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.(Mitrea and Banca, 2011)
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7 Y0 g0 el P TN Ve Y e N T B s S e e s Y S
5=V QL I ey 0568 VY d)u =1 I -V Lo -8 sl — 5T A dog V-V ol
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Fig. 1. Photos of fruit of plum genotypes/cultivars: 1- G-Melayer, 2- G-100, 3-Angelo,
4- Zojelo, 5- Uromieh 20, 6- Santa Rosa, 7- Laroda, 8- GR- Rezaieh, 9- Gholaman, 10-
Ghalo, 11- Bukhara, 12- Queen Rosa, 13- Friar, 14- Zard Kurdistan, 15- Black Star, 16-
Black Amber, 17- G-99, 18- Genotype 19, 19- Mortini , 20- No. 17, 21- Qomi, 22- Kh-
Mashhad, 23- Sosourmi, 24- G-98, 25- Sonqorabadi, 26- G- Black, 27- Kermanshah
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Table 1. Name and some pomological characteristics of studied plum genotypes/cultivars evaluated for antixenosis resistance to the plum fruit moth

Genotype/cultivar i 55/s3, Origin -L:z. Ripening status S, cunss  Fruit colour o 5 5, Productivity status A3b Cards
Anjelo JesT Foreign = Late ooz Red ;+ 5 Productive Sby
Black Amber Ll L, Foreign = Medium o oke Black oL Productive Sbp
Black star Skt ¢S, Foreign o= Early 35 Dark Red o5 3,5 Medium productive 5ok
Bokhara I,- Native s Late > Dark Red o5 3 Relatively productive Sk
Friar L Foreign s Medium ook Dark Red o5 3 Relatively productive Sk
G- balck SL- ~ Native s Early w55 Reddish Green 5054 b ;. Productive Sy
G-100 Vo -~ Native s Early w55 Reddish Green 5054 Jb ;. Productive Sy
G-98 A -~ Native s Early w55 Reddish Green 5054 b ;. Productive Sy
G-99 44 -~ ) Native( s Early w55 Reddish Green 5054 b ;. Productive Sy
Geontype 19 V4 g Native s Late > Black o Medium productive Sboke
Ghalo J€ Native s Late > Black o Medium productive Sboke
Gholaman ol Native s Late > Dark Red o5 35 Productive Sy
Ghomi 5 Native s EQIlY 5 Yellowish Green 54 b ;. Very productive Db
G-Malayer e~ Native s Early 55 Reddish Green 5054 b ;. Productive Sy
GR-Rezaieh wls,-,T ~ Native s Early o255 Reddish Green 5054 b ;. Productive Sy
Kermanshah olzile 57 Native s EQIlY s; Black oL Productive Sbp
Kh-Mashhad Agie—4 Foreign o= Medium o0k Reddish Yellow 5 54 ls,; Productive Sbp
Laroda 1>5,¥ Foreign s Medium ook Red 55 Productive Sy
Mortini s FOreign = Early 335 Light Red sy 5 Very productive Db
Queen Rosa 159, o555 Foreign s Medium ook Dark Red o5 35 Productive Sy
Santa Rosa ;650 Foreign s Medium ook Light Red o5, 55 Very productive Byppes
Songhorabadi &sLT . Native s Medium ook Light Red o5, 55 Very productive Byppes
Sosourmi sswsw FOrEIgN o= Medium o oke Black oL Productive Sbp
Uromieh 20 Y+ 40y, Native s EQIlY vs; Yellow s,; Productive Sbg
Zard Kurdistan Okws S s,5 Native s Late oz Yellow 5,3 Medium productive Sbobs
Zojelo sl=5; Foreign b Late > Powdery Red ©2 35 Very productive Sby A

Y
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awloes 5 alaly 5l eslazal L index = NPI)
(Antbnio et al., 2011) .

NPI = [M] x100
(100 + R)
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etal., 2017)
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» (Kolmogorov-Smirnov)
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(Linear Discriminant Analysisi =

(Natural

O S e s S o g 41 s
oo Sl ol a5 2 SR 03,5
(Fraley and is Jol> oluabl gdues S
Raftery, 2002)

