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ABSTRACT : The development of Schizaphis graminum (Rondani) was studied at various constant
temperatures ranging from 15 to 32.5°C, with 65+5% RH, and a photoperiod of 16L:8D. Mortality of
the 14244 and the 344w stage nymphs were similar at most temperature ranges while at high temperature
of 32.5°C, more 3y-4 stage individuals died. The total developmental time ranged from 13.8 days at
15C to 4.9 days at 30.0°C suggesting that the higher the temperature, the faster the development. However,
at higher end temperature of 32.5C the development took 6.4 days. The lower developmentai threshold
temperature and effective accumulative temperatures for the total immature stage were 6.8°C and 105.9
day-degrees, respectively and the nonlinear shape of temperature related development was well described
by the modified Sharpe and DeMichele model. The normalized cumulative frequency distributions of
developmental period for each life stage were fitted to the three-parameter Weibull function. The attendance
of shortened developmental times was apparent with 14-2n¢ nymph, 3,44 nymph, and total nymph stages
in descending order. The coefficient of determination r’ ranged between 0.80 and 0.87.
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ZMO| - R FARURE, THGULE, U, BT

R 2|(Hordeum vulgare L. emend. Bowden)S Z3l5l=
Wi wiet S 8 AlRFER AEEA ok e
2] S WE AL 2 AuiHAS F4s] skl
Urh(Lee, 1996b). WH-0] AuiHA-S 1999H 7764 o]
haollA] 2003'd 69O} ha® AR o, LGS
24tte] EoflA] 16%te] E7k2] F4x8t T Ministry of
Agricultural and Forestry, 2004).

S-2utet 2o 'IAshs sfF-2 of 74%o] BaE gl
Om(An, 1984), 71 FollA AREME SRR
E(Rhopalosiphum prunifoliae Fitch), R AHE
(Macrosiphum granarium Kirby), 25525 E(Aphis
maidis Fitch)o] B %K Lee, 1963). 1969 Q)= 7142
SE(Rhopalosiphum prunifoliae Fitch) (Gu, 1969)°], 1972
Holl= 7))l =l AL E(Rhopalosiphum padi Linnaeus),
Wt S(Paracletus cimiciformis Heyden)o| B 31%]¢jc}h
(Paik, 1972). ARBE FZO= I3t WA Wk
729 &R 185EE 3k, vlo|# A5 uivlst
£ 5o} el Tiejz A8e] ATt 2] B )
& Frh(Eastop, 1983). & AMAl 2F 4,0000F FoflA] oF
20099F-9] ARE0] 1600749 vio|HAF vi7fske A
o2 dejg on, BT A AR E Schizaphis graminum
(Rondani)]-& Barley yellow dwarf virus (BYDV), Suga-
rcane mosaic virus (SMV), Maize dwarf mosaic virus
(MDMV)E uj7fel= Zoz g2 chMink, 1993;
Rochow, 1977).

19700y ol Zjofdal I52] Baxt A AJdst
2 ezt AR A QuiEE Rt FARE Askko]
F3HA S7VstAA AEARER] S50l BAAL HAL (=
b 3] dhgwko] B2 sl 2E IREF(aphids), &
ol F(mites), ZH | F(thrips), 247150 F(whiteflies)
5O E(Lee, 1999) ©|F 52 dRbA o nag|zo
2 B g SA7E A2 Zo] EAolH, Aldi7|to]
ok WA oFAloll el AFHY A S] Ed&E=TT wE=A
Z7FekaL Qltt. B3] AR ER= GAHAAE st thE
L3R HAZo] Hojupm ofAjof Tl AFHAd EFE
TS 2300 vjal] A s3] BAlell ol Mol ot
(Akey & Butler 1989; Eastop, 1983; King & Phillips,

1989; Slosser et al., 1989). A& A-GoFA|qt <)o
40045 HE7t BZDAE] 9lon] ofy] Au|Zelol
3189 YR T FFUARL R F FEolth(Lee,
19962). Ak} 22 Bl thar ehdao] bzt
A sl Aot $715Y A o8 ¥
Al el B TAE 2 HYh o] Sgof g
RVIAIA 152 W) & o AR 5 AEe
ol §Al Al 2HEof THE A3} WA YA RIS
=the} a7l sl HHRAAEE o] 83kl =t He
SRR E WAL FAIS FE Aow B
A7 HERZAUES] SR oFE ABE, o3
12 5= AR, ISEFE wEo] AlEA
YA 712 AR o|galTA UAlsch

