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ABSTRACT

Medlar (Mespilus germanica L) grows wildly in East Azerbaijan province (Arasbaran). Unfortunately, a few studies
have been done on medlar in this area, except in limited cases. In this research, physicochemical characterizations
such as weight, length and width of fruit and seed, fruit color parameters and antioxidant capacity of peel and flesh of
20 wild medlar genotypes were measured. Results showed that there were high diversity in some of the attributes
such as peduncle length, a*, Hue, seed weight and flesh antioxidant capacity. The 10 main factors based on factor
analysis were explained approximately 85.97 % of the total variance. According to the cluster analysis, genotypes
were divided into four main groups. The first group includes four genotypes (M7, M8, M5, M6) which had the
highest mean length, width, thickness and weight of the seeds. In the second group, the eight genotypes (M3, M9,
M10, M11, M2, M4, M1, M13) were located and these genotypes had the highest mean length, width, weight and
geometric mean diameter of fruit. The third group of genotypes included two genotypes (M19, M20). The leaf length,
petiole length, peduncle length, pH, and Hue had a significant role in the separation of this group. In fourth group, the
six genotypes (M14, M15, M16, M12, M17, M18) were located and the peel and flesh antioxidant capacity had the
highest impact in separation of this group. Obtained results might be helpful for breeding programs and introducing
of cultivar in medlar.
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Table 1. Geographical location of the studied genotypes of medlar in East Azerbaijan province
Genotype Collected site Longitude Latitude Altitude (m)
M1 Kaleybar-Aghoyeh 46°54' 897" 38° 50' 959" 1396
M2 Kaleybar-Aghoyeh 46°54' 876" 38° 50' 906" 1405
M3 Kaleybar-Aghoyeh 46 °54' 882" 38° 50'938" 1412
M4 Kaleybar-Aghoyeh 46 °54' 876" 38° 50' 939" 1415
M5 Kaleybar-Aghoyeh 46°54' 876" 38° 50' 925" 1410
M6 Kaleybar-Ali abad 46°54' 871" 38° 50'914" 1415
M7 Kaleybar-Ali abad 46 °54' 869" 38° 50' 886" 1419
M8 Kaleybar-Ali abad 46 °54' 868" 38° 50'881" 1424
M9 Kaleybar-Ali abad 46°54' 871" 38° 50' 870" 1422
M10 Kaleybar-Ali abad 46°54' 866" 38° 50' 856" 1421
M11 Kaleybar-Osku 46 °54' 854" 38° 50' 840" 1423
M12 Kaleybar-Osku 46 °54' 876" 38° 50' 832" 1424
M13 Kaleybar-Osku 46 °54' 844" 38° 50' 843" 1431
M14 Kaleybar-Osku 46°54' 845" 38° 50' 854" 1438
M15 Kaleybar-Osku 46 °54' 834" 38° 50' 849" 1440
M16 Kaleybar-Makidi 46 °54' 846" 38° 50' 869" 1439
M17 Kaleybar-Makidi 46 °54' 855" 38° 50" 879" 1436
M18 Kaleybar-Makidi 46 °54' 860" 38° 50' 886" 1434
M19 Kaleybar-Makidi 46 °54' 849" 38° 50' 893" 1440
M20 Kaleybar-Makidi 46 °54' 844" 38° 50' 901" 1445
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Table 2. The evaluated attributes and its unit of
measurement in studied genotypes

Number Traits Abbreviation Unit of
measurement

1  Leaf Length LL (cm)
2 Leaf Width LW (cm)
3 Leaf Length/Leaf Width LL/LW
4 Petiole Length PL (cm)
5  Fruit Length FL (mm)
6  Fruit Width FwW (mm)
7 Fruit Length/Fruit Width FL/FW
8  Pedicle Length PeL (mm)
9  Seed Length SL (mm)
10 Seed Width SW (mm)
11 Seed Length/Seed Width SL/SW
12 Seed Thickness STh (mm)
13 Fruit Weight FWe @)
14 Seed Weight SWe (@)
15  Geometric mean Diameter Dg (mm)
16  Sphericity Q (%)
17 Surface Area S (mm?)
18  Aspect Ratio AR -
19  Volume \Y (cm®)
20  Density P (g/lem®)
21 Firmness F (Kglem?)
22 L* L* -
23 a* a* -
24 b* b* -
25 Hue Hue -
26 Chroma Ch -
27 pH pH -
28  Titrable Acidity TA (%)
29  Peel Antioxidant Capacity PAC (%)
30  Flesh Antioxidant Capacity FAC (%)
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Table 3. Descriptive statistics of measured attributes in studied wild medlar genotypes

