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Abstract
Encarsia formosa Gahan (Hymenoptera: Aphelinidae) is one of the most e�cacious natural enemies
used as biological control against Trialeurodes vaporariorum Westwood. Insecticides have a negative
impact on non-target species such as natural enemies. Therefore, present studies were conducted to
evaluate cattle bye-products based natural products namely, Agniastra, Darekastra, fermented butter milk,
Tamralassi and vermiwash at 10%, biopesticide (azadirachtin @ 0.00045%) and chemical insecticides,
spiromesifen (0.02%) and imidacloprid (0.005%) for the safety to adults of E. formosa. Dry �lm method
of bioassay was deployed under laboratory conditions. Results revealed that Agniastra, Darekastra,
fermented butter milk, Tamralassi, vermiwash and azadirachtin resulted in 23.15, 13.66, 17.36, 15.74,
15.74 and 30.22% adult mortality, respectively being harmless, whereas, spiromesifen and imidacloprid
resulted in 53.27 and 58.83% mortality, respectively being slightly harmful to E. formosa.

Introduction
Greenhouse white�y (GHWF), Trialeurodes vaporariorum Westwood and red spider mite, Tetranychus
urticae Koch are the serious pests of vegetable crops grown under protected environment in north-western
Indian Himalayan regions (Sood et al., 2018, Ghongade and Sood, 2021). Under protected environment,
greenhouse white�y breeds throughout the year and completes thirteen generations in a year (Sood et al.
2014). Trialeurodes vaporariorum in�icts losses to the extent of 50 per cent in different crops (Byrne and
Bellows, 1991; McKee et al., 2007; Sood et al., 2018). Encarsia formosa Gahan (Hymenoptera:
Aphelinidae) is one of the most e�cacious and commercialized natural enemies used as biological
control against T. vaporariorum throughout the world (Hoddle et al., 1998). Encarsia formosa is a
thelytokus endoparasitoid, which not only parasitizes their hosts, but also kill them by host feeding (Zang
and Liu 2008). In India, Singh and Sood (2018) and Singh et al. (2018) for the �rst time observed
parasitization of T. vaporariorum by E. formosa to vary from 31.8 to 93.6 per cent during different
seasons in tomato crop grown in polyhouses where no or minimum insecticidal applications were made.

At present, chemical insecticides are being commonly used for the greenhouse white�y suppression. Use
of chemical insecticides has caused the white�y to develop resistance to compounds with various modes
of action, including newer chemical classes such as neonicotinoids (Sood et al., 2003; Wang et al., 2017).
In addition, insecticides have a negative impact on non-target species such as natural enemies (Gorman
et al., 2002; Singh and Sood 2018; Wang et al., 2019). Therefore, integrated pest management comprising
biological control agents and safe use of insecticides is considered to be a sustainable approach for the
suppression of the white�y. Also, Thakur and Sood (2020) evaluated and documented the toxic properties
of cattle bye-products derived natural products. Yankoval et al. (2011) reported Bio Neem Plus 1.5 EC
(azadirachtin) to be non-toxic to E. formosa. Singh and Sood (2018) observed soil application of
imidacloprid (0.009%) followed by foliar application of azadirachtin (0.00003%) to be safer to E.
formosa. Considering the importance of E. formosa as a potential biological control agent of the
greenhouse white�y, studies were undertaken to evaluate natural products, biopesticides and insecticides
for their safety to adults of E. formosa.
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Material And Methods
Laboratory culture of the parasitoid, E. formosa was maintained at room temperature on young potted
plants of French bean infested with greenhouse white�y. For this purpose, mummi�ed immatures of
GHWF were initially collected from tomato plants grown in the polyhouses and were brought to the
laboratory and kept for adult emergence in Petri plates (5x1.5 cm dia). The adults were transferred to
potted French bean plants having different nymphal instars of GHWF with the help of aspirator. The
plants having GHWF immatures were exposed periodically to ensure continuous supply of the parasitoid.

