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EVALUATION STUDIES OF SOME BIO-CONTROL AGENTS
AGAINST CORN BORERS IN EGYPT
[65]

Sabbour', Magda M.
ABSTRACT

Maize (corn) (Zea mavs L.)is infested by three corn borer species namely Sesamia
cretica, Chilo agamemnon and Ostrinia nubilalis. The bioeffect of three bio-
insecticides derived from Bacillus thuringiensis, Beauveria bassiana and Verticil-
lium lecanii and three Chloroformic plant extract from Melaleuca ericifolia and
Melaleuca leucadendron leaves beside a compound derived from AL ericifolia
leaves (Ursolic acid) were tested against the three corn borer pests. The fungus B.
bassiana significantly affected the best results, followed by V. lecanii and B. thur-
ingiensis against the com borer infestation in the field. The tested botanicals
showed nearly similar effects on the target insects. Though they achieved lesser ef-
fects than those obtained by microbial formulations, they revealed significant reduc-
tion in infestation as compared with the corresponding controls. Yield loss was sig-
nificantly decreased when maize plants were treated with B. bassiana, V. lecanii, B.
thuringiensis, M. leucadendron, M. ericifolia and Ursolic acid, respectively.

Key words: Bacillus thuringiensis, Beauveria bassiana, Verticillium lecanii, Me
laleuca ericifolia, Melaleuca leucadendron and Ursolic acid.

Accordingly number of bacterial
pathogens as B. thuringiensis and B. cer-

INTRODUCTION

The greasy cutworm Sesamia cretica
(Lepidoptera- Noctuidae), the lesser sugar
cane, Chilo agamemnon (Lepidoptera-

Pyralidae), and the European com borer

Ostrinia nubilalis (Lepidoptera- Pyrali-
dae) are the most destructive corn borers
in Egypt and other countries (Harris,
1985 and 1989) and Othman (1996).

Attempts are now being made to de-
rve integrated management approach
through agricultural and biological con-
trol tactics.

cts have been isolated from diseased
larvae of Chilo spp. S. cretica and O. nu-
bilalis (Varama and Singh 1987 and
Ansari et al 1987). Now the entomopa-
thogens, B. thuringiensis and B. bassiana
are widely advocated in many IPM. Pro-
grams. However, several spices of trans-
genic plants including cotton, potatoes
and tomatoes have now been developed
that produce B.f-endotoxin as synthetic
insecticides (Periek et af 1990).
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Many insect pests can be controlled
by plant extracts and by some phenols
{(Mansour ¢ ol 1993). Jill (1993)
suggested that the higher plants can used
as pesticides for many insects. Marcos
Kogan (1986), found that natural chemi-
cals in plant tissues can control some
insect pests. Arnason et af (1987) re-
ported that limonoids extract reduce the
feeding growth and developments of the
O, nubilalis.

The presemt work was aimed to
evaluate the bioeffect of bioinsecticides
B. thuringiensis, B. bassiana and V. le-
canii and three plant extract derivatives
against corn borer in Egypt.

MATERIAL AND METHODS

Seurce and rearing colonies of target
insects

Samples of hibernated Ostrinia nubi-
lalis (Hubn) and Chilo agamemnon
(Hubn.), infested corn and rice stalks
were collected from El-Sharkia and El-
Gharbia The hibernating larvae were
collected, put in a carton tunnels and kept
in Petri dishes (14x2.5cm) under labo-
ratory conditions 2642°C and 60-70%
RH

The cmerged moths were collected,
sexed and kept in two Iiter cylindrical
glass jars (3 females and 3. males each
jars). The inner surfaces of the jars were
lined with waxy paper for oviposition.
The emerged moths were provided with
small cotton picces soaked in 10% honey
solution for feeding strips of waxy paper
carrying eggs masses (20-25 eggs), each
were cut and kept tightly in a glass jar
with 3gm of semi-anificial diets
{Salama, 1970). The diet consists of dry
kidney beans powder 50 gm, brewer yeast
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16gm, benzoic acid 2 gm, formaldehyde
1 mi, 0.1 ml Hcl / ml agar 9 gim water up
to 500 ml,

For Sesamia cretica the infested stem
parts, carrying deposited eggs, were cut
in pieces and transferred to acrated glass
specimen tube (20x5 cm) provided with
moisten cotton tuft to maintain the inside
at 100% R.H. The larvae were reared on
semiartificial diet (El-Metwaly e« al
1997). The dict components were 450 ml
distilled water, 9 gm agar, 18gm yeast

- extract, 40gm corn leaf powder, 26-25gm

Semn Flour, 9 gm glucose, 9gm casein,
1.35 gm ascorbic acid, 4.5ml sorbic
acid10% and4.5ml paraben 20%.