35 Logee SodtS 5 WS Slho oy dai
L T plssle i 55 55 555587 (sl
BPE P U POV BN 3 PRE
=555 IBM SPSS Statistics 27.0.1.0
(Gogtay and Thatte, 2017) s $ I 5

ol s slagels bl 4 e

o 9 Ol WOloery pe Ol (o
Sl 850l o S sl olas YT r;)jﬁ
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YVl odd bl sla e ls sla 1 SSla
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Hierarchical 5, as jiagim oml 55 el
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O 5L Laesls ol 5505, S 23 8 15
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Table 2. Mean comparison of antixenosis resistance indices of plum genotypes/cultivars

to the plum fruit moth

Antixenosis index ;55 5T el

Dl el qu-)(-v\& ol Ol el C:uu.a;-l.w
Y o Y Y Y

Genotype/cultivar  Css3.5.  AQR NPI C-L M*
Anjelo #=47 0.0620.04c  97.97+0.33abc  0.82+0.16c  47.39+1.18cde
Black Amber les™ 0.03£0.01cd 98.54+0.16bc  0.77+0.07c  29.54+5.31abc
Black Star Stefes™ 0.03+0.01cd 97.74+0.41abc  0.72+0.05c  55.45+10.17de
Bokhara S 0.02+0.00c  98.81+0.25bc  0.66+0.07c  24.60+6.64a
Friar 54 0.03+0.01cd 97.81+0.28abc  0.75+0.04c  54.37+7.56de
G-Black SH™- » 0.06+0.0l1a 97.36+£0.44ab  0.91+0.04c  64.64+16.32e
G-100 Voo -~ 0.03+0.01cd 98.14+0.33abc 0.73£0.09c  44.95+6.99cde
G-98 WA- .~ 0.06+0.02a 97.22+0.08ab  0.95+0.13c  66.42+7.14e
G-99 19— ~ 0.05£0.02a 98.30+0.52bc  0.74+0.04c  28.42+2.89%abc
Genotype 19 V4 sgi 0.02+0.00c 98.38+0.24bc  0.78+0.06c  45.13+0.61cde
Ghalo J& 0.03+0.01cd 97.49+0.53abc 0.71+0.06c  29.20+5.79abc
Gholaman olde  0.02+0.00c  98.23+0.35abc 0.63+0.06bc  54.07+10.54de
Ghomi ¢ 0.04+0.00bc 97.96+0.16abc 0.77+0.03c  25.86+4.62ab
G-Malayer -~ 0.04+0.01bc 96.91+0.49a 0.85+0.08c  54.27+7.44de
GR- Rezaieh 4o, ,T> 0.05£0.03a 97.58+0.80abc 0.73£0.09c  61.87+19.09%
Kermanshah ozl 5 0.03+0.01cd 97.36+0.34ab  0.99+0.11c  44.34+6.01cde
Kh-Mashhad agie-7 0.06£0.0la 97.33+0.59ab  0.78+0.01c  62.28+4.83e
Laroda 155, 0.05+0.0la 97.79+0.22abc 0.71+0.65¢c  32.44+3.57bcd
Mortini s 0.03+0.0lcd 98.16+0.15abc 0.07+0.0lab 49.82+1.76cde
Queen Rosa Lo oS 0.03+0.01cd 97.91+0.47abc  0.07+0.01c  36.29+1.44cde
Santa Rosa 5,k 0.03£0.00cd 98.13+0.30abc  0.05+0.01a  54.16+10.49de
Songorabadi @b 0.03+0.01cd 97.90+0.39abc  0.10+0.02ab  36.44+6.14cde
Sosourmi soses 0.06£0.02a 97.17+0.71ab  0.03£0.0la 50.23+7.97cde
Uromieh-20 Y+ asy,y 0.0240.00c 98.41+0.06bc  0.09+0.02c  64.02+17.30e
Zard Kurdistan Otws 55,5 0.04+0.01bc 97.18+0.31ab  0.07+0.01ab 45.39+4.38cde
Zojelo J>s; 0.05+0.01a 97.93+0.22abc  1.03£0.55c  59.47+4.55de

@ij_is\;g;\u\u;,foﬂjwuj.ug@efJ:x.‘Jf&ytbé\)tgs‘of“ﬁ,u&u&ﬁp

Sl Sl gae sl A3 ey Jlez|

Means, in each column, followed by at least one letter in common are not significantly
different at the 5% probability level-using Duncan’s Multiple Range Test.

AQR: Larvae establishment rate, NPI: Non-preference index, C-L: Larvae preference, M*:

Larvae crowiding.
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Fig. 2. Plot of main components of antixenosis resistance of plum genotypes/cultivars to

the plum fruit moth in rotation space
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Table 3. Factors analysis for determination of effective unobservable combined factors
on antixenosis resistance of plum genotypes/cultivars to the plum fruit moth

adglosy polie e Sk p s Sl A5 gerea

Initial eigenvalues Sums of squared loadings Rotation Sums of squared loadings
Loy Loy Loy
ool y \ . . .

