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Introduction

The biological effect of radioactive irradiation has been rather much 
discussed in recent years, still data available on the species of the order of 
Lepidoptera are scanty except for the Bombyx móri L. species of the family 
Bombycidae with the various races of which manyfold irradiation experiments 
were conducted. This is easy to understand since the economic importance of 
genuine silk continues to be considerable. Scientific studies connected with 
irradiation are dealing without exception with the practical problems of the 
breeding of silk worms and the processing of cocoons, So e.g. K a r p o v  (1960) 
attempted to heal larvae suffering from polyedrosis with X-ray irradiation. 
A r if o v — G u m a n s k y  (1957) have dealt with the action on pupae of gamma 
irradiation. The objective of their work was to search for such radiation dosis 
values with which the pupae of the cocoons destined for processing can be 
killed by lärge-scale methods. A r if o v  and K l e in  (1958) studied gamma irra­
diation as related to the structure of silk thread. Also in Hungary the suscep­
tibility of pupae to radiation was studied with the practical consequence 
that, instead of the Pellegrino heat treatment, killing of pupae with gamma 
irradiation seems to be more suitable for the purpose in view (B a b o s , G u b ic z a , 
L u k a c s o v ic s , M o l n á r  1962).

The work of T a zim a  (1961) is of high economic significance since this 
worker succeeded to bring about with a radioselection method sexual dimor­
phism already in the egg stage. From the dark coloured eggs male individuals 
while from the light ones females developed. Unfortunately the method, out 
of proportion to its practical significance, is deficiently described (as it only 
too often happens) and is thus irreproducible.

We are dealing with the effect on Bombyx móri L. of gamma rays since 
1961. At the beginning of experiments we have only set the objective to exa­
mine the radiation sensitivity of the various degrees of egg, larva, pupa deve­
lopment, since in literature we have found insufficient data pertaining to this 
subject. Most of the authors, e.g. Strannikov (1957) do not indicate the deve­
lopmental stage of the irradiated eggs. The coworkers of the Research Institute 
of the Silk Industry in Usbegistane described the pattern of irradiation in full
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detail but even they omitted to extend to the very essential aspect, which 
developmental stage the experimental animals were in (Arifov—Gumansky
1957).

In our earlier experiments we tried to determine the developmental 
stage of Bombyx mon L. with approximate accuracy (Babos, Gtjbicza, Lttka- 
csovics, Molnár 1962, Ltjkacsovics, Gtjbicza 1963).

As a continuation of our experiments with pupae and with eggs in dia- 
pausa the objective of the present communication is to describe the effect of 
gamma irradiation and to indicate the experimental data related to early and 
late embryonic development of the eggs of the silk moth and to the develop­
ment of them larvae.

Material and method

The eggs in the following developmental stages of the Varo race wide­
spread in Hungary were chosen as experimental subject

A 10 to 12 hour age
В  40 to 45 hour age
C 50 to 56 hour age
D eggs in the last stage of embryonic development.

In the eggs of the group A  the blastomeres are formed (in general 20 
blastomeres). The colour of the eggs is straw-yellow.

The group В was in the last stage of early embryonic development 
where on the discus the primary furrow has already formed and even the 
segments of the embryo are visible. In this stage the colour of the eggs is light 
brown.

The eggs of the group C were in the state of rest in the stage after early 
embryonic development. The colour of such eggs is greyish brown. The eggs 
referred to and ranged in the groups A, В ,C  were separated with the aid of an 
isolator* and with the cellule method of P asteur.

The eggs of the group D were in the last stage of embryonic development 
were blastokinesis came to end and the hatching of the eggs occurred in about 
10 to 15 hours. The colour of these eggs is light grey.

Irradiation of the lots referred to was conducted with the aid of gamma 
photons from Co60. The quantum energy of these is 1.17 and/or 1.33 MeV. 
The objects were placed on a round table in whose centre was the source of 
radiation of 420 C activity.

From the groups A., B. and C. 6 separate subgroups each were formed 
and these have been irradiated with doses increasing from 200 r to 100 000 r.

