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Background and Objectives: The most basic step in fruit tree breeding
programs is the collection and evaluation of internal and external
germplasm. The aim of this study was to evaluate the genetic diversity and
grouping of the studied pear species based on 48 important quality traits of
leaves, shoots, blossoms and fruits and to determine the genetic distance
between them with identify cultivars suitable for cultivation and use them
in breeding programs. Iran with more than ten species of pear and genetic
diversity proximity centers to the product as an important source of genetic
product is well-known in the world. Despite this privileged geographical
location for pears in the country, so far, there is no accurate information
about the genetic relationship between different pear genotypes in Iran, for
the proper use of native genotypes for pear breeding purposes.

Materials and Methods: This study was conducted in 2018, with the
evaluation of 13 pear species from eastern and western species in Karaj
research institute for seed and seedling improvement and preparation of
Lorestan university of horticultural sciences. In this study, three general
traits of the tree, five traits of branches, 13 traits of leaves and petioles, six
traits of blossoms and 20 traits of fruit were evaluated according to the
national descriptor of differentiation, uniformity and stability (DUS) tests,
which is a localized version of the international union for conservation of
pear (UPOV) examination, uniformity and stability test instructions. In this
study, cluster analysis was performed by Ward method.

Results: The results of the evaluation of the studied traits showed that
there was a high diversity in the characteristics of fruit size, the position of
the largest fruit diameter, fruit shape, tip shape and leaf base among the
studied species. In this study, cluster analysis was performed by Ward
method using all the studied traits .The studied species were divided into
three main groups at a distance of 400, so that Asian, native and European
species were included in a separate group. The results of simple correlation
of traits showed that leaf related traits such as length and width of the leaf
had a positive correlation with the amount of fruit traits. Also, the highest
negative and significant correlation was observed between the position
traits of the largest fruit diameter and petal shape. The results of principal
component analysis (PCA) showed, that the 11 main factors justify 97.99%
of the total variance. Among the components, the first and second factors,
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which were mostly related to trunk strength, fruit and leaf traits, justified
nearly 50% of the variance.

Conclusion: Based on the results, among the studied traits of fruit shape
and size, leaf traits were the most important traits for detecting the diversity
of pear species. This study showed that eastern and western pear species
have significant diversity and are a valuable resource for plant breeding
research.
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Table 1. Species and cultivars of pear used in this study.

rLl M}SJU,M;- 6))]@)‘}&” ol
Name Genus and species Origin

S P. communis e ox!
Sebri Kamalshahr-Karaj Iran
e b P. communis e ox!
Payeh Ghazvin Kamalshahr-Karaj Iran
ol P. communis s s oA
Shah Miveh Kamalshahr-Karaj Iran
5 P. communis of Al oLy
Dargazi Kamalshahr-Karaj Iran
S P. communis of s oL
Konjuni Kamalshahr-Karaj Iran

| . - eills 3l )

o P. bretschneideri s A o

Eli Kamalshahr-Karaj Iran
oA ] P. amigdaliformis of A 5
Amygdaliformis Kamalshahr-Karaj Europe

P i i _ S .

o P. piryfolia of o
Shinseiki (Sk10) Kamalshahr-Karaj China
i ks P. communis of s Lo
William duchesse Kamalshahr-Karaj Europe
A P. slisifolia e oLy
Salisifolia Kamalshahr-Karaj Iran
s P. nivalis o s 42
Nivalis Kamalshahr-Karaj Europe
Ll . pashia albsl - Jles olul ]
Pashia ' Hawer-Ashkhaneh-North Khorasan Asia
bl P. cordata S ol !
Cordata Kiasar-Mazandaran Asia
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Table 2. Comparison of various morphological characteristics according to the national guideline for the
distinctness, uniformity and stability (DUS) tests (20) in studied pear species.