He|F LA EL Al

& tof| ol 83t HelTadNIRESchizaphis graminum
(Rondani)] 2 H&034 FHAE7 el BPaer
o, §-27)(25:1°C, 65+5% RH, 16L:8D)o]lA] *=uff A}
3t Qe RS ARSIt BelRZEinEe A
8 cm, 0] 7.5 cm&| H|HXEQ}l 27 10 cm, =°] 9
cme] Eelre EEo| Yolg AE[TEERIE 97,
HEHI[SFEA(BL4D)IE HFoIer, 144
ol et W gof He| R AURES YE5to]
A3 ST

o450 25y AEE U ¥
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2 Belof 455 3040utE HEsto] 4AIRE 2t At
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cm, 0| 42 cm)of| @i AAE 3 w4 EEled
As A7 2282 30704 WA sHHA 2ARKE
o} A &= 15.0, 17.5, 20.0, 22.5, 25.0, 27.5, 30.0,
325CE 870, STt 65£5%, F=7]= 16L:8Dol|A]
RAZE ZHA o U A 9 ARES RARHITH
Shim et al. (1979)-2 XRE k30| 33] Hulgt § Aol
Hoia stgl o), Akey & Butler (1989)= 9F2E 4t
2 o] 18, 28, 39, 43o]g} FQTHKIm, 2004).
AYS 53 T 21 RAFAHARE 9] 499 7
1 BHE Ax= A2 FRIEHUT

2 Ao RAS A S F7) RS
3 2t ' WE7I7hE 128717, 348717 F dARE
TEsleH, AA7|7hE k7Tt e R 8L, 43 Hy
TRE & WAE AS7ICE dto] HS g
oF FRALREE ok, ASEXR ol A8kt

A

oF% WE717L BE, AR EAREA(ANOVA)
< o832, Tukey’s HSDE ©]-&3t] {24 34
2 51%cHP<0.05) (SAS Institute 1999).

250} W77 Bl APUSEEat vl Agds:
2 olgstiich AFESRE S 22 U877
IrE Fote] 22 USSR vhE & =90 A4l
HNS 797, 1 HemyE BREES 00] B
225 USFALER Aolgon, REAEE A
3 =0 AP =oko] AjolE We7| 7ol F3
atel B@os Fasich

SRS ERS HY SARAS Balo] dpfEs
£ 348 4= 9J== 3= Schoolfield et al. (1981)2]
AEZYEH] 2P D ol83gen, 1 4L oy
2
T [HA 1

590815 P 7 ‘o~ %’)J
r{T)= : :

1+exp[%(%— %)]-I—exp[H—];{(Jﬁ— %)}

A71A (T)= 2= EK)NA S E55(1/45717h
0]31, R& 7)3Ak(1.987 cal degree’ mol)o]w, RHO25
= 4225C0)0A 9] BardSEolth HAE HEoA
A8t &0 24 § A(rate-controlling enzyme)7} Zujj 5}
L whgo] s} Ao, TLS SEadnivt A

2o &Jsf 50% &S Hehlls 2=(K)olaL, HLE £=
ZHA LT} Ao gsf 50% SAEE= A BHE
A=tm] o} WMstojtt. THE SEXHAL7F aLEof o5
50% BEZ B Al A == 2X(K)ol™, HHe
34204 olet TAE Aguie] HIE ou|gict
o742 272 Wagner ef al. (1984b)o] AJAI5E SAS
Za 7L o] 23LTHSAS Institute, 1999).

7} AL O] ISAR A7 RERFPL 2 Y877t
O] MIEREE FEINRA ATk & 7 2=0iA E87]
7] SUE 0183t 2 AREY] ER7IEE o]
A dgS 73 b, A ISAET7e] FA
=E F3to], of2 9] Weibull T4 2)of 2-EA]1A
Aete AR AT] EXLE Aoth T A o_2
ZTtHWagner et al., 1984b).

flz) = 1—exp(—[(z—~)/1?) (4 2)

8] AloA f(x)= AF3FE AJ7Hnormalized time) x©]]
He| areg ket AHSe] ulgolul, B, v, i 245
ofof & HiAfsEolch. of WjzfEIse] FHE Table
curve (Jandel, 1996) L2158 o|&35}HT}.

RIAEAIHAYUES] 7] oF 13-2.1 mmo|1, Otg)
, H2A8] E3l(comicles), 7249 Wol(tarsi)E 2t
=t QS €& 54E He, 5 72 oo R

HATAYRT O] WS F OFF AFEE Table 19]
e} o] 15T 32.5C7] ZAIRE 1, ofdl ok
712H1-20a nymph stage)©] ALEEO] iHEL H|51%
T, 27} FolXHA AREEo] WA asitr)
30THE th Skt 325CoA T2 LErt) A%
2ol &7 Uehilt). 25CE Aoist RE LRoj4 o
oF% 7|7b0] AgBo] B YeR} ojdlekEo] L5
o wEs weste Aos Az,

