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ABSTRACT

The toxicity of B.t. (Dipel 2X 6.4% and Protecto 9.4%) alone and
combinaticns of B.t and garlic and hot pepper scaks in water and mineral oil (Alphaz.)
was examined on the first instar larvae (neonate) of Spodoptera littoralis (Boisd).
Pepper and garlic soaks in water or in oil increased the efficiency of Dipel 2x and
protecto against the neonates of the cotton leaf worm. The toxicity of Dipe! 2x was
increased by 2.82, 14.55, 8.41 and 13.61 folds when it used in mixture with pepper
soak in water, pepper soak in oil, garlic soak in water and garlic soak in oil
respectively .

The results also indicate that the addition of garlic or het pepper soaks in
water or oil to protecto gave the highest values of relative toxicity, whereas 5.15, 9.44,
6.39 and 14.06 folds also obtained with the same mixtures, respectively.

On the other hand, twenty—two compounds were indentified in the water extract of
hot pepper. The dominant compound was 4H-pyran-4-one, 2-3 dihydro -3,5-dihydroxy 6
methyl which appeared at Rt 7.61 min with 29.64% area. While twenty-one compounds
were detected and identified in water garlic extract. 2- Furan carboxaldehyde, 5 hydroxy
methyl was the dominant compound represented 66.31% of the totail area of this extract .

INTRODUCTION

For several decades since its discovery, formulations of Bacillus
thuringiensis have been seen as the ideal means of controlling Lepidopteran
pests in agriculture because of the many attributes that differentiate these
microbial insecticides from the synthetic chemical formulations. No toxicity to
mammals, environmental friendliness, and good integration with other pest
control methods, all made B.L. the much needed tool for IPM programmes in
developing countries.

It is known that B.f has a very short effective residual life. Previous:
studies have shown that the incorporation of certain toxic and nontoxic
additives such as emulsifying agents, protein solubilizing agent, mineral oil,
nitrogenous and aromatic compounds, inorganic salts and allelchemicals in
insect diet along with B.L ssp kurstaki can potentiate the action of the
pathogen, resulting in higher farval mortality and lower feeding activity in
noctuid larvae (Salaam et al., 1984, 1989, Morris et al, 1995 and Besheli,
2007) '

The purpose of the present study is to investigate the interaction of
some botanical compounds extracts with Bacillus thuringiensis ssp. kurstaki
against the neonate of the cotton leaf worm Spodoptera littoralis Boisd and
identification of the active components of crude test extracts by using
GCMS.
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MATERIALS AND METHODS

Compounds used:

A. Bio-insecticides:

1-Dipel 2X: it is a wettable powder formulation based on B.t. Supsp Kurstaki.
1t contains iepidopteran active toxin 6.4% and 93. 6% inert matenal produced
by Abbot Laboratories. North Chicago USA.

2- Protecto: it is a wettable powder formulation based on B.t. Supsp
Kurstaki. It contains lepidopteran active toxin 9.4% and 80.6% inert material,
produced by Plant Protection Research Institute, ARC, Dokki, Cairo, Egypt.

B. Experimental oil:

Alpha Z-0il 96.4% EC.: it is a highly purified paraffinic oil supplied by
Cooperative Organization of Petroleum. Its physical properties and structural
composition were determined according to ASTM method (Anonymous,
1980).

C. Garlic and hot pepper soaks:

Garlic Allium sativum and hot pepper Capsicum sp. used in this
experiment were selected free from diseases hundred grams of chopped
garlic or hot pepper were added to 100 ml of distilled water and the same
weight of garlic or hot pepper was added to 100 mi of Alpha Z-oil EC 96.4%.
The mixtures were allowed to stand for 24 hours. The extracts were filtered
through gauze and kept in a dark brown giass bottle until use.

