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Abstract 
Effectiveness of different doses of entomopathogenic fungi alone and its combination with two 
insecticides against mealy bug, Maconellicoccus hirsutus (Green) revealed that the Lecanicillium lecanii 
@ 2.0 gm/l + profenophos 50 EC 0.025% and L. lecanii @ 2.0 gm/l + flonicamid 50 WG 0.0125% were 
found to be the most effective for reducing the population of mealy bug on custard apple both in 
laboratory condition as well as in field condition. The difference in fruit yield recorded in various 
combinations of entomopathogenic fungi and insecticide was found statistically higher yield compared to 
control and all other treatments. However, treatment combination of (T7) L. lecanni @ 2.0 g/l + 
profenophos 50 EC 0.025% recorded the highest fruit yield of custard apple i.e. 4648 kg/ha which was 
found statistically at par with (T8) L. lecanni @ 2.0 g/l + flonicamid 50 WG 0.0125% (4499 kg/ha). The 
CBR of different treatments were worked out. Among the different treatments, the highest CBR i.e. 
1:11.12 was recorded in the treatment of (T7) L. lecanni 2.0 g/l + profenophos 50 EC 0.025% whereas, 
the lowest CBR was observed in the treatment of (T10) flonicamid 50 WG 0.025% (1:5.96).  
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Introduction 
The custard apple (Annona squamosa L., Family: Annonaceae), native of South America, is 
very hardy tropical fruit crop, tolerant to drought, salinity and saline irrigation water to certain 
extent. Babu and Azam (1987) [2] reported that Maconellicoccus hirsutus (Green) as a pest of 
economic importance in custard apple. A preliminary survey around Junagadh revealed that 
the M. hirsutus has been the major and potential pest in this area. Three species of mealy bugs 
namely Planococcus citri Risso, Maconellicoccus hirsutus (Green) and Ferrisia virgata 
(Cockerel) have been recorded on custard apple. These species were reported causing the most 
severe damage by sucking the cell sap from fruits, leaves and young shoots (Mani and 
Krishnamoorthy, 1989) [6]. The latter two species are observed to cause severe damage to the 
fruits of custard apple in Saurashtra region. The pest has been observed in harbouring on 
young shoots and fruits. The blemished fruits do not fetch good price in the market. The 
entomopathogenic fungus Lecanicillium lecanii and Beauveria bassiana is very effective and 
widely used as bio-pesticide, which controls various pests of different crops (Prakasan, 1987, 
Gonzalaz et al., 1995, Reddy et al., 1999) [8, 3, 9]. However, such study has not so far done on 
cusard apple particularly under Junagadh condition. Hence, in view of seriousness of the pest, 
it becomes necessary to have comprehensive information on this aspect. The present 
investigation was, therefore, carried out at Junagadh. 
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Materials and methods 
Application of treatments 
Details of treatments 

 

Sr. No. Treatment Name of insecticides and quantity / 1 litre water 
Quantity / 

10 liter 
1. T1 Beauveria bassiana (Savaj.) 2.0 gm/lit (2×106 cfu/gm) 20 gm 
2. T2 Beauveria bassiana (Savaj) 4.0 gm/lit (2×106 cfu/gm) 40 gm 
3. T3 Beauveria bassiana (Savaj) 2.0 gm/lit (2×106 cfu/gm) + profenophos 50 EC 0.025% @ 0.5ml/lit 20gm +5 ml 
4. T4 Beauveria bassiana (Savaj) 2.0 gm/lit (2×106 cfu/gm) + flonicamid 50 WG 0.0125% @ 0.25 gm/lit 20 gm+2.5 gm 
5. T5 Verticillium lecanii (Vertisoft) 2.0 gm/lit (2×108 cfu/gm) 20 gm 
6. T6 Verticillium lecanii (Vertisoft) 4.0 gm/lit (2×108 cfu/gm) 40 gm 
7. T7 Verticillium lecanii (Vertisoft) 2.0 gm/lit (2×108 cfu/gm) + profenophos 50 EC 0.025% @ 0.5ml/lit 20 gm +5 ml 
8. T8 Verticillium lecanii (Vertisoft) 2.0 gm/lit (2×108 cfu/gm)+ flonicamid 50 WG 0.0125% @ 0.25 gm/lit 20 gm +2.5 gm 
9. T9 profenophos 50 EC 0.05% @ 1.0 ml/lit 10 ml 