* T he iso la to r is used fo r th e  sep a ra tio n  o f  cocoons selected  fo r fu r th e r  b reed ing . 
T he em ergence o f  m o th s  a n d  co p u la tio n  proceeds in  co m p a rtm en ts  o f 6 X 5 cm  surface 
closed w ith  5 cm  h igh  tu lle  w alls. A fte r p a irin g  fo r 6 to  8 h o u rs  th e  fem ale m o th s a re  
p laced  in  p e rfo ra ted  p a rc h m e n t bags w here th e y  lay  400 to  500 eggs a n d  su b seq u en tly  
p erish  in  5 o r 6 days. T he bo d y  o f  th e  perished  m o th s  crushed  in  P etri dishes w ith  w a te r 
to  a  p u lp  is exam ined  w ith  a  800 to  900 x  m icroscopic m ag n ifica tio n . O nly  th e  eggs o f 
sound  fem ale m o th s  a re  b red  fu rth e r.
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Sign of the subgroups
A  A  A  
A  A  A  
A A A 
A  A  A  
A  A  A  
A  A  A

Irradiation dosage value 
200 r 

1 000 r 
3 000 r 
5 000 r 
7 000 r 

100 000 r

The individual subgroups were arranged around the radiation source in 
such a way that with the change of the distances all lots obtained the radiation 
dosage envisaged within one hour irradiation period. This of course had the 
consequence that the dosage intensity has changed in the case of the individual 
subgroups.

The group D was irradiated divided up in 3 subgroups:

A 992 r
A 2 490 r
A 4 480 r

At the irradiation of these lots the dosage values of not round figures 
were obtained as a consequence of the placement of the objects and of the 
establishment of irradiation times.

From each subgroup 2 to 3 thousand eggs were placed as object.
The eggs were pasted on cards so that they could be placed in a plane 

perpendicular to the direction of the spreading of the radiation and a practi­
cally identical dosage rate could be ensured for the eggs of the individual 
subgroups.

The hatching of the larvae and their breeding as well as the classification 
of the cocoons and the repeated production of the eggs was conducted according 
to the standards MNOSZ 6818-52, 6818-52 К  and 6815—53.

In hatching 2000 while in breeding 1000 to 1500 individuals were studied.
In all subgroups where hatching of the larvae did not reach 10 per cent 

we had to omit breeding. It should be noted that the eggs of subgroups A6, B6 
and C6 irradiated with 100 000 r were destroyed.

Eggs of the same year and of identical developmental stage from the 
Szekszárd plant of the Herbaria Silk Egg Production Works served as a 
control.

Examinations extended to the following:

1. Period of hatching
2. Per cent of hatching
3. Period of larva development
4. Occurrence of various diseases
5. Period of the emergence of moths
6. Distribution of the moths according to sex
7. Nosema infection of the pairs of moth
8. Per cent of sterile egg-layings
9. Output of eggs

10. Egg weight
The above examinations were carried out according to the methcds 

described earlier (Gubicza 1959).
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Results
The eggs laid by one female each of A., B. and C. groups were irradiated 

on July 23th while the subgroups 1, 2 and 3 of group D on May 21 st. Data 
on hatching of larvae, breeding and further increase were tabulated.

Table 1
H atch in g  o f  la rv a e  a n d  b reed ing  p e rio d  in  eggs tr e a te d  w ith  gam m a irrad ia tio n

Denomination 
of groups

Period of 
the hatching 

of larvae, 
days

Hatching 
of larvae, 
per cent

Mortality 
of eggs 

per cent

Period of 
larval

development,
days

A / l 4 9 6 .0 4 .0 29
A /2 5 96.1 3 .9 29
A /3 6 7 6 .0 2 4 .0 3 0
A /4 8 18 .0 7 2 .0 30
A /5 4 0 .3 99 .7 —

B / l 5 96.1 3 .9 29
B /2 6 9 5 .2 4 .8 29
B /3 7 7 5 .3 2 4 .7 30
B /4 7 3 .0 9 7 .0 —

B /5 7 0 .9 99 .1 —

C / l 5 9 6 .4 3 .6 29
C /2 6 9 6 .4 3 .6 29
C /3 6 8 6 .0 14 .0 30
C /4 7 0 .4 9 9 .6 —

C /5 — — — —
П /1 5 9 5 .5 4 .5 29
D /2 5 7 9 .0 2 1 .0 29
D /3 6 2 1 .3 7 8 .7 29

C o n t r o l 5 9 5 .4 4 .6 29

From the data of Table 1 it appears that with growing dosage values the 
period of the hatching of larvae has extended, the per cent hatching fell and 
the period of larval development was prolonged. The marks of injury did not 
appear with 200 and 1000 r but they did in all groups irradiated with higher 
r units.

