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Abstract

Okra (Abelmoschus esculentus (L) Moench) is a highly popular and extensively cultivated vegetable.
One of the significant challenges in okra production is the presence of sucking pests, which severely
limit its growth. To combat these pests and reduce losses, farmers have been relying heavily on
pesticides. Unfortunately, this excessive use of pesticides has led to problems such as resistance
development, pest resurgence, and environmental contamination. To address these issues, a recent
study was conducted to evaluate the effectiveness of various bio-pesticides for the eco-friendly
management of sucking pests in okra cultivation. The field experiment was conducted to investigate the
effectiveness of botanical and microbial pesticides against sucking insect pests of okra (Ablemoschus
esculentus L) at ICAR-NBAIR Research Farm, Attur, Bengaluru during Kharif-2020. Five treatments
viz., T1: Beauveria bassiana (5 g/l), T2: Lecanicillium lecanii (5 g/l), Ts: Metarrhizium anisopliae (5
g/l), Ta: Bacillus thuringiensis var kurstaki (2 ml /1), Ts: Neem oil 0.5% (5 ml/l), and Te: water spray as
control were selected by adopting RBD design. Treatments tested against leafhoppers, L. lecanii @ 5
g/l was found to be superior, whereas, against aphids, Neem oil @ 0.5% was found to be superior and
the treatment L. lecanii @ 5 g/l was shown to be superior against whitefly at 3, 7, and 10 days after first
and second sprays, respectively. Therefore, these treatments hold promise for use in biological control
methods to manage these pest species in an eco-friendly manner.
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Introduction

Okra (Abelmoschus esculentus (L) Moench) holds a prominent position as one of the most
widely cultivated and consumed vegetables. It is valued not only for its calcium and iodine
contents but also for the mucilaginous properties of its fruit, making it an important dietary
component. Additionally, okra is rich in vitamins A, B, and C, further contributing to its
nutritional benefits (Benson, 2017) Bl However, a significant challenge faced in okra
cultivation is the presence of insect pests attacking the crop at various stages of its growth.
As many as 72 insect species have been recorded on okra (Pal et al. 2013) €1,

The most significant challenge among insect pests in okra cultivation is posed by sucking
pests, which can attack the crop right from its early seedling stage to the final fruit harvesting
stage. These sucking pests include the leafhopper, Amrasca biguttula biguttula Ishida
(Hemiptera: Cicadellidae), whitefly, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae),
aphid, Aphis gossypii Glover (Hemiptera: Aphididae), and mealy bug, Phenococcus
solenopsis Tinsley (Hemiptera: Pseudococcidae) (Chaturvedani, et al. 2023) 1, Their mode
of feeding involves extracting sap from the leaves, resulting in weakened and unhealthy
plants. Additionally, some of these sucking pests act as vectors, transmitting viral diseases to
the okra plants (Rai et al. 2014) 21,

The significant losses caused by these pests have led to the extensive use of pesticides in
okra cultivation, resulting in issues such as resistance development, pest resurgence, and
environmental pollution (Sarkar 2016) 4. In response to the environmental concerns,
biological control methods have gained importance as an eco-friendly approach to manage
insect pests. Utilizing various entomopathogenic microorganisms for this purpose offers
advantages such as target specificity, self-perpetuity, and environmental safety.
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Entomopathogenic fungi (EPF) like Beauveria bassiana,
Metarhizium anisopliae, and Lecanicillium (=Verticillium)
lecanii have been widely recognized for their efficacy in
pest control over the years. Among botanical options,
Azadirachta indica, commonly known as neem, has
emerged as an essential player due to its diverse mode of
action against a wide range of insect pests in both
agricultural and horticultural crops (Halder et al. 2012;
Jaleel et al. 2020) (1012,

There is a lack of substantial literature on the effectiveness
of botanical and microbial insecticides in combating the
sucking insect pests of okra. Thus, the current research
sought to address this gap by investigating the efficacy of
various entomopathogens and neem oil against the key
sucking pests of okra.

Materials and Methods

The experiment was conducted at the Research Farm,
ICAR-NBAIR, Attur, Bengaluru, with geographical
coordinates of Latitude: 13.097221 and Longitude:
77.568291. The okra variety used for the study was Arka
Nikita (IIHR), and it was sown following a randomized
block design (RBD) with four replications. Each plot
measured 20 X 20 m?, and the spacing between rows and
plants was maintained at 45 cm and 30 cm, respectively.
The experiment was conducted during Kharif-2020, and all
the recommended package of practices for organic farming
were followed, except for plant protection measures.

