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Table 1. Variation in morphological characteristes measured for eight hazelnut varieties

Jol oSk S 2P )
Minimum Mean Maximum Sl ot

Characterists S R C.V.(%)
Vegetative growth (cm) (el (95485 70.00 21.99 45.00 10.73
Trunk diameter (cm) (eglo) a3 s 130 2.66 4.00 13.01
Number of sucker Sl sl 1.0 3.3 6.0 22.0
Canopy diameter (cm) (osle) 26 3 14,00 27.47 44.00 13.87
Leaf length (cm) ezl S db 520 6.51 7.50 5.79
Leaf width (cm) Gasl) 0 20 5.00 5.49 6.50 4.93
Internodes length (cm) o) o Sibe J5bo 1.50 2.19 3.00 11.75
Nut weight (g) ¢S esmis 14 1.9 2.8 4.8
Nut length (mm) (o) osm b 129 16.9 22.9 3.2
Nut width (mm) Gakodose 22 123 153 18.6 3.6
Corolla kernal weight(g) (05 i 05 0.5 0.9 1.4 8.3
Total fruit weight (g) (¢S ese JS 055 (23 2.8 33 33
Kernel weight (g) (5 055 06 0.9 1.5 6.8
Corolla (%) (#4815 66.36 83.39 4.20
Nut (%) (1) o5 231490 4838 68.79 7.76
Fat (%) () 2~ 60.80 64.66 71.30 1.34
Protein (%) (Messs 1231 14.55 16.17 243
Total chlorophyll (umol) . (Jsa38) JS Js5 8 1.60 5.38 9.10 19.24
Chlorophyll a (umol) Uses S TJss 5 0.98 1.33 1.71 5.44
Chlorophyll b (umol) Qs S o S35 241 291 3.85 3.84
Chlorophyll a/b ol s S ews 037 0.46 0.60 5.60
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Table 2. Mean of quantitative characteristics in eight hazelnut varieties

Characteristics &l sas

WAS Il o oyl (19— "5 9 Jl@ (81054 dloxe”

5 s 5 b sltss gb s Jb P Sl a0y Jb o 035 Felis JS0is el sl sxh el S Jos ks ass i b sy S5 e
Szl Ky &£, o5 oy by o5 alb
Variety Vegetative Trunk Number  Canopy Leaf Leaf Internode Nut Nut Nut Corolla  Kernel T. Nut Kernel Fat Protein T. Chlorophyll ~ Chlorophyll ~ Chlorophyll
growth diameter of diameter length width length weight < length width weight weight fruit (%) (%) (%) (%) Chlorophyll a (umol) b (umol) a/b
(cm) (cm) sucker (cm) (cm) (cm) (cm) (g (mm) (mm) (g) (g) weight (umol)
(g
JA 6.51a-
20.61c 2.08¢c 2.67cd 25.0c d 5.31c 2.16ab 2.37a 22.02a°  17:78a_ . 0.62f 1.35a 3.05ab  79.69a 55.42b  63.35¢  15.29b 5.65¢ 1.62a 3.14a 0.52a
Ferti '
e 20c 2.19bc 3.89a 24.89¢ 6.66ab  5.74a 2.26ab 1.57f 13.68f  12.98f 0.85¢ 0.74cd  2.49b 66.0lb  45.01d 68.79a  13.44f 4.92d 1.46b 3.09ab 0.47b
ashmineh
s
27.28a 2.33ab 3.94a 28.28ab 6.26d 5.43bc  2.23ab 1.74d 15.89¢  13.79¢  0.91d 0.72d 2.62d 65.19p  42.0le 61.61g 14.51d 3.0le 1.16f 2.73e 0.43f
Rasmi
«f
24.5b 2.45a 3.89a 30.17a 6.38cd  5.34c 2.24ab 1.91c 17496  15.88¢  1.15a 0.73cd  3.09ab 62.88¢. 37.52f  66.04c  13.74e 7.56a 1.35¢d 2.94¢ 0.46¢c-¢
Gorjeh
R3]
18.39d 2.07¢ 2.83cd 27.72ab 6.73a 5.71a 2.3a 2.13b 17276 15.6¢c 1.02¢ 1.18b 3.03b 66.43b < 58.67a 67.25b  13.57ef  3.34e 1.31d 2.92cd 0.45¢c-¢
Rond
Saat 6.44b-
17.6d 2.3ac 3.17bc 26.17bc d 537bc  2.11ab 1.67¢ 16.77¢  15.64c  1.10ab 0.73cd  2.75¢ 59.82d  44.69d 63.52¢ 14.86¢ 6.13¢ L4c 3.06b 0.46b-d
Shastak
o 6.56a-
20.83¢ 2.17¢ 2.5d 28.39ab 5.56ab  2.09b 1.63e 16.17¢  14.18d  0.86de 0.76¢ 2.48¢ 65.18b  47.7lc. 6441d 15.46b 5.59¢d 1.25¢ 2.85d 0.44ef
Negret ¢
@2 F 6.54a-
27.28a 2.49a 3.61ab 29.17a 5.48bc  2.17ab 2.08b 16.34d  1642b  1.07bc 1.14b 3.12a 65.67b  5599b  62.32f  15.57a 6.85b 1.11g 2.55F 0.44ef
Gerdui ¢

