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Abstract

Introduction

The selection and propagation of local apple seedlings and indigenous genotypes _ maintained by
cuttings or grafting (True to Type) _ date back to 1560 BC in China. Gene flow originating from
Kyrgyzstan, the main center of apple diversity, passed through Iran along the Silk Road, and
contributed to the development of diverse centers of apple variation. As a result of natural
selection, native genotypes have accumulated resistance genes providing adaptation to local
biotic and abiotic stresses. While many traditional apple cultivars maintained in home orchards
may smaller fruit size and lower productivity compared to modern commercial varieties, they
exhibit greater resilience against pests, diseases, an fluctuating climatic conditions due to the
diversity of microclimates in which they are grown. Collecting and conversing these indigenous
varieties, as genetic resources is fundamental to national food security. Evaluating genetic
diversity through morphological and pomological phenotyping remains a critical method for
varietal identification and conservation. Such research activities are essential to prevent
germplasm extinction, facilitate registration with National Office of Cultivars, and support
breeding programs. without access to these genetic resources, fruit breeding research would be
significantly hampered. The value of rich germplasm collections becomes even more apparent
with the emergence of pests and fungal or bacterial diseases triggered by climate change,
highlighting the importance of genes conferring resistance. This imperative has led breeders to
intensively survey and collect wild apple populations in Kazakhstan, Kyrgyzstan, and
neighboring regions of China, especially since the dissolution of the Soviet Union (Tian et al.,
2022).
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Materials and Methods

A comprehensive assessment of pheno-morphological and pomological traits, fruit physical
characteristics, flesh firmness, fruit weight, and biochemical properties _ including russet
disorder_ was conducted on 48 native apple cultivars and 2 imported varieties. All accessions,
established as 14-year-old spindle-shped trees grafted onto MM111 rootstock, were cultivated at
Kamalshahr Horticultural Research Station (Karaj, Iran) during 2020-2021. Both quantitative and
qualitative fruit traits were measured using the International Apple Descriptor (UPOV) and in
accordance with the national DUS (' Distinctness, Uniformity, and Stability) testing guidelines.
Data collection included descriptive trait surveys, followed by multivariate analyses such as
factor analysis, cluster analysis and biplot visualization to elucidate patterns of genetic diversity.

Results and Discussion

Analysis of variance and mean comparisons tests revealed significant differences among the
cultivars and genotypes for all quantitative traits assessed. Distinct differences were identified
between traditional native cultivars and the promising genotypes, particularly regarding external
fruit traits such as color and morpho-botanical characteristics, most notably fruit weight and flesh
firmness. In addition, significant correlations were detected among several traits.

Assessment of qualitative traits revealed a high degree of diversity, as measured by the Shannon
index. Cluster analysis further clarified the genetic relationships among accessions. Factor
analysis identified four main and independent factors, fruit size, flesh firmness, length-to-
diameter ratio, and external traits, which together explained 67% of the total variation observed
in the dataset. On this basis, native apple cultivars and genotypes were divided into three distinct
clusters. The accuracy of this classification was confirmed by diagnostic analysis, resulting in
100% correct assignment.

Conclusion

These findings provide valuable information for the scientific identification, differentiation and
registration of native apple cultivars and promising genotypes, supporting their official
recognition by the Seed and Plant Certification and Registration Institute (SPCRI). The results
also contribute to the conservation of native apple germplasm, helping to prevent genetic erosion.
The detailed phenotypic profiling and diversity analysis offer essential resources for breeding
programs, fascilitating the selection of parents for genetic improvement aimed at sustainability
and resilience.

Keywords: Distinction, Genetic diversity, Native cultivars, Pomology, Quantitative and
gualitative traits
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Table 1. Analysis of variance for morphological traits of 48 native old apple cultivars and genotypes

Mean of squares

SOV A B Cc D E F

H | J K L M N 0]

Block 9 1382.7** 31.20™ 43.40* 0.002"™ 27.00™

0.75™ 549* 7.61* 435™ 679™ 0.60™ 0.004™0.07™ 0.0002*

Genotype 49 157925** 10.7678 138.098 0.058** 35.868 38.25** 14.933 21.305 129.25** 23.987 31.20** 35.204 25.045 2.0641**

