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Introduction

Pollen grain is an important food alternative and supplementary food for the reproduction of different
predators, including predatory bugs. Today, Orius laevigatus Fieber is a commercialy biocontrol agent against
various pests of greenhouse crops, especially western flower thrips Frankliniella occidentalis (Pergande). This
species does not enter reprodctive diapause allows it to successfully suppress thrips populations all year round, it
can be an important factor in the integrated pest management of greenhouse pests. The first step in the
implementation of a successful biological control program is the basic study of the biology of the biological
agents, in order to better understand the behavior, biology, and ecology of insects and improve pest management
strategies. It is necessary to study the effect quality of food on the growth, survival and reproduction of
predators. These effects could be evaluated by calculating the demographic parameters, especially the intrinsic
rate of increase (r) on predatory bug, reminded that the demographic parameters are affected by the quality of
artificial diet and are very useful indicators for evaluation the suitability of diet. This research was conducted to
study artificial diets on developmental time, fecundity, survival rate, and life table parameters of O. laevigatus
and choosing the best suitable diet to optimize the mass rearing of this predatory bug.

Materials and Methods

The primary colony of O. laevigatus was obtained from the released buges in the sweet pepper greenhouse
located in Flavarjan city, Isfahan Province. Insects reared on five diets including (eggs of Ephestia kuehniella,
eggs of Sitotroga cerealella, Canlola pollen, eggs of E. kuehniella + Canola pollen and eggs of S. cerealella +
canola pollen), in the growth chamber at 25 £ 1 °C, 55 + 10% RH and a photoperiod 16: 8 h (L: D) and the
parameters of age-stage, two sex life table of the insect were determined. The life table study was done with 100
identical eggs of the same age. After hatching, instar nymphs were fed on the mentioned diets every day. The
data of Life table were analyzed according to the theory age -stage, two sex life table and statistically significant
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differences between different levels of diets were performed in the same software using the Paired Bootstrap test
method at a five percent probability level.analysis of statistical differences between different levels of
competition were performed in the same software using the Paired Bootstrap test method at a probability level of
5%. It should be mentioned that sex ratio was analyzed on five diets based on the Chi-Square test in SAS 9.4
software.

Results and Discussion

Analyses showed that the type of diet significantly affected the duration of all nymphal periods of O.
laevigatus. Total developmental time was significantly faster for O. laevigatus that fed on Ephestia kuehniella
eggs + canola pollen compared with the other investigated treatments (8.85). Also, the longest development time
was recorded when individuals fed on Canola pollen-only, showed a lag of about 8 to 9 days for females and
males. Analysis of age-stage specific survival rate (Sy) of O. laevigatus reared on different diets showed that the
curves were similar among the artificial diets and overlapped with each other. The survival rate of immature and
adult stages was highest when fed with E. kuehniella eggs + canola pollen. The highest lifetime fecundity (89.75
eggs/female) was recorded for females fed E. kuehniella eggs + canola pollen and was significantly better than
all other diets. The next best was Sitotroga cerealella eggs + canola pollen at 54.23 eggs/female. The poorest
diet was Canola pollen alone (22.88 eggs/female). The intrinsic rate of a natural increase (r), net reproductive
rate (Ro), and gross reproductive rate (GRR) were greater E. kuehniella eggs + canola pollen with than other
diets. Research has shown that the reproduction and survival rate of natural enemies (predator/parasitoid)
changed significantly by feeding on pollen from different plants and this is because of the protein in pollen,
which is high in canola pollen.

Conclusions

The most obvious finding that emerged from this study is that E. kuehniella eggs plus Canola pollen is the
most appropriate diet due to its acceleration the development, high immature stages survivorship, and high
reproduction rate. Canola pollen is an accessible and cheap food source that indicated alone was not accepted as
suitable food and can be well included in the diet and as a supplementary diet and can also reduce the costs of
mass production of the predator.
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1- Cohort

2- Survival rate to each age-stage interval
3- Age-stage-specific fecundity

4- Age-stage specific reproductive value
5- Age-stage-specific life expectancy

6- Age-specific survival rate
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Table 1- Mean (t SE) duration of different development stages of the Orius laevigatus male and female fed by different diets

