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ABSTRACT

Two experiments were carried out to 1inves-
tigate the response of Phthorimaea operculella
(Zeller) pupae to certain doses of gamma rays
and ultra violet light.

In the first experiment , 2-days old pupae
were irradiated with doses ranging from 1 to 20
krad of gamma rays from CO®° sucrose. In the
second experiment,pupae of the same age were exX-—
posed to 5.4, 10.8, 21.6 and 32.4 Jol/cm3/second
of ultra violet light (UVL).

Gamma rays as well as (UVL) had adverse ef-—
fect on some biological aspects of the insect.
In general, these effects were greater as the
treatment increased in the parental generation
and the first generations. Sterility reached
91.9% and 86.6% after pupal treatments with 15
krad and 32.4 Jol/cm?/sec., respectively.

Therefore, the use of gammna rays and UVL is
recommended for any sterile-male technique for
the control of the potato tuber moth.Phthorimaea
opercullela (Zeller).
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INTRODUCTION

Phthorimaea operculella (Zeller) is a cos-
mopolitan pest ' of potato and other solanaceous

crops  in temperate and tropical regions.
Radcliffe (1982) mentioned that P. operculella
caused damages to foliage and tubers. In Egypt.
it has long been established as a major pest of
potato crop. The larvae act as leafminers of the
potato plants and as borers of tubers in the
field and in storage (Assem, 1966). .

Considerable work on the rearing technigues
and on the biology of this insect pest has been
carried out by many authors such as Sharaby
et al.(1987) , Gomaa et al.(1978) and Dorest and
Nieves (1968).

The effect of pesticides on this pest was
studied out by Raman and Midmore(1983) and Tayeb
et al.(1991). Moreover, Nabil (1983) studied the
effect of Chemosterilants on the same pest. The
effect of Juvenoides on this pest was tested by
Ciamoir et al.(1979) and Hamdy and Salam (1986).

The use of insecticides for the control of
this insect pest may be effective but is un-
desirable,hence safer and more effective methods
of control are being thought of particularly the
use of insect irradiation with ¥ and UVL. These
methods are expected to be cheaper and less haz-
ardous to the environmenta (Abdel Rahman et al.,
1990). '

The main reasons, which promoted the authors
to undertake the present study are (1) The scan-
city of studies  pertaining to the effect of
¥ radiation and UVL on the insect under study, (2)
The success of the so-called sterile-male ' tech-
nique "SMT" for controlling some major pests in
different parts of the world.(3) To what ex-
tent.the treatment will negatively affect some
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fitness component that could be useful in con—
trolling the insect or reducing its damage.

Therefore. this investigaticn was initiated
to show the effects of ¥ radiation as well as
the UVL on some bioclogical aspects of the petato
tuber moth in P: and Fi generations. Such basic
sterile-male-technique "SMT" programmes for the
control of the insect pest under study either by
releasing gamma sterile-males in the fields or
by using UVL source in potato tuber stores.

MATERIALS AND METHODS

I. Rearing of the insect:

P. operculella (Zeller) was .successfully
reared for four generations under laboratory
conditions of 24 + 2°C and 70 + 5% R.H. The
rearing technique was carried out according to
the method described by Dorest and Nieves (1968).

11. Experimental procedures:

The following two experiments were conducted:

A~ Two-days old pupae were exposed to six ¥ radia-
tion dose levels, 1, 5, 7, 10, 15 and 20 krad
with a dose rate of 13.32 rads/second. Ir-
radiation with rays was carried out by using
CO®° cell in the unit of the Middle Eastern
Regional Radioisctopes Centre for the Arad
Countries at Dokki, Cairo, Egypt.

B~ Pupae of 2-days old were exposed to the near
ultra violet light at different doses of 5.4,
10.8, 12.6 and 32.4 Jol/cm?®/sec. Short waves
of UV were emitted from a germicidal lamp
App. N. 8 B. 2610 C, 36 erg/mm2/sec. .

Crosses:
In the preceding experiments four pairing
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combinations were set up for each dose level as
follows:

A-Treated females (T g) x treated males (T dJ.
B-Treated females (T 9 X untreated males (U d}.
C-Untreated females(U g) X treated males (T'Js.
D-Untreated females(U g) X untreated males(U 35.

