Egypt. J. Agric. Res., 78 (3), 2000.
Sl 1105

LABORATORY EVALUATION AND FIELD APPLICATION OF
BACTERIAL AND FUNGAL INSECTICIDES ON THE CITRUS
FLOWER MOTH, PRAYS CITRIMILLER
(LEP.: HYPONOMEUTIDE) IN LIME ORCHARDS IN EGYPT

W.A. SHEHATA AND FEEBY N. NASR

Piant Protection Research Institute, Agricultural Research Centre, Dokki, Giza Egypt.

(Manuscript received 23 March, 1999)

Abstract

The efficacy of two commercial products of Bactospine and Bio-
fly on Prays citri of lime trees was studied under laboratory and field
conditions throughout the two seasons of 1996 and 1997. Laboratory
results indicated that the pathogenic effect of Bactospein, Bacillus thu-
ringiensis (berliner) was higher than that of Bio-fly, Baeuveria bassiana in
spite of the later was applied with higher doses. Bactospine at the rate
(2 ccit 1.W.) affected the larvae more than adults, that treatment re-
duced no. of eggs/female by 81.70% and decreased the larval infesta-
tion by 90.08%. Bio-fly at the highest concentration (4 cc/1 1.W.) re-
duced the infestation with the eggs, the larvae and the pupae by
65.83%, 68.45% and 72.55%, respectively. Advanced effects of bacte-
rial and fungal treatments on the final reduction rates of P.citri infesta-
tion were recorded. Field applications revealed that two sprays with Bac-
tospeine or Bio-fly gave good control of P.citri more than one spray.
Bactospeine at the rate (2 cc/1 1.W.) and Bio-fly at the rate (2 cc/1
1.W.) reduced the infestation by (89.82-93.43%) and (76.32-78.82%),
respectively. In all cases, higher doses of bioinsecticides produced po-
tentiation effects of infestation reduction. It is recommended that two
sprays of Bactospeine at a rate (2 cc/1 LW.) is adequate effective to
reduce the population of P.citri in lime orchards during the main flower-
ing period of trees without need of chemical insecticides.

INTRODUCTION

During the main flowering period of citrus, the citrus flower moth Prays citri Mill.
(lep.: Hyponomeutiedae) attacks citrus specially lime and lemon trees. Eggs are depos-
ited on the petals and the calyces of the flowers and/or ﬂowef-buds. Upon hatching,
the larvae bore and feed through the organs within the flowers. Pupae occur in the fi-
owers, leaves and forks of twigs. Previous information on Prays citri control measures
using against this pest in Egypt (Shehata, 1982 and Attia et al., 1992). Other control
methods were: microbial control with bacterial pathogen (Bacillus thuringiensis) by Cat-
les (1984) in France; or with fungal pathogen by Kamburov (1986) in South Africa,
phermone traps were used by Benfatto (1990) in Italy and parasitoids were applied by
Moreana et al. (1993) in Spain.
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The new trend of the presenl study a.lms 10 replace the b:ologncal agems mstead
of the chemical controi Therefore, labora:ory evaluanons and fleld apphcatlons were
tested; on the ditferent s.tages of Pcrt::r us:rgq the mlcroblal produc!s of BactosPeme
and Blo-ﬂy .
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MATERIALS AND METHODS
The present investigation on controlling of P.citri Mill. using bacterial and fungal
treatments was evaluated under laboratory conditions at the Agricultural Experimental

Station and that was applied in two lime infested orchards at Abies, Alexandria, Egypt,
during the seasons of 1996 and 1997.

Two commercial products of bicinsecticides were tested:

1. Bactospeine F.C. [a.i., Bacillus thuringiensis (berliner), 8500 International Units AK/
mg.] was supplied by Duphar B.V., Weesp, Holand.

2. Bio-fly F.C.[a.i., Beauveria bassiana 3X107 spores/mg.] was supplied by El-Nasr Bio-
insecticides and Fertilizers Company, El-sadaat, Egypt.

Three concentrations of each of microbial product were prepared, Bactospeine at the
rates of 1.0,1.5 and 2.0 c¢/l 1.w. and Bio-fly at the rates of 2.0,3.0 and 4.0cc/1 Lw.

Laboratory evaluation: During the main flowering season of lime trees in 1996, a
stock culture of badly infested flowers' with larvae and pupae of P.citri was collected
and kept in 30 X 30 X 20 cm wooden rearing céges.

The stock culture was used to study the effect of bioinsecticides on the differ-
ent stages of the insect, as well as, to determine the advanced effect of these materi-
als on the final reduction rate of infestation.