Test insect:

The first instar larvae (neonate) of lab. strain of Spodoptera littoralis
were reared on the semi synthetic diet Ahmed (1996), which consists of the
following components :

Dry powdered lima beans 150gm
Dry yeast 15 gm
Ascorbic acid 3gm
Nipagin (methyel L- P- hydroxyl henzoate) 3gm
Agar 10gm
Distilled water 600m|

Agar was dissolved in 200 ml of boiling water. The other ingredients
were blended in 400mi water. They were mixed after cooling below 60°C and
the diet was poured into a number of plastic cups (3x4 cm, diameter x depth).
Testing and evaluation:

There were six experimental treatments:
1- Dipel 2x or protecto alone
2- Dipel 2x or protecto mixed with garlic soak in water at 1:1.
3- Dipel 2x or protecto mixed with garlic soak in tested mineral oil at 1:1.
4- Dipel 2x or protecto mixed with hot pepper soak in water at 1:1.
5- Dipel 2x or protecto mixed with hot pepper soak in oil at 1:1.
6- Mineral oil alone.
400y1 from every concentration of tested B.f. alone or its mixture with
plant soaks or oil alone was applied onto the insect diet in the plastic cups
using micropipette.
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Each concentration was replicated three times, the cups used as
control was freated with plant soaks in water and repiicated aiso three times.

Twenty of neonate larvae of S. /itforalis were placed on the surface of
treated cups after it dried. Percentage mortality was caiculated after 72 hrs
and corrected by Abbott's formula (1925). The corrected percent rnortalities
_were statisticaily computed.according to aney {1 971)

- GC /MS.ldentification. '

Teg mi of ; each water extract fi Itrate were passed through
13mmGDD(d|sposable synnge filter of 0.45 um pore size {Whatman Inc.,
Clifton, NJ, USA) for further purification.

Separation of resuiting A. sativum and Capsicums sp water crude
extract, fractions was accomplished on Agilent 6890 gas chromatograph
equipped with an Agilent mass spectrometric detector, with a direct capillary
interface and fused silica capillary Colum HP-8MS (30mx0.32 mm
i.d.x0.25um film thickness) Samples were injected under the following
condition:

Helium was used as carrier gas at approximately 1.0 mi /min, pulsed
split less mode. The solvent delay was 4 min. and the injection size was 1.0
ul. The mass spectrometric detector was operated in electron impact
ionization mode with an ionizing energy of 70 e.v. scanning from m/z 50 to
700. The ion source temperature was 230 °C and the quadruple temperature
150 °C. The electron multiplier voltage (EM voitage) was maintained 1050 v
above auto tune. The instrument was manually tuned using perfluorotributyl
amino (PFTBA). The GC temperature program was started at 80 °C held on
three min., then elevated to 260 °C at rate of 8 °C/ min. The detector and
injector temperature were set at 280 and 250 °C, respectively.

RESULTS AND DISCUSSION

It always seams convenient to measure the efficiency or toxicity of
different toxic materials by comparing them with a stander compound. To
achieve this, the toxicity index was obtained by comparing the efficiency of
the tested compounds, at a fixed level LCs or LCy to their most effective
compound.

The toxicity index was calculated by the following equation (Barakat et al.,
2006)

Toxicity i =  LCy or LCo of the most effective compound :
oxicity index LCso or LCy of the other tested compound X 100

The toxicity index in Table (1) indicated that Dipel 2x with garlic
soak in oil, drpel 2x with gariic soak in water, Dipel 2x with pepper soak in
water, Dipel alone and Alpha Z oil were 93.53, 57.80, 19.36, 6.87 and 0.80%
as effective as Dipel 2x with pepper soak in oil (100%) at LCso value. The
results in Table 2 revealed that the most effective compound was the
protecto with garic soak in oil. Based on the toxicity index, the tested
compound could be ananged ducemmgly aceording to their toxlc:ty agamst
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the neonates larvae of Spodoptera littoralis as follows : Protecto with garlic
soak in oil, protecto with pepper soak in oil, protecto with garlic soak in water,
protecto with pepper soak in water, protecto alone and Alpha-Z oil. Their
toxicity index values based on LCs were 100, 67.16, 45.47, 36,60, 7.11 and
0.44, respectively. The role of mineral cil EC in augmenting the effectiveness
of insecticide formulation could be attributed by the function of oil as an
antifeedant and /or as a penetrate aid (Mustafa and El-Attal, 1985).

The role of pepper and gartic soaks, in water or oit in increasing the toxicity of
the bio-compounds Dipel 2X and protecto is shown in (Tables 3 and 4). The
relative toxicity (R.T.) was calculated from LCsy values by assigning and
arbitrary value of 1.0 for the least effective compound.

Table (1): Efficacy of Dipel 2X alone or in admixture with garlic or
pepper soaks in water or in mineral oil against the neonate
of Spodoptera littoralis under laboratory conditions.

