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oF 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 X2 P-value
Ehsan 4" instar Constant (Po) 20.4199 2.8640 50.83 <0.0001
Linear (P1) -0.4507 0.0772 34.05 <0.0001

Quadratic (P2) 0.00346 0.000673 26.49 <0.0001

Cubic (P3) -8.87E-6 1.894E-6 21.92 <0.0001

Male Constant (Po) 3.7071 0.3134 139.94 <0.0001

Linear (P,) -0.0853 0.0117 52.74 <0.0001

Quadratic (P2) 0.000682 0.000133 26.44 <0.0001

Cubic (P3) -1.84E-6 4.51E-7 16.68 <0.0001

Female Constant (Po) 6.6115 0.8249 64.24 <0.0001

Linear (P1) -0.1059 0.0256 17.08 <0.0001

Quadratic (P) 0.000618 0.000252 6.02 0.0142

Cubic (P3) -1.24E-6 7.806E-7 2.53 0.1120

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

Quadratic (P2) 0.000760 0.000176 18.53 <0.0001

Cubic (P3) -1.84E-6 5.708E-7 10.44 0.0012

Male Constant (Po) 1.5322 0.1855 68.24 <0.0001

Linear (Py) -0.0552 0.00825 44.71 <0.0001

Quadratic (P2) 0.000528 0.000102 26.57 <0.0001

Cubic (P3) -1.65E-6 3.679E-7 20.12 <0.0001

Female Constant (Py) 3.0431 0.2757 121.81 <0.0001

Linear (Py) -0.0587 0.0107 30.05 <0.0001

Quadratic (Py) 0.000369 0.000124 8.90 0.0029

Cubic (P3) -8.43E-7 4.271E-7 3.89 0.0485

Tirgan 4" instar Constant (Py) 7.9978 1.0451 58.57 <0.0001
Linear (P,) -0.1447 0.0313 21.32 <0.0001

Quadratic (Py) 0.000934 0.000299 9.78 0.0018

Cubic (P3) -2.08E-6 9.026E-7 5.33 0.0210

Male Constant (Po) 2.4284 0.2240 117.49 <0.0001

Linear (P1) -0.0665 0.00931 50.94 <0.0001

Quadratic (Py) 0.000583 0.000112 27.32 <0.0001

Cubic (P3) -1.72E-6 3.93E-7 19.14 <0.0001

Female Constant (Py) 4.0075 0.3603 123.74 <0.0001

Linear (P1) -0.0774 0.0130 35.18 <0.0001

Quadratic (Py) 0.000551 0.000144 14.62 0.0001

Cubic (P3) -1.39E-6 4.84E-7 8.27 0.0040
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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.
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o epaleg o 9 53 45 30 (L3 (Y Jgaz) (ep e y50 o8l (55, H. variegata <55ouiss (gl als po yo (ol STy sl piol)ly anlie

INEO) Jade (pgieS Hlasl 18, 10 polea cpw gy oliwd Gloj dgr b me pB)l o b yielyb ple jd BT (5 15 g lusl By 40 dles F5 yalyb
Al and 4 el 18 (69, Jle oy g 392 I3 e Calisee )| o 5 JolS i dles £ 5yl )l > M Ly | (e lus

;1 4455 ,> Hippodamia variegata 55048 odlo 5 55 JolS clyds 5 pylen oy (slg,¥ (Th) (obcwsd oloj g (@) dos &5 =Y Jgia

IS o8, 4w (g9, SChizaphis graminum 4w
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5. Effect of three wheat cultivars on functional response of Hippodamia variegata ...

Table 2. Attack rate (a) and handling time (Tn) of 41 instar larvae and adult males and females of Hippodamia variegata
on three wheat cultivars. feeding on Schizaphis graminum

a (h) T (h)

H 2
Wheat cultivar predator stage estimate £ SE 95% CI" estimate £ SE 95% Cl R

Ehsan A 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 A% 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 - 0215 0.99

