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Table 1 Mean comparison of antioxidant composition of 11 cultivar and genotypes of hazelnut fruit
in Rudsar Eshkevarat region

Total phenols Total flavonoid

Genotype/cultivar Source ggg;):;dgzt) (mg Glfvl\:;; 100gr (mgl(:Q\/A})OOgr @Zﬁ%%'gra'f\';\j/)
Eshkevar3 Iran 28. 71+0. 13" 25. 69+0. 07" 1. 43+0. 02" 46. 84+0. 91¢
Fertile decotard France 91. 03+0. 13° 79. 23+0° 10. 70+0. 03° 67. 60+0. 02°
Ronde dupimont Italy 38. 81+0. 23 61. 8620. 23° 4.38+0. 01° 77. 630. 14°
Negreta Spain 91. 76x0. 11° 77. 9540, 23° 10. 49+0. 18" 52. 2620. 06
Segorbe Spain 23. 25+0. 12' 26. 20+0. 20" 1.13+0. 01' 46. 30+0. 39°
Eshkevar4 Iran 21.83+0. 11/ 19. 67+0. 11' 1. 49+0. 02" 67. 98+0. 04°
Eshkevar? Iran 21.72+0. 17 12. 10+0. 19! 0. 85+0. 02! 58. 47+1. 40°
Eshkevarl Iran 31. 34+0. 04¢ 46. 85+0. 32° 6. 21+0. 02° 71. 59+0. 12°
Morfineski Georgia 58. 23+0. 04° 40. 98+0. 04° 3.10+0. 01" 61. 2620. 14°
Sivri Turkey 76. 5620. 06° 42. 38+0. 16 1. 84+0. 03¢ 51. 44+0. 06
Sochi Russia 61. 63+0. 15 68. 27+0. 67° 4. 9020. 01° 43. 26+0. 14"

In each column similar letters show no significant differences based on Duncan’s multiple range test (5%).
+: Standard deviation

Table 2 Mean comparison of phytochemical composition of 11 cultivar and genotypes of hazelnut

fruit in Rudsar Eshkevarat region

Genotygre/cultlv Source Silicon (mg/kg) (?r? 5?(3; Iron (mg/kg) Mg%g?ﬁg;m
Eshkevar3 Iran 189. 33+4. 10° 2. 58+0. 15° 59.51+0. 94°  1875.50+10. 10°
Fertile decotard France 83. 80+4. 10f° 2.15+0. 10° 21. 27+0. 36° 923. 33+30. 33¢
Ronde dupimont Italy 119. 67+1. 86° 2. 56+0. 05° 56. 630. 69° 1958+15. 01°
Negreta Spain 92. 10+0. 81" 1.61+0. 179  45.70+0. 66"  1352.33+18. 62°
Segorbe Spain 48. 15+0. 38' 1.84+0. 05  37.96+0. 09° 917+2. 319
Eshkevar4 Iran 235.33+11.57*  3.6840. 01 44.16+0. 41°  1863. 67+49. 46°
Eshkevar?2 Iran 214. 33+4. 91° 4. 30+0. 10° 72. 67+0. 30° 1351+48. 50°
Eshkevarl Iran 166. 50+0. 29° 3+0. 07° 61.03+1.01°  2105.33+19. 20°
Morfineski Georgia 81. 60+0. 69" 2. 27+0. 03° 27.53+0.80"  1102.50+1. 44°'
Sivri Turkey 76+1. 85° 1. 63+0. 09° 27.78+0.39"  1149.50+16. 45°
Sochi Russia 61. 550. 66" 2.06+0. 07"  37.51+0.11°  1060. 50+10. 10

In each column similar letters show no significant differences based on Duncan’s multiple range test (5%).
+: Standard deviation
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Continued Table 2 Mean comparison of phytochemical composition of 11 cultivar and genotypes of
hazelnut fruit in Rudsar Eshkevarat region