Error 450  462.20 19.46 19.71 0.004 18.77

C.V (%) 21.3 87 73 7.6 26.7

298  3.92 3.14 3.92 1.10 0.06 0.06 0.0001

17.9 113 25.1 10.9 14.5 2.4 1.6 0.3

ns: non significant; *and ** significant at 5% and 1% probability levels, respectively. A: Grade of freedom; B: Fruit weight; C: Fruit
length; D: Fruit diameter; E: Fruit Length/diameter ratio; F: Stalk length; G: Stalk thickness; H: Stalk hole depth; I: Stalk hole width; J:
.Eye hole depth; K: Eye hole width; L: Flesh firmness; M: Titrable acidity; N: Total soluble solids; O: Acidity
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Table 2. Mean comparisons for pomological and biochemical traits related to 48 native old apple cultivars
and genotypes

Cultivar A B c D E F G H I J K L M N
Golab Sahneh 48.5™ 40.8™ 5161 078" 167" 1.86" 6.75° 9.52" 3.71% 9.8" 3.0¢ 2.80" 10.00* 4.80°
Golbahar 94,10 51.8% 620" 083  19.8% 2020 7.64% 12,64 43897  16.95™  591% 280" 13.00" 4.40°
Bel de Boskoop 144.9>° 567 726 0779 141" 461" 1428  2678°  11.2"  2367"° 650"  19.0° 2250° 3.10°
Golab nouri 555™ 432" 528 0849 127" 258" 671" 1037Y 157" 118" 673%™ 450 10.00* 4.10"
KorST:SZU ti 128.6°° 52,11 69.4%f 0779 15.7" 2.75%" 14.1%° 23,929 9.191 23.23" 5.09 6.50' 15.50° 3.40°
Sharbati 131.4%€  508% 735 0.70 10.8°" 3.70° 6.50" 209" 540°%  21.39™  762'™  19.1° 15007 3.40°
KGo %I:r?z 94.0' 455 666" 0809  26.5% 2.729h 7.48° 1613 4.66°°  17.81™ 3377  3.70° 1350' 4.50°
'jgp:nz q 86.9" 5.3 58.34 0.94° 10.9°" 23779 1138 219% 12.25% 1957 9.37°°  3.20° 22.00° 4.40°
Akhlamad Mashhad 130.2¢° 582" 67.09 0.86%¢ 9.5% 259" 13.819¢  21.99® 11,989  22.7fg  959°° .375° 13.75° 4.05
Ghasemshahi 150.9%¢  64.7¢ 752 0.87°¢ 141" 270" 16.09™  19.41M  1266® 2075  7.26™ 500" 12.00% 3.75"
Wasat ras 101.09" 34.4" 47.0™ 0.74" 12.0" 2529 9.35P9  12.99°P  4.44°9  14.02% 667%™ 17.00° 4.10° 4.30
Foroughi Bastami 10459 5507 645"  0.86°¢ 9.4 207"%  964°P 1698 862"  184™ 75" 350 12,00% 3.60"
Khorsijan 100.9%" 552" 61.9%"  089® 218 170 1452°¢ 195190 121%  2357° 839" 6.10" 13.00° 4.00
MOXE’; drinad 95,11 49.5' 61.64  080%" 115" 3.56% 7.26° 15.76°!  456°  16.84™ 765"  17.9' 28.00° 3.70™
Bojnourdi 46.79 438" 5824 077" 128" 24779 123097 2269% 8231  2224"™ 885" 157" 20.00° 3.20'
Ml?ilsrr:ﬁ: d 151.3% 617" 70.9°¢  0.86°¢ 1954  333% 6.47% 18879 547°% 1961  707™  7.20" 17.00™ 3.40°
E/Iaghzr?: d 62.4%  42.3% 51.6°°  0.83°¢  13.8% 1.934 7.62% 12.23'  5340-q 16.47™°  10.24° 4857 1875 4.000
Gr\[]:zr;?:ﬁ 134.4°° 579" 70.2°¢  0.84%%  156™  2.23p-q 13.82p-q 21.21g-e 12.30®°  24.69°° 810"  4.00° 18.00" 4.00
Ardabil 1 8671 50.9%  62.7%" 0819 133"  269%" 717 14.24"  568°% 1508 579 240" 17.00" 4.60°
Ardabil 2 813" 425" 61,24 0.69 148" 2507 9.28°" 144179  328%  16.81™ 562" 114 18.00 3.60"
Oghaneh 142> 59.4°¢  70.8°°  0.83°° 9.5%¢ 206 1408”9 24.86°°  1569°  26.15° 550"  5.60% 17.00" 3.80'
Shafiabadi 90.98" 5367 638" 08499 135" 176" 13.32¢° 1651 836"  17.89™ 816"  4.50° 15.00° 4.50°
Abbasi keshideh 928" 53.8'9 52.89"  0.87°¢ 138" 256P"  13.01%°  23.94%  13.86°  26.49""  9.60°" 580 16.50° 4.10°

