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ABSTRACT
This trial was conducted in order to evaluating nine apple rootstocks including MM106, M26, Ottawa3, Suporter4,
M9, M7, P22 , MM111 and local rootstock "Gamialmasi" in different levels boron (0, 15, 30, 45 and 60 mg/kg soil).
Results indicated that height rootstock, LAI, wet and dry weight leaf, chlorophyll index, WRC and vegetative growth
rate reduced in comparison control as increased boron soil in all rootstocks. Vegetative growth ceased in all
rootstocks, exception M26 and P22. Also, ion leakage and MDH increased as raised boron level in soil. Ascorbate
peroxidase and super oxide dismutase leaf activity increased at first and then decreased with increasing boron levels
in soil. Based on leaf analysis, leaf boron concentration in M26 and P22 was less than other rootstocks. Vegetative,
physiological and biochemical assessments showed that M26 and P22 were more tolerate in relation other rootstocks.

Keyworeds: Apple, boron stress, peroxidase, super oxid dismotaze.
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Table 1. The characteristics of physical and chemical soil pot.

0.C TNV Ec P(ava) K(ava) B
S.P Tex. H
x (%) (%) (Ecx10%) P (ppm) (ppm) (ppm)
40 Silty Loam 0.77 14.7 0.659 7.4 8.73 360 1.73

e (SRS 5 g, Slae (B pom g wb g S el)ly 43S @S Y Jeu
Table 2. Results of variance analysis effect of rootstock and boron on some physiological and vegetative traits of

apple.
Means of squares

_ o = =

o = - & 2 _ 8.8 5 5

Source of variation df — [ @) < ~ = 5 s 2z =

< g3 = g g £ 2 £E B 2

— SE & 2 = 9 58 = 5

5 8 > 25 5 5

151 5 5

= =

Replication 2 0.0153ns 16.869ns 151.478° 31.2477ns 15.224 324Ins 1281.1500 0.1098 0.0238
Rootstock 8 20.02917 109.1717 319.5557 6933257 544.673" 6185.07" 27592326 0.877 0.238"
Boron 4 6.63997 159.416" 335998 182.292" 556.361" 224.950" 28263.326" 0.076 0.027""
Rootstockxboron 32 1.0417  17.014™ 230.503ns 27.439" 126.94Ins 43.658" 4156.093 0.015™ 0.0117
Error 88 0.2151 6.425 3.388 1.482 0.013 5.218 8.470 0.02 0.01
C.V. (%) 4.84 4.99 5.19 6.707 1.2 5.94 4.72 1.08 2.16

Ao, Jlaim] mhaw (o I cire Dgldd g o sire Dgldl Sgu 5 4y st g s

ns, **: Non-significantly difference and significantly difference at 1% probability level, respectively.

o (plrordon Slio (B p e g b g9 A lly 4525 @Y oo
Table 2. Results of variance analysis effect of rootstock and boron on some biochemical traits of apple.

Means of squares

Source of variation df

Peroxidase Malondialdehyde content Superoxide dismutase
Rootstock 8 1.075ns 0.00031ns 71066.799ns
Boron 4 12.886™ 0.00016™ 274863.808"
RootstockxBoron 32 0.352 0.00017 71066.799
Error 90 0.481 0.00001 8304.435
C.V. (%) 5.49 3.75 12.49

ns, **: Non-significantly difference and significantly difference at 1% probability level, respectively.
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Table 3. Mean comparison interaction effect of boron and rootstock on some vegetative traits apple.