1. Effect of Bactqspeine on the adult and larval stages

1.1. The adult stage: From stock culture, pupae were picked and then transfered
separately into 1 X 4 cm specimen tubes covered with muslin. Upon moth emergence,
pairs of moths were introducted into oviposition cages {chimney glass, about 8 cm in
diameter and 16 cm high). Every cage was provided with a small plastic vial containing
a piece of sponge-soaked in 10% sugar solution for feeding and 5 healthy flower-buds
of lime to serve as oviposition sites. Cages were devided into 2 groups, each one con-
sisted of 20 replicates. Bactospeine at the rate of 2 cc/1 l.w. was added to the feed-
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ing solution of moths of the 1st cages group, while the 2 nd cages group left without
treatment for check. Cages were examined daily to provide extra feeding solution and
replace the buds with new ones.

Records of egg-laying capacity, oviposition period and adult longevity of male
and femal moths were taken 10 days after treatment.

1.2. The larval stage: Random samples of small lime twigs containing 400 bud-
flowers infested with larvae were distributed into 4 groups. Every group (20 twigs X 5
buds) devided into 5 replicates, each one (4 twigs X 5 buds) was kept in a small bottle
with 2 cc water. Three groups were sprayed with one treatment of Bactospeine i.e.
1.0,1.5 & 2.0 cc/1 L.w., while the last group received only water and used for check.
Spraying was made with atomizer (50 ml). Reduction percentage of larval infestation
was calculated 7 days after treatment according to number of alive larvae in treated
and untreated samples. :

2. Effect of Bio-fly on the immature stages

2.1. The larval and the pupal stages: The above experimental design was re-
peated on another random samples of lime twigs infested with both larvae and pupae
of P.citri were treated with Bio-fly at the rates of 2.0, 3.0 & 4.0 cc/1 L.w. Reduction
percentages of each of larval and pupal infestation were recorded 10 days after treat-
ment.

2.2. The egg stage: Newly P. citri eggs deposited on the petals of bud-flowers in
the laboratory were kept in 20 Petri-dishes lined with filter papers, each dish contains
petals with 40 eggs. Every 5 dishes (replicates) received one treatment of Bio-fly i.e.
2.0,3.0 &4.0 cc/1 L.w., the last 5 dishes only received water and used for comparison.
Petales with eggs were treated by a syringe (3 ml).

Reduction percentage of egg hatchability was estimated 10 days after treat-

ment.

Field application: Based on the results of the laboratory evaluation of P. citri con-
trol, 8 field applicantions were planned in order to control pest under field conditions
during the main flowering period of lime trees in 1996 and 1997. In 1996, four experi-
ments were carried out to determine the efficacy of one spray and two sprays with
each of Bactospeine at the rate (2 cc/1 L.w.) and Bio-fly at the rate (4 cc/1 L.w.) on
the reduction percentage of larval infestation. Field tests were conducted in two heavi-
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ly infested lime orchards of similar age; one of them was selected for Bactospeine
treatments and the other one was treated with Bio-fly. In each orchard, selected trees
were devided into 3 sets (5 trees/set); the 15t and 2 nd sets received one spray and
two sprays of bioinsecticides, respectively, the 3rd set was sprayed with water and

used for control.

The 18t Spraying was applied on April 15; the 2Nd spraying was done 7 days
after the 15! application. Trees were inspected 2 weeks after the 1St treatment. In-
spected samples consisted of 200 flowers/treatment (40 flowers/tree). Spraying was
made by a comp_ressed air knapsack sprayer (20 liter).

The similar previous field tests were repeated on another 30 infested trees dur-
ing 1997 season for comparison.

Reduction percentages of P.citri infestation under laboratory and field condi-
tions were based on the following formula:

% reduction of infestation = [ (¢-t/c] X 100
Where; ¢ = the mean number of alive individuals in untreated
t= the mean number of individuais in treated.

The "F" test (Snedecor & Cochran, 1961) was calculated to check the significance be-
tween the concentrations used and reduction percentages of infestation. The "T" test
(Dixon & Massey, 1969) was used in order to obtain information about the relationship
between number of spfays_ and reduction percentages of insect infestation.

RESULTS AND DISCUSSION

The present data tabulated in Table 1,2,3,4 and 5 indicated that the bioinsecti-
cides used under laboratory and field conditions gave variable efficiency on the reduc-
tion rates of P. citri infestation depended on the susceptible of insect stage, the effect
of product applied and its concentration as well as the number of applications.

Laboratory Evaluation
1. Effect of Bactospeine on the adult and larval stages

1.1. The adult stage: Effect of Bactospeine at the rate of 2 cc/1 L.w. on adult
longevity, oviposition period and no. of eggs/female of P. citrimoths reared on lime fl-
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owers under mean laboratory conditions of 25.6+ 0.1°C and 56% R.H. are shown in
Table 1.