10. T10 flonicamid 50 WG 0.025% @ 0.5 gm/lit 5 gm 
11. T11 Control (water spray) ----- 

 
Under laboratory condition 
The fresh custard apple leaves collected from unsprayed 
custard apple field were washed properly with clean water 
and air-dried. The petiole of the leaf was wrapped with cotton 
wool and was applied 2 ml water daily so as to keep leaf fresh 
and turgid for longer period of time. The spray of each 
treatment was applied on custard apple leaves separately with 
the help of baby sprayer. Care was taken to obtain uniform 
coverage of the insecticides. Treated leaves was allowed to 
dry under ceiling fan for 2 hours. The treated leaves were kept 
in glass Petri dish of 10 cm in diameter and 2 cm in height. 
The care was taken to maintain humidity in the Petri dish by 
placing wet disk blotting paper at the bottom of Petri dish. 
Twenty five nymphs of M. hirsutus per treatment in each 
replication were released on treated leaves with the help of 
fine camel hair brush and kept inside the Petri dish 
individually. The fresh untreated leaves were provided after 
24 hours of feeding on the treated leaves. The observations on 
number of live and dead crawlers were recorded at 1, 3, 5 and 
7 days after treatment. 
 
Under Field condition 
The spraying of all insecticides were carried out with the help 
of knapsack sprayer after taking pre-treatment observations of 
mealy bugs. The spray solution required for uniform coverage 
were estimated by spraying known quantity of water before 
spray and then insecticides were mixed thoroughly in water. 
The care was taken to obtain uniform coverage of insecticides 
on each plant tree. Five litre of spray solution was sufficient 
for covering of single plant tree of custard apple. First spray 
of insecticides was applied at initiation of the pest infestation 
and second spray was repeated after 15 days of first spray. 
Need based application were carried out whenever necessary. 
From each tree, five fruits were selected and tagged randomly 
from lower, middle and upper portion of the canopy. The 
observations on no. of adult population of mealy bugs were 
recorded with the help of magnifying lens on the fruits 24 hrs 
before and at 1, 3, 5 and 7 days after each spraying. 
 
Statistical Analysis 
The data recorded on mealy bug population was converted 
into per cent mortality by using the following formula given 
by Abbott (1925) [1] and modified by Henderson and Tilton 
(1955) [4] and the data was analyzed statistically. 

Corrected per cent mortality = 100 x 





 

ab

ba

C x T
C x T1  

Where, 
Ta = No. of mealy bugs observed after treatment  
Tb = No. of mealy bugs observed before treatment 
Ca = No. of mealy bugs observed from check plot (Control) 
after treatment 
Cb= No. of mealy bugs observed from check plot 
(Control) before treatment 
Statistical analysis was carried out using ANOVA technique 
given by Panse and Sukhatme (1985) [7]. 
 
Results and Discussion 
Under Laboratory Condition 
One day after feeding 
The data recorded on crawlers' mortality of mealy bug after 
one day of the feeding are given in Table-1 indicated that the 
significantly highest 78.68 per cent mealy bug mortality was 
recorded in the treatment of profenophos 50 EC 0.05%. This 
treatment was found significantly superior over rest of the 
treatments.  
The treatments, flonicamid 50 WG 0.025%, L. lecanii @ 2.0 
g/l + profenophos 50 EC 0.025%, L. lecanii @ 2.0 g/l + 
flonicamid 50 WG 0.0125%, B. bassiana @ 2.0 g/l + 
flonicamid 50 WG 0.0125%, B. bassiana @ 2.0 g/l + 
profenophos 50 EC 0.025% and L. lecanii @ 4.0 g/l were 
gave 51.45, 30.20, 23.75, 17.86, 14.30 and 2.10 per cent 
mortality of the mealy bug, respectively and significantly 
differed with each other.  
 
