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Abstract

Tomato crop (Solanum lycopersicum L.) is cultivated at a commercial scale in West Bengal, India but
insect pest attack constitute limiting factors for its successful cultivation. Tomato plant is highly
susceptible to whitefly (Bemisia tabaci Genn.). Damage caused by whitefly may be directly through
phloem feeding, or indirectly by transmission of viruses such as Tomato Yellow Leaf Curl Virus. The
incidence of whitefly population always remained higher on upper canopy of the plant followed by
middle canopy and lower canopy which is important for preparation of spray schedule. Imidacloprid
resulted the best suppression of whitefly population (81.48% suppression) followed by avermectin
(73.33%) and mixed formulation of azadirachtin with Spilenthes (71.65%) extracts. Microbial toxin and
botanicals are bio-pesticides. They have lower hazardous effects on human health and environment.
Therefore, they can be used in organic farming and Integrated Pest Management (IPM) for tomato
cultivation as well as vegetable cultivation. These treatments may be recommended for general use by the
farmers.
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Introduction

Whitefly (Bemisia tabaci Genn.) is an important pest infests Tomato (Lycopersicon esculentus
L.) World-wide. Whitefly damage may be directly through phloem feeding, or indirectly by
transmission of virus’s viz. Tomato Yellow Leaf Curl Virus 4. The incidence of mite/whitefly
pest population always remained higher on the upper canopy of the plant P!, White fly was
found active throughout the year and highest population (1.66/leaf) on eggplant was recorded
on 32" standard week [1¢ 281 Reported that the maximum population of whitefly infesting
tomato was during 11" - 18" standard week with peak population (0.47/leaf). White fly
incidence on tomato showed non-significant negative correlation (p=0.05) with temperature
and weekly total rainfall and significant negative correlation with relative humidity reported by
them. I Reported that Bemisia tabaci on ladyfinger was active throughout the growing period
with a peak population (3.98 white fly /leaf).

(2] reported from a an experiment on tomato in West Bengal that maximum population of
spider (1.07-1.83/plant) and lady bird (0.33-1.00/plant) is observe on 3rd week of February to
2" week of March and on 3rd week November to 1%t week of January respectively 71,
Reported that predatory spider was found active throughout the year in terai region of West
Bengal, India 8], Reported from West Bengal, India that lady bird beetle / coccinellid beetle
Menochilus sexmaculatus was an important predator of whitefly, aphid and jassid on eggplant
and its feeding activity was found throughout the year. Coccinellid beetle Coccinella
septempunctata as the generalized predatory agent has gained great scientific interest for
biological control in West Bengal, India [ 4. The misuse and overuse of pesticides has led to
problems of pesticide resistance, resurgence and contamination of different components of the
environment 1, Plant extracts act in different ways viz. insect growth regulators (IGR), feeding
deterrents, repellents and confusants 61, Azadiractin-rich neem formulations were effective
against cotton whitefly, aphids, jassids and spotted boll worm 231, 1t is reported that maximum
reduction of whitefly population was found in imidacloprid treated plot [ 3%, [*2l Reported that
Polygonum hydropiper flower extract at 5 % concentration gave more than 70 % aphid
suppression. Botanical extract, Polygonum hydropiper floral part, pathogens, Beauveria
bassiana and Bacillus thuringiensis caused significant lower killing of the predator (less than
30 %) whereas the synthetic insecticides, profenophos and methomyl caused significantly
higher killing (more than 52 %) 19,
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Acetamiprid was found highly efficacious against aphid and
found to suppress 85.11% aphids closely followed by neem +
Spilanthes (73.29% control) 1, Synthetic insecticides, DDVP
and malathion caused significantly higher killing (>50%)
whereas botanical insecticide, neem caused lower Killing (less
than 40%) of the Coccinella sp 13, M Reported that
neemactin based solution was less lethal to Coccinella
septempunctata. The objective of this study is to determine
the efficacy of microbial toxin, the plant extracts against
whitefly and to formulate suitable control measure.