sta;;f;sex Feeding diet* Egg period Nymph period Adult Lifespan
= E.k. eggs 3.1320.042* 10.66+0.11b 10.151£0.91b 23.92£0.91»
S & S.c. eggs 3.140.03 10.8%0.1b 8.21+0.91b¢ 21.56+0.44¢
é 2 Canola pollen 3.1240.042 16.89£0.41a 7.6710.43¢ 27.67£1.01bc
g 3 E.k. eggs + canola pollen 3.19£0.042 8.85+0.07b 17.06+1.01a 29.26%1.152
£ < S.c. eggs + canola pollen 3.11£0.042 9.8510.09> 11.15+1.07> 24.0411.08»
8 E.k. eggs 3.09£0.052 10.5£0.15b 10.9441.24b 24.53%1.23¢
Té S.c. eggs 3.0940.042 10.65£0.17b 8.6310.62bc 22.3710.634
“‘E Canola pollen 3.18%+0.122 16.64%0.622 7.821+1.42¢ 27.641+1.72
::j E.k. eggs + canola pollen 3.06£0.072 8.8210.1¢ 17.36%1.32a 29.24+1.31a
< S.c. eggs + canola pollen 3.031+0.032 9.9£0.11bec 11.79%1.32b 24.7211.31¢
" E.k. eggs 3.0520.072 10.850.15P 9.15%+1.35b 23.15+1.36
< S.c. eggs 3.0940.042 10.98+0.09b 8.57%0.55¢ 22.641+0.57°
E Canola pollen 3.1240.122 17.25£0.492 6.75%1.19bc 27.12%1.47»
< E.k. eggs + canola pollen 3.09£0.082 8.8910.1¢ 16.63%1.622 28.61%1.61»
< S.c. eggs + canolapollen 3.060.062 9.78%0.13bc 10.11£1.84b 22.941+1.89>
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* Different lower-case letters in each column indicate significant differences between means at P < 0.05.
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1- Adult preoviposition period
2- Total preoviposition period



1F+F 5l ) oylouds YA uls (559l bus g pale) ol ! (LS cblis sl g

\d

10

08 1

o
=)
L

Survival rate (S,)
o
=
L

021

00

10

10 15 0 2
Age (day)

35

08 1

06

04 4

Survival rate (S,)

024

00

10 15 20 25
Age(day)

1,0
08 -
~
3 0,6 4
)
<
s
2
2 04
>
w
02 A
00
0
Age(day)
10
c
08
e
g)/ 0’6 4
p
B
s
2
2 04
=]
w
02 1
00 ‘ ‘ : :
0 5 10 15 2 % 30 kS P %
Age(day)
1,0
08 1
~
Z 06 4
)
[
]
2
2 041
>
w
02 4
00
0 5 10 15

20 25

Age(day)

30

35




v

cyS D o Sl (59 JoSo (ylgseay Brassica NapUSIps oo )5 b3y (o)l Ken g S5 e

10 12 10 12
B
t 10 k10
08 08 1
= ré x = e &
= 6 | £ 5 061 X
2 X g 5
c F6 2 K] ré &
E LR
2 2 04 L
2 04 ] =1 =
S 2 2] b g o
(7} Fg o
02 4
024 L,
F2
00 " " T T : : " " 0
0,0 0 0 5 10 15 20 25 30 35 40 45
0 10 15 20 25 30 35 40 45 Age (day)
Age (day)
1,0 12 1,0 12
(03 D
L 10 t 10
0,8 08
—~ e L
= & = b
P 0,6 - x ; 0,6 X
e o S 5]
3 e x = re
2 g £
£ 04 A 2 04 <
@ Fa o @ L, &
0,2 ]
L, 0,2 1,
0.0 T " i i T 0 0,0 ’ ’ : : . : ’ : 0
0 10 15 20 25 30 35 0 5 0 5 10 15 20 25 30 35 40 45
Age (day) Age (day)
1,0 12
E
t 10
08 1
= [° &
= 06 1 %
B -
[ Lg%
g £
2 044 ]
] <
%] L4 o
0,2 1
F2
00 : : Sl r——— T 0
0 5 10 15 20 25 30 35 40 45
Age (day)

L Orius laevigatus ;5,55 cy (Mx) oy &5 5 (X)) (555 alo o = oo 025 6391015 (M) (oo 0329 (6191315 () (oo 029 (Soosj &3 =Y JSWo
Sitotroga s ((C) 1515 »3,5 «ils + Ephestia kuehniella 55 (B) Sitotroga cerealella 55 (A) Ephestia kuehniella s jl 4,35
(E) ;15 05,5 «ils (D) 135 055 4il> + cerealella
Figure 2- Age-specific survival rate (Ix), age-specific fecundity (mx), and age-specific maternity (Ix.mx) and female age-

specific fecundity (fxj) of Orius laevigatus fed by Ephestia kuehniella eggs (A), Sitotroga cerealella eggs (B), Ephestia
kuehniella eggs + canola pollen (C) and Sitotroga cerealella eggs + canola pollen (D), canola pollen (E)
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Table 2- Mean (x SE) of APOP, TPOP, oviposition periods and fecundity of Orius laevigatus fed by different diet

