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Abstract

integrated pest management program.

The peach aphid, Myzus persicae (Hemiptera: Aphididae) and silver leaf whitefly, Bemisia tabaci (Hemiptera:
Aleyrodidae) are the major pests of capsicum under protected cultivation. The entomopathogenic fungi (EPF) are
environmentally safe than the chemical pesticides. In the present study, different EPF formulations, Beauveria
bassiana Balsamo (Vuillemin), Lecanicillium lecanii (Zimmerman) Viegas, Metarhizium anisopliae (Metschnikoff)
Sorokin, were evaluated along with Azadirachtin 1% for the management of the aphid and the whitefly on
capsicum under protected conditions. Result showed that talc formulation of L. lecanii MTCC 956 at 10 and 12 g/I
caused 60.5 and 61.6% population reduction for aphid and 60.0 and 61.6% population reduction for whitefly,
whereas Azadirachtin 1% at 4 and 5 ml/I caused 71.2 and 74.7% population reduction for aphid and 68.5 and 71.0%
population reduction for whitefly after 3rd spray, respectively and were effective in reducing aphid and whitefly
populations on capsicum recommending its organic production under protected cultivation and could be a part of
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Background

Capsicum is an annual herbaceous vegetable crop also
known as sweet pepper and is broadly cultivated in
India and all over the world as table food for its
exquisite taste and good flavor. The active chemical
component of sweet pepper called “capsaicin” has
antioxidant, anti-carcinogenic, and anti-diabetic
properties (Gupta et al. 2016). Temperature, relative
humidity, and energy may influence the growth of
sweet pepper under open field cultivation. Under
protected cultivation, all these factors are maintained
for its efficient productivity.
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The aphids, Myzus persicae (Sulzer) and Aphis
gossypii (Glover); whitefly, Bemisia tabaci (Genna-
dius); mite, Polyphagotarsonemus lactus (Banks); and
thrips, Scirthorips dorsalis (Hood) are economic
pests which infest crops under protected cultivation.
They are sucking pests, which effect the growth and
hence lead to reduction in crop yield. Among these,
M. persicae (Hemiptera: Aphididae) and B. tabaci
(Hemiptera: Aleyrodidae) are major insect pests,
which cause vector borne viral diseases and their
damage includes chlorosis, necrosis, wilting, stunting,
flower and fruit abortion, leaf distortion, and
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defoliation (Sayed et al. 2019). M. persicae can re-
duce photosynthetic capability of plant by producing
sugary honeydew and affect the quality and quantity
of crop (Frantz et al. 2004).

Management of the sucking insect pests is mainly by
chemical insecticides but their excessive and indiscrimin-
ate use has led to insecticide resistance and residue prob-
lems apart from health hazards (Pilkington et al. 2010 and
Pappas et al. 2013). Various parasitoids, predators, patho-
gens, and botanicals are being exploited for management
of these pests (Ali et al. 2017 and Ullah et al. 2019). Man-
agement of insect pests using entomopathogenic fungi
(EPF) is regarded as an important alternative method for
organic cultivation of vegetables under protected condi-
tions(Manfrino et al. 2014 and Ali et al. 2018).

Entomopathogens are reported to control various crops
insect pests. These EPF viz. Beauveria bassiana (Hypo-
creales: Cordycipitaceae), Metarhizium anisopliae (Hypo-
creales: Clavicipitaceae), Lecanicillium spp., (previously
Verticillium lecanii) (Hypocreales: Cordycipitaceae), and
Isaria fumosorosea (Hypocreales: Clavicipitaceae) (previ-
ously Paecilomyces fumosoroseus) are reported to kill insect
by nutritional deficiency, tissue degradation, and release of
toxins. The EPF contain cuticle degrading enzymes like
protease; lipase and chitinase which degrade the insect cu-
ticle, followed by penetration of fungal germ tube into in-
sect body and thereby releases several mycotoxins such as
Beauvericin, Beauverolides, and Bassianolide to kill the in-
sect (Gabarty et al. 2014). The fungus initiates infection by
adherence of conidia to the cuticle of a susceptible host by
hydrophobic or enzymatic mechanisms and kills the host
due to depletion of their hemolymph nutrients. In modern
era, with the increasing awareness about the safety and
quality of foods, long-term sustainability of the system and
accumulating evidences of being equally productive, the
organic farming is gaining importance.

So, present study aimed to evaluate various mycofor-
mulations along with botanical formulation Azadirachtin
to manage M. persicae and B. tabaci on capsicum in or-
ganic production under protected cultivation.

Materials and methods

Fungal culture

One Lecanicillium lecanii isolate (MTCC 956) procured
form Institute of Microbial Technology, Chandigarh, India,
and one native isolate Beauveria bassiana (Bb-Bl) were
used in the present study. These isolates were grown and
maintained on potato dextrose agar (PDA) (dextrose 2%, po-
tatoes infusion form 20%, agar 5%, and chloramphenicol
0.5%) and stored at refrigeration temperature till further use.

