
4 

~):. 

/" 

<C 

-

-~ -.,- --L~~----· 
__.,_ -..-- ..... ,, ..... --

> ,<::. 
~'j 

~,_ . ..,...,....__,;---.,._ ~ ---- ~-:-

• 

~ \_ ~\__ ~"(_\\ 
EFFECT OF GAMMA RADIAT.10N ON OERTAIN 

STORED GRAIN p:JlilTS •. , 

0'---· 
~ 

G THESIS 

~ttod in partial fulfilment for the 

( 

"' 1 ·~Y) 

~" (\ ·~ 

requirements for the degree ai 

DOCTOR OF l?HILOSOHIY 

I:J. 

ENi'Oi.IOLOGY 

By 

MOHAMED YOUSEF YOUBEF AHMED 

B.Sc. (Agriculture) 

M.Sc. (Entomology) 

Fal"ulty of .Agrieultur-e 

Departnont of Plant ~oteeti~ 

Ain Shams University • 

Cairo 

1973 

i---

,-· 

.. . 
r- ....,_ ... 

h ; '-i ,, 
~j A~ I 







II 

BIOGRAPHY 

Date and :Plaee Of Birth : 

Date of Graduation 

De~rees Awarded 

Occupation 

Date of Appointment 

. • 

: 

August 25, 1943, Sohag. 

June 1 1963. 

n,Sc. in Agricultural Seiences (1963) 

(Plant Protection Department), 

M.Sc~ Entomology (1969). 

Demonstrator of Entomology 1 Radio­

biology Department, Atomic Energy 

Authority, Cairo. 

February 20, 1965. 



Ill 

GRADUATE COURSES .ATTENDED 

Course 

Analysis of Food Technology 

Special Course 

Research 

Insect Physiology A 

Insect Physiology B 

Technology of Seeds and Seed Products 

Genetical-Analysis Pests 

Statistics 

Simmenars 

German Language 

Grain Pests 

G r ad e 

Excellent 

Excellent 

Excellent 

Very Good 

Very Good 

Very Good 

Very Good 

Very Good 

Very Good 

Very Good 

Good 



IV 

Thanks to God 

Thanks to my <\LOther and Father 

for their valuable advices, 

hoping God will help me to 

make them happy. 

Thanks to my wi:fe for he.r good 

care to me. 



v 

"~toLiG .i;n_ergy Authority, :0~.:,ypt. 

The vvriter w·ir;hGG to express his (~8CJ.! aJ_)l).reciation to 

c"·o:L, Jr. A. Haoib, D:c:. }!;.A. :blbadry Oc i'lant J:rotection 

:"Je_JJartcl8nt, Facult;y oi" Agriculture, Ain GhJms Univec·sity, 

c;:1ci Dr •• s.. ill, Yvakid of the Atomic Energy AutllOl'i ty 1 for their 

'lelp, advise and encou.:cac;ement they offeree\ throughout; t:1e 

Gaur i;e of this 1mr::. 

}'he writer is t;reatly indebted to Dl~, Y.S. Salma, 

Lec-c•.1rer of .cmtol.!O:;_ot__:~' 1 :Faculty of AgriGulture 1 ;dn Shmns 

':'he autho_,: wishes also to expre.ss hiL> gratitude to 

~112 =tOl,,ic .Gnergy Au"\;ho:eities for the facilities p.2oviaed 

:c"o:c· c;he co::rpletion o::: the present worlc, 



COHTENTS 

ACKCTO ;,'L:GDGThJE}I'rS 

I. Lf.CH0J;(,1Jd0l' . . . . .. • • . . . . . . • • . . • . 
II. REVIE~f ('1>' 

"' LIT:B.R.IlTURE •• . . . . . . . . • • 

Biolvt,lcal Effects of Radiat_:_on . . • . • • • . . . 
lli. JiJi.il. T .fui. I .IlL , JiJili~':lOD8 .1-"''"D 'I'EClliU'<tUJ:,S . . • • . . • • 

A. Thv G-alill.L.C:. Cell Irradiation Unit • • • • • • • • • • 

B, Rec;i'iJ.Lg Technique . • • . • . • . . • • . • . • • • • • • 

~ Expe:~..•il-uental Technique V• . . • • • ' • • • . • . • • . • 
IV. EFF~C.J: O:b' Gd\!Jl!IA R.iilliATION ON TD:.o; DIFJ!'ERENT 

D~VELOP~;.uliTllL STAG:lliS .. . . . . • • • • • • 

• • • • . . .. . . • • . . .. 
1. 0:1e-lla~y-old eggs . . . . . . 
2. Five-days-old eggs . ' . . . . . . . . 

