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 2 
INVESTIGATION ON THE ROOTSTOCK CHARACTERISTICS OF TAHAR 3 
APPLE (MALUS SYLVESTRISSPP. ORIENTALIS) GENOTYPES GROWN IN 4 

ÜRGÜP DISTRICT  5 
 6 
  7 

ABSTRACT 8 
This study was conducted on local Tahar apples, which are under extinction, grown in Ürgüp 9 
District of Nevşehir Province of Turkey between 2010-2013 in order to evalute their potantial 10 
as a dwarfing rootstock for cultivated apples. Since dwarf growing Tahar apple trees are 11 
propagated by vegetative means, the population in the region was surveyed in order to find 12 
morphologically different genotypes, if possible. Seventeen putative different genotypes were 13 
labeled. Several morphological charactersitics of plants such as plant vigor, growth habit, 14 
ramification degree, internode lenght and root suckering status were determined.  The data 15 
collected from pro-selected 17 genotypes were evaluated with a Weighted Rankit Method 16 
with an emphasis to the requirement of dwarfing rootstock.  17 
Three individuals with highest scores 50TE001, 50TE002 and 50TE012 were selected out of 18 
seventeen genotypes. Since there were very limited shoots on the pre-selected 17 genotypes, 19 
their budsticks were collected and budded on apple seedlings in the nursery to increase the 20 
shoot numbers for propagation experiments.The propagation ease of Tahar apples by green, 21 
soft wood and hard wood cuttings were investigated. The rooting ability of pre-selected 22 
genotypes was found to be very low or none; however, propagation by stoolbed was a 23 
success. On these plants, a detailed morphological characterisation according to UPOV 24 
criteria was performed. Also, molecular analysis (AFLP) were done in order to determine the 25 
genetic relativeness. The pre-selected genotypes fell into four phylogenetical groups. These 26 
genotypes were found to be genetically partly close to M.9. Because there were distinct 27 
differences among the individuals, the selected three Tahar apple genotypes 50TE001, 28 
50TE002 and 50TE012 were considered as promising materials for developing a new dwarf 29 
apple rootstocks. 30 
 31 
Key Words:Dwarfing rootstock, selection, propagation, morphological characterization, 32 
AFLP 33 
 34 

1.INTRODUCTION 35 

Turkey is one of the countries with high agricultural potential and it became the 3rd biggest 36 

apple producing country in the world with its 2,569,759 tons of apple production in 2015 [4]. 37 

The objective of modern fruit breeding is to achieve abundant and high quality products per 38 

unit area at early ages. Dwarf rootstocks are of great importance in apple breeding in order to 39 

achieve this purpose. Although dwarf apple rootstocks are known well before in Turkey, 40 

commercial interest began in the aftermath of the Second World War. Instead of standard and 41 

semi-dwarf apple breeding which are rapidly rising from the 1990s onwards, High density 42 
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planting of apple orchards began to be established with full-dwarf rootstocks. The number of 43 

apple varieties in the world is over 6,500. There are over 500 apple cultivars which are 44 

breeded locally and in accordance with each different ecology in our country that differs 45 

greatly in terms of ecological characteristics [16,25]. In recent years, understanding the 46 

importance of genetic resources of fruits in the world encourages hope for studies to be 47 

conducted in this field. It is very important for selection activities to be performed in the 48 

regions rich in populations to identify seed-originated genotypes with the local cultivars that 49 

find a place among our apple genetic resources and grown in various regions of Anatolia, to 50 

select the ones exhibiting superior characteristics and to prevent them from being lost [17]. 51 

The studies conducted with local apple varieties by the researchers in our country are 52 

invaluable with respect to protect our genetic resources[15, 2, 27,23, 6, 14, 28, 21, 13,18,20, 53 

1, 24, 22, 30, 12]. However, apple breeding activities in our country reamin limited by 54 

cultivar selection. In addition, since the studies conducted were not carried out under a 55 

comprehensive program they did not become continuous, only the characteristics of types 56 

have been identified and in fact these materials have not been protected most of the time [5]. 57 

