidae) in Selected Apple Orchards in
Suwon and Its Hypothetical Explanation

Dong Soon Kim* and Joon Ho Lee'

Subtropical Horticultural Research Center, Cheju Natl. Univ., Cheju 690-756, Korea
'School of Agricultural Biotechnology, College of Agriculture and Life Sciences, Seoul Natl. Univ., Seoul 151-921, Korea

ABSTRACT : Historical changes of population abundances of European red mite (ERM), Panonychus
ulmi (Koch), and two-spotted spider mite (TSSM), Tetranychus urticae (Koch) (Acari: Tetranychidae),
were described in selected apple orchards in the National Horticultural Research Institute (NHRI, Suwon,
Korea), based on research reports of the NHRI from 1958 to 1998. ERM was an abundant species up
to 1970, and TSSM became a dominant species after 1980. The change occwred around mid 1970.
Three hypotheses were made to explain the change: TSSM competitively replaces ERM, ground cover
weeds are a major influencing factor on movement of TSSM (TSSM movement into trees is accelerated
by destroying weeds), and ERM and TSSM populations are regulated by natural enemy complexes when
the orchard system is not disrupted. And long-term results of the interaction between two species were
projected according to the combination of different orchard management strategies: pesticide sprays
(non-selective toxic pesticide spray = heavy pesticide pressure (HPP), and selective soft pesticide spray
= low pesticide pressure (LPP)) and weed control methods (grass planting, and clean culture system
with herbicides). In the HPP and grass planting system, ERMs are abundant because ERM can avoid
competition with TSSM as movement of TSSM to trees are restricted, and natural enemy complexes
are destroyed by toxic pesticides. In the HPP and clean culture system, TSSMs are abundant because
TSSM moves to trees from early season and competitively replaces ERM. In the LPP and grass planting
system, ERMs are abundant because movement of TSSM to trees is reduced, but they do not build
up a high population density since their densities are regulated by natural enemy complexes. In the
LPP and clean culture system, TSSM moves to trees and competes with ERM, but the competition
pressure is reduced because population densities of mites are regulated in a lower level by natural enemy
complexes. So, ERM can occurs in late season. Thus, two species can coexist temporarily with more
ERM in early season and more TSSM in late season. TSSM abundant phenomenon presented in this
study can be partially explained as a result of long-term interaction between ERM and TSSM under
the HPP and clean culture system.

KEY WORDS : Panonychus ulmi, Tetranychus urticae, Ground covers, Natural enemy, Pesticides
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E : F9A olBE e o dTA9] Atgdo A FAEE 1958 H-E] 19981 dA7A] AR E vl
o2 Aghgoflo} FHubol-gohe] AL AT HAL FHEJL 1970974 AR-g-lrt 94
AL 19803 o]F o= Hulol] o2 $HFo] nlHA e, 1 Wl 1970 FHHE A$E e
t}. o2 3k W3l s Awsly) st 371A] 7HA, & AA, F FY AANA Hufo]g-of 7t sl d
A, #go 2L Hulo)goo FAols JARE At T3 aioh & 240 FAHU
S o) Fufo| oo FAdolEo] EXETh AA, GAAEA LEHA & w oF= A 9
st A Brt 2EREG Sl FARE(IEA g o) A D AHH AE5AE AA )
ZAB(EAAA L A A=A 2A] FE)o] WE F Fo FV)H HEAE AAE FAHIA
tt 1=A B ERAAN A" s Fubolgol Y ol Eol AdtHA Alg-gole AL 2
4 Qa, w3k AFAJo] B E 7] wiEo] A WE7IE T ARGt 3t 154 w2 AR
v} A 2"o) e A-Z27)RE FHulol o7t Ao 2 o)lEsle Al-golE AAFCE wiAAL
24 o] Syt -3t ASA T2 AR M e Futo]gol e ool AghE o
At o7} SRS A A F o] o2 e U S AR Et)t ASA TR AN A28
= ol g7} o2 o]Fdte] Alg-gole} AASIAITE MH ] FgoZ LT} vrolxA
AR o] Rolxm g AR5 7] Algol o] WAe] rhgsith wekA] Adz7] Aol AlAET]
Huto]Zof 7l -sh= FHlE 2T 4= vk B 2 F oA AT Huto]Fof 438} AL BE
AHog EA FHARAN Aad Aejol A F T A71H daAge] 92 A9E 5 AUk
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9o}l H(Tetranychidae) = A A8 o2 F2E] F ke A2le) M= Z2E A A ol 3 A
238 siEolH 1 F Ab-gol(Panonychus ulmi (Koch)) — w@d’ B 1579 Fope] Sollf 14 A A o3 A
9} Huto]-g-of|(Tetranychus urticae (Koch))= 2] 3 = wo ¥ 37} ZA8cHvan de Vrie ef al.,
8 EAENFo|tivan de Vrie et al, 1972; Helle and 1972). 3}Awt Ala}-Sol o} Hulo]gofe] AT WHE}
Sabelis, 1985). 2|Fol| A} pii7tA| 2 f-2jue} Thro 2 7 110 i3 Bare Folh ] Sl ETh vk ARS
A ZoF7t AFeE T AL s v Eo] DDT off o} Hto]-gofe] HAH BA & BAS T &

