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ABSTRACT

Lime induced iron chlorosis is one of the important problems of fruit trees, especially apple, in calcareous soils. This
disorder affects many fruit trees in these areas, each year. The purpose of this study was to determine a suitable method for
evaluation of apple rootstocks and cultivars against iron stress. A factorial experiment based on Randomized Complete
Block Design with 18 treatments and 3 replications was performed. Treatments included cultivars (Golab Kohanz, Red
Delicious and Golden Delicious), rootstock at 6 levels (M9, M26, M7, M25, MM106, MM111) and iron stress at three
levels (2 uM iron, 90 uM iron with and without 10 mM sodium bicarbonate). The treatments were applied to the grafted pot
trees in in perlite after 8 weeks of feeding with half strength Hoagland solution. In this study, the effects of different levels of
iron stress on theoretical Fe-efficiency indices and the biochemical properties of grafted combinations were evaluated. The
results indicated different reactions of the cultivars and rootstocks, and thus the grafted combinations to the applied stresses.
Cultivars and rootstocks showed remarkable differences in the absorption and transfer of iron, so that they can be
categorized into resistant (iron efficient), sensitive (iron inefficient) and semi-sensitive ones. The method of biochemical
assessment more accurately showed the differences between cultivars and rootstocks in response to iron stress, and provided
an effective evaluation compared to the theoretical Fe-efficiency indices.
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Figure 1. Effect of apple rootstocks on leaf Fe uptake in -Fe treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.01
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Figure 2. Effect of apple rootstocks on leaf Fe uptake in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P <0.01
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Figure 3. Effect of cultivar on leaf Fe uptake in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.01
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Figure 4. Effect of apple rootstocks on root Fe uptake in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P <0.01
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Figure 5. Effect of rootstock on iron-efficiency of leaf chlorophyll at —Fe treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P <0.01
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Figure 6. Effect of apple rootstocks on iron-efficiency of leaf chlorophyll in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.01
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Figure 7. Effect of cultivar on Iron-efficiency of leaf chlorophyll in -Fe treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P <0.01
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Figure 8. Effect of cultivar on Iron-efficiency of leaf chlorophyll in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P <0.01
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Figure 9. Effect of apple rootstocks on Fe transmission proprtion in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.01
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Figure 10. Effect of cultivar on Fe transmission proprtion in Fe+Bic treatment
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P <0.01
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Figure 11. Root FCR enzyme activity of grafted apple plants in the iron stress treatments
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.05
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Figure 12. Leaf IAA of grafted apple plants in the iron stress levels
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.05
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Figure 13. Root 1AA of different grafted apple combinations in the iron stress levels
Columns with similar letters are not significantly different; using Duncan’s multiple range test at P < 0.05
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Table 1. Correlation coefficents between meassured traits in apple cultivar/rootstock combinations
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Root FCR Activity -

IAA of leaf 0.683™

IAA of root 0.725"  0.927™

Iron transfer ratio in -Fe 0.825" 0.816™ 0.867"

Iron transfer ratio in Fe+Bic 0.872" 0796 0.867" 0.976"

Leaf absorption iron efficiency in -Fe 0.782” 0.868™ 0.942” 0.9127 0.939"

Leaf absorption iron efficiency in Fe+Bic 0.834™ 0.781" 0.885" 0.903” 09577 0.953"

Root absorption iron efficiency in -Fe 0.03 0.309 0.272 0.032 0.056 0.312 0.211
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