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ABSTRACT

Entomopathogenic fungi Verticillium lecanii and linseed oil were
used alone or in sequence to evaluate their direct and latent effect on
newly hatched larvae of susceptible strain of the Pectinophora
gossypiella (Saund.) under constant conditions 26+1C° and 80-85 % RH.
LCs & LC 25 values for these two materials were estimated which was
1.5 x 10 "& 0.5x10 ’ spores for V. Lecanii and 4ml & 2ml for linseed oil.
Percentage of larval, pupal mortality and adult emergence were
estimated. The latent effect of the survived larvae was considered and the
obtained results could be summarized as follows: V. lecanii, linseed oil,
or both produced mortality after 1 day, ranging between 1.8 and 37%.
PBW neonate was more sensitive to linseed oil than to V. lecanii. Larval
period was 15.35, 17.79 and 18.16 days, respectively, when neonate was
fed on V. lecanii, linseed oil and the sequence treatment compared with
12.3 days for untreated control. Pupal duration increased significantly in
all treatments. Fungi and linseed oil treatments prolonged Iarval and
pupal durations and shortened the adult stages. Weights of 4™ instar
larvae resulted from the V. Lecanii /line seed oil treatment were greatly
reduced to 0.009 mg, while increased to 0.034 mg for larvae treated with
linseed oil. Also, pathogenic fungi, sequence treatment followed by
linseed oil alone affected on some biological characters such as fecundity
of emerged females, eggs hatchability percentage and longevity of males
and females. In addition, carbohydrate hydrolyzing enzymes,
tranamenase enzymes, total soluble protein & total lipid were affected
after 10 days of treatment of the newly hatched larvae.

Key words: Entomopathogenic fungi Veticillium lecanii, Linseed oil, pink
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INTRODUCTION

The Pink bollworm Pectinophora gossypiella (Saund.) is considered the
most destructive cotton pest in Egypt. Recently, scientists directed their effect
toward the control of important cotton pests by new trends such as using plant
extracts, B.T. products and pheromones... etc., to avoid resistance development
and the environmental pollution caused by conventional insecticides.

Lacey et al (2001) reported that the entomopathogens are safe for
humans and other target organisms and help in reducing pesticide residues in
preserved foods. The entomopathogenic fungus Verticillum lecanii, is
commercially used control of the soft scales and aphids (Hall1976&Spoer 1978)
some lepidopterous pests such as Pieris rapae L., (Hong et al., 2001). Heliothes
zea (Boddie) and the larvae of the gypsy moth (Hajek et al., 1997).
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Also, in the last decad many authors found that using natural oils, as
neem oil, soy been oil, cotton seed oil, linseed oil, may serve as antifeedants or
growth regulators to some insect pests (Singh & Singh 1989; Broza et al.1989;
Singh & Bhathal 1992; Lakhanpal et.al 1995 and Abo EI-Ghar et al.1996).

The present work aims to study the biological and biochemical effects of
Mycotat®, linseed oil, as well as combined against the newly hatched PBW
larvae. The biological impact of these materials the at LCsyp & LCys
concentrations was also determined. Mycotat® is a microbial insecticide based
on the spores of the entomopathogenic fungus V. lecanii, a special strain
prepared as wettable powder.

MATERIALS & METHODS
The neonate larvae of pink bollworm, P. gossypiella used in the present
study were taken from a laboratory culture reared for about 15 generations on an
artificial diet previously described by Rashad and Ammar (1985). The
materials used were prepared as follows:
1- A stock solution of Mycotal was prepared by dlssolvmg 2 mgin 1 L of water.
Serial dilutions were used from 2x107 to 0.3x10 for larvae treatments.
2- A stock solution of linseed oil was prepared by adding 8ml of oil and 10 drops
of triton x100 to 1 L. of water. The solution was shaken till fused.

1- Toxicology tests:
a) Mycotal:

To estimate the LCy5 and LC 50 values for this microbial insecticide four
concentrations namely 2X107, 1X10", 0.5X10’ and 0.25X10" were tested in four
replicates each. Petri dishes (9cm dlameter) were used for this purpose. Each was
sprayed with 2 ml of the chosen concentration, to which PBW larvae were
transferred using a fine brush. A piece of moist cotton was placed in each dish to
keep the R.H at 100%. Mortality percentages were determined after 1, 3 and 7
days (neonate were treated by different concentrations of Mycotal for 2 hours
then transferred individually to untreated diet poured into (2x7.5 cm) glass tubes
to estimate the LCsg & LCy5 values.