Materials and Methods

Study and location

The studies were conducted at Kalyani, West Bengal India
during 2019-20. The geographical details of the site are 23° N
latitude, 89° E longitude and 9.75 meter above mean sea level
(29, The soil of the experimental field was typically gangetic
alluvial soil (Entisol) with sandy clay loam texture %, The
soil type of the experimental field was sandy loam with PH
range 5.75 to 6.5 and climate of this zone is subtropical humid
having short winter spell during December —January [ 21,
The soil has good water holding capacity.

Distribution of whitefly within tomato plants

Tomato variety ‘Pusa Ruby’ was grown during 2019-20 crop
seasons under recommended cultural practices in 4.0 m x 5.0
m plots. Recommended fertilizer doses were applied, N: P: K
@ 100:60:60. The treatments were replicated five times in a
Randomized Block Design (RBD). The total whitefly
population per leaf from top, middle and bottom leaves from
five randomly selected plants per replication was recorded at
seven days interval (Standard Meteorological Week). Data
obtained were presented graphically.

Management of whitefly

Tomato variety ‘Pusa Ruby’ was grown during 2019-20 crop
seasons under recommended cultural practices in 4.0 m x 5.0
m plots with spacing 10 cm. X 20 cm. Recommended
fertilizer doses were applied, N: P: K @ 100:60:60. The
treatments were replicated three times in a Randomized Block
Design (RBD). ASPEE Knapsack Sprayer with hollow cone
nozzle was used for spraying with 500 L water / ha.

Treatment Details

One microbial toxin avermectin (Vertimec 1.9 EC) @ 1ml/L,
one botanical insecticide azadirachtin (neem based pesticides,
neemactin 0.15 EC) @ 2.5 ml/L, two botanical extracts viz.
Spilanthes paniculata floral parts extract @ 8.0% (80 ml/L),
and garlic bulb (Allium sativum) extract @ 8.0% (80 ml/L),
two treatments containing mixture of azadirachtin and
Spilanthes @ 2.5 ml + 80 ml/L and mixture of azadirachtin
and garlic @ 2.5 ml + 80 ml/L were evaluated and compared
with the ability of imidacloprid (Confidor 17.8 EC) @ 1ml/3
L to control the whitefly. One untreated check was taken.

Preparation of extracts

The botanical extracts, Spilanthes paniculata floral parts and
garlic bulb were extracted in methanol following the
methodology developed by 2> %1 with slight modification.
After washing with water, the plant parts were made in
powder form. The powder (50 g) samples of each tested plant
were transferred separately to a conical flask (500 ml) and
dipped in 250 ml methanol. The material was allowed to stand
for 72 hours at room temperature with occasional stirring.
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After 72 hours the extract was filtered through Whatman 42
filter paper and residues were washed twice with methanol.

Data recording

Four spraying at 10 day intervals were made. Whitefly
population was recorded 3, 6 and 9 days after each spraying.
The results were expressed as whitefly population suppression
(%) compared to densities recorded on the control treatment.
Per cent reduction of whitefly population over control was
calculated by the formula ™. Data were analyzed by using
INDO-STAT- software following randomized block design
(RBD). Treatment means were separated by applying CD Test
(critical difference) at 5 % level of significance.

_ Po—Pc

=100 = Pc 100

Pt

Where

Pt = Corrected mortality,

Po = Observed mortality and
Pc = Control mortality.

Effect of treatments on natural enemies: Methods
Population of natural enemies viz. coccinellid and spider were
observed before spraying. After spraying the population was
recorded at 3, 6 and 9 days after each spray. The population of
coccinellids and spiders were recorded on randomly selected
10 plants per plot. The data of mean population was analyzed
statistically.

Results and Discussion

Distribution of whitefly within plants

Fig. 1 represents the incidence and distribution of whitefly
population on upper, middle and lower canopy within the
tomato plants. Whitefly was most densely populated in the
upper canopy (58.37 % population) followed by middle
canopy (28.07%) and lower canopy (13.56%) of tomato plant
(Fig. 1). So upper canopy is damaged more due to sucking
activity of whitefly and hamper the plant growth.

