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YV Effect of three wheat cultivars on functional response of Hippodamia variegata ...
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Table 1. Logistic regression analyses of the proportion of Schizaphis graminum eaten by 4" instar larvae and adult males and females of
Hippodamia variegata on three wheat cultivars.

Wheat cultivar Predator stage Parameters Estimate SE x> P-value
Ehsan 4™ instar Constant (2) 20.4199 2.8640 50.83 <0.0001
Linear () -0.4507 0.0772 34.05 <0.0001

Quadratic () 0.00346 0.000673 26.49 <0.0001

Cubic (P) -8.87E-6 1.894E-6 21.92 <0.0001

Male Constant (/) 3.7071 0.3134 139.94 <0.0001

Linear (1) -0.0853 0.0117 52.74 <0.0001

Quadratic () 0.000682 0.000133 26.44 <0.0001

Cubic (P) -1.84E-6 4.51E-7 16.68 <0.0001

Female Constant () 6.6115 0.8249 64.24 <0.0001

Linear () -0.1059 0.0256 17.08 <0.0001

Quadratic () 0.000618 0.000252 6.02 0.0142

Cubic () -1.24E-6 7.80GE-7 2.53 0.1120

Morvarid 4% instar Constant () 5.3812 0.5055 113.34 <0.0001
Linear () -0.1087 0.0169 41.27 <0.0001

Quadratic (7) 0.000760 0.000176 18.53 <0.0001

Cubic (P) -1.84E-6 5.708E-7 10.44 0.0012

Male Constant (5) 1.5322 0.1855 68.24 <0.0001

Linear () -0.0552 0.00825 4471 <0.0001

Quadratic () 0.000528 0.000102 26.57 <0.0001

Cubic (P) -1.65E-6 3.679E-7 20.12 <0.0001

Female Constant (2) 3.0431 0.2757 121.81 <0.0001

Linear (1) -0.0587 0.0107 30.05 <0.0001

Quadratic (7%) 0.000369 0.000124 8.90 0.0029

Cubic (P) -8.43E-7 4.271E-7 3.89 0.0485

Tirgan 4™ instar Constant (/) 7.9978 1.0451 58.57 <0.0001
Linear () -0.1447 0.0313 21.32 <0.0001

Quadratic () 0.000934 0.000299 9.78 0.0018

Cubic (P) -2.08E-6 9.026E-7 5.33 0.0210

Male Constant (2) 2.4284 0.2240 117.49 <0.0001

Linear () -0.0665 0.00931 50.94 <0.0001

Quadratic (7) 0.000583 0.000112 27.32 <0.0001

Cubic (P) -1.72E-6 3.93E-7 19.14 <0.0001

Female Constant (2) 4.0075 0.3603 123.74 <0.0001

Linear () -0.0774 0.0130 35.18 <0.0001

Quadratic (7%) 0.000551 0.000144 14.62 0.0001

Cubic (P) -1.39E-6 4.84E-7 8.27 0.0040
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Table 2. Attack rate (2) and handling time (73) of 4" instar larvae and adult males and females of Hippodamia variegata feeding on

Schizaphis graminum on three wheat cultivars.

a ()

Ty (h)

Wheat cultivar predator stage estimate + SE 95% CI' estimate + SE 95% CI R
Ehsan 4% instar 0.152 £ 0.018 0.116-0.187 0.165 + 0.010 0.144 - 0.186 0.98
Male 0.062 + 0.003 0.055 - 0.069 0.177 £ 0.010 0.157 - 0.196 0.99

Female 0.136 + 0.012 0.113 - 0.160 0.187 + 0.008 0.170 - 0.204 0.99

Morvarid 4™ instar 0.106 + 0.007 0.092 - 0.120 0.252 + 0.008 0.237 - 0.268 0.99
Male 0.033 + 0.002 0.030 - 0.037 0.172 £ 0.015 0.142 - 0.203 0.98

