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ABSTRACT 
      Full-grown male and female pupae of cotton leaf worm Spodoptera littoralis (Boisd.) 
were gamma irradiated with the sub sterilizing dose of 125 Gy. The resulting P1treated 
adults were crossed with the untreated opposite sex. All possible mating combinations of 
the resulting F1 adults and the untreated adult moths were carried out in order to 
obtain F2 generation. The histological observations on the testes of F1 males resulting 
from irradiated parental males or females showed moderate effect on the structure of 
testis contents. Most of sperm bundles showed retardation of spermatogenesis and less 
number of sperm bundles were found. The effects on testes of F2 and F3 males resulting 
from all possible crosses of F1 adults showed morphological abnormalities included 
shrinkage of testes contents, vacuolations and dispersion of sperm bundles. Many 
spermatogonia and spermatocytes failed to develop to the next stages which lead to 
appearance of large vacuoles among the septum, or retardation in sperm maturation.  
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INTRODUCTION 
         

        The cotton leaf worm Spodoptera littoralis (Boisd.) is one of the major cotton pest in 
Egypt .Other than cotton leaf, this insect feeds on several agricultural important crops to 
which it causes a considerable damage. 
        Control programs of S. littoralis in Egypt mostly depend on the use of various 
conventional insecticides. The extensive use of these chemicals has given rise problems such 
as residual toxicity and pollution, development of pest resistance, outbreaks of secondary 
pests and harmful effects on beneficial insects which are natural enemies. In order to avoid 
these hazards, there is a great need to develop alternative safe control .Some efforts have been 
carried out to introduce the sterile insect technique in the control of the cotton leaf worm S. 
littoralis. Full grown pupae of this insect were found to require a dose of 500Gy gamma rays 
to produce completely sterilized adult males. Sallam,(1)stated that adult males S. littoralis 
irradiated with sterilizing dose (500Gy)were less competitive than the untreated males for 
mating with untreated females at different ratio, up to 10treated males :1untreated males. The 
technique of partial sterility (inherited sterility) is recommended for controlling lepidopterous 
pests, which was reviewed extensively by LaChance et al. (2), since complete sterilization 
tends to induce physiological disturbances such as reduction in mating competitiveness, lack 
sperm transfer, etc. In addition, the progeny of the irradiated parents of lepidopteran insects 
with sub sterilizing doses are more sterile than their parents. The F1 males are more sterile 
than their irradiated parents, Elnaggar et al (3).  

        The present study aims to investigate the histological changes in the testes of irradiated 
parents and all possible crosses through F1, F2 and F3 generations of cotton leaf worm   
Spodoptera littoralis .This study could be an important tool in evaluating and interpreting the 
phenomenon of inherited sterility   
 



MATERIALS AND METHODS 

 

Rearing and Maintenance of Insects: 
     The culture of the cotton Leaf worm S. littoralis was maintained in the laboratories of the 
Atomic Energy Authority at Anshas. Larvae were fed on fresh castor oil plant leaves, Ricinus 
communies under laboratory conditions of 25 ± 2 0C and 65% R.H. (Sallam 1969)(4). 

 

Irradiation Technique: 
     Full grown pupae of S. littoralis were gamma irradiated with 125Gy using a Co60 gamma 
irradiation cell model 220 located at the Middle Eastern Regional Radioisotope Center for the 
Arab Countries, Cairo, Egypt, with a dose rate of 5.84 r/ sec. The emerged parental moths (P1) 
crossed with untreated opposite sex to obtain the F1 generation. 

The possible crosses of F1and F2 adults resulting from male and    female lines:  
        Adult males and females were irradiated with 125 Gy and crossed with untreated 
opposite sex in order to obtain F1. The resulted F1 adults were divided into two lines, the first 
was the male line (the progeny resulted from irradiated P1 males x normal females), and the 
second was the female line (the progeny resulted from normal males x irradiated P1 females). 
All possible crosses of F2 adults for both lines were made according to the number of 
surviving adults. The crossing scheme for this study is illustrated as follows:  

  N = normal     T = treated  
  M = male     F = female  
P1 crosses NM x NF  
  TM x NF  (male line) 
  NM x TF  (female line)  