SIS Bl 5 s S
Cultivars and species of Pear

s oy . > E T
L s S sles Cnot] é %} 5 o 2
. @ x e}
Tree part Characteristics Importance @ ‘§. 5 S ‘£ 3 na_) = % S m § =]
S$3g8pFFEs =z &8
g 5 N s = R @ 3 .~
3% i° s
w 1]
@D
1 e 7 7555 7557577 7
Tree vigor
Tree L ke
2 N 2 7 4 2 5 2 5 4 2 4 4 4 4
= Tree habit
5 S dal
3 Sl 112111111111 1
Trunk reliefs
0 Siles
7 e J b 31 3 1 3 2 1 2 1 1 2 5 5
Internode length
e S IS
10 el i S5 s 11112 2223113 1
=l Shape of apex of vegetative bud
L - . . &l s -
11 SNOOS S e oy Wl ) e * 112112 2112211
Position of bud in relation to shoot
N o84S o511
12 Ll e el 5 375 75 353333 1
Size of bud support
o L S | 5
14 7T kel * 375575750555 3 5
Young Shoot Intensity of pubescence
e
15 S e * 312312 122 2 235
Attitude
16 Ik * 5 3 7 5 7 3 5 35 3 7 2 1
Length
17 e~ * 537 57 3 333375 3
Width
18 i * 59 3313919 315 3
Ratio length/width
8 5 s
19 B B U 3 1235 3 15 1 2 1 3 3
Sy Shape of base
S 1K
g  Leaves el g5 2 112 3 2 141 2 3 1 1
Shape of apex
5SS
21 #Sp sk 5 7 5 5 5 3 5 31 3 7 1 1
Length of tips
b_ B
22 o 31 4 2 4 4 1 41 1 4 4 1
Incisions of margin
e
23 W ot ot 33335 3 333334 4
Depth of incisions of margin
O3 |
24 S o 02 e * 7 333337553365 5
Curvature of longitudinal axis
25 I * 737 57 33535735
Length
_ s
6 = SolphsS x 111111111911 1
Petiole Presence of stipules
S s 0asls 31 Sl 8 alsls
27 2 2B 5L S0l * 000 00O O0OTOTI1O0O0 O

Distance of stipules
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Continue Table 2.

S Bl s g S
Cultivars and species of Pear

) . > é o
Sy iy ol Coaal é ® 5 o g
- L 3 X o
Tree part Characteristics Importance  § ‘§- 5 S ‘£ 3 ; = % S m a:)’ =]
S 2 Z2Z¢€ L8 o5 Q5% =3 8
=3 § (<D N © S g 8 S s g
s "5
w w
@
$oalr 4 o LS LS S
31 el 4 o S e 2 2 2 2 2 3 1 2 3 3 3
Attitude of sepals in relation to corolla
S WS il s
32 e e are * 1 1 1 3 2 1 2 3 3 2 1 3 3
Position of margins of petals
A e A LIy
33 ¥ (7R 4 s OIS e 13 1 1 1 2 3 1 3 3 2 3 3
Position of stigma to stamens
3 Blooms Size of petal 5 IS »31l 7 3 3 3 5 3 5 5 3 5 3 3 3
Sl S8 K
35 ¢ ) SAS S * 313 1 1 3 2 1 1 2 3 1 1
Shape of petal (excluding the claw)
LTI G LN P I -
36 e S S easls g 12 3 3 1 4 1 2 1 1 1 2 2
Shape of base of petal the claw
42 T e * 113 1 1 1 1 1 1 1 1 1 1
Position of maximum diameter
43 Size ol * 7 3 7 3 3 7 1 1 3 3 5 1 1
5 8) O
44 (b Fn o) 0 11 1 2 1 2 1 1 1 1 1 1 1
Symmetry (in longitudinal section)
45 Profile of sides ls,ts L3 * 2 3 1 3 2 1 3 3 3 3 2 2 2
46 Ground color of skin . 5, 43 K5, * 2 2 2 2 4 2 2 3 2 2 4 1 1
47 Relative area of over color 5, &, i Comlows * 1 1 5 9 1 1 1 1 1 1 1 9 9
48 Hue of over color ,, K, 11 1 1 1 1 1 1 1 1 1 5 5
Sl Kby asl= K5 HICI
49 el s il S o 311 1 1 3 9 1 7 7 5 9 9
Relative area of russet around eye
I K5 s ls
50 T EI0OT) = 3 1 1 1 1 3 7 1 1 7 3 9 9
Relative area of russet on cheeks
o g A=, HECIRS A
51 = £2 575 OB s = 39 1 1 1 9 5 1 3 5 3 9 9
Fruits Relative area of russet around stalk
52 Length of stalk > J b * 7 9 5 3 3 3 3 7 5 3 3 7 5
53 Thickness of stalk o> culss * 3 9 5 7 3 7 3 1 5 3 3 5 5
54 Curvature of stalk s> st 13 1 1 3 1 1 1 1 1 5 1 1
o Cons 03 >
55 Sl * 15 1 1 1 1 1 1 1 1 1 1 1
Attitude of stalk to axis of fruit
56 Depth of stalk cavity <l s i Ges * 11 1 3 5 1 1 1 1 1 1 1 1
57 Attitude of sepals (at harvest) p3 0 Gas 1 1 3 1 1 1 3 3 3 3 1 3 3
58 Eye basin (at harvest) s$ 8 <l * 9 3 1 9 9 9 9 1 9 9 1 9 9
59 Depth of eye basin (at harvest) ezl S5,5 3 Gos * 3 9 1.3 3 3 3 1 3 3 1 3 3
60 Width of eye basin (at harvest) gl 5555 20 * 5 3 1.5 3 5 5 1 5 5 1 3 3
Sl Kby s Ol bl Ko
61 R e ihe * 15 1 1 1 1 1 1 1 1 1 1 1

