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Introduction,

The greenhouse whitefly (Trialeurodes vaporariorum Westwood (Hemiptera: Aleyrodidae)) is causing
significant damage to both field and greenhouse plants worldwide. This pest cause both direct and indirect
damage by feeding on plant sap, transmitting plant viruses and secreting honeydew on the leaf surface. The
honeydew stimulates the growth of sooty mold fungi that can cover the leaf surface, reducing photosynthesis and
contaminating crop products. This polyphagous insect feed on more than 850 plant species, those reflects its
significant adaptability to various conditions and represents a serious threat to sustainable agricultural products.
Due to the adverse consequences and destructive impacts resulting from using chemical insecticides, the
identification and introduction of safer alternatives, especially within the framework of integrated pest
management (IPM) programs, is very important. The most suitable strategy for controlling this pest is the
integrated use of both biological and essential plant oils methods. The present study was carried out with the aim
of reducing reliance on chemical insecticides, preventing pest resistance, and minimizing environmental hazards.
In this study, the repellency or antifeedant effects of plant essential oils and their influence on the populations of
the T.vaporariorum were evaluated under laboratory conditions (27 + 5 °C, 60 + 10% RH and natural light).

Materials and Methods

Plants Studied: Thymus daenensis (Celak), Matricaria chamomilla L., Achillea millefolium L., Menta
piperita L. and Rosmarinus officinalis L., were obtained from the medicinal plant farms of the Agricultural and
Natural Resources Research and Education Center of Isfahan Province in June 2023. T. daenensis identified by
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herbarium code 18122, M. chamomilla by 18123, A. millefolium by 18124, M. piperita by 18121, and R.
officinalis by 18125.

Host plant: In this study, the eggplant plant, Solanum melongena L. (Solanaceae) (Commercial cultivar
Lango) was used as the host plant for the greenhouse whitefly. The host plants, S. melongena, were planted and
maintained under identical conditions with a temperature of 27+5 °C, relative humidity of 60+£10%, and
exposure to natural light.

The infested leaves containing nymphs and pupal stages were collected from commercial greenhouses and
kept in growth chambers at a temperature of 25 + 2 °C, relative humidity of 65 + 5%, and a photoperiod of 8:16
(light:dark) until reaching the adult stage. Following the emergence of adults, both male and female insects were
introduced onto host plants to initiate colonies. Extraction of essential oils from the studied plants: First, the
plants were dried in shaded areas equipped with ventilation. Then, the dried plants were ground and the essential
oils were extracted using a Clevenger machine. Essential oils extracted from five medicinal plants, including T.
daenensis, at concentrations of 16, 31, 62.5, 125, and 250 ppm; M. chamomilla and M. piperita at concentrations
of 81.25, 162.5, 325, 750, and 1500 ppm; A. millefolium at concentrations of 125, 250, 500, 1000, and 2000
ppm; and R. officinalis at concentrations of 162.5, 325, 750, 1500, and 3000 ppm, were evaluated. When
eggplants plants reached the 3-4 leaf stage, essential oils at five concentrations, already determined by
preliminary tests, were applied via foliar spraying on the leaves of eggplants, including untreated control only
sprayed by distilled water + 2% Tween 80. The treated pots were then transferred into an infested greenhouse
where host plants contained at least 100 adult whiteflies. The pots were arranged in five treatments with four
plants per treatment, replicated four times, in a completely randomized design, ensuring approximately equal
distance from the sources of infestation. The number of insects attracted to each pot was counted after 24 and 48
hours. After 48 hours, the pots were transferred to a separate chamber isolated from any further whitefly
infestation. Over a period of 30—40 days, the pots were examined weekly to monitor and record the development
of different life stages of the whitefly. Data analysis of the impact of essential oils of five medicinal plants on
feeding and population changes of greenhouse whiteflies. Initially, the collected data were transformed with
Vx+1, then variance analysis was performed using SPSS19.0.0 program, and comparisons and grouping of
means were compared using Duncan's multiple range test at a probability level of five percent.

Results and Discussion

Yarrow (Achillea millefolium) at concentration of 125 ppm exhibited the lowest repellency with the highest
attraction of the whitefly population at 24 hours (126.25 + 23.33) and 48 hours (133 + 23.42) after essential oil
treatment, while Chamomile (Matricaria chamomilla) showed the highest repellency with the lowest insect
attraction at 24 hours (4.75 + 2.05) and 48 hours (7.75 £ 2.09) at concentration of 1500 ppm. The repellency of
essential oils were positively correlated with concentration, such that increasing concentrations in the most cases
reduced the insect population and enhanced repellency. The whitefly population varied significantly during the
first week (F = 2.983, df = 25, p = 0.0001) and the second week (F = 3.107, df = 25, p = 0.0001), whereas no
significant differences were observed in the third (F = 0.986, df = 25, p = 0.493) and fourth weeks (F = 1.246, df
= 25, p = 0.228). Based on the findings, Chamomile essential oil at concentrations of 750 ppm and higher,
Thyme at 125 ppm and higher, Yarrow at 250 ppm and higher, Peppermint at concentration of 750 ppm and
higher, and Rosemary at concentration of 1500 ppm and higher could effectively act as repellents to protect
greenhouse eggplants against T. vaporariorum. Several studies have also evaluated the insecticidal activity of
other plant essential oils against various pests, with the differences in results mainly attributable to pest species,
type of extract, and experimental timing. Collectively, the previous studies indicated that the essential oils used
in the present study could serve as potential alternatives for the development of natural insecticides.