Fage; 

l 

5 

5 
,. i 
'+.L 

41 

42 

45 

48 

48 

48 

53 
3. E:::~~ect of do3e fractione.'ci.on j!~ et,g modality 55 

B. 1arvul Stage . . . . . . . . . . . . . . . . 58 

. . . . . . . . . . . . . . 61 

.. . . . . . . . . . " .. 
l, .0i:/oct of dose and type of msting on adult 

f._ c:_o ... 10..i-Cy, i'e.:.:tility c.::.:·:~ ~_c. __ ~evity .. . . 
2 • .C:ffect of fractionation Oi sterilizing dose 

. . . . . . 70 

GAiifulA HADU'l'ION •• . . . . . . . . . . • • • • • • • • 77 

• • • • 77 

B. Ef::ccts of 1:,:-radiat::Lon on Sr::o;rm Activity of 

lri'cuic,t;ed Males •• .. • • . . . . • • • • • • • • 80 



-\iii -

C. HestoratlOil oJ:' Sperm Viabilit;y .•...•••••.. ::-~ j_ I 
'-~ r 

D. Com}Jetit:_vccnGss Value of Radiosteo_"::.lized J,iales •• l_ ·~. 

. . . . . . so 

. . ~ . . . . . 
;,_, Structure o::' ·i;he :B'emale Repr ociuc t::_ ve System. . • • Sr', 

:G. Structure o:L the i;iale Reproductive Sz'stem . . 

• • • • • • • • • • • ~ 8 • • • • • • • 

H. DISCUSSIOH • • • • • • • • • • • • • • • • " • • • • 0 • • • • ro:) 

X. SUiili-.AHY ........................... o. 1::-::) 

•• •• •• •• •o •• ~• •• •• •• •• •• 1:).:; 



I. lNTl:<ODUCTION 

'I'he cowpea, V_i_g_n.§. sin_ElE§..is Endl., is one of the most 

important hay-crops, and its seeds are considered as the 

}Jrincipal legWllinous food for human consumption in many parts 

of the world. This crop is likely to be more extensively 

cultivated in Egypt in the near future owing to the new agri­

cultural policy of increasing the areas allocated for 

vegetable crops. 

Unfortunately, wherever cowpeas are cultivated, the 

seed is subject to very severe attacks by the Bruchid beetle 

eommonly known as the southern cowpea weevil, the cowpea 

Bruohid, or the four-spotted bean or cowpea weevil. 

The southern covr1 ea weevil, Callo_s_opy_uch~ maculatus F., 

is known to be occurring long ago in many parts of the world. 

At the present time there is every reason to believe that 

this Bruchid has, through the channels of commerce, become of 

world-wide distribution. However, it can safely be stated 

that it occurs wherever cowpeas are grown or stored exten-

sively. 

The southern covvpea weevil does not eonfine its attack 

~o cowpeas in storage, but also lays its eggs on the exterior 

of ripening pods in the field and on seeds in split pods as 

-.,ell. The adult weevil is a fairly strong flier and will 

fly from infested seeds in storage, from neglected small lots 
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of cowpeas in warehouses or farms, or from cowpeas remaining 

in etraw-staoks, to the fields where it causes pre-harvest 

infestation. 

The efficient control and removal of insects from food 

commodities has long been the goal of producers and pro­

cessors. Although many methods of control are now being 

used, the food industry is continually seeking safer and more 

economical means, Fumigation, though by far the most effec­

tive method of grain disinfestation, has its own serious 

llmitations, Chemical treatments, in some cases, may create 

problems by leaving undesirable residues. The development 

of resistance to insecticides by insects is yet another in­

~entive to develop alternate methods for pest control, 

I.rradiation techniques seem to offer solutions that are 

desirable in many respects. 

A great ~al of information on radiation effects on 

stored-product insects has uow been accumulated. For the 

most part, however, the data are scattered and incomplete, 

and much of it is little more than qualitative observations. 

Most data are not strictly comparable because of difference 

in types of radiation used, exposure rates, and often poor 

dosimetry. In addition, it is now known that various pre­

and post-irradiation treatments or conditions profoundly 

affect the results obtained. A uniformity in criteria for 
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dGtcrmining morta1icy or other effects is badly needed. 