*Confidence Interval

O peS g o £33 )l cpyidin D91 5l e W)l e g Glus] pBl (rr STjgatiS o0le JolS i olitwd (o) g dles £ 5 (sl ptel b y> BV
5oy pB)) o atliod Gloj g (85 5 plue] pB)l o dles £33 55 BT ppizman el s 4y plusl 08 53 eole Sl olitd loj ke
OB 055 9y (alsiod (o Jlde (ppieS 9 (OB 565 5 Ol (o duliis 1) lusl 03, g9y dlox £ )ldo (p jien & G0k & g2 )l (Gime By
ol s> 4y (0555 5 2y lgy0 e Auglio 1)

oy ol polel b e (Hassell, 1982) ¢,5,185 ¢ yiSlus (S5l T/Th 4 (Ziaei Madbouni et al., 2017) 1,8 ,S5lss a/Th palie
©8) 33 oIVYY g /YD +/AVY s 4 plus! o8,y H. variegata jguiss sdle g 5 JolS Slpis g o)l oo slag)Y (sl @/Th lade ol
Slyds g plen oy slogyY (gl T/Th Jlade .o duwlee +/FYD 5 +/YOY o /FAF iy & 5,5 o8, 13 9 «/VAY 5 VAN o/FY il & y)lg 00
@ o 5 08y 50 9 AV/OR o \YA/BY QO/YY (i y5 4 dujlgye o8, 53 VYA o WYO/OX AFO/FD iy 4 lus] o) 0 SjoasiS oyl olo g 5 JolS
el Cawd 4 VYo o e g WAV AN G5

P<efena) gady e Jolpo 5 (Fropn = R P = o /0 0¥) o8, )55 93 p 53l codi ()3 sine yobo & i A o515 )0 (585 ¢ 5
Jolse 5 08 5o codel Cuwd 4 ol Gub Cpin e 90 I ime (Fry = YIWA 3 P < o/oA%) 15516 93 oyl blite g1 Jg «cd)S )13 (Fyp = ASSY;
s Feopn T Y050 P < ofeee g Frpy =08/A00 5 P < /e e o) Casd ) V8 oSy 3 (05,180 &5 ol blite i1 5,505 sy calises
@) FF (Fep = M+ P < ofevn) gy = VOFVEY S P < ofoee) gFoyy = FANAR ;P < o/eve) Csip a) VY (Frpy = FVFe S P < o/e0
Frpn S VEAFES S P < ofee ) iy ) A% ((Fepy = /008 ;P < v o) g Py SYWEAC P < ofeee) gFoy S VWA 5 P < o/ee) Ly
Fepn S Ve /N P < ofeee) g Fopy =YD P < foe e s ) WA (Feppy = YOO S P < o/eNe g Frpy = YAUXY: [P < o/eeny
(Fepn =YIOAY P < o /o0 g Fypy =A8/eVY P < ofeve) g Py S VS /AAY [P < vfove) i) ad V8 5 (Fepn = 0/+ eV P < +/e0)

(¥ Jgi) 292 o gime

SRS Al § Oy

S. aws cilise slaeSly 4 cows H. variegata jguiis ole g 5 JolS s g pylon o slag,Y (ol (2STy code] Cund 4 @l Lulol p
390 s34y Jobo (1B S8y £ 52 6585 paiS pB)I 53 Coglis &S amd e L ALyl g2 pgd 95 S pAS sy )90 B A b (59, GraminUM
Sl g pyles cpw slrgy¥ ol iiSTg ol lis &S sl Roshanianfard (2017) (slaaidl b gwed ases opl .cuslas H. variegata < 'jsauias” adllas
Behnazar & < jiapn g p9d £9 5l Lak g poyl (565 wlS pAS 18, dw (55, S. graminum «ui & Cows H. variegata jeniss oole g 5 JolS’
Diuraphis noxia 4w ;! a4 1) H. variegata <jeaiaS odlo g 5 JolS Glyis 0 5 pylez 9 pow o slag,¥ b STy Madadi (2015)
H. Sjanias gy calise Jolpe alb (iiSly 50,500 sl jimg} ;0 00,8 (5,155 ped go5 5| Back cross 4 Sardari pB,l g, Mordvilko
Aphis punicae Pass. (Ramezani (Hassankhani & Allahyari, 2013) Myzus persicae (Sulzer) laaus sl calises (sladesbs 4, Variegata
Agonoscena  J.s 5 (Dehkordi et al., 2012) Aphis gossypii Glover (Farhadi et al., 2010) Aphis fabae (Scolpoli) & Samih, 2016)
205y F b ili8l g des zesd e S S pae sl 0l )15 ped g4 51 ((Asghari et al., 2012) pistaciae Burckhardt & Lauterer)
b auglio bB) 355 00 e ol 53 py3 95 a8 25Ty oy ol el b Lly b dulie 5o ISl Ss8 slassly 3 dab b 55155
OS5 g el Casl (Sas dans Cilio gaz8 (slo ey Il <8 o ISl g sy (o 03940 (slae o Lyl >l (13l () gl

