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THE INFLUENCE OF SOME ECOLOGICAL FACTORS 
ON TiiE SUSCEPTIBILITY OF TRIBOLIUM CASTANEUJ! 

(HERBST) (COL., TENEBR/01\f!DAE) TO PYBUTriRIN 

lnvest.igations were made in this study of the influence of temperature, rela

tive atmospheric humidity, age, sex and stages of development of Tribolium castaneum 
(Herbst) on the susceptibility of these beetles to Pybutbrin. It was found that all these 

factors modify the susceptibility of the insects. 

Preparations belonging to the Pyrethrins group have been us ed increasingly 

frequently of recent years for the control of food store pests. 1,he preparations 

in this group deserve attention on account of their harmlessness ' to hun1ans and 

higher animals with their simultaneously high degree of toxicity t o. insects. 

Many authors have examined the suitability and degree of toxicity of these pre

parations in relation to different insects. There is, however, no elaboration in 

literature of susceptibility to Pyrethrins depending on the development condi

tions of the pest population. It has been known for a considerable time that 

susceptibility to the action of pesticides is variable in character and depends 

on the development conditions of the insect and also on its age and sex. The 

aim of the study, the results of which are presented here, \Vas to ascertain th e 

effect exerted by some of the abiotic and biotic conditions of development of 

Tribolium castaneum (Herbst) on its susceptibility to Pybuthrin 6/ 60. 
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l'he following method was used. The beetles were cultured in bakelite 

boxes, each of which contained 50 g of nutrient medium composed of 95 parts 

of wheat flour to 5 parts of dried yeast. Thirty individuals of T. castaneum 

were introduced into each of these portions. The boxes were placed in thermo

stats in which three variants of temperature and relative atmospheric humidity 

were maintained (variant l: 2SOC and 75% relative atmospheric humidity'· variant 

ll: 30°C and 75%, variant Ill: 30°C and 55%). The beetles were kept under these 

conditions .for 5-7 generations. The method introduced by Sandner (1960) 
• 

was used for these cultures. After 25 days the Individuals of the initial genera

tion were removed, and the individuals of the next generation were transferred 

to new media. The imagines of the final generation (the fifth, or seventh) were 

exposed to the action of the preparation. 

The beetles were treated with water suspensions of Pybuthrin of the follow

ing concentrations: 0.002; 0.005; 0.01; 0.02; 0.05. The preparation was trans

feiTed on to filter paper placed in a Petri dish 10 cm in diameter, in amounts 

of 1 ml per dish. 50 beetles varying in age from l-5 days were introduced into 

each dish. 5 repeats were made of each experiment. Beetles placed on filter 
paper with 1 ml of water were used as a control. 1,he beetles remained in con-

ta et with the preparation (or water) for 72 hours, after which the dead individ

uals were counted and removed. 
In order to ascertain the effect of the food insects were cultured under 

optimum temperature and humidity conditions (30°C and 75% humidity) in the 

following media: wheat flour, ground rice, ground barley, ground rye and crushed 
peeled barley. S parts of dried 

yeast to 95 parts of medium 
were added to all the media. 

7 
The final generation was 

treated with the preparation 
in the same way as in the ex

periments on the effect of 

temperature and humidity. 
The influence of the beetles' 
sex was investigated by se
parating the males from fema

4 
les at the pupa stage, and 

• Temperature 25•c Humidity 15•/o 
+ Temperature 30°C treating the adult fonns with 

the preparation. The influence 
aw a005 aot OJJ2 o.os 

of age was examined by treatConcentration of pesficid (o/o) .. 
ing beetles aged 1-5 days, 

Fig. 1. Influence of temperature on susceptibility of 15 days, 30 days and 40 days 
imagines of T. castaneum to Pybuthrin 6/ 60 with the preparation. 

The results of the expe-



161 [ 3] The susceptibility of T. castaneum to Pybuthrin 

riments are given in successive diagrams. It will be seen from the graph (Fig. 1), 
illustrating the effect of temperature with constant humidity, that at a tempera

ture of 300C (close to optimum temperature) the susceptibility of the beetles is 

markedly lo"·er than at a temperature of 2SOC. LC50 at a temperature of 250C is 
0.0035, and at 30°C-O.O 140. 

7 

4 
+ Hum~d~ty 55 % Temn~~rature 30 •c 
• Humldtty 75 'ro r~ 

aoos ao1 OJYJ aos 
Concentration of pesttcid (0/o} .. 

