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ABSTRACT

This study was performed for evaluation and comparison of 20 hawthorn genotypes from four different species, to
introduce superior genotypes in terms of pomology in West Azerbaijan Province. The different treats such as weight,
length and width of fruit, peduncle length, length and width of leaf, petiole length, weight, length and width of seed,
fruit firmness and fruit color parameters were measured. The largest fruit was observed in Crataegus azarolus species
whereas, the smallest fruit was observed in C. monogyna and C. aplosangouainea species. Leaf length and Leaf
width had significant correlation with fruit weight, fruit size, seed length and seed width. The five main factors based
on factor analysis were explained approximately 89.11 percent of the total variance. According to cluster analysis
based on Ward's method, genotypes were divided into three main groups. Genotypes related to C.azarolus var
azarolus and several genotypes related to C. aplosangouainea located in group A which had the highest fruit firmness
and seed number. In the second group, the genotypes belonging to C. azarolus were located and these genotypes had
the highest fruit length, fruit width and fruit weight. In the third group, the genotypes belonging to C. monogyna and
several genotypes related to C. aplosangouainea were located and the fruit density, leaf length and a* color index had
a significant role in the separation of this group. Results showed that grouping followed species distribution pattern of
genotypes. Results obtained might be helpful for breeding programs and introducing of cultivar in hawthorn.
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Table 1. The geographical location of the studied genotypes of Hawthorn in west Azerbaijan