Treatments i ;:f'm 2 InL:)::m T Stope
Piple 2X s30-103.18 | 8% | gearrozosees | 9% | 09
s ewater T d 5.5233i9§1 03 | 1936 (232.;; 3-173?02.38) 325 | 0.96

poponiialiag _(_2.0; fg.zq 100 | 2.619628:19.54) 100 | 2.28
o Invater wlic Q.a1840112.89} 57.80 | 4 1907 %223.21 y | 1399 ) 1.08
soarinoll | @rroson | B | goei-sesy | 85| 179
plpha Z-oll @032 78 275035 02 | easez6- Tor7an| 013 | 175

T. I.: Toxicity Index

Table {2): Efficacy of Protecto alone or in admixture with garlic or
peppaer soaks in water or in mineral oil against the neonate
of Spodoptera littoralis under laboratory conditions.

LCw n LCx m Slope |-
in ppm % in ppm % :
147.46 3477.21
(109.68-222.26) | "*' | (1426.35-1732029) | 233 | 03
rotecto + pepper 28.66 57462
(22.36-3553) | 390 | (33732 130620y | 1409 | 118
15.62 160.37
_(11.20-2000 | 578 | (11585-30262 | 4770 | 124
rotecto +  garlig 2307 339.25
(16.03-30.65) | 4547 | (o3374-570.44) | 2986 | 092
rotects + gariq 10.49 3094
osk in oil 732-1357 | "0 | (sza0-11823 | 100 | 144
2370.25 12785.62
pha Z-o (203275-2759.35) | 044 | (oo46.26 - 17617.31) | 063 | 175

T. 1.: Toxictty Index

The toxicity of Dipel 2X was increased by 2.82, 14.55, 8.41 and 13.61
folds when it used in admixture with pepper soak in water, pepper soak in oil,
garlic soak in water and garfic soak in oil, respectively (Table 3). Also the
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toxicity of protecto was increased by 5.15, 9.44, 6.39 and 14.06 folds when it
used in admixture with the same previously soaks (Table 4).

Tables (5) and (6) show the chemicai name, Rt, % area, molecular

weight {M.W) and chemical formula of the fdentlﬁed compounds in water
extract of hot pepper and garlic. )
Twenty—two compoungds were identified in the water extract of hét pepper on
the basis of their molecular weight (M.W), molecular formula and scan, after
comparing them with library data of the instrument. The quantitative
determination was carried out based on peak area integration (Table 5). Data
show that 4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl (no.13} which
appeared at Rt 7.61 min was the dominate compound with 29.64 as % area
followed by 1,2-Bis (trimethyisilyl) benzene (no.9) with 12.1% and 4-
octanone, 2-methyl-thiopivslic acid {no .5) with 9.72%.

George et al (2007) reported that fruit extracts of Capicun annuvm

and C. frufescence could be useful for managing of cabbage loppers and
spider mites, which could reduce reliance on synthetic pesticides.
Table (6) shows that twenty —one compounds were detected and identified in
water garlic extract. 2-Furancarboxaldehyde,5-(hydroxymethyl) was the
dominate compound represented 66.31 % of the total area of this extract
followed by 4H-Pyran-4-one,2, 3-dihydro-3,5-dihydroxy-6-methyl amounting to
13.76%.

Table (3): The role of garlic and pepper soaks in water and mineral oil
on the efficiency of Dipel 2X against the neonate of

Spodoptera littoralis.
LCso
Treatments in ppm R.T.
IDipel 2X 67.37 1.00
IDipel 2X + papper soak in water 23.92 282
Dipel 2X + pepper soak in oil 463 14.55
ipel 2X + garlic soak in water 8.01 8.41
Dipet 2X + garlic soak in oil 495 13.61

R.T. =Relative Toxicity

Table (4): The role of garlic and pepper soaks in water and mineral oil
on the efficiency of Protecto against the neonate of

Spodoptera littoralis.
LCw
Treatments in ppm R.T.
Protecto 147.46 1.00
Protecto + pepper soak in water 28.66 5.15
Protecto + pepper soak in oil 15.62 944
Protecto + garlic soak in water 23.07 639
rotecto + garlic soak in oil 10.49 14.06

R.T. =Relative Toxicity
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Table {5): Major compounds detected in the water hot pepper extract
after GC / MS identification.

I MS identification.