F1 crosses    NM x NF = (A)  
        F1M x NF =(B)(male line)   F1M xNF=(D) (female line) 
        NMxF1F=(C)(male line)     NM x F1F = (E)  (female line) 
        F1M x F1F                          F1M x F1F  
     
 F2 crosses  
       A x A,     A x B,    A x C,     A x D,      A x E 
       B x A,     B x B,     B x C,     B x D,      B x E 
       C x A,     C x B,    C x C,     C x D,      C x E 
       D x A,     D x B,    D x C,     D x D,      D x E 
       E x A,     E x B,     E x C,     E  x D,      E x E 
Histological preparations:  
      To study the effect of the low dose (125Gy) of gamma radiation on the internal anatomy 
of the male testes, 30 samples of newly emerged adult male from each treatment in different 
generations were dissected in Belar’s saline using a dissecting microscope and were 
immediately transferred to hot aqueous Boin’s fixative over night. All the previous steps of 



the histological preparations for these samples were done according to Junqueira and 
Carneiro(1980)(5)  .  

     Transverse sections for the testis at a thickness of 8µ were cut. Ehrlich’s haematoxylin and 
euosin were used for staining. The slides were examined by a common research stereo-
microscope with an attached camera. Photographs were taken with different magnifications 
using 35mm Kodak gold film according to Junqueira and Carneiro(1980)(5)  . 

 

RESULTS 

Histology of the virgin male testis:  

 The test's of male testis forms a spherical white yellowish, which composed of two 
fused organs each contains4 follicles, which each open in two vas deferentia, each composed 
of upper and lower parts. They unite together to form a common ejaculatory duct which 
terminates at the base of aedeagus. (Snodgrass et al.)(6). Examination of transverse sections 
through the untreated testis showed that, as in other lepidopterous insects, there are various 
stages of sperm development that can be found within the adult testis. Spermatogonial cells 
occupy the outer periphery region of the testis. The growth zone is formed of cysts of primary 
and secondary spermatocytes; then the mature spermatids are found near the center mixed 
with sperm bundles which occupy a large area in the center of the adult testis. As more 
spermatogonia are produced from the mother cell of each follicle, they push those which have 
developed earlier down the follicle towards the vas deferens. So, each follicle consists of a 
germarium in which the primary spermatogonia is enclosed in cysts dividing and increasing in 
size to form the spermatocytes. A zone of maturation in which, spermatocytes transform by 
two meiotic divisions to spermatids which develop again to spermatozoa (Figs. 1 (A, B and 
C).  

 Two types of sperm bundles can be easily differentiated. They are produced normally 
as in other lepidopterous males. These sperm bundles are eupyrene which are long, nucleated 
and densely stained by eosin, and apyrene sperm bundles which are short, anucleated and 
relatively faintly stained by eosin. These bundles are usually present near the opening of the 
seminal vesicle.  
  
         Examination of transverse sections through a testis of F1 generation resulting from 
irradiating full grown male pupae with 125 Gy (P1 male) showed a minute effect on the 
structure of testis contents. Most of sperm bundles showed retardation of spermatogenesis and 
less number of sperm bundles appeared. In many areas the sperms were degenerated and large 
vacuoles were found (Figs. 2(A, B). In the testis of F2 male resulted from F1 male mated with 
normal female, the size of the testis was smaller than control testis due to clumping of the 
follicular tissue, (Fig. 2 (C)). Also the transverse sections of male testes showed sever damage 
represented by reduction in size and sperm bundles being broken in comparison to control. 
Besides, thickness and shrinkage of follicular tissues were also observed. (Figs.2 (D).  

 When males of F2 resulted from normal male mated with F1 female (descendant of 
male parents irradiated with 125 Gy), the size and structure of testis contents were severely 
affected. The testis appeared smaller than control. The most characteristic histopathological 
effect was liquefaction and destruction of sperm bundles (Fig.2 (E), (F)). Examination of 



sections showed that most of the changes occurred during sperm maturation process at sperm 
bundles formation, for example, inhibition in growth of spermatids and abnormalities in 
sperm bundles. [Fig.2 (F)].  

 Examination of transverse sections through a testis of F1 males resulted from P1 
females irradiated with 125 Gy showed increase in size of the testis and separation of 
follicular epithelium in comparison to the testis of untreated control. Also some tissues were 
absorbed leaving large vacuoles (Fig.3(A)). The transverse section in the F1 male testes 
showed liquefaction of spermatids, sperm bundles and few absences of sperm bundles. The 
most obvious effects were the decrease in spermatocyte numbers, breakage of the sperm 
bundles, retardation of sperm bundles and sperm scattering compared with control [Figs. 
3(B)].  