13.56%

58.37%

B Upper canopy
O Middle canopy

O Lower canopy

28.07%

Fig 1: Per cent distribution of whitefly within tomato plants

Management of whitefly

Among the seven treatment (table 1) under the present
investigation imidacloprid resulted best suppression of
whitefly population (81.48 % suppression) followed by
avermectin (73.33%) and mixed formulation of azadirachtin
with Spilenthes extracts (71.65 %). However, among bio-
pesticides including plant extracts avermectin was most
effective for whitefly control followed by mixed formulation
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of azadirachtin with Spilenthes extracts and another mixed
formulation azadirachtin with garlic (71.65% and 60.83%
suppression respectively) (table 1). From overall observation
it was revealed that azadirachtin and botanical extract
individually did not produce good results (moderate whitefly
suppression) but when azadirachtin is used as a mixture with
botanical extracts like Spilenthes, garlic provided better
results recording more than 60 % suppression. Three days
after spraying, imidacloprid resulted best suppression of
whitefly population (82.17 % suppression) followed by
avermectin (81.07 %) and mixed formulation azadirachtin
with extract Spilanthes extracts (73.42 %) against whitefly.
The imidacloprid and avermectin treatments were

http://www.entomoljournal.com

significantly different from all other treatments. Neem and
botanical extracts individually does not produce higher result
but when azadirachtin is used as a mixture with botanical
extracts provided better results recording more than 64 %
suppression. Six and nine days after spraying the results of the
different treatments evaluated followed the findings of three
days after spraying (table 1). Imidacloprid was found to be the
superior  pesticide (80.10 and 82.17% suppression
respectively) against whitefly followed by mixed formulation
of botanical pesticide, azadirachtin with botanical extracts
Spilanthes (72.08 and 69.45% suppression respectively) and
avermectin (72.08 and 66.85 % suppression respectively).

Table 1: Overall efficacy of pesticides against Bemisia tabaci on tomato crop

Treatments Dose Pre-treatment Overall efficacy ( % reduction) Days after treatment
ml or g/L observation (w.fly/Leaf) 3 6 9 Mean
Ti=Avermectin (Vertimec 1.9 EC) 1 ml/L 1.78 81.07 (64.22) | 72.08 (58.12) | 66.85 (54.90) | 73.33
T»= Spilanthes flower extract (8%) 80 ml/L 2.25 57.37 (49.78) | 49.75 (44.85) | 41.49 (40.39) | 59.53
T3= Neem (Nemactin 0.15 EC) 2.5 ml/L 1.88 63.51 (52.82) | 56.74 (48.93) | 45.62 (42.49) | 55.29
T4= Garlic 8% extract 80 ml/L 2.22 43.65 (40.85) | 34.23 (36.11) | 27.39 (31.49) | 35.09
Ts= Neem+Spilanthes extract (8%) |2.5 ml/L+ 80 ml/L 1.85 73.42 (57.95) | 72.08 (58.12) | 69.45 (56.86) | 71.65
Te= Neem+Garlic extract (8%)  |2.5 ml/L+ 80 ml/L 2.09 64.59 (53.50) | 59.01 (51.49) | 58.90 (49.93) | 60.83
T7= Imidacloprid(Confidor 17.8 SL) 1ml/3L 2.08 82.17 (65.29) | 80.10 (63.87) | 82.17 (65.29) | 81.48
Ts=Untreated check(control) - 1.88 0.00 (4.05) 0.00 (4.05) 0.00 (4.05) | 0.00-
SEm(z) - 1.63 1.60 1.70 -
CD (p=0.05) - NS 4.87 4.80 5.11 -

Figures in parentheses are angular transformed values, NS = Not significant

Effect of treatments on natural
predators of tomato ecosystem

During the period of study, natural enemy fauna were found
included several species of coccinellid beetles and their grubs
(Coccinella transversalis, C. septempunctata, Cheilomenes
sexmaculata and Micraspis discolor), larvae of syrphid fly,
chrysopids (Chrysoperla spp.) and spiders. Among these
coccinellids and spiders were observed frequently, whereas,

enemies, coccinellid

the population of others were scanty. The data on coccinellids
and spiders on the tomato crop before and after treatment
show that, none of the treatments significantly reduced the
population of coccinellid and spider natural enemies than the
untreated control (Table 2 and Table 3). Higher population of
predators was recorded on imidacloprid treatment because of
a rapid degradation of persistency > 9. So imidacloprid is
good pesticide for biodiversity conservation.

