DOI: 10.22092/spj.2025.367587.1385

“HN9Je”
1P Jlo o oylods F - >

9y do

»8 [Eriosoma lanigerum (Hausmman)] (coge 4 4 cuw _idudue! SB4L Cwglio
Skl 40% Lyl 4o

Resistance of Promising Apple Rootstocks to the Woolly Aphid | Eriosoma
lanigerum (Hausmman)] under Forced Feeding Conditions

SSET it 5@ 0Lkl s

C;w,,us@,;,J;ymgu?z,.;ou;u@@r,l;gu:z,,;wf“_;ﬂ;ﬂ,dmduwam,;wu-\

'O‘J.’.‘
c‘_g)')}LiS G_»Jj;} JZJ}AT ‘QLE:LJ QLA)Lw cu’)\.&b r}l& QLB.;E:J Qs 58 (G gutd pt 9 PIRTIS ‘_g\ﬁ:cx.n au\gf«.k}ji c)ti.ﬁl:.w‘—*
Oplg s
PRV YA Gy b IFT/IT10 108l 5 gusb
o>

okl 4dx L),z s [Eriosoma lanigerum (Hausmman)] ese b 4 oo tdudol ool Cuslis NFY 0 GIKET 9 .0 (Obidd
FY-VY P s 9 Jle

& Sl DL G135 BT 3 S [Eriosoma lanigerum (Hausmman)] (ooge 4
093l il T 3 09m0 LS ) ealiunn gl 4 § WS SALT 1) Jgazme o yd Te B Wilgi o
Bl pl 38 v (090 4l 41 Cod ¢ 092 9 ST SBUL ol s iy ol by 05 Canglio b 351 Sualy
GSIP 42 9oy Fe e ud Caghby O 5 o 4> 50 YO £ 0 Shd b ST Lyl 0 (Siba! 0%
g S L (g5 oyl 0. 0b el 1Y 9 1P+ ) Sla by 30 (Kb cele Ve 9 Sldgy sl I F
Ay Jd Jab 28w i el GG (595 2 il !l il g Camer JOWS gelaw courer O gk
3 G5 g>) 3955 5T GBI o cyidld s 4 MIOPEE) by a5™ Wials L bs . NAd ow)yp cBd4
(TR NBS BT o33 Fo B 1) did Cauxed Aikuilgl ((4Rd (51950 § By BT) 9w ST 3 (4 f i
29 BIOPE) wiile 5 pwlu AL 31 oS Aoy Te B ¥e 390> palio vl 58 did oyl Jlois
ol Bk Cuglio 53 50 Jolge Olgied) 35 Lo Cawgy Culid 9 57 5 o5 15 il (38 ST 9
ol il o P 33 (5550 sgb 4 WilgT oo polie SBAL I coliul 45 B15 Gl Be% cxl S b
O Rl SBABL .S W18 oge 4D S &S (Sl oIl (ST 9 O W5 5 ol é),.ow&.éT
Ol gl 30 (a8l Eaiio Tyl oo b H17 5l 9 Cwlio Cuw Pl (SBUL 5y 35 9 (5015 4 (Sl » 5O NilgF 0
N o3kl

J A (G ) (Sl (il I Ologas ( gure S 2Ll (Cumlus ccaw wb 1GulsT (sdo g

CYSYEVYOFY el masoud_latiflan@yah00.com :J s o, &K *

@ 2024© Seed and Plant. This is an open access article distributed under Creative Commons Attribution 4.0
— International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in

any medium or format, as long as you give appropriate credit to the original author(s) and the source.

v


https://spj.areeo.ac.ir/article_132708.html
https://orcid.org/0000-0001-6556-5262

VUl ) aled oFr A"y g Jlg”

Sl s B s (gl
ot IS 6l 8 bt p o |
Jolo Llad S 51 5 oslinuls y s o g8 50 4
* S 3 3 15 el i S s
ol pla i pgon 1) Ko eslinul il
BT sloul 5 3T ool Cama 53 Cuglin 50
Dl i T a5 e
5SS 45U s 4 s Ll ol e
0 Crl ey s Lad pa ol 8
| C s ev) Py o B Iy
SLaysss 5 LacS 5 ais Ll S s
ST ol e OLS S O gt i 5004
23 G IS oS Wl b s
b4 ol Gl 5005 5 5dos Sdaols S
S e R
(Nicholas et al., 2005)
e e 4 polas gl ]
IS Gl el s Fie s, el 5 S
Aty ) A5 e sl Slaagly ol 3T
ARlS 4 5035 (6,8 Sl Laa s 2S5
S S5 5 et J S sloan s
b o pslis sloly (Adhikari, 2022) w5
Aoy Ve B8 5l § e o a0
LS 1y T cul o ol s ST
W5 g p3lie slaagly 3l eslinul das
Sl do s 8 Bl slad J ST clady 5
osliul pslae slagly S L ys es das
(Sandanayaka et ——ul 5 SYsb S .

slaaa ials E el ol al, 2005)

A

.

