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Abstract

Ten apple promising rootstocks (Azop®®), AZ x M9@®) AZ x M27@) Azop@®), AZ x M) Azop@es),
Azop®®), M9op©, B9op®), Azop®“®)) were evaluated for resistance to crown and root rot caused by
Phytophthora cactorum based on a completely randomized design with six replicates. Fungal inoculum was
applied around the crown of each rootstock. Three to seven months after inoculation, the response of hybrids to
the fungus was assessed based on root rot (%), crown length rotted, and crown girdling. The highest percentage
of root rot belonged to MM106 and B9op®”, and AZop®“®® (with 41.3 and 32.7%, respectively). Maximum
crown rot was measured on MM106 (83.9%), B9op®) and M9op©"), respectively. The greatest crown
circumference girdled incidence was on MM106 followed by M90op®©®", B9op®. Adjusted Selection Index of
Ideal Genotype (ASIIG) was calculated based on ideal and non-ideal distance. The rootstocks of AZop©),
Azop@®®), and Az x M27@) with the index value of 0.948, 0.937 and 0.8884, respectively, had the highest
desirability among all rootstocks. These genotypes received a better place compared to M9. The least
desirability belonged to MM106, M9op®¢") and B9op®” with the index value of 0.395, 0.375 and 0.343,
respectively. The dendrogram generated from ASIIG, classified Azop@®, Azop©®), Az x M27® and M9 (as
standard resistant rootstock) with the minimum distance to the hypothetical ideal genotype in the same group.
Furthermore, Azop®©®, M9op©®), B9op®” with MM106 (as standard susceptible rootstock) were grouped at

non-ideal quarter. A larger distance was found between other hybrids and the hypothetical ideal genotype.
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Fig. 1. Apple promising hybrid rootstocks prepared for inoculation with Phytophthora cactorum -
April 9, 2022 (A); and after inoculation - April 24, 2022 (B) in greenhouse; detection of Phytophthora
cactorum by citrus leaf discs (C); Fungal sporangium (D).
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Table 1. Name/cross, parents, breeding method and some characteristics of ten apple promising rootstocks tested for resistance to

Phytophthora cactorum

Genotype- Production Rooting of Average of root Average number

rootstock® year Parents Breeding method cuttings (%) length in cuttings (cm)  of root in cuttings Fire blight resistance Wooly aphid resistance Drought resistance
Azop©® 2006 Azayesh Isfahan Open pollination 30 12 0.9 Moderately-resistant Moderately-susceptible ~ Moderately-resistant
AZ x M9 2006 Azayesh Isfahan x M9 Hybridization 40 17 20 Moderately-resistant Moderately-susceptible ~ Susceptible
AZ x M27 2006 Azayesh Isfahan x M27  Hybridization 40 2.7 11 Moderately-susceptible  Moderately-resistant Susceptible
Azop®> 2006 Azayesh Isfahan Open pollination 30 15 19 Moderately-resistant Susceptible Under study
AZ x M9t 2006 Azayesh Isfahan x M9 Hybridization 60 35 25 Moderately-susceptible  Susceptible Moderately-resistant
Azop®® 2007 Azayesh Isfahan Open pollination 75 22 5.3 Moderately-resistant Susceptible Under study
Azop©® 2007 Azayesh Isfahan Open pollination 75 21 3.9 Moderately-resistant Susceptible Under study
M9op®7 2008 M9 vegetative rootstock ~ Open pollination 75 3.6 5.8 Moderately-susceptible  Resistant Under study
B9op®? 2008 B9 vegetative rootstock ~ Open pollination 70 24 3.2 Moderately-susceptible ~ Moderately-susceptible ~ Under study
Azop“® 2007 Azayesh Isfahan Open pollination 100 24 7.7 Moderately-resistant Moderately-susceptible ~ Susceptible

Two commercial rootstocks (M9 and MM106) used as control.

YV
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Table 2. Effect of Phytophthora cactorum inoculation on height of each of the apple promising
rootstocks as well as M9 and MM106, compared to the control

Genotype-rootstock  Height reduction compared to control (cm)  Variance T- test
Azop(8d) -1.08 168.64 ns
AZ x M9@8) -11.92 281.34 ns
AZ x M27() -10.67 205.37 ns
Azop®8d) -7.67 268.87 ns
AZ x M98 -4.92 381.34 ns
Azop(80) -3.83 506.47 ns
Azop(8o) -7.83 175.07 ns
M90p©e7) -14.58 323.44 ns
B9op®" -64.00 154.50 *x
Azop®“ed) -16.33 207.77 *
MM106 -39.25 65.08 *x
M9 -3.00 91.10 ns

Aoy 0 5 JL,:;-lcla.ﬂ); Slsgae oS 5 4 gl fee 2 NS

ns Not significant, " and “significant at 1% and 5% probability, respectively.
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Fig. 2. Reaction of 10 apple promising rootstocks to Phytophthora cactorum, according to percent root

rot (A), percent crown rot length (B), and percent crown girdling (C), comparing with MM106 and M9.
The columns with at least one common letter are not significantly different at 5% probibility level by Duncan's Multiple Range test.
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Table 3. Calculated values of ASIIG index by apple promising rootstocks in reaction to Phytophthora

cactorum
Genotype-rootstock  Non-ideal distance Ideal distance  ASIIG  Rank
Azop8d) 0.181 0.010 0.948 1
Azop?8d) 0.178 0.012 0.937 2
AZ x M27 0.167 0.022 0.884 3
M9 0.159 0.033 0.829 4
Azop?89) 0.148 0.054 0.731 5
Azop®ed) 0.152 0.059 0.719 6
AZ x M9@8) 0.146 0.060 0.707 7
AZ x M98 0.135 0.066 0.671 8
Azop(Ed) 0.093 0.099 0.484 9
MM106 0.098 0.149 0.395 10
M90p(e7) 0.080 0.133 0375 11
B9op®? 0.067 0.129 0.343 12
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Fig. 3. Distribution of apple promising rootstocks based on distance of ideal and non-ideal (A);

determination of ideality of tested hybrids based on ASIIG index (B)
+: Ideal hypothetical genotype; and -: Non-ideal hypothetical genotype
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Fig. 4. Cluster analysis of apple promising hybrid rootstocks based on dendrogram extracted from
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+: Ideal hypothetical genotype; and -: Non-ideal hypothetical genotype
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