1 s e S5 A0 Jloz! pedan 53 oSGl (glatals i 0 ga3T ll y il gn &5 2 U3 OS5 il (5115 470 gt 2 3 0 o la e

Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level- using Duncan ‘s Multiple Range Test.
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Table 3. Correlation coefficients between quantitive and quality characteristics in eight hazelnut varieties

Sloo gz

Characteristics 6] @ 3) “) &) ©) ) ® ® a0 dan 3d 13 a4 ds  Jde A7 A% 19 20 2D
o A
Vegetative growth (1) 1
< b
Trunk diameter (2) 0.616™ 1
STl ol
Number of sucker (3) -0.188° -0.154 1
i
Canopydiameter(4) 0.668~ 0.507  -0.231" 1
& d
Leaf length(5) 0.112 0.103 ~0.024 0.119 1
&y oe
Leaf width (6) -0.002 -0012 0.025 0.141 04127 1
o Sl Jsb
Internode length(7) 0.181" 0.268" 0.021 0.178° -0.107 0.181° |
o5 O3
Nut weight (8) 0.087 0017 0171 0.064 -0.16 0151 0.065 1
osn dob
Nut length (9) -0.035 -0.06  -0.239"  -0.038 -0.031  -0.217 -0.039  0.752* |

* and **: Significant at the 5% and 1% levels of probability, respectively.

ns: Non-significant

.Z\,Zadu;,tcbjwb@u%;«f:**,*
Jls gae o M8
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Table 3. Continiued ¥ J g aals|

R M @ ©) “4) ® (©) (M ®) ©) (10) an (12) (13) (14 (15) (16) a7 amw a9 o @n

Characteristics

S Slo s b5l

Nk -0.005 0.032 -0.197" 0.022 -0.023 ~0.211° -0.02 0.762*°  0.829*" 1
Nut width (10)
A0 0002 0095 0193 0063 0005 0001 0031 -0239" -0375°  -0.045 |
Corolla weight(11)
FO 0007 0078 -0.236" 0038 0139  -0.049° (0027 0841 0665 -0.685" 0356 1
Kernel weight(12)
&05 0.078 0.096 0.016 0.1 0.025 -0.151 -0:029 0.747°" 0.574* 0.754" 0.247*  0.634™ 1
T. weight(13)
et 0.053 -0.036 -0.18° 0.001 0.003 -0.07  -0.009 0.615 / 0.651  0.419" -0.856" 0.672 0.369*" 1
Nut (14)
H -0.064  -0.154 -0.277  -0.108 0.209° 0.056 0.033 0.558*" 0.335* 0415 -0.169° 0.841 0.302 0.311" 1
Kernel (15)
w0203 -0.11 -0.003 -0.01  -0.168°  0.223* 0.162 -0.187° -0.305" -0.305* 0.05 --0109 -0.106 -0.099 -0.042 1
Fat (16)
ot 0.105 0.069 -0.213" 0.055 -0.076 -0.17° -0.179° 0.199°  0.341" 0385 -0.211° 0.254* 0.029 0.209° 0.251* -0.68" 1
Protein (17)
& dés ks “ as o e e
0.005 0.102 0.002 -0.007 -0.087 -0.148  -0.085 0.045 0.168 0.367 0.237 0.031 0294 -0.085  -0.156 -0.047 0.27 1
T. Chlorophyll(18)
A -0.166° 0.093 -0.165" 0.084 0.035 -0.04  -0.034  0.227*" 0466  0.237" -0.484" 0247 0.052 0.496™ 0.045 -0.335" -0.173" 0.06 1
Chlorophylla (19)
bz -0.315*  -0.166" -0.144  -0.193° -0.004 -0.062  -0.027 -0.007 0.289 0.047 -0.315" 0.006 -0.09 0.255F -0.11" 0413 -0.298" (21 0.802* 1
Chlorophyll b (20)

a/b 0.017 0.005 -0.129 0.046 0.057 -0.006  -0.035 0335 .0446™ 0307 -0.451" 0.355* 0.153 0519~ 0.151 0.177° -0.021 078 0.855" (.379 1

