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Abstract

The efficiency of five isolates of Bacillus spp. isolated from the
most important agricultural pests in Alexandria and Beheira re-
gions,Egypt were evaluaed, for the first time to conrol the 4th larval in-
star of the cotton leafworm, Spodopter littoralis Boisd. under laboratory
conditions. The results indicated that Bacillus thuringiensis var. Kurstaki
(H3a, 3b) was more effective on the larvae of S./ittoralis than the other
species.At the highest concentration (12 x 107 spores/ml), percentages
of mortality reached 90, 86.66, 76.66, 70 and 53.33 with
B.thuringiensis var. Kurstaki, B.sphaericus, B.pumilus, B.megaterium
andB.coagulans, respectively after 7 days from treatment. Whereas, the
LCS50 value for B.thuringiensis var. Kurstaki (1.10 x 107 vs./ ml) was less
than that of B.coagulans (9.00 x 107 v.s./ml). So, this bacterium
B.thuringiensis var. Kurstaki was more effective on the death of the 4th
larval instar of S.littoralis.

Therefore, the pathogenicity of these bacterial strains can be
used as microbial control agent against S.littoralis.

INTRODUCTION

In Egypt, the cotton leafworm, Spodoptera littoralis Boisd., is the most com-
mon and widespread inscet pest on cotton, vegetables and forage crops. The use of
chemicals is still having an important role in controlling of insect pests.

Biochemical and serological studies of twenty-four separate isolates of crys-
talliferous B.thuringiensis was carried out by de Barjac and Bonnefoi (1962). A fur-
ther study was done by de Barjac and Frachon (1990) individualized 27 serotypes
from 1,600 isolates. In effect, B.thuringiensis is a B.cereus with the capacity to
synthesize a protein "crystal" which enables the bacterium to kill larvae of various
insecs in the Lepidopteran, Dipteran and Coleopteran orders.

About 50 strains of B.thuringiensis have been isolated from different insects
and classified into 12 groups by esterase patterns and by serological and biochemi-
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cal tests. B.thuringiensis and its relative have been tested against many insect spe-
cies, mainly Lepidoptera, many of them were found highly suceptible to these bacte-
ria (Burges, 1981).

Microbial control agents are receiving now a great deal of consideration, as a
possible safer substitues and as a mean of reducing chemical insecticides (Hamed,
1991 and Zaki, 1991).

The present investigation aimed to clarify the efficiency of isolated Bacilfus
spp. against the cotton leafworm larvae in laboratory.

MATERIALS AND METHODS

Isolation and identification of bacteria: A first record of five bacterial
strains of Bacillus spp. were isolated from diseased individuals of the most impor-
tant agricultural pests in Alexandria and Beheira regions, Egypt. These strains were
given code numbers as indicated in Table 1.

1. Nas. 1, Bacillus thuringiensis var. Kurstaki (H3a, 3b).
2. Nas. 2, B.coaguléns (HB/AC n® 86/59).

3. Nas. | + Il, B.megaterium (HdB / MFB 90/564)

4. Nas 11 + 12, B.pumilus (HdB/BFB 91/.700).

S. Nas. 25, B.sphaericus (Mayer and Neide).

Isolated bacteria were identified by Prof. Dr. H. De Barjac at the Biological
control, Pasteur Institute; a Collaborating Centre for Entomopothogenic Bacillus in
Paris, France. Isolation and purification of bacteria were carried out according to
the methods of Mortignoni and Steinhaus (1961),. The bacteria were cultured on
Glycerol Agar Medium (G.A.M.), then incubated at 28°C for 48 hrs. Plate count
technique was used to determine the number of viable spores of Bacillus spp. per mi
to prepare the concentrations.

Test insect: Laboratory strain of Egyptian cotton leafworm, S.littoralis (Boisd.)
was maintained and reared on a semi-artificial diet was prepared according to Hega-
zi et al., (1976) at Agricultural Research Station, Sabahia, Alexandria, Egypt.

Bioassay tests: Bioassay tests were carried out on the fourth larval instar of
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Table 1. List of five Bacillus spp. isolated from some important agricultural pests in Alexandria and Beheira governorates, Egypt.