T 154 o] Hgdo)) ARR-E 7] Al A 7]Q) Ao
Z ¥3 9itHLee and Cho, 1959). 3utold 2Tvi&}
ol A Z-of) HAY 7150] Bl F St HE3] HHE Fe
QAT Lee er al. (1985)0) -3 “rfrilio] 19439 X%
St Al A el o} Bal) S Aol A ARkg-of 7} HFsAl A
S o = 71502 Hol Alpgo 7} HA2 H 1
Ao & A= HA EAd Aoz Hldh ol
Z0] 1952\ Al}-3-oj 7} AB kx| ol A EAE 7] A
ZFslA31(Lee, 1958), o1 700 dth FH7ER| 2<2] T8
3l 3ol 5 FoZ A5 AR tHLee er al., 1962;
Kim and Jang, 1979). 3}x]%F 80 B = L 3}
A Atapgol 7t Ald BAE 7= st o kA o2 3
dlo]Z-off -7 3} HAfo] =3I THLee et al., 1985; Lee,
1990; Jeon et al., 2000). ©|&} o] -ev}a} ol A
- ol £ Y FRE 707 = Aol
o|RTirt 11 o] F Hutol-gof 2 WMslE ik

DDT 5 #7134 Ao AHgog ZolF ool

Zo] x| 7lsAdol AAEAS ¥(Foott, 1962, 1963,
Rota, 1967), 47| £ FNAF #2014 B7He B35t
ol

el B AT £ @ 79 ol 19584
BE} 19981717] 406 F<k Alakgolsh Hutolgof B
4 B HeAEe F12e Mg T B $HE
Wsle #2455, 1 s 992 FPstud A=
o 9@ Feoly] Kok ¥ 7K /1S wigos
T 2o 4718 JEHEOE Jehd & gl Dol
Yol FRHeH, BoR T Fo| ANE FohE
14T % 9k Y Erhtest bed) & vHIShE ] B2

Eoik
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AATAFHA LAAER) AFATFETA A AL
o $YA] ol5% o AFAE T oA FRR
ARG o] 83519, T19ko] Wsly] Wi B

A-E&-E3ol 71 43HA] grct 3 Lol dAY 7)Eo] §IA
U BEEA ke AT(19604, 1962 ~1967d, 1970~
19753 8] Az X6} T3 7)1A] E3(c) A
oo} Auto]Lof o] WA EE A AFE BB}
Ak = F T AL EI) 7129 A= 1 B

AL WP SR BTl go) i A

off Wx/(Huto]-&of Y+Atg-gof 2x)). BALE 7]
2 glo] &, F A o] V1EH A= 47 0., 0.5,
0.99] 75X & Fo] T F9] Aud vlE&-& ALtstdch
199237 1998 A7} A= 5 5 9971A] Ay 5=
F2094 F 55 100990 A] SURALE Fote] 2=
(mobile stage) S FALSIHT) o] AR E €8 FEREE
Axkste]l 1 o2 A AEATHFIg. 2).

HALE 7S E Yo} TLS AR Lo, kA
AHZ 7]20] S AE(1960d, 19643, 1985 ~1988'3)
B XAT)RA ey 3 e Foll AASHA]
ko AR A 9} AnlA EEL AAIG o}
ZTKTable 1 and 2).

