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ABSTRACT

Soil salinity is one of the most important abiotic stress that by disrupting mineral balance, affects the growth and fertility of
plants. In order to investigate the effects of calcium and potassium nutrition on increasing the apple trees tolerance to salinity
stress, a factorial experiment with a completely randomized design was conducted in two years, in which six nutritional
solutions were used to simulate different levels of salt stress conditions by several amounts of calcium, potassium,
magnesium and sodium chloride. According to the results, trees grafted on MMy, showed the earliest and the most frequent
symptoms of chlorosis and necrosis in both years, and the trees grafted on My rootstocks showed less symptoms than two
other rootstocks during the both years. In both years of experiment, correlation between percentage of necrotized leaves, leaf
loss and decreasing vegetative growth with leaves chloride content was higher than their correlation with leaf sodium
content. Also, the results showed that in both years of experiment, the D nutritional solution (5 mM KNOs, 3.5 mM Ca
(NOs),, 3.57 mM MgSO, & 6 mM NaCl), could suppress the symptoms of stress in the trees and maintained their growth.
Trees grafted on My rootstocks, were healthier during the stress period, and also after this period they had higher survival
and recovery ability than the two other rootstocks.

Keywords: Apple rootstock, ion homeostasis, salt stress, sodium chloride.
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Table 1. Water characteristics used for irrigation and nutritional solutions prepareation

pH EC(dS/m) Na'(meg/l) SAR  CI (meg/l) CO;5~ (meg/l) HCO3 (meg/l) SO, (meg/l) T.D.S (mg/l)
7.1 1.01 2.6 2.3 44 0 2 10.3 220
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Table 2. Miligram macro nutrients per liter in both year of experiment
Nutritional solution (mg/L) KNO; Ca(NOsz), NHs(NO3) KH;PO, K,HPOs Mg (SOs.7H,0 NaCl
Control (A) 101 123 16 40.8 17.4 30.75 5.85
B 202 246 16 109 52.2 108.4 117
Cc 404 410 16 109 52.2 307.5 234
D 505 574 16 109 52.2 430.5 351
E 505 574 16 109 52.2 430.5 585
F 505 574 16 109 52.2 430.5 8775
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Table 3. Miligram micro nutrients per liter in both year of experiment

Micro Nutrients MO;024 Hs Mn (SO,). 4 Cu (SOy). 5 Zn (SOy). 7 Sequesteren Fe
(mg/L) (NH.)s BO3 H.0 H.0 H,O (138)
Common in six nutritional 005 15 2 0.25 1 10

solutions
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Table 4. Mean comparison interaction effect of nutritional solution and rootstock on the percentage of necrotized

leaves and vegetative growth of Red delicious apple.

Nutritional solution  Rootstock

% Necrotized leaves

Vegetative growth (cm)

Middle june Late july Early september

Middle june to late

Late july to early

july september

A (control) M9 0.66 ¢ 1.11d 2.88e 146 a 9a
MM111 1.88¢c 20d 22.5 b-d 13.3ab 6.11 ab
MM106 0.88¢ 0.55d l44e 144 a 5.11ab
B M9 Oc 10.7d 122e 12 a-c 5.88ab
MM111 211c 35b-d 15c-e 9.55 a-d 8.16 ab
MM106 Oc 11.4d 116 c-e 12.4 ab 6.11 ab
C M9 lc 34.8 b-d 311e 8b-e 3.66 ab
MM111 6.77b 82.2a 16.1c-e 3.33 ef 4.44 ab
MM106 1l11lc 57.8 ab 24.4bc 2.44 ef 5.66 ab

D M9 0.11c 10.8d 1.66¢e 6.55 c-f 6 ab
MM111 7.66 b 57.2a-c 30.5ab 6.33 c-f 3.88ab
MM106 0.88 ¢ 6.11d 10c-e 6.23 d-f 5.77 ab
E M9 0.11c 19.3 cd 12.2 c-e 7.77 b-e 3.33b
MM111 114 a 87.3a 438a 1.77f 3.66 ab

MM106 0.77c 22.8cd 21.1b-d 4.66d-f 4ab
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Means within a column followed by the same letter, are not significantly different at probability 5% level.
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Table 5. Mean comparison interaction effect of nutritional solution and rootstock on trunk diameter growth changes
(top part of the graft site) and leaf loss of Red delicious apple.