Traits Range Maximum Minimum Mean Standard deviation Percentage variation
LL 10.50 17.00 6.50 10.23 1.95 19.06
LW 5.00 8.00 3.00 4.70 0.90 19.14

LL/LW 1.98 3.28 1.30 221 0.38 17.19
PL 2.00 2.50 0.50 1.60 0.41 25.62
FL 10.50 29.00 18.50 23.54 2.19 9.33
FW 12.20 28.20 16.00 22.82 2.17 9.50

FL/FW 0.72 151 0.78 1.04 0.11 10.57
PeL 12.40 13.40 1.00 5.04 3.31 65.67
SL 5.01 11.41 6.40 8.68 0.88 10.13
SW 2.30 5.45 3.15 4.20 0.47 11.19

SL/SW 1.22 2.74 152 2.08 0.21 10.09
STh 3.43 7.58 4.15 5.94 0.66 11.11
FWe 8.36 10.95 2.59 6.31 161 25,51
SWe 1.26 131 0.05 0.75 0.25 33.33
Dg 9.80 27.55 17.75 22.95 1.89 8.23
Q 41.53 117.42 75.89 97.77 6.47 6.61
S 1394.68 2384.47 989.79 1666.72 27.05 1.62
AR 61.47 127.89 66.42 97.35 9.60 9.86
\Y 8.61 11.12 251 6.36 1.65 25.94
p 0.09 1.05 0.95 0.99 0.22 22.22
F 4.90 8.00 3.10 5.22 119 22.79
L* 19.66 56.26 36.60 46.57 4.45 9.55
ax 21.91 20.46 -1.45 10.15 4.35 42.85
b* 10.75 28.74 17.99 24.22 2.45 10.11
Hue 18.03 22.87 4.84 8.60 321 37.32
Ch 23.80 46.03 22.23 26.89 3.07 11.41
pH 0.30 4.17 3.87 3.88 0.30 7.73
TA 1.20 2.50 1.30 1.88 0.30 15.95
PAC 24.02 84.59 60.57 77.47 7.95 10.56
FAC 57.06 87.08 30.02 60.15 18.57 30.87

ol 00 dline 2 Sile ay 0 jlailiwl Bl ool s olul 5y Sl s (o %

* Percentage variation (coefficient of variation) has been calculated based on the ratio of standard deviation to the mean.
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Table 4. Correlation between studied traits in wild Medlar genotypes

