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ABSTRACT

The cotton aphid, Aphis gossypii Glove (Hemiptera: Aphididae) is a severe
pests in citrus orchards causing sooty mold damage on fruits. This study
was conducted to investigate the colonizing route of A. gossypii into citrus
orchards under non-heating plastic-film house in the early season. The
overwintering eggs of aphids were frequently found on summer shoots of
citrus trees with locating more between 6™ to 10" bud from shoot terminal.
The eggs were mostly A. citricola without those of A. gossypii when
hatched. The colonization of alate A. gossypii to citrus trees in non-heating
plastic—film house was observed mainly two times with advanced flight in
late April and delayed flight in late May. The delayed flight was
synchronized with the emergence timing of alate A. gossypii from fundatrix
generation in holocyclic life cycle. During the advanced flight in closed citrus
orchards, alate A. gossypii were caught in yellow water traps installed in the
fields, which populations were estimated as originating from the survival
populations of anholocyclic life cycle on weeds. Consequently, it was
confirmed that the colonization of A. gossypii to citrus trees occurred by the
advanced flight of anholocyclic and delayed flight of holocyclic life cycle.
Also, we found that fundatrix of A. gossypii has much higher reproductive
ability than alate females on overwintering host plants.

Judging from the present study, the effective management of A. gossypii can
be achieved by the population monitoring two times in protective cultivation
of late harvesting citrus in early season. Thus, forecasting—based sprays in
late April and late May may provide economically reasonable control against

A. gossypii, with reducing the usage of insecticides.
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53} 75 & (Aphis gossypii Glover) (Hemiptera: Aphididae) AlA| 4 o2 A
iz 715 W97 FRete] Bt (AR, ek o), of S (F3, o),
A} (5, EvtE, 7)), &3} (G, 37) T FJHE dodE T8 AT
o] t}(Blackman and Eastop, 2000; Ebert and Cartwright, 1997). A5l &o] A&
At g BEARE AAMHE vFoR FAAUA dH Y FFlo] yEY

A
gdo] BHAAE e S (holocyclio)dt 1%A ¢4 EdANSEF o=

0

-
X

M
Of

(anholocyclic)Z & 4 A tHDixon, 1987, Leather, 1992).
S-@uet 9F Auia AL 20139 1,926.6ha, 20149 2,034ha® Eoiwtom, 1
oA AA T AW A e 2013 1,835ha, 2014 1937ha® d4d wHHF

& HAlol Mz F71ekar dEH(Kim et al, 2000; Song, 2013), £3] A4 (H]
b Ael) s Aujel A F5S Eoke] 9 FEES dod vk ofYer 7

2013). &AW AF7HA gES
g THoR FR A%V BAY T ALY Ak AT AtH(eon et
al, 2000; Kim et al., 2000). 21} &2 AAAZFS A 7dFHt 9% o}
ato] S AlAsH7] wito] U ES] A7F Aol AA S HAET ol
CAZENE 24 dgd Aer Hol A wAAA FES A e
A FAAE e ol 7t H sttt

