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Table 1. Probit analysis of contact toxicity of emamectin benzoate+acetamiprid and alpha-
cypermethrin on the third-instar nymphs of greenhouse whitefly

.. LCus
Insecticide LC m SlopezS.E. 2 (df No.
(ppm) 50 (Ppm) p x(df)
Emamectin benzoate- 0.343 10.472
Acetamiprid (0.03-1.14) (4.27-22.16) 0.454£0.079  1.607(3) 360
. 0.359 8.601
Alpha-cypermethrin (0.06-0.94) (4.16-18.08) 0.489+0.078  1.504(3) 360
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Table 2. Effects of sublethal concentrations (LCxs) of alpha-cypermehtrin and emamectin benzoate-
acetamiprid on developmental time, adult longevity, and fecundity of the parasitoid, Encarsia formosa

Biological characteristic Control alpha- emamectin benzoate+
cypermethrin acetamiprid
Egg-Larva (day) 9.29+0.13? 8.79+0.2° 8.1+0.15°¢
Pupa (day) 6.42+0.14° 8.12+0.172 7.93+0.15%
Pre-adult duration (day) 15.79+0.22° 16.92+0.252 16.03+0.17%
Female longevity (day) 5.16+0.19? 2.25+0.19¢ 3.21+0.17°
Total female longevity (day) 20.95+0.32 19.17+0.27° 19.24+0.24°
APOP*(day) 0.3240.13° 0.62+0.162 0.39+0.11°
TPOP*(day) 16.1+0.21° 17.52+0.342 16.43+0.17°
Oviposition period (day) 4.63+0.272 1.29+0.13¢ 2.43+0.16°
Fecundity (eggs/female) 17.95+1.342 2.00+0.27¢ 3.57+0.34°

*Different letters in each row indicate a significant difference between treatments (Paired bootstrap test, P<0.05)
*TPOP: Total pre-oviposition period
*APOP: Adult pre-oviposition period
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Table 3. Effects of sublethal concentrations (LCxs) of alpha-cypermethrin and emamectin benzoate +
acetamiprid on demographic parameters of the parasitoid wasp, Encarsia formosa

Treatments
Population parameters Emamectin
benzoate+
Control Alpha cypermethrin  acetamiprid
Net reproductive rate (Ro) (offspring/female) 15.541.72° 1.31+0.24° 2.86£0.35
Gross reproductive rate (GRR) (offspring/female) 29.96+4.762 3.03+0.39°¢ 6.21+0.76°
Intrinsic rate of increase (r) (day™) 0.1442+0.0058% 0.0147+0.0101° 0.0577+0.0070P
Finit rate of population increase (1) (day) 1.15+0.006° 1.01+0.01° 1.05£0.007°
Mean generation time (T) (day) 18.99+0.26° 18.48+0.39% 18.20+0.2°

*Different letters in each row indicate a significant difference between treatments (Paired bootstrap test, P<0.05)

S iS to 0dinS 5 Chle 36 o (5) bl SIhkda g Gl o = 0315 Slo 0 5 S i
Laosle 47 sl QL Gaiond o 31 ool gl ol o 1) ) IS sl 5wl alinl = Sl 5 5aSalel 5 o e o LalalT
() JSK8) s 03 Y a5 6y bl + Silg i eKalel Sles 55 5 Yo 53,5 6 o jte m LaldT Slas oYW 55, b dals o
SheloT )00 SlajiST0 o 0idS 5 Clale 36 o EL fOrmosa 5o () slals o g 0325 (S ) 4 ool Sl i
23635 535 DAY Aals 5led 53 0 i 31 s 5 Usl 55 3 55 JolS Ol e (S5 4 el Ol e Sl ok 4,1 Y JSCs 5
2 8L 2l 55 00 A S YIFA & i slkie ) Al el Dl 5 iSalal g o e LT (slaslag s 87 Sl
aliiS 55 Chle Lol Hlag glaosle s (day Jod sl 53 53 ,a V'P)(VXj) el g 5ol S sl Olis Lol g
235 o3 PNV dals 5l 53 0T Jlie 45 5k 4 otails (6 St 2alS dals 4 S 5 leST 5550 sl 25 20
oS5 VIVA 3 XIPD 3 iy oy b=l 5y Sl 5 o e s LaldIT (la 2570 o 0S5 Bl L okl (slaosle
(¥ JS8) 5 s
e BG5Sl Bl formosa ws sl s (i) «ls, palls 5 (M) el 6)5)k Slai iy (o
e (5o 0355 #) Al S 093 5 o 535 53 5 i e 55 (55Tol) Slae o 2t 35 T S e (gla 2570
3 Gad i V9D padia slasy 55 oo it il oliabr Oly sy oSall 5 e LT (slaslad 53 (555Tal5 e
Bl ooy s ois Gosl s M =P o)) o3l 555 53 (Gbby a w059 SO0k 235 Gail @35 VITA) s 5L
Sl 3 osle Sl s odis Goasl S (lie 3 disg i b 1S ke 4 Cond dals s (i =¥/ CL:S)
el iSTe ph ST g 1 OWS il b opl pled 5 ok el eag (WM =00 W) o e LT