400

- — 55— a5
L 45" [Eriosoma lanigerum Hausmman)]

asld ;5 (Woolly aphid) sz, as ¢ls
<l Q,w}wguU\éu}_@@
Oyl Ll g g0 a5 ol s Ol s
LT ol sysT 5k 4 (6,8 i (o5l
S5 m slosle e 5 5 0l 0t Sl i
)sjouwo\:sjswbu)j\éb
1500 kS SIS 5 Jyaos 2018 s
285 LT (Adhikari, 2022) s,ls JLis 4
03w o g0 4 b (3Ll Ol L (6l
Ol Olalllas Lol el oy &)1 Sle clu
sy o A5 Al 5 o AT oyl aS s e
das galS u o ¥ LY Ol
(Kamusiime et al., 2023)
D 3 S e 5 25 55 010
SOkl LT o lecd 4 Camw Ol y3 BT
Olon ¢35 Ol ly3T g8 Olom )3T
ol S 5 514 Olgial 5 Ol &
Al ) i

o a)ji“< J) ——
Oladllas 5 5y dilaoml o S ol b bl
Cels Ul oo ST ol aS” Wlosls QL&
WJWJMKMJA\OU\' S 9>
63—zl 0L 5 au ol opl aS 543 Ol 5l s
(Latifian et al., 2023a)
cnl Sonslie s 4 o (o0 b J S

WJalds sla iy 5 ol ol 53 3T



FY-VY P T 5 Ol ¢ o go a2 o idudaal laasly sl

L
el o grse 4 b 4 Caglia b Lo e
ol <=L>u\ Sladss 53 (Jle Ol ge 4 S
S b Pl (g o wwGeneva sloaly
o3l plas sl ol 2l s e Celas
sl sGeneva sbal 5 o s Sladss
5ol es 8 ub aas iy glaal
(Busetal., Gus jes inOT o pslae
2008)
Clagysld e eMe Y Y LYY Jl
L L e ola Kl jleslial usle jas i
585 b 4 SLLE ¢SS pylie sla0;
slaasly s 5o 558 pslie glaasly
C—eyla s 45 Geneva-935 4 Geneva-41

Db 4 (sls Ol i g0 A '2-4_361\1\_3

Calams oS 4_:_,9‘,.7‘_;,?”}:_“5

ol Uy a Sls aslsl Oladl s

a_}lé"

Lo @Jsu 9 d'uu cu\...&‘.: ails JS)L,\iL;
Sdude gla iags (Fazio et al., 2015)
sal g Glpl Slaie (&2 oo 50
gl s Ul o sl
Sy asly ol eslaul 55 (gledsS )yl
el o uﬁ)\f @fﬁ_ﬁmcﬁajuﬁ

(Latifian et al., 2023)
Sl Coatl (Gl i Lyl 5 55 e g0
)uéﬁoﬁ Lk‘\..v.\g' ‘LSJL:’." 41-4\33 .]aa“‘j.& DL ..3)\.3

Wlgi ool cpl 4S5 28 )5 e T

¥4

d oo Ol 5 sdome bS5 Kl
50T ades 2alS s a4y pslis slaasly
Col dSl g5 o claast b g ain )y o Cudlw
e o e Al
NEPUAVYSWRLINA SR PWIP NGRS Dt
sl i (5815 g Slias 4y ol opl oS
Ol seas pglae sals jloste ul pl sogdle
YL bl e Ky ) S
5oLl Cu i 5 ke, T Wil e g 3500
Al e s co o Ll A5 5 g
.(Sandanayaka et al., 2005)