Each treatment was replicated five times. For
each treatment, a group of 120 pupae at the age
of two days were collected at random from the
stock culture of the insect pest and put in Ca.
10 x 20 cm muslin sac to be used for each dose
of exposure. The untreated pupae of the same age
were used as control. The emerging adults were
sexed within 24 hrs. to avoid uncontrolled
matings. These emerging adults were released in
specimen glass tubes (2 cm dia. x 6 cm long) for
mating. Percentages of aduit emergence, malfor—
mations, hatchability, dominant lethals, pupation
as well as life span of adults . and number of
eggs/female were recorded , for the first gener-
ation after pupal treatment (P) and for the
first offspring generation (Fi).

Deposited eggs on a black strip were in-
cubated at a temperature of 24+2°C and 75% R. H.
The neonated larvae of the previous crosses were
reared on potato.tubers till pupation.

The induced dominant lethal percentages were
computed according to the formula described by
Abrahamson and Hbrskowitz (1957) as follows:

Induced dominant lethal % = )
umumchai1n1nbaicggss-lkmatduﬁ.axuroleggs%IXIOO

100 -ljiumxhad<xxmrol<q;ntz
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RESULTS AND DISCUSSION

I. Effects of gamma radiation:

Irradiation of 2—-days old pupae = of
Phthorimaea oper-ulella with different doses of
gamma rays sign:ficantly reduced the percentages
of adult emergence increased malformation per—
centage and decreased the moth life-span. It was
clearly observed that the obtained results were
dose dependent. It was also found that 50% of
the pupae irradiated with 20 krad ., failed to
emerge into adults (Table 1.).

Similar findings were reported by Bartleet
et al.(1973) on the pink bollworm Pectinophora
gossypiella , Carpenter et al.(1983) on Spodop-
tera frugiperda and El-Kady (1988) on Spodoptera

littoralis. _

As the dose increased, the life span of the
survivals after pupal irradiation significantly
decreased. this was stated by Ward et al.(1986)
on the adult range caterpillars and also by El-
sey and John (1984) on the pink bollworm.

The obtained results illustrated in Table
(2), show that in all cases the females produced
from treated pupae laid the lowest numbers of
eggs. For example, in the treatment with 20
krad, the cross in (A) deposited an average of
10.0 + 10.0}{ eggs compared with 258.3 + 9.95 eggs
for the control (D). Therefore it is important
to state that females crossed with males induced
from treated pupae were less productive than
those crossed with untreated males.

Egg-hatchability was greatly affected and
reduced by increasing doses of ¥ to reach 5.3 +
3.3% in the craoss (A) after treatment with 20
krad, while in the control it was 94.5 +1.67%
‘(Table 2).
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Table (1). Effect of genma rays (%) on- the aduit eaergence (%), sduit
saiformation (%) and the woth life-span of phthorimaea operculelia (Zeller).

' Dose iTotal No. of:Emergence iMalformation; Motk life span (days) :
okrad) | treated ! (%) N ¢ § 1-m=-- - :
' "+ pupae H : + Female . male :
prasmEn pommeeee t % t-- + -
| v 120 :375*332:8512.10:479033:3.8}_0.31 ‘
. v 120 186.2 ¢ 5:19 114.4 ¢ 3.00 } 4.2 +031:138+0.40
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o1 120 BL.2 8511 1230 £ 4.64 0 3.3+ 0,33 27 1621 ¢
TR 625 47.20 1360 45,001 27 4 021 1 234 0.2
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| ¢ 126 :95.0*277:113‘?090:9.7!049.’681.0.31 H
+ Control, v ' H ‘ :
oo R e prmmm oo I e :
: : 1113 i 84 0 B804t 7t :
« L.5.D. 10.56 T ¥ : 0.8t 1 175 H
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Table (2).
dominant lethals (%) in the parental oeneration {Py) of P. operculella ( Zeller).
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Fig. 1. a. The effect of § rays on the domi-
nant lethals % of the P, genera-
tion. '
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Fig. 1l.b. The effect of ¥ rays on the inherited

- sterility % of F,; generation.
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With respect to the induction of dominant
lethal percentages.it may be clear in Fig. (1.,a)
that gamma rays induced high rates of lethal
genes. The dominant lethal percentages gradually
incrbased as the dose increased, being 45.3 and
94.3 for the Crosses {A) at dose level of 1 and
20 krad. respectivsly (Table 2). The results ob-
tained by El-Kady (1988) on Spodoptera 1lit-
toralis and Younes et al.(1980) on Lasioderma
serricorne confirm the findings obtained in the
present study. The decresase in pupation % is re-
iated to the increase of gamma dosage. The
larvae obtained from the pairing combinations,
(R) and (C) after pupal treatments with 20 krad
died before pupation. Only 1.01 of larvae
produced from case (B) in the treatment of 20
krad, but in the control the percentage of adult
emergence was 95.2 + 3.41.

