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Table 1. Description of studied apple rootstocks

Ay dl
sl Production
Rootstock year Parent(s) (o) V15 Breebing mthod s3l5 4 s, Origin i
Azop®ed) 2006 Azaish Isfahan Olgiol L2137 Open pollination 3T Jlwsles § Domestic sl
AZ x M9@8) 2006 Azaish Isfahan x M9 vegetative rootstock M9 .z 5, 4\ X olgawl 2157 Hybrid 4 » Domestic  _Jsis
AZ x M27®) 2006 Azaish x M27 vegetative rooststock M27 25, 4l X Olgasl i1 Hybrid 4 .» Domestic s
Azop@ 2006 Azaish Isfahan Olgael Lml3T Open pollination 5137 sl es & Domestic s
AZ x M98 2006 Azaish Isfahan x M9 vegetative rootstock M9 x5, 4l X oleiwl 2137 Hybrid 4 ,.» Domestic =i
Azop8e) 2007 Azaish Isfahan Oleisl L5157 Open pollination  si5T lsles § Domestic =i
Azop®e®) 2007 Azaish Isfahan oleas!l 25T Open pollination 5T jlites & Domestic =l
M90p(e7) 2008 M9 vegetative rootstock M9 x5, 4L Open pollination 5157 jlusles § Foreign ol
B9op®7 2008 B9 vegetative rootstock B9 s, «L Open pollination ;7 slusles § Foreign ol
Azop“8) 2007 Azaish Isfahan Olgiel 13T Open pollination 53T lasles £ Foreign Ll
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Fig. 1. The apple rootstocks tested for antibiosis resistance against wooly aphid from

left to right: AZ x M9!8 Azop(389 AZ x M27®% AZ x M9®@3) Azop©e®) Azopee),
B9op®"), M9op©e"), Azop88), Azop(?36)
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Table 2. Mean comparison of indices of antibiosis resistance of apple rootstocks

to woolly aphid

sl Antibiosis indices ;s 2T sla_esls

Rootstock R MRCR ABI PASI CAD EEP St
AzopC® 61.92+3.47a  0.03+0.00ab 0.065+0.00ab 369.15+35.55ab 779.35+32.68ab 9.57+0.10a 114.79+1.01c
AZ x M9@5) 48.19+4.62ab 0.03+0.00ab 0.068+0.00a 377.65+40.14ab 799.63+43.08ab 9.67+0.08a 118.08+0.04c
AZ x M27 ©) 6,12+1.168de  0.03+0.00ab 0.073+0.00a 490.05+29.92a  1033.438.42a 8.51+0.224b 167.57+6.847b
Azop@ 34.16+7.75bc  0.03+0.00ab 0.061+0.00ab 343.23+43.75h  724.08454.964b 9.65+0.11a 105.50+2.31c
AZ x M98 18.82+8.38cde 0.03+0.00ab 0.058+0.00ab 360.34+73.83b  752.31+116.61ab 9.23+0.34a 111.02+12.45¢c
Azop@®) 16.68+6.13 cde 0.03+0.00ab 0.059+0.04ab 330.55+69.66b  741.16+110.10b 9.42+0.23a 108.37+10.972c
Azop©) 8.4613.24de  0.02+0.00b 0.056+0.00ab 330.55+71.78b  678.30+113.96b 9.51+0.08a 97.46+11.04c
M9op®En 0.76£0.13e 0.04+0.00a 0.046+0.00b 425.93+20.94ab 890.43+33.18ab 6.08+9.61c 439.38+12.75a
B9op®? 25.82+3.73bcd 0.02£0.00c  0.070+0.00a  391.99+30.10ab 826.70+20.20ab 9.61+0.09a 121.27+3.60bc
Azop®ed) 18.04+9.65cde 0.04+0.00a 0.068+0.00a 372.27+2.80ab  793.74+40.1ab 0.10+0.10a 116.54+12.62c

Al pme gl M)zc'.;du:»lch.»): S5 Q}A)'Twl.»lj.\;.'zb'dadf;.‘..a JF&J&U» Slls &S O g oy ﬂ_d\.a@i?l._.a
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability

level-using Tukey test.

Pt j)}ﬂﬁéw@wﬂ:&b )5 @Tgw Ly Copmpuashs Sle e li odias OLES g_A:JJ'v"\:St) EEP.CAD PASI (ABI MRCR R

.upggﬁjgstj(xs)‘;ﬁuﬁ&db‘
R, MRCR, ABI, PASI, CAD, EEP and St represent the relative growth rate, antibiosis, population age structure,
cumulative aphid day, ecological exploitation potential and survival, respectively.