The local cultivars which do not have too much economic value and generally appeal to 58 

family consumption or to the local market are of great value genetically and are a unique 59 

material for the breeding activities. Yet, the cultivars appropriate for the the purpose of 60 

breeding have been selected from such populations and have been improved as a result of 61 

selection studies. These types which are situated in seedling rootstock populations and 62 

perhaps each of which provides a cultivar have disappeared either by cutting or drying up by 63 

itself in time. For this purpose, numerous studies for determining local cultivars, for imroving 64 

and protecting them are in progress both in our country and abroad [7]. [29]indicated that the 65 

former local apple cultivars trying to continue living in their original growing place could be 66 

an important gene source for the breeding programs for apple cultivars and reported that they 67 

gathered the local apple cultivars in Ukraine in a collection garden since 1997 and evaluated 68 

them and offer them for the service of geneticists.  69 

[31]who is one of the first scientists of our country in fruit growing, emphasized the 70 

importance of Tahar apple as a breeding material nearly 40 years ago. Tahar apples can grow 71 

without any irrigation and cultural process in an ecology that the annual rainfall is around 400 72 

mm[11]. 73 

In this study, it has been aimed that new dwarf apple rootstock candidates contribute to the 74 

country's economy by selecting and reproducing the genotypes that may have the potential to 75 
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be dwarf rootstock among the local Tahar apple (Malus sylvestris spp. orientalis) population 76 

grown in Urgup district of Nevsehir province located in the Central Anatolia Region and 77 

facing extinction, determining the relationship degree of the genotypes with molecular 78 

markers and and by making morphological characterization.  79 

2. MATERIAL AND METHOD 80 

2.1. Material 81 

This study was conducted on Tahar apple population which is a local cultivator grown in 82 

Ürgüp District and its vicinity between the years of 2010 and 2013 and on the materials 83 

obtained from this population in Kahramanmaraş Sütçü Đmam University Faculty of 84 

Agriculture, Department of Horticulture.  85 

2.2. Method 86 

It is determined by making species diagnosis before starting activities on the material 87 

selection that Tahar apple exist in Malus sylvestris subsp. orientalis. For the selection 88 

activities of Tahar apple genotypes, the genotypes which are observed to be morphologically 89 

different from each other when examining the existing population at the dates of 27-28-29 90 

March 2010 during which plants are stagnant is noted to the rootstock selection card with 91 

land information form by considering them. The main plants among the selected genotypes 92 

were labeled and their coordinates were determined by the GPS device. Tahar apple 93 

genotypes of which selection number have been evaluated according to the UPOV 94 

(International Union forthe Protection of New Varieties of Plants) specifications table given 95 

in Table 2.1 [3]. 96 

 97 

 98 

 99 

 100 
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Table 2.1. Selection scoring according to the characteristics used for the selection of 101 

genotypes 102 

Feature Score Categories Note 
 
Plant vigor 

 
35 

Weak 
Medium 
Strong 

10 
5 
1 

 
Plant habit 

 
25 

Upright 
Semi upright 

Spreading 
Weeping 

1 
3 
7 

10 

 
Plant numbers of 
branches 

 
10 

Weak 
Medium 
Strong 

10 
7 
3 

 
Length of internodes 

 
15 

Short 
Medium 

Long 

10 
7 
1 

 
Suckering tendency 

 
 

15 

Absent 
Low 

Medium 
High 

10 
7 
3 
1 

Total 100   
 103 

A stagnant T-budding was conducted on seedling rootstocks by taking graft from selected 104 

genotypes in the fall of 2010. In this way, both the genotypes were protected and their 105 

propagation characteristics with cutting were examined. The studies on propagation with 106 

cutting were done using 0, 1000, 2000, 3000 ppm doses of IBA under greenhouse conditions 107 

in three ways including softwood cutting, semi-hardwood cutting and hardwood cutting. In 108 

addition, the propagation of genotypes was tried with stoolbed method layering method. M.9 109 

