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Abstract

The study was done in the laboratories of Bollworms,
Leafworm and piercing & sucking Research Departments of Plant
Protection Research Institute during 2010. The tested pests and
the biocide, Protecto were exposed to gamma irradiation doses at
National Center for Radiation Research and Technology, Egypt.

Three tested insects were tested includes: pink bollworm,
Pectinophora gossypiella (Saund.) newly hatched and fourth instar
larvae, cotton leafworm, Spodoptera littoralis (Boisd.) 4™ instar
larvae and the nymph & adult of cowpea aphid, Aphis craccivora
(Koch). Insects were exposed to three doses of gamma irradiation,
150, 250 & 350 Gy. Also, the biocide compound, Protecto (Bacillus
thuringiensis, Kurs.) was applied on the same pests to assess the
insecticidal activity of Protecto in three combinations (Protecto
+150 Gy, Protecto +250 Gy and Protecto +350 Gy).

Data showed that the tested y- irradiation doses of 150, 250
and 350 Gy increased the newly hatched larval mortality of A.
gossypiella to 52, 65 and 85% at zero day, respectively. While, it
was reached to 100% kill at third day for 350 Gy and fifth day for
150 and 250 Gy. Larval mortality of P. gossypiella fourth instar was
reached to 100% at eight and tenth days after radiation. Also, the
larval mortality of S. /ittoralis fourth instar larvae was reached to
100% at tenth and twelfth days after treatment, respectively.
While, A. craccivora adults and nymphs mortality was reached to
100% at zero day just after treatment.

Generally, LCsy's on subjected insects treated with Protecto
and exposed to gamma doses were lower than untreated Protecto.

The aim of present work was to evaluate the insecticidal
activity of the biocide Protecto in combination with y-irradiation
exposure against three key insect pests in laboratory.

Key words: Protecto, gamma irradiation, P. gossypiella, S.
littoralis, A. craccivora

INTRODUCTION

The pink bollworm, Pectinophora gossypiella (Saund.) (Lepidoptera : Gelechiidae)
is the most destructive pest infesting cotton bolls, okra, hibiscus and Jute in Egypt
causing quantity and quality decrease of crops. The cotton leaf worm, Spodoptera
littoralis (Boisduval) (Lepidoptera : Noctuidae) devastates a large host range of more
than 120 host plants (Hatem et a/. 2009). Also, cowpea aphid, Aphis craccivora (Koch)
(Homoptera : Aphididae) is a threat to cowpea growers in all over the country. Both
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nymphs and adults suck plant sap and cause serious damage right from the seedling
to pod bearing stage. Due to heavy infestation, young seedlings succumb to death,
whereas the older plants show severe symptoms and finally resulting in yield
reduction. (Rabindra and Ramanujam, 2007).

The overuse of insecticides eventually created many of the problems as resistance,
environmental pollution and adverse effects on the non-target organisms. In order to
avoid the insecticidal hazards, there is a great need to develop alternative control
agents with new mode of action. Among these agents is gamma irradiation as a
genetic control method. Genetic pest suppression is unique among biological methods
in that it involves the release of genetically modified insects to control the same
species (Soon, 1986). The irradiated biocide, Dipel-2x with doses of 5, 10, 20, 40 & 80
Gy activated its insecticidal efficiency against two stages of the harmful P. gossypiella
i.e. newly hatched larvae and eggs of 1-4 day old in laboratory and field experiments
during seasons of 2004 and 2005 (Amer, 2006). The Inherited effects of gamma
irradiation doses of 50, 75, 100, 125, 150 &200 Gy were studied on males and
females irradiated as 7-day old pupae until the F3 generation. The fecundity and egg
hatch were reduced, while, the mating and sperm did not affect. Also, increased the
larval and pupal mortality of S./ittoralis (Sallam and Ibrahim 1993). Moy et al., (1997)
suggested that gamma irradiation 0.15, 0.5, 0.7, 2.0 and 4.0 KGy were promising as a
quarantine treatment for some fresh herbs and ornamental plants in Hawaii against
aphids, mites and thrips.