Toxicity of natural products (Agniastra, Darekastra, fermented butter milk, Tamralassi and vermiwash),
biopesticide (azadirachtin) and insecticides (imidacloprid and spiromesifen) was evaluated at their
recommended �eld dose against E. formosa adults. The composition of natural products is being
presented in Table 1. Dry �lm method of bioassay was used to evaluate the safety of these products to
the natural enemy. These products/ formulations were diluted with distilled water. Leaf discs of French
bean (dia 4.5 cm) were dip treated for one minute in each test concentration, shade dried and placed on
bed of agar gel (1.5%) in glass Petri plates (dia: 5 cm) by keeping the abaxial leaf surface upward. The
experimentation was replicated three times. One set of leaf discs dipped in distilled water was kept as
check with equal number of replications. Ten adults of E. formosa (2 days old), were transferred to each
Petri dish which were then covered with cling �lm perforated with paper pin to avoid deposition of
moisture. Observations on mortality of E. formosa adults were recorded at 48 hrs after treatment.
Moribund adults were also considered as dead. Corrected mortality was determined using Abbot’s
formula (1925). Evaluated natural products/ insecticides were grouped from harmless to harmful to E.
formosa adults as per method suggested by Hassan et al. (1995).
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Table 1
Natural products/ biopesticide formulations evaluated for safety to Encarsia formosa

Natural product/
biopesticide/
insecticide

Composition/ Formulation Recommended
�eld application
rate (%)

Agniastra Ipomoea leaves (1kg), Melia leaves (5kg), red chilly
(500g), cow urine (10 L), garlic (500 g), water (10–12
L)

10.0

Azadirachtin Neem-baan 0.15 EC* 0.00045

Darekastra Melia leaves (5 kg), cow urine (5 L), cow dung (2 kg)
and water (100 L)

10.0

Fermented butter
milk

Prepared from cultured milk 10.0

Imidacloprid Con�dor 17.8 SL* 0.005

Spiromesifen Oberon 240 SC* 0.02

Tamralassi Prepared by keeping the fermented butter milk in
copper pot for 10 to 15 days

10.0

Vermiwash Cow dung (3 kg), biomass (2 kg) and adult
earthworms (200–300)

10.0

* Commercial formulation

Results And Discussion
Safety of natural products, biopesticide and insecticides evaluated against E. formosa adults revealed
the insecticidal treatments to in�uence the adult survival signi�cantly (Table 2). Based on mean mortality,
maximum adult mortality was recorded in insecticidal treatments namely, imdiacloprid (0.005%) and
spiromesifen (0.02%) which being at par to each other. It was followed by the mortality recorded in
azadiractin (0.00045%) and Agniastra (10%). Darekeastra (10%) resulted in minimum mortality and was
preceded by vermiwash and Tamarlassi. The interaction amongst the insecticidal treatments and the
presence and absence of host was found to be non-signi�cant. All natural products at evaluated
concentration of 10 per cent and azadirachtin (0.00045%) were categorized to be harmless as these
resulted in mortality being less than 50 per cent, whereas imidacloprid (0.005%) and spiromesifen
(0.02%) were categorised as slightly harmful to the adults of E. formosa (Table 3; Fig. 1).
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Table 2
Toxicity of natural products, biopesticides and insecticides to adults of Encarsia formosa

Natural product/ biopesticide/
insecticides

Conc.
(%)

Adult mortality (%) after 48 hrs in the prence and
absence of immatures of GHWF

Host present

(+)

Host absent

(-)

Mean

Darekastra 10 15.28 (22.76) 12.04 (20.29) 13.66 (21.52)

Agniastra 10 22.68 (28.03) 23.61 (28.65) 23.15 (28.32)

Vermiwash 10 15.28 (22.76) 16.20 (23.39) 15.74 (23.08)

Fermented butter milk 10 22.68 (28.03) 12.04 (20.29) 17.36 (24.16)

Tamarlassi 10 15.28 (22.76) 16.20 (23.39) 15.74 (23.08)

Azadirachtin 0.00045 32.67 (34.70) 27.78 (31.75) 30.22 (33.27)

Imidacloprid 0.005 57.93 (49.61) 59.72 (50.65) 58.83(50.14)

Spiromesifen 0.02 54.23 (47.43) 52.31 (46.35) 53.27(46.90)

Mean   29.50 (32.01) 27.49 (30.60)  