A: Fruit weight; B: Fruit length; C: Fruit diameter; D: Fruit Length/diameter ratio; E: Stalk length; F: Stalk thickness; G: Stalk hole depth; H:
Stalk hole width; I: Eye hole depth; J: Eye hole width; K: Flesh firmness; L: Titrable acidity; M: Total soluble solids; N: Acidity.
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Table 2. continued
Cultivar A B c D E F G H I J K L M N

IRI 3 160.6 59.20¢ 73.0°¢  0.81%¢ 18.9" 3.24%  11.00°% 2379%% 965"  24.667°  6.12°™ 8.00% 16.00"° 3.30°*
Heidarzade 9620 51.7% 63.99"  0.829¢  40.4%" 2459 1027°™ 1350%  6.37%" 155279  6.23°™ 540 12.00%™ 4.10°°
Shastomi 242 29.8° 38.7° 078 108" 216" 470" 1501 575"  14.60°%  8.65"  10.0°% 19.00°™ 3.60%
MSZTE?d 100.39" 55470 64.19"  0.88™  46.2M 1.9279 8.08"  15.02°"  4.72% 16.26 6.58 340 15.000 4.50™
Chini Ashk 93.4in 59.4>¢ 57.4 1.04 19.1%F 2.86%" 404" 1512 4369  16.34°" 591" 570°9 16.00°" 4.20™°
Shemirani 901" 51.1% 6144 083%¢ 119" 218"  10.94°% 18514  10.17%° 21.95°% 805°™ 17.04" 3.309¢ 4.20™
Leqblj:\:eense 130.2*  60.7%"  69.4%¢ 087"  10.9°¢ 2.01% 16.31% 22,12 992" 19,007 9.95°  4.80°¢ 15.00° 3.704

Paeyzeh Zard Mashhad ~ 99.9°"  51.2%  628%" 0820  145™  1.97°%  9.098°P  14.89"° 839" 191779  9.40°™ 4.90°% 21.00" 4.10%