Production of mycoformulations
These fungal isolates were inoculated and incubated on
sterilized broken rice grains for 15 days at 25 + 2°C and
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formulated to talc formulation according to method-
ology of Kaur and Joshi (2014).

Test biopesticides

Three entomopathogenic commercial mycoformulations
viz. Bio-Catch (L. lecanii 1.50% liquid formulation),
Biomagic (M. anisopliae 1.50% liquid formulation),
Biopower (B. bassiana 1.50% liquid formulation) manu-
factured by T. Stanes & Company Limited, Tamil Nadu,
India), and one botanical formulation Azadirachtin (Eco-
neem plus(1.0%) from Margo Private Limited, Bengaluru
and chemical malathion 50 EC (tusk) from Shivalik
Company, Chandigarh, India, were used for the present
study.

Experiment method

Capsicum crop was raised in polyhouse as per recom-
mendation of Punjab Agricultural University Packages
and Practices of Vegetable Crops. The capsicum hybrid
variety “Indra” was transplanted on raised beds of 1.5m
width, with plant to plant and row to row spacing of 30
and 90 c¢m, respectively. The experiment for the manage-
ment of M. persicae and B. tabaci on capsicum was con-
ducted for 2 years. The pre-treatment data of the aphid
and whitefly population was recorded from 3 leaves (top,
middle, and bottom) per plant and 3 foliar applications
of all mycoformulations (8, 10, and 12 g/l); Azadirachtin
(@ 4 and 5ml/l) were given at 10days interval in the
evening hours. The experiment was conducted in ran-
domized block design (RBD) with each concentration of
biopesticide as one treatment with 3 replications and 5
plants per replica. Apart from these biorational treat-
ments, one chemical malathion 50 EC (4 ml/l) and un-
treated check was also maintained to compare the
efficacy of treatments.

Aphid and whitefly counts

The aphid and whitefly populations were recorded from
the randomly selected 3 leaves from top, middle, and
bottom canopy of randomly selected plant before treat-
ment and after 3, 7, and 10days of spray, respectively.
To compare the efficacy of different EPF, percent reduc-
tion in the population of the aphid and whitefly over
control was calculated, using (Henderson and Tilton’s
1955) formula.

Corrected Mortality % — (1_ n in Co before treatments*n in T after treatment) 100

n in Co after treatment«n in T before treatment

where # = insect population, T = treated, and Co =
control.
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Fruit yield

Capsicum fruits were harvested at regular interval and
recorded for weight of fruits. Total yield was calculated

in tons per hectare.
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Statistical analysis

One-way ANOVA was conducted for all parameters,
and means were compared by Duncan multiple range
test (DMRT) at 5% level of significance using (SPSS

Table 1 Population dynamics of aphid, Myzus persicae (Sulzer) on capsicum plant treated with indigenous and commercial
bioformulations under protected cultivation (2017, 2018)