1.1.1. Adult longevity: Data revealed that the longevities of untreated females
and males, with respective lasted for 7.80 (7-9) days and 6.00 (5-7) days in compari-
son of treated ones elapsed 2.75 (1-6) days and 3.43 (1-5) days. Therefore, Bactos-
peine (under the present conditions) reduced female and male longevities by 64.74%
and 42.83%, respectively.

1.1.2. Oviposition period: The oviposition periods of untreated and treated fe-
males were 6.60 (5-8) days and 1.53 (0-4) days, respectively. Thus, bacterial treat-
ment of Bactospeine resulted in 76.82% reduction of oviposition period of treated
moths.

1.1.3. Egg-laying capacity: The egg-laying capacity was the most biological as-
pects affected with bacteria. No. of eggs of untreated female ranged 95-313 eggs/
female with a mean of 181.60 eggs; while ones deposited 0-84 eggs/female with a
mean of 33.47 eggs. That means, Bactospeine caused 81.70% reduction of no. of
eggs per female.

Table 1. Effect of bacterial treatment of Bactospeine at the rate of 2 cc/1 l.w. on
some biological aspects of P.citri moths under mean laboratory conditions of
25.6 + 0.1 °C and 65% R.H.

Period/days No. of eggs/ % reduction of
adult longevit oviposition female .
sl £ adult longevity |oyiposition | N ©f
t. c. i i eggs/
I G f. c. period
female | male {female | male female | male female

2.75 [3.43| 7.8 |6.00]1.53)6.60)33.47 ] 181.60 | 64.74 | 42.83 | 76.82 81.70
(1-8) |(1-5)] (7-9) }(5-7)(0-4)|(5-8)](0-84)} (95-313)
t. = treated, c. = control

1.2. The larval stage: The efficacy of Bactospeine on Prays citri larvae was
shown in Table 2. Data revealed that the treatments of Bactospeine at the concentra-
tions of 2.0,1.5 and 1.0 cc/1 L.w. produced reduction of larval infestation by 90.08,
69.48 and 55.73%, respectively. Statistical analysis showed that the differences be-
tween the concentrations used resulted highly significant effect on the reduction rates
of Iafval infestation.
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2. Effect of Bio-fly on immature stages: Lists in Table 3 declare the role of
Bio-fly tested at the dosages of 4.0,3.0 and 2.0 cc/1l.w. on the egg hatchability, the
larval infestation and the adult emergency of P.citri. Statistical analysis showed signifi-
cantly effects between concentrations applied and the reduction percentages of eggs,

larvae and pupae infestation.

2.1. The egg stage: Reduction percentages of eggs infestation reached
65.83,55.50 and 36.00% when the eggs were treated with Bio-fly at the concentra-
tion rates of 4.0,3.0 and 2.0 cc/1l.w., respectively.

2.2. The larval stage: Various percentages of larval reduction were obtained as
Bio-fly was sprayed with different concentrations. The most larval reduction was
68.45% at the highest concentration (4 cc/1l.w.), followed by 53.48% reduction at
the moderate concentration ( 3 cc/1l.w.), while the least larval reduction was 29.95%
at the diluted concentration (2 cc/1l.w.).

2.3. The pupal stage: The reduction rates of adult emergence ranged between
72.55% and 13.73% as pupae were treated with Bio-fly at the rates of 4 cc/1l.w. and
2 cc/1 l.w., respectively. The moderate reduction rate of moth emergence was
47.06% when pupae exposed for a mid concentration ( 3 cc/1l.w.)

Howere, the immature stages of P. citri treated with Bio-fly at the highest rate
(4 cc/1l.w.) could be arranged according to their susceptability of fungal pathogenic
into: the pupae were most susceptible followed by the larvae and finallythe eggs were
least affected.

3. Advanced effects of Bactospeine and Bio-fly on the final per-
centage reduction of P.citri infestation : Results recorded in Table 4 reveal
the efficiency of microbial agents used against the larvae of P. citri and its extended
effect on the pupae and the adults formed from them on the final percentage reduc-
tion of infestation. Data emphasized that the final percentages reduction of infestation
reached 97.71% and 78.61% when Bactospeine at the rate (2.0 cc/1l.w.).and Bio-fly
at the rate (4 cc/1l.w.) were applied on the larvae; at the same time, both the pupae
and the adults were affected as Bactospeine was applied at a rate (1.5 cc/t1l.w.)
against the larvae, its effect continued on the pupae, caused 78.60% final resuction of
infestation. Bio-fly used at the rate (3 cc/1l.w.). had limited effect only on the larvae,
reduced 53.48% of infestation.
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conditions.
Bioinsecticide Concentration Mean no. of alive % reduction
{cci1 Lw.) | larvae/100 flowers of larval
treated | untreated | infestation
Bactospeine 2.0 2.6 26.2 90.08
[Bacillus thuringiensis {berliner)} 1.5 8.0 26.2 69.48
1.0 11.6 26.2 55.73
(F) value 9.26%="
L.S.D. (0.05) 3.99
L.S.D. (0.01) 6.22