Traits  LL LW LL/LW PL FL FW FL/FW  Pel SL SW SL/SW STh FWe SWe
LL 1

LW 038™ 1

LL/LW 0.627 -0.48" 1

PL 067" 058" 0.15™ 1

FL 0.12™ 0.04™ 0.05* -0.18™ 1

FW 0.20" 0.11™ 0.08™ -0.05" 0.80" 1

FL/FW -0.21" -0.14™ -0.08™ -0.18™ -0.03" -0.62" 1

PeL 0.00™ -0.19™ 0.19™ 0.16™ -0.70" -0.72" 0.32™ 1

SL 0.20™ 0.23™ -0.04™ 0.16™ 065" 067" -028" -0.717 1

SW 0.03™ 0.06™ -0.04" -0.22™ 0.81™ 0.89" -0.43™ -0.82" 0.75" 1

SL/SW -0.11" -0.04™ 0.20™ -0.15"™ -0.04™ -0.34™ 050" 0.14™ 0.01° -0.34" 1

STh -0.01™ -0.06™ 0.01" -0.13* 0.78" 081" -0.36" -0.78" 0.85™ 0.91" -0.06" 1

FWe 0.22™ 0.12™ 0.08® -0.06™ 0.88™ 097" -046" -0.73" 073" 091" -0.26™ 0.85" 1

SWe 0.06"™ -0.24™ 0.21™ -0.27" 0.76" 0.67 -0.15™ -0.67" 0.67 0727 0.19® 083" 0.72" 1
Dg 0.19™ 0.10" 0.07* -0.09™ 0.89™ 0.98~ -048" -0.75" 0.70" 0.90™ -0.27" 0.84" 0.99” 0.73"
Q 0.16™ 0.11"™ 0.06™ 0.2 0.01™ 0.60" -0.99™ -0.32" 0.24™ 0.42™ -051" 0.33° 043" 0.11%
S 0.19™ 0.10™ 0.07™ -0.08™ 0.89™ 0.98" -048" -0.74” 0.70" 0.90™ -0.27" 084" 099” 0.727
AR 0.15" 0.10™ 0.07™ 0.10™ 0.02" 0.61™ -0.99” -0.33™ 0.23™ 043™ -051" 0.33° 044" 0.11™
\Y, 0.24" 0.12™ 0.10™ -0.07" 087" 097" -047" -0.737 0.69” 0907 -0.27" 081" 099" 0727
P -0.23™ 0.02™ -0.19™ 0.16™ -0.37™ -0.48" 0.32™ 0.35™ -0.07" -0.33" 0.16™ -0.15™ -0.45" -0.35"
F 0.20™ 0.58™ -0.29™ 0.28" 0.21™ 0.09" 011" -0.11"™ 0.13™ 0.07" -0.10" 0.07* 0.15™ 0.07™
L 052" 031" 0.22™ 046" -0.30" -0.25™ 0.03" 0.44™ -0.35™ -0.41" -0.18" -0.50" -0.30" -0.48"
a -0.21™ -0.13" -0.10™ -0.33™ 0.67" 047" 0.10™ -047" 056" 055" 0.13® 063" 054" 053
b” 046" 033" 0.14™ 0.34™ -0.22" -0.23™ 0.10" 0.39™ -0.38"™ -0.40" -0.12" -0.52" -0.25" -0.44"
Hue 0.14™ 0.08™ 0.07™ 0.27" -0.54" -0.18™ -0.44™ 0.19" -0.33™ -0.32" -0.10" -0.35" -0.27™ -0.28"
Ch 0.27™ 0.02" 0.20® 0.05™ 0.23™ 023" -0.12™ -0.22" 0.24™ 0.06™ 0.15™ 0.08™ 0.17" 0.24™
pH 0.18™ 0.24™ -0.05" 0.17" -0.04" -0.17" 0.21" -0.35™ 0.13® 0.01™ 0.11™ 0.03* -0.11" 0.09™
TA -0.31™ -0.34"™ -0.08™ -0.40™ 0.18™ 0.22™ -0.10" 0.08™ 0.00" 0.21" -0.20™ 0.15" 0.17™ 0.07"
PAC -0.22™ -0.05" -0.13™ 0.00™ 0.62” 061" 023 046" -0.32™ -051° -0.04™ 054" 063" -059"
FAC 0.30™ -0.20 0.44™ 0.04"™ -0.21" -0.10" -0.13" -0.01" 0.00® -0.02" 0.15™ -0.05" -0.08" 0.06™
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Continued table 4. Correlation between studied traits in wild Medlar genotypes

Traits  Dg Q S AR \ p F L a b Hue Ch pH TA PAC FAC

Dg 1

Q 045 1

S 0957 0.46 1

AR 046" 1.007 046" 1

\Y% 0.98" 045" 098" 046" 1

p -0.47" -0.32" -0.45" -0.33™ -0.55 1

F 0.13™ -0.16™ 0.14™ -0.17™ 0.12™ 0.23" 1

L -0.28™ -0.04™ -0.27™ -0.04™ -0.28™ 0.07™ -0.05™ 1

a 0.54" -0.10™ 054" -0.08" 0.49° 0.02™ -0.15™ -0.35™ 1

b” -0.23™ -0.10™ -0.23™ -0.09™ -0.22" -0.07™ -0.05™ 0.95~ -0.23" 1

Hue -0.28™ 0.41™ -0.28™ 0.40™ -0.22"™ -0.25™ 0.06™ -0.03" -0.79” -0.09™ 1

Ch 0.24™ 0.10® 0.23™ 0.10® 0.18™ -0.15™ -0.15™ 0.26™ 0.37™ 0.29™ -0.19™ 1

pH -0.13™ -0.22™ -0.14™ -0.22™ -0.09™ -0.01" 0.25™ 0.02"™ -0.26™ 0.01™ 0.12" -0.14™ 1

TA 0.21™ 0.13™ 0.20™ 0.13® 0.14™ 0.06™ -0.26™ -0.14™ 0.46 -0.14™ -0.33™ 0.30™ -0.797 1

PAC -0.14™ -0.19"™ 0.35™ -0.20™ 0.66” 0.46° -0.28"™ 0.12™ -0.20™ 0.01™ 0.08™ 0.03™ -0.20™ 0.30™ 1

FAC -0.13™ 0.12™ -0.14™ 0.13™ -0.03" -0.23™ -0.28™ -0.15" -0.24™ -0.18™ 0.46" 0.00™

IS sire DS 095 5 woy0 ) 50 Jleix! mhaw jo jlo jixe S| 0429 NS g

0.10™ -0.23" 040" 1

*, **_ns: Significant at p<0.05 and p<0.01 and Non-significant, respectively.
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Table 5. Eigen values and cumulative variance for 10 factors resulted from factor analysis