Treatments Dose No. of aphid nymphs/plant*(mean + SE) Fruit
g\/cl))r Before | spray Il spray Il spray )(/t\/eric;)
SPray 3pAs  7DAS 10DAS  3DAS 7DAS 10DAS 3DAS 7DAS 10DAS
Beauveria 8 393+ 360+ 343+ 336+ 3124 295+ 285+17° 260+ 247 + 237 + 41 +
bassiana 04° 0.6° 0.6° 0.94 1.2° 1.5 25¢ 27° 24° 1.1
Bo-B1 10 398+ 358+ 343+ 336 + 312+ 293+ 282+ 257 + 245 + 235+ 424 +
142 0.25¢ 0.2° 044 04° 04° 0.6% 0.7° 10° 118 0.9°<
12 400+ 355+ 340+ 333+ 307+ 290+ 280+ 255 + 242 + 230 + 428 +
22° 1.3P¢ 1.1¢ 0.9¢ 0.8° 0.8° 1.0% 1.7¢ 1.9% 1.79¢ 0.9°<
Lecanicillium 8 389+ 337+ 315+ 302 + 267+ 243+ 223+ 182 160 + 152 + 426 +
lecanii 06° 2.1%6¢ 2.5P<d 24P 3.9°¢ 4,5%¢ 4,33bcde 3.52bcd 4,0%Pd 3.6Pcce 0.6°
MTCC 956
10 384+ 327+ 308z 205 + 262+ 237+ 217+ 177 + 155 + 147 + 429 +
1'5a Zzabc 2'3abcd 2'2bcd 3'2abc 347abc 3l7abcde 3'2abcd 3.8ab< 4'5ab<d 1.1 bed
12 387+ 325+ 302+ 290 + 257+ 232+ 212+ 168 + 150 + 143 + 433 +
O'9a Z'Sabc 3'3abcd 3'5abcd 3'5abc 3'7abc 3v2abcd 3'2abcd 3v7abc 4'9abc O'7bcd
Beauveria 8 403+ 355+ 335+ 323+ 288+ 270+ 257+ 217 + 195 + 182 + 419 +
bassiana 0.5° 0.9 0.9¢ 0.9¢ 1.3P¢ 1.7°¢ 1459 1.20€ 1.3Pcde 1.20de 0.2
commerdal 0355, 3434 323+ 312+ 2774 2584 2454 207+ 185+ 172+ 425+
formulation 0.9 0.4b¢ 0,7b<d 0,7b<d 1.80¢ 1.9b¢ 1.75bcde 1 4bcde 1.5bcde 1.60cde 5 gbed
12 395+ 340+ 318z 307 + 273+ 255+ 242+ 203 + 182 + 168 + 424 +
225 1 ‘7abc 1 46de 1 ‘2bcd ZObC ZObC 2.04dee 1 '9bcde 2.2bcde ZOdee 21 bcd
Metarhizium 8 408+ 360+ 338z 325+ 200+ 268+ 253+ 220+ 200 + 190 + 423 +
anisopliae 1.9° 13° 0.9 084 1.0°¢ 04¢ 0.6 16% 2.4 2448 0.8«
commerdial 0 4ho4 3524+ 328+ 315+ 280+ 2584 243+ 208+ 188+ 178+ 422+
formulation 2 1a 2 1bc 2 2bcd 2 2bcd 2 1bc 2 2bc b 4bcde 2 7Cde b 8bcde 2 8bcde 2 2bcd
12 398+ 342+ 320+ 307 + 270+ 248+ 233+ 198 + 177 + 170 + 426 +
0'73 ]'6abc 1'5bcd 1.6bcd 1.2bc 1.4bc 1 .4bcde 0'7bcde 0.6dee O'gbcde ]'Bbcd
Lecanicillium 8 391+ 337+ 31.8 + 30.7 + 265 + 242 + 228 + 18.7 + 16.7 + 160 + 423 +
lecanii 1.0° 0.7°6¢ 0.35< 045 0.8°°¢ 0.7%6¢ 1,0%cde 0.9°<d 1.73bcde 1.50cde 1.1bcd
commerdal 3554 3334 315+ 302+ 2604 2354 223+ 180+ 160+ 155+ 431+
formulatlon 2 6a 1 6abc 1 7bcd 1 9bcd 3 Oabc 3 Oabc 3 ]abcde 3 Oabcd 4 ]abcd 3 Bbcde 1 Obcd
12 390+ 330+ 310z 208 + 255+ 230+ 218+ 177 + 158 + 152 + 420 +
1 'Oa 1 ‘2abc 1 5de 1 46de 1 ‘Babc ZOabC 1 l8abcde 2'2ab(d 3] abcd 2‘7bcde 1 _Ode
Azadirachtin 1% 4 383+ 308+ 285+ 270 + 232+ 203+ 187+ 143 + 122 + 107 + 462 +
(10,000 ppm) 1.5 1.3%c¢ 1.0%¢ 1.280¢ 1.0 0.7°F 0.7%6¢ 0.7%k¢ 0.3%¢ 0.4%°¢ 2.0°¢
5 388+ 307+ 278+ 265 + 27+ 198+ 182+ 138 115+ 95+ 471 £
14° 11% 0.9°° 1.9 16%° 1.2% 1.1% 1.2% 1.0% 0.8%° 16™
Chemical 4 383+ 292+ 258 + 242 + 198 + 172 + 160 +03% 117 + 93 +04% 67 +08" 494+
check 1.22 0.7 1.0° 0.9° 10° 0.7 04° 0.8°
(malathion
50 EQ)
Control 376+ 411+ 393+ 393+ 390+ 370+ 375+10°0 372+ 372+30" 363+ 398 +
36° 224 20 16° 264 224 19 32 2,0¢
Fugagvalues 0.23 29 33 40 38 38 50 75 6.2 63 22
P 1.00 0.03 <001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 0022

*Values represent means of 3 replicates

DAS days after spray

Means within each column bearing different letters are significantly different according to the Duncan test (P = 0.05)
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Table 2 Percentage reduction of aphid, Myzus persicae, on capsicum plant treated with indigenous and commercial bioformulations

under protected cultivation (2017, 2018)