The treatment details along with their concentrations were
as follows: Ti: Beauveria bassiana (Balsamo) Vuillemin
(Hypocreales: Clavicipitaceae) commercial formulation
(1x108fu g1 (5 g/) NBAIR strain, T2 Lecanicillium
lecanii R. Zare & W. Gams (Hypocreales: Clavicipitaceae)
NBAIR strain (2x10° cfu g?%) (5 g/l) NBAIR strain, Ta:
Metarhizium anisopliae (Metchnioff) Sorokin (Hypocreales:
Clavicipitaceae) (1x10% cfu g) (5 g/l) NBAIR strain T
Bacillus thuringiensis var kurstaki-18,000 1U/mg (2 mi/l)
from NBAIR and the commercial neem formulation like Ts:
Neem oil 0.5% (5 ml/l) (purchased from pesticide shop:
Neem ashirvad) and Te: untreated control (water spray). The
treatments were applied at 15 days interval starting from the
seedling stage when leafhopper, aphids and whitefly
infestation was observed.

Spraying was performed using a pneumatic knapsack
sprayer with standard spray fluid quantity of 500 lit/ha at 35
and 55 days after sowing. Pre-treatment observations were
made one day before the spray, and subsequent observations
were made after 3, 7, and 10 days after spray (DAS).
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Leafhoppers, aphids, and whiteflies were counted from 15
randomly selected tagged plants/plots in each replication of
treatment, covering the top, middle, and bottom
leaves/plant, i.e. (Number of sucking pests/Leaves). The
critical difference (CD) at 5% level of significance was
worked out with the SAS program (version 9.2).

Results

The efficacy of microbial formulations and botanicals
against sucking pests of Okra

The efficacy of botanical and microbial formulations against
sucking pests of okra viz., Leafhoppers, Aphids and
Whiteflies are depicted in Tables 1, 2 and 3 respectively.

Efficacy of botanical and microbial formulations against
Leafhoppers, Amrasca biguttula biguttula (Ishida)

In case of leafhoppers, the pre-treatment count population of
leafhoppers was found to range between 18.02 to 19.44 and
22.32 to 24.42 leafhoppers/plant before first and second
sprays, respectively. Among all the treatments tested against
leafhoppers, Lecanicillium lecanii @ 5 g/l was found to be
superior and the maximum reduction of leafhoppers (4.60,
3.69, 4.74 and 4.96, 6.80, 5.35 leafhoppers/plant) was
recorded on 3, 7, 10 days after first and second spray
respectively. This was on par with the next superior
treatments like, Neem oil 0.5% @ 5 ml/I (botanical) (7.46,
6.78, 8.71 and 5.53, 7.28, 7.95 leafhoppers/plant) 3, 7, 10
days after first and second spray respectively. Whereas, rest
of the treatments; Beauveria bassiana @ 5 g/l, Metarhizium
anisopliae @ 5 g/l and Bacillus thuringiensis (Bt) @ 2 ml/I
showed lower pest reduction values (Fig.1 & Table.1).

Efficacy of botanical and microbial formulation against
Aphids, Aphis gossypii (Glover)

The Aphids population during the pre-treatment count was
in the range of 34.35 to 35.70 and 66.47 to 74.08 aphids
Iplant before first and the second spray respectively. Foliar
spray of Neem oil 0.5% resulted in reduction of aphid
population, with mortality of 8.09, 6.71, 6.46 and 37.33,
22.18, 24.67 aphids /plant, 3, 7, 10 days after first and
second spray respectively. Among other treatments, L.
lecanii @ 5 g/l was next superior treatment with reduction
of 7.75, 7.84, 8.84 and 38.97, 21.59, 25.46 aphids /plant, 3,
7, 10 days after first and second spray respectively. Other
treatments like, B. bassiana @ 5 g¢/I, B thuringiensis (Bt) @
2 ml /l and M. anisopliae @ 5 g/l recorded lower pest
reduction values (Table.2 & Fig.2).

