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ABSTRACT 

The degree of feeding resistance by SitotrO(ls ceres/ella. oliv.(lepidoptera) 
and Sitophilus zeamais Motsch.(coleoptera),10 four Egyptian maize cultivars; Sweet 
grain sorghum, Triple hybrids 321, Giza 2 and Single hybrids 10 planted in two 
different dales was studied. The total number of emerged adults of both insect 
species, difference in weIghtless of Infested grains and percentage of grain viability, 
in the four cultivarS,are found significant. Moreover mean weight of both emerged 
insects and their faeces are seperately recorded. Also,weight as wen as amount of 
consumed and digested food by emerged insects are calculated. The result Indicta 
thai the varitey Giza 2 is the most resistant one for insect infestation. 
There ;s a good correlation between rate of Insect growth. rate of digestability, 
efficiency of conversion of ingested food to body matter(ECI) and atso efficiency of 
conversion of digested food to body matt8l' (ECD). 
50S· prolein electrophoresis analysis proves that each CtJltlvar has an Unique Band 
(UB) which can be used as biochemical marker to discriminate among them. 

INTRODUCTION 

Egypt is suffering from substanlial losses in agricultural production of 
cereal crops which mainly a Itributed to pest infestation .From an economic 
view point, maiz.e is one of the most important crops and is considered slaple 
food for majority of the Egyptian farmers. 

In storage maize is found to be attacked by several important 
cosmopolitan pests causing variable losses depending upon the period of 
storage ( Pantenius, 1988; Markham at 8/. 1991 ;Kumar,2002 and recently 
Salama and Youssef (2004 ). The S. leamais is found to cause heavy 
damage, loss in seed weight and reduce the seed viability of these hybrids 
under storage conditions,(Kurdikeri at al. 1993), 

The laborslory assessment of Ihe inherent susceptibility of some maize 
varieties to post -harvest insect infestation was investigated Salama and 
Youssef (2004).However it is found,rather fruitful to investigate some more 
important points in relation to susceptibility! resistance to the same maize 
cultivars 10 post harvest insect infestation in new season. 

MATERIALS AND METHODS 

Estimation of damage caused by Insect infestation: 
Four maize cullivars: Sweet grain sorghum, Triple hybrids 321, Giza 

2 and Single hybrids 10, collected in tYIO planting dates (24" Apr~ and 28" 
May (2002)from experimental fields at Shatakan,Qualyubyia 
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Governorate.They were then stored under laboratory conditions (28±2°C and 
70t5% RH) till adult emergence of the natural field infestation of the grains 
before storage. 

From each variety, several replicates of maize grains were weight 
and placed in 500 cc clean glass jars . After one month , three replicates from 
each variety were externally examined for exit for holes counting the 
emerging adult species, and the grains were sieved to remove dust and frass 
then weighed. The percentage loss in grain weight was determined following 
equation: 

% weight loss = (IW - FIN) x 100 IIW 
where tW is the initial weight and FW Is the final weight of tested 

grains. Mean number and weight of immerged insects as well as their faeces 
weight were recorded. 

Germination tests were carried out according to International-' 
Standard Methods (ISM). (Anonymus, 1966). One hundered maize grains 
from each cultivar were placed in plastic trays divided into 100 sections (5 x 5 
cm) containing continually moistened sandy soil.After about two weeks the 
number of germinated gra ins were recorded. The experiments were 
replicated three times. Furthermore, weight as well as amounts of consumed 
and digested food by emerged insects were calculated following the methods 
applied by (Mcfarlane,1985). 

Statistical analysis 
All data collected were subjected to statistical analysis without 

transformation using two way analysis of variance (ANOVA). The means 
were separated using (he least significant Difference test (LSD). 

Determination of protei" fractions 
Protein fractions according to their molecular weight was performed 

using poIyacryfamide gel electrophoresis (PAGE) in the presence of sodium 
dodecyl sulphate (SOS) as described by Laemmli (1970) and modified by 
Studier (1973). 