Table 3. Effect of Bio-fly on the immature stages of P.citriinfestation under laboratory conditions.

Mean no. of individuals/100 flowers % reduction of infestation
_ o~ Concentration
Bioinsecticide ;
(ccll Lw.) haiched eqgs | alive larvae | alive pupae eggs | larvae | pupae
i 5 i. C. ) C.
Bio-fly 4 68.3| 200 | 11.8|37.4| 5.6 | 20.4 | 65.83 | 68.45 | 72.55
e 3 89.0 | 200 | 17.¢| 37.4| 10.8] 20.4 | 55.50 | 53.48 | 47.06
bassiana)
2 128.0] 200 | 26.2 | 37.4 ]| 17.6 | 20.4 | 36.00 | 29.95 | 13.73
F value = 17.04 5.28" 66.23""
L.S.D. (0.05) = 22.13 8.31 1.95
L.S.D. (0.01) = 38.89 12.894 3.03

t. = treated, c. = control
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Table 4. Advanced effects of Bactospeine and Bio-fly used against the larvae on the
final reduction rate of P. citriinfestation under laboratory conditions.

: Mean no. of alive individuals Final %

Bioinsecticide (Fannskeation reduction of
(ccit Lw.) . 5

infestation

larvae* pupae** adults**

Bactospeine 2.0 2.6 1.0 0.6 97.71
145 8.0 5.6 5.6 78.63
Bio-fly 4.0 11.8 9.2 8.0 78.61
3.0 17.4 17.4 17.4 53.48

* Larvae treated with bioinsecticides.
** Pupae and adults resuited from treated larvae.

Table 5. Efficacy of Bactospeine [Bacilius thuringiensis (berliner)] and Bio-fly [Baeuveria bassia-
naj on the reduction rate of P.citri infestation in lime orchards during 1996 and 1997

seasons.
Mean no. of alive larvae/200 % reduction of
infestation
o . .. 1 Concentration fowers
Season | Bioinsecticide ] B
fec/t Lw.} | onespray | two sprays
one spray | two sprays
t. C. £. C.
1996 | Bactospeine 2 12.0 | 452 4.6 45.2 73.45 89.82 0.05
1997 | Bactospeine 2 11.6 | 39.6 2.6 39.6 70.71 93.43 0.01
1996 Bio-fly 4 10.2 | 22.8 54 | 22.8 55.26 76.32 0.01
1997 Bio-fly 4 11.8 | 27.4 5.8 27.4 56.93 78.83 0.01

t. = treated, c. = control
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Field Application

Data in Table 5 showing the efficacy of one spray and two sprays of the two commer-
cially products of Bactospeine (bacterial treatment) and Bio;fly (fungal treatment)
which were applied at the doses of 2 cc/1l.w. and 4 cc/1L.w., respectively, on the re-
duction percentages of P.citri infestation in lime orchards throughout the two succes-
sive main flowering seasons of 1996 and 1997. Data elucidated that two sprays of
Bactospeine at a concentration (2 cc/1l.w.) gave considerable reduction of infestation
ranged 89.82-93.43%, while one spray reduced 70.71-73.45% of infestation. On the
other hand, one spray with Bio-fly at a rate (4 cc/1l.w. ) resulted 55.26-56.93% re-
duction of infestation, in the case of two sprays applied, reduction of infestation raised
into 76.32-78.83% during 1996 and 1997 experiments. However, a bacterial treat-
ment at a rate (2 cc/1l.w.) afforded the utmost reduction percentage of infestation
followed by a fungal treatment at a rate (4 cc/1i.w.), consequently, a bacterial treat-
ment was active pathogenic agent rather than a fungal treatment in spite of the later
was used at a higher concentration. Moreover, statistical analysis showed significant
differences between the number of sprays used and the reduction percentages of in-
festation.

From the forementioned resuits it could be recommended that two sprays of
Bactospeine at a dose of 2 cc/1l.w. are quite effective to control P.citri on lime trees,
the 1St spray begins mid-April and the ond spray takes place 7 days after the 1Stone.
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