Treatments Dose Percent reduction over control *(mean =+ SE)
(gor I i
/) spray spray spray
3DAS 7DAS T0DAS  3DAS 7DAS 10DAS 3DAS 7DAS 10DAS
Beauveria bassiana 8 163+ 166+ 184 + 237 +£62° 239+ 49° 274+25% 332+ 14° 366+39° 378+47°
Bb-B1 39° 43P 50°
10 177+ 177+ 194 + 246 +94° 252 +88° 202 +80° 349+58° 378+80° 390+7.1°
76° 7.9° 8.5°
12 188+ 188+ 205 + 262 +84° 264+ 7.5 300+ 356 +3.1° 389+ 405 + 58%
6.2° 6.3° 7.4° 529 59%
Lecanicillium lecanii 8 210+ 226+ 259 + 340 + 36.5 + 425 + 528 + 584 + 59.7 +
MTCC 956 05° 2,120 1.2% 5.18b¢ 765 6.320<d 5.8%0<d 5.420<d 5.42b<d
10 223+ 234+ 267 + 344 + 375+ 435 + 536 + 593 + 606 +
2.7a 4'4ab S.Wab 6.4abc 6'2abc 3'1abc 3.Oabcd Z.SBbC 5'4abc
12 231+ 255+ 284 + 36.1 + 392 + 452 + 56.0 + 60.8 + 61.7 +
20° 3.1% 25% 3.0°¢ 5.0°0¢ 4.3%¢ 5,03 4,5%¢ 6.6°°¢
Beauveria bassiana 8 194 + 206 + 233+ 311 + 320 + 362 + 456 + 511+ 534 +
Commercial formulation 32° 35% 41% 3.9 2.4P¢ 3.1 3,50 6.14¢ 6.0
10 205+ 218 246 + 325+ 336+ 380 + 471 + 527 + 55.1 +
50° 44% 54 3.2%¢ 2.3P¢ 6.4 7.0c% 8.2bcde g.gbede
12 213+ 230+ 260 + 334+ 345+ 390 + 480 + 535+ 56.0 +
3'3a 3'7ab 5.3ab 2'5abc 2'3bc 5'6bcde 71 bcde 9'5bcde 945bcde
Metarhizium anisopliae 8 192+ 208+ 240 + 315+ 332+ 378 + 455 + 504 + 518 +
Commercial formulation 372 3,120 40°° 320 30 43 6.8% 9pcde 108
10 200+ 220+ 252 + 330 + 348 + 394 + 477 + 527 + 540 +
3.5° 36%° 41 4.4%°¢ 26" 4.4Pcde 5 4Pede 6.50cd 7.1bece
12 215+ 233+ 265 + 347 + 367 + 413+ 497 + 552 + 559 +
53° 5.1% 64 7.0°¢ 7.0 5 bede 4.10cde 6.30cde 5.3pcde
Lecanicillium lecanii 8 200+ 222+ 250 + 346 + 372+ 414 + 51.7 + 569 + 57.7 +
Commercial formulation 50° 48%® 53% 56°¢ 4.1P¢ 2.5bcde 1.7 2.0Pede 2.3bcde
10 221+ 232+ 264 + 361 + 391 + 420 + 536 + 587 + 50.1 +
4‘45 4‘2ab 4'3ab 3'25bc 3'2abc 2‘Oabcd O.gade O'7abcd 11 abcd
12 26+ 241 270 + 370 + 401 £ 439 + 542 + 590 + 508 +
3.2° 26°° 3.1% 3.7%6¢ 3.1%6¢ 2.0°¢ 1.43bcd 1,0%<d 1.43bd
Azadirachtin 1% (10,000 4 264+ 290+ 327+ 418 + 462 + 512+ 622 + 67.9 + 712+
ppm) 412 4'Oab 41 ab 53abc 4'2ab 3'2abc 5.4abc 5'7abc 4483bc
5 280+ 315+ 348 + 438 + 482 + 531 + 640 + 701 + 74.7 + 37%
40° 45% 4% 29% 29% 34 53% 46%
Chemical check (malathion 4 304 + 356+ 398 + 502 +51% 545+ 14% 582+36% 692+47% 754+33" 820+ 49°
50 EQ) 38° 51° 55°
F values 07 11 1.1 16 25 32 41 33 35
P 08 04 04 0.1 0.01 0.01 0.01 001 0.01

Mean mortality (%) + standard error of M. persicae recorded at different time intervals (DAS, days after spray) for bioassays performed with different commercial

and indigenous strains

Treatment columns bearing different letters are significantly different from other treatments according to Duncan test (P = 0.05)

*Calculated as per Henderson and Tilton (1955) formula

2015). In order to correct mortality data in the treatment
with that in the control, Henderson and Tilton’s (1955)
formula was used.

Results and discussion

Biopesticides against M. persicae

Under protected cultivation, M. persicae was recorded
on capsicum plant for 2 consecutive years, 2017 and

