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Table 1. Development time (day), fecundity, and preadult survival rate of different stages of Amblyseius swirskii
reared on the western flower thrips, Frankliniella occidentalis, at treated pepper plant with Jasmonic acid (JA),
Trichoderma harzianum (Th), JA + Th, and control (n: number of individuals)

Stage Treatments
Control JA Th JA+Th
n M eanxSE n MeanzSE n MeanzSE n M ean+SE

Eqg (day) 73 2.11+0.03p* 68 2.40+0.06a 70 2.36+0.06a 65 2.48+0.06a
Larva (day) 72 1.11+0.04b 65 1.18+0.05a 68 1.22+0.05ab 61 1.33+£0.06a
Protonymph (day) 69 2.39+0.06b 60 2.70+0.06a 65 2.71+0.06a 57 2.82+0.05a
Deutonymph (day) 68 2.34+0.05b 58 2.62+0.06a 63 2.60+0.06a 53 2.75+£0.06a
Immature stages (day) 68 7.94+0.16b 58 8.95+0.20a 63 8.90+0.19a 53 9.41+0.19a
Preadult survival rate 73 0.93+0.03a 68 0.85+0.04ab 70 0.90+0.04ab 65 0.81+0.04b
APOP? (day) 45 2.58+0.08a 39 2.33+£0.08b 41 2.39+0.11ab 36 2.17+£0.13b
TPOP? (day) 45  10.60+0.24b 39 11.38+0.25a 41 11.37+£0.31ab 36 11.69+0.29a

Female adult longevity (d) 45  31.02+0.58a 39 27.69+0.62b 41 28.24+0.67b 36 24.92+0.77c
Male adult longevity (day) 23 22.17+0.82a 19  20.10+0.77ab 22  20.50+0.80ab 17  18.29+0.94b
Female total longevity (d) 45  39.04+0.66a 39  36.74+0.73bc 41  37.22+0.83ab 36 34.44+0.91c
Male total longevity (day) 23 29.96+0.97a 19 28.84+0.93a 22 29.27+1.03a 17 27.47+1.23a
Fecundity (eggs/female) 45  39.73+0.99a 39 29.54+0.75¢ 41 35.95+0.81b 36 21.14+0.65d
Oviposition period (days) 45  19.73+0.42a 39 17.13+0.41b 41 19.07+0.42a 36 14.86+0.44c

* The standard errors were estimated by using a bootstrap technique with 200000 resampling. The same letter within a row indicates no
significant difference between treatments based on a paired bootstrap test at the 5% significance level.

2 APOP was defined as the period between adult emergence and first oviposition.

® T POP was defined as the time between the day an offspring is enclosed from theegg and the day of its first oviposition or the period from
egg to adult plus the preoviposition period.



oy

YF o) Jlwigd byl (od Ala ¢ K 390LS 4> (S 40

el 535 YYD 5 ¥V/OF (YU/AA FV/AD Jsles 5 5
YIPY 5 YY/YV YV/AF (YY/AF 4 5ol 3l (gl jldde o)
SY/YY YANE Y0P (55w esle 3131l S,

.-\.&JJJTJ:)’})YV/??

—8—E
w Control i
—&—Larva

~
N“? 25 Protonymph
~ Deut h
5 eutonympl
= 20 —¥—Female
<
3 —+— Male
e 15
L]
o
D
= 10
—

5

o L

0 10 20 30 40 50
35
Th
30
<

%25 -
&
~
z
= 20 1
]
-
3
& 15
bl
Y
)
=10
-

5

0 JP o g T e

0 10 40 50

2 30
Age (day)

35

30

25 1

20 1

35 1

30 1

25

20 1

S295b § (TN 4 el (w039 (Foki) &y
35 8 (B) Aby Ao o 03 (S5 4 Ll

o 3L 5 Aswirskii &K a8 ot W g2 030
JA Glaols 5 aals g5y 0k wds & o8 ey
b aS ol o o3l Liules &K K2 53 JA +Th 5 Th

L. I

0 10 20 30 40 50

20 30
Age (day)

& B s o 48U s, Amblyseius swirskii S8 48 (6) a o e 0hs (S 4 Al —Y S

SIA+Th «(Th) boys S 5 78 (WA) L S ol Lo Loy K, Jab L sus 4% Frankliniella occidentalis

dals o\.;f
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Frankliniella occidentalis, at treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA +

Th, and control
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Fig. 2. Age-stage specific survival rate (sy) of Amblyseius swirskii reared on the western flower thrips,
Frankliniella occidentalis, at treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA +

Th, and control
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Fig. 3. The reproductive value (v) of Amblyseius swirskii reared on the western flower thrips, Frankliniella
occidentalis, at treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA + Th, and control
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Fig. 4. Age-specific survival rate (ly), age—stage specific fecundity (f), age—specific fecundity (m,), and age
specific maternity (I,m,) of Amblyseius swirskii reared on the western flower thrips, Frankliniella occidentalis, at
treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA + Th, and control
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Table 2. Population growth parameters (Mean+SE) of Amblyseius swirskii reared on the western flower thrips,
Frankliniella occidentalis, at treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA +

Th, and control

Parameters Control JA Th JA+Th
GRR (eggs/individual) 28.22+2.28 a 21.51+1.82b 26.46+2.17 ab 16.51+1.44 c
Ro (egos/individual) 24.49+2.33a 16.94+1.82 b 21.06+2.17 ab 11.71£1.35¢c

r (day™) 0.1688+0.0059 a 0.1499+0.0067b 0.1590+0.0066 ab 0.1300+0.0069 ¢
2 (day™) 1.184+0.007 a 1.162+0.007 b 1.172+0.007 ab 1.139+0.007 ¢
T (day) 18.95+0.34 a 18.88+0.38 a 19.16+0.44 a 18.93+0.49 a
*Means followed by the same letters in each row are not significantly different (Paired bootstrap test, P <0.05).
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Table 3. Synopsis of demography parameters of Amblyseius swirskii in former studies (1991-2021)

Temperature

r

Ro

A

Prey or pollen °C) (day?) (offspring) (day™) T (day) Reference
Carpoglyphus lactis 25 0.159 11.32 1.17 1530  Sanetal, 2021
Tetranychus turkestani 25 0.291 25.28 1.338 11.09  Rahmani Piyani et al., 2021
Date palm pollen 25 0.396 20.04 1.486 7.56

Bee pollen 25 0.159 5.67 1.123 12.88

Tetranychus urticae 25 0.1413 9.62 1.151 16.01  Havasiet al., 2021
Tetranychus urticae 27 0.235 26.396 1.264 13.937  Fahin and El-Saiedy 2021
Tetranychus urticae 25 0.181 13.35 1.192 14.35 Hosseininia et al., 2020
Carpoglyphus lactis 25 0.164 12.95 1.173 15.61

Trialeurodes vaporariorum 25 0.127 7.30 1.139 15.74

Carpoglyphus lactis 25 0.3184 39.76 1.3750 0.20 Asgari et al., 2020
Tyrophagus putrescentiae 25 0.3429 60.03 1.4091 11.94

Aleuroclava jasmini 25 0.195 14.03 1.216 13.90  Shahbaz etal., 2019
Eotetranychus frosti 25 0.179 18.50 1.19 16.32  Bazgir et al., 2018
Cenopalpus irani 25 0.140 11.68 1.15 17.56

Tetranychus urticae 25 0.1444 18.16 1.1553 20.08 Riahi et al., 2017
Maize pollen 25 0.1726 20.90 1.1884 17.44

Almond pollen 25 0.1852 25.29 1.2035 17.44

Ephestia kuehniella (egg) 25 0.1198 13.90 1.1273 21.97

Phyllocoptes adalius 25 0.172 12.59 1.18 1472 Maroufpoor 2016
Carpoglyphus lactis 25 0.304 33.82 1.35 11.012  Jafari et al., 2016
Cattail pollen 23 0.158 19.71 1.171 19.00

Carpoglyphus lactis 23 0.175 20.58 1.191 17.33

Tetranychus urticae 26 0.130 7.37 1.138 15.45  Alingjad et al., 2014
Aculops lycopersici 25 0.201 24.77 1.22 1599  Parketal., 2011

Cattail pollen 25 0.185 17.93 1.20 15.56

Cattail pollen 25 0.1353 11.14 1.1449 17.8 Lee and Gillespie 2011
Aceria ficus 29 0.155 21.25 1.16 19.74 Abou-awad et al., 1999
Rhyncaphytoptus ficifoliae 29 0.122 15.62 1.13 22.37
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Abstract

The predator mite, Amblyseius swirskii Athias and Henrioti, is one of the effective and polyphagous biological
control agents that feed on different pest species such as thrips, whiteflies, and two spotted spider mites.
Currently, it is used to control western flower thrips (WFT), Frankliniella occidentalis (Pergande), and some
other insect pests but in times of outbreak and high density of the pest population, its efficiency is reduced and it
is necessary to use complementary methods to control the pest damage. In this study, the effect of treated bell
pePpers (Lorca variety) with Jasmonic acid (0.5 mm), Trichoderma harzianum Rifai T22 (10 ml per plant from
10" spore/ml suspension), and the combination of Jasmonic acid with T. harzianum (JA + Th) was investigated
on the biological characteristics and life table parameters of A. swirskii reared on WFT the. The experiment was
carried out with 80 replications for each treatment in constant environmental conditions (25 £ 1°C, 65 + 5% RH,
and 16:8 h light: dark). Based on the results, the longest (9.41 days) and shortest (7.94 days) developmental time
of immature stages were obtained in JA + Th treatment and control, respectively. The shortest female adult
longevity (24.92 days) were also observed in JA + Th treatment. All the life table parameters showed a
significant difference. The highest and lowest values of the intrinsic rate of increase (r), net reproductive rate
(Ro) and, finite rate of increase (1) were estimated as 0.1688 and 0.1300 day *, 24.49 and 11.71 (eggs/individual),
and 1.184 and 1.139 day * for control and JA + Th treatment, respectively. The results of this study could be
used in the application of A. swirskii with JA + Th treatment in integrated management programs of WFT.

Keywords: western flower thrips, Trichoderma, jasmonic acid, predator, life table, integrated pest management