Conclusion

Findings are promising in development of safe botanicals; however, it would require confirmation of their
positive field result.
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Table 1- Mean comparison of repellency effect of five plant essential oils on adult of Trialeurodes vaporariorum after 24 & 48

Hours

Plant essential oil

Concentration (ppm) 24 Hours (No. of white flies/plant)

48 Hours (No. of white flies/plant)

16 27.50+9.53¢ 40.25+4.87bcd
31.25 37+8.50°¢ 60+14.31Pcd
Thymus daenensis 62.5 43.75+4.90° 55.25+13.81bd
125 34.25+£11.08¢c 47.75+13.72bcd
250 14+3.39¢ 25.50+7.770cd
81.25 56.50+6.33° 63.75+8.97bcd
162.5 38.25+5.39¢ 59.25+4.620cd
Matricaria chamomilla 325 48,75+7.54° 63.259.65b
750 41.5+13.25° 54.25+19.46b¢
1500 4.75+2.05° 7.75+2,09bcd
125 126.25+33.232 133+23.422
250 26.25+8.08°¢ 45+20.050cd
Achilla millefolium 500 22.25+9.80° 34.25+15.84bcd
1000 31.75+8.75°¢ 35.25+8.071bcd
2000 15.50+9.50° 19+11.70bcd
81.25 57.25+30.86" 67.5+280¢
162.5 26.25+10.98¢ 35.25+11,19bcd
Menta piperita 325 44+12.89% 73+28.40%°
750 35.50+11.32°¢ 45,50+11.02bcd
1500 24.75+6.01° 36.50+13.32bcd
162.5 27.25+6.32¢ 32.25+9.67bcd
325 41.50+17.75¢ 69.25+29.46
Rosmarinus officinalis 750 55.50+16.07° 57.50+12,830cd
1500 21.50+5.63¢ 35.50+10.14bcd
3000 20.75+5.45°¢ 30.75+8.04bcd
Control 93.60+37.53% 81+25.98°
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* Means followed by the same letters in each column are not significantly different (Dunkan test, P<0.05).
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Table 2- Mean comparison (xSE) of population dynamics of Trialeurodes vaporariorum on eggplant after spraying by five
plant essential oils

R Concentration First week Second week (No. Third wee_k Fourth wegk
Plant essential oil o . (No. of white (No. of white
(ppm) (No. of white flies/leaf)  of white flies/plant) flies/plant) flies/plant)
Thymus daenensis 16 281.25 +45,89abcdefg 350 +89.570d 110.5 +60.95° 642.75 +£322.11%¢
31.25 289.5 +54,2abedefy 309.25 +100.46% 386.5 +120.92% 821 +282 443
62.5 276.75 +42,013bcdefq 84.75 +£11.33¢ 4575 £21.20° 249 +96.01°¢
125 275.75 +54,5482bcdefy 107 +28.68¢ 430.75 +233.37%® 1366.5 £387.42
250 237.75 +50.31bcdefy 188 +47.40¢ 670.75 +£518.29% 1062.5 +853.642¢
Matricaria chamomilla 81.25 385.50 +35.18% 249.75 +74.79 265 +176.10° 311.75 +£151.06"
162.5 247.5 +68.61bc0ef 149.25 +35.40¢ 321 +169.18° 141.5+50.92¢
325 348 +2,732bcd 247.50 +97.58 291.50 +155.42° 716.75 £147.53%¢
750 181 +43.640cdefy 152 +44.61¢ 668.75 +300.77% 197 £92.41¢
1500 50.25 +23.979 89 +70.94¢ 652.75 +524.53% 271.75 +£159.39%
Achilla millefolium 125 370.50 +123/823bc 757.25 £95.972 1057.5 £390.17% 692.5 +267.75%¢
250 104.25 +69¢f0 276.25 +110.48% 211 £124.8° 725.5 +407.823¢
500 135.75 45,1504 240.75 +137.12% 629.25 +206.78% 365.25 +214.57%
1000 119 +40.55%f 252.25 +125.05% 341.25 +£125.47° 1004.25 +363.11°%¢
2000 88.75 +25.65M 151.25 +86.67¢ 382.25 +349.59% 811.75 +310.24%¢
Menta piperita 81.25 326.75 +152,2430cdef 732.5 +308.77% 916.25 +431.54% 791.25 +309.032%¢
162.5 53.25 +31.169 359.25 +119.32° 308 +131.39° 981.5 +363.67%¢
325 170.25 +71.93bcdefg 218.52 +98.76% 620 £194.37%® 543.25 +182.62%¢
750 336 +184 5720cde 198.50 +63.30¢ 1460.25 +868.332 835.5 +190.193¢
1500 86.25 +21.281 192.75 +43.02¢ 440.75 +251.78%® 1188.75 +330.33%
Rosmarinus officinalis 162.5 124 +34.61%f9 643 £321.15%°¢ 433 +245.27® 537.75 +127.192c
325 169.75 +99,75bcdefg 166.75 +62.219 503 +323.62%® 300 +156.7%
750 183 +27.520cdefg 259.5 +79.55% 353.50 +82.59° 640.75 +164.842¢
1500 130.25 +36.43¢df 214.5 +58.22¢ 347.75 +224.45P 664.5 +297.473¢
3000 230.5 +68.05b0def 123.25 +32.06¢ 379.25 +355,29% 706.5 +306.917°
Control 501 +50.822 869 +198.972 970.83 +£308.71% 885.5 +293.26%°¢
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* Means followed by the same letters in each column are not significantly different (Dunkan test, P<0.05).
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