2018. The pooled data presented in Table 1 depicted
that the aphid individuals in the treatment control
increased and decreased slightly, with maximum
population density (41.1 aphids per 3 leaves). After
10 days of 1st spray, aphid individuals declined in all
the mycoformulation treatments, 29.0-33.6 aphids per
3 leaves at the concentration of 1 x 10®cfu/ml, and
in Azadirachtin, 26.5-27.0 aphids per 3 leaves at
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concentration of 1%. The aphid infestation decreased
gradually throughout the experiment. Both commer-
cial and indigenous bioformulation decreased the
aphid individuals after 3rd spray. The aphid popula-
tion in L. lecanii MTCC 956 at 12 g/l was 16.8, 15.0,
and 14.3 aphids per 3 leaves with 56.0, 60.8, and
61.7% population reduction after 3, 7, and 10 days
after spray (DAS), respectively and was non-
significant with MTCC 956 at 10g/l recorded 17.7,
15.5, and 14.7 aphids per 3 leaves with 53.6, 59.3, and
60.6% population reduction after 3, 7, and 10 DAS,
respectively Table 2. Azadirachtin at 4 and 5ml/l
were non-significant with each other and with L.
lecanii MTCC 956 formulation. Azadirachtin at 5ml/l
recorded aphid population 13.8, 11.5, and 9.5 with
64.0, 70.1, and 74.7% aphid population reduction after
3, 7, and 10 days after 3 sprays (Fig. 1). In the present
studies, it was observed that Azadirachtin 1% at 4
and 5ml/l and L. lecani bioformulation at 10 and 12
g/l were significantly better than all other fungal for-
mulations in management of the aphid. Highest fruit
yield (49.4 t/ha) was in chemical check malathion 50
EC at 4ml/l and was non-significant with yield re-
corded in Azadirachtin at 5ml/l (47.1t/ha) and 4 ml/l
(46.2 t/ha). So, bioformulations of L. lecanii and aza-
dirachtin 1% against M. persicae resulted in a signifi-
cant increase in the mortality of M. persicae under
protected cultivation and also no plant damage was
recorded during the experiment. The high mortality
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recorded in L. lecanii may be due to fact that it ger-
minated well under a wide range of temperatures and
humidity and thus made this fungus more virulent,
whereas, the Azadirachtin affected the reproductive
rate of sucking insect pests causing more nymphal
mortality and thus reducing their survival period and
fecundity. Obtained results are in corroboration with
Vu et al. (2007) who evaluated 12 strains of EPF viz.,
L. lecanii, P. farinosus, B. bassiana, M. anisopliae,
Cordyceps  scarabaeicola, and Nomuraea rileyi
(Hypocreales: Clavicipitaceae) against aphids on cab-
bage and cucumber under greenhouse conditions and
recorded that L. lecanii 41185 strain was highly
virulent than all other strains against M. persicae and
A. gossypii. They also reported that L. lecanii 41185
strain germinated and grew well under wide range of
temperature and humidity. This finding coincides with
the results of Mohammed et al. (2018) who recorded
L. lecanii better than M. anisopliae and B. bassiana
against M. persicae and A. gossypii under laboratory
and greenhouse cultivations and in which they evalu-
ated 4 procured native isolates of B. bassiana, M.
anisopliae, L. lecanii, and Chaetomium globosum and
recorded their efficacy against the aphids M. persicae
and A. gossypii and showed that L. lecanii showed the
highest mortality than all 3 isolates against M.
persicae and A. gossypii under laboratory as well as
under greenhouse cultivation when applied at the
concentration of 1 x 10° conidia/ml. Santos et al.

90.0 - = 3DAS 7DAS m10DAS

Mean Aphid Mortality (%)
[ w B w [ ~ o]
o o o o o o o
o o o S [S) o S

=
o
[S)

o
S)

8 10 12 8 10 12 10

B. bassiana Bb-B1 L. lecanii MTCC 956 B. bassiana

Fig. 1 Mean mortality (%) + SE of M. persicae recorded at different time intervals (DAS days after spray). Treatment columns bearing different
alphabets are significantly different from other treatments according to Duncan test (P = 0.05)

bede abcd
ahcg ab
bede bede b cde bcde T ah
beds cde bT b ak
5 d

de bed

12 8 10 12 8 10 12 4 5 4

M. anisopliae L. lecanii Azadirachtin alathio

(g or ml/litre)

Treatments
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Table 3 Population dynamics of whitefly, Bemisia tabaci (Gennadius) on capsicum plant treated with indigenous and commercial

bioformulations under protected cultivation (2017, 2018)