Among the larvae of the subgroups Á/2, /1/3 and /1/4 several individuals 
were found that suffered visible morphological changes. Instead of the bilate­
rally arranged 4—4 pedes coronati 5—4, 4 — 3, 4—2, 3 — 2 arrangement was 
found.

In the larvae seen on Fig. 2. from the four left hand feet two are missing. 
Concrescence of the pseudopods of the larvae frequently occurred ( Figs, la, lb). 
Radiation injury was manifest in most cases in the malformation of the 8—9. 
body segments. Injury by radiation frequently was so extensive that the 
position of segments and pedes spurii could not be recognized f Fig. 3).

In groups irradiated at the 40 to 45. hour of the early embryonic deve­
lopment of eggs and in the groups irradiated at, the 50 to 55. hour (group C) no 
malformed larvae occurred.

In the subgroups A parallel with the increase of radiation dosage rate 
the number of malformed larvae has grown (Table 2).
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Table 2

T he m alfo rm ation  p e r c en t o f  la rv ae  h a tc h e d  from  eggs ir ra d ia te d  in  th e  10 h o u r age

Group
Dosis value 

r
Number 

of experimental 
larvae

N um ber of 
m alform ed 

larvae

Per cent 
of malformed 

larvae

A/l 200 731 0 .0
A/2 1 000 7 09 3 0.42
A/3 3 000 552 35 0.34
A/4 5 000 80 38 47.50

I t should be noted that in order to conduct further experiments, the 
malformed larvae and their progeny (pupae, moths and eggs) were treated 
separately and their data have been separately processed in the following 
(see Tables 3., 4., 5.).

Besides the occurrence of torsos also the high proportion of larvae 
perished from diseases was remarkable, as reflected by the data of Table 3.

It should be noted to the data of the above Table that in the groups A/3 
and А/4 and those formed from their breeding larvae, besides the high losses 
caused by diseases no losses of larvae by pebrine occurred but contamination 
was found as will be demonstrated later. I t can be safely stated that the irra­
diation of the eggs did not afford protection against any disease and it can be 
even assumed that the resistance of the animals has diminished and the possi­
bility for the pathogens present in the cultures was given. Only the exceptio­
nally careful and expert breeding work prevented a greater extent of losses by 
infectious diseases.

Table 3

T he incidence o f  d iseases d u rin g  la rv a l developm en t

Groups Polyedrosis

.

Flacherie Muscardine Gattine

Larvae 
perished 

from diseases 
to tal per cent

A/l _ _ _ _ _
A/2 — — — 0.14 0.14
A/3 — 3.44 — — 3.44
A/4 — 11.25 — — 11.25

A/3 malformed — 14.30 — — 14.30
A/4 malformed — 23.70 — — 23.70

B/l — — — — —
B/2 0.17 0.17 0.16 ■ — 0.50
B/3 — 0.28 — — 0.28
C/l — — — —
C/2 — — — — —
C/3 0.18 0.36 — — 0.56
D/l — 0.12 — — 0.12
D/2 — 0.19 0.19 — 0.38

Control — — — — —
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Table 4

Groups Number of

Number
and

per cent 
of moths 
emerged 

from 
cocoons

Distribution 
of moths 

according to sex

9

A / l 55 8 55 5 9 9 .5 5 0 .3 4 9 .7
A /2 4 6 5 4 6 0 9 8 .9 5 5 .2 4 4 .8
A /3 215 20 8 96 .7 5 5 .7 4 4 .3
A /4 49 45 91 .8 6 4 .4 3 5 .6

A /3  m a l f o r m e d 31 29 9 3 .5 5 5 .2 4 4 .8
A /4  m a lf o r m e d 13 12 9 2 .3 5 8 .3 4 1 .7