Protecto, B. thuringiensis was used to control successfully the newly hatched
larvae of P. gossypiella as reported by Amer & El-Nemaky (2008). In addition, Pawar
and Borikar, 2005 reported that microbial pesticides are one such alternative to tackle
insecticide resistant population of S. /itura. Saranya, et al. (2010) found the same
result against the cowpea aphid, A. crassivora (Koch). Chen, et a/. (2011) indicated
that consecutive cultivation by genetically modified cottons with BT genes can result
in persistence of Cry1Ac proteins and negatively affect soil microbial and biochemical
properties.

Thus, the aim of the present study was to evaluate the combined effects of the
biocide compound, Bacillus thuringiensis, Kurs. (Protecto) exposed to gamma
irradiation at doses of 150, 250 and 350 Gy against key destructive insect pests i.e.
the pink bollworm, P. gossypiella, cotton leaf worm, S. /ittoralis and cowpea aphid, A.

craccivora.
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MATERIALS AND METHODS

1. Tested biocide

Protecto, is a commercial formulation of Bacillus thuringiensis (Kurs.) and it is a
product of Special Unit for Producing Bioinsecticides, Plant Protection Research
Institute, Agriculture Research Center, Egypt, with 32000 international toxicity units
(spores and protein crystals) per mg. The active ingredient is 6.4% W.P and the
application rate is 300gm/feddan.

Protecto 6.4% W.P was exposed to gamma irradiation doses of 150, 250, & 350
Gy. All irradiations were done by a Co® Hendy Cell Research, National Center for
Radiation Research and Technology, delivered at a dose rate 3.61 KGy/h.

2. Tested pests

A laboratory strain of the pink bollworm, P. gossypiella was reared at Bollworms
Department, Plant Protection Research Institute, Agriculture Research Center on semi
artificial diet as described by Rashad and Ammar (1985). Rearing conditions were
adjusted at 27+1°C and 65-75% RH.

The cotton leafworm, S. Jittoralis fourth instars larvae of laboratory strain was
reared at Cotton leafworm Department, Plant Protection Research Institute,
Agriculture Research Center on castor oil leaves, Ricinus communis (L.). Rearing of
insects was conducted following the technique described by El-Defrawi et al. (1964).
Rearing conditions were adjusted at 27+1°C and 65-75% RH.

The cowpea aphids, A. craccivora adults and nymphs of laboratory strain was
reared at Sucking and Piercing Department, Plant Protection Research Institute,
Agriculture Research Center on Ficia faba beans leaves. Rearing conditions were
adjusted at 27+1°C and 65-75% RH.

3. Effect of gamma irradiation doses on tested pests

Twenty five larvae of the newly hatched and fourth instar of P. gossypiella in 2
gm semi artificial diet Petri-dishes were exposed to gamma irradiation doses of 150,
250 & 350 Gy. Five replicates for each y-irradiation doses were used and the control
group was done. The larval mortality percent was recorded at 0 (the same day of
exposure to gamma irradiation), 1, 3 & 5 days after treatment for newly hatched and
added 8 &10 days for 4" instars larvae.

Twenty five of fourth instar larvae of S. /ittoralis in castor oil leaves Petri-dishes
were exposed to gamma irradiation doses of 150, 250 & 350 Gy. Five replicates for
each gamma dose used and the control was done. The larval mortality percent was
recorded at 0, 1, 3, 5, 8, 10 & 12 days after treatments.
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Bean leaves infested by twenty five individuals of aphid adults and nymphs of A.
craccivora were prepared in glass vials (4x8 cm), closed by muslin tighten by rubber
band and exposed to gamma irradiation doses of 150, 250 & 350 Gy. Five replicates
for each gamma dose used and the control was done. The adult or nymph aphid’s
mortality percent was recorded.