Trunk diameter growth (mm) Leaf loss
Nutritional solutions Rootstock Middle june to Late july to Middle june to Late july to
late july early september late july early september
A (control) M9 0.35¢ 5.85¢ 7.22 ef 20.55¢e
MM111 0.43c 5.82c 15.6 c-f 27.22 de
MM106 0.43c 543c¢ 10.6 d-f 30.55 cd
B M9 115¢c 10.34 a 24.4 a-d 39.44 ab
MM111 44D 757b 30a-c 37.22 ac
MM106 484D 54c 15 c-f 40.55a
o M9 4.46b 5.92¢c 33.3ab 25de
MM111 10.53a 11d 33.4ab 31.11 b-d
MM106 12.12a 0.82d 14.4 c-f 30.55 cd
D M9 10.35a 1.26 d 6.11f 32 b-d
MM111 111a 0.71d 239a-e 31.66 b-d
MM106 105a 0.81d 21.7 a-f 33.33a-d
E M9 11.37a 0.63d 232a-e 33.3ad
MM111 10.57a 0.48d 37.8a 41.11a
MM106 11.68a 0.91d 19.4 b-f 38.88 a-c
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Means within a column followed by the same letter, are not significantly different at probability 5% level.
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Table 6 Mean comparison interaction effect of nutritional solution and rootstock on leaf sodium, potassium percent
and potassium to sodium ratio of Red delicious apple.

% Sodium %Potassium Potassium to sodium ratio
(5] o (5] . -
£ 32 2 = ) R 2 ) 5 25 ) s o
5 o S o < ws S < w s s = < uw s
z @ @ S - 3 s - 3 - 3
(corﬁrol) M9 01llc 0.15a-c 0.17 a-c 0.8d 0.9 b-d 0.57cd 44¢e 5.7 c-e 3.6d-f
MM111 0.12¢c 0.12 a-d 0.16 a-c 10cd 0.6 c-e 0.54 cd 8.7 b-e 8.2 a-d 3.4 ef
MM106 01lc 0.12 a-d 0.15a-c 10cd 0.5 de 0.35d 95 a-e 4.6 de 29f
B M9 0.08c¢c 0.13 a-d 0.17 a-c 1.4 ab 13a 0.99b 16.1a 109a 5.6 b-e
MM111 0.08 ¢ 0.12 a-d 0.11 bc 1.1b-d 1l.1lab 0.76 b-d 14.7 ab 9.2 a-c 5.6 b-e
MM106 0lc 0.1 b-d 0.07c 14 ab 0.8 b-d 0.55cd 13.4 a-c 10.3 ab 5.5 b-e
C M9 0.19a-c 0.17a 0.11bc 1.2 a-c l1lab 119a 8.9 b-e 7.0b-e 75ab
MM111 0.2 a-c 0.13 a-d 0.16 a-c 1.2 ac 06a 0.8 bc 7.4 c-e 4.5 de 8.6a
MM106 0.17a-c 0.13ad 0.17 a-c l.lac lab 0.88 bc 8.5 b-e 8.4 a-c 4.8 c-f
D M9 0.14 be 0.13 a-d 0.16 a-c l4a lac 09bc 8.3 b-e 8.3a-d 3.8d-f
MM111 0.13 bc 0.16 ab 0.14 bc 14 ab la-c 0.92 bc 10.5 a-e 5.9 c-e 5.6 b-e
MM106 0.09¢c 0.08d 0.11bc 1.4 ab 0.9 b-d 0.93 be 12.2 ad 9.9ab 6.3 bc
E M9 0.27a 0.12 a-d 0.25a 1.3ab 0.9 b-d 0.95 be 8.0 b-e 6.6 b-e 4.4 cf
MM111 0.26a 0.09d 0.17 a-c 1.0cd 04e 0.99 be 44¢e 41e 5.8 b-d
MM106 0.25 ab 0.09 cd 0.19 ab 1.2 a-C 0.8 b-d 0.78 b-d 5.4 de 8.6 ab 4.0 d-f
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Means within a column followed by the same letter, are not significantly different at probability 5% level.
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Table 7. Mean comparison interaction effect of nutritional solution and rootstock on leaf chloride and calcium
percent and calcium to sodium ratio of Red delicious apple.