Figures in parentheses indicate arc sine transformed values;  Mean values within the columns bearing the
same letters are not signi�cantly different- LSD (P=0.05)

LSD (P=0.05)  

Treatments (A) 5.84

Host +/- (B) NS

A × B NS
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Table 3

Categorization of toxicity of natural products/ biopesticides/ insecticides to Encarsia formosa
Natural products/ biopesticides/ insecticides Conc. (%) Mean mortality Toxicity category*

Agniastra 10 23.15 Harmless

Azadirachtin 0.00045 30.22 Harmless

Darekastra 10 13.66 Harmless

Fermented butter milk 10 17.36 Harmless

Imidacloprid 0.005 58.83 Slightly harmful

Spiromesifen 0.02 53.27 Slightly harmful

Tamarlassi 10 15.74 Harmless

Vermiwash 10 15.74 Harmless

* As per Hassan et al. (1995)

 
In our �ndings it was revealed that chemical insecticides namely, imidacloprid and spiromesifen were
slightly harmful to the adults of E. formosa which derives support from the �ndings of Singh and Sood
(2018) where they recorded lower activity of the parasitoid in spiromesifen and thiamethoxam treatments
in tomato crop grown under protected environment. Zhan et al. (2018) reported imidacloprid to have high
or medium acute toxicity against E. formosa. The natural products and biopesticide formulations
evaluated in present studies were found to be harmless which derives support from the �ndings of
Simmonds et al. (2002) who observed Azadirachta indica derived products to have potential for use in
IPM system for the control of white�y as it being highly toxic to white�y and less toxic to the parasitoids.
Feldhege and Schmutterer (1993) observed application of 10 ppm of azadirachtin to be relatively non-
toxic to E. formosa, whereas the concentration of 20 ppm led to a slight but signi�cant reduction of the
�tness of E. formosa. Yankoval et al. (2011) reported Bio Neem plus 1.5 EC (azadirachtin) to be non-toxic
to E. formosa.

Conclusion
Imidacloprid and spiromesifen proved to be slightly harmful to the adults of E. formosa whereas natural
products and azadirachtin were found to be harmless which can be incorporated in integrated
greenhouse white�y management programme.

Declarations
Acknowledgment



Page 7/9

The authors are thankful to ICAR NAHEP-CAAST on ‘Protected Agriculture and Natural Farming’ at
CSKHPKV, Palampur for providing necessary �nancial and logistic support during the study period.

Declarations of Competing interests

The authors declare no competing interests.

References
1. Abbotts WS. 1925. A method of computing the effectiveness of an insecticide. Journal of Economic

Entomology 18:265-267.

2. Byrne DN and Bellows TS 1991. White�y biology. Annual Review of Entomology 36: 431-57.

3. Feldhege M and Schmutterer H. 1993. Investigations on side-effects of Margosan-O on Encarsia
formosa Gahan (Hymenoptera, Aphelinidae), parasitoid of the greenhouse white�y, Trialeurodes
vaporariorum Westwood (Homoptera, Aleyrodidae). Journal of Applied Entomology 115 (1-5): 37-42.

4. Ghongade DS and Sood AK. 2021. Economic injury level for Tetranychus urticae Koch on
parthenocarpic cucumber under protected environment in north-western Indian Himalayas.
Phytoparasitica 49(5): 893-905.

5. Gorman K, Hewiit F, Denholm I and Devine GJ. 2002. New developments in insecticide resistance in
the glasshouse white�y (Trialeurodes vaporariorum) and the two spotted spider mite (Tetranychus
urticae) in the UK. Pest Management Science 58(2): 123-130.

�. Hassan SA, Bigler F, Blaisinger P, Bogenschütz H, Brun J, Calis JNM, Chivertoz P, Dickler E,
Easterbrook MA, Edwards PJ, Englert WD, Firth SI, Huang Z, Ingles�eld C, Klingauf F, Kühner C, Ledieu
MS, Nation E, Oomen PA, Overmeer WPJ, Plevoets P, Reboulet JN, RiechmannW, Samsøe-Petersen L,
Shires SW, Stäubli A, Stevenson J, Tuset J, Vanwetswinkel G and Van Zon AQ. 1985. Standard
methods to test the side effects of pesticides on natural enemies of insects and mites developed by
the IOBC/ WPRS working group. Pesticides and bene�cial organisms. Bulletin OEPP 15: 214-255.