4. Insecticidal activity of Protecto biocide treatment combined with gamma
doses
4.1. Pink bollworm, P. gossypiella.

Two gm of semi artificial diet/Petri-dish (9 cm diameter) were mixed with 1 ml. of
each concentration from the tested biocide. The Petri- dish used as control was
treated with 1 ml. distilled water mixed with 2 gm artificial diet. The tested
concentrations were 40, 20, 10, 5 & 2.5 gm/L. Twenty five of newly hatched and
fourth instar larvae of P. gossypiella were left starving for 4 hours, then exposed for
about 6 hours (newly hatched) and one hour (4" instar larvae) to Protecto, Protecto +
150 Gy, Protecto + 250 Gy & Protecto + 350 Gy and kept at 27+1°C and 65-75% R.H.
Then after the alive larvae were transferred to untreated artificial diet for 72 hours
after treatment.

4.2. Cotton leafworm, S. /ittoralis.

Dipping technique was used at the present work. The castor oil leaves were
dipped in tested compound concentrations of 40, 20, 10, 5 & 2.5 gm/L of the
Protecto, Protecto +150 Gy, Protecto +250 Gy & Protecto + 350 Gy. The control was
done by castor oil leaves dipping in water only. Five replicates/ concentration/ tested
biocide were used. The leaves were left until water evaporation and kept in glass jars
(11x22 cm). Each jar was supplied with 25 fourth instar larvae after starvation period
for 4 hours and maintained under 27+1 °C. Then after the numbers of alive and dead
larvae were counted three days after treatment.

4.3. Cowpea aphid, A. craccivora.

Slide dipping technique was used at the present work according to Dennehye et
al., (1983). Adults or nymphs aphid of A. craccivora (Koch.) were placed on a double
slide sticky tape that had been fixed to micro slide. The slides were then dipped for 20
seconds into the concentrations of 40, 20, 10, 5 & 2.5 gm/L of the Protecto, Protecto
+ 150 Gy, Protecto + 250 Gy and Protecto + 350 Gy. Five replicates/ concentration/
tested biocide were used. Each slide was prepared by 10 aphid adults or nymphs of
cowpea aphid/replicate. After treatments, aphids were kept in an incubator at 24
+2°C. A control group that was dipped into water only was also involved. Mortalities
were recorded after 24 hours and aphids unable to move their legs when lightly

brushed were counted as dead.
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The mortality percentages as a result of gamma irradiation exposure were
corrected by Abbott (1925).

LCsop & LCo values were obtained by software computer probane. The
efficiency of different insecticides could be measured by using Sun ‘s equation (1950)

as follows:

LCsq (LCqp) of the compound A
Toxicity index = X 100
LCsq (LCqg) of the compound B

Where A: is the most effective compound (The compound that had the highest
toxicity or the lowest value of LCsg o 90)-

B: is the other (each) tested compound.

Larval mortality percentages, was analyzed using Costat statistical program
software, 1990 and Duncan's multiple range test (Duncan, 1955) at 5% probability

level to compare the differences among time means.
RESULTS AND DISCUSSION

1.Insecticidal activity of gamma irradiation exposure against the tested
insect pests:

1.1. Pink bollworm, P. gossypiella.

1.1.1. Newly hatched larvae:

Gamma irradiation dose of 150 Gy caused 52% mortality at zero day (the same
day of exposure to gamma irradiation) when the newly hatched larvae exposed to it.
The percent increased to 65 and 85% for doses of 250 and 350 Gy as shown in Table
(1). Amer (2006 a) reported that the percent larval mortality ranged between 39.04 —
48.44 % for 5 -80 Gy, because to its effect on the acetylcholine esterase after feeding
on the irradiated diet.

Mortality percent were increased to 71, 80 & 95% at one day after exposure to
gamma irradiation of 150, 250 & 350 Gy, respectively. The mortality reached to 84, 92
& 100% after 3- days. While, the larval mortality reached to 100% with 150 and 250

Gy at 5™ day. No mortality percent was recorded happened in the control group.
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Table 1. Effect of gamma irradiation doses on the mortality percent of P. gossypiella

newly hatched larvae.