% Chloride % Calcium Calcium to Sodium ratio
B S g > ] g > b} 2 > 5
55 § = 5 >9 = = >2 =3 5 >9
o

29 ® = - R s - 2 s - 3
A (control) M9 0.07¢g 0.08 f 0.13 cd 146 f 237e¢ 1.18 bc 79e 15e 322 cf
MM111  0.17ef 013ce  0.16b-d 1.76 ef 237e 22a 145de 19.2de 574 ad
MM106  0.24de 0.09 de 016bd 256ce 24¢e 232a 232ad 213 de 63.7 a-c

B M9 0.16e-g 0.11c-e 0.19a-c 2.18d-f 29c-e 0.85e 245ad  239b-e 24.3fg
MM111 0.22¢e 017b-e 016b-d 229c-e 2.74de 12b-e 284 ab 21.4de 39.9d-g
MM106  0.17 ef 0.16 ce 0.24a 285b-d 322a-e 16b 268ac 39.lac 67.2ab
C M9 015eg 0.18b-d 019ac 253ce 2.74 de 138b-d 16.7c-e 156 e 445 b-f
MM111  0.32cd 0.14ce 0.15bd 2.66 cd 394 ab 1.06 ce 14.3de 305ae 269eg
MM106 0.21e 0.16 c-e 0.19ac  2.85b-d 4.05a 1.49 bc 17.7b-e 33ad 38.6d-g
D M9 0.11fg 0.13c-e 0.1d 2.98 a-d 32ae 16b 181b-e 315ae  493b-e
MM111  0.34bc 0.13c-e 017ad  2.93b-d 36ad 237a 221ad 223ce 65.6 a-c

MM106  0.19ef 0.19 bc 0.13cd 3.54ab 3.76a-c 245a 30.3a 43.9ab 79.2a

E M9 0.2 ef 0.2bc 016bd 30lac 3.16b-e 1.3de 8le 25.8b-e 2699
MM111 0.46a 0.34a 0.1d 3.78a 3.3ad 1.57 bc 9.2e 359a 38.8d-g
MM106 0.42ab 0.26 ab 0.21ab 3.78a 344 ad 2.24a 10.3e 350ae 589ad

W55l s glas ao 0 O Lzl s o oS piie By S JBlas glls sle 1Kl (gt 0 0
Means within a column followed by the same letter, are not significantly different at probability 5% level.
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Table 8. Correlation coefficient between the studied traits in the first and second periods of the first year of experiment of
apple red delicious.

First period of measurement

[}
ks 2 g 2 § 4
N =< £ c @D + . & _ & 4
'_

Necrotized leaves 1
Vegetative growth -0.53 1
Trunk diameter growth 0.36 -0.97 1
Leaf loss 0.61 05 0.26 1
% Na+ 0.36 -0.63 0.6 041 1
% K* -0.15 -0.22 041 0.1 -0.09 1
% Ca** 0.32. 0737 0.68" 0.3 0.55° 042 1
%Cl 0.73 -0.62 0.53 0.55 0.58 -0.02 067" 1
K*/Na** -0.33 0.33 -0.29 0.07 -0.69” 055 -0.18 -0.32 1
Ca“/Na** -0.23 0.21 -0.17 -0.03 -0.767 049 -0.001 -0.22 0.87" 1
Second period of measurement
Necrotized leaves 1
Vegetative growth -0.44 1
Trunk diameter growth -0.45 0.53 1
Leaf loss 0.18 -0.25 -0.06 1
% Na+ 047 0.05 0.27 04" 1
% K" -0.32 0.28 0.45 -0.07 0.45 1
% Ca* 0.55 -0.41 0717 0.33 -0.25 -0.03 1
% CI 0.49 052 -0.48 0.56 0.56" -0.36 0.35 1
K*/Na** -0.48 0.34 0.37 0.35 -0.26 0.63 0.05 -0.1 1
Ca“/Na** 0.15 -0.22 -0.55 0.62° -0.787 -0.28 071" 051 0.29 1

AN N ;w" o [Nl )0 lo g ;w" . e

**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level.
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Table 9. Mean comparison interaction effect of nutritional solution and rootstock on the percentage of necrotized leaves,
vegetative growth, leaf loss and trunk diameter growth changes (top part of the graft site) of Red delicious apple.