webA 2 Ars 487V SEA SIb e dAFES gEd 7154



7 A

AYEL oF 29 8xdwhdd X &t7](Carboniferous Era)A € =33

o
Z] gl o (Heie, 1967) A AAZ o2 <F 47000] ¢ Hul&Eo] ®Hiusx gt}

-/

(Remaudiere and Remaudiere, 1997).
E 3 XY E(Aphis  gossypii  Glover) (Hemiptera: Aphididae)S =dAj5
(Hemiptera) % =3 (Aphididae)ol &3t 2d), dd] 2 olddiE ZAHA #
AAA oz FELeA EEstel EAZE HH, ZIFHESA7E @e HAA
(polyphagous) #5024 FRdA= e il AAHo=Z FIlE FH,
Wkl E, b an), ob S 3 (&E 3, s, 7HA AL, EvtE, 7HA]), 33t
(=, 3) 5o FalEs dod+= F82 d %]t (Blackman and Eastop, 2006;
Ebert and Cartwright, 1997)..
E3GE Ak vl BEety AANHS Vleow FAAUHS A 5
Zlo] ety <o 25 aAE zte= A S (holocyclic) ¥ 18 A ¢k &
&8 0 2 (anholocyclic)Z T3 4 A tH(Dixon, 1987; Leather, 1992). €343
53 72+e Lo @9 A A (parthenogenesis)S A&ttt 71So] HH EXH
& AP FFS Wobd FAFol TS o] 1A 7|5 (primary host) &
ojFste] &S Fom 1A 7|FdA g2 F3hgk PR (fundatrix)= YA 71T 5
P S AN RS ALeH MAFE sH7H7E FAE o] HA S 23 75
(secondary host)Z ©o|&< 3tth & &9 oF9 Fxy AwizE<] 15, 714,
Qo], BEvtE FoX FAIFOR oty JhEo] H7] oA = AEHHA &
AAAE stvb 2 olF EAg Az AFS RropA SRR
(gynopara)?} FZl(male)s T oW, AAAAR = AA7|FE o]5sto] AR
(ovipara)sS Fom, Ao @ AdIdAL T3 wn| 3 ¢ Adxpr|Fo| A dF
FEtHKwon, 2015). A3 free 33 2% oA FrEva
K a1 ¥ tH(Marcovitch, 1924; Lees, 1963; Kwon, 2015).
EdAAEY 2 Aoe AsHor dAAS FEA NFE HAVEA

st ATIHUE d3e s, sxnt 5Tolstell = 2 A ol B



a1 % 9 oH(Griffith and Wratten, 1979).

T 7FAE & gt W& 715 d 8F(heteroecious) ¥ B 7] FH $kF

(autoecious) 2.2 &3 4=7} v} (Blackman and Eastop, 2006).

NFARETS 12 7|5 FEFAAM dr dE B AES siurb ofFo] HW 2
TS ot s stul 7heol "W v 1A VFR =

obsh FAAUE ARN G Pohr] th AES s ABFE} 2, 1))

N

o} Fulo] AlghS dlo] 2 YFvta HE o] QltH(Capinera, 2000).

s3to] 49 F

(Shim et al.,, 1979). Shim et al> ¢F5°] 33 @35t FZFo] ©rta Hisks]
tHShim et al, 1979). 34wt  Akey and Buter& %S 4GAIE UFYA 1%
2%, 3%, 48] @AZF dvtar skl en, 27Tl A

Zo] W&7]7to] A#tHAkey and Buter 1989). A %9 Z7]E FA8 Gl Eo]
1

~2mmel 3 A3 LI~17mmelv =4, 24, weajo] YAw dyrgow

A o] 7 th A o] vH(Shim et al, 1979).
AA A oz 700089 o] A%& Jhelehn Floridaol A% 6001 & 71

gkl Woars vk (Capinera, 2000). -2 uekol A= oF 1305 ol HapulisE
T2 Eo] 7]EH o] Ith(Kim, 2008). HeFA I ELS A& A Fod Jdow
A2 S stEA AEAE F5cte 1AHoR JtelE frewn AEe WA g
A5 A7t dojum, 25 o7 oF 45%9 wloly~E wWiNE Frh(Paik,
1972). =3 AEAE FFate] WAl B2E AEA FEES wasi, =2
2 st 25F WS fFEstye dhn, odoju HAS FEae 2ol AFEA

& Ast A171THLee, 2006).
%



wep A = sk A yepbdu . dE A dvk(Frazier et al, 2006). 12 il H31x
SEe ool hE AFYL A A5SD FHATe] BE WYY FaE 9

=
sto] H3 G Ee Ha|7t S7Fstal Jth(Blackman and Eastop, 2000; Herron
et al, 2001). MAA SR HsHGlES] kAl AgAdo] dEhta glom, W=
(Hollingsworth et al.,, 1994), % (Foster et al., 2007), °}A]o}(Ahmad and Arif,
2008), °}=2] 7H(Nibouche et al., 2002) & %< X7} dAs|xa tl. HSG
29 kA A3A o] AL BHad AL 1928 3dto] ==& A etk (hydrocyanic acid)
o] WA A sl Ab# o] AAtHBoyce, 1928). ©]1% {711 A(Sun et al, 1970), 7}u}d]
o] EAl(Khodzhaev et al., 1985), ¥z 2~Zo]=A(Guilin et al., 1997), <ol
Uy sE o] =] A Al theh Aol iyl i (Wang et al, 2007).
o g ckAIAAFY AL Al VIZF AR B ARl wep WA (Satio et
al., 1995). SFAIALAFLE BAFHA A= Ra% dth(Lee et al, 2010). 33
S=o] ofAl A AT FA Aozt glom, F 28713E Soke] ofAl
s 53 A7IAY kAo #EU12E RS Alval k(L et al, 2012).