Treatments Dose  No. of whitefly adults/plant*(mean + SE) Fruit
g‘z)r Before | spray Il spray Il spray {\';ld W
SPraY 3pAS  7DAS  10DAS  3DAS  7DAS  10DAS  3DAS 7DAS  10DAS
Beauveria bassiana 8 228 + 205 + 193 + 187 170 16.0 + 157 £ 140 + 130 123 + 406 +
Bb-B1 29° 1.4%b¢ 1.8% 20%° 1.7°¢ 1.7 2,04 234 2.1 2,04 13
10 227+ 203+ 190+ 180+ 161+ 150+ 150 133+ 123+ 117+ 410
09° 18%° 1.7% 1.7% 1.0%¢ 1.10¢ 0.6 0.3 0.3 0.74 1.0%
12 24+ 20+ 180+ 170+ 151+ 143+ 140+ 127+ 117+ 110+ 414+
09° 06°° 06°° 06 1.2%0¢ 1.4%0¢ 1.7°<d 1.20cd 1.2¢ 109 147
Lecanicillium lecanii 8 247+ 203+ 187+ 178+ 163+ 143+ 130+ 113+ 103+ 97+ 419 +
MTCC 956 33° 26 23% 23% 20 1.2°6¢ 0 30 0.3b<d 1.26¢d 1.2
10 233+ 190+ 173+ 163+ 140+ 123+ 113+ 100+ 87+ 85+ 42+
0‘93 O.6ab O'3ab O'3ab O.6abc O.Sabc O'7abc O.éabc O'7abc O'gabcd 1 .7ab
12 237+ 183+ 170+ 160+ 133+ 120+ 111+ 97+ 87 + 83+ 424 +
1.2° 0.9°° 06°° 06% 1.2%b¢ 1.13b¢ 1.130¢ 0.9°°¢ 0.9°¢ 0.9%cd 3
Beauveria bassiana 8 233+ 20.7 £ 193 + 190 + 163 + 150 + 143 + 12.7 1.7+ 110 + 409 +
Commercial formulation 1.8 0.7%6¢ 03 06° 0.9 1.0°¢ 0.9« 0.9 1.2 114 1.0%
10 233+ 205+ 191+ 187+ 161+ 147+ 140+ 123+ 113+ 107+ 407+
09° 0.4%6¢ 05 03% 0.7%°¢ 1.2°¢ 1.5P<d 1,20 0.35< 1.2 1.0%
12 234+ 205+ 189+ 183% 157+ 140% 133+ M7+ 110+ 103+ 412+
14° 03%c  05® 0.7% 03 06™° 7.03cd g pbcd 1.50cd 14°4 09
Metarhizium anisopliae 8 247+ 220+ 207+ 200+ 173+ 160+ 149+ 133+ 130+ 123+ 405+
Commercial formulation 5.2 365 29° 29P 18 15 1.5¢ 1.8 2,14 1.8¢ 10®
10 214+ 190+ 177+ 170+ 147+ 137+ 127+ 113+ 110+ 103+ 406+
09° 06°° 03 06> 1.2%c o7 0.7%<¢ 3t 1.50<d 1.8 16%
12 27+ 200+ 187+ 179+ 153+ 140+ 133+ M7+ 113+ 107+ 412+
1.2° 06°° 0.7%® 06 0.9%°¢ 0.6°°¢ 0.7%<¢ b« 0.9°< 1.4 1.5%
Lecanicillium lecanii 8 247+ 210+ 190+ 182+ 167+ 147+ 133 117+ 107+ 100+ 415+
Commercial formulation 320 26°°¢ 26°° 26°° 2.3P¢ 1.4°¢ 0.9%¢ 7P« 0.35« 1.50¢d 1.0%
10 233+ 197+ 177+ 167+ 143+ 127+ 117+ 103+ 97+ 92 + 01+
09° 0.7°0 0.7°° 03% 07%c 03 3% 0.3%<d  pgb« 1504 7%
12 237+ 193+ 173+ 163+ 140+ 127+ 114+ 100+ 93+ 87 + 418 +
1.2° 0.7%0 0.7%° 0.7% 06%° 07 08 1.0%¢ 0.3%bcd g pbed 1.2%
Azadirachtin 1% (10,000 4 231+ 177+ 163+ 153+ 127+ 117+ 110+ 90+ 77 + 6.7 + 440 +
ppm) 1.7 09 09%° 09  03® 032 0625 06°° 03% 0.32¢ 1.7
5 242+ 177+ 160+ 153+ 130+ 117+ 107+ 90+ 77 + 64 + 444 +
04° 13% 1.0° 1.2% 06 03 03 06 03 06°° 44
Chemical check 4 233 + 16.7 + 150+ 142+ 117+ 103 + 97 +09° 71 +£05 60+ 47 + 463 +
(malathion 50 EC) 185° 17° 1.0° 0.9° 1.2 09° 06 03° 30°
Control 240+ 253+ 250+ 253+ 243+ 230+ 240+ 247+ 230+ 220+ 400+
212 13¢ 1.1¢ 14° 2.8¢ 29¢ 25¢ 21¢ 1.5¢ 0.6° 1.0°
Fag values 0.16 15 25 30 39 55 6.8 103 102 8.1 08
P 1.00 >001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 07

*Values represent means of 3 replicates

DAS days after spray

Means within each column bearing different letters are significantly different according to the Duncan test (P = 0.05)

(2004) evaluated neem extract against the aphid A.
gossypii pest on cotton and reported that aqueous
extract of neem effected development, survival, and
fecundity of A. gossypii thus causing high nymphal

mortality.