23 e pslie glaasly L5 6l A0
A T (6a%e VAL ans I ege i pl
Sl gbral W g (Oladss ol 51 Ooda
sboul BTl 53 Il S slie Al g
Aias Rl gl d J 1S a5l 5 WS
Glaal a5 O K ta s VA ass s
A s Coaslie 51 Sleys aS 1) gladsl
Lol xS oLl i als joge 4z d
(Cummins and 5 e sl cpl S gl
44+ aas s calsl s Aldwinckle, 1983)
i) gl 5 K5 gl b,y 5l eslizu
Malus x domestica ;I L3, ,» o slis
Sz el en vy g BB lals iy
23S LE e gl0) olelii ala tags
) a8 4 5 Win gy Fhe nm 4 4 Cunglie
Slaw| (o T lae L (g iz pli)l dal)
(Fischer, 1996) .

G Yoo # Jlu Slesga g Yorr ans



VUl ) aled oFr A"y g Jlg”

Dbl b Sl aS Wy ldlwess
CLollE G ladlg ol a5 gyl s
¢ Bl YY L5515 YF ailas Jld @) o
S bylis 5l (Y 0l o
S 168 LS (8) amle oS 5 L o el
03 9 e NINY Gl ey
£33 Jlow 53 Ll S s3T elzs
03l T ( BT Uiy & Odwy 5 iS5y
L G e slalseT ol
©3 5> ysku ol sl (Fazio et al., 2013)
ol 3 e Sl YO Jsb 4 glaads N F0 )
LIBA 050558 L sles Sl Gy 5 46 Laaly
oy s 93 O sdon 55 S Frvn Clile
a3 ¥V e gles L L SL o e
Slsacisy glaaads s sy, sl § sl
wilas s b ool @ a5, FO ol d
(8 e S1) CoslS s Gl e Sl ¥
NN Cd a wbe Sy 5 (s3bamle (STl
Al JUs!
A5 53 5SS Sler e SiSudel 6l s sl
e JLo 5le s (Russo et al., 2007) i a3 5
03 e Gl e sladle 5SS
A sy Jame e Sl 00 5 4y G
gyl 53 g0 laas LUl Jata
3T oo s JLaST 55 o LS SN Y
S o 0l 3 05 S 03 JT (6l g i
03Mitulsy g Bl i oo (5,1 gST kS 55 457

i 5515

mw‘.ﬁd"'@;b &5\_9 L;U}J okaslis
65 4 gl 4 Oledbl -l a sl o
S e oSS pslis claly CLl ol
(Dahms, 1972)
laaly Coglie ond ) slaleas ag3 ol
Lyl 5 53 e b g e e
6\.&!)\5)\-»«: )‘ ol i L| 45 S &LQA.].L‘!
Cmror il 33051 553557 5 5 T
L gble ys iS5 03,5 (6,5 sl Laazs

lbg’:’aj) 9 019.0

AZOPP) Ll s o iudal 4l 03
AZ x M2769) AZ x M) Azop©ed)
B90p®" (M90pe" Azop?8®) Azop©?3d)
gl ol 51 AZOp™) 5 AZ x M9H®)
SLdles $ 5 6,8 8 55 5l Jolm Sisudal
AT G a5 i ST Lo 55 5157
560k Wy Ol gea (Agin Sl e 5 Olgis!
(M9, M27, v gyl o5, Lol

6315 s awli 5 s gy Uiy Ol seas BY)

0 p 2030 5 Pl i s gl
O Jydr) a3 S 1 3

cladlys osliz ulsyse aLS slsa



FV-VY OF Y T 5 Ol ¢ o go a2d o idudaal laasly sl

ol 4 dss Ll 4 Cs [Eriosoma lanigerum (Hausmman)] s se aii 4 S glan (6l ol oy p 3588 o idudsl (slaasly Slio suas ) J g
Table 1. Characteristics of studied promising apple rootstocks for resistance to woolly apple aphid [Eriosoma lanigerum (Hausmman)]
under forced feeding conditions
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Rootstock  Year of production Parents Breeding method  Fire blight resistance  Drought tolerance  Phytophtora resistance

AZop©® 2006 Olgaeal zal5T NK vj'l:,éla-: g t gliedes Joete 40 _ pslis
Azayesh Isfahan Open pollination Moderately resistant ~ Moderately tolerant Resistance

AZxMI® 2006 MOx ol 25T 5 pold o e el
Azayesh Isfahan x M9  Hybridization Moderately resistant ~ Susceptible Moderately resistant