VEOY Jlo o) ojles ¥4 i "5y 9 Jlg8”

i atls Sbe 3 g #/98 slee AZOpHE)
5 AV/F8 Jslas AZOPEEO) 15 0T fslis (V0
5 9 FYU/FA Jslae MOOPEED) 5 0T STl
(Y i)
S il cwglio

Ol jor () 2 Sl o2 95y il 53
sl Jols (65 5m 5T Cnslin sla jasla
B S P R e
e el ((remd S5, a2d (Comex
P LT ol 5 ans cliy 5 6515 00 JB
osletul Cow oy (_gjj:.jut}T Cwoglas 59,

(Y JSK8) s

e

] L
[ R R . T = I . T W R R CR ]

.oj,.‘:‘} )\.La.ﬁ
Eigen valuc

(=

(=]

OT s 50748 j5m 5T Lasls KL
3307 Sl 5 +/+F Jsles MOOPEE) w1, s
Jod) 54 0/ V¥ Jslae AZ x M@ o,
- e e L S (Y
Jslas AZOPEEO) (| 53 0T ol FAV/FO

AZ x M27®) | 55 0T Sl 5 ¥ /08
e 5y ah 5l 545 PR/ 0 Jslns
SYA/Y Jsles AZOPP) 55 0T [3lus ¢ Ar 1/4)
sl AZ x M27®) 5 0T Sl >
ot iy ot s e 3 VYT FY
3 QTJS‘J._‘» /08I e BB LS
3307 JSTu > §9/+A JsL_ae M90p©E?

1 2 3
iyn o jlod

4 5 6 7

Component number

‘_;L.G..é‘)bksﬂ‘,_ﬂuwa&u%l{:6}&&Tu}&ﬂw“5ud‘§ﬁ‘)‘bﬂ—*Jga:;‘

el

Fig 2. Plot of main components of antibiosis resistance of apple rootstocks to apple

woolly aphid in rotated space
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Table 3. Factors analysis for identification of unobservable effective combined factors

on antibiosis resistance of apple rootstocks to woolly aphid

adsloy polie
Initial eigen values

ol Dl pidaes & sozes
Sums of squared loadings

oz ool e oS oiloly e
obyls Loys  Cumulative S oeblsae,s  Cumulative

Variance (%) variance

(%) Total Variance (%) variance (%)

adlza S
Component  Total
1 3.930
2 1.810
3 0.933
4 0.246
5 0.075
6 0.006
7

56.147 56.147
25.858 82.005
13.322 95.327
3.511 98.839
1.076 99.915
0.084 99.999

9.097E-05 0.001 100.000

3.329 47.561 47.561
2411 34.444 82.005

2dlodalin gl Jole jaseis 6l p oS lassls o 2 51 e b Jole @ 4 2 (ol ) -F s
(P A & S g Sl Gl (65 5m ST Cuslie » S0 oS 5
Table 4. Roots of factor analysis after varimax rotation to identify unobservable

effective combined factors on antibiosis resistance of apple rootstocks to woolly aphid

Component L

Index el 1 2

R sk 0.608 -0.153
MRCR  cser s, 5 0.685 -0.273
ABI Sl 0.892 0.401
PASI  corer oo sle -0.218 0.967
CAD e jay s -0.182 0.979
EEP Hlides sty 0.910 -0.373
St <& -0.887 0.344

R, MRCR, ABI, PASI, CAD, EEP and St represent the relative growth rate, antibiosis, population age
structure, cumulative aphid day, ecological exploitation potential and survival, respectively.
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Fig. 3. Dendrogram for apple rootstocks based on indices of antibiosis resistance to

woolly aphid
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Table 5. Grouping of apple ootstocks based on indices of antibiosis resitance to woolly
aphid