To evaluate the effectiveness of this entomopathogenic fungi against
PBW, 200 neonate larvae were exposed to the LCsy concentration for 2 hours
only, then transferred individually to untreated diet. Similarly 100 untreated
larvae were individually reared as control. Treated and untreated larvae were
incubated under constant conditions; 26+1°C and 80-85 % RH. Mortality in
larvae, pupae and adults, as well as other biological aspects were determined.

b) linseed oil:

Newly hatching larvae were individually transferred to 200 rearing diet
glass tubes (50 x 4 replicates). One drop of linseed oil of the prepared
concentrations 8, 4, 2 and 1ml/L was applied on top of the diet in each tube.
Als0,100 tubes were untreated as control. The LC50 & LC25 were estimated
after 24 hrs. The same procedure was followed to study the effectiveness of both
concentrations. The treated tubes were incubated until pupation. Pupae were
transferred individually to clean tubes and incubated until moth emergence. The
emerged moths (treated or untreated) were sexed and replicated in glass chimney
cages (4 replicates,). A piece of cotton wool previously soaked in 10 % sugar
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solution was hanged inside the cage for moths feeding and changed by new one
every two days. Upper and lower opening of each cage were covered with
muslin cloth followed by paper for egg — laying and tightly secured with rubber
bands. Each cage was examined daily to separate the deposited eggs which were
further observed to estimate % hatchability.

Larval mortality percentage, larval duration, % pupation, pupal duration
and malformation, pre-oviposition, oviposition, post-oviposition periods, male
and female malformation and longevity, number of eggs/ female and %
hatchability were estimated.

c)- Mycotal in sequence with linseed:

Four Petri dishes (9 cm diameter) were sprayed with Mycotal at the LCys
rate to which 200 larvae (50 x 4 replicates) exposed as mentioned above. After 2
hours, the alive larvae from each treatment were individually transferred to diet
tubes treated by linseed oil at the LCys level. Treated and control (untreated)
larvae were incubated under the same controlled conditions to estimate the
mortality of larvae, pupae, adults & durations and malformations. Statistical
analysis of data was carried out using Costat software.
2-Biochemical tests:

For the biochemical studies, 5 replicates of 25 tubes prepared by the
previous manner with LCsq of linseed oil, V. lecanii & LCys of V. lecanii/ linseed
oil. Alive larvae were collected after 12 days for each treatment, placed in clean
vials. These studies were undertaken in association with the Dept. of Physiology
in Plant Prot. Res. Institute.

-Total soluble protein:

Colorimetric determination of total soluble protein in total homogenate of
larvae PBW larvae was carried out as described by (Gornalt et al. 1949).

- Transaminase enzymes:

The activities of glutamic oxaloacetic transaminase (GOT) and glutamic
pyruvie transminase (GPT) enzymes were determined colorimetrically according
to the method of Reitman and Frankle (1957).

-Carbohydrate hydrolyzing enzyme:

Activities of trehalase, amylase and digesting invertase, respectively were

determined according to Ishaaya and Swiriski (1976).

RESULTS AND DISCUSSION
- Larval mortality:

Data in Table (1) showed the effect of V. lecanii, linseed oil and both on
newly hatched larvae of PBW. No mortality in PBW larvae was observed after 1day
in control. On the other hand, V. lecanii and linseed oil and their sequence produced
1.8, 37 and 21.15% mortality, respectively. The larvae were more sensitive to
linseed oil than V. lecanii after 1 day of treatment. Also, all treatments caused
progressive mortality after 3&7 days. V. lecanii treatment caused progressive
mortality also within 15 days similar result was reported by Ramanujam et al.
(2003) for V. lecanii against H. armigera and S. littura under laboratory conditions,
with maximum % mortality 54.44 & 76.66%, respectively. Also, Hajek et al. (1997)
found that V. lecanii caused larval mortality for the gypsy moth in laboratory
bioassays.
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Table 1
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- Larval duration:

Data in Table (1) also showed that all treatments gave highly significant
influence on the developmental period of survived larvae. The larval period was
significantly prolonged in all treatments than the untreated check which averaged
15.35, 17.79 and 18.16 days in V. lecanii, linseed oil & sequence treatments,
respectively, compared with 12.3 days for control. Larvae treated with both
materials were generally very small in size, colorless& inactive when compared with
untreated ones.

- Pupation percentage and duration:

Data in Table (1) also showed that the highest percent of pupation (92.9%)
was that for linseed oil, treated larvae and the lowest (73.8%) was that for larvae
receiving both materials used.