AZx M2769 2006 M2T> Sl 20T 5 500 e e polie
Azayesh Isfahan x M27 Hybridization Moderately susceptible Susceptible Resistant

Azop@ 2006 Olgiol S2lsT NK ufu;u_; g t sliedes s 3 3 _ pslie
Azayesh Isfahan Open pollination Moderately resistant ~ Under study Resistant

AZ XM 2006 MOx ol 25T 5 o e (ol . v
Azayesh Isfahan x M9  Hybridization Moderately susceptible Moderately resistant Susceptible

AZop®®) 2007 Olgaeal 2037 N &_'u“su_; 5 ot gliede 2 Cnd 43 _ pslie
Azayesh Isfahan Open pollination Moderately resistant ~ Under study Resistant

Azop 2007 Olgiol 25T NK wata_; 5 ot sliedes s 3 3 _ e
Azayesh Isfahan Open pollination Moderately resistant ~ Under study Susceptible

M9op©=") 2008 MO syl T e S ol e S 2 . -
M0 vegetative rootstock Open pollination Moderately susceptible Under study Susceptible

BQop(387) 2008 - B9 =Y si5T gwluf JL@%.._.' I Swd 3 - ool
B9 vegetative rootstock Open pollination Moderately susceptible Under study Susceptible

Azop“s® 2007 Olgaal ol5T si;T @-'Li.éla-:; _ psliedas _ ol _ ol
Azayesh Isfahan Open pollination Moderately resistant ~ Susceptible Susceptible

o)



VUl ) aled oFr A"y g Jlg”

Coror Ol Co e Ua Ll ol 5o
LS i s o N2 Nt M__wu_xs
5 S5 Ol adgas 5553 S3e 5a, -
b S o e e 5 D
Jsb 53 )13 1 403 3 5 Ol e Comer
Ll e Joad
S Ob o Carox SO o dwlono
s el Sl (59 4l
Jslat adedi 05 S Jie ol
S esli ol L (N®) et S & an
Lo bl plw b a e ¥ ada
(Obrycki La_s Cay 5 |8 alin SVl

etal., 2001)
_ ﬂ.A loge )LA

Ua

N~ ¥ dal,

Ol s e Ua el ol o
St Sl M 5 and S Cer
J—d dsb 53 Oljee Comarr b o5
Ll o
59 4l IS yaimu! Jloi| dmlmo
o el Sl

Sobe o 4 ah (Sl Jle|
Comazr 7 5515 ezl (ke 51
ol d Lo 51 5ol g YL s a s S
Foabal, Sleslar wlbaS (gyls pdiges oy93 43
.(Mason et al., 2003) 1s awlowe
P(X)aphia = 2i=1(N — N )

A ezt P(X)aphid ates! )l ys
L 505 o e d (S 8 515
Soy—ai IS 0 5 aNt2 g NtL 5 Jsles

¥ oabal,

oy

. el SR 00 5 009l
o Ll (5 70 1 9 s090 4i dlpigdy
Sl 6o o0 and 43 055 03T
Ao YO 0 gled jd o il
sdop P EY s by ol § sl
S abdS 3 (LI D) celu Ve NF (o500
slasly o 515185 5le) OIS Fr (g,
03,5 03307 (gl s plawil (s Sidusl
Jsb 5 faidhn 55 20 aphhS o o5 4
sl Jlg o Bl 65y p el Y
Aoy p ksl fowe Ol sty o
055 Bl oue V0 I L e
Lgud'.lf Sldlas A& (‘L?J 05,5 oJ}.\T
55T 5 Co b FA I ey ol s Laazs
SIS ol SLS, wxin o s 4 g
i S WS oSl 5 1S 8 65,
SIS a sl s Gl d SIS s s
A 6, S o3 Il s o ST sy
L g odd sbul G dE slaw ol osdle
obd g a Gl sb s js bs 4l
..,b“.sjf
WG (T Caxodr Ol S g Al
»Ua) as IS Caren Ol il Co
Sleslawl b Mo (6515 pas sad 95 Ol dlold
Comar oad Ol ois & 5 b ste 5 ) bl
A dwloee ¥ ol lesli wl b as s IS
.(Entwistle and Dixon, 1987)