Vegetative growth Trunk diameter growth

Nutritional solution Rootstock % Necrotized leaves (cm) (mm) Leaf loss
Late June Late June to 80% Late June to 80% Late June to 80%
Necrosis Necrosis necrosis
A (control) M9 0d 3d 093a 70 c-f
MM111 0d 6.3 a-c 0.43 ab 86.6 a-e
MM106 0od 78a 0.58 ab 69.1 c-f
B M9 0.83d 5.6 a-d 0.47 ab 95 a-d
MM111 8.33 b-d 6 a-d 0.52 ab 1233 a
MM106 0od 3d 0.31ab 61.6 c-f
C M9 4.16 cd 45b-d 0.49 ab 78.3 b-e
MM111 17.33b 5.8 a-d 0.77 ab 46.6 e-g
MM106 1.33d 4.8 a-d 0.27b 96.6 a-d
D M9 1.66d 3d 0.34 ab 78.3 b-e
MM111 5cd 3d 0.82 ab 115.8 ab
MM106 25d 4.6 b-d 0.46 ab 95 a-d
E M9 1.16d 3d 0.42 ab 98.3a-c
MM111 28.73a 3.3cd 0.57 ab 56.6 d-f
MM106 25d 5.5a-d 0.47 ab 1233 a
F M9 6.1 cd 7.1ab 0.50 ab 31.11g
MM111 13.84 bc 6 a-d 0.61 ab 33.8fg
MM106 5.55 cd 5.1a-d 0.30 ab 13.3g

W55l e glas a0 O L] a0 oS pie By S Blas glls sla i Kls (gt 0 0
Means within a column followed by the same letter, are not significantly different at probability 5% level.
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Table 10. Mean comparison interaction effect of nutritional solution and rootstock on leaves sodium, potassium,
chloride and calcium percent, and on potassium to sodium and calcium to sodium ratio of Red delicious apple (The
onset of symptoms).

. . . . % % Potassium to calcu_;m to
Nutritional solution Rootstocks % Sodium % Potassium - . - . sodium
Calcium Chloride  sodium ratio ratio
A (control) M9 0.06 d 121dg 162e 0.07 fg 22.4bc 28.7 a-d
MM111 0.09 b-d 1.18eg 192c-e 0.10d-g 16.8 c-f 329ab
MM106 0.07 cd 1.36 b-e 1.81de 0.05g 19.2b-e 25.3ad
B M9 0.06d 131cf 1.81de 0.13 b-f 20.2 b-d 27.5a-d
MM111 0.09 b-d 1.33b-e 2.34a-e 0.17 ad 17.1cf 30ad
MM106 0.07d 1.35b-e 192c-e 0.08 e-g 22.8bc 30.8a-c
C M9 0.07cd 152 a-c 2.24 a-e 0.14 b-f 20.3 b-d 29.7 ad
MM111 0.17ab 144 ad 277a 0.18 a-c 8.3fg 16.05 b-d
MM106 0.04d 1.29 cf 2.02 b-e 0.09 d-g 275ab 433a
D M9 0.16 a-c 1.36 b-e 1.92c-e 0.08 e-g 8.8fg 11.8cd
MM111 0.2a 1.26 d-g 2.56 a-c 0.14 b-f 10.2eg 20.4 b-d
MM106 0.04d 1.32c-e 162e 0.10d-g 342a 42.8a
E M9 0.17 ab 134 c-e 2.53 a-d 0.16 a-e 105d-g 18.9b-d
MM111 024a 1.58 ab 2.42 a-d 0.24a 659 10.1d
MM106 0.21a 168a 2.29a-e 0.20 a-c 7.71g 10.7 cd
F M9 0.07 cd 1.06¢g 221ae 0.12cg 14.4c9 30.2 a-d
MM111 0.22a 1.03g 2.69 ab 0.20 ab 7.81g 214 b-d
MM106 0.08 b-d 1.03g 2.13a-e 0.15 b-e 12.03d-g 25.04 a-d

W55l s glas ao 0 O Lzl s 0 oS jiie By S JBlas glls sle 1Kl (gt 0 0
Means within a column followed by the same letter, are not significantly different at probability 5% level.
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Table 11. Correlation coefficient between the studied traits in the second year of experiment of apple red delicious.

. . Trunk +
Nelcrotlzed Vegetative diameter Leaf o Nar %K™ %CE %O KN ca? +/Na2
eaves growth loss
growth

Necrotized leaves 1
Vegetative growth -0.1 1
Trunk diameter
growth 0.07 -0.12 1
Leaf loss -0.23 -0.18 0.07 1
% Na+ 0.48™ 0.13 0.12 0.08 1
% K* 0.08 -0.19 0.07 0427 015 1
% Ca?" 0.49™ -0.2 0.009 0.006 0.31" 0.12 1
% CI 0.74™ 0.07 0.01 003 049" 015 0467 1
K*/Na?* 032" 0.006 0.04 010 -079" 005 03 -0.44~ 1
Ca*'/Na* -0.18 0.009 -0.06 002 074" -014 007 033 084" 1
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**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level.
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