A }ZDJWl@»J:)bG@%JS@:**j*

Jls gme o M8
* and **: Significant at the 5% and 1% levels of probability, respectively.
ns: Non-significant
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Table 4. Eigen value and variance (%) in each component
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Component Eigenvalue v, ionce (%) Cumulative
variance (%)

I 6.52 263 26.3

2 3.16 15.0 414

3 2.36 11.2 52.6

4 1.88 8.9 61.5

5 1.8 8.6 70.1

6 1.13 54 755

) 10 48 80.3
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groups) Average linkage
Fig. 1. Grouping of hazelnut varieties based on morphological characteristics using
Average linkage (Between groups) method

OLLSan ggle S 5 S s el
JLx , Ll & 5 (Santos et al., 2005)
Q\)W})}bl_wfﬂjjjéu\_&
o= 05 OLS o 2ées (Santos et al., 2005)
ogr A3 b e () 35 e Dlio
Sl ol 55 G ol 53 s 8 518
G255 o) 53 35 1, @Y Sl DU

A O)9 e O3 0 sw 09 Slaw

Yva

S 1 oo OT dadnine 335 i o aS
35 (PANA) 5L 5 o Ao s 5L
(Santos et al., 2005) O ,LSKes 5 g5l
Ghlie 53 04 0310l 48 U5 gai 3,18
e i R g3 Dol (ol
bl ) O oy mies e Ao s 9 Ol s
(.J)stec_)f@.:lé\.bi\fi)s&bdalp
Ao gn Ao )3 5 jhe O35 to e 055 D
ok TRVIVY 50,8 19V 0 S VPTG 5



WAL Jlo o o led Y5-Y dl” 5y 9 g5 (81034 dlxe”

O b)) BLadus ) fhe (o e
FA9 |y S 5 s 5 Ao s FA/F b FF/P
tj_ijsj_aja)@:sjﬁo\ﬁﬁjwpb?/?l:
e I WYY VP s (S5 s el
OLSen 5 ths a Sl 5 55 ST 55158
=1y = Ol e Miletic et al., 1997)
AN oy 59 Ol 5 o33 OV 5 ANV
Gz 534S W53 503 5158 Aoy WYL
FAINA G 9V/8Y s s Ol s il
Loy VOOV B VWIFF oy 55 1 5 do)s

@})}}a TG* '*; D D, ..;.'A

(Ninic-Todorvic and Cerivic, 1987))

G5 /OA m ly S 5 sl 55 oo Ol e
DS 55 5 A ged il S dw,s FF/A
=5 (Miletic et al., 2005) oI LK 5 sk
Gladas | S 5 sladds o Ol jte
s Ol 5o addllae ) 533 i o)

s bl pBL0) i ST el

Sl ol
Sl lalys ST BT 51 08w,
Ohls S5 el law o 5 Sdsluw
5 S ol slaesslie (gl s

Y-

5 e (Stman jhe doy3 50 4e b3
Sl s Sl s Cals 3 gy (I3 gme
o= (Santos et al 2005) ol Les 5 j sslo
LIl sy Siner 5 S0 Sliwo
3y gm0 o VP 5 Oliimes L sl oy
site Soeman sy =50 0> =2
oIl e 055 5 433 09 (o (Sol3 re
3 9 059 cGeE gy Slsmmee 5 4SS
23 g a3 g e o] ke
A3 S s s s
,> (Bostan et al., 1997; Bostan, 2003)
JEVINY &85 085 53 e dop3 pdl s
TRA 55 0L 5 g SliolesT j3 48 5y
(Tous etal., 1997) 4 i, 5
(Miletic et al., 2005)01,Les 5 ks
VALY ol 2basl Gle Guib o g 039
S WV LY 1y (S 5 sl 50,8
058 Sl ks Gios ol 53 48 s S 5,18
e 055 LT 35m 0, S YRV VY Sl o s
3SR Y ol bl sladas
SN eSS PN 1y (S 5 sl
pLi)l 53 0,8 VY Gies ol 3 48T Wis S
,;.>ﬁ@,u¢uﬂ,>¢ﬁ\/foubﬂx‘
et al., 1997) OLLKes 5 7 s e Sl
se SSYIN G /9Y 0 5 09 (Mitrovic,
L;uéu,;(fw\m VYE sty Re O
S 05 1S (Ol o Ll 2 00) oLyl
(Miletic et al., 2005)Q|)l_§w3@_:l:a

'~ Tombul



oS Slo o S5

References

Baldwin, B., Gilchrist, K., and Snare, L. 2005. An evaluation of hazelnut genotypes
in Australia. 6th International Congress on Hazelnut. Acta Horticulture 686: 47-56.
(Abstracts).