(Np)—-(N
2)—(Ng) s,

Ua = 14
AA = (Z{I:] Ua)/n Y A.Eb



FY-VY P T 5 Ol ¢ o go a2 o idudaal laasly sl

(Frades and Matthiesen, 2010)
Glua—d s S Sl skt 4
J 5 4z ) adlllas 55 gl 0L
(Linear Discriminant o= s s cls
(Fraley and i oslawlanalysis — LDA)
L Calkibee Sl 3T 4>, Raftery, 2002)
Jbos 5 45 o b 3l Conslie 4y Ol
(Gogtay and Thatte, 2017) = ,% ,I 5
IBM SPSS i 3le 5 ¢SS 4 Laesls 4 s

A el Statistics 27.0.1.0

PGP s gty (ocd Oy a8
s el Sl (59

wd phe Comer (Jad Dl ki o
o3 ddllaes ) go o Sl 5> o (a g0
S 5 o e sl 0k 03l OLE Y S
L (A0 e Corer Ol S
AzopB®) s MIop®PE) cla ol 43 sy
b Jed sl 51 Ol pois Co o Al sdaliie
STl s ol Sk SSUIL g s 5l
G5 i b b GBI U s Al
315 DL ol 3l gy e sty 4JS™ s
(O )

SIS i e ) Sl 5 el se
s e OLE ) by Jasd Jsb s laacs
5 0T mmer 5L 0yl age DL
0L aosls .S o &1yl o slaaly 3G

oY

Al o lsme (5155 & gad 53 5 S
SBUL 99 Wy Dlino (5 w703l
N adSanle

sl ) S8 be i 9y Sl
9y S S S s sy ol
aeS e 31ass 0 S0ke Jsb 0T Culb s
S5y S e S S oI
b 3o il g &S 5 K il g 03101 I
Ky 5 ol 5 ojlul asly >
andllos Con t3udl glaasl ail > S
P NHERW - P HW R P P 3 T
(Miranda et al., 2015) ol,LSes 5 1Sl
NEFS
bools ful=s

S, oIl s T wsas classls
3 Cmeslie Gla ol b 4wl
oS 4y 035 Jla,s Sl Ol o bl
P JED P U PRSP |
9 4o ;>3 3,4 (Kolmogorov-Smirnov)
Sl SKE sl 5 E 5 ko
b a Senglas Ol bl y o iomidsl
S a gl o ) 5l o 50
(Hierarchical clustering) 3! ,s el
sl a ol s Oy 4
L 5o 5 9d>s 5 (Between- groupe linkage)
(Squared euclidean distance) . J_?
S glan Ol e b 514 oladigel g osla il
ol Aol S ll s g L i

xﬁs&wsﬂ:&uéuoiju.b@



VUl ) aled oFr A"y g Jlg”

70

= = = Azop(%) AZ x M9(2835) AZ x M27®9)
60 | ccccee AZOp(ZXS) s— A7 x MO(185) - e e Azop(286)

- e an Azop(386) esccce M90P(387) B90P(387)

— Azop(486)

:)UJL‘;JLQLE:'-'&QZGL\{WQU:_JG

I} I L SN E G E N A A
Ly Co o Ol yuids bl i idwdal slaasly js [Eriosoma lanigerum (Hausmman)]

Golerl wds Ll i 5 (Ua) IS Cares
Fig. 1. The rate of seasonal effective population changes of of the woolly apple aphid
[Eriosoma lanigerum (Hausmman)] on promising apple rootstocks, based on colony

population growth rate (Ua) under forced feeding conditions

L O i = TSP MIOPET s iy el iy 45 o o
moi el s ol S ) ssb ) el Comer U3, Ol
59 0lE Loa L baar i 6,8 50 b Sl o ey ol 53 S S gioue g 5 S

(Dampc et al., 2021) Loy et Jsb ys bas IS S O o
oty AZOPED) 23l iy (Jmd 6be) ol lreyso 3 (> 5350 Oy
P ppad I G dd) o (e ys i odalin o 95 BB 20580 55
bal opl () JSK2) sls olis Asy Jouad Jsb s e iy b glil 55 AZOPEE) |,
s )il (g1 delus Lol 5 03 87 wal 3 Gl 4 S 65wl Comax il 58l
Cils b (Gl 53 (6 i iy S s ¢ b il 55 Lol 0als 0L Ll
23k ol 4y Jad e Ui, o ol 03 e g i S e Ul

of



FY-VY P T 5 Ol ¢ o go a2 o idudaal laasly sl

(Latifian et al., 2023) ..