(control) apple rootstock plantings on land (1 x 2 m) was performed with the rooted 110 

genotypes obtained, morphological characterization studies were conducted on genotypes 111 

according to UPOV. In this context; in spring when the leaves attain their massiveness fully; 112 

regarding the leaves; leaf blade length, leaf blade width, the ratio of leaf blade length to the 113 

leaf blade width, the petiole length, the ratio of leaf blade to the petiole length, young leaf 114 

intensity of anthocyanin coloration,young leaf hue of anthocyanin coloration, leaf blade 115 

attitude in relation to shoot, leaf blade profile in cross section, leaf blade length of pointed tip, 116 

leaf blade incisions of margin, leaf blade pubescence on lower side, leaf blade anthocyanin 117 

coloration of veins, petiole length, and the characteristics of plants such as plant vigor, plant 118 
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nomber of branches, plant habit, one year old shoots; shoot growth, shoot pubescence,shoot 119 

glossiness of bark, shoot thickness, shoot length of internodes, shoot number of lenticels, 120 

shoot size of lenticels, shoot shape of lenticels, shoot predominant color on sunny, shoot size 121 

of vegetative bud, shoot shape of tip of bud, shoot position of bud relative to axis, shoot size 122 

of vegetative bud support, shoot color of growing tip, time of beginning of bud burst were 123 

studied after leaf fall in autumn. 124 

The degree of relationship between genotypes has been tried to determine by analysis of the 125 

AFLP (Amplified Fragment Length Polymorphism). In determining the relationship between 126 

17 genotypes of Tahar apple with each other and M.9 dwarf apple rootstocks, a total of 4 127 

marker combinations including 4 EcoRI (EcoR I-AAT, EcoR I-AAC, EcoR I-ATA, EcoR I-128 

AGT) markers including 3 selective nucleotides labeled with 6-FAM, NED and VIC 129 

fluorescent dyes and 1 MseI (MseI_CTC) unlabeled marker including 3 selective nucleotides 130 

have been used at the selective PCR stages in the AFLP analysis. The genetic diversity 131 

analyzes were carried out by using Popgen 3.2, while the genetic tree was made using the 132 

Mega 3.1. 133 

3. RESULTS AND DISCUSSION 134 

3.1. Selection of Tahar Apple Genotypes  135 

Biological diversity is indispensable and important in meeting the basic needs of the people 136 

mainly the food. It is estimated that the global biodiversity will be lost by 20% by 2020 due 137 

to the pollution caused by human activities as well as the continuous and misuse of natural 138 

resources [19]. Similarly, Tahar apples that we studied on are under treat. In the interviews 139 

performed with local residents of Ürgüp, they reported that very few Tahar apples which are 140 

formerly intensively cultivated have remained today because they have lost their significance 141 

as a result of cultivating new cultivars, they are left to their own as a result of migration from 142 

villages to cities, suffered from lack of care and also for reasons such as having destroyed 143 

during works such as road opening and land expansion. Therefore, the genotypes that seem to 144 

be morphologically different were tried to be selected during selection considering the danger 145 

of extinction of the type. Various plant characteristics of selected Tahar apple genotypes are 146 

given in Table 3.1. 147 
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Table 3.1. Various plant characteristics of Studied Tahar Apple Genotypes  148 
 149 
Num
ber 

Selection 
code 

AP LP SS PV PH B BA ST LI FT 

1 50TE001 30 120 3 1 2 2 3 1 1 2 
2 50TE002 30 125 1 1 3 1 3 2 1 3 
3 50TE003 40 120 3 3 2 1 3 4 1 1 
4 50TE004 30 136 3 1 1 1 3 4 1 3 
5 50TE005 20 185 3 3 1 2 2 4 1 3 
6 50TE006 4 150 3 3 3 1 3 1 1 2 
7 50TE007 30 175 3 3 2 2 2 4 1 2 
8 50TE008 20 140 3 3 3 3 2 2 1 2 
9 50TE009 5 110 1 3 3 2 2 1 1 1 
10 50TE010 30 120 1 3 3 3 2 2 1 2 
11 50TE011 30 130 1 2 1 3 3 2 1 1 
12 50TE012 10 105 1 1 3 1 2 2 1 2 
13 50TE013 10 150 3 3 1 1 3 4 1 2 
14 50TE014 20 160 1 2 1 1 2 1 1 2 
15 50TE015 8 150 3 3 3 3 3 3 1 1 
16 50TE016 10 130 3 3 1 2 2 3 1 1 
17 50TE017 25 160 3 1 3 3 3 4 1 1 