Genotype/cultiva . Boron . Selenium

ypr Source Calcium (mg/kg) (mg/kg) Zinc (mg/kg) (ma/kg)
Eshkevar3 Iran 1586. 33+63. 73°  9.29+0.03°  55. 26+0. 07" 8.56+0. 16°
Fertile decotard France 1161.67+9. 53"  3.64+0.07%  27.69+1. 329 4.550. 10
Ronde dupimont Italy 1247.33421.40°  7.55+0.17°  51.61+0. 29° 7. 84+0. 06
Negreta Spain 92845. 77° 3.46+0.20°  38.51+0. 80° 3.53+0. 13°
Segorbe Spain 935+10. 69° 4.33+0.03"  26.35+0. 61¢ 4. 49+0. 04'
Eshkevar4 Iran 1481. 67457.85°  10.12+0. 08"  48. 32+0. 56¢ 9.310. 21°
Eshkevar2 Iran 1884+3. 46° 8. 64+0. 27° 65. 05+1. 33? 11. 54+0. 172
Eshkevarl Iran 1771+9. 64° 11.50+0. 16°  33.83+0. 30" 9.20+0. 03°
Morfineski Georgia 1257. 67+410.93°  3.57+0.19%  33.50+0. 17' 2.81+0. 02"
Sivri Turkey 856. 67+11.26%  7.50+0.23°  20.87+1. 40" 3.47+0. 19°
Sochi Russia 755+16. 17" 2.3620.08"  32.63+0. 61 5.41+0. 03°

In each column similar letters show no significant differences based on Duncan’s multiple range test (5%).

+: Standard deviation

Continued Table 2 Mean comparison of phytochemical composition of 11 cultivar and genotypes of

hazelnut fruit in Rudsar Eshkevarat region

Genotype/cultivar ~ Source Nitrogen (mg/kg) Phosphorus (mg/kg)  Potassium (mg/kg) ~ Manganese (mg/kg)
Eshkevar3 Iran 16434. 50+26. 27° 4909. 67+61. 72° 2307. 67+20. 50" 25. 83+0. 06"
Fertile decotard France 11390. 67+56. 13° 3791. 33+92. 66° 2543. 33+38. 72¢ 15. 54+0. 03¢
Ronde dupimont Italy 12358. 50c+140. 01°  3530. 67+86. 03" 3397. 33+32. 82" 23. 60+0. 13¢
Negreta Spain 10228. 33+103. 09' 2979. 67+28. 94" 1917+39. 31" 23. 52+0. 06°
Segorbe Spain 10130. 50+71. 30" 3737. 33+79. 74° 2709+21. 36° 43.93+1. 13°
Eshkevar4 Iran 16272. 50+22. 23° 5243+7. 51° 2111+15. 01°¢ 18. 18+0. 06'
Eshkevar2 Iran 13844. 50+78. 81" 4172. 33+58. 98 2385. 33+45. 18 25. 6520. 22°
Eshkevarl Iran 13668+192. 31° 4473+66. 65° 2431. 33+22. 36° 17. 79+0. 22f
Morfineski Georgia 11913+289. 25° 3473.67+17. 13" 2120. 33+38. 62° 23. 35+0. 03¢
Sivri Turkey 12480+120. 67° 3199+31. 34¢ 3535+32. 08° 35. 71+1. 11°
Sochi Russia 11680+56. 04d° 3033+43. 09" 2384+17. 01°f 41. 94+1. 15°

In each column similar letters show no significant differences based on Duncan’s multiple range test (5%).
+: Standard deviation

Table 3 Correlation coffecients between evaluated traits in 11 cultivar and genotypes of hazelnut fruit