Further problems arise because radiosensitivity changes 

~,reatly through tho course of an insect 1 s life cycle and 

may chango dras·i;iCCl1ly even within a singl2 stage. Tho 

carliGst studies of radiation effects on stored-product 

insects were concerned with the cigarette beetle, 

Lasioderma .§_E?££j._c_o_rp,_o_ F. and tho rico we"vil, Si tophill!§. 

oryzae 1. Runner (1916) s.~owed that eggs, larvae and 

adults of Lasiod~r~~ could be killed in cigars by X-rays, 

but that the doses required would be very large. Although 

this work discouraged other actual control attempts, many 

studies have been carried out since that time on the 

effects of radiation on stored product insects. Hilchey 

(1957) compiled an excellent summary of work on radiation 

effects on insects. Iviore recently 0 'Brien and Wolfe (1964) 

have discussed the ~rinciples and some oi tho works 

related to radiation disinfGstation. 

Radiation disinfestation of commodities is a rela­

tively new field, and definite conclusions as to economie 

feasibility must wait further research and pilot-plant 

studios. Two main types of units have been proposed. Some 

worl{ers advocate electron accelerators with high grain 

flow rates and low penetrating powers, while others favour 

radioisotopic sources for tho more penetrating gamma rays 

such as Coba1t-60 o~ Cosium-137. 
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Suggestions have been made for mobile irradiation 

f:~cilities installed in trucks, railroad cars, and ships, 

nJ moving such facilities to locations where they are 

needed, maximum use can be made of the irradiator, and 

this proportionally reduces the unit cost. 

Horne and Brownell (1962) have describ"d some of the various 

types of radiation facilities and discussed their relative 

merits. 

Usc of gamma radiation for control of the stored­

product insects has received increased emphasis during the 

last ton years. Cronmoll et al. (1966) suggested that by 

sterilizing a resistant population some measure of protec-

tion against reinfostation by the same species could be 

obtained. One of the criteria for success of this 

technique is that gamma-sterilized males compete favourably 

with normal males. 

The primary obj_ecti ve of the pre sent study is to in­

vestigate the effect of gamma radiation on tho different 

developmental stages of Callosobruchu_s_ !D-_~c£1-atus F. If 

tho comparatlve sensitivity between stages can be deter­

mined, the dosages to kill the most resistant stage present 

can be regulated~ The second purpose is to study the 

mating competitivoncss between normal and sterilized males. 
- -Finally the proposed dose must not affect seeds germination 

or its quality as human food, 



- 5 -

II. H:B.VIEW OF' Ll'l'ERATURE 

'I' he present review, reports bricd'ly 1 the influence of 

radioisotopes and ionizing radiations on many biological 

aspects of different insects. Special emphasis was made to 

their role in the induction of sterility and lethality in 

various species of insects and their applications in the 

control of insect populations. 

Potentially, all insect species that occur in stored 

products can be controlled by gamma radiation. There are, 

however, certain problems associated with the use of this 

method of control for coniTJercial purposes. One of the major 

problems is to deterL1ino the minimum dosages of radiation 

needed to control the insects while keeping the cost of 

treatment at an economical level. Furthermore, the threshold 

of radiation that will produce quality changes in some 

col!llnodities does not permit the use of higher dosages. 

Insect populations in stored products can be cont­

rolled by producing immediate mortality or by producing 

sterility of tho irrC~diated insects. Since the dosage 

level required for death in all metamorphic stages within 

24 h • .u;ay be 15 or ruoro times that required to produce 
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sterility (Cornwell and Bull, 1960), the latter method 

appears to offer the greater promise under most conditions. 

However, in packaging plants where the primary conc6ru is 

the destruction of eggs and young larvae, immediate insect 

r10rtality may be attainable, since many workers have shown 

ti1at eggs and larvae are considerably more susceptible to 

radiation damage than are tho adults. 

Howden and Auerbach (1S58) studied the effects of 

single and fractionated doses of gamma radiation (from co60 ) 

on reproduction and larval development of ~y~goderma 

stern?l~ Jayne. All doses applied to the larvae adversely 

affc;cted the reproduction of the resulting adults, but the 

reduction in population caused by exposure to 4000 r or less 

may have been due to lowered vitality or morphological 

deformity. Continuous exposure to 5000 r and above 

inhibited reproduction. 

Jefferies and Cornwell (1958) studied the effects of 

lethal and sterilizing single and fractionated doses of 

" . t. (0 60 ) c 1 A~ • L gamma raa.:La ~on o source on a anw.a, gf'.,?.E:,a.£.:1::1! • They 

used single dose of 4012 rep given when larvae grew into 

very few adults, or 5 fractions of 802 rep each at 1 min. 

to 10 ;nin, intervals. Intervals of up to 5 d were tested, 

They reported that the increase of longevity obtained by 

the use of fractionat;e;d doses at daily intervals, could 