Biopesticide against B. tabaci

The data presented in Table 3 showed that the whitefly
population in the treatment control increased and de-
creased slightly with a maximum population density of
25.3 whiteflies per 3 leaves. After 10 days of 1st spray,
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Table 4 Percentage reduction of whitefly, Bemisia tabaci, on capsicum plant treated with indigenous and commercial
bioformulations under protected cultivation (2017, 2018)
Treatments Dose  Percent reduction over control*(mean + SE)
(n%I/CI))r | Spray Il Spray Il Spray
3DAS 7DAS 10DAS 3DAS 7DAS 10DAS 3DAS 7DAS 10DAS
Beauveria bassiana 8 145 + 185 + 223 + 263 +3.1° 204 +30% 312+54° 402 +79° 404 +095° 409+
Bb-B1 6.0° 82° 83P 1209
10 150+ 195+ 248+ 300+ 335+ 338+ 79% 427 +64% 432 +49% 438+ 64
90° 8.0 8.7 10.7°¢ 100%
12 156 + 230 + 282 + 336 + 358 + 376+ 451 + 458 + 85% 465 + 979
54° 7.3%0¢ 6.3% 942b¢ 88" 11.1¢0€ g.1cd
Lecanicillium lecanii 8 219+ 273 + 313+ 347 + 416 + 473 + 553 + 56.3 + 572 +
MTCC 956 52° 3.8%c 44 5.47c 1.22b<d 0.5bcde 1.2%bcde 4,0°bcde 0.9
10 230+ 290+ 337 + 408 + 46.8 + 514 + 06 583+ 612 + 60.0 +
4'03 Zoabc 2.6ab 3A83bc 1 .8abc 1 .Sabcd 3'zabcd 4.83bcd
12 266+ 310+ 359 + 444 + 490 + 53.1 + 25 603 + 618 + 616 +
742 6.425¢ 5420 2.78b¢ 36%° 3,020 3.820<d 4,730
Beauveria bassiana 8 16.1 + 204 + 228 + 309 + 354 + 386 + 472 + 479 + 486 +
Commercial formulation 218 48%¢ 58° 2.50¢ 265 3.3bcde 4 Pede 3.9¢°de 54
10 165 + 213+ 242 + 318 + 368 + 396 + 486 + 493 + 502 +
5.05 3‘4abc 2l4ab 2'6abc 3'6bcd 71 bcde 6.3bcde 2'7bcde 51 bcd
12 169 + 227 259 + 341 + 400 + 431 + 516 + 51.1 + 520 +
86° 7.2%0¢ 6.0°° 11.5%0¢ 9.3bd 17.g3bcde 12,70 12.8bcde 11.8°
Metarhizium anisopliae 8 155 + 196 + 232 + 30.7 + 348 + 400 + 474 + 450 + 1.9% 454 + 30°
Commercial formulation 35° 6.5 6.6° 27 365 3.50cde 0.70cde
10 16.0 + 210+ 249 + 325+ 360 + 409 + 486 + 46.5 + 474 +
2.1° 0.525¢ 35% 2625 4,0Pd 3.8%cde 6.0bde 10.3% 11.0%
12 164 + 210+ 252 + 333+ 379 + 412 + 500 + 478 + 487 +
330 4.2%¢ 44% 6.9°5¢ 4,50 5,18bcde 5.8b<de 4.7°% 46
Lecanicillium lecanii 8 193 + 260 + 300 = 334 + 402 + 459 + 540 + 548 + 558 +
Commercial formulation 44° 4.2%¢ 49%° 6.7°5¢ 2480 1 43bcde 1.13bcde 2.8b<de 2,07
10 20.1 + 273 323+ 394 + 455 + 500 + 570 + 56.7 + 570 +
3.85 2‘6abc 2l7ab 5'3abc 3'4abcd 1.1 abcd 1 .Sabcde 4'Sabcde 7'Oabcd
12 226 + 29.7 £ 346 + 416 + 46.2 + 516+ 15 500 + 589 + 60.1 £
6.25 642abc 5l4ab O.7abc 2'4abc 41 abcd O'9abcde 5'7abcd
Azadirachtin 1% (10,000 4 276 + 322 + 371+ 460 + 493 + 524 + 14%¢ 621 + 654 + 685 +
ppm) 2.4a ]4Zabc 1 .8ab 2'7abc 2'4ab 2'8abc O.7abc ZOabc
5 309+ 366+ 400+ 470+ 516+ 560 + 42 638+37® 671+11%° 710+
83 6.5%° 7.0% 6.5°° 41% 16
Chemical check (malathion 4 323+ 383+ 422 + 507 £36% 555+31% 586+21% 704+22° 732+03" 782+28°
50 EC) 49° 33° 442
F values 1.1 13 14 15 24 24 23 28 25
P 040 022 0.20 0.14 0.01 0.01 0.01 0.01 0.01

Mean mortality (%) + standard error of B. tabaci recorded at different time intervals (DAS days after spray) for bioassays performed with different commercial and

indigenous strains

Treatment columns bearing different alphabets are significantly different from other treatments according to Duncan test (P = 0.05)