Gamma % Larval mortality after
doses
0-day 1-day 3-day 5-day
(Gy)

Control 0 0 0 0°
150 52° 71¢ 84° 100°
250 65" 80P 92° 100°
350 85° 95° 100° -

LSDg o5 5.408 2.105 2.663 -

Means in the same row followed by the same letter are not significantly different at p<0.05.

Table 2. Effect of gamma irradiation doses on the mortality percent of P. gossypiella

4" instar larvae.

Gamma % Larval mortality after
Doses
0-day 1-day 3-day 5-day 8-day 10-day
(Gy)

Control 0 0° 0 0 0 0°
150 0 g° 38° 65° 86° 100°
250 0 10° 53° 71° 91° 100°
350 0 14° 65° 90° 100° -

LSDg.05 - 2.306 3.522 2.321 2.927 -

Means in the same row followed by the same letter are not significantly different at p<0.05.

1.1.2. Fourth instar larvae:

Fourth instar larvae of the pink bollworm, P. gossypiella were exposed to gamma
irradiation doses of 0.0, 150, 250 and 350 Gy. The larval mortality increased with y
doses increasing (Table 2). The larval mortality was 0.0 % at zero time after
treatment. The mortality was ranged between 8 and 14% at 1% day after exposure to
150- 350 Gy. The fourth instar larvae completely killed at 8" day with 350 Gy and at
10" day after exposure to 150 and 250 Gy. No larval mortality was recorded in the

control group.
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1.2. Cotton leafworm, S. /ittoralis.

Table (3) showed that untreated larvae group of S. /ittoralis recorded was 0.0%
mortality. When the fourth instar larvae was exposed to gamma irradiation doses of
150, 250 and 350 Gy, no mortality recorded at zero day after treatment. The larval
mortality recorded 8, 13 and 18% at 1-day after exposure to 150, 250 and 350 Gy,
respectively. The mortality percent were increased to 100% at the 10-day after
exposure to dose of 350 Gy. While, the larvae exposed to 150 and 250 Gy were
completely killed at 12-day after treatment.

Table 3. Effect of gamma irradiation doses on the mortality percent of S, Jittoralis 4™

instar larvae.
Gamma % Larval mortality after
doses
0-day l1-day | 3-day | 5-day | 8-day 10-day 12-day
(Gy)

Control 0 0 0 0 0 0 0°
150 0 8 24¢ 42° 77¢ 89° 100°
250 0 13° 49° 61° 86° 93° 100°
350 0 18° 58° 74° 91° 100° -

LSDg o5 - 3.552 | 2.824 | 2.306 | 1.631 2.105 -

Means in the same row followed by the same letter are not significantly different at p<0.05.

1.3.Cowpea aphid, A. craccivora.

Adults and nymphs of the cowpea aphid, A. craccivora were exposed to gamma
irradiation doses of 150, 250 and 350 Gy. Tested insects were completely killed at
zero day after treatment.

2. Efficacy of tested biocide, B. thuringiensis against some insect pests.

The biocide compound, B. thuringiensis was exposed to gamma irradiation doses
of 150, 250 & 350 Gy and evaluated against the pests of P. gossypiella, S. littoralis
and A. craccivora.

2.1. Pink bollworm, P. gossypiella:

2.1.1. Newly hatched larvae:

Gamma irradiation doses of 150, 250 and 350 Gy was potentiated the efficacy
of the biocide compound, Protecto (B. thuringiensis) against the newly hatched larvae
of the pink bollworm as shown in Table (4). The LCsy were 0.45, 0.29, 0.07 and 0.052
gm/L for the Protecto, Protecto + 150 Gy, Protecto +250 Gy and Protecto +350 Gy,

respectively on newly hatched larvae after 6 hours. The LCsy was lower in the
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irradiated Protecto than the untreated. The toxicity index of the tested biocide was
100 according to LCsq and LCyy of Protecto + 350 Gy that considered the most
effective treatment, followed by Protecto + 250 Gy (74.3 and 47.03%), Protecto +
150 Gy (17.9 and 21.01%), then unexposed Protecto (11.6 and 8.38%) that
considered the least effective treatment. The LCsq was decreased at 72 hours after
treatment. The LCsq, were 0.25, 0.06, 0.04 and 0.001 gm/L when the newly hatched
larvae treated by Protecto, Protecto +150 Gy, Protecto + 250 Gy and Protecto + 350
Gy, respectively.