S g8 3> pimn Sldas
s ikl ¢l Valid number in the list

Gl 455 sl ol oSk Standard S 539
Antibiosis rank Rootstock Index Mean deviation Unweighted Weighted
R 0.7683 a 1 1.000
MRCR 0.0200 a 1 1.000
Azop(
ABI 0.0500 a 1 1.000
AZ x M918)
1.00 Az0p20) PASI 425.9400 a 1 1.000
P CAD 890.4300 a 1 1.000
Azop
EEP 6.0900 a 1 1.000
St 439.3800 a 1 1.000
R 6.1268 a 1 1.000
MRCR 0.0300 a 1 1.000
Azop©ed
ABI 0.0700 a 1 1.000
AZ x M9®8)
2.00 B90nE" PASI 490.0500 a 1 1.000
P s  CAD 1033.4300 a 1 1.000
Azoptee)
EEP 8.5200 a 1 1.000
St 167.5700 2 1 1.000
R 38.4989 20.18 4 4.000
MRCR 0.0325 0.005 4 4.000
ABI 0.0700 0.000 4 4.000
3.00 AZ x M2769) PASI 377.7725 10.11 4 4.000
CAD 799.8550 19.82 4 4.000
EEP 9.6400 0.056 4 4.000
St 117.6775 2.75 4 4.000
R 23.9022 19.28 10 10.000
MRCR 0.0310 0.006 10 10.000
ABI 0.0640 0.007 10 10.000
4.00 M9op©&) PASI 381.4580 46.45 10 10.000
CAD 801.9130 100.07 10 10.000
EEP 9.0990 1114 10 10.000
St 150.0020 103411 10 10.000
a: Insufficient data. s S5 eslsa

e iy o a gy (sla et s s 0Lt L 5 & Sty EEP (CAD (PASI ABI MRCR R

R T T S T ]
R, MRCR, ABI, PASI, CAD, EEP and St represent the relative growth rate,
antibiosis, population age structure, cumulative aphid day, ecological exploitation
potential and survival, respectively.
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Fig. 4. Assessment of accuracy of apple ootstocks grouping based on antibiosis

resistance indices using canonical discriminatnt function analysis
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Table 7. Correlation coefficients between root traits of apple rootstocks and incdices of
antibiosis resistance to woolly aphid

el Root traitsaz, , Sliw

Index ANLP ANRPARLLLLRZPRWC ARLC ANRC
R -0.541  0.013-0.216-0.568-0.608 -.766™-0.521
MRCR -.702" 0.315-0.373 0.486 -0.357 0.087 -0.357

ABl -0.616 -0.217-0.020-0.230-0.208 -0.223 -0.511
PASI 0.502 -0.303 0.573-0.108 0.288 -0.138 0.410
CAD -.980™ 0.104-0.422 0.118-0.150 -0.152 -.667"
EEP  0.104 -0.422 0.118-0.150-0.152 -.667" -0.249

St -0.159 0.442-0.217 0.031 0.182 0.590 0.311
.M)s&}M)A@JWICEM)A)IA@M%J}@:e:ee:e)e:e
*and **: Significant at the 5% and 1% probability levels, respectively.

ooz g sl g (5T ¢ oo by Sy o s (gla e Ui oins Ol o 5 4 St s EEP (CAD PASI ABI MRCR R

Al r sl g (L g (6515 5 0 g Joily (reS gy 4t

R, MRCR, ABI, PASI, CAD, EEP and St represent the relative growth rate, antibiosis, population age
structure, cumulative aphid day, ecological exploitation potential and survival, respectively.

Sl Sl o A 5 st sliw S0l oins Ol o5 5 « ANRC ,ARLC PRWC (LLRZ ARLL ANRP ANLP

St Kl 5 Laaall s Job 5K s laaedd 015 425 Ao ety ailate J b ot 4ty s Isb ke eSS W ge (glaaty

Al e ylaads y glaaods

ANLP, ANRP, ARLL, LLRZ, PRWC, ARLC, and ANRC represent the mean number of lines produced,

mean number of roots producing pike, mean length of the root of the line, length of the root zone, rooting
percentage, mean roots length of cuttings and mean number of rooted cutting, respectively.
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LT 55 e o0 408 Slaad s Sl 5
s e el s (TIMM, 2003) ol 4zl 3
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ABSTRACT
Latifian, M., Atashkar, D. and Ghaemi, R., 2023. Antibiosis resistance of promising apple rootstocks
to woolly aphid [Eriosoma lanigerum (Hausm.)] under environmental conditions of Karaj in Iran. Seed
and Plant, 39, pp.93-120 (In Persian).