IRI 4 162.0* 59.20¢ 69.5¢"  0.86°¢ 28.9° 22179 1506™°  24.04®  11.36%° 251279  539°°  4.10% 13.25%¢ 3.70%°
IRI 6 39.0™ 35.6" 445" 0.80%f 131" 19379 396"W 1560 213" 12539  6.36"" 6.70°% 19.00" 3.60“
Boshghabi Balkhi 143.2°° 533" 74.7%¢ 0.72" 19.8%" 22479 1549"  26.84* 10309 25779 522  11.0° 16.009¢ 3.70"
g
Shafiei 93.6'" 50.2% 621" 0.829¢  205¢  1.79"9  10.42°™  21.97® 951" 22.03 947  2.50f¢ 14,50 370"
Alimouri 21.8™ 29.7° 39.4° o.78 189" 1.67% 2.63" 9.88" 196" 173" 694 310" 12.00% 4.70"
Rezavani 120.7% 550  69.5%F  0.80™ 153" 267" 925 17.04% 6.47"  17.44%" 655" 140" 4.40% 4.10™
Mahalli kharv 146.2°¢ 614  71.9°°  086°¢ 115" 275%"  1167"" 1947 982" 2303%" 805  6.00" 13.00* 3.70%
Soltani Shabestar 139.7°¢  62.2%¢ 71.1% 0.89%®° 21.8¢ 21979 1113 1568 650 12620 580" 16.0°9 450% 450"
GQ{;T%?]I( 22.4" 35.7" 39.0° 0.94° 3.3 2.567" 266"  12.40Y 298"  1245"" 406" 2,60 1500 4.70“
Mashhad 45.3" 41.2" 50.5° 0.83° 19.29 3.05P" 5.33% 14.48% 254 11.98%" 610" 410 16.00™ 4.40"
M?aﬁ:;gn 144.6™¢  50.0% 61.14 0.829¢ 2174 338% 330"  15.63°9 357" 17.93" 5.75Y  4.40° 15007 4.10"
Atlasi 50.1™ 17.59 29.6° 0.58" 7.0%° 2.14P4 6.82%  17.17M™  4.12°P 1773 979" 19.3° 24.00° 3.40°
IRI'1 1238 586" 67.39"  0.86%¢ 29.5° 1.86P9 12,509 15.24°9 628"  1559%° 650"  6.50' 20.009 3.70"
IRI 2 77.64 50.1% 57.4 0.89%® 19.8°f 1.43% 8.28%"  15.80°9  547°P  17.64™  9.08*° 7.75% 1850 3.50°
EEE’QZSI 1545 59 .8° 76.0° 0.79%" 16.1" 3.16%¢ 6.97%  1514°%  4.44°°P 107" 588" 15009 9.00"  3.60°
Golden Karaj 92.4™ 5304 6114 087°¢  19.7% 2017  963°™ 19.94" 6684 1652  7.39™  410° 17.50' 3.80'
'Morabbaei' 7.50 24.4° 22.8¢ 1.06* 20.5¢ 0.87' 2.43" 485" 0.16" 115" 1023 30.7° 25.00° 3.10°
Arbabi 10199 52,74 62.9°"  0.84%¢ 35.9% 21379 10.27°™  20.63%™ 987"  2274® 998 970" 18501 3.40°
Birjandi 12179 614b®  705%°  087°¢  228°  191°9 12859 17614 870"  19.32" 653%™  9.00° 1800 3.70"
Pislltgil;e 137.9°°  58.2™ 71.2%¢ 0.80%" 14.44 25209 123499 22034 308"  17.36™ 856" 11.6 1800 3.10°

A: Fruit weight; B: Fruit length; C: Fruit diameter; D: Fruit Length/diameter ratio; E: Stalk length; F: Stalk thickness; G: Stalk hole depth; H:
Stalk hole width; I: Eye hole depth; J: Eye hole width; K: Flesh firmness; L: Titrable acidity; M: Total soluble solids; N: Acidity.
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Table 3. High genetic diversity of the qualitative traits of the native apple cultivars/genotypes on
the basis of Shannon diversity index

A B C E F G H | J K

N O P Q R S T U \Y%

119 098 1.01 081 101 074 102 116 139 118 108 1.69 1.03 099 0.83 073 107 0.85 13 071 146

A: Fruit size; B: Overall fruit shape; C: Eye ribs prominence; E: Crown depth; F: Eye size; G: Peel wax; H: Peel oil; I: Background
color; J: Color ratio; K: Color flush; L: Color intensity; M: Type of over-color; N: Width of strips; O: Stalk hole russet; P: Cheek
russet; Q: Around eye russet; R: Number of lenticels; S: Lenticel size; T: Flesh color; U: Inter-capillary space; V: Ripening time
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Table 4. Qualitative traits related to fruit color and russet of the old Iranian apple cultivars and