The inherited influence of ¥ “rays at dif-
ferent dose was also studied in the first off-
spring generation (F,). -

In general.it was found that the average
number of eggs/female, and the percentages of
hatchability,pupation and emergence were reduced
as the irradiation dose increased. The rate of
inherited sterility was also calculated.The rate
of sterilization in the offspring highly de-
‘pended on the dose of treatment in the parental
generation and the kind of the treated sex. The
value of inherited sterility in F, generation
fluctuated from 19.9% in case of B with 1 krad
to 94.3% in the case of C at 20 krad (Table 3).

It is quite clear that complete sterility
was attained in the progeny resulting from case
(A) at the dose of 15 krad. Reproduction oc-
curred at the dose level of 20 krad for the
three cases (A). (B) and (C) (Fig. 1.b). It thus
appears that offspring derived from treated male
parents were more sterile than those derived
from the treated female parents.
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- Fig. 2.a. The effect of UVL on the domi-
nant lethals of the Pl genera-

tion.
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Fig. 2.b. The.effect of UVL on the inherited
sterility of F, generation.
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Table (3). Etfect of gamma rays (%) on the bionomic and induced sterility i the
farst  ofisprisg geaeration (Fa) gemeration of P operculella (Zeller).

iParental ParantaliNo. of deposited: Illtchah:hty.l’mtnoa (%) :Adult_emergence (%)
+ dose  icrosses leggs per fenale ! .t S X ' 145 :
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Table (4). "Etfect of ultraviolet (%) Tight on the aduit emergence (%), aduli
altormatron (%)  apg  the lite-span  of p. operculells “{Zeller).

Dose Jol'Ko of pupaeEwergesce !Malformatios’ Koth life span {days}

Jem?/sec) ireated v (%) ; (%) et R ‘
ST ; : o Femele ! pale :
P B toommm e e e L '
5.4 c 120 i 9331375 1.61 + 0.45; 6.8 200 13,0402 :
15 mnj; i g : ! 3
1008 0 120 . 88.3 1 4.20; 2.82'¢ l..(l&: 3.4 0.34 1 6.3+ 0.4 -
(30 miny | ; ; ; : ;
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{60 minj, ! : - : 1
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1] v 128 1 95.0 ¢ 3,50 1.13 $0.3208.71 049 ¢ 61+8.3
Cont. ! ! ; ' ; ;
-------- +~—--—-—--~--+—-——---—---—+~-----—--—-—4—-—--~-—-—-—+~-----~-------—~-—-:
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Etfect of uitra violet {UV) Light on the fitness components and the
1uduced dominants lathals (%) in the first gemeration (P,} post pupal treatment of

P. operculells.

e e -~ - > - . - - - - -
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d(bwmpi BT BL73:8.14 175.64 2.75:26.3+ 2.85 89.3: 2.3

: v O 17534650 14384 701300+ 231 8211 4.4

e R R R C R R T pmmmmee il TR
c10.8 0 K T47 1 7.89 42541160227 %5.70 70.7 13 31

(0 mm); B 0 8231960 i68.146.43:21.312.85: 76514 3.57

' o O DI T 3312 45T N7 L4040 7154 6.3
omemeaee e rmme e I ommmanasan poommm oo
VLG L d L0 5101 413 1271412570007 3 6707 0 64.9 1 0.44

0 miadi B 0 48.3 4 14.30 146.4 1 23.21019.7 4 9.65 74.3 1 4.66

' O V18671 891 ML 4 19157 £ 4340 67.21 4.6

: ......... pmme e fom e T I fama nmiim i sa s
34 0 4062960 1223412400 6.743.30 40.2+ 6.42

(0 am) B 0 2331955 147.6423.80:09.334.70) 70.915.38

' v € V13634712 53009 £15.40010.7 £ 6.01 1 505 ¢4 2.33
i oo pomemmm e foommome s i L P
Cont. 3 D 0 258.3 399519454 1.67 :95.348.1 1 95.21 3.4
e R fomcmo e o ommmmmmmeeas R oo e

' : ¢ 22,06 ° oLt o 7.9ty 6150
LS " b.44 ;o 20.07 v 42,48 1 10.10

T R e - e o S o e = A 8 e e e R = — L P = A e A -



El-Kady ot al.