Bio-effect of the experimented biocides

The commercial Diple-2x compound
based on Bacillus thuringiensis var
Kurstaki stereotype 3a, 3b (32.000 LU/
mg) was tested. Suspensions in water
were added to semiartificial diets at the
rate of 500, 250, 125, 63,32 and 16 ug
Bi/ml diet. The treated larvae were reared
on semi-artificial diet. Mortalities were
estimated after 7 days. The experiments
were replicated 4 times at 26 2°C and
60-70 % RH. Moxrtalities percentage were
counted and corrected according to Ab-
bott (1925), while LC50's were calcu-
lated through probit analysis (Finney,
1964).

The fungi (B. bassiana and V. lecanii)
spores were isolated from dead and/or
infected larvae and pupae of com borers,
and stored individually in tightly closed
sterilized vials at 4°C in a refrigerator.
Refrigerated individuals were examined
through 24-48 h from the: time of storage.
Then dipping in 2% sod um hypochlorite
for 3-5 min followed Ly washing with
sterile distilled water. Isolates were sub-
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cultured on mutrient PDA medium. Iso-
lates were identified at N.R.C. Microbi-
ology Department. The spores of B. bas-
siana and V. lecanii were collected from
the surface of mycelium growth. The
original culture of B. bassiana was,
16x10° conidia / ml, the original culture
of V. I was 8x10® conidia /ml. For B. bas-
siana ot V. lecanii, 0.5 suspended in 100
ml of distilled water and added 2 drops of
emulsifying agents (Tween-80). This
gave rise to a concentration of, 16x10’ or
8x10’ conidia / ml, respectively. The sus-
pension for each pathogen undergo 1-2
fold dilutions, 6 times.

Plant extracts and Methods of extrac-
tion :

Melaleuca ericifolia leaves and M.
leucadendron leaves weré collected from
zoo garden The plant leaves were air
dred at 27+ 3° C and ground to fine
powder.

Chemical compounds of M. ericifolia
and M. leucadendron were extracted with
petroleum  ether followed by chloroform.
Two grams of dried Chloroformic extract
were boiled with charcool. The filtrated
extract was evaporaied to dryness. Prepa-
rative thin layer chromatography was
used for isolation of triterpenoides using
the solvent system toluene-ethyl-acttane
(120:40:  0.5%). Ursolic acid was then
extracted from M. ericifolia plant. The
dried products were re-dissolved in dis-
tilled water with 2 drops of tween-80 as
wetting agenis to prepare 5% suspension
for each type.

Laboratory experiments

The target insects spices 25 second
larval instars were fed on the selected
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artificial diet, contaminated with B. thur-
ingiensis at the rate of 500, 250, 125, 63,
32, and 16 ug/ml.

For B. bassiana added at the concen-
tration of 16, 8, 4, 2, 1, 0.5x10’ conidia /
ml to the insect diet.

V. lecanii added at the rate of 8, 4, 2,
1, 0.5, 0.25 x 10 conidia/ ml to the in-
sect diet. Mortality were counted after 7
days, and comected according to Abbott,
1925. LCS50, variance and 95% confi-
dence limits were calculated according to
Finney, 1964.

The plant extracts were added to the
diet w/iv (5gm of plant extract to 100 ml
of distilled water), Counis of mortatities
were undertaken afier 7days.

All experiments were carried out un-
der laboratory conditions at 26 +2°C and
60-70% RH. Each experiment was repli-
cated four times.

Field trails

The field trails were carried out dur-
ing two successive seasons (2000 and
2001) at El-Kanater Agricultural Re-
search Farm attached to the National Re-
search Center (N.R.C), to study the ef-
fectiveness of (B. thuringiensis, B. bas-
siana, V. lecanii, M. ericifolia, M. leuca-
dendron and Ursolic acid) under field
conditions against the comn borer infesta-
tions.