genotypes
Type of Stalk
Genotype c))l\F/)er Color Color Color Backgrou Flesh Eye Cheek hole
P intensity flush ratio nd color color russet russet
color russet
Golab Sahneh ’S)g:édt‘a';’)'és Medium Pink red Low Yegl:g:\:sh Greenish Non/small Non/small Non/small
Golbahar szlllgtvav[;teh Medium Pink red Medium Yegl:gg]lsh Cream Non/small Non/small Non/small
Bel de . ) ) ) )
BOSkOOp Only tapes Light Pink red Medium Yellow Greenish Large Large Medium
Golab Nouri 32253&2 Light Pink red Low Yegl:zz\:sh Greenish Non/small Non/small Non/small
koilsguti a‘;!g:;;g Dark Red High Y(;I:gz\:sh Yellowish Non/small Non/small Large
Sharbati Only tapes Dark Purple red high Green Greenish Large Medium Large
K(i) ?‘II:r?Z f)gllelzdt:;l):g Light Pink red Low \32“23: Cream Medium Medium Non/small
Zonuz Tape spot Medium Orange red Medium Yellowish Greenish Large Large Medium
Marand and guttate green
Al\\ll(gslﬁrl’?aijd cslzggt‘;vpig; Medium Red Low Green Greenish Non/small Non/small Non/small
Ggﬁ;ﬁ:n ;Zp;ustl:;te Medium Pink red Low \;\g“g:: Greenish Non/small Non/small Medium
Solid with : . . Whitish . . . .
Wasatras pale tape Medium Pink red Medium vellow Greenish Medium Medium Medium
gg;?gr:: Sp(;lli:t‘gl;iteh Dark Purple red Very high Yegl:g:\:sh Yellowish Non/small Non/small Non/small
s Tape spot : . Yellowish .
Khorsijan and guttate Medium Red Medium green Yellowish Non/small Non/small Non/small
Mo'zar;]drinad ?)Z:édt:;l):z Light Pink red Medium YZI:[;Z:Sh Greenish Non/small Non/small Non/small
BOj nordi ;Zp;ust?;le Dark Red High YZI:[;Z:Sh Cream Non/small Non/small Medium
MDa;:ﬁZd ﬁg:édl:;';g Medium Pink red Low Yellow Yellowish Non/small Non/small Non/small
Paeyzeh Tape spot . Yellowish ’
Mashhad and guttates Light Orange red Low green Cream Large Medium
(;herr:nehz Solid with Medium Red Low Yellowish White Large Large Medium
ezalel clear tape green
Ardabil 1 \F/:/anlﬁ z(IJeI;(: Light Pink red Medium Yellowish Yellowish Non/small Medium Non/small
tapes green
H Pale solid : : : . .
Ardabil 2 with ol Medium Pink red High Yellowish Yellowish Large Non/small Large
clear green
tapes
Oghaneh Solid with Medium Pink red Low Whitish Cream Non/small Medium Medium
clear tapes green
Shafiabadi Tape spot Medium Pink red High \Cg;:g‘s; Yellowish Medium Non/small Non/small
and guttate
Abbasi Solid with Medium Red Medium Yellowish White Non/small Non/small Non/small
keshideh clear tapes green
IRI3 Spﬂllgl‘:';teh Light Orange red Medium Green Yellowish Non/small Non/small Medium
Heidarzadeh cslgggt:plter; Dark Red high Yegl:gg:sh Yellowish Non/small Non/small Non/small
Pale solid Yellowish
Shastomi with clear Medium Orange red Medium reen Yellowish Non/small Non/small Non/small
tapes 9
Pale solid .
Mashhad with clear Dark Pink red Very low Whitish Cream Non/small Non/small Medium

Nouri tape yellow
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Table 4. Continued

Type of Stalk
yp Color Color Color Backgrou Flesh Eye Cheek
Genotype over- . - - hole
intensity flush ratio nd color color russet russet
color russet
Chini Ashk Solid with Light Pink red High Yellow White Medium Medium Non/small
pale tapes
: : Solid with . . Yellowish
Shemirani clear tapes Medium Orange red High green Cream Non/small Non/small Non/small
Queen of Solid with Dark Purple red Very high Yellowish Yellowish Non/small Non/small Non/small
Lebanon clear tapes green
Paeyzeh Zard Tape spot ) i
Mashhad and guttate Light Orange red Low Green Yellowish Large Large Large
Solid with - . .
IRI 4 pale tape Light Orange red Medium Yellow Cream Non/small Non/small Medium
IRI 6 Solid with Dark Purple red High Yellowish white Non/small Non/small Medium
clear tapes green
H Pale solid
BOShghE}bl with clear Dark Red Medium Green White Large Non/small Large
Balkhi tapes
. Solid with . . Yellowish .
Shafiei clear tape Medium Orange red Medium green White Non/small Non/small Large
f . Solid with . . Yellowish . . .
Alimouri pale tape Light Pink red Very low green White Non/small Medium Medium
: Solid with . . . Yellowish .
Rezvani pale tapes Medium Pink red Medium green Cream Non/small Medium Non/small
Mahalli Solid with Medium Red Medium Green Yellowish Non/small Non/small Non/small
Kharv pales tape
Soltani Solid with Yellowish
Light Pink red Medium Yellowish Non/small Non/small Medium
Shabestar pale tapes 9 green
Ghandak Solid spot Light Pink red Very low Yellowish Cream Non/small Non/small Non/small
Kashan green
Solid with . . Yellowish
Mashhad pale tape Light Pink red Low green Cream Non/small Non/small Non/small
Dorag Solid with Light Pink red Low Yellowish Cream Non/small Non/small Medium
Mehrgan pale tapes green
. Tape spot .
Atlasi and guttate Dark Orange red High Green Cream Non/small Non/small Non/small
Tape spot . . .
IRI'1 and guttate Light Pink red Very low yellow Yellowish Non/small Non/small Non/small
Solid with . . . Yellowish . .
IRI 2 pale tape Light Pink red Medium green Cream Non/small Medium medium
. . Pale solid Yellowish
Englisi Shiraz with clear Medium Pink red Medium green Greenish Non/small Non/small Medium
tapes
f Tape spot . . Whitish
Golden Karaj and quttate Light Pink red Low vellow Cream Non/small Non/small Non/small
: Tape spot .
Morabbaei and guttate Dark Red Very high Yellow Cream Non/small Non/small Large
Arbabi Tape spot Light Pink red Medium Yellowish Cream Non/small Non/small Medium
and guttate green
Birjandi Tape spot Medium Orange red Medium Yellowish Yellowish Large Large Medium
J and guttate green
Bel du Tape spot light Pink red Low Yellowish cream Non/small Non/small medium