43 U nE

A AT T4 T 1958 I FE 1998 A71A] A}
Z-g-of o} Zguto]-Z-off of At WA =+ Fig. 13 2t
19623 3KE] 19671 18] 31 1970\ dF-E] 19753 Alo]d=
SN F& FEHA 3 DR 7127 glof o] =

Fo] $HIAEA BVY F glon), o] Al F&

1 Poulmi
iz T.urticae

1.0
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0.2

0.0 T T T T
1960 1965 1970 1975

Relative abundance

TE3lA 71EH doe Aozt F2 G ATH
Hupolgell= 1961'd HF o & dalo] 715 Hlen 3
o= 1968 A7 A= ol e HE R fAE o2 Bl
ok 1976 dR-El & o]0 o] WA o] F= A A F7t
ST WA Atg-gofl & A o] A F o g FAdt e
W 19813 R E 1986 371R) v dAr g F-X|Htyrt o
o)Foll= Yol T4 XA 3] AAE A3k
3 7 AL A Aol el A FHufo]- o &= -3
Zo] v Al7le AAAQ] FFeE & uw 1970d
THH RS Z FAAG. o9} T2 A A EAA A
nlo} Zro] f-2jue} Haroll A A ke g-off Fo] 1970
i A2 wpEdths A% AP tHLee et al., 1985;
Lee, 1990).

3G oA A A 7)15-2 Table 1 and 29}
2t} 19588 E 199871R] A xlol= gevt #
7134 To] FFH o2 FHHAUTE Al-goollA FH
Hho|-g-of 2 -3 Fo] MStE = Al o] He= 1970 &=
ZH} EA2 parathion @ malathion®] ARgo| vt 11
fenitrothion®] ARE ¥IE7) =713tk ottt ol&
UAAEL AF - AREAE T ZIL J(BCPC,
2003) o= Fof deHoE 2gate] FHE ] HIE
2= FAE 7= JETh T3 1980 o] FHEH
AEA F948 254 2 A giEE ol 3oR
A A=A FFO R (Lee, 1990) FHETLR TH
gt Hutol-Zollo] tiEAlS S AoE AT
(Fig. 2).

wEba] Atgg-ofj o} Huto]-gofe] $HE Wale] ¢l
< oJ3IE] flEliMe HgdolM T FY AETAE
gt 4w 2 A B dar) ok A4 g A
oA Huto|-goll e Akhg-of AEZ A A 2=glol A F

1980 1985 1990 1995

Year

Fig. 1. Historical changes of mite population abundances of P. ulmi and T. urticae from 1958 to 1998 in selected apple orchards in
Suwon. There were no available data in 1960, 1962 to 1967, and 1970 to 1975. The relative abundances were calculated by dividing
P. ulmi (or T. urticae) abundances by the sum of P. ulmi and T. urticae abundances in peak period.
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Fig. 2. Seasonal abundances of P. ulmi and T. urticae populations from 1992 to 1998 in an selected apple orchard in Suwon. Open

and solid circles indicate P. ulmi and T. urticae, tespectively.

L3 AR FHFH AT = Luckmann et al.(1971)
T} Meyer (1974) 7|3 1llinois AP0 A Fzol] 444
e Huto]golE Holg EAA olg)3oSl Ambly-
seius fallacis (Garman) Y =7} 24|51 o] & H & o] 4=
Aoz ogse} AR F7] ARSe) BES A
HE2 Wl 52377 15 O HE2 A9 o) eg
g on YEozx A7t Akgol AATE B
o= A% = Y SNF AEH A Z¥H-E A5
t}. ¥E3} Croft and McGroaty (1977) %= ®]= Michigan
Ao A o] 9 fALSH G-l AEZ A LEH & AA
AT o) Zo] AbFh o} 2 F O F A2 A7} Ful
H3 Al FZHE olg)-g-ole] B4kl Zilste] Ak
oo} FHufo]g-off A|2Flo] HeF o AFE F Utk

SR F AL-g-ofj o} Fduto]-Sof F Fo] HAZ AA
AT Aozw 4EA Aok YRtEog A7 AtEgof
MATE Bee S8R o5 FAHAI7E Roly
(Lee et al., 1985; Lee, 1990; Park et al., 1990), u}lo]-&
M= 69 TEANAE e BE2 FAHTDY} 1 oS
A=7t F43] 71817 AlAbete 127191 JFH Ay
Q718 HetHLee, 1990; Kim, 1995). Zulo]-Z-of:=
| 58 2 03] gk QloljA] Al s o] Aol Bk
3l AnES ] wliol 7 Fol IS
Auto]gof 7t Aol AATEE AT 5 Us
o 2] gltHFoott, 1962, 1963; Rota, 1967). W&}