2.1.2. Fourth instars larvae:

Data in Table (4) indicated that Protecto + 350 Gy was the most potent
compound after one hour from exposure, the LCsqg was 89.62 gm/L, followed by
Protecto + 250 Gy (111.1 gm/L), Protecto + 150 Gy (123.1 gm/L) and unexposed
Protecto (164.1 gm/L). The toxicity index of the biocide treatments based on LCsy and
LCy was 100 for Protecto + 350 Gy against the 4 instar larvae of the pink bollworm,
followed by Protecto + 250 Gy (toxicity index = 80.7 and 75.3%), Protecto + 150
Gy (toxicity index= 72.8 and 63.7%) and unexposed Protecto biocide (toxicity index=
54.6 and 57.7%). It was noticed that gamma irradiation doses were potentiated
biocide the B. thuringiensis efficacy.

The LCsq value was decreased at 72 hours after treatment. The LCsy were 96.6,
22.49, 12.19 and 11.59 gm/L when the 4" instar larvae treated by Protecto, Protecto
+150 Gy, Protecto +250 Gy and Protecto +350 Gy, respectively.

2.2. Cotton leafworm, S. /ittoralis:

The 4™ instar larvae of the cotton leafworm treated by Protecto recorded, the LCs
of 190.8 gm/L, but the Protecto exposed to gamma irradiation doses of 150, 250 and
350 Gy had potentiated effects, LCsg's were 75.31, 118.2 and 156.2 gm/L for Protecto
+150 Gy, Protecto +250 Gy and Protecto +350 Gy, respectively (Table 5).
Protecto+150 Gy was the most potent compound (toxicity index= 100%) according to
LCso and LCq). While, the Protecto exposed to gamma dose of 250 Gy had decreased
effect (toxicity index= 63.7 and 50.6%) according to LCsq and LCqy, followed by
Protecto + 350 Gy (toxicity index= 48.2 and 36.04%) compared with Protecto +150
Gy.

2.3. Cowpea aphid, A. crassivora:

The adults and nymphs of cowpea aphid were treated by Protecto, Protecto +150
Gy, Protecto + 250 Gy and Protecto + 350 Gy (Table 5). Gamma irradiation doses
caused potentiating effect on the Protecto efficiency especially dose of 350 Gy,
followed by Protecto +250 Gy and Protecto +150 Gy (LCso= 16.40, 41.17 and 49.04
gm/L) compared with unexposed Protecto, (101.5 gm/L).
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Table 4. Efficacy of the tested biocide exposed to gamma doses against pink

bollworm larvae.