Three days after feeding 
The data recorded on crawlers' mortality of mealy bug after 
three days of the feeding are given in Table-1 indicated that 
the highest 87.28 per cent mealy bug mortality was recorded 
in the treatment of profenophos 50 EC 0.05%.This treatment 
was found significantly superior over rest of the treatments.  
The treatments, flonicamid 50 WG 0.025%, L. lecanii @ 2.0 
g/l + profenophos 50 EC 0.025%, L. lecanii @ 2.0 g/l + 
flonicamid 50 WG 0.0125%, B. bassiana @ 2.0 g/l + 
flonicamid 50 WG 0.0125%, B. bassiana @ 2.0 g/l + 
profenophos 50 EC 0.025% and L.  
lecanii @ 4.0 g/l were gave 75.42, 68.51, 61.16, 45.85, 40.73, 
and 7.73 per cent mortality of the mealy bug, respectively and 
significantly differed with each other.  
 
Five days after feeding 
The data recorded on crawlers' mortality of mealy bug after 
five days of the feeding are given in Table-1 indicated that the 
highest per cent mealy bug mortality was recorded in the 
treatment of profenophos 50 EC 0.05% and remained at par 
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with the treatment of L. lecanii @ 2.0 g/l + profenophos 50 
EC gave equal per cent mortality i.e. 91.15 per cent. This 
treatments were found significantly superior over rest of the 
treatments.  
The treatment flonicamid 50 WG 0.025% which remained at 
par with the treatment of L. lecanii @ 2.0 g/l + flonicamid 50 

WG 0.0125% were gave equal 86.13 per cent of the mortality. 
The treatments, B. bassiana @ 2.0 g/l + flonicamid 50 WG 
0.0125%, B. bassiana @ 2.0 g/l + profenophos 50 EC 0.025% 
and L. lecanii @ 4.0 g/l were gave 66.25, 53.43 and 27.65 per 
cent mortality of the mealy bug, respectively and significantly 
differed with each other. 

 
Table 1: Bio-efficacy of B. bassiana and L. lecanii on mealy bug, M. hirsutus under laboratory condition 

 

Sr. No. Treatment 
Percentage mortality at different days after feeding 

1st day 3rd day 5th day 7th day 

1 T1 4.17* 
(0.53) 

4.41 
(0.59) 

9.10 
(2.50) 

20.03 
(11.74) 

2 T2 4.17 
(0.53) 

8.83 
(2.35) 

19.66 
(11.31) 

26.63 
(20.09) 

3 T3 22.22 
(14.30) 

39.66 
(40.73) 

46.97 
(53.43) 

53.34 
(64.35) 

4 T4 25.00 
(17.86) 

42.62 
(45.85) 

54.48 
(66.25) 

54.92 
(66.98) 

5 T5 4.17 
(0.53) 

7.31 
(1.62) 

22.62 
(14.79) 

44.91 
(49.84) 

6 T6 8.33 
(2.10) 

16.14 
(7.73) 

31.72 
(27.65) 

61.69 
(77.50) 

7 T7 33.33 
(30.20) 

55.86 
(68.51) 

72.69 
(91.15) 

79.97 
(96.96) 

8 T8 29.17 
(23.75) 

51.45 
(61.16) 

68.14 
(86.13) 

84.97 
(99.23) 

9 T9 62.50 
(78.68)

69.10 
(87.28)

72.69 
(91.15)

76.71 
(94.72) 

10 T10 45.83 
(51.45) 

60.28 
(75.42) 

68.14 
(86.13) 

74.96 
(93.26) 

S. Em. ± 0.44 1.00 1.14 0.98 
C.D. at 5% 1.30 2.96 3.36 2.89 

C.V.% 3.18 4.88 4.23 2.94 
* Arcsin transformed value. 
Figures in the parentheses are retransformed values 