Female 0.080 + 0.005 0.070 - 0.090 0.274 + 0.009 0.255-0.293 0.98

Tirgan 4™ instar 0.154 + 0.012 0.130 - 0.179 0.222 + 0.007 0.209 - 0.236 0.99
Male 0.046 + 0.002 0.042 - 0.050 0.182 £ 0.011 0.160 - 0.203 0.99

Female 0.085 + 0.005 0.076 - 0.095 0.200 + 0.008 0.184-0.215 0.99

*Confidence Interval

6)9"\”‘“95 osle 9> J"ls C"‘)““o 9 P)LQ) o~ dlﬁ’?)\! L:”’L’ A.)“"Slﬁ LSL“)“I)L’ Aoy o d‘)’ ts"ﬁg)’ J‘M Ll‘"?’ o 5)9])’~ )‘3'>lj“° -¥ JQ"‘?
S W8, dw g5y Schizaphis graminum &b | 435 > Hippodamia variegata

Table 3. Parameters estimated using combined equation for comparison of functional response parameters of 4% instar larvae and

adult males and females of Hippodamia variegata feeding on Schizaphis graminum on three wheat cultivars.

Cultivar (Predator stage) or Parameter Estimate SE Approximate 95% CI’
Predator stage (Cultivar) Lower Upper
D, -0.0895 0.0153 0.1197 20.0593
th « _
gz (1 e = el D 0.0117 0.0167 -0.0212 0.0446
D, 20.0156 0.0211 0.0572 0.0261
th ; _
Ehsan (47 instar — Female) D 0.0222 0.0136 -0.00455 0.0490
D, 0.0740 0.0112 0.0519 0.0961
Bhszrin (elte = [Faiel ) D 0.0105 0.0139 -0.0169 0.0378
D, 20.0724 0.00687 20.0860 20.0589
. th _
Morvarid (47 instar — Male) D -0.0801 0.0178 -0.1152 -0.0450
D, 20.0242 0.00871 0.0414 20.00702
o th _
MR (=l i) D 0.0252 0.0123 0.000932 0.0494
, D, 0.0482 0.00536 0.0377 0.0588
Morvarid (Male ~ Female) D 0.1053 0.0185 0.0687 0.1419
D, 20.1087 0.0113 20.1310 -0.0865
a th _
g (€ finsiats=pl) D -0.0406 0.0140 -0.0683 0.0130
Tirgan (4% instar — Female) D, 20.0693 0.0126 20.0942 ~0.0443
8 D -0.0226 0.0106 -0.0434 -0.00173
, D, 0.0395 0.00499 0.0296 0.0493
izl CE SRS D 0.0181 0.0139 -0.00930 0.0454
D, 20.0457 0.0177 20.0806 20.0108
th : .
4% instar (Ehsan-Morvarid) D 0.0874 0.0143 0.0592 0.1156
D, 0.00281 0.0223 20.0412 0.0469
th TR
£ i (Elareeil ) D 0.0573 0.0127 0.0322 0.0824
D, 0.0485 0.0138 0.0214 0.0757
th ¢ . .
4" instar (Morvarid-Tirgan) Dy -0.0301 0.0104 -0.0507 -0.00944
i D, 20.0286 0.00365 -0.0358 20.0214
bl (o) D -0.00445 0.0190 -0.0419 0.0330
! D, 200164 0.00388 ~0.0241 -0.00876
Male (Ehsan-Tirgan) D 0.00494 0.0151 -0.0250 0.0348
. D, 0.0122 0.00274 0.00679 0.0176
et ) D 0.00939 0.0188 -0.0277 0.0465
) D, 20.0544 0.0121 20.0783 20.0304
Female (Ehsan-Morvarid) Dy 0.0904 0.0137 0.0634 0.1173
i D, 20.0509 0.0118 20.0742 20.0276
ticele (i) D 0.0125 0.0120 0.0112 0.0362
o D, 0.00345 0.00707 20.0105 0.0174
Female (Morvarid-Tirgan) Dy 0.0778 0.0123 -0.1022 -0.0534

*Confidence Interval
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pAS W8, dw 59y Schizaphis graminum