5 o] 3t oA FESH= HF 2 E Fubols-
o7} Yo BaetA =W 1 G AE Folde
Abbg-of @Aajo] A" 4 UTHGrob, 1951; Rota,
1967). o] g L I Aol ME 5 AEEHM
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=
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Al e A A7), Arbelgole AR5 S35k
55 2e ANA 02 Bojso] FEIE BALL 1Y)
thHLee et al., 1985; Park et al., 1990). 9+ Hulo]-8-off 7}
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R wl Agoll AT e TAE 5 JS Aotk
o2 g AT Hutelgolel Fo o5 FRL
Wale ofE gl o3t vS £ 2 Fojth
N ANHG Alshgelutol gol-olzlgolel 3 &
1 ZF AEA A Al 2=Eol| A Tl AL o] AJRlE
A= F23 242 ALkl giok et o
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22H 159 FAO)ES A EE A= 45S
s, 2% Az 5o 2] HAHAL 1) Fol
AR ol ol o] FHae) g 4ol 5o R Ul
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et al,, 2003). o) ol o) 54794 sz Aol ATk
DA & 1 OE 2 Q912 FAANY (kA Fe] : M
o el i HlaE A2} & 5 ook wlde g n5 A
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ol wheba] el A Auto] 3o AT 7)<
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u Hulo]3-of o] gitolFo] STk AR, AefA 7t
WAE R & uf SofFE A st AT D=}
Zdd o83 23 dollA 7 T s ARE
o3 Zo] 458 + USs Aotk
R=A AN A" A H 154 Fof
ARE-E HAE AATLEZN F F Zol o] TS FA
g AN FHxde] o] weba AlE-gol 9t
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A% FHARA A2 A5 S okr G 7A
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Table 3. Hypothetical projection’ of population changes between P. ulmi and T. urticae according to different orchard management

systems

Result of short term interaction

Orchard management strategy

P. ulmi abundance

T. urticae abundance Result of

. Weed Early to Mid to Early to Mid to  Long term interaction
Pesticide management . .
management mid season  late season mid season late season
Heavy pesticide pressure  Grass planting 442 +4+ - + P. ulmi abundant
(Non-selective) Clean culture ++ + e+ 4+ T. urticae abundant
Low pesticide pressure Grass - planting ++ ++ - - P. ulmi abundant
(Selective) with a lower level
Clean culture +4 + ++ ++ More P. ulmi in eatly

season and more T.
urticae in: late season

! Three hypotheses were made to explain the projections; T. urticae competitively replaces P. ulmi, ground cover weeds arc a major
influencing factor on movement of T. urticae (T. urticae movement into trees is accelerated by destroying weeds), and P. ulmi and

T. urticae populations are regulated by natural enemy complexes when the ecosystem is not disrupted.

? Relative abundant rating: - very low, + low, ++ moderate, and +++ high.
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g o7} 2 4= itk Table 1 and 29} o] vl 47ﬂ°ﬂ
A=A FoFol AX NS M (Lee, 1990), H2AE F7]
Aoz HEsel 429 4B E 5 8EHA Bch % 18
I} o] 199213 5-F 1998 d7tA] Ab-g-ol &= 18] LA =
2] ¥kat, Auto|-Lofj 7} chAlstg Tk Fig. 164] 1970
d F59 gutol-gof o] o] ZrkE @IS st
7] SIiAE Bl E T ol A ofA A o e 7)1E
o] 23]t} Table 1 and 28} o] A A=A kA=
AR Uthe e AT 5 ek SNLTLeN 2
2ol g A &3t 71F0] glovt o] 73 A4 A
A A Z2A EFEF o] o] Fo]R]7] A=} eATHKim and
Lee, 1968; Kim, 1971; Kim et al., 1972; Kim and Kim,
1977). & o] W5 Ath I XA Al 247 =Y =
7] A|ZsE Ao = A=) o9} o] mEA ok
ARAAN A ZA AR = Futolgol o] -8 E 0|11
Fa3%F glo 2 AZHET) Table 39] 7H4do] A=A
Ho o B AR A AHAE S 53 750l
Basich 2o ojd] ¥ 7HA] FIARE AT
Aojtk. B3 Tt s o]} whojx e dEAETt
AN E 718 vl 1 2gg Satel Mo Sy
3 7o) o]Fold Zog slHL

Ab AL

o] =B TENETH Ll AT4(1992~1998 7373
S %T%—} kel 32| Post-doc. A=A Lol 2|5}
o} ATHUE. el dT2 AT M) At
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