Latitude Longitude . . . L

Min Degree  Min  Degree Altitude (m) Collected site Species Abbreviation Genotype
52 37 59 44 1355 Kahriz (Anzal) Crataegus azarolus Y1 Yellow 1
52 37 59 44 1356 Kahriz (Anzal) C. azarolus Y2 Yellow 2
52 37 58 44 1373 Kahriz (Anzal) C. azarolus Y3 Yellow 3
52 37 58 44 1377 Kahriz (Anzal) C. azarolus Y4 Yellow 4
52 37 58 44 1371 Kahriz (Anzal) C. azarolus Y5 Yellow 5
37 37 00 45 1393 Piranshahar C. monogyna RB1 Red black 1
36 37 00 45 1397 Piranshahar C. monogyna RB2 Red black 2
37 37 00 45 1399 Piranshahar C. monogyna RB3 Red black 3
37 37 00 45 1397 Piranshahar C. monogyna RB4 Red black 4
37 37 59 45 1403 Piranshahar C. monogyna RB5 Red black 5
20 37 55 44 1475 Sardasht C. aplosangouainea RL1 Red light 1
19 37 55 44 1511 Sardasht C. aplosangouainea RL2 Red light 2
27 37 55 44 1415 Sardasht C. aplosangouainea RL3 Red light 3
20 37 08 45 1378 Sardasht C. aplosangouainea RL4 Red light 4
20 37 08 45 1376 Sardasht C. aplosangouainea RL5 Red light 5
20 37 08 45 1362 Dareyeh gasemlo C. azarolus var. azarolus LG1 Light green 1
20 37 08 45 1365 Dareyeh gasemlo C. azarolus var. azarolus LG2 Light green 2
20 37 08 45 1377 Dareyeh gasemlo C. azarolus var. azarolus LG3 Light green 3
18 37 08 45 1453 Dareyeh gasemlo C. azarolus var. azarolus LG4 Light green 4
17 37 07 45 1458 Dareyeh gasemlo C. azarolus var. azarolus LG5 Light green 5
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Table 2. Physical properties of Hawthorn fruit and seed in West Azerbaijan province
Genotype Fruit weight Fruit length Fruit width Flesh weight Fruit firmness  Seed  Seed weight Seed length Seed width
@) (mm) (mm) ()] (N) number @) (mm) (mm)
Y1 3.99+1.1 16.89+0.9 2045+13 3.23+13  16.8+08  2#05 0.76+0.1 9.28+1.1 6.74%15
Y2 494%15 1837427 225%29 3.93+11 10.03+1.2 2#03 098402 952+2.3 7.9+2.2
Y3 3.97#12 1217#17 1945+31 3.23%12  187#13  2#11 055%0.1 8.94%13 7.54%19
Y4 3.23+2.1 16.40+0.9 18.28+13 2.6%0.8  154%13 2401 058+02 0.34%2.1 7.54%16
Y5 1.940.7 1343+0.7 164806 1.45%0.3  16.9%23 2.66+0.9 044+01 817#23 7#11
RB1 1.63+0.6 1353#24 1352412 1.33%04  162#15 2407 0.32#0.1 7.09+03 6.23%2
RB2 2.09+0.4 14.13%1.1 1507+4.1 172402  132#43 2407 035%01 7.95%19 6.8+2.3
RB3 2.6+12 16.46+14 16.73+1.3 2.15%09  53#23 211 041#01 7.71#0.7 7.49%4.3
RB4 1.89+1.6 13.37#13 15.15+24 14805  17.7#12 2.33+03 041+02 7.18#0.8 6.08+0.6
RB5 2.36+0.8 1539%2.8 16.23+3.2 1.28+0.7  17.9%15 2.33+09 053+03 9.21*14 8.39+26
RL1 244%11 1498%23 17.33%27 2.04%09  195%#13  1#02 0.38#0.1 8.71*#1.9 6.59%1.9
RL2 2.25%05 14.36£0.9 157+15 1.88+0.9 112421  1#04 037#02 8.19%+16 6.08+2.3
RL3 1.68+0.7 13.25%13 14.33*14 138404  147#08 101 0.26+0.1 7.81#0.8 5.91+0.8
RL4 1.48+0.6 135+0.8 13.69+1.2 1.14+07  16.1+08  1+03 0.33#0.1 825+1.2 6.88%1.1
RL5 1.45%02 1348+15 13.6%+33 11403  10.07#14 1#0.7 032201 852409 6.85+24
LG1 2.9240.1 16.65%25 17.93+2.9 22401  32.08+09  3+1  062+03 823*23 59+26
LG2 211%.04 16.13+26 17.74%32 172408  28.9%18 266+04 035202 7.37%1.2 4.97+14
LG3 3.26+£.07 16.26%1.8 18.19+18 2.66304  267%1.1 2.66+0.7 057#03 8.49%+2.1 6.91+2.2
LG4 1.69+.09 13.84#07 14311 127205  40.4#32 312 0.38#02 7.284#24 555%1.3
LG5 26411 1583%11 17.34%04 207406 354*13 3207 049+02 7.14*#11 5506
Mean 252 14.91 16.70 1.99 19.15 2.03 0.47 8.22 6.64
Standard deviation 091 157 2.04 0.83 1.62 0.61 0.16 1.48 1.83
Percentage variation 36.11 10.53 12.22 4171 8.46 30.05 34.04 18 27.56

o pd) 55 Aoy Ml Hd Sl Blyzl 5 ke 55,0 4 bgrye Glaodls g g e L GBlizil 5 1 Kls 0500 4y bogy e slaosls
ol 0l Al (32 Skes 4y jlire Bl Sl Cond ulal (Ol s

Data relating to fruits are mean and standard deviation of 20 fruits, and data relating to seed are mean and standard deviation of 20 seeds. Percent of
variation (coefficient of variation) has been calculated based on the ratio of standard deviation to the mean.
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Table 3. Physical properties and fruit color of studied genotypes in West Azerbaijan

Density Pedicle  Petiole Leaf L_eaf
Genotype 3 length length length width L* a* b* Hue Chroma
(cn)
(mm) (mm) (mm) (mm)