The pupal duration increased significantly in all treatments compared with that
for untreated larvae. Mean pupal duration increased from 7.9 days in control to 8.57,
9.13 and 11.9 days in V. lecanii, linseed oil and both treatments, respectively, i.e.
increased for 1.1, 1.2 & 1.5 times, respectively.

-Duration of immature stage :

Table (1) clearly showed that the three tested treatments had no significant
affect on the immature stage period compared with control. This period was 23.3,
26, 22.5 and 19.8 days for larvae treated with V. lecanii, linseed oil, both materials
and untreated check, respectively.

Larvae treated with linseed oil after exposure to V. lecanii were remained
active and continued feeding on the diet for 1-12 days then became inactive, slow
feeding and list weight (0.009 mg/larvae). On the contrary, in case of linseed oil
treatment, larvae became very active feeding from the 2™ day of treatment until
being full grown, weighting 0.034 mg /larva. Also, malformed full grown larva
became large in size, black in color, (fig.1), whereas larvae treated with V. lecanii
became inactive, slow feeding until death, and spores of fungi appeared externally
on their bodies. Fig. (1).

-Adult emergence :

Data in Table (1) also showed that % adult emergence from larvae treated with
V. lecanii, linseed oil, and both were lower than untreated control. However, female
adults emerged from larvae treated with linseed oil, were 3 times more than males
Table (2). In addition, % malformation in emerged adults reached 5.9 in V. lecanii
treatment, increased to 10.8 in linseed oil treatment. Non was observed in check or
combined treatment (Table 1).

Adult Longevity :

Data in Table (2) showed that longevity of females and males are highly affected
in all treatments. That of females ranged 12.7-19.3days compared with 23.1 days in
control, while that for males ranged 8.7-13.5days compared with 18.7days in
control. The pre- oviposition periods were 2.1, 1.3, 2.2 and 2.5 days for larvae
treated with V. lecanii, linseed oil & V. followed by linseed oil and control.

V. lecanii and linseed oil/V. lecanii treatments caused high reduction in
oviposition period. This period was 7.8 and 10.3 days respectively, while for larvae
treated with linseed oil, the oviposition period increased to 15.1 days compared with
17.3 days for control. From these data, the reduction in the oviposition period was
observed in treatments used reaching to 1.63 to 2.22 times that in control.
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Fig. 1
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Also, the post — oviposition period was reduced. The lowest was 0.9 day
with V. lecanii and line seed oil treatment and the highest was 2.5 days with
linseed oil treatment.

Fecundity and fertility:

Data in Table (2) indicated that the mean number of eggs laid by
females from neonate treated by V. lecanii and (V. and linseed oil) were lower
than the check. Average no. of laid eggs was 80.3 &97.8 eggs / female,
respectively. While, the mean no. of eggs were 145.1 eggs / female at linseed oil
treatment.

Generally, all treatments caused reduction in total eggs laid / @ between 22.78-
57.26% than control.
Also, all treatments reduced % hatchability than the check by 49.47-
61.05%
Table (2).
Biochemical effect of Mycotal, seed oil and both in sequence on P.
gossypiella:
Transamenase enzymes:
Glutamic oxalocetic transaminase (GOT):

Results in Table (3) showed that larvae of PBW fed on diet treated with
V. lecanii caused decrease in GOT activity by 5.69 % than untreated, followed
by V. lecanii and the treated with linseed oil increased the GOT activity by 3.64
and 4.83 times, respectively.

Glutamic Pyruvic transaminase (GPT):

The results presented in Table (3) show that all treatments caused
decrease in GPT activity compared to control. The highest decrease in GPT
activity recorded 71.9 % at linseed oil, and 54.63% at V. lecanii, while the least
decrease recorded 50.9 %at V. lecanii followed by linseed oil treatment.

Total soluble protein.

The results (table, 3) showed that feeding treatment with V. lecanii and
linseed oil and the combination resulted in an increase in total protein to 1.9,
1.24 and 1.42, respectively i. e., 41.1, 9.3 and 21.2 % more than the control
(1.22mg/ml).

Total lipid:

The data in Table (3) showed also that treatment greatly increased the lipids
than the untreated (check) by 2.77, 2.59 and 4.83 times for V. lecanii, linseed oil
and both, respectively.

Carbohydrate hydrolyzing enzymes:
Amylase, Invertase and Trehalas:

The results presented in Table (3) show that the amylase activity seemed
to be affected to some extent after larval feeding on diet treated with V. lecanii
and linseed oil by 36.45% and 21.5% below that of the control treatment.