B / l 301 2 9 9 9 9 .3 4 2 .8 5 7 .2
B /2 395 387 9 7 .9 4 5 .2 5 4 .8
B /3 97 92 9 4 .8 8 2 .6 1 7 .4
C / l 76 3 760 9 9 .5 4 7 .9 52 .1
C /2 61 5 60 6 9 8 .5 5 3 .3 4 6 .7
C /3 170 161 9 4 .4 6 7 .7 3 2 .3
D / l 601 5 96 9 9 .2 4 5 .6 5 4 .4
D /2 376 371 98 .7 5 4 .4 4 5 .6
D /3 45 43 9 5 .5 3 7 .2 6 2 .8

C o n tr o l 79 0 782 9 9 .0 5 0 .3 4 9 .7

Table 5

D a ta  re la te d  to  fu r th e r  increase

Groups
Infection of pairs 

of moth in per cent

Nosema | other

Sterile
(skart)

eggs
per cent

Egg output 
per pairs 
of moth 

units

Eggs
unit/g

A / l 2 .3 4 .7 461 14 7 5
A /2 — 2 .4 4 .5 47 6 14 0 2
A /3 — 5 .5 2 1 .0 471 1 3 9 7
A /4 — — — 42 6 1341

A /3  m a l f o r m e d — — — 3 8 4 1 3 8 4
A /4  m a l f o r m e d — — 2 5 .0 39 2 138 7

B / l — 2 .4 2 .4 5 5 4 143 0
B /2 — 5.7 18 .9 4 9 8 1 4 2 4
B /3 — 6 .7 13 .3 4 6 7 140 3
C / l 2 .1 — 14 .6 4 9 6 14 7 0
C /2 2 .3 2 .3 4 .5 4 5 0 1441
C /3 1.9 3 .9 2 5 .0 36 4 1381
D / l — — 4 .8 4 5 6 1 4 0 4
D /2 — — 13.0 50 0 137 0
D /3 — — 6 .3 511 139 5

C o n t r o l — 2.1 12 .8 4 6 3 132 3

In the cocoons of individuals irradiated by lower dosage-values, the per 
cent emergence of moths was higher in each group, while the per cent proportion 
of male moths increased in the groups exposed to more intensive irradiation.

I t appears from the data that also Nosema infection occurred. The fact 
that pairs of moth infected with Nosema bombycis N. was found only in sub-
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groups C can be explained by that at the microscopical examination of the 
moths of the previous generations 1 or 2 such weakly infected individuals 
remained in the lot that could not be demonstrated and therefore were not 
excluded from further increase. This may occur in the framework of large- 
scale examination methods even with the most careful control.

In groups A, В and C with increased radiation dosage rate the number 
of units/g of eggs decreased, that is the weight of one egg increased.

As a contrast, in group D with the increase of the radiation dosage the 
number of eggs per 1 g increased that is the weight of the individual eggs has 
diminished.

According to the data of Table 5. in the groups A, В  and C the number 
of eggs per I pair of moths diminished with the increase of the dosage rates. 
The opposite trend was observed in Group D.

There are greater differences among the per cent values of the sterile 
(skart) eggs. From the fact that the groups Aj3, B)3 and С/3 contained more 
sterile eggs, only with due care and repeated experiments can the consequence 
be drawn that the number of the „skart” eggs increases in direct proportion 
to the higher radiation dosage rates. This is contradicted on the one hand by 
the fact that also the moths of the control group laid a high proportion of 
sterile eggs and on the other hand that in the large-scale egg production also 
considerable differences occur among the individual lots.

Discussion
The eggs treated with gamma irradiation of different strength in the 

stages of early embryonic development and in the last stage of embryonic 
development of the Varo race of Bombyx móri L. and/or the larvae hatched 
from these eggs responded uniformly in some cases while differently in others.

At the irradiation of 3000 r unit the marks of injury consisting in a pro­
longed period and in a reduced per cent of hatching manifested themselves 
equally in the eggs of different developmental stages. The extent of injury 
may be regarded as identical in all subgroups. In the groups A, В and C the 
developmental period of the larvae in the subgroups irradiated with 3000 r  
was 1 day longer as compared with the control (Table 1).