Chemical
Plo. Compounds min. | Area | MW. Formula
1. IO 4. 1,53 84.06
E anofin -furanone,5methyl 4381 2.3 11312 <,
X 11-‘ﬁimet1’ly_ig@oy—f-undooene 488) 214 | 24227 | C
1,2, utanetetrol, N-carbethoxy-
. N-metho methyl-amine -ButanethigL 5.02 )-4.21 122.08 CaticOs
: mctanone,i-meﬁ Tmﬁ acd 5.23-1-972-1 14214 |
3 ne, Phenyl . L 67 30 20.
-metnyl-s-?uran[fno[ 95 [ 315 11400
2, 5-Dimethyl-dhydroxy-3{2H]-Furanone Wi 492 128.05
. 251'smmeth silylYbenzene 5.32 | 12,10 | 22213 C
14, 1-melh -2-thioxo-4,5-dihydro-4-oxgimidazole | 6.64 .64 128.
71, Hexanal2-ethyl-3Heplanone BB 190 | 12837 | CoHigO
Z-propanamine, N-methyl-N-nitroso— |
12, thanamine, N-ethyl-N-nitroso ___ 7501 1.7 102.08 CaHioN:O
13. ";th;’{a -one.2,3-dihydro-3,5-difydroxy-8-~ ['761 | 2064 | 144.04 | CHO.
- i Z-({ 1 nimethylsilyl)thiazole 789 114 | 157.09 CyHnN-
5 Vil 8851 517 146.08 CeHy 081
yclohexa-z S-diene-1,4-dione,2-methyi-3-(4-
- morpholinyl) 10.39! 3,34 207.09 CHaNO,
[17._12-Hexenoic acid 2-methyl- methyi ester _(11.82] 204 14210 CH 02
ricyclo(4.3.1.1.(3,8)Jundecane, 1-chloro-
18. [Phthalic acid,2-cy o-hexylethyl 2-ethyl-hexy} 12.15] 1.07 184.10 CnHyCl
lester :
9. {in-Fyrazole, J-ethyl-4,5-dihydro-1.4-dimethyl | 14.03] 2.03 | 126.1¢ CrHuaN;
120, JQuinic acid; Cyclohexane carboxylic acid 15.21) 1.46 192.06 CiH1206
1. {Phenathrene 17.39] 498 178.08 CiaHio
22. {{5-Elhvicyclopent-1-enyl} methanol 23.80] 295 126.10 CeHuO
Tab

le {6): Major compounds detected in the water garlic extract after GC

Rt % Chemlical
No. (Compounds min Area MW. Formuia
(5H}-Furanone 4.28 .
clohexanone 4.35
enzene|[(2 2-dimethoxyethyl)sullonyl] 458
l4-Cctanone 2-methyi-Thiopivalic acid 525
yclopenten-1-one 2-hydroxy-3-methyl 571
. Pyrimidine, 2-Chioro .01
. 5-Dimethyl-d-hydroxy-3(2H-Furanone 3T
3 S-Furandicarboxaldehyde 6.49
. (2 401 H, 3H)-pyrimidinedione 5-hydroxy 6.63
0. [T, tﬁ!;utoxye thane A1
1. I3-Methoxybut-1-ene 6.97
2. {1, 3 Buladiene, 1-{(1-methylethyl)thio] 1.37
3. [2-Propanamine, N-meth nitros: 7.53
4 n-4-one,2, 3-dihydro-3.5-dihydroxy-6-] .71
ethyl- ;
8. 4H-Pyran4-one, T 5-dihydroxy-2-methyl- a6
6. | -omﬁﬁu%meﬂ\amam 9.01
J7. P-Furancarboxaldehyde,5-(hydroxymethyl)- .38
48, |5 Eoetomneﬁﬂ—i-Furaldehyde 10.35
49, | itof_1 igro 13.20
i 13,
17.40
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Mustafizur and Motoyama (2000) identified four major peaks resolved
were sulfide compounds produced by the rapid degradation of allicin and
cyclic compound produced by dehydration. It remains to be determined
whether allicin itself, the degradation products, or the mixture of these are
responsible for the repellent effect against two stored pests, the maize weevil
and the red flour beetle.

George et al (2007}, reported that crude extracts from pepper fruits
can be explored for developing natural products for use as biodegradable
alternatives to synthetic insecticides / acaricides. The significant of these
findings with respect the toxicity enhancing effett the treated B.t. compounds
are low priced, non toxic to human and animais which add to their feasibilities
in application.
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