Ralief of area around eye

Gl 5 S Gl slaosesl b Sho s bl e cstys dBl Bl 5 Gachi 53 4S5 e Slio slee 4 el Slio -

.| (Sadeghi et al., 2008)
vpcla.ﬂjfgw«,va ;mu;;w@g‘,jﬁ,ﬂﬂ@.ﬂﬁma)hr) L_ﬂ,;ulm.au.pdm»,w;gc@ﬁ@(v,\)(.s;\m-

JwirbdAj]mJ)}AQLLpu’J:SU}j

- Asterisked characteristics mean important and key characteristic for discrimination and identification of quince cultivars according
to the national guideline for the distinctness, uniformity and stability tests in pear (Sadeghi et al., 2008).
- The low numbers (1 and 2) represent the low and minimum values of the traits, the average numbers (3, 4, and 5) represent the

middle levels of the traits, and high numbers (7 and 9) represent the high and maximum levels of the traits.
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Fig. 1. Cluster analysis for 13 genotypes and cultivars of pear based on Ward method using morphological traits.
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Fig. 2. Morphological diversity in leaves, bloom and fruits of 13 genotype and cultivar of pear.
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Table 4. Coefficients related first to eleven main components of species and cultivars of pear.

o5 polis PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11
Traits Eigenvalue 1114 757 556 479 4.06 320 305 249 227 169 117
bl e 2321 1577 11.60  9.99 8.47 666 335 520 473 305 244
Percent of variance
2321 3898 50.58 60.57 69.05 7572 82.08 87.28 9201 9555 97.99
Cumulative percentage
Variables
1 508 -291 -1.88 167 -0.84 040 -194 063 018 073 0.64
2 543 -281 -1.14 170 -0.73 -069 025 -072 -061 -049 -0.84
3 -4.21 0.28 -0.10 -0.09 -2.68 176 -234 -1.02 2.09 159 -0.34
4 1.13 0914 282 -3.67 -0.52 -273 -246 172 -070 -0.12 -0.64
5 2,51 510 128 -1.25 0.89 067 262 -126 083 117 -2.15
6 -1.04 -190 268 1.38 -0.71 0.09 217 272 249 -114 0.55
7 243 1.46 2.06 -2.05 -1.53 0.42 1.03 -264 -0.30 -0.63 2.21
8 -0.72  0.193 -3.00 -2.00 3.24 104 -126 -0.59 146 -2.48 -0.21
9 -435 -1.33 313 3.59 0.98 -065 -1.01 -1.76 -155 -1.04 -0.54
10 -1.05  -0.39 -0.16 0.373 4.38 -1.44 0301 014 024 2.3 1.27
11 -4.69 -1.45 -4.15 -1.15 -2.23 -253 204 -0.12 -0.83 -0.01 -0.010
12 0.96 783 -152 286 -0.50 -0.19 0028 107 -039 -0.23 0.02
13 -1.47  -0.971 0.001 -1.35 0.270 385 0577 183 -2.89 028 0.03
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Fig. 3. Distribution of 13 species and cultivars of pear based on two main components.
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Genotypes and pear cultivars: 1- Cordata, 2- Pashia, 3- Eli, 4- Konjuni, 5- Nivalis, 6- Payeh Ghazvin,
7- Salicifolia, 8- Williams Duchesse, 9- SK10, 10- Dargazi, 11- Shah Miveh, 12- Amygdaliformis, 13- Sebri
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