RESULTS AND DISCUSSION 

Effect of maize cultivars on insect Infestation: 
Insect infestation in maize grains in the two planting dales and stored 

from one and four months are shown in Table (1). Two insect genera are 
only detected: Sitofroga cerea/ella Oliv. (LepIdoptera). and Sitopni/us 
zeamais Mots. (Coleoptera). Considering the total numbers of both insects. it 
is found that GiZa 2 is the least infested followed by single hybrids 10, tripte 
hybrids321 and the most sensitive sweet grain SOfghum in both April &May. 
stored for one month. Moreover, in April,triple hybrids321 is found to be most 
favourable variety to lepldopterans than coleopterans while it is vise versa 
with the other varieties. In May.howe .... er,coleopterans are more than 
lepidoplerans in all cases see(T able 1). 
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Table 1. Percentage germination, weight of 300 grains, number of 
Lepidopteran and Coleopteran insects obtained from four 
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After storage for four months,it is also found that Giza 2 is most 
resistant to infestation by both Lepidopterans and Coleopterans and variety 
sweet grain sorghum is the most sensilive one .The total numbers of 
infestation are 13.1,16.1,125.6 and 151.0 in Giza 2,single hybrids10, triple 
hybrids321 and sweet grain sorghum, respeclively (Table 1). The weight of 
grains is also affected and the weight loss of Giza 2grains , is only reduced 10 
3.40 % and 5.69% for April and May plantalion,respectively. Whiie in sweet 
grain sorghum the percentage of weight losses are 17. 48 and 21.43 in both 
dales respectively. (Table 1}.There is a good correlation between grain 
weight loss and number of emerged insects. 

The above results confirm the findings of Salama and Youssef 
2004,however,the present study shows that sweet grain sorghum is the most 
sensitive variety while salama &youssef 2004 proved that triple hybrids 321 
was most susciptable one . 

In the present work,also ,evidences indicate extensive feeding and 
reproduction of the insects on the susceplible cullivars. Kossou et al. (1993) 
and Vowotor et a/. (1995) suggested that maize variety had a significant 
effect on egg incubation, mean duration,and weights of the developmental 
stages of S. zeamais and the site of weevil emergence from the kernel. 
Bamey at al. (1991) and De and Sarup (1991) reported that resistance in 
stored maize varieties to the same weevil was believed to be related 10 the 
chemical composition of the grains. 
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The difference in weight ioss of grains due to Insect Infestalion is 
significant in the four cultivars considered. The percentage of grain viability 
(detected as percent germination) is also significant. In both dates of 
cultivation, GiZa 2 give the highest viability, because, those grains do not 
provide an optimum niche for insect to feed and produce as freely as on the 
other tested cultivars.This is in agreement with the results obtained by 
salama &youssef (2004). 

Utilization of maize cultivars as food by Insect Infestation: 
Table 2 shows some physiological parameters: 
(a)Rate of Insects growth:Oata indicate that the rale of growth loss of Giza 

2 grains,is only reduced to 25.30% and25.00%for April and May plantation, 
resp.The losses range from 43.3%1084,78% and 40.10%10 86.21% for 
both april and may planlaUon,respeclively .for the other three 
cullivars.(Table 2) 

Table2:Rate of insects growth,Rate of digestabillty and Efficiency of 
conversion of Ingested and digested food to body matter 
(ECI),(ECD)to insects obtained from four maize varitles, planted 
in two dates 
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(b) Food Digestion and Digestability: 
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The rate of Digeslability loss of Giza2 gre.ins,is only reduced to 
54.39% and 53.69% for April and May plantation,respectively.,while the 
losses ranged from 76.23% to 87.15%and 75.20%t086.59%for both april 
and may planlalion,resp.,for the other three cultivars(Table2). 
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(c) Efficiency of conversion of ingested food to body matter(ECI): 
The Efficiency of conversion of ingesled food 10 body maner of Giza 2 

grains,is only reduced to 2.09% and 2.18% in April and May 
plantation,respectively.,however,the losses range from 3 .74% to 6.33% and 
3.29% 10 7.88% for both April and May plantation, respectively.,for the other 
three cullivars(Table2). 

(d) Efficiency of conversion of digested food to body matter(ECO): 
The percentage of (ECD)oF Glza2 gralns,is only reduced to 2.47 to 

2.92 for April and May plantation, resp .,while the losses in both April and May 
plantation ranged from 4.99% to 8.30% and 4.03% to 10,47%,respectively,for 
the other three cultivars. 

The above evidences confirm that Giza2 cultivar is the most resistant 
cultivar for insect Infestation. Based on these parameters, Kurdikeri et a/. 
1993 maintained that hybrid Ganga safed 2 was found to be the most tolerant 
to S. zeamais while other hybrids were highly susceptible. There is a good 
correlation between rate of insect growth, rate of digeslab!1ity,efficiency of 
conversion of ingested & digested food,ECJ&EDC to body matter.Basant ef 
af. 1998,observed the effect of different maize varieties on t he growth and 
development of S. zeamais under laboratory conditions.The lowest number 
of eggs was laid on maize varieties Ganga 5 and Sartaj, which posses hard 
covers, and emergence of adult weevils was found maximum in Harsa and 
minimum in prabhat(Table2). 