Curculionidae

2- Lepidoptera
Tortricidae

3- Hemiptera
Lygaeidae

4- |soptera
Kalotermitidae

(Larvae and adults)

Lobesia botrana
(Den. & Schiff.) (Larvae)

Oxycarenus hyalinipennis
Costa (Nymphs & Adults)

Kalotermes flavicollis
Fab., (Nymphs)

Kurstaki (H3a,3b)
2- B.coagulans

3- B.megaterium

4- B.pumilus

S- B.sphaericus

Nas 2

Nas | +ll

Nas 11+12

Nas 25

governorate (Abis)

Beheira govemorate
(Jinaklies and
Borg-Elarab)
Alexandria
governorate (Abis)

Alexandria
governorate (Abis)

Insect
Order and Family Species Isolated Bacillus spp. Code number Location Host plant
1- Coleoptra Hypera brunneipennis Boh. 1-B.thuringiensis var. Nas 1 Alexandria Egyptian clover Tri-

folium
alexandrinum

Grape vine
Vitis vinefera

Okra
Hibiscus esculentus

Swamp oak
Casuarina glauca
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S.littoralis under laboratory conditions of 27 + 1°C and70 * 2% R.H. in plastic cups
(5.5 cm in diameter and 6.5 c¢m hight).All tested individuals were starved for about
24 hours, then introduced to the cups provided with semi artificial diet treated with
bacterial suspension. Five concentrations of the isolated bacteria (12 x 107,9 X
107, 6 x 107,3 x 107 and 1.2 x 107 spores/ml) were used. All treatments, includ-
ing the untreated check, were replicated three times and 10 larvae were used for
each replicate. Only distilled water was used in the untreaed check.

Mortality counts were recorded after 2,5 and 7 day of treatment and data
were corrected according to Abbott's formula (Abbot, 1925). Percentage of mortal-
ities (transformed by using angular transformation) were subjected to analysis of
variance (ANOVA) and means were compared by L.S.D. test at 0.05 level. LC50 val-
ues and slope were estimated by using the method of Litchfield and Wilcoxon (1949)
for susceptibility of the 4th larval instar of S.littoralis to five Bacillus spp. after 7
days of treatment.

RESULTS AND DISCUSSION

The isolated bacterial strains, B.thuringiensis var. Kurstaki (H3a, 3b),
B.coagulans, B.megaterium, B.pumilus and B.sphaericus recorded in Egypt for the fi-
rst time. These five strains isolated from four important'pests in four families be-
long to four different orders.

The susceptibility of the fourth larval instar of S.littoralis to these five
strains of Bacillus spp. after certain days of treatment were recorded and shown in
Table 2. B.thuringiensis var. Kurstaki at the lowest concentration of 1.2 x 107 v.s./
ml revealed 0, 36.66 and 56.66% mortalities after 2,5 and 7 days, respectively.
At the same concentration, B.sphaericus, B.pumillus, B.megaterium and B.coagulans
the percentage of mortalities after 2,5 and 7 days of treatment were
(0,30,53.33%), (0,23.33,40%), (0,20,36.66%) and (0,10,20%),respectively.

At the highest concentration of 12 x 107 v.s./ml, the percentage mortalities
after 2,5 and 7 days of treatment were (20, 83.33,90%), (16.66,73.33, 86.66%),
(10,66.66,76.66%), (6.66, 63.33, 70%) and (3.33, 46.66, 53.33%) for
B.thuringiensis var.Kurstaki, B.sphaericus, B. pumilus, B.megaterium and
B.coagulans, respecively.

The statistical analysis proved significant differences between : (1) the per-
centage mortalities and the concentrations of five strains of Bacillus spp., (2) the
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Table 2. Effect of five Bacillus spp. on the susceptibility of the fourth larval instar
of S.littoralis after 2, 5 and 7 days of treatment.

Bacteria C(oncentration Mortality % at indicated days —
spores/ml) > 5 7

1.2x107 0.00 36.66 56.66 | 31.11d
Bitvariirsiai 3x107 6.66 46.66 70.00 |41.17¢cd
6x107 10.00 56.66 73.33 | 46.66bc