Also, invertase activity was greatly reduced in PBW that were fed diet
treated with V. lecanii by about 76.9% below that of the control treatment (Table 3).

In addition, data in Table (3) demonstrated that larval feeding on diet
treated with V. lecinii, linseed oil and (V. + linseed oil) resulted in significant
increase in trehalase activity. It reached 1.58, 1.56 and 2.17 times of the control,
respectively.
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Table 2

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



BIOLOGICAL AND BIOCHEMICAL EFFECTS OF THE MICROBIAL..236

Table 3
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In conclusion, this work indicated that larvae of P. gossypiella were more
susceptible to treatment of fungus & (fungus/oil) these treatment caused high
larval and pupal mortality & malformation, reduction in body weight from initial
number in tested larvae. Also treatment caused high significant reduction in
oviposition, post oviposition and the total number of eggs laid by females treated
with high reduction in hatchability.

In this respect, Rashad& Aly (1994) reported the susceptibility of P.
gossypiella larvae to M. anisopliae fungi. Aly (2002) used the same
entomopathogenic fungus M. anisopliae against S. littoralis & A. ipsilon which
caused high mortality in larvae, pupa. Maged (1999) found that the oil extracted
from lemongrass caused highly reduced developmental periods from neonate to
adult emergence of A. ipsilon. Also, the V. lecanii, had high effect on larvae of
some lepidopterans; Pieris rapae, Heliothis Zea and gypsy moth as reported
by Hong et. al (2001) and Hajek et . al (1997)

The biochemical analyses of alive larvae of PBW treated with V. lecanii,
linseed oil and V. lecanii followed by linseed oil indicates an obvious decrease in
hamolymph nutrient content, i.e. total protein, lipids, and carbohydrate enzymes
(Amylase & Trehalase and Invertase). In contrast an increase in GOT & GPT
and invertase.

Similar results were obtained by Klocke & Chan (1982), who reported
that feeding larvae of Heliothis zea on condenessd tannin- treated diet had lower
total protein, carbohydrate enzymes invertase and trehalase than control.

REFERENCES

Abo-El-Ghar, G.E.S; M.E. Khalil and T.M. Eid (1996): Some biochemical
effects of plant extracts on blackcutworm Agroits ipsilon (Hufn.)
(Lep.,Noctuidae ). J. Appl. Ent. 120 (8): 477-482.

Aly, Safaa, H. (2002): Susceptibility of two important cotton insects, S. littoralis
& Agrotis ipsilon (Lep.: Noctuidae) to the entomopathogenic. fungus
Metarhizium anisopliae. Proceeding of the Science Conference 2002
organized by the Yemeni Scientific Research Foundation.

Broza, M.; G.D. Butler; A. Venetzian and A. Shavit (1989): Bacillus
thuringensis and cotton seed oil as control agents in an integrated pest
management program for cotton in Israel. Israel J. Entomol., 23, 149-155.

Gornalt, A.G; C.D.Barrdowil and M.M. David (1949): Determination of
serum protein by means of fruit reduction. J. Biochemistry, 177: 751-
766.

Hall, R.A. (1976): The fungus Verticillium lecanii as a microbial insecticide
against aphids and scales. J. Inverteb . Path., 27: 41 — 48.

Hajek, A. E; J. S. Elkinton and R. A. Humber (1997): Entomopathogenic
hyphomycetes associated with gypsy moth larvae. Nycologia, 89 (6): 825
—829.

Hong, Y . Z; Y. H. Chum; J. W. Minig; Z. Z. Jang and L. W. Yang (2001):
A preliminary study on pathogenicity to V. lecanii (Zimm.) on viegas to
insect pest. Plant Protection, 27 (1) : 44- 46.

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



BIOLOGICAL AND BIOCHEMICAL EFFECTS OF THE MICROBIAL..238

Ishaaya, I. And E. Swiriski (1976): Trehalase invertase and amylase activities
in the black scale, Saissetia oleae and their relation to host adaptability.
J. Insect. Physiol., 16 : 1025 — 1029

Klocke, J. A. and B. G. Chan (1982): Effect of cotton condensed tannin on
feeding and digestion in the cotton pest, Heliothis Zea. J. Insect Physiol.,
25; 911-915.

Lacey, L. A, R. Frutos, H. K. Kaya and P. Vail (2001): Insect pathogens as
biological control agents: Do they have a future!. Biologecal control 21
(3), 230-248.

