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Table 1. Physico-chemical properties of soil
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Table 2. Combined analysis of variance for some vegetative and physiological traits of scion-rootstock combinations of apple

Mean Square e o Sileo
ol A1 e
e e S el CTIEES g rae S ,505 3 gos
- ssl3T Leaf area Chlorophyl Kky s Vegetative Leaf boron Leaf fresh oE L ees 03y S LT 630 e Superoxide
S.0.V. el df index index Plant height growth content weight Leaf dry weight  Ion leakage Malondialdeyde dismutase
Year (Y) NV | 0.1387 1.8790 11.1600 8.96000 4.40800 0.1047 0.00500 13.25000 0.00078 1.1079
Replication/’Y /)5 4 0.0986 2.2840 105.8200 71.68000 3.27500 0.0406 0.04100 18.21000 0.00056 1.2840
Rootstock (R) o 3 0.1720%** 117.7200*%*  3735.1970**  3597.40000**  33503.43000**  0.0160** 0.05800**  12.09000** 0.01780%** 0.0469
Boron (B) e 4 2.3410%* 29.7100**  960.0700** 998.87000** 17523.31000%*  0.0720** 0.02300**  192.21000** 0.00440** 19.2710%*
RxB spXal 12 0.1060** 14.2900**  151.7600** 109.85000%** 5877.45000%*  0.0032** 0.00160**  19.29000** 0.01140%** 6.1700
Y xR wbXdl 3 0.0016 0.0024 0.0119 0.00034 0.00860 0.0022 0.00013 0.00036 0.00061 0.0506
Y xB eXde 4 0.0005 0.0049 0.0016 0.00015 0.00094 0.0360 0.00014 0.00038 0.00081 0.0223
Y xR xB s XX du 12 0.0280 0.0094 0.0028 0.00031 0.00037 0.0043 0.00010 0.00810 0.00037 0.0164
Error Lz 76 0.1050 0.6570 74.3280 2.33000 2.30300 0.0030 0.00240 8.98000 0.00002 1.2800
C.V. (%) S o o 06 Aoy 1.71 4.99 13.61 3.77 147 237 1.39 3.89 343 351

* and **: Significant at the 5% and 1% probability levels, respectively.
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Fig. 1. Mean comparison of the effect of different levels of boron on ion leakage of

leaves in apple scion-rootstock combinations. Means with at least one letter in common

are not significantly different at the 5% probability level using Duncan’s Multiple

Range Test.
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Fig 2. Mean comparison of the interaction effect of different levels of boron and

rootstock on malondialdehyde content in leaves of cv. Golden Delicious. Means with at

least one letter in common are not significantly different at the 5% probability level

using Duncan’s Multiple Range Test.
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Table 3. Mean comparison of the interaction effect of different levels of boron X apple

rootstock on some apple scion-rootstocks characteristics cv. Golden delicious

&S 05 oS gl
sasls el S 5058 %9} ol
S aly 3 alitea sl Jos 5 £, g Leaf fresh weight ~ Leaf dry weight ~ Plant height
Scion-rootstock Boron levels SPAD Leaf area index (2) (2) (cm)
MM106 B1 (Boron=0 mg) 49.410b 5.470b 1.130a 0.501bc 61.500g-k
MM106 B2 (Boron=15mg)  49.960ab 4.610d 0.973bc 0.430g-j 67917g
MM106 B3 (Boron=30mg)  47.10bc 4.840c 1.020b 0.457d-g 64.250gh
MM106 B4 (Boron=45mg)  46.430c 4.250ef 1.150a 0.524b 54.833kl
MM106 B5 (Boron=60mg  43.800d 4.230ef 1.013b 0.603a 52.967klm
M9 B1 (Boron=0 mg) 47.700c 5.880a 0.632kl 0.237q 94.667b
M9 B2 (Boron=15mg)  47.000c 4.910c 0.603kl 0.270pq 87.283bcd
M9 B3 (Boron=30mg) 44.867d 4.380e 0.573kl 0.263pq 924170
M9 B4 (Boron=45mg)  44.833d 2.940lm 0.592kl 0.277pq 82.750cde
M9 B5 (Boron=60 mg)  43.600d 2.915lm 0.5631 0.583a 83.857cde
P22 B1 (Boron=0 mg) 49.533b 2.680nop 0.912cde 0.407h-1 51.750Im
P22 B2 (Boron=15mg)  49.933b 2.740mno 0.853efg 0.387j-m 52.667klm
P22 B3 (Boron=30mg)  47.500b 3.900gh 0.659ik 0.283p 49.917Im
P22 B4 (Boron=45mg)  52.700a 2.660nop 0.743hij 0.340n0 44.667mn
P22 B5 (Boron=60 mg)  47.633c 2.5600p 0.7333ij 0.373k-n 45.00mn
M26 B1 (Boron=0 mg) 47.400c 1.880q 0.466m 0.164r 78.317e
M26 B2 (Boron=15mg)  48.700bc 1.910q 0.452mn 0.155r 78.003¢
M26 B3 (Boron=30mg)  48.500ab 1. 630v 0.439mno 0.163r 76.933ef
M26 B4 (Boron=45mg)  47.833c 1.410s 0.412m-p 0.127r 76.933ef
M26 B5 (Boron=60 mg)  46.567¢c 1.370s 0.373n-q 0.125r 76.400ef
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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.
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Fig 3. Mean comparison of the interaction effect of different levels of boron and

rootstock on vegetative growth of cv. Golden delicious. Means with at least one letter in

common are not significantly different at the 1% probability level using Duncan’s

Multiple Range Test.

