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A Note on the Development of Tribolium castaneum
(Coleoptera: Tenebrionidae) on Brown Rice, Oryzae sativa L.

2 % B &k -8 X
Whan Ku Chon, Young Seok Hong, and Mun I1 Ryoo!

ABSTRACT The developmental period(mean + SE) of the red flour beetle, Tribolium castaneum was stud-

2]

ied on brown rice at four constant temperature(25, 28, 34, 36°C £ 0.5C, RH 70% )conditions.
Based on the results, the lower and the upper developmental threshold temperature for the bee-
tle were also estimated. The duration of the egg stage was estimated to be 7.6 1 0.25, 4.8 +
0.10, 3.0 4 0.03 and 2.5 £ 0.09 days at 25, 28, 34, 36°C, respectively. That of the larval
stage was estimated to be 53.3 + 1.49, 33.4 + 0.57, 30.6 £ 0.70, 31.0 + 1.18; that of the
pupal stage to be 12.1 + 0.17, 7.8 £ 0.09, 5.7 £+ 0.09, 5.0 x+ 0.07 ; that of the overall period
which spans from eggs to the adult emergence to be 72.3 + 1.67, 46.0 £+ 0.55, 39.4 £ 0.64,
38.7 + 1.15 days at 25, 28, 34, 36°C, respectively. The duration of the egg and the pupal stage
were similar to those of the results reared on other diets such as wheat and maize. Fed on
brown rice, however, the duration of the larval stage was significantly retarded than on wheat.
The mortality of the beetle during development was higher on brown rice than on wheat re-
ported, indicating that brown rice is a poor diet compared with wheat. The lower developmen-
tal threshold temperature was estimated to be 20.0°C for all stages of the beetle. The upper
one was estimated to be 40.2°C for the overall stage. The modal value of the moulting times
during the larval stage was 7. However, as temperature increased, the frequency of the beetle
that moulted more than 7 times became higher. The sex ratio of the beetle was not affected by
temperature.

KEY WORDS Tribolium castaneum Herbst, development, temperature
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o2 Yu5o.

2 M 0| Tribolium castaneum Herbst, ‘&%, &%

A A4 5 E(Tribolium castaneum Herbst) &
ANAZog BESNEAM ANYF UIFE 7}
ot HE F= FasMFoE dHAUA
(Birch 1945, Daniels 1956). H o ol=# I
HIEL YE % Yo FH UA @2
& 2=4=(Le Cato 1973), 71%(Rooder 1983), A}
g <44 (Shazali & Smith 1986), &(HA &
1982)2 SyHEx ULol RIHI Ut ol
H|3o] ARBESS HFFE Uy =
QeiA Qe 4YuT Ao AAHA B
te FE2e Yo7t AFHDE AHAA ¥
AE 9% AutAT 53 YPAtol WY AT
7 ag7A Z”A o|RoiAol Hele 4
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ARREEL JFAE UIIE 2 L& 4o
Agog e FAdAM F2 R o
ole] @}aw 39 £9L& 40~50F(30C, 4
&= 70%)(Spratt 1980), == HT 250¢
(25C, AUEE 70%)(White 1987)2 U4 A
ck. ARF A4 39 4= 400~5007) ©]
ol 48A}YF R3S 5~123 gy E
(Wilber & Mills 1978). t}& 2% 9 A+ &
o] ARRESS YU 259 = ¥
3A wen HALEHYE FUEE 0%
4  35~38C(Rooda 1983, Sokoloff 1966,
Shazali 1986, White 1987, Abdelsamad et al.
1988)¢] 1, ALz 22C2 HiusH1 Ut
(Mullen & Arbogast 1984).
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=2 v ey 9l 2 o (Sinha 1971,
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A A& = E(Tribolium castaneum Herbst) &
BFAEHG LN 497 A (wheat bran) &
AR 2 89 FUASE AF(AY. FAFL
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& Ag3le dojol ASAZ A 2He 45
oAt
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Table 1. Developmental period in days(mean +SE), mortality and sex ratio of
Tribolium castanewm on brown rice at four constant temperatures

Temperature Stage Mortality Sex Ratio
(C) Egg Larva Pupa Total (%)  (%/Total)
25 20 7.6 £ 0.25 53.3 + 149 12.1 £ 0.17 72.3 £ 1.67 13.0 0.45
28 46 4.8 £ 0.10 33.4 £+ 0.57 7.8 £ 0.09 46.0 £ 0.55 14.8 0.46
34 30 3.0 £ 0.03 30.6 £ 0.70 5.7 + 0.09 39.4 £ 0.64 18.9 0.37
36 30 2.5 + 0.09 31.0 +£1.18 5.0 + 0.07 38.7 £ 1.15 14.7 0.37

¢ The number of Tribolium castaneum emerged.

Table 2. Lower threshold(LT) and upper thresh-
old temperature(UT) for the development of
stages of T. caslaneum estimated by the equa-

tion(1)
Temp. threshold(C)

Stage LT UT R?
Egg 20.00 - 0.9928
Larva 20.00 40.16 0.9994
Pupa 20.00 - 0.9851
Total 20.01 41.92 0.9995

“ Not to be estimated.

