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Table 2. Characteristics of nut, kernel, and phytochemical composition of twenty hazelnut genotypes along with

environmental properties of their habitat.

% 7 E o
= = € = = - S o B
= IS = E/ ) < X :3 e I = g 3 g
€ S S = S ke 2 o S 3 -
832 37 a5 3f 2% 2% 58 1o 28 1 FE 3z & 3% 3:
T2 08 3% SF 32 5% Y8 %8 9 32 3 TE I o7E 4:f 38
b S ks 12 A3 £ 43 48 42 4§38 5§88 3 33 3¢ 48 25 41
O] ° - A= u:) { D c D e ol 8 ‘5 1 s % 3 3 Q£ 2 C 1s Y
= 5 5 £ 5 > 9 & = 2 YE 3z 2§ 1%
= < 5 X z 8 E < = 5 ™5
X s c > zZ
< w
68 13 1.00 0.47 0.41 0.49 30.86 13.25 47.78 11.80 2.09 35414 840 1341 75 7.12
70 15 0.74 0.88 0.61 0.67 55 1415 7559 1040 126 35414 840 1351 76 7.12
16 12 1.15 0.74 0.65 0.73 67.89 13.62 47 124 124 35368 846 1355 77 7.12
31 1.00 0.80 0.62 0.61 0.60 56.2 1536 4245 1150 115 35414 840 1364 76 7.12
52 1.00 143 041 0.53 0.37 32.7 16.06  56.19 109 104 35368 840 1364 77 7.12
21 1.40 0.7 0.46 0.42 1.09 4542 1469 53.85 12,6 123 35475 846 1341 76 7.12
63 1.20 11 0.59 0.45 0.94 30.9 1241 4225 129 187 35662 9.05 1462 74 7.30
65 1.40 1.00 0.75 0.62 0.68 42.3 12.70  63.37 109 134 35662 9.05 1389 80 7.30
37 1.55 1.00 0.64 0.57 0.84 56 15.88 66.48 10.7 108 35366 840 1403 76 7.30
15 1.36 117 0.52 0.50 0.68 4859 16.91 46.72 13.1 106 35519 846 1370 76 7.30
41 1.2 0.9 0.74 0.72 0.42 68 15.98 56.2 114 109 35366 834 1384 75 7.30
20 131 1.24 0.73 0.69 0.94 49.74 1400 65.91 10.8 154 35414 845 1347 76 7.30
34 1.65 1.2 0.67 0.58 0.91 65 9.49 52.7 10.3 1.06 35271 834 1398 76 7.10
46 1.70 1.14 0.54 0.52 0.37 36 13.10 3143 117 112 35414 840 1382 76 7.12
23 1.22 1.00 0.89 0.81 0.72 4162 1445 46.32 126 101 35353 538 1357 77 7.14
10 1.00 0.9 0.51 0.45 0.86 3233 1694 43.4 136 178 356.60 9.24 1440 76 751
29 2.1 0.7 1.07 0.63 0.69 43 13.28 45.74 122 123 35475 846 1360 76 7.12
66 1.30 11 0.64 0.62 0.55 4754  15.06 46.3 115 141 35446 9.14 1348 7 7.52
8 1.10 0.8 0.71 0.61 0.70 4733 1361 45.12 136 113 35638 9.01 1413 7 7.30
51 1.60 1.00 0.64 0.52 0.40 4532 1235 46.85 124 154 35368 840 1346 77 7.12
1 1
| i | |
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c e
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Fig. 1- Means of annual temperature and raining in sampling places of hazelnut genotypes.
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Table 2. Descreaptive analysis (Mean, Maximum, Minimum and Coefficent of Variance) of measured characteristes for
twenty hazelnut genotypes.