Fig. 1. Functional response curves of 4" instar larvae and adult males and females of Hippodamia variegata feeding on different
densities of Schizaphis graminum on three wheat cultivars.

o o)l o )Y Ao 255 o) cnl 3 g gne SIS (awyp 3p90 ol o (lited Gloj g dles 5 polie )3 MBI e lgre o8 5
(el ~/\VY) Jltis a8 08y cpl 53 35y ol Olpin slitod o adls |y (el +/+¥T) Jaia a8 5 Lol @l g (celio yy +/V+5)
Dyl pxe bayial )l ples oy B cole g 5 31481 o (ol (ol ue <545 8y y0 il 1)

It pilea o 9)¥ 53 o ol L (¥ Jgaz) (oy 2y90 pB)) g9y H. variegata S590iiS g3y dlsyo i (5 (1Sly (sl yialyl duglie
VP Jlade cpyiaS lusl 055 53 ke (o 9)Y (alstod (o 392 I3 e pBl (y Lo jtelly ol 53 BT (IS5 5 Gl pB) > ales 25 el
el Cad 4 las] 68y (g9, Jlie Cpyii 9 39 I3 gxe Cilisee By p JolS Sl ales F 5 yelb yd M) sl 1) (ceelus
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ah cilisee glagS1p 5l 435 > Hippodamia variegata SjgaisS odlo g 5 JolS" clypis g p)las o slag)Y (ESE) 5 K0 5 ke —€ Jodo
PAS o8, dw (59, Schizaphis graminum

Table 4. Mean prey consumption (+ SE) of 4" instar larvae and adult males and females of Hippodamia variegata feeding on different densities of
Schizaphis graminum on three wheat cultivars.

Predator Prey density
Culri
widvar stage 2* 4 g 16 32 64 9% 128 160
Ehsan 4%instar  2.00 £0.00°  4.00 £ 0.00° 8.00+0.00° 16.00 +0.00"  32.00 £ 0.00 62.00 070 7440+ 1.65*  90.90 £ 2.66  106.20 * 3.73"
Male 2.00£0.00"  4.00%0.00" 7.80+0.13* 1540+ 027"  24.80 + 049 4130+ 0.70™ 5370+ 1.I5°%  65.20 £ 1.01%  79.20 + 1.43™

Female 2.00 + 0.00" 4.00 + 0.00¢"  8.00 + 0.00¢ 15.90 + 0.10% 31.00 + 0.47%  57.60 + 1.28™ 69.80 + 1.66"™ 82.60 + 1.21™ 96.30 + 2.59™
Morvarid 4™ instar 2.00 £ 0.00" 4.00 £ 0.00"  8.00 + 0.00% 15.50 + 0.27% 29.90 £ 0.77*%  47.20 + 0.77< 56.10 + 1.10°>* 65.20 + 0.97° 75.60 £ 1.17P%
Male 2.00 £ 0.00" 4.00 + 0.00¢"  6.50 + 0.50¢ 10.90 + 0.94% 13.50 £ 0.83%  31.10 + 0.92" 41.10 + 0.77° 50.00 + 0.68™ 60.10 + 0.82%
Female 2.00 + 0.00" 4.00 + 0.008"  7.40 + 0.34¢ 13.90 + 0.84" 25.50 + 1.42%  41.80 + 0.74™ 48.70 + 0.89" 58.50 + 1.02™° 66.10 + 1.087
Tirgan 4™ instar 2.00 £ 0.00" 4.00 £ 0.00"  8.00 + 0.00% 16.00 + 0.00% 31.10 £ 0.41%  57.90 + 0.69*™ 65.60 = 1.33% 78.10 + 1.27% 88.30 + 1.37%%
Male 2.00 £ 0.00" 4.00 £ 0.00"  7.40 + 0.27¢ 14.00 + 0.47% 18.00 + 0.50>  35.70 + 1.11™ 47.20 £ 0.66™ 57.10 + 0.82™ 68.40 + 0.75"
Female 2.00 £ 0.00" 4.00 £ 0.00" 7.80 +0.13¢ 15.60 + 0.22%°  27.20 + 1.20°*  46.20 + 1.45% 59.60 + 0.63% 69.40 + 0.88° 82.00 + 1.18>
Means in the same row followed by different lowercase letters are significantly different (p<0.05, Tukey’s test).