 
Seven days after feeding 
The data recorded on crawlers' mortality of mealy bug after 
seven days of the feeding are given in Table-1 indicated that 
the highest 99.23 per cent mealy bug mortality was recorded 
in the treatment of L. lecanii @ 2.0 g/l + flonicamid 50 WG 
0.0125%.  
This treatment was found significantly superior over rest of 
the treatments. The treatments, L. lecanii @ 2.0 g/l + 
profenophos 50 EC 0.025% stood on second order of 
effectiveness and gave 96.96 per cent mortality. The 
treatments, profenophos 50 EC 0.05% and flonicamid 50 WG 
0.025% were gave 94.72 and 93.26 per cent mortality 
respectively and at par with each other. The treatment of L. 
lecanii @ 4.0 g/l was gave 77.50 per cent mortality and 
significantly different than all the other treatments.  
Looking to the overall results it can be concluded that the 
treatments of L. lecanii 2.0 g/l + flonicamid 50 WG 0.0125%, 
L. lecanii @ 2.0 g/l + profenophos 50 EC 0.025%, 
profenophos 50 EC 0.05% and flonicamid 50 WG 0.025%, 
were found to be more effective for reducing the population 
of mealy bugs on custard apple. 
That result concurrance with the result finding of Makadia 
(2006) recorded 81 to 88 per cent crawlers mortality of the 
custard apple mealy bug by using L. lecanii @ 2 g/l and L. 
lecanii @ 1 g/l with combination of trizophos & 
chlorpyriphos insecticides under laboratory condition. 
 
Under Field Condition (Pooled of 2 Spray) 
One day after application 
The data recorded on mortality of the mealy bugs after one 
day of treatment are given in Table-2. The data indicated that 

the highest i.e. 47.71 per cent mortality of mealy bug was 
recorded in the treatment of profenophos 50 EC 0.05% which 
was statistically at par with flonicamid 50 WG 0.025% 
(46.07%). 
The rest of the treatments i.e. L. lecanii @ 2.0 g/l + 
flonicamid 50 WG 0.0125%, L. lecanii @ 2.0 g/l + 
profenophos 50 EC 0.025%, B. bassiana @ 2.0 g/l + 
flonicamid 50 WG 0.0125, B. bassiana @ 2.0 g/l + 
Profenophos 50 EC 0.025% were remained intermediate and 
stood on second order of effectiveness and at par with each 
other, which gave mortality of 33.25, 30.85, 29.96 and 29.10 
per cent, respectively.  
 
Three days after application 
The data recorded on mortality of the mealy bug after three 
days of the spray are given in Table-2. Among these 
treatments, the highest 59.48 per cent mortality was recorded 
in profenophos 50 EC 0.05% which was statistically at par 
with flonicamid 50 WG 0.025% (59.37%) and B. bassiana @ 
2.0 g/l + flonicamid 50 WG 0.0125% (53.33%). The 
treatments of B. bassiana @ 2.0 g/l + profenophos 50 EC 
0.025%, L. lecanii 2.0 g/l + flonicamid 50 WG 0.0125%, L. 
lecanii @ 2.0 g/l + profenophos 50 EC 0.025% and L. lecanii 
@ 4.0 g/l stood second order of effectiveness which caused 
mealy bug mortality of 50.62, 49.63, 48.60 and 39.69 per 
cent, respectively.  
 

Five days after application 
The data recorded on mortality of the mealy bug after five 
days of the spray are given in Table-2. The highest mortality 
of 77.18 per cent was recorded on plant treated with L. lecanii 
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@ 2.0 g/l + flonicamid 50 WG 0.0125% which was at par 
with the treatment of L. lecanii @ 2.0 g/l + profenophos 50 
EC 0.025% (61.46%). 
The treatments of flonicamid 50 WG 0.025%, profenophos 50 
EC 0.05%, B. bassiana @ 2.0 g/l + flonicamid 50 WG 
0.0125%, B. bassiana @ 2.0 g/l + profenophos 50 EC 0.025% 
and L. lecanii @ 4.0 g/l it, stood second order of effectiveness 
which caused mealy bug mortality of 68.36, 68.30, 60.79, 
58.59 and 55.81 per cent, respectively and found at par with 
each other. 
 