(Montoya et al., 2000) 53,5 sl )3 pow g9 (b

oS o3lo g 5 JolS Sl g pylea oy slag)Y (b STy (sl o)l dslie (sl (S 5 Jde bawgs 0ad 39l polie =Y Jgun
IS 8, dw (g9, ScChizaphis graminum s ;| 435 5> 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.
Parameter Estimate SE Approximate 95% CI”
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Cultivar (Predator stage) or

Predator stage (Cultivar) Lower Upper
o D. -0.0895 0.0153 201197 20,0593
sl (@ i — 0l Dy 0.0117 0.0167 -0.0212 0.0446
. D, -0.0156 0.0211 20,0572 0.0261
Ehsan (4% instar — Female) Dy 0.0222 0.0136 -0.00455 0.0490
U D, 0.0740 0.0112 0.0519 0.0961
Dy 0.0105 0.0139 -0.0169 0.0378
. D 200724 0.00687 ~0.0860 -0.0589
th a
Morvarid (4" instar — Male) D -0.0801 0.0178 -0.1152 -0.0450
o D. 20,0242 0.00871 20.0414 2000702
sl el sy — el Dy 0.0252 0.0123 0.000932 0.0494
. D, 0.0482 0.00536 0.0377 0.0588
Morvarid (Male — Female) Dy 0.1053 0.0185 0.0687 0.1419
. . D, 20,1087 0.0113 -0.1310 -0.0865
Tirgan (4" instar — Male) D -0.0406 0.0140 -0.0683 -0.0130
. . D 20,0693 0.0126 20,0942 20,0443
th a
Tirgan (4" instar — Female) D -0.0226 0.0106 -0.0434 -0.00173
S D. 0.0395 0.00499 0.0296 0.0493
9 Dy 0.0181 0.0139 -0.00930 0.0454
_ _ D, 20,0457 0.0177 -0.0806 -0.0108
4" instar (Ehsan-Morvarid) Dy 0.0874 0.0143 0.0592 0.1156
. . D. 0.00281 0.0223 20,0412 0.0469
4% instar (Ensan-Tirgan) D 0.0573 0.0127 0.0322 0.0824
. o D 0.0485 0.0138 0.0214 0.0757
4" instar (Morvarid-Tirgan) D -0.0301 0.0104 -0.0507 -0.00944
. D, 20,0286 0.00365 20,0358 -0.0214
el (e el Dy -0.00445 0.0190 -0.0419 0.0330
. D, -0.0164 0.00388 200241 ~0.00876
Male (Ehsan-Tirgan) Dy 0.00494 0.0151 -0.0250 0.0348
o D, 0.0122 0.00274 0.00679 0.0176
Male (Morvarid-Tirgan) Dy 0.00939 0.0188 -0.0277 0.0465
. D, -0.0544 0.0121 -0.0783 -0.0304
Female (Ehsan-Morvarid) Dny 0.0904 0.0137 0.0634 01173
[P D, 20,0509 0.0118 20,0742 -0.0276
9 D, 0.0125 0.0120 -0.0112 0.0362
o D, 0.00345 0.00707 -0.0105 0.0174
Female (Morvarid-Tirgan) D, -0.0778 0.0123 -0.1022 -0.0534

*Confidence Interval

i 9 b e Cmiz 9 (o 2 (o0 ol oz 511487 15,138 o 56 neb (e (ol 1Sy £ 2 e Jelge oS sl S5 4 p5Y
Hassanpour & Moradi, ¢ Dami et al., 2023) 5,3 s,Lsl lod Jto iolojl L]y g (350l slobjee 3939 chonbs (g0 dls yo g oy dts o (S )5
S G 3515 o (] 8 o] Cepma ST5 g o8 e ) 1> Y] 8T oy sty > o3 59 b STy sl sl 5 1S5 (2019
iyt cbalilis ¢ dlse i 3 36 I SHIS5 L A cl S b Jsb )3 desb Cman Ll b ol b S 6y sl o
[(Parajulee et al., 1994) 13l $5e dosb Caumer JyiS p3 bl L1 Lials 5l oSl 15 W5 o (anb lodd (sl g iS5 )b 5|