Among the groups А, В, C and D there is a difference in the appearance 
of malformed larvae. Only in larvae hatched from eggs irradiated in the 10 
hour age (Group A) were visible changes observed that consisted in the con­
crescence of the pedes spurii, in the reduction of their number, in the modifi­
cation of the body segments and in other alterations. In the Aj2 subgroup 
irradiated with 1000 r 0.42 per cent of tjie larvae while in the subgroup A/4 
irradiated with 5000 r about 47.5 per cent showed abnormal development. 
The progeny of the larvae malformed in various ways were stored separably 
for the purposes of further observations.

Silkworm diseases (polyedrosis, flaeherie, muscardine, gattine) did not 
occur in the subgroups irradiated with 200 r while at higher dosage rates all 
diseases of the worms were found.

In the groups A/3, A/4 and that of malformed larvae the losses caused 
by diseases exhibited a very high per cent. This can be explained by the reduced 
resistance of the irradiated animals.

\
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The per cent of moths emerged from cocoons diminished parallel with the 
intensity of irradiation. This reduction is of lesser extent than in the hatching 
of larvae.

The distribution of sex showed an interesting trend. While in the groups 
A, В and C the number of male moths increased parallel with the gamma 
irradiation dosage, in the D group irradiated late in the embryonic stage a 
reduction was observed. It should be stressed that in subgroup B\3 the propor­
tion of male moths was 82.6 while in D\3 only 37.2.

In moths emerged from eggs irradiated in the latest stage of embryonic 
development (Z)/3) the low proportion of males can be explained with the high 
degree of losses in hatching. It is likely that in this case the hatching of the 
males was of a lower proportion. In the subgroup В13 irradiated in the latest 
stage of early embryonic development —■ as seen from Table 1 — the hatching 
of larvae amounted to 75 per cent. The 82 per cent proportion of males in this 
case can not be explained with the loss of female individuals in hatching even 
if the non-hatched larvae were female without exception. Considering the 
average 50 to 50 sexual distribution and the 3 to 4 per cent natural loss in 
hatching the proportion of the males ought to be at the most 68 to 70 per cent. 
I t is probable that besides the higher rate of loss in females in this stage of egg 
development the effect of irradiation manifests itself in a change of sex. In the 
next experimental year we shall attempt to study this problem in more detail.

As a residt of the microscopic examination of the pairs of moth Nosema 
bombycis N spores were found only in the C groups, while other pathogens were 
found in the groups A and В and no infections disease occurred in group D.

The Nosema infection can not be brought in connection with the gamma 
irradiation. The experience of several years shows that after microscopic study 
of the moths in the breeding material chosen for further increase even in the 
case of most careful work 0.1 to 0.02 per cent of infected eggs remain. This is 
enough to raise the proportion of infection in the next generation — depending 
on the breeding conditions — to 1 to 2 per cent. The occurrence of Nosema 
infection proves — as seen in the other infectious diseases — that the intensive 
gamma irradiation did not cause injury to the pathogen.

The output of eggs in the moths from irradiated eggs in groups В and C 
diminishes parallel with the intensity of the irradiation dosage while it increases 
in group C. As to the weight of eggs it increases in all groups parallel with the 
increase of the dosage of irradiation, without attaining the weight of the eggs 
in the control lot. This latter occurrence is the only phenomenon where the 
higher irradiation dosage rate caused a change in positive direction of an 
important parameter of the breeding material. Whether this is really the case 
is decided by the viability test of the eggs and larvae of the F/2 generation.

Finally, thanks are due to Mrs Ö d ö n  Gulyási who performed with 
great expert knowledge and care the tending of the experimental larvae and 
the' treatm ent of the breeding material.

Summary
Authors as a continuation of their earlier work treated with gamma rays 

of various dosage rates the eggs of the Varo race of Bombyx móri L. of different 
developmental stages and examined them as well as in the larvae hatched the 
important biological changes, the period and per cent of the hatching of larvae,
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the period of larval development, the occurrence of diseases and the further 
increase, as well as the properties of repeatedly laid eggs.

As a result of experiments it was established that eggs irradiated in the 
various stages of early embryonic development as well as in the last stage of 
late embryonic development and the larvae hatched from these respectively 
exhibit properties substantially changed upon the effect of irradiation.

Radiation injury occurred in each group at 3000 r emits (Table 1).
Malformed larvae developed only from eggs irradiated in the earliest 

stage of embryonic development (Figs, la, lb, 2. and 3).
No diseases of silkworms (polyedrosis, flacherie, muscardine, gattine) 

occurred in the subgroups irradiated with 200 r while in the groups trated 
with higher dosage values all kinds of larval diseases were found (Table 3).