AP (The estimated age of the plant); LP (The lengthof the plant(m); SS (stem status): single stem (1), 2-3 stems 150 
(2), bush (3); PV (Plant vigor): weak(1), medium (2), strong (3); PH: (plant habit): upright(1), semi upright(2), 151 
spreading(3), weeping(4); B (branching): weak (1), medium (2), strong (3); BA (branch angles): narrow (1), 152 
medium (2), large (3); ST (suckering tendency): absent (1), low (2), medium (3), high (4); LI (length of 153 
internodes): short (1), medium (2), long (3); FT (flowering time): early (1), medium (2), late (3) 154 
 155 
Tahar apple genotypes were selected at minimum 1220 m altitude (50TE009) and at 156 

maximum 1469 m altitude (50TE012). In this case, it should be considered that the genotypes 157 

can be used in areas with similar altitude and conducting apple cultivation in our country. If 158 

Tahar apples are desired to be cultivated in regions with lower altitude, their chilling 159 

requirement should be considered. The estimated ages of genotypes vary between 4 160 

(50TE006) and 40 (50TE003) and genotype lengths vary between 105 cm (50TE012) and 161 

185 cm (50TE005). The cultivars grafted on rootstocks have important implications 162 

downsizing their length by acting on the growth characters [26]. That the length of the 163 

50TE003 numbered 40 years old genotype which is found to be the oldest plant is 120 cm 164 

shows that Tahar apple has a continious potential of being dwarf. In general, apple rootstocks 165 

are classified as full-dwarf, dwarf, semi-dwarf, semi-strong and very strong according to the 166 

development vigor. According to this classification, M.27 is included in full-dwarf group, 167 

M.9 is included in dwarf group, while M.7 or MM.106 is included in semi-dwarf group [26]. 168 

The length of Tahar apple genotypes determined in this study shows that these genotypes can 169 

be included in full-dwarf group. In addition, that development vigor of some of these 170 
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genotypes is weak suggest that they can also be used for the purpose of “Super High Density 171 

Planting”.  172 

The genotypes weighted rankit methods are determined by considering morphological 173 

characteristics such as dwarf apple rootstock which is one of the pre-selected genotypes, plant 174 

vigor, plant habit, branching, length of internodes, suckering tendency. The 50TE002 and 175 

50TE012 numbered genotypes having the highest value with 880 score and 50TE001 176 

numbered genotype with the score of 795 which closely following them stand out as 177 

genotype rootstock candidates among Tahar apple genotypes. It has been concluded that the 178 

50TE002 and 50TE012 numbered genotypes that share being the first by taking the highest 179 

score can be taken into account in terms of rootstock characteristics since the plant vigor is 180 

weak, they are growing as a single spreading stem, having weakly branching, short length of 181 

internodes, low tendency to suckering in both of them. Similarly, it is especially important 182 

that the 50TE001 numbered genotype that closely following these two genotypes does not 183 

create a suckering. It is a major problem that M.9 apple rootstock, which is widely used 184 

around the world, creates a tendency suckering. In order that the tree growth is healthy and 185 

there is no problem of fire blight, the suckering of M.9 apple rootstock should be cleaned. For 186 

this purpose, at a 1.5-2% dose of  NAA (Naftalen Acetic Acid ) administration when the 187 

shoots are young is recommended for avoiding the suckering[4]. Or the young suckering 188 

should be cleaned with the pruning shears. This leads to an increase in the labor force 189 

particularly in commercial orchard[10]. In this case, it is important in this respect that 3 190 

selected genotypes create few or no suckering. Because of that the 50TE005 numbered 191 

genotype which had the lowest score of 295 grew stronger than other genotypes and their 192 

potantial of creating suckering is higher, it is the last at the ranking among genotypes.  193 

3.2. Studies Conducted for Propagation of the Selected Genotypes with Vegetative 194 
Method  195 

In order to develop the genotypes which selection stage has been completed as dwarf apple 196 

rootstock candidate, they were grafted on seedling rootstocks with stagnant T-budding by 197 

taking grafts from the genotypes in the fall of 2010 for the purpose of examining the 198 

propagation characteristics. 17 genotype out of a total of 1200 grafts were performed and a 199 

graft success with the rate of 95% has been achieved. The top cutting was done before 200 

awaking the buds belonging to the genotypes grafted on seedling rootstock in the plantation 201 

and it was ensured that the graft buds were maintained. The graft shoots grew in a healthy 202 
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way and flowers were observed on all shoots in mid-April. These flowers then fructified; 203 

however these fruits were plucked to prevent the shoot growth. This feature shows that Tahar 204 