Treatments LCso (gm/L) LCo (gm/L) Toxicity index
95%Confidence limits 95%Confidence limits LCso | LCqo
Newly hatched larvae after 6 hours
0.45 9.65
Protecto 0.19 + 0.68 5.08 + 12.8 116 ) 838
0.29 3.85
Protecto+150 Gy 0.11 £ 0.46 257 + 8.52 179 21.01
0.07 1.72
Protecto+250 Gy 0.0004 + 0.184 111 + 4.09 74.3 47.03
0.052 0.809
Protecto+350 Gy 0.0006 + 0.174 0.476 + 1.184 100 | 100
Newly hatched larvae after 72 hours
0.25 7.11
p 4. 54
rotecto 0.19 + 0.48 3.08 + 16.8 0 | 83
0.06 2.23
Protecto+150 Gy 0.01 + 033 0.57 + 4.22 16.7 27.2
0.04 1.24
+ . .
Protecto+250 Gy 0.0002 + 0.127 1.01 + 3.05 250 | 489
0.01 0.607
+
Protecto+350 Gy 0.0004 + 0.198 0.356 + 1.081 100 100
4™ instars larvae after one hour
164.1 555.1
Protecto 115.4 + 346.5 166.2 + 987.5 i
123.1 502.3
+ . .
Protecto+150 Gy 118.7 + 416.3 136.9 + 839.0 728 | 837
111.1 425.1
+ . .
Protecto+250 Gy 75.93 + 389.2 126.9 + 652.3 8071 73
89.62 320.1
Protecto+350 Gy 41.15 + 272.1 102.9 + 635.5 100 100
4™ instars larvae after 72 hour
96.6 368.2
Protecto 231.4 £ 626.8 166.2 + 582.5 119 30.3
22.49 343.6
P +1 1. 2.
rotecto+130 Gy 15.38 + 32.56 355.9 + 1139 215 | 325
Protecto+250 G 12.19 217.6 95.1 51.3
¥ 5.853 % 29.51 259.9 + 952.3 ' '
Protecto+350 G 11.59 111.7 100 100
i 4.562 + 22.13 96.9 + 535.5
LCsp (LCqo) of the most efficacy compound 0.052
Toxicity index = X 100 for example, Toxicity index= ------ x100=11.6%
LCsp (LCq) of each tested compound 0.45

Reviewing the above mentioned results, it could be concluded in general that
Protecto compound (B. thuringiences) can be succefully used against the tested insect
pests. Also, gamma irradiation was potentiated the efficacy of the biocide, Protecto

and improved its potency when exposed to the doses of 150, 250 and 350 Gy.
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Thus, Protecto +350 Gy proved the best treatment used to decrease the LCsy on
the pink bollworm larvae and cowpea aphid adults & nymphs. While, Protecto +150
Gy, followed by Protecto +250 Gy and Protecto +350 Gy achieved the best potencies
than unexposed Protecto on the cotton leafworm.

Amer (2006) reported that the combination of gamma irradiation with Dipel
2x  (Bacillus thuringiences, Kurstaki) activated the spores of biocide compound
and caused a potentiating effect when Dipel-2x exposed to gamma irradiation doses
of 5, 10, 20, 40 & 80 Gy against the newly hatched larvae and eggs of the pink
bollworm in both laboratory and field experiments during 2004 and 2005 cotton

season. All treatments increased fiber and seed weights of the cotton crop.

Table 5. Efficacy of the biocide compound exposed to gamma doses against cotton

leafworm larvae and cowpea aphid adults and nymphs.

LCso (gm/L) LCqo (gm/L) Toxicity index
Treatments
95%Confidence limits 95%Confidence limits LCso LCqo
4™ instars larvae of the cotton leafworm
190.8 940.4
Protecto 39.5 27.02
179.43 + 247.7 145.6 + 1355
75.31 254.1
Protecto+150 Gy 100 100
52.64 + 95.12 180.1 + 300.7
118.2 502.2
Protecto+250 Gy 63.7 50.6
108.2 + 146.5 246.4 + 777.5
156.2 705.1
Protecto+350 Gy 48.2 36.04
128.7 + 198.3 378.1 + 999.7
Adults and nymphs of the cowpea aphids
101.5 269.9
Protecto 16.2 10.6
63.9 £ 201.1 183.4 + 935.1
49.04 245.8
Protecto+150 Gy 33.4 11.6
32.41 £ 104.6 104.5 + 366.8
41.17 56.1
Protecto+250 Gy 39.8 50.8
23.47 £ 62.54 42.94 + 94.62
16.40 28.48
Protecto+350 Gy 100 100
10.3 + 29.8 15.5 + 42.3

LCso (LCqp) of the most efficacy compound
Toxicity index = X 100
LCso (LCqp) of each tested compound
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