2 Agol] AgE HeFEge e 225C olsle}
2.5C ool Lxola 20% olie] & AFEE 1Y
o 23t AE B ASEO] & A0® WO} 25~30C
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3 LERAL FASHE AAAL 1§74
287 % Yt iAol R Aoz Azka,
B RZHARES] o5 LR7|7h2 304 4.9Y

2 7P Bokar, 15CoA 13.8Y= 7P At 15T

A 30C7AR] =7} F715l et ds7|7to] ZhokR|=

S Holx|q, 32.5CHE ThA] WE7|7to] 6.4UE

Ao, 35CoA= BE oFFo] FojA 577t

E38EA] 9Ftti(Table 2). 2+ TAl(14-20d stage nymph

— OJROFZ, 3.¢-4n stage nymph — =&0fy, OF5)o

25 YKo A 20T ool A= o watA

HSEQ Atolof {oAdS Holuf, 22.5C o|4Fe] =0

A fFoidol UATE Zpol7t 24 Ysith 2 AR

P A B P ogho] 001 8T 2houg 1o {o)/do]

Jow, A Atole] fojidef A Erhlw-2w stage

nymph F=93.51, df=7, 217, =0.76, P =0.0001;

3.4y stage nymph E=117.72, df=7, 201, /= 0.81,

P =0.0001; 9F27)7F F =235.06, df =7, 201, /2 =0.89,

P =0.0001). Gregg & Russell (2005)- 60~70°F(F 17~
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30C)elH 7~99 5 HFo] Bk sheick Reed ef dl
(1981)2 2ra-7)7k0] 15Co)A 12,12, 20C oA 7.75
&, 25°CofA] 5.08<, 30CollA 4.79¢Y, 35Cof4f 6.96Y
olgtal 3}gth Table 204 % 30°CoA 4.9¢4& 714+
B U717 Hol RoE Mok 30T} Wiel 7hg
AP L2 AZEch Tefuh 22.5CHA 3007
87170 Holh FA] g AOE Mol He 2=
o o] Boldt Fow Az

2Eol WL B WAS MM eI BT 2
T} Table 33} 20| ekt AXBHO] 3 F4
w MR BE LES o|gsjolor st 1o ofs) 2o
JaFL ol W37|7k0] tha] LojAl 32.5CE) Wa7IZ
2 40| ZPYLS A9 wARLAUNR wgI
Lo Hol7} 9he FoE AZHo] 325CE Aol
Ayl Hee A3k, A LKA BE Ago] 091
SO E HERUWURE WeE AH8IT Bl
o} 2 S ASPHLEDT)E ofAekEIIe] 76T,
%94%71710] 6.5C, %F%7|7k0] 68Tolgitk. a4
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Table 1. Age-specific mortality of Schizaphis graminum at various temperatures in the laboratory

Nymphal mortality (%)

Temperature (C) n

l4-2na nymph 3rd-4w nymph Total
15.0 30 20.0 0 20
17.5 30 13.3 6.7 20.0
20.0 30 26.7 0 26.7
22.5 30 16.7 33 20.0
25.0 30 0 6.7 6.7
27.5 30 33 0 33
30.0 30 16.7 0 16.7
325 30 233 13.3 36.6

Table 2. Developmental period (no. days, meantSE) for nymph stages of Schizaphis graminum at various temperatures in the

laboratory
Temperature (C) 15-20a nymph 344 nymph Nymph
15.0 6.1£0.13 a* 7.6£0.21 a 13.8+0.25 a
17.5 5.9+0.26 a 5.3+£0.24 b 11.4+0.32 b
20.0 3.9+0.27 b 3.8+0.18 ¢ 7.6£0.28 ¢
225 2.84+0.13 ¢ 3.0£0.12 de 5.9+0.16 de
25.0 2.6+0.10 ¢ 2.7+0.09 e 5.2+0.11 ef
27.5 2.4+0.10 ¢ 2.6+0.11 e 5.1+£0.15 ef
30.0 2.2+0.11 ¢ 2.5+£0.08 e 4.9+0.13 f
32.5 2.7+0.10 ¢ 3.6+0.25 cd 6.4+0.30 d

* Within a column, means with the same letter are not significantly different (P>0.05, Tukey’s studentized range test).
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AFEE(DD): oRokE7]bo] 48,19, tndebE|7E
0] 55.24%, oF=7|7to] 105.9Y =¥ tH1w-2a nymph
stage F=85.42, df=1, 6, P =0.0002; 3,¢-4» nymph stage
F=53.11, df =1, 6, P = 0.0008; ¢F=7|7F F=59.98, df
=1, 6, P=0.0006). Reed ef al. (1981)2 TSHH L7}
52°C, FaAMR e ofdeg7ito] 51295, kst
Z7170] 62.59 %, 57|Zto] 11204 =2kl B aistod,
2 AYoA 75 A5 FH2EE= 68CE 3o, &+
SAANLEE 10599 =2 Wttt