Table 1: Efficacy of botanicals and mycopathogenic formulation against leafhoppers on Okra

1t spray 2" spray

Tr. No. Treatments (No. of leafhoppers/3 leaves) |% ROC | (No. of leafhoppers/3 leaves) |% ROC
PTC |3DAS|7 DAS|10 DAS PTC |3 DAS|7 DAS |10 DAS
. . 18.02 | 7.80 | 7.05 | 9.90 23.78 | 8.49 | 10.29 | 10.55

T1 Beauveria bassiana (5 g/l) (4.36)| (2.96)¢| (2.83)%| (3.30)° 64.04 (4.98)?| (3.08)¢| (3.36)° | (3.40) 65.80
- . 18.11 | 460 | 3.69 | 4.74 2232 | 496 | 6.80 | 5.35

T2 Lecanicillium lecani (5 g/l) (4.37)| (2.36) | (2.16) | (2.39)¢ 81.06 (4.83)| (2.43) | (2.78)¢| (2.51)¢ 80.06
. I 18.65 | 12.80 | 11.68 | 13.41 23.37 | 12.31 | 11.23 | 12.89

Ts Metarhizium anisopliae (5 g/l) (4.43)2| (3.71)¢| (356)° | (3.79) 44.95 (4.94Y| (3.65)¢ | (3.50)° | (3.73)¢ 57.53
. T 19.44 | 18.36 | 16.92 | 16.19 2323 | 17.34 | 17.76 | 16.81

Ta Bacillus thuringiensis (Bt) (2.5 ml/l) (4.52)2| (4.40)°| (4.23)°| (4.15) 25.20 (4.92)| (4.28)° | (4.33)°| (4.22)° 39.87
. 18.98 | 7.46 | 6.78 | 8.71 2407 | 553 | 728 | 7.95

0,

Ts Neem oil (0.5%) 5 ml/! 4477|291y 2.79)¢| 3.11)c | 908 |(5.01)2| 2.55)¢| (2.87)¢| 2.99) | 779

18.59 | 22.02 | 22.33 | 24.47 24.42 | 27.06 | 29.33 | 29.38
Te Control (Water spray) (4.43)2| (4.80)| (4.83)| (5.05) | ~  |(5.04)| (5.30)| (5.51)| (551 |
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C.D @ 0.05% NS 1.37 | 152 1.45 NS 159 | 138 1.66
SE(m) = 0.38 | 0.45 | 0.50 0.48 0.55 | 052 | 045 0.55
C.Vv. 405 | 739 | 875 7.40 471 | 831 | 6.56 7.89

*Values in the parenthesis are square root transformed
PTC: Pre-treatment count

DAS: Days after spray

ROC: Reduction over control
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Fig 1: Efficacy of botanicals and mycopathogen formulations against leafhoppers on Okra
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Fig 2: Efficacy of botanicals and mycopathogen formulations against aphids on Okra
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Table 2: Efficacy of botanicals and mycopathogenic formulation against Aphids on Okra

1% spray (No. of Aphids/3 leaves) |, 2" spray (No. of Aphids/3 leaves) o
Tr. No. Treatments PTC |3DAS |7 DAS | 10DAS |2 RO pTC [3DAS | 7DAS [ 10 DAs | © ROC
. . 34.77 | 1531 | 13.27 | 13.99 7242 | 51.38 | 31.98 | 34.58
T1 Beauveria bassiana (5 g/l) (5.98) | (4.04) | 3.78) | (3.87)¢ 49.60 (8.56)° | (7.23)° | (5.74) | (5.96)° 48.92
- . 3511 | 7.75 | 7.84 8.84 66.47 | 38.97 | 21.59 | 25.46
T2 Lecanicillium lecani (5 g/l) (6.01) | (2.95)° | (2.97)¢ | (3.13)° 71.09 8.21) | (6.31) | (475 | (5.14) 62.75
. N 3453 | 17.52 | 17.54 | 20.54 67.45 | 49.04 | 33.92 | 36.42
Ts Metarhizium anisopliae (5 g/l) (5.96)° | (4.30)° | (4.30)° | (4.64)° 34.18 8.27) | (7.07)° | (5917 | (6.12) 48.29
. N 35.70 | 16.60 | 17.70 | 19.53 68.67 | 50.85 | 34.59 | 29.31
T4 | Bacillus thuringiensis (Bt) (2 ml/1) (6.06) | (4.19)° | (4.32)° | (4.53)p 36.26 (8.34) | (7.19)° | (5.96)° | (5.49) 50.31
. 3559 | 8.09 | 6.71 6.46 68.40 | 37.33 | 22.18 | 24.67
0,
Ts Neem oil (0. 5%) 5 ml/l (6.05) | (3.01) | (2.77)¢ | (2.73)° 74.84 (8.33) | (6.19) | (4.81)° | (5.06) 63.55
T Control (Water spray) 34.35 | 27.08 | 28.16 | 29.22 i 74.08 | 76.17 | 76.87 | 77.86 )
§ pray (5.95)2 | (5.30)2 | (5.40)* | (5.50)* (8.66)% | (8.78)% | (8.82)* | (8.88)°
C.D @ 0.05% NS 1.68 | 1.33 1.32 NS 4.05 2.67 4.62
SE(m) + 0.75 | 055 | 0.44 0.44 1.94 1.33 0.88 1.52
C.V. 3.03 | 717 | 5.75 5.30 5.57 5.26 7.61 7.98