dile pylaeans slaasly 69, ¢ Julae 5o
st 5 BB il b gl s AZop©8d)
35 il o Ll s O s Comer s
a5 Sdl el pdia A b b b
58 ol (Y JS8) Ay S5l e KL
23 839de oUlg el ol &S das oo OLLS
Jot e s Ll e als baar s 4yl S lssL
Ll g v ste 2oy sla, 8L b (g
s slaaly ol S J xS i d Cane
b Lol 55 eslinal (gl p Sl SCan pglie
il el bwge cT L8
Comax AZOPED) e o slawsly
Cils Il gy iy Jaad Jsb s baacs
J—=® el 5o (g 5 N0 ol
ol 03 Comez Jolas o (Y JS8) A
S s e el L 5 YL L el
23 S5 seslae 8 5l 5 g ool oias LS
Sy baaly oyl

Sla Hlssad 5o dolw U L 5 polas
4 s 4 ) il alS Glae ¥ S
ol a0l 1 Ul sy e Lol a
CLal (o Carex Jsles CLW »plow
S0 KL addlae 3550 o 5w Al
diy J S 5 (S5 i s S5 Cwslia
Lol g pb“u sl . Cvwlaar b Cones
L)1 &S sl d 53 1y S Jolas o
S o e s Comam A5y 5 ol 1 5
Jds v s ol &57 = s S

oo

Laasb sl O i sl cpl p3a i
@).SMW}.SDQW‘S}SUZAK
sy phe Sl 5L, ol bile S oYL
(Nalam ueS™ sy Cudgdows O 5 31 0l
etal., 2019)
9 (AP At Lo JOl
e iSusel Sl

P S (ad O i 4 by e
5 Op i el sl &1, Y Sy by
S350 o s (o0 it JolS el o a8
i oo AzopB®)  M9op®Ed) claay L
‘51AQQQA§JJGAJAMWJDWCL~
J—ab Ll b5 b gl 5l 50 doles
Dy dal Al il
ol glaasl js doy,y ol g L
(Y ) dd salin Jslize slacsd i b
&S Wl oz M9opBe L pslis slaal
juﬁbeTL;j)uuW@j‘uiﬁbé‘
UM._:.Li. Q‘.’.‘)’it‘."‘“’.‘ t.é'iL@’ d:\z}cla_.»}i“w\
bl plw Sl 5ol e 5B b
U:’-‘ BL l_b‘\_'.'—:d CA_:M} CJ—&J A_tt_:‘.o BL

st 5 55T slasS il



sl sl Eah IS sl izl gl Fazt LIS sluas

The number of aphid colonies + SE  The number of aphid colonies + SE The number of aphid colonies + SE

3,0kl (glast Fazd S sl

AZop(385) N Conr o515
® ® ®A70p(385) N* &omer Jsls

VUl ) aled oFr A"y g Jlg”

——AZ x MI(285) N Cpner o515
e o AZ x MY(285) N* Conar Joke i

——AZx M2T(85) N Conr o515
oo A7 x M27(85) N* Cner Uil i

=== Az0p(285) N Cone o515
e e Az0p(285) N¥ Conar Jsl 4>

=== Az0p(386) N Cunex oS 5
e e Azop(386) N* Conx sl

——AZ < MI(I85) N Conar o515
eee AZ x MO(185) N* nes sles i

= M90p(38T) N Lomar o515
e M9op(387) N* Corer Jslei >

Azop(280) N Zonesr o515

e oo AZOP(286) N* Conas Jsli i

BI0p(387) N coma o515
®=® BIop(387) N* max Jslss >

0
I S I B e I O o T B It B e I T I e I ¢ )

R s W e ¢ @ ¢ M M m m m e
gddagdadgddddddd 8855558888888 dddddaaanddadddd
A8 a88080888aaaadacd cC cococococ9O9 SO LSS S cC cc oo
gagagagaaggagagaadadaadaqaqda §gggfacaaaasaasasasa gaaaaaqaaaqaaaadaada
FLLLLOLDXTLIRGS FAESEEREESZI DS S S S B = - B T S S - -
APHYEZNESIRC-SESS ITXEACIASE S F R =w S T X a8 as 53R = w3
N a - == s S g P QORI TR AR S N - SRR