5 L2y o f\_wb oSly Ay s Jw\f)b oSl 42,3 s w\fn)b

il 3o Total bl Cumulative & bl Cumulative i bl Cumulative

Component Variance % variance % Total Variance % variance %  Total Variance % variance %
1 8.820  38.346 38.346 8.820 38.346 38.346 5962 25.923 25.923
2 4261  18.526 56.872 4.261 18.526 56.872 3.893 16.927 42.851
3 2.210 9.607 66.479 2.210 9.607 66.479 2956 12.854 55.705
4 2.103 9.146 75.625 2103 9.146 75.625 2.628 11.428 67.132
5 1.367 5.943 81.568 1.367 5.943 81.568 2252 9.790 76.922
6 1.094 4.757 86.324 1.094 4.757 86.324 2163  9.402 86.324

2k edalin b Jole Lol gl oSl by 2o Sl ey L sle s o slaaly s =F Jout
Ieosm o8 4 o JT s 5508 6555 5T sl » S50 oS 5
Table 4. Roots of factor analysis after varimax rotation for identification of effective
unobservable combined factors on antixenosis resistance of plum genotypes/cultivars to
the plum fruit moth

Component Jole
Index els 1 2 3
M* Y pens -0.060 0.809* -0.439
C-L Y Ol 0.553* -0.164 -0.027
NPI Oloer ) pde -0.237 -0.733* 0.569*
AQR 30Y (o ) il 0.386 0.467 -0.205
*: Significant at the 5% probability level. o s3 gy Jlazl o 53 s e 1

M*: Larvae crowiding, C-L: Larvae preference, NPI: Non-preference index, AQR:
Larvae establishment rate.
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Fig. 3. Dendrogram of grouping of plum genotypes/cultivars based on antixenosis

resistance to the plum fruit moth
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Table 5. Grouping of plum genotypes/cultivars based on antixenosis resistance indices

to the plum fruit moth

s 0 )3 pima Sldad

syt Ol = Valid no. in the list
%4 ok Standard RITRSINY 7
Group Genotype/cultivar w5/os s Index e=ls Mean  deviation Unweighted Weighted
AQR Y, i il 0.06 NA 1.00 1.00
. _NPI 55Y Ol ¢ 96.50 NA 1.00 1.00
1 Kermanshah S oL N oo, 031 NA 1.00 1.00
M* Y 225 94.15 NA 1.00 1.00
G-100 Voo = AQR oY o sl 0.06 0.02 5.00 5.00
Kh-Mashhad agie-+ NPI Y Ol 2 96.99 0.36 5.00 5.00
2 G-Malayer M-~ C-L Yo, 0.33 0.02 5.00 5.00
Uromieh20 A PTS I i
Songorabadi o] M 2Y ez 67.64 461 5.00 5.00
Mortini s o
Laroda oo AQR oY g sl 0.03 0.01 8.00 8.00
Zard Kurdistan S £205 Ny N ok pe9825 023 8.00 8.00
3 Gholaman R f
Friar NS~ )
G-Black S C-L ¥ o, 0.49 0.46 8.00 8.00
Zojelo FET RN :
Ghalo I M 2Y ez 34.19 3.38 8.00 8.00
Bokara e AQR oY o sl 0.03 0.00 2.00 2.00
4 “7 NPI )Y Ol 2 98.78 0.21 2.00 2.00
Genotype 19 s CL SN o, 0.26 0.05 2.00 2.00
TE M Y pe2s 22.07 3.75 2.00 2.00
Sosourmi 5 .
santa Rosa e AQR 35 s 5l 0.03 0.03 10.00 10.00
Ghomi P
G-98 aA = NPI 35Y Ol o1 97.87 0.53 10.00 10.00
g G99 W- -
Queen Rosa oy opsS
Black Star el S, C- L ¥ b, 0.32 0.07 10.00 10.00
Angelo T
GR-Rezaieh wlo, ) T— & )
Balck Amber PR 3 e 4777 4.32 10.00 10.00

NA: Not available.

25 e iws 53 NA

AQR: Larvae establishment rate, NPI: Non-preference, C-L: Larvae preference, M*: Larvae crowiding index
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Fig. 4. Accuracy of plum genotypes/cultivars grouping based on antixenosis resistance
indices using canonic discriminant functions method
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Table 6. Accuracy of grouping and assigned number of plum genotypes/cultivars to

different groups resulted from cluster analysis based on antixenosis resistance indices to

the plum fruit moth using canonic discriminaant function analysis

o5 Group o5 5 Js

Group 1 2 3 4 5 Total

1 1 0 0 0 0 1

TUTPIE I A
Assiged number 4 _— 0 5 0 5
5 0 O 0 0 10 10

1 100 O 0 0 0 100

i 2 0 100 0 0 0 100
Assighed perc)entage 3 0 0 100 0 0 100
4 0 o 0 100 0 100

5 0 O 0 0 100 100

355 gl Jlazml 1550 5ol (655 ) i
leld ol glard 5 (sladis sla S5
(Myers et al., 2006) LS” .
el (6555 5T Sl anlllas (,\?
e g 035 il Gl 3T 050 0,57 61
S el Sl 5 5 (63l 5 Cmeal 0L e
e lLh a8 DL gy o e
55551 aglan S5l 59 55 95N Ol
Lo s Ui OT 31 o wocals |y 5 o i
U ot 55 4 b e 5 9)Y maxss
2l @l L b o) izdls |y e 5 St
S)ls e Bbln oy as sl 5s Ol K tags,
(Walter, 2003; Schoonhoven et al., 1998)
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Table 7. Correlation coefficients of fruit quantitative and quality characteristics of plum genotypes/cultivars with antixenosis
resistance incideces to the plum fruit moth.