Mean Max Min CV%
o9 Job 1.38 2.1 1.00 21.09
Nut length (cm)
e Sl 1.00 143 0.70 19.85
Nut thickness (cm)
e Jsb 0.66 1.07 0.41 24.24
Kernel length (cm)
e ”“l’” 0.57 0.81 041 26.31
Kernel thickness (cm)
Fre 03 0.68 1.00 0.37 24.41
Kernel weight (g)
Fre ey 47.00 68 30.86 23.41
Kernel percent (%)
e 14.16 16.94 9.49 12.69
Carbohydrate (%)
o59) 49.85 66.48 31.43 17.47
0il (%)
OB 11.86 136 103 8.61
Protein (%)
Jo5t 131 218 0.98 22.90
Taxol (pg g7)
Sl (St 354,68 356.2 352.71 343
Annual precipitation (mm)
Sl sles 8.43 9.24 5.38 9.26
Annual temperature
el el 1374.85 1462 1341 248
Elevation above the sea (m)
Ol slajs, slasd 76.25 80 74 153
Number of frosty days
S g 7.18 7.52 71 1.83
Soil pH
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Table 3. Correlation coefficients between characteristics in twenty hazelnut genotypes.
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Fig. 2- Grouping of twenty hazelnut genotypes based on 15 studied characteristics using Ward method (scale. Squared Euclidean distance).
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550 ol 1z oo
Item PC axis
o5 nolie 4.38 27 185 176 135
Eigenvalue
S 25.57 16.01 10.89 10.39 7.96
Proportion
.
S U“_l*” 25.57 41.59 52.48 62.88 70.85
Cumulative
o o910y
Variable Eigenvector
Jsl 4ile P33 4ile proailie  plezailie ey ailje
PC1 PC2 PC3 PC4 PC5
o502 Jobo 0.377 -0.601 0.079 0.054 -0.469
Nut length
230 Sl 0.105 0.286 -0.590 0301 -0.105
Nut thickness
e Jsb 0.281 -0.182 0.539 0525 -0.459
Kernel length
o Sl 0.032 0.204 0.381 0.454 -0.623
Kernel thickness
Fe 0y -0.309 -0.182 -0.140 0.540 0.277
Kernel weight
P oy -0.288 -0.141 -0.147 0.558 -0.546
Kernel percent
Shsens S 0.663 0.381 -0.186 -0.314 -0.544
Carbohydrate
Og?l) -0.544 0.557 0.198 -0.142 0.154
I
O -0.010 0.320 -0.524 0.433 -0.135
Protein
Jo5t -0.240 -0.001 0.555 -0.139 0.609
Taxol
sl Sl 0.259 -0.192 -0.139 -0.188 0.608
Annual precipitation
Sl sl 0.247 0.262 0.321 0.235 0.798
Annual temperature
) 0.243 -0.138 -0.425 0.109 0572
Elevation above the sea
ol slajs) sl -0.063 -0.243 -0.018 0.246 0.614
Number of frosty days
S il 0.550 0.611 0.013 0.199 -0.218
Soil pH

the original characteristics and first five principal components (PCs) in 20 hazelnut genotypes
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Introduction: Fandogloo habitat, the largest gene pool of hazelnuts, is located in the Northwest of Iran. A
combination of climatic variation and consecutive sexual propagation have produced a very rich genetic diversity
among local hazelnuts in this gene pool. The goal of this research was to conduct a biodiversity analysis of hazelnuts
in Fandogloo habitat using a correlational study among variables, principle component analysis and cluster analysis.
Meanwhile, probable relationships between the studied variables of hazelnuts and their growing location were also
evaluated.

Materials and methods: Twenty superior genotypes were selected out of 70 primarily studied genotypes and
labelled in 2014-2015 on the basis of important morphological and phonological traits. Ten variables regarding nut
and kernel dimension and phytochemical compositions (oil, protein, and carbohydrates percentages of kernels and
the amount of Taxol in mature leaves) were evaluated. In order to study the environmental effects, five
environmental traits including the means of annual rainfall and temperature, elevation above sea level, number of
frosty days, and soil pH were evaluated for each sampling place. The statistical analysis was done with SPSS 16.

Results and discussion: According to descriptive statistics, the highest coefficient of variance (C.V.) values
belonged to nut thickness (26.31%), and nut weight (24.41%), while the lowest C.V. values belonged to frosty days
(1.53%), and soil pH (1.83%). There was a strong correlation between nut length and kernel percentage (r = 0.943,
P<0.01) and a negative correlation between Taxol and kernel thickness (r = -0.519, P<0.05) and kernel percentage
(r =-0.524, P<0.05). There was a negative correlation between soil pH and annual precipitation (r = -0.838, P<0.01)
while elevation above sea level was positively correlated with annual precipitation (r = 0.481, P<0.01). Annual
rainfall had a negative correlation (r = -0.495, P<0.05) with kernel ratio. Principle component analysis showed that
the first five principle components (PCs) accounted for 70.85% of the total variation. Cluster analysis produced a
dendrogram with two main clusters. The genotypes classified in group Il were located in a higher elevation than the
group | genotypes. This study showed a significant genetic diversity among the hazelnuts of Fandogloo habitat,
which is of great value for breeding programmes. The diversity observed within hazelnuts in Fandogloo is related
rather to their genetic variation than the impact of environmental conditions. However, among environmental
properties, elevation above sea level had more effects on genotype attributes in comparison with other
environmental factors.

Conclusion: Hemmed in by tall mountains with a cold climate, Fandogloo has become one of the unique gene pools
of hazelnut in Iran. The nuts of the studied genotypes in Fandogloo were smaller, globular with relatively high
kernel ratio than hazelnuts from other habitats in Iran. Although none of the studied genotypes are potentially
eligible to be introduced as a new cultivar, but they may be crossed with commercial cultivars in order to produce
new hazelnut cultivars compatible with the harsh climatic conditions of Fandogloo.
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