9x107 13.33 63.33 83.33 | 53.33b

12x107 20.00 83.33 90.00 | 64.44a

X 9.99¢ 57.33b 74.66a | 47.33A

1.2x107 0.00 30.00 53.33 | 27.78d

B.sphaericus 3x107 3.33 43.33 66.66 37.78¢
6x107 6.66 50.00 70.00 | 42.22¢

9x107 10.00 60.00 76.66 | 48.89b

12x107 16.66 73.33 86.66 | 58.88a

X 7.33¢c 51.33b 70.66a | 43.11B

1.2x107 0.00 23.33 40.00 | 21.11d

Bumiliss 3x107 3.00 40.00 53.33 | 32.22¢c
6x107 6.66 46.66 66.66 | 39.99b

9x107 6.66 56.66 70.00 | 44.44b

12x107 10.00 66.66 76.66 | 51.11a

X 5.33¢ 46.66b 61.33a | 37.77C

1.2x107 0.00 20.00 36.66 | 18.89d

B.megaterium 3x107 0.00 36.66 50.00 | 28.89¢c
6x107 3.33 40.00 60.00 | 34.44b

9x107 6.66 53.33 66.66 | 42.23a

12x107 6.66 63.33 70.00 | 46.66a

X 3.33¢ 42.66b 56.66a | 34.22D

1.2x107 0.00 10.00 20.00 | 10.00e

Braans 3x107 0.00 16.66 30.00 | 15.55d
6x107 0.00 26.66 43.33 | 23.33¢c

9x107 0.00 40.00 50.00 | 30.00b

12x107 2.33 46.66 53.33 | 34.44a

x 0.67¢ 27.99b 39.33a | 22.66E

Means followed by the same letter are not significantly different at 0.05 level by
L.S.D. test.
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mortality percentages and the days after treatment (2, 5 and 7 days), and (3) the
mortality percentages and the Bacillus treatments.

The results revealed that B.thuringiensis var. Kurstaki was more effective on
S.littoralis larvae than the other used bacteria. So, the efficiency of the five strains
of Bacillus on the 4th instar larvae was arranged descendingly as follows:
B.thuringiensis var. Kurstaki, B.sphaericus, B.pumilus, B.megaterium and

B.coagulans.

The LC50 and slope values for the 4th larval instar of S.ittoralis after 7 days
of treatment by using the five Bacillus spp. are recorded in Table 3. The LC50 value
for B.thuringiensis var. Kurstaki (1.10 x 107 v.s./ml) was less than that of
B.coagulans (9.00 x 107 v.s./ml). Therefore, B.t.var. Kurstaki was more effective
against S.littoralis larvae.

Table 3. Parameters determined according to the statistical method of analysis
adapted by (Litchfield and Wilcoxon, 1949) for susceptibility of the 4th
larval instar of S.littoralis to five Bacillus spp. after 7 days of treatment.

Bacillus spp. LC50 Slope Confidence limits of
(v.s./ml) (S) LC50
B.t.var. Kurstaki | 1.10 x 107 6.41 1.71x107 : 0.71 x 107
B.sphaericus 1.40 x 107 6.89 2.24 x 107 : 0.88 x 107
B.pumilus 2.70 x 107 7.85 4.46 x 107 : 1.64 x 107
B.megaterium 3.40 x 107 9.48 6.09 x 107 : 1.89 x 107
B.coagulans 9.00 x 107 7.08 14.4x 107 : 5.63 x 107

Reviewing the above-mentioned resuits it could be concluded that the efficien-
cy of the isolated Bacillus spp. on the 4th larval instar of S.littoralis after certain
days of treatment, agreed with Zaki (1991) who mentioned that the entomopatho-
genic bacteria B.T. represent a good example of biological control. The successful
use of B.thuringiensis for conrolling some insect pest specially the cotton leafworm,
S.littoralis, the black cutworm Agrotis ypsilon, the lesser cotton leafworm,
S.exigua and other lepidoperous insects was repeatedly demonstrated in field exper-
iments.

In Egypt, Hamed (1991) mentioned that the results of his experiments indicat-
ed that B.t.var. Kurstaki and var. aizawai can be used against S./ittoralis on cotton
and forage crops.



1579

BACILLUS SPP.AGAINST THE COTTON LEAFWORM

Table 4. Effect of isolated Bacillus spp. on different pests species.