Table-2: Effect of treatments on the population of natural enemies (Coccinellids)

Dose _Coccinellids
Treatments ml or g/L (Population number per plant)
Pre-treatment population |3 DAT|6 DAT|9 DAT| Mean 3,6,and 9 DAT

Ti=Avermectin (Vertimec 1.9 EC) 1 ml/L 2.32 2.04 | 2.13 | 2.58 2.25
T2= Spilanthes flower extract (8%) 80 ml/L 2.12 2.08 | 2.33 | 2.89 2.43
Ts= Neem (Nemactin 0.15 EC) 2.5 ml/L 2.40 2.09 | 238 | 2.77 2.41
T4= Garlic 8% extract 80 ml/L 2.06 215 | 255 | 3.15 2.62
Ts= Neem+Spilanthes extract (8%) | 2.5 ml/L + 80 ml/L 2.14 2.07 | 2.09 | 3.00 2.39
Te= Neem+Garlic extract (8%) 2.5 ml/L + 80 ml/L 2.33 2.09 | 2.25 | 3.05 2.46
T7= Imidacloprid (Confidor 17.8 SL) 1 ml/3L 2.15 2.05 | 2.26 | 242 2.24
Ts= Untreated check (control) -- 211 215 | 258 | 3.20 2.64

CD (p=0.05) -- NS NS NS NS --

DAT= Date after Treatment; NS = Not significant

Table 3: Effect of treatments on the population of natural enemies (Spiders)

Treatments Dose Spiders (Population number per plant)
ml or g/L Pre-treatment population |3 DAT |6 DAT |9 DAT| Mean 3,6,and 9 DAT

Ti=Avermectin (Vertimec 1.9 EC) 1 ml/L 2.16 1.85 | 2.33 | 2.50 2.23
T2= Spilanthes flower extract (8%) 80 ml/L 2.38 199 | 245 | 2.91 2.45
Ts= Neem (Nemactin 0.15 EC) 2.5 ml/L 2.44 2.00 | 2.38 | 2.81 2.40
T4= Garlic 8% extract 80 ml/L 2.54 250 | 2.88 | 3.00 2.79
Ts= Neem+Spilanthes extract (8%) 2.5 ml/L + 80 ml/L 2.04 1.74 | 2.69 | 2.78 2.40
Te= Neem+Garlic extract (8%) 2.5 ml/L + 80 ml/L 2.13 1.88 | 2.74 | 2.88 2.5
T7= Imidacloprid (Confidor 17.8 SL) 1 ml/3L 2.40 1.30 | 2.16 | 2.45 1.97
Ts= Untreated check(control) -- 241 2.76 | 3.00 | 3.00 2.92

CD (p=0.05) -- NS NS NS NS --

DAT= Date after Treatment; NS = Not significant
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From overall observation, whitefly was found most densely
populated in the new young leaves of tomato plant on upper
canopy. So sprays should be carefully taken on the upper
canopy. Avermectin and mixture of azadirachtin with
botanical extracts gave moderate to higher whitefly
suppression (more than 60% suppression). @ reported that
imidacloprid, and abamectin were safer to lady bird beetles.
Considering moderate to higher efficacy as well as its low
toxicity to natural enemies and human health microbial toxin,
botanical insecticides, botanical extracts can be used in
Integrated Pest Management (IPM) and organic farming.
Azadirachtin individually did not produce higher results but
when mixed with botanical extracts gave higher results of
whitefly control. A rapid degradation of persistency was
observed in imidacloprid and neem oil/neem based pesticides
which has a great importance for vegetable fruits [ 20 51,
Botanical extracts may be mixed with small amount of
imidacloprid. This also may be safer for vegetable cultivation.
This may be recommended for general farmers’ use.

Conclusion

Azadirachtin individually did not produce higher results but
when mixed with botanical extracts gave higher results of
whitefly control. Botanical extracts may be mixed with small
amount of imidacloprid. This also may be safer for vegetable
cultivation. This may be recommended for general farmers’
use.
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