Seven days after application 
The data recorded on mortality of the mealy bug after seven 
days of the spray are given in Table-2. Among these 
treatments, the highest mortality of 87.90 per cent was 
recorded in treatment of L. lecanii @ 2.0 g/l + profenophos 50 
EC 0.025% and was at par with the treatments of L. lecanii @ 
2.0 g/l + flonicamid 50 WG 0.0125% (86.50%). 
The treatments of flonicamid 50 WG 0.025% (78.31%) and 

profenophos 50 EC 0.05% (75.72%) were gave 78.31 and 
75.72 per cent mortality and were stood on second order of 
effectiveness. 
Looking to the overall bio-efficacy of different treatments 
under field conditions, L. lecanii @ 2.0 g/l + profenophos 50 
EC 0.025% or L. lecanii @ 2.0 g/l + flonicamid 50 WG 
0.0125% was found to be the most effective treatment for 
controlling the mealy bugs on custard apple. 
In the present investigations as flonicamid 50 WG 0.025% an 
profenophos 50 EC 0.05% alone or L. lecanii alone are 
comparatively less effective as compared to its combination 
i.e. L. lecanii @ 2.0 g/l + profenophos 50 EC 0.025% or L. 
lecanii @ 2.0 g/l + flonicamid 50 WG 0.0125% which was 
found to be the most effective at seven days after spray. The 
treatments of double dose of flonicamid 50 WG 0.025% and 
profenophos 50 EC 0.05% alone then its combination with 
entomopathogenic fungi also gave a higher per cent mortality 
but its costly than the combination treatments. 

 
Table 2: Bio-efficacy of B. bassiana and L. lecanii on mealy bug, M. hirsutus under field condition (Pooled of 2 spray) 

 

Sr. No. Treatment 
Percentage mortality at different days after application (Pooled) 

1st day 3rd day 5th day 7th day 

1 T1 20.84* 
(12.66) 

31.16 
(26.77) 

33.58 
(30.60) 

35.41 
(33.58) 

2 T2 23.37 
(15.73) 

34.97 
(32.85) 

42.79 
(46.15) 

47.25 
(53.93) 

3 T3 32.65 
(29.10) 

45.35 
(50.62) 

49.95 
(58.59) 

54.28 
(65.91) 

4 T4 33.18 
(29.96) 

46.91 
(53.33) 

51.23 
(60.79) 

54.54 
(66.35) 

5 T5 26.77 
(20.29) 

34.25 
(31.67) 

44.40 
(48.95) 

46.73 
(53.02) 

6 T6 28.99 
(23.48) 

39.05 
(39.69) 

48.33 
(55.81) 

51.26 
(60.84) 

7 T7 33.74 
(30.85) 

44.20 
(48.60) 

61.75 
(77.59) 

69.64 
(87.90) 

8 T8 35.22 
(33.25) 

44.79 
(49.63) 

61.46 
(77.18) 

68.45 
(86.50) 

9 T9 43.69 
(47.71) 

50.47 
(59.48) 

55.73 
(68.30) 

60.48 
(75.72) 

10 T10 42.74 
(46.07) 

50.40 
(59.37) 

55.77 
(68.36) 

62.24 
(78.31) 

S. Em. ± 1.24 1.38 1.76 1.73 
C.D. at 5% 3.56 3.97 5.07 4.98 

C.V.% 9.47 8.04 8.57 7.74 
* Arcsin transformed value. 
Figures in the parentheses are retransformed values. 