Y1 0.87+0.1 5.33+1.3 12.56+1.1 47.6+2.3 4392422 65.36+3.4 7.21+34 2863+4.5 132+05 29.52+12

Y2 0.96+0.1 7.1542.3 1256+1.2 40.42+45 39.84+4.4 629465 9.07+3.2 297423 124403 31423

Y3 09+0.3 7.62+0.8 9.1+19 40.89+2.3 39.02£1.1 58.7+6.6 16.71+2.1 29.96+1.2 1.06+0.1 34.3+3.4

Y4 0.9440.2 6.5£05 11.2£1.7 427465 3953+57 70.12454 575+1.7 350715 14+0.2 355+1.6

Y5 0.9240.1 5.73+1.3 10.99+1.1 37.114+2.7 33.05+2.3 59.51+4.3 198+0.9 31.17+3.7 15+0.7 31.2+24
RB1 0.85+0.3 6.17+1.6 57+0.9 27.88+1.9 2354+14 23.29+3.2 14.69+1.1 3.48+2.1 0.23+0.1 15.09+2.3
RB2 0.98+0.2 4.15+0.8 14.18+1.3 4798454 53.45+4.8 23.22+3.3 17.88+55 417409 0.22£0.1 18.35t1.4
RB3 0.73+0.1 4.7+11 1091423 3852+1.1 38.7+2.3 20.53+34 16.07+23 3.7+1.1 0.19+0.1 16.32+4.2
RB4 0.89+0.1 4.2+0.8 11.2+34 37.08+55 36.2+6.7 2297456 17.03+4.5 4.39+12 0.25+0.1 17.58+2.2
RB5 0.9440.1 4.96+05 14.69+6.2 38.47+4.3 52.99+7.8 28.63+2.3 17.31+5.6 4.44+15 0.25+0.1 18.87+1.3
RL1 0.93+0.3 9.32+1.2 8.83+2.4 32.6+32 28.29+4.3 30.7+4.3 36.26+2.3 11.58+2.4 0.3+0.15 38.06+5.6
RL2 0.91+0.2 8.26+1.3 12.8+1.1 3536456 38.36+1.2 29.8+2.8 34.67+5.6 10.21+35 0.28+0.1 36.14+3.2
RL3 09+04 8.87+1.4 1251+34 38.91+48 36.26+3.4 283924 36.04+3.6 9.94+2.3 0.26£0.15 37.38+4.5
RL4 0.90+0.3 8.1+0.2 1537+0.8 40.5+1.4 38.82+25 31.1+1.3 37.89+3.4 1257+2.3 0.32+0.1 32.92+4.3

RL5 0.91+05 9.36+2.4 14.84+1.1 39.17+2.3 35.83+2.2 31.7459 38.96+6.7 14.31+43 0.35£0.1 41.5+1.2

LG1 0.92+0.3 8.69+1.1 8.91+0.6 38.93+25 34.23+1.6 78.33+7.7 -3.99+1.3 32.95+2.1 -1.45+1.2 33.2+24

LG2 0.93+0.1 7.69+1.6 8.17+05 36.21+2.3 31.38+2.7 79.845.6 -3.27+22 32.64+1.1 -1.47+0.9 32.8+1.1

LG3 0.97+04 7.77+25 826+12 36.85429 3272434 7265423 -24+1.2 34.66+4.7 -15+13 34.7+1.6
LG4 09+0.2 7+1.2 9.6+2.6 33.6+1.3 29.29+1.8 70.96+4.5 -4.39+1.6 35.87+5.6 -1.44+24 36.13+2.7

LG5 0.924+0.1 6.9+14 8.71+14 35.6+36 30.86+3.5 72.34+13 -8.14+2.7 33.75+2.4 -1.33+1.1 347439

Mean 0.91 6.9 11.05 38.32 36.82 48.05 14.27 20.16 0.49 30.26
Standard deviation 0.22 1.26 181 3.32 3.26 4.1 3.04 2.53 0.24 2.64
Percentage variation ~ 24.17 18.26 16.38 8.66 8.85 8.53 21.30 12.55 48.98 8.72

S ool o (D35 0 ,0) 95 o )0 At HAy o Sl GBlizel g .Sl 5 5 45 bgs e sloosls 5 0gae s Lo Bl il g u&:u ogee 4 by e slaosls
ol 00 drsloen (1 Sls 4y L Bl )5
Data relating to fruit color are mean and standard deviation of 10 fruits, and data relating to leaf are mean and standard deviation of 20 leaves.
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 hawthorn genotypes