Means in the same column followed by different uppercase letters are significantly different (p<0.05, Tukey’s test).
*In the column, data were not compared because all the given preys were eaten.
** Interaction between plant cultivar and predator stage was not significant.
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Cuzod panolind Gl (Koo lsse LS )3 156 oliowd SluS 5 3909 &S pl & do g b gy SjauidS” (ol gy Jolpe pl I i Back cross o
AiigoMs g i cgime diile gl slowd OluS 5 568 e 393 duy o a5 & (War er al, 2020) a2 13 150 cov |y aub lieds § i
Pl o o)y 4k Gl cose o (Spedss Ul o S graminum a5 Cuner y Cuto ,3U b (0 piiie sloodh) plusl o) 3 S
—Sy e 2 geS Blbcsy) glge dgg b bagyY pl ol il aS 0yl vgng 58 Jlein] fpl il odds 18, pl (g9, H. variegata S jeuisS
S e i (pliwd loj Gl (850 LI Wlge (ljre (LS Cglate Bl Hldle & cusl oad ()15 A8k ki ye o) onl la
(Madadi er al,, 2007¢ Mahdian er al, 2007) a5l 4wy aub ylouds <S> 4

Fria (o3 Elge g plia Cul Sen 3 )lsye 5 S B, S (59 ol v )Y o ploj (99 Yl el i
5 )lgye pByl )3 5 JolS lyis jolsS (liwd (loj g2y cnl b sl disej ol 3 sy Sl plol dinjls &8 2L Bl cpl SloS a5
g b g B3 L8 HeS ke )l Sy lidcsu, il wl cou S opul clal 5 cou o il s 4 Slpts ol 4 s e i o5 s
Gholami Moghaddam er al. (2012) slllas S 50 (Xdgad dlon did (¢ iy daad &y olieS oliwd loj (08 hld > 4y cjiaS dlos &5 il
g0 Orius albidipennis Reuter (8 ,K5 yw obals olie (ialS b Glidy g a8 puiS pl3)l Sy g9y w510 g aily (oSS 3959 a8 widld (LS
Bl 55 s ol 6555 clacalled y o (B M6 18, 53 puiS Sy 6lacS S oS gl 5 alisS (blhe 3 i o S tals
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oS 590845 p)laz o (slog)Y ol s & plusl o8y (65) ol oo SlogyY Sl TTTh o (s S92 38y Sl o ol Y LS 51 S
W eral, ) 515 (S pied d>po 4 3959 sl cuslio ()5 4 ey 9 48 Glp yidin G551 S 45l j s gady Jolpe plo 1 5505
Slajls el sl ol B ) (36 pol inghy ) plee o slagyY > VL 2L g e dbes £y aile ala)lB) o cnlple (2018
Blo cwS gl oluis ol 5l Jds 4 Y] dayi b dwslis jo wdle JolS" wlyis 3 af Th (YU lade g iy dlos &5l odgr o0 S5elgs 58
O Oluel 08) 55 ass (YL slopS1 )3 0hg 4 p)laz G log)Y (5,00 £ pils oy pd L 03 &) tedds (sl e (555
Ol )b sime oo (S5 Al b g2 3)90 P8l 55y HL variegata S jgiiS i 55y Jolpe 655108 €5 (e cuil ) ladke
1345 (655 & daabs (S 30l 3581 |y S o deasbs 15l pm 53,8 Iy Gy |y (655eS loj Iy lSi5 chards sVl (slapST5 )3 58 g
&S o o )38l saie gladasbs 51 i sl Jlein] cowdy (pdy g 0dd Lo dasb 4 dlas 9 435 3)50 desb S Cage Wlg ol 4ix b
— o ol Bl 1) B b bl 3565 0 Jless! (ool w515 599 YU s 4) ;50055 & ladeabs 3,55 1 51 56 &S o iz o (Rahman er al, 2012)
iyl g imet 53 desb 1S5 (il L (885 25 Gtll g cVleis] yl 5l Sy oS sl 55 Giale] plol s e Clualiie amd
J(Fantinou er al., 2012¢ Mottaghinia er a/., 2016¢ Fathipour er al., 2018¢ Rounagh-Ardakani er af., 2022) cusl odds ()35 3.