Fruit characteristic oy o sas

s' s 050 09 ool Colus
% e dsh oge B epn Jb ege il opels Sl S o d Calins S O s o JSE ke 58 atlE e el
o Fruit  Fruit  Fruit Fruitlength: Fruit Jges s> JS'a.l  Texture  Stone  Harvest ..t Dryfruit Fruitshape Engeering Sphericity Fruit
3~ Index 2>l length width diameter widthratio weight TSS  Total acid firmness thickness  time pH  weight index  diameter  index  surface area
& AQR 5 .sa. 0330 0.397° 0.360 -0.120 0.110 -0.110 -0.180  0446° -0.110 0300 0.080  0.170 0370  0.370 0.360 0.350

= NPI ¥ Oy ee -0.160 -0.250 -0.260 0220 -0.180 0.399° -0.170 -0.441" -0040 0.180 0120 -0.150 -0.230 -0.260 -0.240  -0.320

i C-L s ok, 04847 0370 0.290 0.110 0.419" 0.090 -0.200 -0.110 -0.350 0.290 -0.180  0.240 0.393" 04417 0.160 0.521™
§ M* ¥ res -0.120 -0.010 0.030 -0.240 -0.040 -0.495" 0.360  0.456" 0230 -0.420" -0.200  -0.090 -0.030  -0.020 0.070 0.030

> *and **: Significant at the 5% and 1% probability levels, respectively. o3 &S 5 do s g el o 3 Jls fme 5 5 e g%
N

AQR: Larvae establishment rate, NPI: Non-preference, C-L: Larvae preference, M*: Larvae crowiding index

FYF



FOAFrY OF ) OlSen 5 obidd e JT o615 b 55 5555 5T Conslie

s ekie VA o 953 TYO/AY U oliile S°
ST Dy 033 Y7 53 asls ol Sl
Ll ol 2 FONSY 2 Y5/ F anlllan 5 4e
pLs 1 e slias S5 STl LAl
(Walter, 2003; <ulods SLII aLS
.Schoonhoven et al., 2008)

Sl Lesli S Ul jedeie fagh cpl s
ko e b L pls ) 65555 T
o Cole 5 035 3,5 2t L ¢ pige
3 g ()l e el o e ls 0 s
SLro il Ol g o plonil Slalllan
Grapholia molesta (Busck) ,-Ls ;355 50
0L e oLS ol g oS il 03l LS
T (K Ol e 5 (55 5 s
Sl 035 50 O Slije e 57 4o 53
5 s sla S5 (Myers et al 2002)
sl 5 adgl slacd ple o 505 olod
oddodaliv (gLacs slis jluw de) Sl Ko
OLalS (535 p (B o gme il 3, Shes 5o
(Awmack and Leather, 2002; il 0L ;e
Bossart, 2003; Velten et al., 2008)

cpder Al et e olie asllle )
5 e e S 1 e I e o
Sl 53 ol b 530 ol 55 505
5505 b sl JT Calies ool
axsls ,3b G. funebrana s slis , Ll
0 30 Slis 31 = » (Rizzo et al., 2019)
(0l 25 B 45 5 Ol o o 1o
G. funebrana _$s 7 & cowlas X,

Yo

C3T OISl sln Y 5 gl
OT 50,1515 0L jee 057 oS Ol Ul 5
ddy LS 5 0L e 1 mae Rl
(Awmack and Leather, s> e plosl
2002; Bauerfeind and Velten, 2007)
O35 4 ALS Conslia (o153 2l
adllas (LT 2l o e ael 5l ide
Sl Iy 45 5 (650 ) L] 31 Ol pule
SIS el L5 o Ol oo |5
adoz 51 ABl azdls B s ge 0T (6l e
Sl anls (il a Ol oo sl 6T o
Jeolse b s 2500 ds 5K & Cols
(K"uhrt et al., 2005; Bonebrake ;Lo
L setal.,, 2010; Gripenberg et al., 2010)
NS (5 5 8 T glacas b alS
2,5 )Ll Ol OT 655 gty Jol 5o 5o
Lol (L 53 Cal 5 Ses 5 bao i
(S ey OSn 5l s Ol 0 i gl ol
L 58551 ST shls ol s
oS &l el 2l (Heisswolf et al., 2005)
o3 (63 by el SLl5e (5T oy
A pp Sl Sl 5 65L) Sl ST OL S
i 5 55551 3 LUT (w2
.;,\;MQML@M@}JT(;
4S ol QUi 55 4 pSl Shags s
B . |
a3 D glte g aalllas 5, 50 o 55
Olgse 4 j e 55, -9,Y Jlie aS (g 5 b

s 85 3 VEFNY 1o ,¥ iy Cals e ls



APy Jle ‘Fb)l.ao: JA u\l.>")u;\e Fl Jl.g.i dqm"