50S-protein electrophoresis: 
In 1996. Santos el al. ,maintained that quality protein maize(QPM)is 

a new type of maize with altered protein composition,offering new prospects 
in human nutrition,but it is necessary to improve the genetic resistance of this 
maize to the stored products insect S. zeamais . 

The buffer soluble proteins extracted from grains of the four tested 
cultivars were analyzed by sodium dodecyt sulphale-polyacrytamide gel 
electrophoresis (50S-PAGE). As II was found by (Salama&Youssef 2004) 
evidences in the present study, though in different season. prove that a total 
of 36 bands are also characterized in the four maize cultivars and have 
different relative mobilities (Rm),and different molecular weights (MW) .Also 
Each 'cullivar has an unique band(s) (UB) which could be used as a speCific 
biochemical marker. Giza 2, the most resistant,shows lower number of bands 
while it has a UB wilh Rm of 0.251and a MW of 142.20 KDa which is not 
found in any of the other cultivars.. The sensitive culltvar Sweet grain 
sorghum in this study also shows an absence of I'NO bands with MW of 
270.46 and 265.67 KDa and presence of two bands with MW of 39.44 and 
27.54 KDa,{Fig.1) These results are also, in agreement with (Abdel-Tawab at 
.,. 2001 and 2002). 

Generally, these observations would indicate that some bands in the 
sensitive cultivars are not indicated in lolerant one. On the other hand, the 
most tolerant cultivar Giza 2 shows a new band which is not found in any of 
the sensitive cullivars. These protein profile differences can be used as an 
indicator tor susceptibility in maize cultivars against insect infestation. 
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With regard to the date of cultivation, the four cuttivars showed slight 
differences among the 1- and ~e 2nd plantation dates. 

Fig. (1): 50S-PAGE profiles of total proteins of the four tested maize 
cultivars planted in two different dates arranged from left to 
right : . 

1, Standard Marker 
2,3 Sweet grain sorghum 
4,5 Triple hybrids 321 
6,7 Giza 2 
8, 9 single hybrids 10 

1" and 2nd planting date 
1-1 and 2":r1antlng date 

i tt and 2 planting date 
1" and 2nd planting date 

2122 



J, Agrlc. Sci, Mansoura Un/v., 29 (4), April, 2004 

,vl\\~ MarkN L:Ul : '-',J Lan4 Lw5 Lall6 Lan7 ... ,' L .... 
IKrh) 

2)0 
21i5 67 -:;:~ s 32 

2 ::~ I· 
~;8 - .. 
2:0 -21191 
l 09 -205 - ... 
195 - -1 8'_~ -,<0 - -168 -\4221) 

132.91 . 1: 
I:;:S .. -120 

I) 7 97 

ID 5 - ~," 107.5 - -98.QJ 
97 - -90 - - -S2 95 

Ud) 
12 - - .. -66 -" - -'" - -~ _l 16 

~(d - -~: 29 - - -) 9 ~ ~ 

.lS_n 
27 .~4 

25 2~ -. vt"ry - dark _ failll Vtry r~;m 
dark 

Tll bl~ ()): Gtl dOCUll1rnl~rion .nRlysis dttl~ of 50S·PAGE: for lotlll proltillS of of thtfouJ' Itst t d 
(\I:t iu. ( 1IIIi ' ·An ,..l ll ~ltd i~ IWO ditTt rt nl d aln :m'lnll«l rrom h-n to right . 

I. S lanlbr~ :'brkcr 

2..1 S,,·(~( ~,..,jn ", r=',u .. 

t .~ T ril'lc ~ .. hridJ III 

t';,7Ciu:! 

a., li";.'Ie h.,·brithl l l.l 

I" ""~ 1M I~ ~ n(j" z d~IC 

1· ud l""bn (i n~ dllc 

, . ,~d 1" pI'''li .. ~ d ·AlC 

, .... d 1M"b .. I1 .. , cb,c 

2123 



Youssef. L. A. 

Acknowledgement 

The author wish to express his deepest thanks and profound 
gratitude to Prof. Dr. Nabila M. Azmy, Plant Protection Department, Facul1y of 
Agriculture , Ain Shams University for her reviewing the manuscript and 
preparing il in the final form. 