Bacillus spp. Treated pests Host Location of rsearch Concentration % Mortalit) References
Laboratory | Laborat
B.thuringiensis | 1- Hypera bruneipernis| Alfalfa Nubaria (new reclaimed 10.0%
X »m larvae. Meducago satival.| area in Egypt). 99.33 - Nasr and Zarif (1996)
ursta 2- Leuzera pyrina Pear orchards El-Tabia, Alexandria, 12x107v.s./ml 100.00 92.00 | Shehata et al., (1995)
(H3a,3b) larvae. Governorate
3- Hypoborus ficus Fig trees El-Agami district and Agri-| 74.70x106v.s/ml| 55.90 60.80
larvae. cultural Experimental sta- 57.70 | Shehata et al., (1993)
4- Oxycarenus hyalinipen-| Ok tion, El-Sabahia, A.G.
nis Nymphs ra plants El-Sabahia Horticultural 82.80x105 v.s./m] 51.30 57.58
adults i Experimental Station, A.G.
5- Sesania cretica larvae, | Maize plants Abis, Alexandria, G.E. 12x107 v.s./ml -- 54.86 | Nasr et al.,, (1992)
B.sphaericus 1- Kalotermes flavicollisy Casuarina trees El-Sabahia Research Sta-| 84 x 107 v.s./ml | 85.00 - Nasr and Ibrahim (1997)
Nymph tion, Alxandria 86.60 -
2- Gyptotermes brevis] Agricultural Experimental| 12x107 v.s./ml 65.00 - Nasr and Moein (1992)
Nymph Station, El-Sabahia, 12x107 v.s/ml 20.00 - Shehata et al., (1995)
3- Zpyrina larvae Pear orchards Abis, Alexandria, G.E. 83.30 == |Nasr and fIbrahim
4- S.cretica larvae Maize plants 78x106 v.s/ml 87.50 - (1997)
1- Lobesia botrana larvae. Grape vine Agricultural Experimental 57.50 -
B.megaterium | 2- Crptoblabis gnidiella P Station, El-Sabahia, A.E. 12x107 v.s./ml 60.00 -~ | Nasr ans Rashed (1992)
3- Spodoptera littoralis| 33.80 32.80
larvae. 78x107 v.s./ml 30.50 30.50 | Shehata et al., (1993)
4- H.ficus larvae. Fig trees El-Agami district and A.E.S.
5- Zpyrina larvae. El-Sabahia, A.E. 16.90x10S v.s./m| - == | Shehata et al., (1995)
8 i 6- Ceratitis capitata adult | Pear occhards El-Agami district and
-pumitus b.%%k&ﬁwman\w 50% sugar solution »m_ o m_.m_mm»zm. AG. , 16.90x105 v.s./m| - - Nasr and Rashed (1992)
lymphs adult Okra plants gricultural Experimental
w. C.3j .amﬁ\m mac_ﬂwn ; P mnmaoa. mm_.mwcmzu. B 12x107 v.s./ml wwww u_.mm e .. (189%)
- H.ficus larvae adults 4 Agricult Experimental Sta- 78. 73.0 ehata et al., (1
4- Z.pynna larvae m_wo\mz‘wmmmq soltion tion, El-Sabahia. 12x107 v.s./ml -- Shehata et al., (1995)
B.coagulans 1- S.cretica larvae Pear orchards El-Sabahia Horticultural == |Nasr_ and Ibrahim
2- Zpyrina larvae Maize plants Experimental Station, A.G. (1997)
Pear orchards Agricultural Experimental | 12x107 v.s./ml i
Station, El-Sabahia 0.00 - Shehata et al., (1995)
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Also, These results support the findings shown in Table 4 which showed the
effects of isolated Bacillus spp. on some important pests in Alexandria, Egypt. The
results revealed that B.t.var. Kurstaki was the most effective on larvae of
H.brunneipennis. The highest mortality percentage was 93.33 at the highest concen-
tration (10.0%) after 7 days of treatment (Nasr and Zarif, 1996). While B.t. var.
Kurstaki at concentration of 12 x 107 v.s./ml represented the most effective for
controlling Zeuzera pyrina larvae, 100% and 92% mortality under laboratory and
field conditions. On contrast, B.coagulans, B.pumilus and B.megaterium do not affect
the same larvae. (Shehata et al., 1995). It is clear from Table 4 that B.t. var. Kur-
staki and B.sphaericus at the highest concentration of 12x107 v.s./ml, the percent-
age mortalities were 86.60 and 83.30%, respectively for the 2nd larval instar of
the greater sugar-cane borer, S.cretica after 7 days of treatment under laboratory
conditions, (Nasr and lbrahim 1977).

On the other hand, Table 4 showed larvae of L.botrana were more susceptible
to B.megaterium than both C.gnidiella and S.littoralis larvae. The percentages of
mortality at 78 x 106 v.s./ml were 87.5,60 and 57.50% for L.botrana, S.littoralis
and C.gnidiella, respectively after 7 days of treatment (Nasr and Rashed 1992).

Also, the results indicated that the nymphs of K.flavicollis were more sus-
ceptible to B.sphaericus than the nymphs of C.brevis. The percentages of mortality
after 14 days at the concentration of 84 x 107 v.s./ ml of B.sphaericus were 87.5
and 65 for both termites, respectively (Nasr and Moein, 1992).

In conclusion, mortalities were depending on the concentration used of Bacillus
spp- The results proved that S.littoralis was more susceptible to B.t.var. Kurstaki
and B.sphaericus than to B.pumilus, B.megaterium and B.coagulans.
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B.thuringiensis var.Kuristaki, (H3a,3b),B.sphaericus, B.pumilus, B.mgaterium, B.coagulans.

(TRS SR TPY TN VR E POV [ONZ TCTPY QUM UL T .1 | [ BN SN LB | ETPOT Y BN KL
SSal L e oSG Ui (Yo / Yy V) =S s B.thuringiensis var. Kuristaki (H3a, 3b).
(do/easia VAL X Q) 50855, Bueoagulans L yusSal Waladl ol fps 70 2 sl sl