Maize (Zea mays L.)Var (Giza 2) was
planted at 4 ® week of May (during the
two seasons) in an area about 2800 m?
divided into 28 plots 100 m? each. Each
of the tested formulations was then ap-
plied as a single treatment in 2 random-
ized plot.

Four plots were treated by waleras
check.

Annals Agric. Sci., 47(3), 2002
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1. B. thuringiensis, ‘B. bassiana and V.
lecanii were applied at the mate
20gm/51. water/10m2.

2. The plant extract M ericifolia M
leucadendron and Ursolic acid at the
rate of 10% was tested.

Each treatmment weekly sprayed fig-
ures and replicated 4 times.

The infestation of S. cretica, O. nu-
bilalis and C. agamemnon after 20, 50
and 90 days of treatments were estimated.
The yield weight averages were deter-
mined at harvest season.

Yield assessment

Data presented yield weight figures in
kgs for the treated and untreated plots.
Yield loss was calculated according to the
following equation:

Pmnﬂyud—nmlymx’
Potestial pield

Field loss o0

Potential vicld was the yield treated
with B. bassiana.

RESULTS AND DISCUSSION

Evaluating the bio-effect of plantex-
tracts under laboratory conditions

Data in Table (1) show that M. leuca-
dendron extract at 5% concentration
caused 74, 65 and 59% mortalities among
second larval instar of O. nubilalis, S.
cretica and C. agamemnon, respectively.
The corresponding mortality percentage
reached 64, 56 and 59% after M. ericifo-
lig treaiment and 67, 55 and 50% when
treated with Ursolic acid werc obtained
for thesc insects, as compared t0 0, I and
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0% in the control, respectively (Table 1).
In this concern Mansour e af (1993),
controlled O. nubilalis by some extracted
phenols. Marcos Kogan, 1986 suggested
that many plants contain natural chemi-
cals can control the insect pests. In this
marmer, Arnason et al (1987) extracted
limonoids which can reduce the feeding
and development of the European comn
borer. Jill, (1993), the higher plants can
be used against many insects as pesti-
cides. Many authors controlled the insect
pests by plant extracts, Nassar ef af
(1999) and Mona Magd-E!-Din (2001).

The bio-activity of certain microbial
agents apainst the corn borer insects
(second instar larvae). ;

Data in Table (2) show the LC50's of

The LC350's for B.t were 136, 141 and
151 ug/ml when secondd instar larvae of
O. nubilalis, S. cretica and C. agamem-
non were ftested, respectively. Similar
results obtained by (Othman, 1996; Mo-
hamed, 1997 and Abdel-Rahman, 1992)
and recorded that C. agamemnon and O.
nubilalis arc susceptible to B. thuringien-
sis, var. Kurstaki; Entomocidus and A:i-
Zawai.

The corresponding LC50°s for the
fungus B. bassiana values were 3.2, 2.0
and 1.1x10’ conidia/ml, respectively.

O. nubilalis was more tolerant to V.

lecanii fungus its LC50 reached 2.5x107
conidia/ml, whiie the other insects proved
almost similar susceptibilities to both
fungi Table (2). The results are in accor-
dance with the results obtained by,
(Othman, 1996; Mansour, 1999 and
Abdel-Gawad, 2000) found that the lar-
val stages of the corn borer were highly
susceptible to both fungal Spp.

Annais Agric. Sci. 47(3), 2002
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Table 1. The changes of bio-effect of some plant extracts as indicated by laboratory

experiments.

Plant extracts

Insect

Mortality % (mean)

M. leucadendron

M. ericifolia

Ursolic acid

Control (untreated)

O. nubilalis

S. cretica

C. agamemnon
Q. nubilalis

S. cretica

C. agamemnon
O. nubilalis

S. cretica

C. agamemnon
O nubilalis.

S cretica.

C. agamemnon

74
65
59
64
56
59
67
55
50
0

Table 2. The bio-effect of certain microbial control agents against corn-borer infesta-

tions as determined by laboratory experiments..