REFERENCES 

Abdel-Tawab, F.M.; M.A. Rashed; F.M. Et-Oomyati; T.Z. Satam; S.A. A:z.er 
and A.F. Khafaga (2001). Marker-assisted selection for salt tolerance in 
maize (Zea mays L.). Egypt. J. Genet. Cytol., 30: 175-188. 

Abdel-Tawab, F.M.; Hanaiya A. EI-Ilriby; A. Bahieldin; M.A. Yossef and M.A. 
Madkour (2002). Regeneration and genelic transformation of different 
genotypes of maize (Zea mays L.). Egypl J. Genel. Cytol ., 31 : 287-307. 

Anonymous (1966). International rules for seed lesting. Proceedings of 
Inlernational Seed Testing. XXXI: 49-91.. 

earney, R.J.; J.D. Sedlacek; M. Siddiqui and B.D. Price (1991 ). Quality of 
stored corn (maize) as influenced by Sitophilus zeama;s and several 
management practices. Journat of Stored Products Research, 27(4): 
225·237. 

Basanl,S.;Kumar,R :Kaliyar,R. ;Singh,B.and Kumar,R.(1998). 
Development of rice weevil , Sitophilus oryzae linn.on grain of different 

varieUes of maize.Ann.of plant proteclion.Sci.6:1,70-74 
De, D. and P. Sarup (1991). Relationship between some of the nutritive 

constituents and different parameters 10 measure resistance in stored 
maize varieties to Sitophilus oryzae Unn. Journal of Entomological 
Research, 15(1 ): 62-65. 

Kossou, O.K.; J.H. Mareck and N.A. 80sque-Perez ( 1993). Composition of 
improved and local maize varieties in the Republic of Benin with 
emphasis on susceptibility to Sffophilus zeamais. Journal of Siored 
Products Research, 29: 333-343. 

Kumar, H. (2002). Resistance In maize to the larger grain borer, 
Prostephanus truncatus Horb (Coleoptera: Bostrichidae). Journal of 
Slored Products Research, 38: 267 -280. 

Ku rdi keri, M 8 . ;aswathaiah, B. ; Ra jend raprasad, S; Katgal , RD .and 
Aswathanarayana,SC.(1993).Studies on relative seed damage loss in 
weight and loss of viability caused by Sitoph ilus oryzae linn.and 
Rhizopertha dominica Fabr.in maize hybrids. Dep. Of seed tech.univ.of 
Agric.Sci.lndia,seed research 21 :2,72-77 

Laemmli , U.K. (1970). Cleavage of structural proteins during the assembly of 
Ihe head of bacteriphage T4. Nature., 227: 680-685. 

Markham, R.H.; V.F. Wright and R.M. Rios Ibarra (1991). A selective review 
of research on Prostephanus truncalus Horn (Coleoptera: Bostrichidae) 
with an annotated and updated bibography. Ceiba, 32: 1-90. 

Mcfarlane,J.E.(1985}.Nutrilion and digestive organs.ln :Blum,M.S.(ed).Fund­
Amenlals of insecl physiology.Wiley Inlerscience,new york,pp.59-89. 

2124 



J. Agric. ScI. Mansoura Univ., 29 (4), April, 2004 

Pantenius, C.U. (1988). Storage lo~ses In traditional maize 9ranaries in Togo. 
Insect Science and its Applications, 9: 725-735. . 

Salama.sh.l.and L.A. Youssef(2004).Laboratoty assessment of the inherent 
susceptibility of some maize varielies to posl ·harvest insect 
infestation(in press) 

Santos,J. :Guimaraes,P.E.O. ;Waquil,J.Mand Foster,J.E.( 1996).Res istance 
To maize weevil in quality protein maiz.e lines and commercial corn 

hybrids. Resistant.Pest-Management.S( 1 ):52-54. 
$tudier, F.W. (1973). Analysis of bacteriophage T1 early RNAs and protein of 

slabgels. J. Mol. 8iol., 79: 237-248. 
Vowotor, K.A.; NA Bosque-Perez and J.N. Ayertey (1995) . Effect of maize 

variety and storage form on the development of maize weevil, 
Sitophifus zeamais Mostch. J. Stored Prod. Res., 31(1) : 29-36. 

~ D~ L"""J 1.rI~ 4..:.1J ~ ~ ~J~ ~I ~ ~'("J ~ 
. ""I U< .>-

u...."H~I¥~ 
~- iJAl1.lI-~ I.»!-v-!I.JI:- ~4-- U-I.JJI ~-~ 4#.J~ 

2125 