7. Hoddle MS, van Driesche RG and Sanderson JP. 1998. Biology and use of the white�y parasitoid
Encarsia formosa. Annual Review of Entomology 43: 645-669.

�. McKee GJ, Zalom FG and Goodhue RE. 2007. Management and Yield Impact of the Greenhouse
White�y (Trialeurodes vaporariorum) on California Strawberries. HortScience 42(2): 280-284.

9. Simmonds, MSJ, Manlove J D, Blaney WM and Khambay BPS. 2002. Effects of selected botanical
insecticides on the behaviour and mortality of the glasshouse white�y Trialeurodes vaporarium and
the parasitoid Encarsia formosa. Entomologia Experimentalis et Applicata 102: 39-47.

10. Singh V and Sood AK. 2018. First record of Encarsia formosa Gahan, an aphelinid parasitoid of
greenhouse white�y from India and its dynamics on tomato grown under protected environment.
Journal of Biological Control 32 (1): 1-7.

11. Singh V, Sood, AK and Hayat M. 2018. First record of Encarsia formosa Gahan, 1924 (Hymenoptera:
Aphelinidae), a parasitoid of the greenhouse white�y, Trialeurodes vaporariorum (Westwood, 1856)



Page 8/9

from India. Oriental Insects 52(3): 313-317

12. Sood AK, Sood S, Mehta PK and Verma KS. 2003. Detection of resistance to dimethoate in the
greenhouse white�y. In B. Subrahmanyam and V.V. Ramamurthy (ed). Proceedings National
Symposium on Frontier Areas of Entomological Research, New Delhi, India. November 5-7, 2003.
pp529.

13. Sood AK, Singh V and Mehta PK. 2018. Current status and management strategies of insect-pests of
vegetables crops under protected cultivation in Himachal Pradesh. In: Technologies and
Sustainability of Protected Cultivation for Hi-Valued Vegetable Crops (Sanjeev Kumar, N.B. Patel, S.N.
Saravaiya and B.N Patel, eds). Navsari Agricultural University, Navsari , Gujarat, India, pp 339-354.

14. Sood AK, Sood S and Anjana Devi. 2014. Morphometrics and annual life cycle of greenhouse
white�y, Trialeurodes vaporariorum (Westwood) in Himachal Pradesh. Himachal Journal of
Agricultural Research 40 (1): 50-57.

15. Thakur S and Sood AK. 2019. Lethal and inhibitory activities of natural products and biopesticide
formulations against Tetranychus urticae Koch (Acarina: Tetranychidae). International Journal of
Acarology 45(6-7): 381-390

1�. Wang Z, Dai P, Yang X, Ruan CC, Biondi A, Desneux N and Zang LS. 2019. Selectivity of novel and
traditional insecticides used for management of white�ies on the parasitoid Encarsia formosa. Pest
Management Science 75: 2716-2724.

17. Wang S L, Zhang YJ, Yang X, Xie W and Wu QJ. 2017. Resistance monitoring for eight insecticides
on the sweetpotato white�y Bemisia tabaci in China. Journal of Economic Entomology 110: 660-666.

1�. Yankoval V, Masheval S, Boevl B, Toskov K. 2011. Toxicity of plant protection products towards the
imago of Encarsia formosa Gahan. Agricultural Science and Technology 3(4): 374-377.

19. Zang LS and Liu TX. 2008. Host feeding of three white�y parasitoid species on Bemisia tabaci B
biotype, with implication for white�y biological control. Entomologia Experimentalis et Applicata 127:
55-63.

20. Zhan H, Yuan L, Lei W, Qiu G, Shaukat A, Xiao-Sheng C, and Bao-Li Q. 2018. Risk Assessment of two
Insecticides on Encarsia formosa, parasitoid of whitefly, Bemisia tabaci Insects 9: 116.

Figures



Page 9/9

Figure 1

Toxicity spectrum of natural products/ biopesticides/ insecticides to Encarsia formosa