Apple Genotypes have a potential of fructifying at an early age. Similarly, it can be expected 205 

that the standard varieties grafted on Tahar apple to fructify at an early age.  206 

3.2.1.Propagation by cuttings 207 

Rooting was tried to be conducted in fogging unit at perlite medium in the greenhouse by 208 

taking 25 softwood cuttings from each genotype in June 2011 in order to induce rooting by 209 

using 0, 1000, 2000 and 3000 ppm doses of IBA (Indole Butyric Acid) as a growth 210 

regulatory. Altough the softwood cutting created callus layer, no rooting occured. When no 211 

succesful propagation was achieved with the softwood cutting, 25 semi-hardwood cuttings 212 

were taken from each genotype in September 2011, rooting was tried to be conducted in 213 

fogging unit at perlite medium in the greenhouse by using 0, 1000, 2000 and 3000 ppm doses 214 

of IBA. However, although the cuttings created callus layer, no rooting occured again. At 215 

least 25 hardwood cuttings from each genotype were prepared in February 2012 when the 216 

plants are at rest. Rooting was tried to be conducted at perlite medium in the bottom heated 217 

greenhouse by using 0, 1000, 2000 and 3000 ppm doses of IBA. In the rooting work carried 218 

out, rooting occured only in 4 cuttings. These rooting plants creating good degree of callus 219 

with 20 plants were placed in pots in a greenhouse environment. However, the plants lost 220 

their vitality after a while despite optimal care conditions. This suggests that Tahar apple 221 

genotypes cannot be propagated with cutting easily. In fact, propagation with cuttings is a 222 

preferred method for easily rooting plant types [9]. While for propagation by the stoolbed 223 

method is recommended in some apple clone rootstocks such as Tahar apple instead of 224 

propagation with cutting[31]. 3.2.2.Propagation by layering 225 

The stoolbed method was performed on Tahar apple genotypes in the first week of May 2012 226 

in plantation conditions. The rooted plants obtained by stoolbed were planted with M.9 apple 227 

rootstock as a control to a parcel when the soil became appropriate for planting (1 x 2 m). A 228 

total of 90 rooted plant belonging to various genotypes were obtained with the stoolbed 229 

method. 230 

 231 
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3.3. Morphological Characterization of Selected Tahar Apple Genotypes  232 

Determining the morphological characteristics of Tahar apple on was started in June 2012 233 

when the leaves begin to get their full bigness. In order to compare the morphological 234 

characteristics of rootstock candidate genotypes and also M.9 dwarf apple rootstock with the 235 

rooted plants at the same age and planted at the same time were examined as withness. The 236 

data regarding quantitative characteristics such as measured leaf blade length, leaf blade 237 

width, the ratio of leaf blade length to leaf blade width, petiole length, the ratio of leaf blade 238 

length to petiole length of the leaves of the selected rootstock candidate genotypes and M.9 239 

rootstock are given in Table 3.2.  240 

Table 3.2. The measurement results of some quantitative characteristics studied in leaves of 241 
M.9 apple rootstock with genotypes  242 
 243 

 
Genotypes 

 
Blade Length 

(cm) 

 
Blade 
Width 
(cm) 

 
Blade Ratio 
length/width 

 
Petiole length 

(cm) 

 
Ratio length of 

blade/ 
Length of petiole 

M.9 6.60a 4.95a 1.29f 1.15c 5.90a 
50TE001 5.75c 2.80d 2.07b 1.20c 4.96b 
50TE002 5.95bc 4.00b 1.39ef 2.20a 2.73de 
50TE003 5.70c 3.15c 1.80cd 1.30c 4.60b 
50TE004 3.70d 1.40g 2.66a 1.20c 3.20cde 
50TE007 3.75d 1.75f 2.17b 1.20c 3.32cd 
50TE008 3.90d 2.40e 1.65de 1.25c 3.20cde 
50TE011 3.90d 2.40e 1.50ef 1.20c 3.40cd 
50TE012 3.20e 2.40e 1.34f 1.30c 2.46e 
50TE015 5.60c 2.75d 2.08b 1.80b 3.10cde 
50TE016 5.75c 2.80d 2.13b 1.20c 4.94b 
50TE017 6.40ab 3.25c 1.95bc 1.80b 3.62c 