. 95% confi-
Pathogen Insect LC50 Slope  Variance dence limits
O. nubilalis 136 0.6 14 122-149
B, thuringiensis 8. cretica 141 L5 22 130-157
C. agamemnon 151 14 23 143-168
O. nubilalis 3.2X107 0.5 2.5 2.4-4.4x0 7
S. cretica 24 1.5
B. bassiana 7 R 7
C. agamemnon 2.0X10 14 18 1.0-3.2x0
1.1x107 02-2.2x107
O. nubilalis 2.5X107 03 34 ]‘4_4'23(107
S. cretica 1.3 1.5
V. lecanii 7 - 7
C. agamemnon 1.7X10 13 27 .4-2.9x10
1.3x10°7 0.5-2.5x10

Moralities corrected according to Abbett, formula, 1925.
Annals Agric. Sci., 47(3), 2002
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Field trials with the tested bioinsecticides. The fungi

especially, B. bassiana showed a high

Data in Table (3) summarize the per-  potential effect against corn borer infes-
centage of infestation after treatments  tations.

Table 3. The changes in the filed trails assessments of damage figures caused after

treatments,
% of infestation (mean}
Post1Zapphi- e SEASON 2000 SEASON 2001
cation date
S. cretica S. cretica

Control 51" a4t
Bt 304 26™
Bb 25 14¢
4} 3 bl

20 M leucadendron 34 N>
M encifolia 39 34
Ursolic acid 304 10
F value 20,03 11.65%*
LSD5% 312 290

5 0. lod 8 0. c
cretica bilati ag cretica  Mwbilalis  agamemmon

Control 47" 0" 45" 46 41 40"
Bt 26" 264 28" 27 24°¢ »°*
Bb 19 181 178 12t 104 16"
vi 3f B 0t 21°¢ 3°* 264
M. leucadendron 32° 0* 304 334 30% 10°¢

0 M. ericifolia 30° 3 17" 38® 3t k1l
Ursolic acid 34" 27 * . 34° 3°® 33°
F value 12.020%  ]1.56%* 10.32% 967 13.08%* 14.8%*
LSD5% 166 231 139 137 2.09 213
Control 3% 39" 43" 37" 43° 334
Bt 25¢ 3¢ ¢ 22° 34 12¢
Bb 9* 104 16° 10 20! g
Vi 201 25° ¢ 25¢ 28" nt

90 M .leucadendron 31" 33" 30° Kkl 37® 24°
M ericifolia 30° 12* 35° 30 - 3™
Ursolic acid 30° 33* kxRl 31° 33 26"®
F value 15.10%* 1220 16.04%+ 989%%  j043er 11.54%%
LSD5% 122 204 312 1.02 2.33 344

Values in column with the same letters are not significantly different at 5%levels probability.
*B.t : Bacillus thuringiensis

B.b : Bequveria bassiana

V.1 : Verticillium lecanii

Annals Agric. Sci. 47(3), 2002
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The data show that during season
2000, after 20 days 1% post applications,
infestation of S. cretica were 51% in the
control. In case of B. bassiana treated
plots this percent was significantly de-
creased to 25% (Table 3). After applica-
tion with B.t, V.., M. leucadendron, M.
ericifofia and Urisolic acid, the percent-
age of infection significantly decreased to
30. 30, 34, 39 and 30%, respectively.

After 50 days of the post first appli-
cation the percentage of infestation by O.

nubilalis and C. agamemnon in the con~

trol plots increased to 40 and 45%, re-
spectively. In all bioinsecticides treated
areas, the percentages of infestation were
significantly decreased, ascompared to
the corresponding control. In case’of B.
bassiana  treated areas, infestation
reached 18, 19 and 17% for O. nubilalis,
S. cretica and C. agamemnon, respec-
tively. The percentage of infestation of
the target insects decreased to 23, 23 and
20% after treatment by V.. In general,
the data show that B, bassiana proved the
most protective agent among the tested
materials for all the target insect pests.

After 90 days of the first post appli-
cation, also the percentage of infestation
by the target insects was significantly
decreased after the bioinsecticides appli-
cations as compared (0 the corresponding
control in the field.

During season 2001, the same results
obtained. Twenty days of the first post
application the percentage of infestation
with S. cretica were significantly de-
creased afier treated by with B.t, B. b, V.
{, M. leucadendron, M. ericifolia and ur-
solic acid, 26, 14, 23, 31, 34 and 30%
respectively,  as compared to 44% in the
control.

After 359 days of the post applications
by the bioinsecticides tested, the rate of
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infestation by O. nubilalis, S. cretica and
C. agamemnon were still significantly
less than the corresponding controis, re-
spectively.