 
 Yield and economics  
The fruit yield of custard apple were recorded on hectare basis 
from each treatment plot. Perusal of data indicated in Table-3 
that all the treatments gave significantly higher fruit yield of 
custard apple as compared to control.  
The difference in fruit yield recorded in various combinations 
of entomopathogenic fungi and insecticide was found 
statistically higher yield compared to control and all other 
treatments. However, treatment combination of (T7) L. 
lecanni @ 2.0 g/l + profenophos 50 EC 0.025% recorded the 
highest fruit yield of custard apple i.e. 4648 kg/ha which was 
found statistically at par with (T8) L. lecanni @ 2.0 g/l + 
flonicamid 50 WG 0.0125% (4499 kg/ha).  
The per cent increase in fruit yield over control in treatments 
of entomopathogenic fungi combined with low dose of 
insecticides varied from 52.89 to 113.28 per cent. The highest 
per cent increase in fruit yield was recorded in the treatment 
of (T7) L. lecanni @ 2.0 g/l + profenophos 50 EC 0.025% 

(113.28 per cent), followed by (T8) L. lecanni @ 2.0 g/l + 
flonicamid 50 WG 0.0125% (106.42 per cent).  
It is evident that the net realization of different treatments 
varied from 50633 to 172807 Rs/ha. Among the different 
combinations entomopathogenic fungi and insecticides, 
treatment combination of (T7) L. lecanni @ 2.0 g/l + 
profenophos 50 EC 0.025% recorded the maximum net 
realization i.e. 172807 Rs./ha which was followed by (T8) L. 
lecanni @ 2.0 g/l + flonicamid 50 WG 0.0125% (162353 
Rs./ha) and the minimum net realization was observed in the 
treatment of (T2) B. bassiana @ 4.0 g/l (50633 Rs./ha). 
The CBR of different treatments were worked out. Among the 
different treatments, the highest CBR i.e. 1:11.12 was 
recorded in the treatment of (T7) L. lecanni 2.0 g/l + 
profenophos 50 EC 0.025% whereas, the lowest CBR was 
observed in the treatment of (T10) flonicamid 50 WG 0.025% 
(1:5.96).  
The cost-benefit ratio of L. lecanni @ 2.0 g/l + profenophos 
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50 EC 0.025% i.e. 1:11.12 was found higher compared to L. 
lecanni @ 2.0 g/l + flonicamid 50 WP 0.0125% i.e. 1:7.88, 
which may be due to high cost of flonicamid 50 WP. Thus, it 
can be inferred from these results that the treatment L. lecanni 

@ 2.0 g/l + profenophos 50 EC 0.025% was found to be the 
most effective against mealy bug and gave higher net profit 
per hectare. 

Table 3: Economics of different treatments for control of mealy bug on custard apple during Kharif 2015 
 

Treatments 
Quantity of insecticides 

for two application 
(lit/ha or kg/ha) 

Cost of insecticides 
for two sprays 

(Rs./ha) 

Total cost of 
control measure 

(Rs./ha) 

Yield 
(kg/ha) 
Fruits 

Gross 
realization 

(Rs./ha) 

Net 
realization 

(Rs./ha) 
CBR 

T1 5.6 kg 896 7595 2949 206453 53900 1 : 7.10 
T2 10.2 kg 1792 8397 2903 203186 50633 1 : 6.03 
T3 5.6 kg + 1.4 lit 1638 9606 3332 233240 80687 1 : 8.86 
T4 5.6 kg +0.7 kg 6986 15757 3985 278973 126420 1 : 8.02 
T5 5.6 kg 4704 12000 3248 227360 74807 1 : 6.23 
T6 10.2 kg 9408 17824 3808 266560 114007 1 : 6.40 
T7 5.6 kg + 1.4 lit 5446 15094 4648 325360 172807 1 : 11.12 
T8 5.6 kg +0.7 kg 10794 20591 4499 314906 162353 1 : 7.88 
T9 2.8 lit 1484 9359 3537 247613 95060 1 : 10.16 
T10 1.4 kg 12180 20895 3957 277013 124460 1 : 5.96 
T11 - - - 2179 152553 - - 

Labour charges Rs. 200/ day and market value of fruits has been calculated @ Rs. 70.00/kg. 
Price of insecticides  1) Beauveria bassiana = 160 Rs./kg 3) Profenophos 50% EC =530 Rs./lit 

2) Lecanicillium lecanii = 840 Rs./kg 4) Flonicamid 50 WP= 8700 Rs./kg 
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