* The difference between the values indicated by different letters is significant at the p<0.05 level. 244 
 245 

The leaf blade length of quantitative characteristics performed for the leaves of the selected 246 

rootstock candidate genotypes and M.9 rootstock are found between 3.20 and 6.60 cm. The 247 

width of leaf blade varied between 1.40 and 4.95 cm. The ratio of leaf blade length to leaf 248 

blade width varied between 1.29 and 2.66. The petiole length varied between 1.15 and 2.20 249 

cm. The ratio of leaf blade length to the petiole is between 2.46 and 5.90.  250 

The analyzed values such as the young leaf intensity of anthocyanin coloration in genotypes 251 

and M.9 apple rootstock leaves, young leaf hue of anthocyanin coloration,leaf blade attitude 252 

in relation to shoot, leaf blade profile in cross section, leaf blade length of pointed tip, leaf 253 
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blade incisions of margin, leaf blade pubescence on lower side, leaf blade anthocyanin 254 

coloration of veins, petiole length are given in Table 3.3. 255 

Table 3.3. Observation results of some morphological characteristics studied in M.9 apple 256 
rootstock leaves with genotypes 257 
 258 

Genotip YAC YHAC LARS LPCS LPT LĐM LPS LAC PL 
M.9 9 2 7 2 5 1 3 3 3 
50TE001 1 1 3 1 5 2 3 3 3 
50TE002 9 2 3 1 5 2 3 3 3 
50TE003 1 1 7 1 3 2 3 3 3 
50TE004 9 2 3 2 5 1 3 3 3 
50TE007 1 1 3 2 3 2 3 3 3 
50TE008 1 1 3 2 3 2 3 3 3 
50TE011 1 1 3 2 5 1 5 3 3 
50TE012 1 1 3 2 5 1 3 3 3 
50TE015 1 1 3 2 3 1 3 3 3 
50TE016 1 1 3 2 5 1 3 3 3 
50TE017 1 1 7 2 7 1 3 3 3 

YAC (Young leaf intensity of anthocyanin coloration): absent (1), present (9); YHAC (Young leaf hue of 259 
anthocyanin coloration): bronze (1), purple (2); LARS (Leaf blade attitude in relation to shoot): semi upward 260 
(3), outwards (5), semi downwards (7); LPCS (Leaf blade profile in cross section): concave (1) straight (2) 261 
convex (3)LPT (Leaf blade length of pointed tip): short (3), medium (5), long (7); LĐM (Leaf blade incisions of 262 
margin): crenate (1), serrate (2); LPS (Leaf blade pubescence on lower side): weak (3), medium (5), strong (7); 263 
LAC (Leaf blade anthocyanin coloration of veins): weak (3), medium (5), strong (7); PL (Petiole length): 264 
small(3), medium (5), large (7) 265 
 266 

When the analyzed characteristics in the leaves of genotypes in morphological 267 

characterization studies and the characteristics of M.9 apple rootstock used as a control in this 268 

experiment,they were found to be similar partially.  269 

The characteristics such as the development of the plant vigor, plant number of branches, 270 

plant habit, one year old shoot growth after defoliation in selected rootstock candidate 271 

genotypes and M.9 rootstock shoots in fall, and in one year old shoot pubescence, one year 272 

old shoot glossiness of bark, one year old shoot thickness, one year old shoot length of 273 

internodes, one year old shoot number of lenticels, one year old shoot size of lenticels, one 274 

year old shoot shape of lenticels, one year old shoot predominant color on sunny, one year 275 

old shoot size of vegetative, one year old shoot shape of tip of bud, one year old shoot 276 

position of bud relative to axis, pne year old shoot size of bud support, one year old shoot 277 

color of growing tip, time of beginning of bud burst are provided totally in Table 3.4.  278 

 279 
 280 
 281 
 282 
 283 
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 284 
Table 3.4. The observation results of some morphological characteristics studied in M.9 apple 285 
rootstock plant and its shoots with genotypes 286 
Genotype Plant Shoot 