Fig. 2~ Influence of humidity on susceptibility of imagines of T. castaneum to Pybu
thrin 6/ 60 

Figure 2 illustrates the effect" of humidity at a constant temperature. With 

higher relative atmospheric humidity (75%) the susceptibility of the beetles to 

the preparation examined was greater than at a lower humidity (55~o) (Tab. 1). 
The influence of food is illustrated by the diagram in F'igure :-3. The method 

used by Lit c h fie 1 d and W i 1 cox on ( 1949) was ·chosen from among the dif

ferent methods of statistical interpretation of results of studies on the suscepti

bility of insects to pesticides (Boj anowska 1961). The statistical calcula

tions made by this method show that not all the straight lines sho\vn on Figure 3 

are comparable. It was found that straight lines illustrating the susceptibility 

of beetles cultured on peeled barley can be compared (with probability of 0.95) 

with the straight lines illustrating the susceptibility of beetles cultured on rye, 

barley and rice. In all comparisons it was found that the differences are signi

ficant, and each of the media undoubtedly acts in a different way. It is impos

sible to con1pare the susceptibility of beetles cultured on peeled barley with 

that of beetles cultured on flour, as the straight lines illustrating the suscepti-

bility are not parallel. Analogically comparison was made of the straight line 

illustrating beetles cultured on rye with the straight lines illustrating insects 

cultured on barley, rice and flour. It was found that foods such as rice and flour 

exert a significantly different influence in comparison with rye. It is not, how-
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The effect of temperature and relative atmospheric· humidity on the susceptibility of 
imagines of T. pastaneum to Pybuthrin 6/60 

Tab. I 

Conditions LCso 
per cent of 

• relative atmo- concentration Limits of confidence temperature 
Variant spheric humi- of pesticide for P • 0.05% in 't 

dity in per cc"ut with con tact 
for 72 hours 

-~ 

~ I 25 75 0.0035 0.0038-0.0032 
/I 30 75 0.0140 0.0147-0.0133 

Ill 30 55 0 .o 210 0.0 231-0.0189 

7 

6 

f 

OF/our 

•Rice 
+Barley 4 
A/lye 
•I'Ptled barley 

aoo1 aooz aro5 a01 ao2 ao5 
Concentration of pesticid (0/o) • 

Fig. 3. Influence of food on susceptibility of imagines of T. castaneum to Pybuthrin 6/60 

ever, possible to compare straight lines illustrating the susceptibility of beetles 
cultured on rye with ·the susceptibility of imagines cultured on barley, since 
these straight lines are not parallel. There are also differences between the 
susceptibility of insects cultured on barley, and that of insects cultured on 
rice. LC50 values and comparative data for beetles cultured on different media 
are given in Table 11. 

Figure 4 illustrates the effect of sex of T. castaneum on susceptibility to 
the preparation. Females proved to be more susceptible than males. These 
results are confirmed by the studies made by Loschiavo (1955) and Tie
le c k e ( 1960), who obtained similar results with Calandra granaria. On the 
other hand Byrdy and Gore cki (1961), in their studies ·on the s :1sceptibility 
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to DDT of male and female of house ~ I 

g~lJ') 
£lies, obtained opposite results. F em a u~q 

'+-c Q) 0 

les proved to he more resistant than 0 () 11 

~ ~ Q,. males. ...d ..... 
~ 6 

~ 

........ •0"4 
..... '+-c 0 In addition to the above mentioned ~ - ._ 

factors, the age of the individuals of 0 
d 

en .... ... T. ca.staneum also affects their sus tU c.. 
ceptibility. It will be seen from Figure 8 

0 
u 5 that 30 days old beetles are most 

susceptible to the preparation, indivi
duals 1-5 days old are less susceptib

Q) le, but the most resistant are indivi
~ g~~ o-.r-.o 

MlJjlJjCfJ ... UQ..O - • • • Q) 
'+-c Q) 0 ,......,.....cod duals 15 days old. Similar investiga ..0 

tU • 
o u n I I I ..... 

"'0 C/1 d I r-.\Oo
Q) a-.cco~ tions of the effect of age on the resist .~ ~ Q,. • • • ..d 
Q) ......~\0 ance of Calandra granaria to DDT were 
-

Q) ..... 
e ........ 

~ ..... b.O 
'+-c 0 

0.. ~ - '+-c ... 
made by Go os (1961). In this case ...d . en-..... 

I the 5 days old imagines were most sus ~ 
C/1 >. 
::s -

0 C/1 ;.:: ceptible, and the most resistant, as in 
d 

C/1 ..... 
-..c~a::: ·~ ... the case of T. castaneum, were imagi tU 0 .:1 0.. 
0 0.. c.. ..... Q) • nes 15 days old. The course taken by h s ~ () 

0 
'+-c u .... 

variations in values of LC50 is shown 0 

.-~ d 
I 

0 lt< ~~~~~ in Table Ill. 
·~ 0 In ll) 000 ...... 1"""4 ..... 00000 The stage of developrnent of the ..0 - -uU 

~ 
0 . • • • • • 

·~ .- 0 0 crc:rc:rcrc:r 0.. insect in which contact with the prepa Q) C/1 () 
Q) 

" COlf')OOt',.....MU')r-..,.,. () .!:: d Cl... 
ooo~~ ration takes place is also important. C/1 s ~ ... 00000 =' ·~ .... • • • • • ....J~Ja 00000 Investigation was made of imagjnes, C/1 

Q) 

.- I I d pupae and larvae aged 1-5 days and --s d ~ ..... 0 
I 

Q) ... .-
-::: C/1 () .... C/1 10 days. The results of this series of 

d 
0 () .... Q) 0 ... t-0\COOO ... Q) 0.. ..d '+-c ::s 

""lj ,......~C'r.)O~ 
Q) () - 0 experiments are shown in Figure 6. 0 O..d_ ..... .-..cl 000~~ 

0 0 ~ () 00000 ~ 0 tO ~ • • • • • 
1'he most susceptible proved to be 1-5 "' () d Q) .- r-. 00000 

U'+-cO""lj 
, 0 .......... 

day old larvae, then imagines. Pupae 

'+-c 

() 

0 

Q) ....... - () 

and 10 days old larvae proved to be Q) 
d 

=' • 
'+-c most reststant. - --,.d '+-c 0 

d 

0 ..... 