After 90 days of the applied bioinsec-
ticides the infestation percentage of O.
nubilalis, S. cretica and C. agamemnon
were significantly decreased according to
the different treatments. Lewis and Bing
(1990) controfled O. mubilalis by B.t and
Bb

Our results agree with (Hussey and
Tinsley, 1981 and Riba 1984) who
found that Beawveria bassiana and Ver-
ticillium lecamii are currently being de-
veloped as a mycocoinsecticides for the
European corn borer.

In this concern, Othman, 1996, iso-
lated V. lecanii from Q. mubilalis in Egypt
and found that S cretica was susceptibie
to the fungal infection. The entomopa-
thogenic fungi B. bassiana and V. lecanii
can protect the plant from the infestation
by the target insects for a long time,

Abd-El-Gawad, 2000, suggested that
fungal treatments with B, bassiana and V.
lecanii reduce the maize plant infested
with corn borer. Bing and Lewis (1991)
and 1992, found that B bassiana could
control O. nubilalis in the field.

Foschi and Grassi (1985), found that.
B. bassiana and M. anisopliae signifi-
cantly reduced the number of borer
holes per plant. Also B. bassiana re-
mained effective for longertime in the
field.

Bing and Lewis, (1991 and 1992)
found that foliar application of the fungus
B. bassiana on maize plant caused 98.3%
reduction in O. nubilalis infestation,

The results agree with Mansour,
{1999} reported that B. bassiana caused a
higher mortalities against Q. nubilalis and
C. agamemnon than S. cretica.

Annals Agric. Sci., 47(3), 2002
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Abdel-Gawad. (2044) found that lar-
val instar of S. creficawas highly sus-
ceptible t¢ B. bassiana followed by No-
muraea rileyi and I. lecanii. He found
also that field application of the ento-
mopathogenic fungi and chemical insec-
ticide against O. nubilalis, C. agamemnon
and S. exigua caused a significant decline
in farval population. Also he showed that
fungal treatments - reduced the number of
tarvae in maize plants and newly hatched
larvac were highly affected by fungal
reatments.

Ismail, 1998, suggested that the plant
extract of lemon grass leaves powder and
B. thuringiensis may have a residual ac-
nvity against S. cretica lacvae for at least
4 weeks after applications.

Yield assessments

Data in Table (4) show that the weight
of ears, recorded highly amount 220:£5.09
kgms/fedan after treating the crop by
(B.b) as compared with 115&5.98 kgms/

Sabbour, Magda

fedan in the control plots. The weight of
ears . in all tested treatments

between 199 +£4.40 and 220+5.09
kg / fed. This led to a significantly de-
crease in  reduction of the yield ranged
between 4.19-17.59 kg/fed. during season
2000 Table (4). During season 2601 the
ears weight significantly increased afier
treatment with the tested bioinsecticides
as compared to 103+4.25 kg/fed inthe
uatrcated plots. The percent of reduction
in the yield ranged between 4.04- 19.57%
as compared to 53.44% in the control
Table (4).

The results agree with Abdel-Gawad
(2000) who found that the treatments
with the fungi caused a higher reduction
in infestation with the com borers. He
also found that the maize gain yield was
significantly increased as aresult of the
fangal application with B. » or V. /. In
this concern Semeada, 1998; Sweify,
1998 and Mansour, 1999, who recorded
that the maize yield increased after fungal
treaments.

Table 4. Assessments of damage caused after treatments.

Season 2000 Season 2001

Treatments wt oé:: Ke/ %okfgnylj;:lm Wt. of ears Vwkfg}rl;ﬁoss
Control ' 1152598 4778 103+4,25 © 53.44
B.t 21149.10" 4.19 2134653 ° 4.04
Bb 2204509 * 0 32242 56 ° 0
Vi 19944 .40 ° 9.30 201:78° 9.56
M.leucadendron 18425.63 © 16.23 188+5.45 % 1529 |
M. ericifolia 182+4.80 17.13 1784579 ¢ 19.57
Ursolic acid 181+ 6.43 17.59 180+5.40 © 19.01 i
F value 27.949** 20.719%*
LSD5% 10.49 11.87

Annals Agric. Sci. 47(3), 2002
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It could be concluded that the fun-
gus B. bassiana proved to be the most
protective agent among the tested mate-
rials for all the target insect species, this
is followed ir descending order, by B.4,
V.l and botanical extracts and / or deriva-
tives,
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