(¥ wa'z) il o E. fOrmosa ;5.3 55 o e m ol (iST0 i b anslin 53 Ll caliwhr Ol g 5



Encarsia formosa ; !, solil Lol jan Sl piSobel 5 o 20w LoldT 0S5 Sl 310K 5 3lsle Sosls, o

104
04 a b
s il LppLavee
- D2 08
0s - Tovan

04

00 ~— l - 0o ¢ >
p b

20 0 5 10 1% 2 28 3

=)
~

Age stage specific survival rate (S;))
o
5
»

Age (day)
Al o 055 (Sloodi3 55 (€) y albinl Slg 2 Salel 5 (0) e LT oS 5 e ol 31-Y s
(@) wals L awslie y> Encarsia formosa L s 5i

Figure 1. Sublethal effects of alpha-cypermethrin (b) and emamectin benzoate - acetamiprid (c) on the
age-stage-specific survival rate (Sx) of Encarsia formosa compared to the control (2)
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Figure 2. Sublethal effects of alpha-cypermethrin (b) emamectin benzoate -acetamiprid (c) on the age-
stage life expectancy (ey) of Encarsia formosa compared to the control (2)
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Figure 3. Sublethal effects of alpha-cypermethrin (b) and emamectin benzoate- acetamiprid (c) on the
age-stage-specific reproductive value (vy) of Encarsia formosa compared to the control (a)
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Figure 4. Sublethal effects of alpha-cypermethrin (b) and emamectin benzoate - acetamiprid (c) on
fecundity (I«my) of 1 age-specific survival (1), age-stage-specific fecundity (my), and net daily
Encarsia formosa compared to the control (a)
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Figure 5. Prediction of population growth potential and stage structure of the parasitoid wasp,
Encarsia formosa, treated with LCys alpha-cypermethrin (b) and emamectin benzoate + acetamiprid
(c) compared to the control (a) over 60 days
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Figure 6. Effects of sublethal concentrations (LCgs) of alpha-cypermethrin (b) and emamectin
benzoate + acetamiprid (c) compared to the control (a) on the growth of the total population of the
parasitoid wasp, Encarsia formosa, over 60 days
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Abstract

Chemical insecticides are widely used to control of Trialeurodes vaporariorum, which may have
sublethal effects on its dominant parasitoid, Encarsia formosa. In this study, the sublethal effects (LC2s)
of alpha-cypermethrin and integration of emamectin benzoate with acetamiprid were evaluated on the
population and reproductive parameters of E. formosa. The sublethal studies were conducted using the
leaf-dipping method of tomato leaves containing parasitized third-instar nymphs of greenhouse whitefly
(coincides with pupa stage of parasitoid), into sublethal concentrations of the insecticides. Life table
data were analyzed based on the age—stage, two-sex life table. The results showed that the highest and
lowest, female longevity, reproduction period and fertility were on control (5.16+0.19 d; 4.63+0.27 d,
and 17.95+1.34 eggs) and alpha-cypermethrin (2.25+£0.19 d; 1.294+0.13, and 2.00+0.27 eggs) treatments,
respectively. Also, adult females of F1 parasitoid that exposed to sublethal concentration of alpha-
cypermethrin had a delayed entry into the adult pre-oviposition and total pre-oviposition period
compared to emamectin benzoate + acetamiprid. The results obtained from population growth
parameters (Ro, r, and 1) showed that the lowest rate of aforementioned parameters were related to alpha-
cypermethrin treatment (1.31+0.24 offspring/female/day; 0.0147 day?, and 1.01+0.01 day?,
respectively). The overall results showed that, alpha-cypermethrin had stronger sublethal effects on E.
formosa compared to emamectin benzoate + acetamiprid which need to be used with more caution in
integrated pest management programs of the greenhouse whitefly.

Key words: Greenhouse whitefly, integrated pest management, life table, population growth parameters

Citation: Reshadat Salvanagh, N., Mehrkhou, F., Aamideh Sh. & Fourouzan, M. (2026). Sublethal effects of Alpha-
Cypermethrin and integration of Emamectin benzoate with Acetamiprid on biological parameters of Encarsia formosa. Plant
Pest Research, 16(1), 49-65. DOI: https://doi.org/10.22124/iprj.2026.33432.1685

*Corresponding author: f.mehrkhou@urmia.ac.ir
BY

Journal of Plant Pest Research is published by University of Guilan
This journal is an open access journal licensed under the Creative Commons Attribution 4.0 International license (CC BY 4.0)



https://orcid.org/0000-0002-5409-428X3
https://orcid.org/0000-0002-5409-428X3
https://orcid.org/0000-0002-5409-428X3