The per cent of moths emerged from the cocoons diminished with the 
increased dosage rate but to a lesser degree than in the case of the hatching 
of larvae.

In groups A, В and C among the moths with the increase of gamma irra­
diation dosage the number of males increased while it diminished in group D 
irradiated in the late embryonic stage (Table 4).

In microscopic examination of the moths of irradiated groups the spores 
of Nosema bombycis N and of other pathogens were found.

Gamma irradiation affords no protection from the pathogens and even 
reduces the resistance.

Finally it has been established that the output of eggs of the moths origi­
nating from the larvae of irradiated eggs diminished in the groups A, В and C 
with the increasing dosage of irradiation while it increased in group D.

The weight of the eggs increased proportionally to the higher dosage of 
irradiation in all groups, without attaining, however, the weight of the control-
eggs-

Breeding material obtained from irradiated Bombyx eggs will be exa­
mined in more detail in 1964.
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GAMMA-SUGÁRZÁS HATÁSA A B O M BYX MORI L. VARO RASSZÁRA. П.
PETÉK BESUGÁRZÁSA A CSIRAFEJLŐDÉS ÉS EMBRIONÁLÓDÁS

SZAKASZÁBAN

Gubicza A n d rá s  és M olnár Is tv á n  

Összefoglalás
A szerzők ko ráb b i m u n k á ju k  fo ly ta tá sa k é n t kü lönböző  dózisú gam m a-sugárra l 

k eze lték  az eltérő  fe jle ttség ű  B om byx m óri L . V aro  rasszán ak  p e té it, és v izsg á lták  az 
em brionális  fe jlődés id ő ta r ta m á t , a  to já sm o rta litá s t, a  lá rvafe jlődés id ő ta r ta m á t , a  
betegségek elő fo rdu lásá t, v a la m in t e p e ték b ő l k ife jlő d ö tt lá rv á k  fo n to sab b  biológiai el­
v á lto zása it, a  to v á b b sz a p o rítá s t és az  ek k o r le ra k o tt p e té k  tu la jd o n ság a it.

A kísérletek eredményeként megállapították, hogy a kezdeti csírafejlődés fázi­
saiban és az embrionálódás utolsó szakaszában besugárzott peték, illetve azokból kibújt 
lárvák tulajdonságai jelentős mértékben megváltoznak a sugárzás hatására.

A sugárkárosodás minden egyes csoportban 3000 r egységnél m utatkozott (1. 
táblázat).

T orz h e rn y ó k  csak a  osírafejlődés legkorább i fáz isában  b e su g á rzo tt p e ték b ő l fe j­
lő d tek  ( la ,  lb , 2., 3. ábrák).

S elyem hernyó-betegség  (sárgaság, renyhekó r, m észkór, aszkór) a  200 r-re l b e su ­
g á rz o tt a lcso p o rto k n á l nem  fo rd u lt elő, m íg  a  m agasabb  dózisértékekkel k ezelt csopor­
to k n á l m inden  hernyóbetegség  e lő fo rdu lt (3 . táblázat).

A gubókból kifejlődött lepkék százaléka a besugárzás dózisának emelkedésével 
csökkent.

Az A., B. és C. csoportok a lepkéknél a gamma-sugárdózis növekedtével emelkedett 
a hím lepkék száma, az embrionálódás végén besugárzott D csoportnál pedig csökkent
(4 . táblázat).

A  b esu g á rzo tt csoportok  lepkéinek  m ikroszkóp i v iz sg á la tán á l N osem a bombycis N . 
sp ó rá k a t és egyéb kórokozók  sp ó rá it is m eg ta lá lták , te h á t e k ísé rle tben  a  gam m a-sugárzás 
nem  n y ú j to t t  véde lm et a  be tegségek  kórokozói ellen, ső t c sö k k en te tte  a  h e rn y ó k  e llenálló ­
képességét.

Végül megállapították, hogy a besugárzott peték lárváitól származó lepkék pete­
száma az A., B . és C. csoportoknál a növekvő sugárdózissal csökkent, a D. csoportnál 
emelkedett.