Q) b.O 0 C/1 
0.. ..... rJJ V) The results presented above per -d 

0 tO Q) Q) 
- !:: d ~ 
U) (/) ;.:::::: Q) mit of reaching the following con ... 

clusions: 
1. The susceptibility of tmagtnes 

of T. castaneum is lower at a tempera- '"0 
0 >. tu re of 30°C than at 2SOC. 0 

..-
Q) -

0 ~ 2. Imagines cultured at a relative 
'+-c 

..0 
'"0 

atmospheric humidity of 75% exhibited ..... d ~ >... 
~ ~ Q) a 

Q) Q) .... () 0 greater susceptibility than beetles cul
~ 

Q) ~ta ..... -
P.,.~CIJP::~ tured at a humidity of 55%. 
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Concentration of pesficid ( 0/o) .. 

Fig. 4. Mortality 2<! of T. castaneum of 8th generation . treated with Pybuthrin 6/ 60 
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7 

• 

' 5 

o 1-5 days old 
•15 days old 

4 +80days old 

aoo5 am ao2 aos 0.1 
Concentration uf pesticid ( 0/o ) • 

Fig. 5. Influen ce of the age of imagines o f T. pastaneum on their susceptibility to Pybu
thrin 6/ 60 

3. The kind of food influences the formation of the heetl es' susceptibility. 
The most susceptible proved to be beetles cultured on . peeled barley, and the 
most resistant beetles cultured on rice. 

4. Susceptibility differs depending on age, sex and stage of development 
o.f the individual examined. Beetles 15 days old and pupae were the least 
susceptible, and beetles 30 days old and larvae at the age of 1-5 days were 
most susceptible. 

• 
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Course of variations in LC 50 of different stages of development of T. castaneum 
to Pybuthrin 6/60 

LCso 
per cent concentration Limi ""s of confidence 

Stage of development 
a of pesticide with con tact for p 0.05% 

for 72 hours 

larvae 1-5 days old 0.0063 0.007 3-0.00 54 
larvae 10 days old 0.0500 0.0 580--0.0431 
pupae 0.0900 0.10 26-0.0789 
imagines 1-5 days old 0.0 ISO 0.0165-0.0146 
imagines 15 days old 0.0 260 0. 0 299 -0.0 2 26 
imagines 30 days old 0 .o 110 0.0120-0.0100 
imagines 40 days old 0 .o 112 0 .o 152-0.0110 

7 

6 

•Imagines 40 days old 
+Pupae 

olarrae 10 days old 
3 

Alarrae 1-5 days old 

Q002 aoos aot 0.02 ao5 0.1 
Concentration of pesficid ( 0/o} 

Fig. 6. Susceptibility of development stages of T. pastaneum to Pybuthrin 6/ 60 
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WPLYW NIEKTORYCH CZYNNIKOW EKOLOGIC ZNYCH 
• I I 

NA WRAZLIWOSC TRIBOLIUM CASTANEUM (HERBST) 
(COL., TENEBRIONIDAE) NA PYBUTHRIN 

Streszczenie 

Celem pracy bylo uchwycenie wplywu takich czynnikow jak: temperatura, wilgot
nosc, wiek, plec i stadium rozwojowe TriboLium castaneum (Herbst) na wrazliwosc · tego 
gatunku na preparat coraz cz«(_sciej stosowany do zw.alczania szkodnik&w magazyno
wych, Pybuthrin 6/ 60. W wyniku badati stwierdzouo, ze: 

1. Wrazliwosc chrzctszczy hodowanych w temperaturze :10°C jest mniejsza niz w tem
peraturze 25°C. 

2. Imagines hodowane we wzgl~dnej wilgotnosci powietrza 7 5% wykazywa{y zwittk
szon<l wrazliwosc w stosunku do chrz~szczy hodowanych w wilgotnosci :)5%. 

3. Waznym czynnikiem majct,cym wplyw na ksztaltowanie wrailiwosci jest rodzaj 
pokarmu. 

4. Wrazliwosc jest rozna w zaleznosci od wieku, plci i stadium rozwojowego bada
nych osobnik.ow. Najhardziej odpome okazaly si~ chrzC\,szcze 15 dniowe i poczwarki, 
a najbardziej wrazliwe chrz(\SZCze 30 dniowe i larwy W wieku 1-5 dni. 
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