228 A AH3AE o83 SR YHAREE

Table 3. Estimated parameter of a linear model regression for

TFSFRANE, AA| A A EE7I7HE dotE ] A
£ AEER 24T TN WSEAE Tl B
she 7ol & o Aee ARE AL & e ol
2kt

Fig. 12 B2 0RE ofHeks, sy 9 oOFF
9] 15Col|A 32.5C71x)2e] <& oAl Schoolfield et al.
(1981)2} Wagner et al. (1984b)o| AA|Tt L= U481
Fo] 2g3t A2 Yehfio, Table 404 AZko] 0.992
HeFde s Ee] ulAdg ] #HAE o83t ES52Y0|
2 BT B3 oF S-S HuES o By S

nymphal and total immature stages of Schizaphis graminum

Stage 1st-2na nymph 3i¢-4w nymph Total
Intercept -0.1588(0.0523)*** -0.1192(0.0583) -0.06581(0.0286)
Slope 0.0210(0.0023) 0.0184(0.0025) 0.0096(0.0014)
DT* 7.6 6.5 6.8
DD** 48.1 55.2 105.9
r 0.94 0.91 0.94
* DT : The developmental threshold (DT) = intercept/slope
** DD : Degree- days
**% () : Standard error.
1st-2nd nymph 3rd-4th nymph Total nymph
e 05 . e 90 o 0%
e £ e o
8 8 8
S 025 S 025 & 0125
E ® Observed & ® Observed 3 ® Observed
g e s timated g == B o timate d % smm=sn s timated
g L .. & L . & e
10 15 20 25 30 35 10 15 20 25 30 35 10 15 20 25 30 35
Temperature(C) Temperature(TC) Temperature(C)

Fig. 1. Developmental rate (1/d) curve for each growth stage of Schizaphis graminum at various temperatures.

Table 4. Estimated parameters of biophysical developmental rate model for each growth stage of Schizaphis graminum

Parameter 1s+-2na nymph 314-40 nymph Total

RHO25* 0.5128 0.4819 03174
HA 23056.3 5987.8 10778.7
HL -1.3E+07 -44021.9 -41261
TL 264.8 293.8 296.7
HH 50450.7 693416.3 724793.8
TH 302.0 305.9 306.0

P 0.96 0.99 0.99

* RHO25C; development rate at 25C assuming no enzyme inactivation, HA; enthalpy of activation of the reaction that is catalyzed
by a rate-controlling enzyme, TL; Kelvin temperature at which the rate-controlling enzyme is half active and half low-temperature
inactive, HL; change in enthalpy associated with low temperature in activation of the enzyme, TH; Kelvin temperature at which the
rate-controlling enzyme is half active and half high-temperature inactive, HH; change in enthalpy associated with high-temperature

inactivation of the enzyme.
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Fig. 2. Cumulative proportions for the development completion time of Schizaphis graminum in nymphal and total immature stages

as a function of physiological ages.

Table S. Estimated parameters of Weibull distribution model for development completion times of Schizaphis graminum nymphs

Parameter 1s-24d Nymph 3.4-4m nymph Total
n 0.3977 0.4387 0.2821
B 0.5993 0.4891 0.7159
Y 2.1871 2.8376 5.0647
IS 0.80 0.87 0.87

B; starting value is calculated as Yi-0,13, v; the expected normalized time just before complete development of the first insect, m;
determined by transforming the Weibull distribution to the linear form.

el Fgho] 23] AlolAE 0.91~0.9491 ¥he =)A
PR 0992 v dgeS o] Ha|FZd| Xy
B0 282 3ge Bt FEsHA veliar qlok 2437
olis RARZE HE|, 2ARRA uet 2AMETE R
slojof 3 A= Qlo] HAPUSRHE 2Ed= Ao
& Aolth E3 o] By HAFES YSHPOZE
2oZick AT ISP HLEE A Fe sl
|EFPo 2= ol Fo] lo] o] F 7ix] BFo| e g
T USARA A& o]8F Holth

Fig. 2= 2t 9A 9 o2 AA|9) ey Aol o2
Us FGAIA]7]E Weibull function® 2 Vel 11 9111,
Table 5+= 1 parametersS X ojF10 Qr}. B3 o] A3t
& UeEhfE A7kl 2 euAEE 0.80~0.872 oA
Sdo] 2 EE WAl £H WEEE WA
Agska gk

2512 We 3 BAE A HZ(Shim of al, 1979,
Son & Song, 1994)°.2 Ho| T4 RAGEQ dx27}
o, B AW} o3 o8 ARst B
et 2 Agel RS Fajel Wk wWakel o,
Alo] o8, B §AI4Bo) B, 12T 2Ee W
258 APshen] £go] T AoR AzHEr,

A AL

o] =Ro AHEStw 2| &7-H] IR-2006-129] 25}
o dFEHAS
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