R

Aol M = H3pGlE By ol HA Frbekar e (Kim et al., 2000;

kT

= i
UTHSong, 2013). stAINF, A F7hA] FHES E3E HgoA AGE] B A
=AANE TAHCRE FE AT AR e ALY Ak AFE A
t}(Jeon et al.,, 2000; Kim et al., 2000). 28]} 352 Al TFEFS A7 H)
AH Wolsto] AFS AlAety] wite EHSXTES AxF ALAtel AAsHA
Aol mAIZE e gEA YEd Aog BHol dEA WAAA FHEe
Aeix = A LAl olsfrt Hasiutar gztst ATE A EEHA
= vt
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Fig. 1. Assumption for possible colonizing routes of A. gossypii to Mandarine
citrus trees grown in non-heating plastic—film house in the early season. A:
Alate populations of fundatrix generations originated from overwintered eggs
on winter host, B, D or E: Alate populations produced from anholocyclic
generations on weeds or citrus trees during winter, C: Alate populations of

fundatrix generations originated from overwintered eggs on citrus trees.
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Table 1. The number of overwintering eggs (Mean + SE) of aphid and

their species found on Mandarin citrus trees in non-heating plastic—-film

house
Citrus orchards
Variable
Wimi-ri ~ Sinheung-ri Yeongpyeongha-dong Yeongpyeong-dong
Overwintering eggs 0.0 4.9 + 2.30 24 + 1.38 45 + 2.52

per 100 buds

Species' - A citricola A citricola A citricola
p

This survey was conducted between January 6 and 27 in 2015.
"The species was identified when hatched in the spring.

“No available data.
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Table 2. Population density of overwintering eggs of aphid species
according to the type of shoots and position of buds on Mandarin

citrus trees in non-heating plastic-film house

Position of bud®

Type of shoot Mean
1-5 6-10 11-15 16-20 21-25
Summer shoot 0.00 0.18 0.20 0.06 0.00 0.09B°
Fall shoot 0.00 0.04 0.10 0.07 0.08 0.06B
Summer shoot with 3.00 3.57 1.14 0.33 0.33 1.67A
fall shoot
Mean 1.00ab®  1.26a 0.48ab 0.15b 0.14c

*Bud number from the terminal bud on shoot.

"The means with same low case letters in row are not significantly
different by Tukey test at P = 0.05.

“The means with same upper case letters in column are not significantly

different by Tukey test at P = 0.05.
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$ 2 1 — M persicae 4 —— M persicae
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Fig. 2. Population density of A. gossypii on Mandarin citrus trees during the
winter and alate aphids caught in yellow water trap in non-heating

plastic—film house. Nymph* = Last instar nymphs with wing pad;, A

Yeongpyeong-dong, B = Yeongpyeongha-dong, C = Sinheung-ri, and D =

Wimi-ri.
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Fig. 3. Changes of aphid population density (no. aphids per 10 plants) on
weeds in a Mandarin citrus orchard of non-heating plastic-film house. A =
Aphis gossypii on weed species Bidens frondosa (®]=7}eHAle]), B =
Aulacorthum solani on Capsella bursa (W©¢]), C = Aphis fabae on Solanum

nigrum (7}9F%) and D = Aphis sumire on Viola mandshurica (#]¥9]42).
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Fig. 4. Changes in the population density of A. gossypii on woody winter
host plants in early season. FD = Initial number of fundatrix; Nymph* = Last
instar nymphs with wing pad; A = H. syriacus (Yeongpyeong-dong), B =
H. syriacus (Odeung-dong), C = H. syriacus (Yeon-dong), D = H. mutabilis
(Yeongpyeong—dong), and E = H. mutabilis (Seonheul-1i).

