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ABSTRACT

For precise evaluation of the sensitivity of some apple rootstocks to iron stress, an study with a factoreal approach was
established based on a complete randomized dea% with 18 treatments and three replications. Experimental treatments
included rootstocks in 6 levels (M9, M26, M7, M25, MM106, MM111) and iron was chosen in three levels(Half strength
Hoagland solution as control, Half strength Hoagland without iron, Half strength Hoagland with Bicarbonate). Apple
rootstocks were planted in 20 liter pots containing Perlite. Before beginning the experiment, the pots were supplied with half
strength Hoagland solution for 2.5 months. After this period, the abovementioned treatments were g I:plled on the rootstocks.
Drainage pH was measured 5 times during the experiment. Root ferric chelate reductase activity J) CR) in separated roots
and in the intact plant with connected roots was calculated. Then, plants were separated into shoots and roots in the
laboratory. Ferric chelate reductase activity, shoot growth, dry and fresh weight of leaf and root, swelling of root tip, leaf
chlorophyll ﬁhl) concentration and iron concentration of leaf and root were also measured. According to the achieved
results, M9, M7 and M25 rootstocks in comparison with M26, MM106 and MM111, showed lower leaf chlorosis. Root
Ferric chelate reductase activity for M9, M7 and M25 rootstocks treated with 2uM Fe was higher than other rootstocks. The
rootstock M9 in this treatment increased 4.3 times in comparison to the control and the MM106 rootstock in 10 mM sodium
bicarbonate treatment had the lowest FCR activity compared to the control. In addition to the FCR increase in M9, M7 and
M25 rootstocks, they had more effect in the rhizosphere pH decrease than other rootstocks. Biomass indicator (root/shoot
dry welghtR in rootstocks of M9, M7 and M25 showed larger values. According to the result of this experiment, due to
meéaningful correlation between the measurement method of FCR with excised roots and chlorophyll index, this method is a
SLlutathe approach for screening of apple rootstocks with iron chlorosis in comparison with FCR measurement with intact
plant.
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Mean of Square
Sorce of Variation ~ df Excised Intact pH SPAD Leaf Root Hair  Leaf Root  Root /Shoot
FCR FCR  Rhizospher Index  Chlorosis  Swelling Fe Fe Dry Weight
Replication 2 334 14979 0.19 2.29 0.129 2.16 113 5633 0.007
Rootstock (a) 5 13937 22257 0.56™ 2377 8.86" 13.28" 958™ 3583 0.055™
Fe Stress (b) 2 2455 50057 10.6 714 35.77 54.88" 4314™ 7609 0.299™
a*b 10 5522  2298™ 0.08™ 28.94™ 233" 331" 486"  5013™ 0.019"
Error 53 351 253 0.01 14.37 0.16 0.833 140 180 0.005
C.V. (%) 7.30 10.03 7.44 11.7 11.9 21 1461 1263 8.9
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Table 2. Correlation coefficent between meassured traits in apple rootstocks
Excised  Intact Leaf Root Leaf Spad Root DW/  Root Hair  Rhizospher
FCR FCR Fe Fe chlorosis  Index  Shoot DW  Swelling pH
Excised FCR
Intact FCR -0.407
Leaf Fe 0.167 -0.401
Root Fe 0.235 -0.589 0.836"
Leaf chlorosis -0.958" 0375 -0.674" -0.413
Spad Index 0.955" -0.534 0596" 0.205 -0.884"
Root /Shoot Dry Weight 0.765° -0.175 0.079 0254 -0.867"  0.659
Root Hair Swelling 0.596 -0.509 -0.383 0.056 -0.565 0.770 0.544
Rhizospher pH -0.951" 0436 -0.118 -0.097 0.830 -0.937" -0.549 -0.531

*, **: Significantly differenc at 5 and 1% probability levels, respectively.
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Figure 1. Root FCR activity of apple rootstocks on Fe stress conditions
Same letter were not significantly different using Duncan’s multiple range test at P < 0.05
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Figure 2. Rhizospher pH variations of apple rootstocks on Fe stress conditions
Same letter were not significantly different using Duncan’s multiple range test at P < 0.05
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Figure 3. Regresstion between SPAD Index and leaf chlorophyll content of apple rootstocks
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Figure 4. Leaf SPAD value variations of apple rootstocks at Fe stress conditions
Same letter were not significantly different using Duncan’s multiple range test at P < 0.05
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Table 3. Mean comparisons of meassured traits of apple rootstocks at Fe stress conditions

Rootstock Fe treatment Root Fe Leaf Fe Root Hair Swelling Root /Shoot Leaf chlorosis
(mg/kg) (mg/kg) (0-10) Dry Weight (0-5)

90 umol/l Fe-EDTA 415a 131a 2.00d lla 0.00e

M9 2 pmol/l Fe-EDTA 286 g 98 bc 5.00 bc 0.95 bc 0.00e
10 mmol/l NaHCO3 211 82 c-g 6.33 ab 0.93 bc 0.33e

90 umol/l Fe-EDTA 385 b 92 b-e 2.33d 1.06 ab 0.00e

M26 2 umol/l Fe-EDTA 233 hij 62 gh 2.67d 0.90 cde 3.33ab
10 mmol/l NaHCO3 312 ef 56 h 2.33d 0.73 f 3.67a

90 umol/l Fe-EDTA 319 de 107 b-f 2.67d 1.06 ab 0.00 e

M7 2 umol/l Fe-EDTA 276 g 89 d-h 7.67a 1.18a 0.67 de
10 mmol/l NaHCO3 215 ij 95 bed 7.33a 0.90 cde 167c

90 pmol/l Fe-EDTA 336 bc 86 b-f 2.33d 0.92 cd 0.00e

MM106 2 umol/l Fe-EDTA 249 h 72d-h 6.33ab 0.90 cdef 3.33ab
10 mmol/l NaHCO3 278 g 70 e-h 6.00 ab 0.76 ef 4.00 a

90 pmol/l Fe-EDTA 378b 98 bc 2.33d 1.07 ab 0.00e

MM 111 2 pmol/l Fe-EDTA 236 hi 74 d-h 3.00d 0.84 cdef 3.33ab
10 mmol/l NaHCO3 294 fg 52 h 3.67 cd 0.77 ef 4.00a

90 pmol/l Fe-EDTA 352¢ 80 c-g 2.33d 120a 0.00e

M25 2 pmol/l Fe-EDTA 252 h 74 d-h 6.00 ab 0.94 bc 1.33cd
10 mmol/l NaHCO3 180 k 60 gh 6.67 ab 0.78 def 2.67b

Wl K085 b g loline WS ws o) Jlessl pmla 5o 5SSl 55951 &b 35, leen Gl > Cio 1o Gl g e o 40 4T ebSle
Same letter were not significantly different, using Duncan’s multiple range test at P < 0.05.
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