 The damage occurred in the testis of F2 male resulted from F1 male mated with normal 
female became more obvious. The testis became rectangle in shape and vacuoles began to 
appear everywhere as a result of retardation of spermatids. Sperm bundles became abnormal 
and inhibition in growth of spermatids. Spermatocytes and spermatids became shorter in 
comparison to the control. [Figs.3(C),(D)].  

 Sections in the testis of F2 male resulted from F1 female mated with normal male, 
showed a severe damage where the testis form became rectangle and decreased in volume in 
comparison to the untreated control [Fig.3 (E)]. Also, spermatocytes and younger spermatids 
groups were abnormal in their appearance; while their numbers were decreased and 
retardation of sperm maturation process occurred.The most obvious effects were the breakage 
of the sperm bundles and little absence of some sperm bundles. The spermatid bundles were 
no longer distinguishable and spermatids showed signs of liquefaction and large vacuolated areas 
appeared [Fig. 3(F)].  

 
 
 
 

 
 
Fig.(1): Cross section in the testes of 1-day-old unirradiated male Spodoptera littoralis  
              (A 4x, B 10x, C 40x).  
 
 



 
 
Fig.(2): Cross section in the testes of 1-day-old F1 male Spodoptera littoralis descending from 

irradiated P1 male with 125 Gy (A 4x, B40x), F2 male descending from F1M x NF (male 
line) (C 4x, D 40x) and F2 male descending from NM x F1F (male line)(E 4x, F 40x). 

 
 

 
 

Fig.(3): Cross section in the testes of 1-day-old F1 male Spodoptera littoralis       descending from 
irradiated P1 female with 125 Gy (A 4x, B40x), F2 male descending from F1M x NF 
(female line) (C 4x, D 40x) and F2 male descending from NM x F1F (female line)(E 4x, F 
40x). 

         

         The sizes of the testes of F3 males (resulted from normal male mated with F2 females 
came from different mating combination N♂

 
x N♀ (control) and T♂ x N♀, N♂x T♀ (male 

line) and T♂ x N♀, N♂xT♀ (female line), were smaller than control testes, this smallness 
could be due to reduction in spermatogenesis (Fig.6 (A)). The spermatids were no longer 
distinguishable and showed a sign of liquefaction leaving large vacuoles and the sperm 
bundles became disassembled (Fig.4 (B, C), (Fig. 5(B, C)]. Besides, thin of follicular tissues 
and retardation in sperm maturation in comparison to control treatment [Figs. 4(A), 6(A)].  



      The transverse sections in the F3 males' testes (resulting from F2 male mated with female 
came from different mating combinations), showed severe damage represented by occurrence 
of vacuoles beneath the follicular tissues and vacuoles in middle of testes were also observed 
(Fig. 4(A), 5(A)). Many spermatogonia and spermatocytes failed to develop to the next stages 
which lead to appearance of large vacuoles among the septum, or retardation in sperm 
maturation (Fig.4 (D); 5(B, C)). Also, some sperm bundles were completely spoiled in many 
areas, these damaged bundles changed to liquefied material which was reabsorbed leaving 
large vacuoles [Fig.4 (C, D, E), 6(B, C)]. In the same time, spermatogonia and spermatocytes 
appeared normal in shape and number but they still suffering from retardation in sperm 
maturation and reduction in their number in comparison to control [Fig.5 (A, B, C, D, E, F)]. 
        
        Examination of transverse sections through a testis of F3 males resulted from F2 male 
(descendant of N♂X F1♀ (male line) mated with female (came from different mating 
combinations), showed sever damage represented by reduction in size and retardation in 
sperm maturation in comparison to control (Fig5(A,D), Fig.6(A). The vacuoles became 
obvious in Spermatogonial region due to liquefaction of the sperms indicating that abnormal 
changes occurred during sperm maturation process (Figs.4 (C),5(C, E), 6(B)). The sperms 
were completely broken into the sperm bundles leading to vacuoles in some areas from 
bundles. Also, vacuoles in middle of testes and shrinkage of follicular tissues (Figs.4(A), 
5(A), 6(A,C)).  
         