gy (s yeudd pl (o)l8y LSy 0 H. variegara S janisS i (gady Jolpe 55 g pAS calises pl3) )ul; Caedl Sl Gutos cpl gls
g ek o Sy )3 ped £y (b STy Jop D9 s dme Vb & ad VF WS15 5l 35 SIS s e g 6lS 18y hlite 3l &Sl oy @
PAS o8y dw jD 8. graminum & Cume> (55y S jodidS pl JwoSae o515 4y diuslg )ub odind s H. variegata S jaaiaS odlo g 5 JolS” &l i
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Abstract

Different cultivars of a host plant can have an important effect on the behavioral charectristics of natural enemies. In this study, the effect
of three wheat cultivars (Ehsan, Morvarid, and Tirgan) on functional responses of 4" instar larvae and adult males and females of
Hippodamia variegata Goeze on different densities (2, 4, 8, 16, 24, 32, 64, 96, 128, and 160) of 4-d-old nymphs of Schizaphis
graminum Rondani was studied. The experiments were conducted at 252 C, 6525 RH and 16L:8D h photopetiod. The logistic
regression analyses revealed that the functional responses of different growth stages of H. variegata to S. graminum on differen wheat
cultivars were type II. According to the results, the highest attack rate was estimated for 4™ instar larvae of H. variegata on Ehsan and
Tirgan cultivars (0.152 and 0.154 h*!, respectively). Also, the lowest handling time (0.127 h) was valued for 4™ instar larvae on Ehsan
cultivar. The predation rate of 4" instar larvae of H. variegata was also highest on Ehsan cultivar. The results of this study revealed the
high efficiency of 4" instar larvae of H. variegata in feeding on S. graminum on Ehsan cultivar followed by Tigasn and Morvarid
cultivars. Similar results were obtained for adult femles and males of the predator. However, further studies are necessary to evaluate the
effect of these cultivars on searching bahavior and consumption rate of different stages of H. variegata on S. graminum under natural
conditions.

Keywords: Predatory ladybird, greenbug, wheat cultivars, attack rate, handling time

Corresponding Author: Mahdi Hassanpour (Email: hassanpour@uma.ac.ir)

Ciration: Esmaeili, M., Hassanpour, M., Rafiee Dastjerdi, H., Fathi, A. A. & Khoshhal Sarmast, M. (2024) Effect of three wheat cultivars on
functional response of Hippodamia variegata (Col.: Coccinellidae) to the greenbug, Schizaphis graminum (Hem.: Aphididae). /. Entomol.
Soc. Iran 44 (3), 369-381. hetps://doi.org.10.61186/jesi.44.4.1

Journal of Entomological Society of Iran 2024 + 44 (4)


https://orcid.org/0009-0001-1566-4905
mailto:mina.esmaeily@uma.ac.ir
https://orcid.org/0000-0002-5409-428X
mailto:hassanpour@uma.ac.ir
https://orcid.org/0000-0003-1278-2858
mailto:rafiee@uma.ac.ir
https://orcid.org/0000-0003-2169-3574
mailto:fathi@uma.ac.ir
mailto:hassanpour@uma.ac.ir
https://doi.org.10.61186/jesi.44.4.1
https://orcid.org/0009-0001-1566-4905
https://orcid.org/0000-0002-5409-428X
https://orcid.org/0000-0003-1278-2858
https://orcid.org/0000-0003-4511-125X
https://orcid.org/0000-0002-1020-1856
mailto:mkhsarmast@gau.ac.ir