*Values in the parenthesis are square root transformed
PTC: Pre-treatment count

DAS: Days after spray

ROC: Reduction over control

Efficacy of botanical and microbial formulations against
whiteflies, Bemisia tabaci (Genn.)

The pre-treatment population count of whiteflies was in the
range of 8.64 to 8.92 and 9.49 to 9.88 whiteflies/ plant
before first and the second sprays respectively. The L.
lecanii @ 5 g/l treatment was found superior with 4.39,
4.03, 4.24 and 4.66, 3.36, 3.78 whiteflies/ plant, 3, 7, 10

days after first and second spray respectively. This was
followed by neem oil 0.5% with 4.52, 5.30, 5.52 and 4.30,
4.20, 4.37 whiteflies /plant on 3, 7, 10 days after first and
second spray respectively. Whereas, other treatments like

B thuringiensis (Bt) @ 2 ml /I and M. anisopliae @ 5 g /I
and recorded no significanr pest reduction (Table.3 &
Fig.3).

Fig 3: Efficacy of botanicals and mycopathogen formulations against whiteflies on Okra
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Table 3: Efficacy of botanicals and mycopathogenic formulation against whiteflies on Okra

1** spray (No. of whiteflies /3 leaves) | 2" spray (No. of whiteflies /3 leaves) o
Tr. No. Treatments PTC | 3DAS | 7DAS [10DAS | 2 ROC pTC | 3DAS [7DAS [ 10DAS |2 ROC
. . 8.83 5.86 6.49 532 | 4490 | 9.62 6.54 6.49 7.67
T1 Beauveria bassiana (5 g/l) (3.14) | (2.59)¢ | (2.73)>¢ | (2.51)p¢ 3.267 | (274 | @730 | (2.94) 32.89
T Lecanicillium lecani (5 g/l) 8.64 4.39 4.03 4.24 60.52 | 9.58 4.66 3.36 3.78 61.74
§ 9 (3.10)% | (2.30)° | (2.23)0 | (2.28)° (3.25) | (2.37) | (2.08) | (2.18)¢ '
.. . . 8.92 8.02 8.33 7.97 2416 | 9.51 8.22 6.71 6.86
Ts Metarhizium anisopliae (5 g/l) (3.15) | (3.00) | (3.05)® | (2.99) @324y | 3.03)® | 2.77)° | (2.80)° 29.36
. Lo 8.79 7.60 7.83 7.93 27.17 | 9.49 8.02 6.49 6.11
T+ |Bacillus thuringiensis (Bt) (2 ml/l) (3.13) | (2.92) | (2.96)%¢ | (2.98)° @3.24) | (3.000 | 2730 | (2.66) 33.18
. 8.92 4,52 5.30 5.52 52.16 | 9.88 4.30 4.20 4.37
0,
Ts Neem oil (0.5%) Sml/l | 3150 | (2 33)c | (251) | (2.55) (3.297 | (2.30) | (2.28)¢ | (2.31)c | 98-8
T Control (Water spray) 8.72 | 10.06 10.55 11.45 ) 9.85 10.11 10.25 10.48 )
6 pray (3.12)| (3.32)* | (3.40)* | (3.52)2 (3.29) | (3.33)2 | (3.35)2 | (3.39)
C.D @ 0.05% NS 1.76 1.78 1.70 NS 0.77 0.72 0.89
SE(m) £ 0.23 0.58 0.59 0.56 0.51 0.25 0.24 0.29
C.V. 525 | 17.17 16.52 15.79 10.49 7.21 7.61 8.98