FWe FL _FWi D L a b PeL LL LW PL F SN Swe SL SW Pwe
FWe 1

FL 0527 1

FWi 0577 0967 1

D 016 005 016 1

L 046" 035 055 034" 1

a 0337 0347 0397 -012 0787 1

b 0457 028 0517 035" 097" -0.697 1

PeL -007 005 004 015 016 026 022 1

LL 036" 018 032 049 007 002 008 -025 1

LW 023 009 017 024 -022 016 025 -039" 0747 1

PL  -008 000 -008 016 -033" 0437 0297 -009 06" 0717 1

F 012 022 02l 029 0797 -0767 0727 010 -0.14 -033 0427 1

SN 019 023 024 012 0627 -0897 0537 031" -009 -012 -044" 0.697 1

SWe 0777 048" 0747 019 0437 -036" 0397 012 021 021 002 015 027 1

SsL 0577 023 0517 024 016 009 020 010 037 0377 033 021 -022 0427 1

SW 0437 015 031 -004 021 019 -016 021 031 0467 032 044" -019 035" 0677 1
PWe 097" 0497 004” 014 043" -030° 042" 005 038" 023 -001 010 015 065" 057" 042" 1

Bo )0 ) g ae )0 0 0 (6l S s iy

9%

o3 5557SWe ¢k Slaxi=SN  iwmF (5 s Gsb=PL 5y (5 ye=LW o5y JobomLL cogme po Jobo=Pel ( JKz=D wogre (5 ,e=FWi wogae Jobo=FL cogua (y,5=FWe
g CuigS 5357 PWe ()& 3,8 =SW Sy Jybo=SL

*, **_significant at p<0.05 and p<0.01 respectively.
Few: Fruit weight, FL: Fruit length, FWi: Fruit width, D: Density, PeL: Pedicle length, LL: Leaf length, LW: Leaf width, PL: Petiole length, F:
Firmness, SN: Seed number, SWe: Seed weight, SL: Seed length, SW: Seed width, PWe: Flesh weigth.

Lo Jole 43 425 5l ol sl ole gy (sl ome ol 5 Shole (sl Jgor
Table 5. Eigen values and cumulative variance for 5 factors resulted from factor analysis

Traits Component
1 2 3 4 5

Fruit weight 0.898 0.265 -0.231 -0.110 -0.172
Fruit length 0.905 0.064 -0.272 -0.193 -0.051
Fruit width 0.904 0.161 -0.239 -0.180 -0.177
Density 0.202 0.44 0.701 0.417 0.053
Firmness 0.400 -0.751 0.287 0.177 0.066
Flesh weight 0.869 0.272 0.254 -0.139 -0.247
Pedicle length 0.340 -0.138 0.675 0.558 0.027
L 0.742 -0.521 0.331 0.046 -0.419
a’ 0.620 0.625 0.134 -0.334 -0.012
b" 0.729 0.411 0.398 0.016 0.013
Petiole length 0.078 0.822 0.252 0.197 -0.183
Leaf length 0.293 0.572 0.192 0.208 -0.508
Leaf width 0.125 0.772 0.125 0.532 -0.129
Seed number 0.386 -0.681 -0.204 0.493 0.130
Seed weight 0.878 0.245 -0.108 0.047 0.226
Seed length 0.708 0.495 0.125 -0.063 0.314
Seed width 0.345 0.508 -0.350 0.190 0.611
Eigen value 6.65 4.47 23 1.43 1.19

% of variance 36.95 24.82 12.79 7.92 6.63

Cumulative Variance % 36.95 61.77 74.56 82.48 89.11
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Figure 1. Grouping of Hawthorn genotypes based on the first and second factor derived of Factor analysis

oy S Lo Jle 4 03 51 36 gl Jole 53 &L
s e oo b 330 b ladgs & b
SladisS whs lis glades & o ) ool ety wbs
Sobe 4 wlad 3 13 kit sbveg, Sy calise
la> o2 5l 1) laisd culys gogam U gladigs & 5o
2 wlide glapBoli (85 18 ies oS
On 0 Yl gai 0g>g baimslis alise glaales

Sladgs 455 5l edwlcuwsay 350 loges Y S
)y gy 4 SII sla 5ol
Figure 2. Dendrogram of grouping hawthorn
genotypes based on Ward’s method
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