_20_



350 -

—&— fundatrix on H. syriacus
300 4 % Alate on H. syriacus a
- —A— Fandatrix on H. mutabilis
[
(@] _
S 250
(&)
8 200 -
n
S
S 150 A
@
s
< C
50 -+ a
b
0 c T T T T T T .

April 11 April 18 April 25 May2 May9 May 16

Fig. 5. Comparison of colony size produced by A. gossypii according to
different host plants and morphs in early season. The bars on the plots
indicate standard error. The mean with same letters on the same date are

not significantly different by Tukey test at P = .05, roreerereessermninniiinninn.
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Table 3. Aphid species and their morphs found on wild herbage and woody plants

Aphid morph
Plant species surveyed Aphid species found Fun}({iatrl Nymph Nymph*l Aptera Alate

Herbage plant

Mazus pumilus (5 %) Aphis gossypil (537 Y5 &) 0 1.25 0.2 0.45 0
Capsella burapastoris (§°]) Aphis gossypii (53T E) 0 4.8 0 1 0
Lamium amplexicaule (FtHUE) Aphis gossypii (53T E) 0 0.9 0.05 0.4 0
Oenothera odorata (&gko]%L) Aphis oenothera (Z5ro] 2 A4 &) 0 2.2 0.8 2.75 0.6
Cerastium holosteoides (AU EUE)  Acyrthosiphon pisum (45405 =) 0 2.35 0 0.35 0
Vicia angustifolia (%25) Acyrthosiphon pisum (4F4F43 4 E) 0 6.4 0 3.55 0.05
Erigeron canadensis ("43) Uroleucon erigeronens (zxT93 G =) 0 0.7 0 0.2 0.15
Rumex coreanus (257 9]) Aphis rumicis (A2F A AHE) 0 10.25 0 30.05 0
Galium spurium (ZF 9 =) Aulacorthum solani (#+e]44 {1 =) 0 5.45 0 0.45 0
Solanum tuberosum (3FA}) Aulacorthum solani (A& TANHAE) 0 1.7 0 0.4 0.05
Chrysanthemum morifolium (5+3})  Macrosiphoniella sanborni (=32 51E) 0 29 0 3.3 0
Brassica napus () Brevicoryne brassicae (¥|F71FHAHE 0 4.35 0 7.7 0
Brassica campestris (8]5) Mpyzus persicae (B%olZZHE) 0 0.9 0 0.25 0.2
Woody plant

Sambucus williamsii (YZ45) Aphis sambuci (FFHFHE) 0 9.4 14 32.3 0.9
Rubus crataegifolius (AF&7]) Aphis ichigo (B71F G &) 0 139 0 47.4 0
Rosa multiflora Thunb (A d)) Sitobion ibarae (& Eﬂ"\Oﬂ ALY &) 0 115 0 495 0.2
Acer palmatum (&345) Mpyzus persicae (B%olZZHE) 0 3.9 0 0.7 0
Prunus serrulata (A U5-) Tuberocephalus sakurae (HY =AY E) 0 4.4 2.2 115 0.8
Spiraea prunifolia (Z35) Unrecorded species 0 4.8 0 14.3 0

This survey was conducted between April 26 and May 2 in 2015.

'Last instar nymphs with wing pad.
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Table 4. Aphid species and their morphs found on wild herbage and woody plants in 2016

Aphid morph
Plant species surveyed Aphid species found Fundatr
unX a Nymph Nymph*'  Aptera Alate
Herbage plant
Mazus pumilus (FE9) Aphis gossypii (53 A E) 0 1.25 1 0.7 0.8
Capsella burapastoris (W °)) Aphis gossypii (53T E) 0 3.05 14 0.7 0.65
Lamium amplexicaule (3HE) Aphis gossypii (53 HE) 0 0.95 0.7 0.6 0.55

This survey was conducted between April 15 in 2016.

'Last instar nymphs with wing pad.
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Fig. 6. The number of alate A. gossypi caught in yellow water trap

installed at different altitude.
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