*Values in the parenthesis are square root transformed
PTC: Pre-treatment count

DAS: Days after spray

ROC: Reduction over control

Discussion

The current findings are consistent with those of Rosaiah et
al. (2001) 23, who revealed that increased efficacy of Neem
oil @ 0.5 percent against leafhoppers was significantly
superior by recording the lowest leafhopper population. The
enhanced efficacy of Neem oil 0.5% on leafhoppers could
be attributed to feeding deterrent as well as mortality.
Further, Anitha et al. (2007) @ found that neem oil 0.5%
and M. anisopliae reduced 2.56 and 8.33 mean
leafhoppers/3 leaves, respectively. Girish Kumar (2000) [
reported that V. lecanii (L. lecanii) and B. bassiana infected
the leafhopper in the field and were confirmed in the
laboratory. Baladaniya et al. (2010) ™ confirmed that at V.
lecanii 7 g/l gave significantly high mortality of okra
leafhopper under field condition.

Harika and Gogoi (2021) [ who observed lowest mean
population of leafhoppers in neem oil application (2.54 leaf
hoppers/3 leaves) followed by karanj oil (3.20 leaf
hoppers/3 leaves). Okra plants treated with neem oil
significantly controlled the Jassid population (5.33/leaf) as
compared to control (30.33/ leaf). So, neem oil spray
controlled the sucking insect pests on okra effectively and
kept the population below economic threshold levels
(Channa 2017) 1. Both M. anisopliae and Bt demonstrated
reduced effectiveness in decreasing the leafhopper
population, in accordance with the findings presented by
Sarkar et al. (2016) 24,

Anitha (2007) [ revealed that Neem oil 0.5% and V. lecanii
(L. lecanii) recorded 2.56 and 3.33 mean number of aphids/3
leaves, respectively. According to Kabir and Mia (1987) 123,
neem oil 0.5% proved efficient against mustard aphids.
Bhavani Sankar Rao et al. (1991) [ found that neem oil at
1% reduced aphid population by 63% when compared to an
untreated as control. According to Nirmala et al. (2006) 7],
the mycopathogen V. lecanii (L. lecanii) recorded the
highest mortality of A. craccivora and A. gossypii. The
neem oil recorded least mean population of aphids (5.87
aphids/3 leaves) followed by karanj oil (6.82 aphids/3
leaves) (Harika and Gogoi 2021) [,

The present results align with those of Mallappanavar
(2000) 41, who showed that the reduction of different stages
of whiteflies was distinctly obvious at 15 DAS. V. lecanii

~37n~

(L. lecanii) @ 1.33 108 spores/ ml and Vertilec 7.5 g /I were
shown to be the most effective. According to Andrew et al.
(2004) M, the Lecanicillium muscarium oil formulation was
observed to reduce the B. tabaci population on tomato and
verbena foliage under high humidity. Anitha (2007) ! found
that V. lecanii was much more effective than Neem oil 0.5%
at controlling whiteflies. In the study by Scorsetti et al.
(2008) 1 it was recorded that L. lecanii exhibited
significant virulence towards B. tabaci in both organic and
conventional horticultural settings, spanning greenhouses
and open fields in Argentina. Raheem and Al-Keridis (2017)
[201 conducted research that indicated the potential of L.
lecanii and B. bassiana isolates as effective fungal
biocontrol agents for managing whiteflies in field
conditions. Their findings also highlighted that, among the
three entomopathogenic fungi (EPF) evaluated, L. lecanii
demonstrated superior virulence against B. tabaci within the
tomato ecosystems. Lambdacyhalothrin and neem oil were
equally effective against whitefly and jassid feeding on okra
plants (Rehman 2015) [?2],

Conclusion

Employing entomopathogenic fungi such as L. lecanii, B.
bassiana, and M. anisopliae, in conjunction with botanicals
like neem oil at their recommended levels, offers a
prospective and environmentally sustainable strategy for
proficiently controlling the sap-sucking pests affecting okra
plants.
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