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Introduction

Greenhouse whitefly, Trialeurodes vaporariorum, Westwood (Hemiptera: Aleyrodidae) is one of the most
destructive pests on the greenhouse and vegetables products in the world. Both of adults and nymphs cause
economic damages through sucking the phloem sap, and secretion of large amounts of honeydew which supports
the growth of sooty mold. Additionally, it transmits some plant virus pathogens. Usage of synthetic insecticides
is one of the most common methods in management of greenhouse whitefly which resulted in some side effects
on natural enemies, pest resurgence, environmental pollution, and pest resistance, as well. Hence, in the present
study, we used the biorational and plant-based with insecticidal properties, Acroptilon repens, Russian
knapweed, (Asteraceae). It is known as a persistent weed and has insecticidal potential. It was widely reported
from different parts of Iran. The aerial tissues of A. repens possess aromatic amines, and sterols, as well as
sesquiterpene lactones. It’s repellency, contact toxicity, fumigant toxicity, anti-oviposition, and antifeedant
properties against insect pests refer to the existence of aforementioned constituents.

Materials and Methods

Aerial parts of A. repens were collected from wheat field in Vagasluy-e Sofla (45° 1'E, 37° 39'N), West
Azerbaijan, Iran during 2021-2023 which identified by Dr. Mahnaz Heydari and preserved in the herbarium at
Agricultural Research, Education and Extension Organization (AREEO), West Azerbaijan, Urmia, Iran with
specimen number 106606. The colony of T. vaporariorum was reared on tomato (variety Sun-seed 6189).
Rearing of the insect was continued until they reached the desired stage for doing the bioassays. The insect
colony was kept in a growth chamber at 25+ 2° C and 60 == 10% RH at a photoperiod of 16: 8 h (L:D). The
immersion method was used to obtain the methanolic and aqueous extracts of A. repens, in which, 50 grams of
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the Russian knapweed were soaked in 300 ml of solvents (aqueous and 80% methanol) and placed on a shaker at
room temperature for 48 h, then the obtained extracts filtered twice, next concentrated by a rotary vacuum
distillation machine at 40°C with speed of 100 rpm. The obtained concentrated liquid was spread on a watch
glass until the solvent was removed entirely. Finally, the obtained powder gathered and stored in dark-colored
lidded jars inside the refrigerator at 4°C. The bioassay tests were performed to obtain the lethal (LCso) and
(LCqs) concentrations of Russian knapweed extracts by using the adult stage of greenhouse whitefly. Based on
preliminary tests which caused the mortality in the ranges between 10-90%, five final concentrations (19.53,
78.12,1250, 6500, and 7000) and (409.6, 1024, 2560, 6400 and 16000 pl/L) were used for aqueous and
methanolic extracts, respectively. To study the sublethal effects, the filter papers (Whatman No. 1) were
impregnated with LCos concentration of each A. repens extracts, and then attached to the screw caps of the
containers. Lids were screwed tightly and sealed with Para film. Then, 15 adults of the greenhouse whitefly were
released into the treated containers for 24h, After 24 h, the alive adults were collected and released on tomato
plants to laid eggs. The obtained eggs (60 the samed aged for each treatment) were used to study the life table
experiments. Their developmental time, survival, adult longevity and fecundity were checked daily. The age
stage, two-sex life table method was used to analyze the collected data. We used the bootstrap technique with
100,000 iterations to estimate the variance and standard errors of the biological and population parameters.
Sigma Plot software used to draw graphs. The growth of the pest population over 60 days was done with
Timing-MsChart software.
Results and Discussion

The current study showed that aqueous extract of Russian knapweed was more toxic than the methanolic
extract on adults of greenhouse whitefly. Moreover, the sublethal concentrations (LC2s) of both extracts affected
the biological and life table parameters of greenhouse whitefly by prolonging the developmental period,
decreasing the survival rate, adult longevity and fecundity. According to obtained results, there was no
significant differences between extracts in terms of population growth parameters, but the aforementioned
parameters were decreased compared to control groups. The mean generation time (T) of the greenhouse
whitefly was the longest in aqueous extract, followed by methanolic and control treatments.

Conclusions

The overall results demonstrated that, both of the used extracts were effective on population parameters of
greenhouse whitefly. However, the aqueous extract, due to an increase in the duration of the immature stages and
the increase in the length of one generation, caused a greater decrease in the growth rate of the greenhouse
whitefly population compared to the methanol extract, which, if formulated, can be used as a plant-based
insecticide in management of the target plant pest.