31 4385 L Orius laevigatus suws auilis w50 d1uad 9 (659 3059 89 ¢ 533055 31 i 0590 JS (8325059 31 (i 893 (3, 1liun! glad £) (1Sl -F Jga>

Adult

. . L Total Preoviposition Oviposition period Fecundity Sex ratio
*
Feeding diets P;g?i\gg(zzlggn Period (day) (day) (egg.female) (female:male)
E.k. eggs 3.08+0.25*" 16.73+0.29° 8.08+1.10° 48.81+7.13% 55.7: 44.3
S.c. eggs 1.5+0.13° 15.27+0.21° 6.08+0.50°¢ 44.06+5.28°¢ 53.5:46.5
Canola pollen 2.88+0.55% 22.88+1.012 4.62+0.84¢ 22.88+1.01¢ 57.9:421
E.k. eggs + canola pollen 1.69+0.41° 13.75+0.40° 10.75+0.962 89.75+9.242 59.1:40.9
S.c.eggs + canola pollen 1.85+0.3° 14.69+0.35" 7.69+1.60% 54.23+12 57° 55.5:44.5

awl do > gy Jloin ] o )3 (ke o S ixe glds [0S g b 40 Cglite Cigys *
* Different lower-case letters in each column indicate significant differences between means at P < 0.05.
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Table 3- Mean (+ SE) life table parameters of adult Orius laevigatus on different diets

. . . . . - Birth Death Survival
Feeding diet* GRR (offspring) RO (offspring) r (day 1) A (day ) T (day) rate (b) ratea( d rate (s)
E.k. eggs 46.9+9.81°* 15.65+3.38° 0.13+0.01% 1.13+0.01° 21.30£0.47° 0.15 0.02 0.82
S.c. eggs 43.66+7.47° 19.04+3.06° 0.15+0.01° 1.16%0.01° 18.38+0.43P 0.18 1.14 0.76
Canola pollen 9.81+3.48¢ 1.67+0.66¢ 0.01+0.01¢ 1.01+0.01¢ 25.43+2.53a 0.047 0.05 0.59
Ek e%%suznca”o'a 67.71£9.712 38.456.212 0.19+0.01 1.2120.01° 18.49+0.25P 023 121 0.85
Sc. egp%s";ncam'a 25.19+8.11¢ 8.81+2.98 0.1120.01¢ 1.1120.02 19.43+0.56° 019  3.24 0.78
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* Different lower-case letters in each column indicate significant differences between means at P < 0.05.

hioadgs (3ol e G D sanlie gy 3l 3 5
039 Job 5 oailoonsy S8l olass 4y by ) i (s Jolpe
2 il ol GRS b Gl &S by o)l (St (s
Caswell, ) o)bs oy ol Jo Cunidg & (S 5l al>yo
SN 4 el polie «Sjglan Jole S5 ogul silulay 55 (2001
Ot 09 Mt 0y (ool Cueal Sl Jrends A5)]
A3 (i g S o e |y Sdom Jele S ilula o)
Kontodimas et ) cwl o) 355 yiShs 4 Jieddg jlade a5
J31S 03,5 &ily g 3, wo 035 oS 5 45 ey 0,5 4 ((al., 2007
o2ly3 O. laevigatus 5,105 pw (o)y9p (8l (ewlio 4085 zuio
9 G U w50y 50 Gl duslyy (585 cpl oS Cuwl 038
ey gl 1) 398 (Jeddg gl loj (S ey

Sy i 9y 1y 295 ady O. leavigatus slacg 4>
Sl 030 S an gy den Lol id S JuoS5 itlol olis
5 Looygy ady oloj (x5S ¢S gty g calio (] gaigiid)
asls 95,0 o o35 bglste I3 w25, 69y (Sleoss; oo oyt
OlSed g a8y adllas e guls ol g 25 1318 03, 5
L o595 babre (slde o3y (g9, 45 24 (Vacante et al., 1997)
5 Gl 003 plowl (glals Jalb olS 03,5 5 Juue 5555 03,5 5 3)]
O. albidipennis 4 O. leavigatus seigisy oysd &5 15,5 -\l
Al 2l w25y 2 QLS 035 5 oSyl 036,56 oo
0. o 55 0990 Job 5s55Lee (Shahim, 2011) pues
03,5 olyon 5] dy 055 (ol lie o33, 4w ,l, albidipennis
WEVE YA OY/FENY (b5 )3 03,5 93] dwy o595«
GBS 5D (551 0993 4 Coad 45 35 duslone o) WIOYEL/YY 4
aS Cowl ol awyp opl 0 dag BB SO sl 5 Y b ol
Sloo 9 LI b ¢ ygpi (siho dlge el pogde 1515 63,5 &l
BB jobas 655 o 5 ol 51 4 (Yang et al., 2013) Saxe
Sunetal, )ssd yogS, o yials g udy jilidl cel a>o
(2018