Lossd on 133 0L oS o Lo i
o el Do 53 050 0 O der
Lg)\u'\_fv_;dru\_olﬁgijdr.k_o‘}_:bqol:f
(Oki etal. 2012; Smithand L o ,ials
S99 = HweSS s Clement, 2012)
ST S 555 450 5 adsl glacd b
Lo ol pLiyl 0 eSS 3 3 g 50
el §)5 00 LS
polie pL)l 5 (sl (63135 4 aali
oS s 53 rasi cml ol ol pe Juli
4 s sl AT 6315 4 sl < 5o Ul
ubjjarﬁsrlf.sﬁjﬂr;cgu}l}.»ctﬁ
s glan Gt“' o) sleslamal (gl AW (gal5 4
o Casglie L o)l o)l M55 (sl Canglie
S sl osliul p g o Ll JT o ge o S
SISl 5 Ceglin Cadiin o o5
LT 2y s sla 4l 55 Soslize
SLT 4 pslis ALE (slas 8 Sl oslial .ol
ke 5 5 (S5 ST salal s
L o 3l eliial )l st 4zl Cml i s
(s L) gy (63l ST 4y Canslia
SUE I AT M5 i ol Ll 55 e
s Sloes  glands J 287 3 enlinal OT s oS
Sl s ey e pslie ol 51 03lind
ay ST Caglin g g S5 ) S8 sl
I3 5t o 51, 1K (e S CsT
s olaws Hsbie 4 585 Olals el das o
23 pslie ol ik 5 )8 s CJN Sledb|

u:"“ﬁ}l 6\;’; R ‘5))}.’? Ou\niT le.& U':"“)J"l

fys

5855 (AT Lyl 5 s sy g
o 30 OLa) el 53 (oge SHB JSS
L Ol g iy ool bl ¢l
sy 5,8 5555 slae g osle slaaly
Lol Asls Olowmy o b 5o B 5153 (oo e
slre s) ul.l:.w‘j(:;} 335 o gue) ghosT
S 5 e o Fam (0 iS e
L R
(Rizzo et al., 2019)

S aS ol OLi ol s s
o eF s Slhls e g Oleo g
Pl e 55 03 g by e Ol ST
30Y Sl Objes Ol 5o 4 anlllan 5550 (6 T
515 DL (51 alie Slallan 55 . sls JTp S
(P P, o5 5 Dl s oS ol 0t
Ay Olej ades Sl 5,Y (s Sl sas
3 530 e b ook Ol sl 5,Y
Asls 5 U i 1 6 s gL Ol e
(Awmack and Leather, 2002)

S5 s5T Cnslie gla Lals ulal
S gle o 556, JT S 9,Y 4 o
(o3 A = = A8 = sy Sl
s 3 ool S loniT oy g s ol 5
oLiile S 55 5 ¢ pslie asls, -7
N 65555 BT Canslie s gy o el
e ol o Jols 7 el oS S 55 Lo
5o alie Oladlas das oo a8 1) O i
15 52 Olowr (,.xplijjsjdﬂsam olis

OT 33 a8 ol K5d 9590 Cunglin o5



Fra-FrY O F Y Ol 5 Olid) o IT e85 s 55 655355 Cunslin

AILST SLel Slidss oSl OLS 5
G Kl iags opl 6l ol 53 Sdelaa (ol

cu&_&h}}’: L;‘JF CJ;\_:A L5L~é°‘ 9 cli_&iLA‘jT

L;UT%)U?cjiﬁdﬂJﬂdeé\Acxﬂ
Jﬂﬁj‘iﬁ‘é‘ﬁ‘)égw“’\?‘;‘xﬁ"ﬁ"
LMD}&M}Q.\&L«AJ\SJ}J‘J}&'

eSS LM I s Ol g 4 Sl
dde 535S 55 pame o) LIS wr 5 6l

-

Sl

S Rl
el 5 Gzt Sl abws p b OEL,ES

éﬂ)ﬂjdxméuoﬁom_)ﬁﬁﬁﬂh

References

Antonio, A. D. C,, Silva, D. J. H. D, Pican¢o, M. C., Santos, N. T., and Fernandes,
M. E. D. S. 2011. Tomato plant inheritance of antixenosis resistance to tomato
leafminer. Pesquisa Agropecudria Brasileira 4: 74-80.

Awmack, C. S., and Leather, S. R. 2002. Host plant quality and fecundity in
herbivorous insects. Annual Review of Entomology 47: 817-844.