Keywords: Chronic toxicity, Demographic parameters, Greenhouse whitefly, Population growth parameters,
Russian knapweed
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Table 1- Probit analysis of the mortality caused by the aqueous and methanolic extracts of Acroptilon repens on adults of

Trialeurodes vaporariorum after 24 hours
Probit analysis

A. repens extracts LC50 (ul.ml2) LCas (ul.ml%) Slope+SE  Intercept (a)+5  y2(df) No
2688.602 529.053

Aqueous extract (1851.74-3927.78)  (244.49- 856.66) 0.955+0.141 -3.276+5 0.681(3) 300

Methanolic extract 3260.742 770.697 1.077+0.144 -3.783+5 1.449(3) 300

(2335.05-4565.98)  (411.61-1169.88)
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Table 2 —Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the survival and developmental time of
various immature stages of Trialeurodes vaporariorum

Developmental stage Control Methanolic extract Aqueous extract
Egg(days) 5.01+0.08¢ 6.18+0.18" 6.77+0.152
First instar nymph (days)  3.63+0.07° 4.79+0.142 4.88+0.142
Second instar nymph (days)  3.74+0.09° 4.3+0.142 4.08+0.142
Third instar nymph (days)  4.54+0.08% 4.6+0.142 4.69+0.172
Pupa (days) 5.0+0.09° 3.88+0.13¢ 4.37+0.22°
Pre-adult period (days) 21.7+0.21° 23.63+0.46° 24.91+0.452
Pre-adult survival rate 0.58+0.05% 0.49+0.052 0.48+0.052
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* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by 100000
bootstrap resampling).
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Table 3- Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the adult longevity, reproductive days
and fecundity of Trialeurodes vaporariorum

Biological stages Treatments
Control Methanolic extract Aqueous extract
Male longevity (days) 4.36+0.40% 2.68+0.34° 3.2340.26%
Total male longevity (days) 26.18+0.45? 26.25+0.66% 27.69+0.622
Female longevity (days) 7.36+0.322 3.89+0.30° 4.29+0.28%
Total female longevity (days) 28.96+0.40° 30.65+0.94? 29.88+0.902
Adult pre-reproductive period (days)  1.00+0.10% 1.19+0.25% 1.24+0.262
Total pre-reproductive period (days)  22.60+0.30° 24.750.80? 26.8240.992
a
Reproductive days (days) 6.28+0.32 2.44£0.32" 2.35+0.34°
Fecundity (eggs.female™) 35.4042.452 6.56+1.29° 7.53+1.50P

A3 o L HST Ve e e b oddcds oyl gy gy (wlwly duoyd gy pdaw )0 1y ajlaws oy )b e MBS Caydy jo o calides By s
* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100,000 bootstrap resampling).
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Table 4- Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the population growth parameters of
greenhouse whitefly

Treatment (mean + standard error)

Parameter

Control Methanolic extract Agueous extract
Net reproductive rate (Ro) a b b
(offspring/individual) 11.06+1.99 1.26+0.37 1.45+0.42
Gross Reproductive Rate (GRR) a b b
(offspring/individual) 40.99+6.26 6.77+1.41 9.22+1.81
Intrinsic rate of population growth (r) (day™) 0.0924+0.007¢ 0.0087+0.011° 0.0132+0.010°
Finite rate of increase (A) (day™) 1.096+0.007% 1.008+0.011° 1.0133+0.011°
Mean generation time (T) (day) 26.01+0.28" 26.83+0.69% 28.21+0.92%
A3 o il HST Ve e e L oddcds oyl gy gy bl oy iy pdaw )0 1) ajlowd oy )b e M (ayd) j )5 calides By 5

* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100,000 bootstrap resampling).
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Figure 1- Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the age-stage specific survival rate (Sx))
of Trialeurodes vaporariorum
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Figure 2- Sublethal effects of methanolic and aqueous extracts of Acroptilon repens on age-specific survival (lIx), age-stage
specific fertility (mx) and age-specific fertility (Ixmx) of Trialeurodes vaporariorum
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Figure 3- Sublethal effects of methanolic and aqueos extracts of Acroptilon repens on life expectancy (exj) of Trialeurodes
vaporariorum
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