E ZAEAY. FAld ¥3F 1Y oY &
3 1otg4 & Z7 5g9 o7t Eolde &
Y F2¥H(AF 2cm, ¥ 45cm)dl HF 3}
o o] HEAFY FUH 22 WA HE
BESEAM 24A0H o2 gy R XA
gk HE F fo] AAHE YAXY 7T E
F372 dde Y K3 FEL ¥
Bl 3 9719 A del Jevs FF
o ¥sE B3 A H(Ryoo 1983).

PR (prepupal period) ¢} ¥RHA(pupal peri-
od)e #5714 22 YU Z H&FHAL
U A7 Fol &AM A VIE + 8l
Rooz HEJe HF RF37d X@3A £
A=, H&MAY & £9 BERYHE
ZIEez2 VEIIAR(—EW T 1981). 59
B8y 2x9e] BAE AP o 4=
Z2A& AAYL B3 W U Y A
AR50 HALELE9 HHALYKLEY B
nEHo o B® olgde HIE M eE A
<d HALKLEHIE ET8E 425227

Do 2 7ty BEHUT WEd o o
o 2221 E& Fo511 skt

28 WRIe| A % WRE AAHRS] £33

AAREES] LYEE(1/LRLH)H =9
9] A= Ryoo & Cho(1988)7} #rulo]g]
&g FHFEFLE Hd AHEUD o8 A
o5 & AH.

Ru(T) =a((1/(1+K exp(—pT))) - (1/(1+K exp(—p
Tm))) exp(—1)—(1/(1+K) exp(-1)}, 1)

o7l A Ru(T)= T=dA T&E (1/45Y
), Te $5UALEE 3% 2E2(1-TL), a
% Ke 4%, ot &4 3718, r£ (Tm
—T)/AT, Tme 1 LEYALE, ATE 1
& AAA, r’e T/, e ALAAGE o @
tt. z ujsiH4E SAS NLIN PROCEDURE
(SAS Institute 1982)8 o]-&3lo 423t}
(5 3A=x).

LSAHF AL (2) Aol o8 H&E o).
Mo=(1—-E/N) x 100, (2)
Mot AAHg, Ex $8/444 28z Ne 2
B2 AASE Yehd
23 % oF

WRK2Ztol| 0|X &= 2xo Y

Zt &= 27(25, 28, 34, 36Tl A9 LG
AE AAEEES {70 F 1o HAS
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Fig. 1. The relationship between temperature and developmental rate of Tribolium castaneum on brown rice.
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temperatures.

WEF GV SE)L 59 Agol wiz
BolA A 36CoAN 25¥U& veWon, W
448 ARE Sged vehd AR f4
3 A o) ¢t} (White 1987, Le Cato 1973).

#37 9N LY F4E B zAE ¥
el e 34Tl A 7HF Bton, 36TAME
34Ce /A8 23 ER 34~36CH T
#39 TSFY=YPHE BUHADT. Y
Ales ¥y& #H$ 25 30, 35 37.5C(R.H. 65
%)l A F3o FFLLELASE 42 299, 18,
4, 15.5, 17692 B I15% 2.9 (White 1987),
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F2USLe VNG HAY A, UE MY
W B oAy, $449%% o7} gl A
o2 AztEch. Yol s Wuloje $gx
A WAL ANBEES AFY oo ¥
AY $5 AR, $549 AR 2



134

#3882

3 % 3 A Vol. 30 No. 2

Table 3. Head width(mm) distribution of T. castanewm larvae in relation to the number of moulting

Instar
\ 1 2 3 4 5 6 7 8 9 10 11
molting
5 3 015 018 025 036 050 065
0.018 0.015 0.017 0.049 0.028 0.061
6 12 016 019 024 030 041 051 062
0.012 0013 0014 0032 0041 0030 0.028
7 38 016 019 023 028 035 043 053 063
0.015 0014 0016 0.024 0039 0.040 0051 0.047
8 18 016 019 023 026 031 038 047 055 065
0.015 0016 0.013 0.018 0.022 0033 0057 0048 0.046
9 3 016 019 022 025 033 036 042 046 059 065
0.009 0.012 0017 0.01 0032 0.068 0.094 0.060 0105 0.057
10 4 016 019 023 7024 028 031 038 045 054 064  0.69
- 0014 0.016 0008 0016 0016 0.036 0061 0050 0.036 0015 0.015

Upper and lower values indicate mean and standard deviation, respectively.