Batinica, J., and Muratovic, S. 1972. The importance of Grapholitha funebrana for
the plum variety Bilska Rana. Zastita Bilja 23: 11-24.

Bauerfeind, S. S., and Fischer, K. 2005. Effects of food stress and density in
different life stages on reproduction in a butterfly. Oikos 111: 514-524.
https://doi.org/10.1111/j.0030-1299.2005.13888.x

Bauerfeind, S. S., and Fischer, K. 2008. Maternal body size as a morphological
constraint on egg size and fecundity in butterflies. Basic and Applied Ecology 9:
443-451.

Berrigan, D., and Charnov, E. L. 1994. Reaction norms for age and size at maturity in
response to temperature: a puzzle for life historians. Oikos 70: 474-478.

Bonebrake, T. C., Boggs, C. L., McNally, J. M., Ranganathan, J., and Ehrlich, P.
R., 2010. Oviposition behavior and offspring performance in herbivorous insects:
consequences of climatic and habitat heterogeneity. Oikos 119: 927-934.

Bossart, J. 2003. Covariance of preference and performance on normal and novel hosts
in a locally monophagous and locally polyphagous butterfly population. Oecologia
135: 477-486.

Boyd, I. L., Freer-Smith, P. H., Gilligan, C. A., and Godfray, H. C. J. 2013. The

fYv


https://doi.org/10.1111/j.0030-1299.2005.13888.x

APy Jle Foylais YA u\l.>")u;\e Fl Jl.g.i dqm"

consequence of tree pests and diseases for ecosystem services. Science 342 (6160):
1235773. DOI: 10.1126/science.1235773.

Cahenzli, F., Wenk, B. A., and Erhardt, A. 2015. Female butterflies adapt and
allocate their progeny to the host-plant quality of their own larval experience.
Ecology 96: 1966-1973. DOI:10.1890/14-1275.1.

Frades, 1., and Matthiesen, R. 2010. Overview on techniques in cluster analysis.
Bioinformatics Methods in Clinical Research: 81-107.

Fraley, C., and Raftery, A. E. 2002. Model-based clustering, discriminant analysis,
and density estimation. Journal of the American Statistical Association 97 (458):
611-631.

Gish, M., Ben-Ari, M., and Inbar, M. 2017. Direct consumptive interactions between
mammalian herbivores and plant-dwelling invertebrates: prevalence, significance,
and prospectus. Oecologia 183: 347-352.

Glowacka, A., and Rozpara, E. 2014. Growth, yielding and fruit quality of four plum
(Prunus domestica L.) cultivars under organic orchard conditions. Journal of
Research and Applications in Agricultural Engineering 59 (3): 56-60.

Gogorcena, Y., Sanchez, G., Moreno-Vazquez, S., Pérez, S., and Ksouri, N. 2020.
Genomic-based breeding for climate-smart peach varieties. pp. 271-331. In: Kole, C.
(ed.) Genomic Designing of Climate-Smart Fruit Crops. DOI:10.1007/978-3-319-
97946-5_8.

Gogtay, N. J., and Thatte, U. M. 2017. Principles of correlation analysis. Journal of
the Association of Physicians of India 65: 78-81.

Gripenberg, S., Mayhew, P.J., Parnell, M. and Roslin, T. 2010. A metaanalysis of
preference—performance relationships in phytophagous insects. Ecology Letters 13:
383-393.

Hamzehzarghani, H., Kushalappa, A. C., Dion, Y., Rioux, S., Comeau, A.,
Yaylayan, V., Marshall, W. D., and Mather, D. E. 2005. Metabolic profiling and
factor analysis to discriminate quantitative resistance in wheat cultivars against
fusarium head blight. Physiological and Molecular Plant Pathology 66: 119-133.

He, Q., Zhou, G., and Liu, J. 2022. Progress in studies of climatic suitability of crop
quality and resistance mechanisms in the context of climate warming. Agronomy 12:
3183. DOI:10.3390/agronomy12123183.

Heisswolf, A., Obermaier, E. and Poethke, H. J. 2005. Selection of large host plants

YA


http://dx.doi.org/10.1126/science.1235773
http://dx.doi.org/10.1890/14-1275.1
http://dx.doi.org/10.1007/978-3-319-97946-5_8
http://dx.doi.org/10.1007/978-3-319-97946-5_8
http://dx.doi.org/10.3390/agronomy12123183

Fra-FrY O F Y Ol 5 Olid) o IT e85 s 55 655355 Cunslin

for oviposition by a monophagous leaf beetle: nutritional quality or enemy-free
space? Ecological Entomology 30: 299-306.

Johnson, W. C. 2000. Methods and results of screening for diseases- and insect-
resistant apple rootstocks. The Compact Fruit Tree 33:108-111.