       The testes of F3 males resulted from F2 male (resulted from F1 male mated with normal 
female (female line)) mated with female (came from different mating combinations) showed a 
minute effect on the structure of testis contents. The vacuoles appeared in the middle of the 
section. Spermatogonia and spermatocytes are almostly found besides limited numbers of 
spermatids and sperm bundles which could be due to prevention of the normal 
spermatogenesis (Figs. 4(A,F), 5(B,C)). The most obvious effect is the undistinguishing of the 
testis contents. (Fig.6B).  

          Examination of transverse sections through testes of F3 generation resulted from F2 
male (resulted from N♂ X F1♀ (female line)) mated with female (came from different mating 
combinations), showed that the size of the testis was smaller than control and this smallness 
could be due to reduction in spermatogenesis (Fig. 5(B, C), 6(A)).Also, the appearance of 
vacuoles in the middle of section and retardation in some spermatogenesis in comparison to 
control. (Fig.4 (A, D, E), 5(C)).  Most of sperm bundles appeared disassembled and individual 
sperms were abnormal in form when compared with the sperm bundles of the untreated males 
(Fig.5 (D, E)). Also, some bundles were completely damaged in many areas, these damaged 
bundles changed to liquefied material which reabsorbed leaving large vacuoles, Figs.4(C, D), 
5 (C), 6(B, C).   



 
 
Fig.(4): A cross section in the testes of 1-day-old Spodoptera littoralis, F3 male resulting  from 

different mating combinations. 

 
Fig.(5): A cross section in the testes of 1-day-old Spodoptera littoralis, F3 male resulting from 

different mating combinations.   
   

 
Fig.(6): A cross section in the testes of 1-day-old Spodoptera littoralis, F3 male resulting from 

different mating combinations. 



GENERAL DISCUSSION 
     
         The histological effects of gamma radiation on the testes of F1 males resulting from 
parental males or females irradiated as full grown pupae with a dose of 125 Gy, the 
examination of histological sections showed a minute effect on structure of testis contents. 
Most of sperm bundles showed retardation of spermatogenesis and less number of sperm 
bundles were found. Sometimes few cysts were lost leaving large vacuoles instead. The 
effects on testes of F2 and F3 males resulting from all possible crosses of F1 adults showed 
morphological abnormalities, and dispersion of sperm bundles. The most obvious effects were 
separation in testis follicular tissue and retardation of sperm maturation.  

      The testis volumes of F1, F2 and F3 males resulting from certain mating combinations 
were smaller than control. Similar results were obtained by Ibrahim et al. (1999) (7) on Agrotis 
ipsilon, El-Naggar (1990)(8), Alm El-Din (1993)(9) and Sallam et al. (1996)(10) on Spodoptera 
littoralis, who studied the histological effects on the testes of S. littoralis adults resulting from 
parental male irradiated as full grown pupae with doses of 25, 50, 75, 100, 150 and 200 Gy. 
The data indicated that the volumes of testes of the first, second and third generations were 
significantly affected by gamma radiation doses (100 - 200 Gy) applied to P1 males. Damage 
in the testes was the highest among F1 and was minimized in the two other generations.  
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LIST OF ABBEVIATIONS 

Tw   = Testicular wall  

   Rsm= Retardation in sperm maturation  

Va   = Vacuoles 

Ssb  = Sperm bundles being broken.  

ShFt = Shrinkage of follicular tissues.  

   Lsb  = Liquefaction of    sperm bundles.   

Lst   = Liquefaction of spermatids.  

Dsb = Degeneration of sperm bundles. 

Asb = Absorbed sperm bundles.  

 Ab  = Abnormal sperm bundles.  

SFe = Separation of follicular epithelium. 

Igst = inhibition in growth of spermatids. 

SG  = Spermatogonia. 

Sc   = Spermatocyte. 



St    = Spermatids.  

Sb   = Sperm bundles.     

Rsb = Retardation in sperm bundles.  

  Rst  = Retardation in spermatids 

Lm     = Liquefied material.  

Is       = Individual sperm.  

RaSb = Reabsorbed sperm bundles.    

  R.sgen= Retardation in spermatogenesis. 

Ttw    = Thin testicular 



 