The woolly aphid [Eriosoma lanigerum (Hausm.)] is an important pest of apple trees.
This research was conducted to evaluate the antibiosis resistance of promising apple
rootstocks to this pest during 2019 to 2021. Ten selected rootstocks developed from
hybridization and open pollination of two local apple varieties, Azaish Isfahan and
Morabaei Mashhad, as the female parents and commercial apple rootstocks including
M9, M27, B9 were selected as the male parents. The number of aphid colonies in the
root, crown, stem and branch was evaluated. Antibiosis resistance indices including,
population growth rate, antibiosis, population age structure, cumulative aphid day,
exploitable ecological potential and survival were calculated. The data were analyzed in
by complete randomized block design and means were compared with Tukey's test.
Principal component analysis order to identify unobservable combined factors affecting
the resistance mechanism based on indices. Observable values were calculated and
cluster analysis method used to group the rootstocks based on the degree of
susceptibility. Based on the results of this research, four apple rootstocks named
Azop@) AZ x M918) Azop38) and Azop©e® were the most susceptible and M9op3
was the most resistant to woolly aphid. Average of population growth rate, antibiosis,
age population structure, Aphid day, exploitation ecological potential. and survival
indices were 23.90, 0.03, 0.06, 381.46, 801.9, 9.09 and 150.00, respectively. Resistance
to apple wooly aphid should be taken into consideration in apple breeding programs and
orchard management for sustainable apple production.

Keywords: Aphid, biological susceptibility, population growth, survival, age structure.
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Introduction

Woolly apple Aphid [(Eriosoma lanigerum (Hausm.)], feed on the bark and roots of
the apple tree, weakens it and reduces the growth of the tree organs (Yang et al., 2023).
Various apple rootstocks have rich genetic resources of resistance to the woolly apple
aphid that enables the development of resistant apple cultivars (Moinina et al., 2018).
There is always need to develop and release new resistant cultivars to woolly aphid
biotypes (Han and Korban, 2010). Antibiosis is a type of plant resistance that includes at
least one plant characteristic that affects the biological indices of the pest (Le Roux et
al., 2014). This research was carried out to evaluate the level of antibisis resistance in
promising apple rootstocks against woolly aphid and to determine morphological
characteristics of apple rootstocks related to this type of resistance.

Materials and Methods

This research was conducted in the collection orchard of the temperate fruits research
center in Kamalshahr of Karaj in Iran during 2019 to 2021. Ten apple rootstocks were
selected from the promising progenies developed from hybridization and open
pollination of two local apple varieties including Azaish Isfahan and Morabaei Mashhad
as female parents and commercial apple rootstocks including M9, M27, B9 as male
parents in the apple rootstocks development programs in temperate fruits research
center, Horticultural Sciences Research Institute, Karaj, Iran. Samples of apple woolly
aphid colonies were taken, every two weeks, from the beginning of April to mid-
November. The root, crown, trunk and branch sections of apple rootstocks were
evaluated. Antibiosis resistance indices including bloomber (R), population growth rate
(MRCR), antibiosis (ABI), population age structure (PASI), cumulative aphid day
(CAD), ecological expolitation potential (EEP) and survival (St) were calculated.
Vegetative growth traits of apple rootstocks were measured and recorded. Analysis of
variance of data was performed as randomized complete block design and means were
compared using Tukey test. Factor analysis was used to identify the unobservable
combined factors. Cluster analysis was used to group the apple rootstocks, and
canonical discriminatnt function analysis (LDA) was used to evaluate the accuracy of
clustering of apple rootstocks using IBM SPSS Statistics 27.0.1.0 software.

Results and Discussion

Cophenetic correlation coefficients between the Euclidean distance matrix and the
dendrogram output matrix obtained from cluster analysis was equal to 0.83 which
indicated the acceptable grouping of apple rootstocks using antibibiosis resistance
indices. Four apple rootstocks; Azop@), AZ x M99 Azop(?8® and Azop©&® were the
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most susceptible rootstocks to woolly aphid. Average bloomber, population growth rate,
antibiosis, population age structure, cumulative day aphid, ecological exploitation
potential and survival were 23.90, 0.03, 0.06, 381.46, 9.801, 9.09 and 150, respectively.
Comparison of demographic parameters including population age structure index and
seasonal index of effective aphid day showed that these indices affect the dynamics of
aphid population on apple rootstocks. The minimum value of blumber index in the
resistant rootstock, M9op®©"), was 0.76 and the maximum in the susceptible rootstock
Azop8) was 34.16.

The average root length had the greatest effect on the variation in the relative
establishment rate of apple wolly aphid (Latifian et al., 2023). These authors reported
that this trait had significant effect on the bloomber and ecological exploitation potential
indices. The relation between this trait and bloomber and ecological exploitation
potential indices was negative, and with increase in root length the bloomber and
ecological exploitation potential decreased, therefore, the antibiosis resistance level in
the apple rootstocks increased. Antibiosis resistance to woolly aphid is a valuable
finding and should be taken into consideration in apple breeding programs and apple
orchard management for sustainable apple production.
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