0. 5 s o (S35 do del 48 amd o oL ¥ S
JeolS Slyis )3 g ylaie oyt w50 dl> e > l@€VIGALUS
S5 4 el (S jobay )3 1) e 5168 5 0pis yogada
Ored 4 b oo (B o Gl L e sy Sl 4ds L
caib ol Glg e (SU5 4 dwel gla szve S5 sdalde U Js
ATy (S5 4y del a8 (55 oo o @y S o8
2P 23y 3 059 gl s s 3 SISl (Y )
d5 18 03, by ddlsl @ o)l wy w58 (e By 155 )] dw @50
Cod s 138 00, 5 aily g 13187 03,5 iy adlsl &y cMe sy w59
o yin sl yoals (gl 5 59, VE /F 9 WIA XYY X 4/¥ ¥/
MA 398 slaes) i yds 0355 odle 3)lg0 plas y> &S JolS
2 dng el 4SS s dnlxe 55, VFY 5 AR AF/D AO/Y
e 45 Sl ol 131500, 5 &l jpay olie slagsy plod
15 oyl oyl aSle T3] il o3l lytis 1 obieS 5 s
25 350 595 59 () (o 029 el 51 Sl (555 (slayg, 5l Sopm
3 o 059 (218 ) dw o ol g a8 I sl os Jibo
Coms 13157 03,5 by g 1318 03,5 aly ol pod M Uy o595 bglseo 5
2 e gy d ool e sl Sl Sod olie w5y 50
Lol )8 ol soe Jbo g (Sloots;
w55 )less & by (dtadds ()] ooyt pioR cnl
b g )1 ay 059 bgle 5 (YV/RD ) o35ees joy > S
$lagpm 5 Ol (28 3 (VIVY 1) omtis g 5 15 03,5
A wloes VWYY Jliody mad 3l 59 50 1315703, ails 3l o s
o> (391315 B3] e yp Sl 4 g L (Y ISD) 0
Oehd 40ds ) 2l ) o9 cuslie Silo A8l VL b
B3 YL esle Sl il 0390 (305 Sl b
5 Ol (g Wbl L 1) ) Jolpe sl & s (659135
(S e )l s Sleossj g Jredds 13 1) sy whew
Ole; bl Ly g o8 i dlopo o glanl )3 (651305 35
A9y e ey s yao &y (g Ao (bl )3 g Ll il



1F+F 5l ) oylouds YA uls (559l bus g pale) ol ! (LS cblis sl g \g

Life expectanay (eX/)

40 40
35 A — Ew 35 4 ®
= Nymph
— Female
30 q — Male 30
X
25 4 < x5
2
=4
©
21 5 20
g8
3
15 o 15
3
10 4 10 4
5 5
0 . 0 : : . : : : : "
0 5 10 15 20 2% 30 35 40 %5 0 5 10 15 20 25 30 35 40 45
Age(day) Age(day)
40

[e]

o

&
|

8 b 8 &

Life expectanay (E’Xj)
&

10 q

8 & 8

Life expectanay (Ex)
&
L

10 A

0 T T y T T T T
0 5 10 15 20 25 30 35 40 45
0 5 10 15 20 25 30 35 40 45 Age (day)
Age(day)
40
E

35 4

30 4
@ 25 4
©
f=
S
S 20
o
x
B
& 151
£

10 4

5

0 T T T T T T u T

0 5 10 15 20 25 30 35 40 45
Age (day)

Ephestia >s (B) Sitotroga cerealella s (A) Ephestia kuehniella 5o jl 445 L Orius laevigatus 555 o () S5 4 Lol =Y JSWG
(E) 35 03,5 &ils (D) 135 03,5 4ils + Sitotroga cerealella 455 (C) 115 3,5 «ls + kuehniella
Figure 3- Life expectanany (ex) of Orius laevigatus fed by Ephestia kuehniella eggs (A), Sitotroga cerealella eggs (B), Ephestia
kuehniella eggs + canola pollen (C) and Sitotroga cerealella eggs + canola pollen (D), canola pollen (E)
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kuehniella eggs + canola pollen (C) and Sitotroga cerealella eggs + canola pollen (D), canola pollen (E)
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