Bostan, S. 2003. Important chemical and physical traits and variation in these traits in
‘Tombul’ hazelnut cultivar at different elevations. Grasasy Aceites 54: 234-239.
Bostan, S. Z., Islam, A., and Sen, S. M. 1997. Investigation on nut development in

hazelnuts and determination of nut characteristics and variation within cultivars in

some hazelnut cultivars. Acta Horticultiral 445:101-108.

Botu, I., Turcu, E., Preda, S., Botu, M., and_Achim, G. 2005. 25 years of
achievements and perspectives in hazelnut breeding in Romania. Acta Horticulture
686: 91-94.

Drumke, J. S. 1965. A systematic survey of Corylus in North America. Diss. Abstract
25:4925-4926.

Erdogan, V., and Mehlenbacher, S:"A. 2000. Interspecific hybridization in hazelnuts.
Journal of American Society of Horticultural Science 125:489-497.

F. A. O. 2007. statistics. www.FAQ.org.

Grau, P., and Torres, A. 2001. Preliminary evaluation of hazelnut performance in
Chile. Acta Horticulture 556: 49-54.

Hamidian, H., Koocheki, A. R., and Zand, E., 2000. Photosynthesis & production in
a changing environment. Volume 2. Municipality of Tehran Urban Services Deputy

Tehran Park & Green space Organization Press. 273 pp. (In Persian).

Hampson, C. R., Azarenko, A. N. and Soeldner, A. 1993. Pollen-stigma interactions

following compatible and incompatible pollinations in hazelnut. Journal of
American Society of Horticultural Science 118: 814-819.
Lagersted, H. B. 1975. Filbert. Pp. 456-489. In: J. Janick and J. N. Moore (eds.)
Advances in fruit breeding. Purdue University Press. West Lafayette, Indiana, USA.
Mehlenbacher, S. A. 1991. Hazelnut (Corylus avellena L.). Pp. 791-836. In: J. N.,
Moore and J. R. Ballington (eds.) Genetic resources of temperate fruit and nut crops.

Wageningen Press, The Netherlands.

Y



WAL Jlo o o led Y5-Y dl” 5y 9 g5 (81034 dlxe”

Mehlenbacher S. A. 1997.Revised dominance hierarchy for S-alleles in Corylus
avellana L. Theoritical Applied Genetics 94: 360-366.

Miletic, R., Mitrovic, M., Duric, G., and Micic, G. 1997. Biological potential of
european filbert (C. avelana L) growing wild in Eastern Serbia. Acta Horticulture
445:223-228.

Miletic, R., Zikic, M., Mitic, N., and Nicolic, R. 2005. Pomplogical characteristic of
superior selections of European filbert (C. avellana L.). Genetica 37:103-111.

Ninic-Todorvic, J. and Cerivic, S. 1987. Upotrebna vrednost plodova mecje leske
(Corylus colurna L.). Jugoslovensko vocarstvo 79: 23-26.

Parvaneh V. 1998. Quality control and the chemical analysis of foods. Tehran
University Publication. 4th edition. 325 pp. (In Persian).

Santos, A., Silva, A. P., and Santos, F. 2005. Phenological tree trait and fruit
properties of several hazelnut cultivars grown under different microclimates. 6th
International. Congress on Hazelnut. Acta Horticulture 686:79-86. (Abstracts)

Schepers, H. T. A. M. and Kwanten, E. F. J. 2005. Selection and breeding of hazelnut
cultivars suitable for cultivation in the Netherlands. 6th International Congress on
Hazelnut. Acta Horticulture 686: 87-90. (Abstracts).

Thompson, M. M., Lagersted, H. B.,;;and Mehlenbacher, S. A. 1996. Hazelnuts. Pp.
125-184. J. Janick and J. N. Moore (eds.). Fruit Breeding. Wageningen Press, The
Netherlands.

Tous, J., Romero, A:, Rovira, M., and Clavé, J. 1994. Comparison of different
training systems on hazelnut. Acta Horticulture 351: 455-461.

Tous, J., Romero, A., Plana, J., Rovira , M., and Vargas, F. 1997. Performance of
'Negret' hazelnut cultivar on several rootstocks. Acta Horticulture 445: 433-440.
Yao, Q. and Mehlenbacher S. A. 2008. Heritability, variance components and

correlation of morphological and phenological traits in hazelnut. Plant Breeding

119: 369 — 381.

Y¥Y