A p e té k  sú ly a  a  sugárdózis em elkedésével a rán y o san , m inden  c so p o rtn á l em elke­
d e tt .  B á r a  p e té k  sú ly a  a  200 r-re l b e su g á rzo tt p é ld á n y o k tó l a  sugárdózis m é rték év e l 
arán y o san  n ö v ek ed e tt, a  k o n tro ll sú ly á t m égsem  é rte  el.

В Л И Я Н И Е  ГАМ М А-ЛУЧЕЙ НА РАСУ Varo ТУТОВОГО Ш ЕЛ К О П РЯ Д А
1. Облучение яиц.

Резюме
А. Губица, Молнар И.

Продолжая ранее опубликованные работы авторы облучали яйцы расы Varo Bombyx 
móri L. на различных стадиях развития разными дозами гамма лучей и изучали важнейшие 
биологические изменения; время и процент вылезания гусениц, срок личиночного разви­
тия, появление болезней, дальнейшее размножение и вторичный яйцеклад.

Были изучены свойства яйц, облученных на первых стадиях развития или на послед­
ней стадии эмбриогенеза. Установлено, что гусеницы изменяются в значительной мере 
под действием облучения.

Уроды появились в каждой группе при дозах выше 3000 рентген (см. таблицу).
Уродливые гусеницы развивались только из яйц облученных в раннейшем возрасте 

(рис. 1/а, 1/6, 2 и 3).
Болезни тутового щелкопряда (желтуха, чахлость, мускордина, мертвенность) не 

были найдены в подгруппах, облученных дозами ниже 200 рентген, в то время как в под­
группах облученных более высокими дозами встречались все типы болезней. (Табл. 3.)



Процент выхода бабочек с повышением дозы облучения уменьшался, также как и 
вылезания гусениц, но в меньшей степени.

У бабочек групп А, В и С увеличилось число самцов с увеличением дозы, а бабочек 
группы D, число самцов уменьшилось при таких же условиях (таблица 4).

При микроскопическом исследовании бабочек облученных групп были найдены 
споры Nosema bombycis N. и других болезнетворных. Гамма облучение не защищает про­
тив различных болезней, а наоборот понижает сопротивляемость.

Наконец, было установленно, что выход яиц бабочек, происходящих от гусениц 
облученных яиц, у групп А, В и С понизился,а в группе D повышался с увеличением дозы.

Вес яиц с увеличением дозы увеличился в каждой группе но не достиг веса конт­
рольных яиц.

Потомство облученных яиц шелкопряда в дальнейшем будет изучено более 
подробно.





F ig . la .  O ne o f th e  la rv ae  h a tch e d  from  B om byx  eggs ir ra d ia te d  w ith  
C o60 in  th e  V . d ev e lopm en ta l stage

la  ábra. A  C o60-nal b e su g á rzo tt B om byx  p e ték b ő l k ib ú jt  lá rv ák  egyike 
az V . fejlődési fo koza tban

F ig . lb . M agnified p ic tu re  o f th e  pedes co ronati 
grow n to g e th e r o f  th e  la rv a  seen in  F ig. la

lb  ábra. A  fen ti á b rá n  ( l a  ábra)  lá th a tó  h e rnyó  
összenő tt á lláb a in ak  (pedes co ronati) 

k in a g y íto tt képe



F ig . 2. I r ra d ia tio n  o f  th e  eggs freq u en tly  causes lack  o f ex tre ­
m ities in  la rvae . I n  th e  la rv a  reperesen ted  tw o o f th e  4 left side 

pedes spu rii a re  m issing

2. ábra. A  p e ték  besugárzása  a  lá rv á k n á l g y ak ran  v ég tag h ián y t 
okoz. Az áb rázo lt he rn y ó n á l a  négy  balo ldali á lláb  közül 

k e ttő  h iányz ik

F ig . 3. R a d ia tio n  in ju ry  m an ifested  itse lf  in  m o s t cases in  th e  
m a lfo rm a tio n  o f th e  8 — 9. bo d y  segm en t o f th e  la rvae

3. ábra. A  sugárkárosodás leg több  ese tben  a  lá rv ák  8 — 9. 
tes tsze lvényének  to rzu lásáb an  je len tk eze tt
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