An Ph FI VC Si Cu Fe Mg
An 1
Ph 0.82" 1
Fl 0.75" 0.89" 1
VC 0.12™  0.12™ 0.23™ 1
Si 0.61"  -0.59" -0.34" 0.36" 1
Cu 0.677 -0.617 -0.40° 0.40" 0.87" 1
Fe 0.68"  -0.43" -0.29" 0.16™ 0.707 0.67" 1
Mg -0.517 -0.22" -0.13® 0.527 0.717 0.487 0.69" 1
Ca 0.63"  -0.56" -0.27" 0. 46** 0.84" 0.85" 0.72" 0.63"
B 0.63"  -0.58" -0.42" 0.42" 0. 81** 0.65" 0.65" 0.82"
Zn 0.56"  -0.45" -0.32" 0.21™ 0.78" 0.76° 0.81" 0.55"
Se 0.747  -0.54" -0.37" 0.34" 0.88" 0.8” 0.8 0.68"

Ph: Phenol Fl: Flavonoid VC: Vitamin C Si: Silicon Cu: Copper Fe: Iron Mg: Magnesium Ca: Calcium
B: Boron Zn: Zinc Se: Selenium An: Antioxidan
** * ns: significant difference at P< 0. 01 and P< 0. 05 and non-significant, respectively.
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Continued Table 3 Correlation coffecients between evaluated traits in 11 cultivar and genotypes of
hazelnut fruit

N P K Mn Ca B Zn Se
N 1
P 0.8 1
K -0.14 0.27 1
Mn -0.39"  -0.46 0.31 1
Ca 0.69” 0.75" 0.23  -0.60" 1
B 0797 0.76" 0.13 -0. 40" 0.76" 1
Zn  0.60” 0.50" 0.24 -0.33 0.697  0.48" 1
Se 0.727 0.72" -0. 09 -0.33 0.83" 0.78" 0.80" 1

An -0.58"  -0.697 0.03 -0.07 -0.63"  -0.63" -0.56" -0.74"
Ph -0.60" -0.64" 0.06 0.12 -0.56™  -0.58™ -0.45" -0.54"
FL -0.49™ -0. 40" -0.23 -0. 41" 0.27 -0.42° -0.32 -0.37"
Ve 0.19 0.29 0.16 0.76" 0.46" 0.42° 0.21 0.34
Si  0.87" 0.84™ 0.29 -0.55" 0.85" 0.81" 0.78" 0.88"
Cu 0.66" 0.69” 0.24 -0. 42" 0.85" 0.65° 0.767 0.89"
Fe 0.487 0. 45" 0.11 -0.18 0.72" 0.65 0.81™ 0.8
Mg 0.687  0.617 -0.01 -0.51" 0.637 0.827 0.55 0.68"

N: Nitrogen P: Phosphorus K: Potassium Mn: Manganese Mg: Magnesium Ca: Calcium B: Boron Zn: Zinc

Se: Selenium
** * ns: significant difference at P< 0. 01 and P< 0. 05 and non-significant, respectively.
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Fig 1 Dendrogram of cultivars and genotypes of hazelnut based on ward’s method
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As one of the most important nuts, hazelnut (Corylus avellana L. ) contain a valuable set of
antioxidants and nutrients. The quality of hazelnut kernel was strongly affected by kernel compounds.
The antioxidant capacity and biochemical compounds depends more on the cultivar, climatic
conditions and the interaction between climatic conditions and genotypes. The present study was
conducted to determine the quality properties including vitamin C, antioxidant activity, total phenol,
flavonoid and mineral element in 11 cultivars and genotypes included seven imported cultivars
(Ronde dupimont, Negreta, Segorbe, Sivri, Morfineski, Fertile decotard and Sochi), and four local
Iranian genotypes (Eshkevarl, Eshkevar2, Eshkevar3 and Eshkevar 4) in the Rudsar Eshkevarat
region in 2017. Analysis of variance results were showed that there was significant difference (P<0.
01) among examined cultivars for all characters and showed high genetic variation in all of the
studied cultivars. Correlation analysis showed the existence of significant positive and negative
correlation among some important traits. According to the cluster analysis dendrogram performed by
"Ward" method, cultivar and genotypes of hazelnut in Euclidian distance 27 were classified into four
clusters.

Keywords: Hazelnut, Mineral elements, Antioxidant properties, Cluster analysis

* Corresponding Author E-Mail Address: rabiei@znu. ac. ir

165