N indicates the number of larvae observed.

olg Mozl RoEE I ssAe X ¥
oz 48
2o wgV|Ne UYLE AN L5
%ol weh ASHo2 Fobch
U (White 1987)% & 44=(Le Cato 1973)ol A
o B&F KASA f3719 KM Holt

€9 T&o d¥E F2 S & 2AFA
G M FE AT F3

HHYE 294FAY.

ol

o] Ade

Tt 2BRFAN
(32 £ SE)& 25, 28, 34,36ClA 7 72.3
+ 1.67, 46.0 + 0.55, 39.4 + 0.64, 38.7 + 1.15
4= dehdA 34ToA 36T HA7E &5

Ug AIREE P& W ALKV 21, 225
25, 27, 30°C(R.H. 65%)9] A ztzt 82.4, 71.0,
46,5, 38.7, 306¥Y= HiuHe 9 i(Lopez

1985, White 1987, Le Cato 1973),

5548

A

B2 Qe W 27CHA 48792 rwi(Le
Cato 1973) 5 o] 9l c}.
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oA Bty @A 3}
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oA Hag e fE71dA A }
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ARABESS TR IA BT AFE
T At o] Aie d HE dry K55
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gl (developmental threshold tem-
perature)2| 3
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AeEHJoM(E 2), d, #F, & ¥ AL el
=9 & #BAH FAHANL Z7 0.6992((1
+ 8.4731exp( —0.1498T)) ~! — 0.3948exp(—T/
0.097)), 0.0325((1+26.5480exp(—0.7182))"!
—0.9999exp(—(20.16 — T)/0.8179) —0.3630exp
(—T/0.097)), 0.2174((1 + 4.9740exp( —0.2343
T)) '—0.1674exp(—T/0.097)), 28]z 0.0258
((1+411.0733exp(—0.5106T)) ' —0.9998exp( —
(21.92—T)/0.0963) —0.0828exp( —T/0.097)) o]
Aot A AAGE nHY W AL E 4
P HARNLEE 201CE FHHJG. oz
Ade 21, 225TCoAAMPEH L& e B
32 (White 1987) % Mullens} Arbogast(1984)
7b RO 22T FAIY AAE Aoz
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wg 18~195C2 FAsHou, o FHo
AYE Y& Tt o|FHT 3 22N
o ¢&g 722 ez Jed AR
A4zdd.

URI|1UE REVILY S

25CoAA #2& 5~73 gddd, HAAE
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€ 1o @i o BodE hormoneol iEof
LEZHA wet FEYo R gtd F UF
2ot aged=E ET7ET &3l FFe
£ 57t —FHE o2 dojdg BoiFa
Act. FE 7|Fog FoiA o JAE
Z 0.65mm ¥ 2o 2 Azt=Ec).

WRS X AHE(Mortality), Alt|(Sex Ratio)

HdELeE HYoA AHAEEE9 RAES
13% ~19%Atololl AATH(E 1). YoM = 21
T, 30C =HolAM RALEo| 52.45%, 8~12%
2 2% 9ch(Lopez 1985, White 1984). =
ol AL 21CoA ALEo] 5245% 2 Yebwt
A RE o 227 AARESES] L8dAL:
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Q4o (¥2=1.00 ; d.f=3 ; p>0.05).
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HE oug3de sphEss 23 MM #ERYC mebd e 3uAZ ¥ 4 Aok
DUSH 3718 4%A49 o« 09 +7

DATA EXPO;
INPUTTRD @@;
CARDS; (¢ i3 F7171¢ A8UE)

PROC NLIN PLOT METHOD=MARQUARDT DATA =EXPO,
PARAMETERS a=A x=B p=C; (% 2712 d¥)

MODEL RD=a/(1+x%*exp(—p*T);

DER. a=(1+x*%exp(—p*T))"";

DER. x=—(a*exp(—o*T))/(1+c*exp(—p*T))%;

DER. p=(a%x*Txexp(—p%T))/(1+rx*kexp(—p*T))?

2)A2gHd M TL# 2 73
DATA LOWTEM;
INPUTTRD @@,
CARDS; (% A&d+d+3 F717] A8dd)

PROC NLIN PLOT METHOD=MARQUARDT DATA=LOWTEM ;
PARAMETERS TL=A"¢=B",; (3% 7] ¢44)
a= ; k= ; p= ;(Xa ke 13AGN FHE F2HA 4Y)
MODEL RD=a((1+x*exp(—p%* (T—-TL)))'~exp(T~TL)/e)/(1 +x));
DER. TL=p(—k%exp(—p*(T—TL))%*p/(1+c%*exp(—p* (T—TL))?*) —exp((T—TL)/
e)/(1+k)*e);
DER. ¢= —a(exp((TL~T)/e) ¥ ({(TL=T)./¢)/(1+x));

3NTLFHoA9 Tm# AT 3
DATA TOTAL;
INPUTTRD @@;
CARDS ; (¥ 2 E 2828 9d)

PROC NLIN PLOT METHOD=MARQUARDT DATA=TOTAL;
PARAMETERS Tm=A" AT=B"; (3% 2712 d¥)
a= ; x= ; p= ;(XxFAFAX YH)
Y=(1+xkexp(—p*Tm))™'; Z=exp((T—Tm)/AT;
MODEL RD=a((1+x%*exp(—p*T)) '—exp((T—Tm)/AT)/(1+c*exp(—p%* (Tm))—
exp(T/e)/(1+x));
DER. Tm= —a(c*pkexp(—o*Tm) *Z/Y?) — (Y *Z/AT),;
DER. AT=a({Y *Z % (T—Tm))/AT?);

@, FHd e AEsY 271 4EARE Dt d9=2 F3 UG