S Al 1y dlo> &5 )M o a8 5 il 5 4 g 0590 P 5 5 ol Dl g ey (o slgy Y ool s 4 gl ol 2
oL |y oo bad 4y (1iSly ite (i) s dlo £ sty el Cuwd ay o] 055 53 pole v slog)Y sl 55 SigndS l olites Lo
0095 5 Colyinl desb pab g (13,68 (plS (58l sl Y loj e ol b )3 IS5 o 55 sliwd loj yielyls J(Pervez & OmKar, 2005) sad o
b ped umen Ol S1 ol el daabs dnly G 69y 0bgS oliwd loj 9 YU ales #55 (Allahyari et al., 2004) wsb oo ;505 slacls b
e 3l ol adew (3 1) 058 desbh Cumer s (paudd oS 20 0 el YU ales &5 (Hassanpour & Moradi, 2019¢ Liu et al., 2022) >4 o
oy 050 S5 )3 1y (6 ki daab dlaw 5,100 &S 39 o w5 58S olowd oloj g obsS (Jafari et al., 2014) xS S gobasl oL
JE a5 000 dasb ol g sl il S Vb deb ly S g SIS oltes by S uSe p a8 Gpae et
sl & Cand SjoiaS pilas oy 9y JobisS ol floj 9 sV dles 75 a8 3905 by )l o 13U (Heidarian Dehkordi et al., 2017) 5,5 -
Al dasb o155 il )5 o] ()5 Bl s s gl et ol Blgioe plusl o5 )3 55 sudy ol

ad calise slaeSly 5l 4ds > Hippodamia variegata Sjeuiis oolo g 5 JolS Slyis g pylas o lag,Y (XSE) (65,185 ¢ xSk € Joa>
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
Cultivar stage 2% 4= g 16 32 64 96 128 160
Ehsan 4Minstar 2000009 4.00+000° 8.00+000° 16.00+0.00A 32.00+0.00% 62.00+070° 74.40+165° 90.90+2.66"° 106.20 + 3.73%
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Effect of three wheat cultivars on functional response of Hippodamia variegata ...

Male 2.00 +0.00" 4.00+0.00" 7.80+0.139 1540+0.27A"  24.80+0.49% 41.30+0.70° 53.70 + 1.15P%¢ 6520+ 1.01%°  79.20 +1.43%

Female 2.00 +0.00 ?)gggf 8.00+0.00 1590+0.10A"  31.00+0.47% 57.60+1.28%¢  69.80 + 1.66"%°  82.60 +1.21%°  96.30 + 2.5952

Morvarid 4" instar 2.00 +0.00" 4.00+0.00" 8.00+0.009 1550+0.27A" 29.90 +0.77A%¢ 47.20+0.77%  56.10+ 1.10°°° 6520 +0.97°°  75.60 + 1.17°F2
Male 2.00 +0.00" 1(1)(())(0); 6.50£0.509 10.90 +0.94%7 1350 +0.83% 31.10+0.927  41.10+0.77%  50.00+0.68%°  60.10 + 0.82¢%

Female 2.00 +0.00" ?)g(())gf 7.40+0.349 13.90+0.84A7 2550+ 1.42° 41.80+0.74% 4870+ 0.89%F¢ 5850 +1.02°°  66.10 + 1.08F¢a

Tirgan 4™ instar 2.00 £ 0.00" 4.00+0.00" 8.00+0.00¢ 16.00+0.004" 31.10+0.41%¢ 57.90+0.698¢  65.60 + 1.33%¢  78.10+1.27%°  88.30 + 1.375%
Male 2.00 +0.00" 4.00+0.00" 7.40+0.279 14.00+0.47A"  18.00 +0.50> 35.70 + 1.11% 47.20 £ 0.66F  57.10+0.82°®  68.40 + 0.755%

Female 2.00 +0.00" 4.00+0.00" 7.80+0.139 1560+ 0.2247  27.20+1.205% 46.20 +1.45%  50.60 + 0.63°°  69.40 + 0.88%°  82.00 + 1.18°P2

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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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 25+2 °C, 65+5% RH and 16L:8D h photoperiod. 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 41 instar larvae of H. variegata on Ehsan and

Journal of Entomological Society of Iran 2024 + 44 (3)


https://doi.org/10.14411/EJE.2018.022
http://dx.doi.org/10.14411/eje.2017.040
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
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

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.
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