Pontoise and guttate green
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Table 5. Ranking of the old apple cultivars and genotypes for ripening time phenology based on
National Guide of Apple for Disinctness, Uniformity and Stabiulity (D.U.S)

Ripening time phenology Old native apple cultivars/genotypes

Golab Sahneh; Golbahar; Golab Nouri; Golab Kohanz; Ardebill; Shafiabadi;

Very early (9 CVs) Heydarzadeh (Gharayarpagh); Ghandak Kashan Englisi Shiraz
Sharbati, Wasatras, MohammadAbadi; Mashhad nouri; Chini Ashk; Rezvani; Soltani
Barly (7 CVs) Shabestar
Mid-ripening (4 CVs) Alimouri; Mashhad; Morabbaei; Birjandi

Paeyzeh Mashhad; Ardebil2(Boshghabi Balkhi); Paeyzeh Zard Mashhad; IR16; Dorag
Mehrgan, Atlasi; Golden karaj; Arbabi;

Siah Kompouti; Zonuz Marand; Akhlamad Mashhad; Ghasem shahi; Froughi
Bastami; Khorsijan; Bojnordi; Dirras Mashhad; Ghermez Rezaieh; Oghane; Abbasi
keshideh; IRI3; Shastomi; Shemirani; Queen of Lebanon; IRI 4; Shafiei; Mahalli
Kharv; IRI1; IRI2

Late (8 CVs)

Very Late (20 CVs)
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Table 6. Factor analysis of quantitative traits of the different native Iranian old apple cultivars and

genotypes

Fruit trait -F1 F2 F3 F4

Fruit weight 0.86 0.16 -0.09 0.35

Fruit length 0.88 -0.07 0.30 0.35

Fruit diameter 0.90 -0.01 -0.04 0.37
Length to diameter ratio 0.06 -0.08 0.91 -0.08
Stalk length 0.29 0.06 0.19 -0.09

Stalk thickness 0.11 -0.01 0.03 0.20
Stalk hole depth 0.4 0.10 -0.01 0.71
Stalk hole width 0.41 0.25 -0.16 0.77
Eye hole depth 0.27 -0.02 0.12 0.92

Eye hole width 0.40 0.10 -0.18 0.83
Flesh firmness -0.35 0.39 0.21 0.33
Titrable acidity -0.15 0.53 -0.14 -0.18
Total soluble solids -0.31 0.43 0.14 0.10
pH -0.11 -0.98 0.07 -0.14

Eigen value 5.35 1.94 1.09 1.00
Variability variance (%) 38.21 13.88 7.77 7.14
Cumulative variance (%) 38.21 52.09 59.86 67.00

Values in bold correspond for each variable to the factor which the squared cosine is the largest
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Figure 1. By plot analysis of quantitative traits old apple cultivars and genotypes (right) studied
on the base first two factors (left).
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Figure 2. Cluster analysis dendrogram of the study apple cultivars and genotypes
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