Table {6). Etfect of ultra violet (U¥] light on bionvmics and induced sterility in
the tirst oftspring gemeration (Fy) of P. operculella {Zeller).

Paranis: ParantaliNo. of deposited:Hatchability Pupsticn (%) Emergence (3}

iDose(Jolicrosses ieqgs / female | (%) R O - 145 :
\/enalsec, I B S | :
|mm—————— R it R fromomm—ee e Rt e fom e ;
v 9.4 v A L 73.3119.45 i61.83% 5.58117.7+ 9.3 . 87.2 + .62 :
| ¢ B V10T 4 6,94 7891 3.48:2003 475 2 90.8¢8. W ;
] v L 56,8 11110 0514 2999297 4 3.93 ¢ 8613 9.12 :
e frmmmma e R ittt o= R fomm o :
1008 0 A v 69.3 4 14.69 [47.8 4+ 3.46 110.3 ¢ 3.80 0 71.63 11.22 :
i . B o 190 413,07 67.0 4370 017.3 4270 79514 103 '
H S v 9884 531 51.3+5.78120.044.94 73.947.64 i
P s s e Y bR firmssns s i r R AR R ;
A6 A v 0304 27,09 (277 2 13,980 9.7 44920 bb.6 4 5.4 )
: v B v 0.3 4 20,39 1303+ 13100130 ¢ 6,58 0 /6.9 7.52 1
: v L v96.0% 301 127.4113.73012.3 ¢ 6,230 10.147.39 '
: ........... PR (R ? R s §- ssssegumedeTnay !
v 324 1k v 4074 23,36 26.4 4 13.29.00.7 ¢+ 5.40 1 454 £ 12.92 i
: . B v 410+ 3.52 62.9 % 12,910 7.3 40880 732+ 6.9% :
g o C v 9184 4017 134t 6.910 8.7 44490 513 ¢ 13T :
: ........... S $ e e e pommmem e e foFm . 4 ek s Sy :
i Cont. + D 0 226,71 23.48 (91.0 ¢ 3.41 1246.7 ¢ 6.49: 94.3 1 7.82 :
R T fome e o fomrmmm e e N ettt R R E T ;
iF. ! ‘ 6.3 . | 6.2le. 1 123.02.. . 24.3*° '
i L.5.D. H 20.41 v 21.21 v 13.84 i 17.6 '
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I1. Effect of ultraviolet (UV) light:

-The use of (UV) light for the control of the

potato tuber moth P operculella has not yet
been studied in Egypt. ‘

The present results. however., indicate that
the (UV) 1light caused reductions in the per-
centages of adult emergence, increased the adult
malformation and shortened the life-spans of
moths of both sexes. The Pupae exposed to 32.4
Jol/cm3/sec. produced 25.07 + 3.11% of adult
malformation. The percentage of adult emergence
dropped from 95.0 + 3.50% in the control to 73.3
% 6.4% in the treatment with 32.4 Jol/cm®/second
(Table 4).

It is interesing to find out. that the effect
of the (UV) light and {rays were almost identi-
cal in reducing the biological aspects of the
(P1) generation. For example, the average number
of eggs deposited/females, hatchability %, pupa-
tion % and adult emergence % graduatly decreased
as the dose of pupal exposure increased (Table
S5). On the other hand, the dominant lethal per-
centages increased as the dose increased in the
cases (A) and (C) (Fig. 2.a).

The inherited sterility .in the first of fspr-
ing generation (Fy) was noticed and the results
are illustrated in Fig. (2.b). It may be obvious
that sterility percentage fluctuated from 21.1%
in the case (B) at the dose 5.4 to 86.6% in (C)
at 32.4 Jol/cm3/sec.

In case (B) the inherited sterility reached
69.7% at the dose 21.6 and dropped to 37.1 at
32.4 Jol/cm2/gec. (Fig. 2.b). The fecundity of
the female, egg hatchability, % of pupation and
emergence were greatly affected as the dose in-

' creased (Table 6).
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In the 1light of results obtained from the
4£wo experiments, it could be concluded that
treating pupae (2-days old) with lower doses of
rays and longer exposure to UV light, caused
great effects on (P1) and (F,) generations. It
i8 worthy mentioning that offsprings derived
from treated male pParents were more sterile than
those derived from treated female parents.

Such findings are valuable for initiating
and developing the so~called sterile-male tech-
nique "SMT" for the control of the potato tuber
moth. Moreover, the treated females were also
affected and such effect was reflected on the

biological aspects of P. operculella.
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