Traits 1 2 3 4 5 6 7 8 9 10
LL 0.10 -0.04 -0.03 0.83 -0.08 -0.13 -0.10 0.02 0.34 0.04
LW 0.13 0.00 -0.05 0.81 -0.08 -0.08 -0.04 0.06 -0.42 0.07
LL/LW -0.07 -0.01 0.04 0.02 0.02 -0.05 -0.08 -0.05 0.96 -0.08
PL 0.08 0.00 0.12 0.81 -0.13 0.23 0.10 -0.07 0.02 -0.02
FL 0.78 -0.54 -0.15 0.02 0.01 -0.16 0.01 -0.09 -0.07 -0.06
FW 0.88 0.39 -0.07 0.01 0.07 -0.17 0.04 -0.05 -0.07 -0.04
FL/FW -0.21 -0.95 -0.07 0.00 -0.06 0.06 -0.03 -0.06 -0.02 0.00
PeL -0.40 -0.03 0.26 -0.03 0.38 0.17 -0.25 -0.12 0.10 0.55
SL 0.69 -0.27 -0.07 0.08 -0.05 0.25 0.26 0.37 0.20 0.09
SW 0.84 0.14 -0.07 0.04 -0.08 0.35 0.01 -0.02 0.03 -0.03
SL/SW -0.22 -0.51 -0.01 0.05 0.04 -0.15 0.33 0.44 0.17 0.16
STh 0.83 0.15 -0.06 0.07 0.02 0.36 0.18 0.11 0.03 -0.05
FWe 0.92 0.21 -0.09 0.05 0.12 -0.14 0.03 -0.08 -0.06 -0.05
SWe 0.80 0.09 -0.02 0.05 0.06 0.29 0.21 0.19 0.15 0.02
Dg 0.94 0.12 -0.11 0.02 0.06 -0.19 0.03 -0.07 -0.08 -0.06
Q 0.19 0.96 0.08 -0.02 0.06 -0.03 0.04 0.03 0.00 0.01
S 0.94 0.11 -0.11 0.02 0.06 -0.18 0.02 -0.08 -0.09 -0.05
AR 0.19 0.96 0.08 -0.02 0.06 -0.03 0.04 0.02 -0.01 0.02
\% 0.92 0.20 -0.08 0.04 0.11 -0.18 0.03 -0.07 -0.05 -0.04
p -0.29 -0.08 -0.08 0.11 0.16 0.69 -0.06 -0.02 -0.11 -0.17
F -0.22 -0.05 0.00 0.39 -0.04 0.54 -0.18 0.18 -0.03 -0.42
L* -0.21 0.06 0.89 0.08 -0.01 0.04 -0.29 0.03 0.07 0.06
a* 0.35 0.07 -0.22 -0.06 0.03 -0.05 0.83 -0.04 -0.12 -0.09
b* -0.23 0.06 0.93 0.01 -0.03 -0.03 -0.20 0.03 0.02 0.05
Hue -0.11 0.00 -0.02 0.10 -0.14 -0.20 -0.04 0.11 -0.12 0.83
Ch -0.04 0.18 0.84 -0.04 -0.04 -0.05 0.41 -0.07 -0.05 -0.06
pH -0.27 -0.09 -0.05 0.03 -0.90 -0.04 0.02 0.04 0.04 -0.06
TA 0.12 0.06 -0.11 -0.35 0.80 0.05 0.03 -0.04 0.10 -0.17
PAC -0.29 0.09 -0.17 -0.05 0.32 0.35 -0.32 0.53 -0.11 -0.02
FAC 0.06 0.08 0.04 0.01 -0.15 -0.02 -0.01 0.82 -0.06 0.02
Eigen value 8.30 3.80 2.68 2.34 2.01 1.76 151 1.51 1.43 1.31
% of variance 26.77 12.25 8.66 7.56 6.49 5.68 4.86 4.86 4.63 4.23
Cumulative variance (%)  26.77  39.01  47.67 55.23 61.72 67.40 72.25 77.11 81.74 85.97
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Figure 1. Grouping of wild medlar genotypes based on the first and second factors derived of factor analysis
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Figure 2. Dendrogram of grouping wild medlar genotypes based on Ward’s method
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