PV NB PH SG SP SGB ST SLI SNL SL SSL PCS SB SST SPB SSB SCG TB 
M 9 3 3 1 1 7 7 3 3 3 5 3 2 7 1 2 3 3 3 
50TE001 3 3 2 1 5 5 3 3 7 3 3 4 5 1 2 3 3 3 
50TE002 3 3 1 1 5 5 3 3 3 5 3 2 3 1 2 3 3 3 
50TE003 3 5 2 1 5 5 3 3 3 3 3 2 5 1 2 3 3 3 
50TE004 3 5 1 1 5 7 3 3 5 3 3 2 3 1 2 3 3 3 
50TE007 3 3 1 1 5 5 3 3 3 5 3 2 3 1 2 3 3 3 
50TE008 3 3 2 1 5 5 3 3 5 3 3 3 3 2 1 3 3 3 
50TE011 3 1 1 1 5 3 3 3 3 5 3 3 3 1 2 3 1 3 
50TE012 3 1 1 1 5 3 3 3 5 3 3 3 3 1 1 3 1 3 
50TE015 3 1 1 1 5 3 3 3 5 3 3 2 3 1 2 3 3 3 
50TE016 3 1 1 1 5 7 5 3 3 3 3 2 3 1 2 3 3 3 
50TE017 3 3 1 1 7 5 3 3 3 5 3 2 5 2 2 3 1 3 

 287 
PV (Plant vigor): weak (3), medium (5), strong (7); NB (Plant number of branches): Very few (1), few (3), medium (5), 288 
many (7), very many (9); PH (Plant habit): upright (1), spreading (2), weeping (3); SG (One year old shoot growth): straight 289 
(1), wavy or zigzag (2); SP(One year old shoot pubescence) absent or weak (1), weak (3), medium (5), strong (7), very 290 
strong (9) 291 
SGB (One year old shoot glossiness of bark) absent or weak (1), weak (3), medium (5), strong (7), very strong (9); ST (One 292 
year old shoot thickness): thin (3), medium (5), thick (7); SLI (One year old shoot length of internodes) short (3), medium 293 
(5), long (7); SNL (One year old shoot number of lenticels): absent or very few (1),  few (3), medium (5), many (7), very 294 
many (9); SL (One year old shoot size of lenticels): small (3), medium (5), large (7); SSL (One year old shoot shape of 295 
lenticels): elliptic (1), broad elliptic (2), circular (3); PCS (One year old shoot predominant color on sunny):greenish brown 296 
(1), reddish brown (2), medium brown (3), dark brown (4); SB (One year old shoot size of vegetative bud): small (3), 297 
medium (5), large (7); SST (One year old shoot shape of tip of bud): pointed (1), rounted (2); SPB (One year old shoot 298 
position of bud relative to axis): adpressed (1), slightly held out (2), markedly held out (3); SSB (One year old shoot size of 299 
bud support): small (3), medium (5), large (7); SCG (One year old shoot color of growing tip): whitish (1), greenish (2), 300 
reddish (3), blackish (4); TB (Time of beginning of bud burst): very early (1), early (3), medium (5), late (7), very late (9) 301 
 302 

When investigated characteristics of in the plants and shoot genotypes in morphological 303 

characterization studies and the characteristics of M.9 apple rootstock used as a control in this 304 

experiment; it has been found that they are similar partially, however they are found to be 305 

quite different than M.9 when considered together with all the characteristics.  306 

Because a portion of the observation and measurement in the morphological characterization 307 

studies that we conducted on our genotypes are visual, their reliability may not be certain as 308 

morphological markers. Considering that morphological characteristics are also influenced by 309 

environmental factors, morphological characterization studies should be read in conjunction 310 

with molecular techniques. In addition, further studies are needed so that morphological 311 

criteria can be used as molecular marker in the identification studies. 312 

3.4. Molecular Characterization of Selected Tahar Apple Genotypes  313 

The genetic diversity of genotypes has been revealed by isolating the genomic DNAs of the 314 

genotypes with the method of AFLP (Amplified Fragment Length Polymorphism). As a 315 

result of the analysis; the genetic differences between the genotypes of Tahar apple and M.9 316 
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dwarf apple rootstock has been found as between 11% and 78%. The maximum genetic 317 

diversity has been found as 78% (0.7833) between 50TE006 numbered genotype and M.9 318 

dwarf apple rootstock, the minimum genetic diversity has been found as 11% (0.1189) 319 

between 50TE002 numbered genotype and 50TE003 numbered genotype. Because the 320 

difference between 50TE004 numbered genotype that studied and the other genotypes are 321 

found as over 100%, it is excluded from comparisons since it is thought to arise from an error 322 

made during analysis. Basic phylogenetic groups were created by using the UPGMA 323 