*Calculated as per Henderson and Tilton (1955) formula

whitefly population declined in all the mycoformulation
treatments (16.0-18.7 whiteflies per 3 leaves) and in
Azadirachtin 1% (15.3 whiteflies per 3 leaves). The
whitefly population infestation decreased gradually
throughout the experiment. Both commercial and indi-
genous bioformulation decreased the whitefly population
after 3rd spray. The whitefly population in L. lecanii

MTCC 956 at 12 g/l was 9.7, 8.7, and 8.3 with 60.3, 61.8,
and 61.6% population reduction after 3, 7, and 10 days
after spray (DAS), respectively and was non-significant
with MTCC 956 at 10 g/l which recorded 10.0, 8.7, and
8.5 whiteflies per 3 leaves with 58.3, 61.2, and 60.0%
population reduction after 3, 7, and 10 DAS, respectively
(Table 4). Azadirachtin at 4 and 5ml/l were non-



Singh and Joshi Egyptian Journal of Biological Pest Control (2020) 30:67 Page 8 of 9
P
m3DAS 7DAS m 10DAS
90 -
80
a
70 - she b 2
abcd  _ abed abcd aT ab,
S aped ba%cd ab?aq bed abgggdab%%we abe i
> 60 - babc e abc w bedbed, abe f
2 abg bed , bedd” g bt
£ d 969 peges bede 4 b
S 50 4 cde bci I bede gecd I
R a4
T
:E 40 T
3
§ 30 -
=
20 -
10
0 B
8 10 12 8 10 12 8 10 8 10 12 8 10 12 4 5 4
B. bassiana Bb-B1 L. lecanii MTCC 956 B. bassiana M. anisopliae L. lecanii Azadirachtin alathio
(g or ml/litre)
Treatments
Fig. 2 Mean mortality (%) + SE of B. tabaci recorded at different time intervals (DAS days after spray). Treatment columns bearing different
alphabets are significantly different from other treatments according to Duncan test (P = 0.05)

significant with each other and with L. lecanii MTCC
956 formulation. Azadirachtin 5ml/l recorded whitefly
population of 9.0, 7.7, and 6.4 whiteflies per 3 leaves per
plant with 63.8, 67.1, and 71.0% whitefly population re-
duction after 3, 7, and 10 days after 3rd spray (Fig. 2). In
the present study, it was observed that Azadirachtin 1%
at 4 and 5ml/l and L. lecanii bioformulation at 10 and
12 g/l was significantly better than all other fungal for-
mulations in management of whitefly. So, we conclude
that bioformulations of L. lecanii and azadirachtin 1%
against B. tabaci resulted in a significant increase in the
mortality of B. tabaci population under protected culti-
vation. The highest fruit yield was in all treatments were
at par with each other. Other scientists’ work (Cuthbert-
son and Walters, 2005) demonstrated that the pathogen-
icity of commercial EPF Lecanicillium muscarium
(Mycotal, Koppert Biological Systems Ltd., UK) against
sweet potato whitefly B. tabaci under laboratory and
glasshouse cultivation and recorded that the application
of L. muscarium against B. tabaci resulted in a signifi-
cant increase in the mortality of B. tabaci under glass-
house cultivation and also no plant damage was
recorded during the experiment. Budha et al. 2015 tested
the efficacy of bio-pesticide against whitefly B. tabaci on
tomato plant and they observed the efficacy test of some
bio-pesticides on tomato plants to control nymphs of
Tobacco whitefly B. tabaci, thus concluded that biopesti-
cides viz. Bio Magic (91.64%), Mealikil (93.55%), and
Biopower (88.91) were highly effective in killing nymphal
whitefly population over control after 3rd spray. The

most effective EPF that reduced the pest population
were B. bassiana, V. lecanii, and M. anisopliae. These
studies are in accordance with the present work where
L. lecanii was recorded most effective against B. tabaci.
Abdel-Rahim and Ahmed (2017) evaluated the EPF, M.
anisopliae, B. bassiana, and V. lecanii at three different
concentrations (1 x 107, 1 x 10% and 1 x 10 spores/ml)
against B. tabaci in laboratory and field cultivation, re-
spectively. They reported that higher concentration (1 x
10° spores/ml) of the 3 EPF was highly toxic to adults of
B. tabaci than the other 2 concentrations. Under field
cultivation also higher concentration (1 x 10°) of V.
lecanii was best in managing adult whitefly population;
similar trend was found in this study also.

Conclusion

Obtained results showed that EPF, L. lecanii MTCC956
formulation was virulent to both M. persicae and B.
tabaci on capsicum under protected cultivation when
applied at 10 and 12 g/1. Similarly, botanical formulation
Azadirachtin 1% at 4 and 5 ml/l was most effective in re-
ducing M. persicae and B. tabaci on capsicum under
protected cultivation. These results suggest that these
biorationals can be included in integrated pest manage-
ment programs designed for controlling the aphid and
whitefly population on capsicum under protected
conditions.
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