Rootstockx boron SPAD LAI Leaf wet weight(g) Leaf dry weight(g) Height(cm)
Supporter4 x B1 554 a-d 4.06 fg 0.872 def 0.410 h-k 56.667 h-1
MM106 x Bl 51.567 c-o 547b 1.13a 0.501 be 61.500 g-k
Ottawa3 x B1 55.6a-d 1.88q 0.873 def 0.390 j- m 62.833 ghi
M7 x Bl 58.633 ab 291 Im 0.873 def 0.404 i-m 83.750 cde
M9 x Bl 47.7k-q 5.88a 0.632 kl 0.237q 94.667 b
P22 x Bl 59.533 a 2.68 nop 0.912 cde 0.407 h-1 51.750 Im
Gamialmasi x Bl 55.867 abc 146s 0.366 n- q 0.154r 39.823 no
MMI11 x Bl 54.433 b-h 3.61i 1.013b 0.507 be 108.83 a
M26 x Bl 49.4 h-o 1.88q 0.466 m 0.164 r 78317 ¢
supporter4 x B2 50.233 e-0 401g 1.13a 0.480 c-f 53.833 jkl
MMI106 x B2 51.433 c-n 4.61d 0.973 be 0.430 g-j 67917 g
Ottawa3 x B2 51.767 c-m 3.681h 0.906 c- f 0.407 h-1 69.500 fg
M7 x B2 55.267 a-¢ 4.81 cd 0.992 be 0.450d-h 83.167 cde
M9 x B2 47m-r 491 c 0.603 ki 0.270 pq 87.283 bed
P22 x B2 54.933 a-f 2.74 mno 0.853 efg 0.387 j-m 52.667 klm
Gamialmasi x B2 54.633 a-g 1.70 qr 0.353 opq 0.147 r 41.500 no
MMI11 x B2 53.433 c-i 3.78 ih 0.953 bed 0.487 bed 108.23 a
M26 x B2 48.7i-p 191q 0.452 mn 0.155r 78.003 e
supporter4 x B3 55.633 a-d 2.96 Im 1.02b 0.443 e-i 56.583 h-1
MMI106 x B3 52.1 c-m 4.84c 1.02b 0.457d-g 64.250 gh
Ottawa3 x B3 52.467 c-k 2.88 Imn 0.732 ij 0.324 0 64.833 gh
M7 x B3 48.133 jq 4.61d 0.813 f-1 0.360 mno 82.167 cde
M9 x B3 44.867 pqr 438e¢ 0.573 kl 0.263 pq 92.417b
P22 x B3 53.5¢-i 3.90 gh 0.659 jk 0.283 p 49917 Im
Gamialmasi x B3 47.5 l-r 142s 0.339 pqr 0.144 r 35.583 0
MMI11 x B3 52.8 ¢+ 3.27 jk 0.759 ghi 0.384 klm 107.067 a
M26 x B3 48.233 jq 1.63v 0.439 mno 0.163 r 76.933 ef
supporter4 x B4 43.333 qr 2.550p 0.823 e-1 0373 k-n 58.083 h-1
MMI106 x B4 49.8 g-o 425 ef 1.15a 0.524b 54.833 jkl
Ottawa3 x B4 53.3 ¢ 1.58 rs 0.823 e-i 0.393 j-m 61.833
M7 x B4 49.133 i-p 3.405 j 0.833 e-h 0.383 klm 89.083 be
M9 x B4 44.833 pqr 2.94 Im 0.592 kl 0.277 pq 82.750 cde
P22 x B4 52.7 ¢k 2.66 nop 0.743 hij 0.340 no 44.667 mn
Gamialmasi x B4 49.8 g-o 111t 0.303 gr 0.127r 35.583n0
MMI11 x B4 52.133 c-m 3.18k 0.843 efg 0.440 f- 1 103.383 a
M26 x B4 47333 I-r 1.41s 0.412 m-p 0.127r 76.933 ef
supporter4 x B5 43r 250p 0.743 hij 0.364 1-p 52.667 klm
MMI106 x BS 48.8i-p 423 ef 1.013b 0.603 a 52.967 klm
Ottawa3 x B5 52.267 c-k 1.56rs 0.813 f-1i 0.444 e-i 57.433 h-1
M7 x B5 46.733 n-r 2.805 mn 0.813 f-1 0.483 b-¢e 80.067 ed
M9 x B5 43.6 qr 2915 Im 0.563 1 0.583 a 83.857 cde
P22 x BS 50.633 d-o 2.56 op 0.7333 ij 0373 k-n 45.00 mn
Gamialmasi X B5 49.733 g-o 1.07t 0.263 r 0.163 r 33933 0
MMI11 x BS 50.8 c-n 3.083 ki 0.832e-h 0.439 f-1 1.03.267 a
M26 x B5 46.567 o-r 1.37s 0.373 n-q 0.125r 76.400 ef

Wl ae 0 0 Jleisl s 15 (gl gire Dl oS i By S Sl L ole Sk et o 50

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Figure 1. Mean comparison interaction effect of boron and rootstock on vegetative growth rate of apple.
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Figure 2. Mean comparison interaction effect of boron and rootstock on boron accumulation in leaf of apple.
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Figure 3. Mean comparison interaction effect of boron and rootstock on relative water content of apple.
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Figure 4. Mean comparison interaction effect of boron and rootstock on ion leakage of apple leaf.
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Figure5. Mean comparison interaction effect of boron and rootstock on.malondialdehyde content of apple leaf.
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Figure 6. Mean comparison interaction effect of boron and rootstock on.superoxide dismotase of apple leaf.
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Figure 7. Mean comparison interaction effect of boron and rootstock on proxidase of apple leaf.
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