Wals 4 S p SS 53 0 5 e B il
2335 3FA 5 5F0 Ll S
VoSl G 05 i gy slaasly s S
Sl dsy SalST cplamils wd, el ds s
= Ogs el gy ddy Ol e Ll
5 oSl sla asl L o8 oS as
¢S s (Paparnakis et al., 2013) o1,
Gl 4l U Jg 3,05 & plas goul S
(Wang et al., 2011; s,ls Cilbs 01,55

Rostami et al., 2014)

IM26 4l 1368 505y SelS

Y

(Wang et al., 2011) s L s aly o

3348 SLadlg lul onl o s)ls Calas
et Olomedl Co ag s g5 o) 90
o)\ 32 JS Sl s i 5L s s
03 055 casdl S5 656 (led b 53 I she
23 o3 Sl palie 4 olS i 0 b
Al plis e il cr_f sla . ble
a5k a5 Ssline Lawl STy i
sba 4l 4 o P22 9 M26 L) slaaly
Glaal 3 dmils 6 S i, Jrals Kos
23 s 9y Ay alS U_p )5 P22 s M26



S S5y p Al X s Sea s

3aboa S oSt g 5 058 tas)
.(Camacho-Cristdbal et al., 2008)
E 98 yy g Al

aS sl olii b esls OS 0 uibyly 4 e
QX g i G = o |lEe )
Jmiclawﬁdfﬁy)ﬁg.&&ﬁs&iw
N dsdm) 5 s (me sl Lo
s 5 o meS L Sl s lin el
oS e Sbas 3 4l ez g M
2 esa S SIS 03 K,
SM26 sy sl 55 -ids 0SS
(F JSK8) T Cwts M9

Sl L STl 0L s
)y,—-ﬂ-&d‘)-:“i;l-’)-’))-’ﬁf—u&cb
L;J_Z}itguql.;wdfﬁ):oﬁdﬁfaj\x\
e Dl ess (J Sl 13 ald 4 Sl
Q‘ﬁ.)ﬁ&j@aoﬂdﬁfoj\u\ﬂ)ﬁw
205 p S et mas )3 g paie peas
S50 s 0108 o 8 50 SolS
S35 s sy sbaal L anlis o
Cb)é&)}b@)ﬁ}_lofujéa' 4_:
WS 0 S S 53 0,8 AnF 5 e
slal (535 -ids 08 &5 55 5 Ol
&y St 0550 8 S S e
sl 4l L L ol (F JS8) 55
Ciles (Nable et al., 1997) o, Kas 5 Js

ayls

Yy

S0 FAS 53 5508 o0 il jles
iju,u\_w\ﬁju\_w)b\‘\ H\A\_&ﬂt_sw
3568 1 5 05s SalS sy Aoy YO SCis
25 pS e P Cble sl 55 P22 4l
R EYH AT PE W PSR U | U G-
)bgﬁ&i})jdj)uﬂg-u).}cﬁb
o i p S S 53 5 0,8 e B les
03895 oalS cpl g Aoy 00 5 i dals
L;jjujﬂg‘}:;g-vﬁjdfjg&id—};
St BB 3 sy s g LIS e ol o)
Sfcbgpuﬂgﬁrﬁﬁb-)jﬁ
0SS 03 oS ke ¥ 5 ¥ gl 5o
il el ol S s S s
d?J_:CL.»)boJJJJJLl_‘EDHJ
SaLS s e ol S iy 6l LS s s
HHJLﬁfﬂM}Hojjjé
L:M»J_;‘)bﬂj)v\_&)ﬂl_fj\w:b
o (Araniti and Abenavoli, 2016)
sy Fab i, S Ele Llg e H s Coa
s Ecel 0T do 51 i polie | s 8
MUMK)L;}LNOJ‘X'JC}LW&T})J
Cel Calg 53 5050 (oo alyy iy 5 (Jolo

by malS g gldsslyn Ol Jials



Vsl o) opled 0PV Al " 5 g Jlg dloxe”

syl

&

e

g

v
oY

Leaf boron content (mgkg ")

=

()8

W
_
%
ﬁ
ﬁ '
555%
55:%
%

a

[¢]

R

1)

mP22 P224\

EMMI106 MM1064, EIM26 M264|

30 mg/ke

45 mg/kg

iz

OM9 M9,

Wgﬁ)-’)j-fr@'&\;—wﬁﬂ\gx)ﬁrd&;}h&ucjb.»&ﬁu;\miipw&a—? IS
Q_mé\a_;,,b,\_;Toyﬂwuﬁmp@S;ugfé\,‘;s@u&&p.;gg;,.u?rs)

.JJ)\-UJ‘JL;'.&A:C))L&' M)J@dw‘ch.u).ﬁ

Fig. 4. Mean comparison of the interaction effect of different levels of boron and

different rootstocks on boron content in leaf of cv. Golden Delicious. Means with the

same letter are not significantly different at the 5% probability level using Duncan’s

Multiple Range Test.
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Fig. 5. Mean comparison of the effect of different levels of boron on superoxide

dismotase activity in leaf of scion-rootstocks of cv. Golde Delicious. Means with the

same letter are not significantly different at the 5% probability level using Duncan’s

Multiple Range Test
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