Date 4t a
ale 5y Date b Date i
m 80
@ o Azop(486) N e oS5
3 :‘, ®ee Azop(486) N* Zmax Jolei d>
2.2 60
2 'S
Yw o
"1.,050
)Q
3240
=
i &
3 &3
Y o
3220
3
o 10
=
S
o
=
=

oo e oenoenoenoenoenoen o
aadaaadaadaaada NN daaAa
c CcC oo o oo S Cc c o
daddagaadgdadadad
FUowvg s s £LFSSS
F 86 A48 & A = F £ = v T
(] o — —M—N—NO\Q

Date 6

=

[Eriosoma lanigerum (Hausmman)] o s so 40b Camear b5 elass 5 (b & ot - S
Liy had Jsb 53 Coma (L 5 DIk Jold ol 48 Ll 5 55 o SRl Slaaly s
Fig. 2. Seasonal changes and the equilibrium level of the woolly apple aphid [Eriosoma
lanigerum (Hausmman)] population on promising apple rootstocks under forced feeding
conditions, including population chnages and stability throughout the growing season

..3}.1 LS;LAJ ojla. &J'.’-‘ 2 Lhﬁ.&

il sl ol i ca S5y ol Ol
(Dardeau et al., 4> S aal 3 bl Coman-

Caraz Ol i o iy ¢ Jad L3 51.2015)

o7



FY-VY P T 5 Ol ¢ o go a2 o idudaal laasly sl

Ao 335 g 2 dnlllas 55 90 o Slaal AlS S$9) (090 A ! Jloi! s
Sl 3 s el Jlaas 5 g 50 e el Slaasl
u,\pidw&@yu@moujwa Jalat 1 ol il 5 2zl s Jlaz=
5 oAk G e al 69 (50 2SN ptiged 055 ok 53 (ga g0 2B Comeer
Glaal )3 eu il Jlas| o 5wl VS s anlas o iudal 4l o3 (65
A &:&A‘; AZOp(385) 9 |V|90p(387) ‘J:&uu\;w‘ L d}‘ oLA c..g' 2 )‘J.Elw‘ dLo:\?-‘ C.‘w‘ o C).}
60
AZOpOgS) e A7 % M[O(285)  seesse AZ x M2735)
50 Azop®8) e A7 % MOUB5) Azop(280)
0 Aot = = o o 1,7 |

P(X)phia +SE

3 lbleal glas £ i il e Jlz!

[Eriosoma lanigerum (Hausmman)] o o 0 42 5l 2l pte Il s Ol ois ¥ J§w
(P(X)aphic) Jslas pelaw 5 g0 30 4 IS 53,5 515 ezl elal s e idudosl Slaasl (59,

iy Joad b 5o
Fig. 3. Seasonal changes in the probability of the woolly apple aphid [Eriosoma lanigerum
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colonies falling below the equilibrium level (P(X)aphid) throughout the season
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Table 2. Grouping of promising apple rootstocks based on resistance response to the

woolly apple aphid [Eriosoma lanigerum (Hausmman)] under forced feeding conditions
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Fig. 6. Correlation coefficients between morphological traits of promising apple
rootstocks with resistance indices to the woolly apple aphid [Eriosoma lanigerum
(Hausmman)] under forced feeding conditions. * and **: significant at the 5% and 1%

probability levels, respectively
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ABSTRACT
Latifian, M. and Atashkar, D. 2024. Resistance of promising apple rootstocks to the woolly aphid
[Eriosoma lanigerum (Hausmman)] under forced feeding conditions. Seed and Plant, 40, pp.47-72
(in Persian).

This study aimed to evaluate the resistance of 10 apple rootstocks to the woolly apple
aphid [Eriosoma lanigerum (Hausmman)] during 2022 and 2023 growing seasons. This
research examined the population growth rate, population equilibrium level, and the
likelihood of aphid establishment on 10 apple rootstocks during the growing season. The
results showed that M9op®®" rootstock, due to its antixenosis (prevention of aphid
establishment) and antibiosis (reduced survival and fertility of aphids) mechanisms, was
able to reduce the aphid population by up to 60%. Additionally, the probability of aphid
establishment on resistant rootstocks was about 20 to 30% lower than on more susceptible
rootstocks like B9op®”. Morphological characteristics, such as lint density and bark
thickness, were identified as factors influencing the rootstock's resistance. The findings
of this research have great potential for being used in breeding programs for development
and selection of resistant apple rootstocks to the wooly apple aphid adapted to different

climatic conditions.