Krisnawati, A., Bayu, M. S. Y. I, and Adie, M. M. 2017. Identification of soybean
genotypes based on antixenosis and antibiosis to the armyworm (Spodoptera litura).
Nusantara Bioscience 9: 164-169.

K'uhrt, U., Samietz, J., and Dorn, S. 2005. Thermoregulation behavior in codling
moth larvae. Physiological Entomology 30: 54-61

Kumari, P., Jasrotia, P., Kumar, D., Kashyap, P. L., Kumar, S., Mishra, C. N.,
Kumar, S., and Singh, G. P. 2022. Biotechnological approaches for host plant
resistance to insect pests. Frontiers in Genetics 13: 914029. DOI:
10.3389/fgene.2022.914029.

Machlitt, D. 1998. Persea mite on avocados: quick field counting method. Subtropical
Fruit 6: 1-4.

Mirdashtvan, M., Najafinejad, A., Malekian, A., and Sa'doddin, A. 2020. Regional
analysis of trend and nonstationarity of hydroclimatic time series in the southern
Alborz region, Iran. International Journal of Climatology 40: 1979-1991.

Mitrea, 1., and Banca, G. 2011. Behavior of some plum varieties to the attack of the
plum moth Grapholitha funebrana. Lucrari Stiintifice-Universitatea de Stiinte
Agronomice si Medicina Veterinara Bucuresti. Seria B, Horticultura 55: 410-413.

Myers, C. T., Hull, L. A., and Krawczyk, G. 2006. Seasonal and cultivar associated
variation in oviposition preference of oriental fruit moth (Lepitoptera: Tortricidae)
adults and feeding behavior of neonate larvae in apples. Journal of Economic
Entomology 99: 349-358.

Myers, C. T., and Holl, L. A. 2002. Host plant effects on survival, phenology and
ovipositional perference of Oriental fruit moth Grapholita molesta (Busck). Journal
of Economic Entomology 99: 1176-1183.

Oki, N., Komatsu, K., Sayama, T., Ishimoto, M., Takahashi, M., and Takahashi M.
2012. Genetic analysis of antixenosis resistance to the common cutworm
(Spodoptera litura Fabricius) and its relationship with pubescence characteristics in
soybean (Glycine max (L.) Merr.). Breeding Science 61: 608-617.

Reiczigel, J., Lang, Z., R0zsa, L., and Tothmerész, B. 2005. Properties of crowding

Y4



APy Jle Foylais YA u\l.>")u;\e Fl Jl.g.i dqm"

indices and statistical tools to analyze parasite crowding data. Journal of Parasitology
91: 245-252.

Rizzo, R., Farina, V., Saiano, F., Lombardo, A., Ragusa, E., and Lo Verde, G.
2019. Do Grapholita funebrana infestation rely on specific plum fruit features?
Insects 10 (12): 444. DOI: 10.3390/insects10120444

Rothschild, G. H. L., and Vickers, R. A. 1991. Biology, ecology and control of the
oriental fruit moth. pp. 389-412. In: van der Geest, L. P. S., and Evenhuis, H. H.
(eds.) Tortricid Pests: Their Biology, Natural Enemies, and Control.

Sabzi, S., Nadimi, M., Abbaspour-Gilandeh, Y., and Paliwal, J. 2022. Non-
destructive estimation of physicochemical properties and detection of ripeness level
of apples using machine vision. International Journal of Fruit Science 22: 628-645.

Schweiger, O., Heikkinen, R. K., Harpke, A., Hickler, T., Klotz, S., Kudrna, O.,
Kdhn, 1., Poéyry, J., and Settele, J. 2012. Increasing range mismatching of
interacting species under global change is related to their ecological characteristics.
Global Ecology and Biogeography 21: 88-99.

Schlick-Souza, E. C., Baldin, E. L. L., and Lourencéo, A. L. 2011. Variation in the
host preferences and responses of Ascia monuste orseis Godart (Lepidoptera:
Pieridae) to cultivars of collard greens Brassica oleracea (L.) var. acephala. Journal
of Pest Science 84: 429-436.

Schoonhoven, L. M., Jermy, T., and van Loon, J. J. A. 1998. Insect-Plant Biology:
From Physiology to Evolution. First edition. Chapman & Hall, U. K. 409 pp.

Smith, C. M., and Clement, S. L. 2012. Molecular bases of plant resistance to
arthropods. Annual Review of Entomology 57: 309-328.

Tek, M. 1., and Budak, K. 2022. A new approach to develop resistant cultivars against
the plant pathogens: CRISPR drives. Frontiers in Plant Science 13: 889497.
DOI:10.3389/fpls.2022.889497.

Timm, A. E., Warnich, L., and GeerTseMa, H. 2008. Morphological and molecular
identification of economically important Tortricidae (Lepidoptera) on deciduous fruit
tree crops in South Africa. African Entomology 16: 209-219.