(Unweighed Pair Group Method of Aritmetic Averages) also known as the unweighted pair 324 

group using the arithmetic mean. As seen in Figure 3.1, 50TE002 and 50TE003 numbered 325 

genotypes created a group, while 50TE001, 50TE009 and 50TE017 numbered genotypes 326 

created another group. Similarly 50TE012, 50TE013, 50TE014 and 50TE015 numbered 327 

genotypes created a group, while 50TE008, 50TE016 numbered genotypes created a seperate 328 

group. Thereby, it has been determined that the plants included in the experiment in 4 main 329 

phylogenetic groups. According to the obtained results, Tahar apple genotypes and M.9 apple 330 

rootstock has been found to be genetically different. 331 

 332 

Figure 3.1. The genetic similarities of genotypes between eachother and in terms of M.9 333 
dwarf apple rootstock (50% scaled genetic tree).  334 
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Table 3.5. The genetic distances of genotypes between eachother and in terms of M.9 dwarf apple rootstock (%) 335 

 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 

1                 

2 0.2763                

3 0.2877 0.1189               

5 0.7463 0.4631 0.4495              

6 0.7463 0.4361 0.3969 0.2318             

7 0.6427 0.5792 0.4495 0.3469 0.3969            

8 0.4631 0.2650 0.2538 0.2538 0.2763 0.3716           

9 0.1484 0.1892 0.2210 0.6105 0.6427 0.5489 0.4098          

10 0.2318 0.1686 0.1789 0.4909 0.4909 0.4909 0.3347 0.1686         

11 0.3347 0.1585 0.1892 0.3716 0.3716 0.4495 0.2318 0.2877 0.1789        

12 0.4769 0.2763 0.1997 0.2427 0.2210 0.3841 0.1997 0.4495 0.2992 0.2210       

13 0.6931 0.4229 0.3591 0.2210 0.2427 0.2650 0.2427 0.6592 0.4495 0.3591 0.1484      

14 0.6592 0.3969 0.3347 0.2650 0.1789 0.2650 0.1997 0.5947 0.4495 0.3591 0.1686 0.1286     

15 0.6761 0.3591 0.3469 0.2318 0.1686 0.3469 0.2318 0.6105 0.4098 0.2763 0.1585 0.1585 0.1189    

16 0.4361 0.2427 0.2538 0.3228 0.2763 0.4229 0.1686 0.3591 0.2877 0.2318 0.1997 0.2650 0.2210 0.2318   

17 0.1585 0.1997 0.2318 0.6592 0.6265 0.5639 0.4495 0.1585 0.1789 0.2763 0.4361 0.6427 0.6105 0.5947 0.3716  

M9 0.3969 0.3969 0.4098 0.6427 0.7833 0.6427 0.5792 0.3716 0.3228 0.3841 0.5051 0.6931 0.6931 0.6427 0.5489 0.4909 
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4. CONCLUSIONS 336 

The objective of modern fruit growing is to achieve abundant and high quality products per 337 

unit area at early ages. In order to achieve this purpose, dwarfing rootstocks are of great 338 

importance in apple cultivation. New dwarf apple rootstocks for various purposes are tried to 339 

be obtained in recent years in different countries engaged in apple cultivation. Within the 340 

scope of this study, as breeding materialthe potential of Tahar apples having dwarf growth 341 

characteristic of which importance is emphasized and located in the vicinity of the Ürgüp 342 

district to be a rootstock to the cultivated apples has been suggested. As a result of this study; 343 

while the studies for propagationthe Tahar apple genotypes with cuttings were unsuccessful a 344 

rate of 95% success has been achieved with the stoolbed method layering method. It has been 345 

determined that 50TE001, 50TE002 and 50TE012 numbered genotypes stand out for the 346 

rootstock candidates having higher scores than the weighed gradation method according to 347 

the UPOV criteria and that they can be an alternative to M.9 dwarf apple rootstock. 348 
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