Keywords: Apple rootstock, susceptible, population indices, morphological

characteristics, biological stability, control.
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Introduction

The woolly apple aphid [Eriosoma lanigerum (Hausmman)], a globally important pest,
imposese significant challenges to apple fruit production. Published researches has
indicated that infestations can reduce apple yields by 10 to 30 percent, depending on
environmental and varietal susceptibility (Adhikari, 2022; Kamusiime et al., 2023).

Chemical controls are widely applied but are costly, cause pesticide resistance, and
impose environmental concerns and challenges. Biological control, although effective,
are rather slow and have limitations in it immediate effectiveness. Choosing rootstocks
resistant to the woolly apple aphid is one of the effective and sustainable approach to
control this pest. Resistant rootstocks can prevent the growth and reproduction of aphids
and help to reduce the attendant costs of chemical and biological controls.

Rootstocks resistant to the wooly apple aphid can reduce up to 50 to 70 percent of
infestation by this pest. Using resistant rootstocks can reduce chemical control costs by
60% (Nicholas et al., 2005). An alternative, choosing sustainable approaches for
managing the woolly apple aphids is using resistant rootstocks, as a component of
integrated pest mangemnet (IPM) to control the pest. Certain rootstocks exhibit inherent
resistance, minimizing aphid establishment and reproduction rates.

This study evaluated the resistance of promising apple rootstocks to the woolly apple
aphids under controlled forced-feeding conditions to identify traits associated with
resistance mechanisms, and providing insights for improvement of pest management and

control through apple breeding programs.

Materials and Methods

This experiment was carried out in 2022 and 2023 growing seasons. Ten apple
rootstocks including; Azop®®®, Azop®®), AZ x M9 Az x M2769  Azop@®),
Azop®@® M9opGe), BIop®’), AZ x M918) and Azop™e® were studied . Each one-year-
old hybrid rootstock was transplanted into containers filled with a sterilized soil mixture
and grown under greenhouse conditions. The glasshouse environmental conditions were
maintained at 25°C + 5°C, 60% * 10% relative humidity and 14:10 light-dark cycle. The
rootstocks were infested, through three wounds created on the stem of each, with 15 adult
woolly apple aphids collected from a local orchard.

Wooly apple aphid population metrics including; colony number, colony size, and gall

formation were recorded weekly during growing season. Additionally, aphid colony
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growth rate, population equilibrium and establishment probability levels were calculated.
Vegetative traits of apple rootstock were studied using the national guidelines for apple
D.U.S tests.

Data analysis was performed using IBM SPSS Statistics 27.0, with resistance
comparisons based on rates of aphid establishment, population stability and seasonal
changes. For grouping of the rootstocks, based on the levle of resistance to the wooly
apple aphid, cluster analysis method and the rootstocks that were similar in level of
resistance were grouped in the same group.

Results and Discussion

The results indicated significant variability in resistance levels to the wooly apple
aphid among the apple rootstocks. Rootstocks M9op©®®") demonstrated the highest
resistance level, by reducing population growth rates and lower aphid establishment
probability in comparison with susceptible rootstocks such as B9op®” and Azop®“e®),
Specifically, the seasonal population growth rate for M9op©®") averaged 161.81 aphids,
whereas B9op®” had the rate of 255.29 aphids.

The population equilibrium of the woolly aphid colonies was lower in M9op©®") (26.5
colonies) in comparion with more susceptible Azop®® (28.88 colonies). Morphological
charateristics including; lint density and increased bark thickness in M9op®®" and
Azop®®) contributed to their antixenotic resistance by deterring aphid colonization.
Antibiosis mechanism, such as reduced aphid survival and reproduction, were also
observed in the resistant rootstocks. These findings are in accordance with studies by
Sandanayaka et al. (2020) and Nicholas et al. (2005) who reported reduced aphid
colonization in resistant apple varieties with high lint density.

Antixenosis mechanism reduces the attraction of the rootstocks for aphids, and the
mechanism of antibiosis, which is associated with the reduction of survival and
reproduction rates of aphids, plays an important role in the resistance of resistant
rootstocks. For example, the rootstocks M9op©”) and Azop®© reduceed the population
of aphids by 60 to 70 percent in comparison with more susceptible rootstocks. The
findings of the present study support using resistant rootstocks in apple breeding
programs, and encouraging the adoption and application of environmentally sustainable
pest control strategies for different climatic conditions.
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