Lakhanpal,G. C.; N.P. Kashyap and P.K. Mehat (1995): Evaluation of some
edible oil as grain protectants against pulse beetle, Callsobruchus analis
(Fab.) in blackgram, Vigna mungo L. J. Insect Science, 8 (1) 66- 69.

Maged. E. M. (1999): Toxicological and histological effects of the essential oil
of lemon grass, Cymbopcgen Citratus on Agroits ipsilon (Hufu.)
Lepidoptera: noctuidae) J. Union Arab Biol., Caito, 12 (A): 145-156.

Ramanujam, B.; R. D. Prasad; K. Narayanan and R. J. Rabindra (2003):
Laboratory evaluation of four entomopathogenic fungi on Helicoverba
armigera (Hubner) and Spodoptera littura (Fabricius). Biological
Control of Lepidopteran pests, Proceeding of the symposium of
biological control of Lepidopteran. Pests. 2002, Bangalare India, 181-
184.

Rashad, Amira. M. and E . D. Ammar (1985): Mass rearing of the spiny
bollworm, E.insulana (Boisd.) on semi-artificial diet. Bull. soc. Ent.
Egypt, 65 ; 239 — 244,

Rashad, A.M. and Aly, S.H. (1994): Effect of Metarhizium anisopliae on two
stages P. gossypiella. Sci. Bull. U.P.B. (56-57): 1-4

Reiteman, S. and F. Frankel (1957): Colourmetric method For aspertate and a
lonine transaminase. Amer. J. Clin. Pathel., 28 — 56.

Spoer, R. (1978): In microbial control of insect pests: Future strategies in best
management systems Allen, G. E. Ignoffo, C. M. and J. aques, R. P Eds.
pp. 63 —56. N S F. USDA — Univ. Florida, Gainesville, USA.

Singh, O. P. and K. J. Singh (1989): Effectiveness of soybean oil against pulse
beetle, Callosobruchus chinensis on pigeov bean. Farm Science. J., 4 (1,
2): 144-147.

Singh, D. and S. S. Bhathal (1992): Survival growth and developmental effects
of some neem seed based products on S. littoralis. Proceeding 1 Nat.
Symposium. Allelopatty in Agrecosystems (Agric. & Fors.) Feb. 12-14
1992, heldot CCS Haryan Agric. Univ. Hisar. 125004 India.

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



Mervat, A. A. Kandeel and Amira, M. Rashad 239

QSN B3y 5 prledi B (g bl G paall Ay glaS g9 A ol sl 52
(Dlen 92 198 535S A045 J31) 560 B g0 Mia

J@Jwﬁwi—dgﬁw\dp&éﬁ
B — (A — Lo 5l Gigandl 3 pe — lilll) 4By &gay e

ol (5 simall JU8 Saall a€ pa) (5 i (g b Lanaal LS el (e e 53 Al 2

538353 e Asbisa AL unal) il e GUSH 30 Gy ANy (S alusi 3 5 Ladl

Lshysdnseda ) £ V15 ha) danall (8400 gk it (Dl sa | 5iiS ) 46 2

Al ABLVL 5 ) ol el (e % Y0 5 %0 SIS 5 sasi als (Y%AC A A

%Y © S Al (< Leaty Hhally Alelas) aliilly Alalaa il g saa o S 5e JSI Gl S A ()1

3 bl Alalaall day AR ) sha¥) 85 il Chgan I g Al gl Claall (amy e Ligia JS

i) & elal s g all 5 oy saall g ey Y (may Bl & Aalall il Al 3 g 8 il

ALK )l el il @ jeda LS ol il g 8l ghall <l yié Al -

Leiys oo Lae a3l 5 il ¢ pladlly dlabeall <l yull acal 5l yaall il yall e JS () 550 438 -
(bl

Jsb Ao il LS Guil) 3 DSy il JS g g gall Gl slae (aalidis) glial) e jglaf -
ALY 3 y3all s

O] Ae ganal ABUH o HiY) L3 A8 8 o COlad) aen o gl sl -
ol 2 ey 3l0 Aalaall 3l g sl hadlly Guaal) il Aldas lae Lo GOT&GPT
GOT blis aaay I

Cld 5y 8 o saall g Al KD il g all 8 80k ) 3 pidal) o pall daill 3Kyl Alalaall s -
" ) s I s jlaally Adas 300 50 53 50

Cl o g S AUl ey 33V (g 488 ) dadlly A0as 8 562l 5050 lE yy Adalan il -
Olle sl a3l (825 ) llaal) maes Gt (el e 5 (D81 ¢ aliaY))

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