Tu, X. B., Fan, Y. L., McNeill, M., and Zhang, Z. H. 2018. Including predator
presence in a refined model for assessing resistance of alfalfa cultivar to aphids.
Journal of Integrative Agriculture 17: 397-405.

Velten, G., Rott, A. S., Cardona, C., and Dorn, S. 2007. The inhibitory effect of the

fr


https://doi.org/10.3390%2Finsects10120444

Fra-FrY O F Y Ol 5 Olid) o IT e85 s 55 655355 Cunslin

natural seed storage protein Arcelin on the development of Acanthoscelides obtectus.
Journal of Stored Products Research 43: 550-557.

Velten, G., Rott, A. S., Petit, B. J. C., Cardona, C., and Dorn, S. 2008. Improved
bruchid management through favorable host plant traits and natural enemies.
Biological Control 47: 133-140.

Walter, G. H. 2003. Insect Pest Management and Ecological Research. Cambridge
University Press. U. K. 387 pp.

Wetzel, W. C., Kharouba, H. M., Robinson, M., Holyoak, M., and Karban, R.
2016. Variability in plant nutrients reduces insect herbivore performance. Nature
539: 425-427.

Willson, M. F., and Whelan, C. J. 1990. The evolution of fruit color in fleshy-fruited
plants. The American Naturalist 136: 790-809.

Xu, H., and Turlings, T. C. 2018. Plant volatiles as mate-finding cues for insects.
Trends in Plant Science 23: 100-111.

Zhivondov, A., and Milusheva, S. 2015. Characteristics of the new Bulgarian plum
cultivar 'Ostromila’. ISHS Acta Horticulturae 1139: Il Balkan Symposium on Fruit
Growing: 63-66. DOI: 10.17660/ActaHortic.2016.1139.11.

T


https://doi.org/10.17660/ActaHortic.2016.1139.11

APy Jle ‘Fb)l.ao: JA u\l.>")u;\e Fl Jl.g.i dqm"

Antixenosis Resistance of Plum Genotypes and Cultivars to the Plum Fruit
Moth Grapholitha funebrana (Treitschke) under the Environmental Conditions

of Karaj in Iran

M. Latifian!", M. Pirkhezri2 and R. Ghaemi?

1. Professor, Temperate Fruits Research Center, Horticultural Sciences Research Institute,
Agricultural Research, Education and Extension Organization, Karaj, Iran.

2. Assisatnt Professor, Temperate Fruits Research Center, Horticultural Sciences Research Institute,
Agricultural Research, Education and Extension Organization, Karaj, Iran.

3. Researcher, Temperate Fruits Research Center, Horticultural Sciences Research Institute,
Agricultural Research, Education and Extension Organization, Karaj, Iran.

ABSTRACT

Latifian, M., Pirkhezri, M., and Ghaemi, R. 2022. Antixenosis resistance of plum genotypes and cultivars to the
plum fruit moth Grapholitha funebrana (Treitschke) under the environmental conditions of Karaj in Iran. Seed and
Plant Journal 38: 409-432 (in Persian).

Plum fruit moth Grapholita funebrana (Treitschke) is one of the important pests of
plums. The aim of this study was to assess the antixenosis resistance of plum
genotypes/cultivars and the effect of fruit physico-chemical characteristic on it. Twenty
seven plum genotypes/cultivars in fruits tree genetic resources collection in Kemalshahr
in Karaj, Iran, were considered and evaluated from 2019 to 2021 seasons. Antixenosis
resistance indices were estimated by sampling larvae population during the seasons. The
plum geneotypes/cultivars were grouped using cluster analysis, and the relationship
between different fruit characteristics and antixenosis resistance was investigated using
Pearson correlation. The antixenosis resistance indices had significant relationship with
fruit length, width, diameter, engineering diameter, spherical index and fruit surface
area. The minimum antixenosis index of larvae establishment ratio in Bukhara,
Genotype 19 and Uromieh 20 was 0.02, and its maximum was 0.06 in Anjelo, Friar, G-
98, Kh-Mashhad and Sosourmi. The minimum larval non-preference index was 91.96 in
G-Melayer and its maximum was 98.81 in Bukhara. The minimum larvae preference
was 0.03 in Sosourmi, and its maximum was 1.03 in Zojlo. The minimum larvae
crowding index was 24.6 in Bukhara, and its maximum was 66.42 in G-98. Finally,
Black Star, Queen Rosa, G99, G98, Qomi, Santa Rosa, Sosurmi, Anjelo, Black Amber,
and GR-Rezaieh genotpes/cultivars were more resistant, and Kermanshah genotype was
the most sensitive to plum fruit moth. The results of this research are part of the
supplementary information for selection of suitable plum cultivars for development of
plum orchards in Karaj and other similar envirmonetal conditions.

Keywords: Plum, larvae establishment rate, larvae crowding, larvae preference,
larvae non-preference.
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