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Figure 1. A: Measurement of leaf area per square centimeter, B: Measuring quantitative traits.
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Figure 2. Figure leaflet (right side: flat oval, middle: oval, narrow oval).
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Figure 3. Check some descriptive characteristics of the studied sample.
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Table 1. One-way ANOV As of some quantitative traits in genotypes and different varieties of walnut leaves.

o 25 Sl S0
Mean square of parameters

Ol s Gt'“ -
Source Spdb Sppe Seedb Sl wSnss eSudb et
length of ~ Width of Petiole Number of Width of Length of Sy o
leaf leaf length leaflet leaflet leaflet Leaf area index
LAb S N
27 O 1328.5 1192.25 288.24 328.36 1963.61 501.40 4344.53
Between Groups
LAb -
25 0200 34.23 26.74 22.50 2.26 12.55 9.834 4656.34
Within Groups
3l am s 26 26 26 26 26 26 26
df 1143 1143 1140 1143 9315 9315 753
F 38.804%*  44.585%* 13.067** 145.27%* 156.44%* 50.98** 9.33%%*
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Table 2. Mean and standard division of some quantitative traits in genotypes and different varieties of walnut leaves.

- - . - S 5 Ll S, J oals
s SR SaSsae Saeus TS mads
©5 G ) length of Width of leaf petiole length “l/ldgl of elng}] N ” clm
enotype leaf (cm) (cm) (cm) catlet caflet Leaf area index
(Cm) (Cm) (mmz)
. fg’]’f” 27.6%40.67  144M£1248  23.01%:48 212003  6.02°40.09 1185 4540
R1 28.9%+1.48 19.5°+10.58 19.8 %44 45 4.06%+0.06 8.93*+0.17  112.2 1873
J. hindsii R2 28.9%£1.15 17.5 %4874 20%%h448  324%0.12  7.57°+0.17 105 °ig 47
x J. nigra )
(Royal) R3 27.84%+1.15 182 £999 1884433 31544005 7.769+0.17  131.1 “®iig.52
R4 29.2%41.11 18.1 ¥ +8.89 20.1%%1449 3201012 7.759+0.16  100.2 ®+7.60
Pl 22.2"4+0.87 15804106 15.8"+3.98 32°40.11  5.87%0.16  107.8 ‘1881
P2 26.7 “8+1.17 18.5 %1111 18.6 “+431  3.18+0.08 7.76%+0.18  103.8 " +7.46
J. hindsii ) )
x J. regia P3 21.7"x1.21 15.7 ®i£11.71 17.4™44.17  2.64£0.06 624°+0.16  151.2°7+16.97
(Paradox) ) »
P4 23.5 #1084 17 ¥+11.49 159399  321%£0.07 6.82%£0.17  103.4™ 12,42
P5 2454152 182 ™+12.01 16.6844.07  2.98%+0.06  7.67“+0.2 106.5 '€ £10.47
N1 27.1°%+1.16 17411255 269°+5.18  2.56°+0.03  7.219+0.1 86.5 " +3.81
N2 20.2 ij+1.26 13.1 19,57 2024045 2,13 820,04  5.482+0.1 87.2"+3.06
N3 21.5 hij£l.1 14.7 " £8 37 21.4%%44.63  2.72°:0.04 573 8£0.11 85.9"+2.97
N4 22.5M41.63 14.6 " 1+8.27 21.8%4+4.67  2.56°+0.05 5.85 ®+0.13 85.4" 13,62
J. nigra ) ) ) )
N5 19.31+0.74 11.97£9.33 19.1 *#+437 219003  5.13"+0.08 86.9"+3.17
N6 17.5140.88 11.9749.08 1754418 2.05%0.02  4.96+0.09 81.9 "+4.37
N7 19.35+1.16 15.2 8 18 34 19.4%144  2.68°£0.04  6.25°%0.14 92 fhipg 35
nigra-8 22.1 Mx1.71 14.7 "1 £10.05 2] bede 14,58 3.9 +1.36 6.26 °£0.1 76.9 8.9
Chandler  29.9 *+0.44 22.1 “+9.65 163%44.04  451°£0.11  9.19°+0.14  172.4*+8.54
Hartley — 28.2 *%0.72 23.549.34 169 1411  4.35%£0.08  9.42"+0.17 163 % +6.89
B21 39.4 *+1.98 31.3%11.48 26.4°%5.14 57%40.17  11.8%+029  336.3 +18.43
K72 37.2 %+0.72 28.4®+11.67 21.6%+4.65  5.05°+0.07 11.8°+0.16 149 “*+2 95
J. regia Pedro 31.3 “+0.51 24.3 “+11.59 184425 4.31°£0.05  10.1°:0.12 1627 “*+8.49
Ronde 33.9 %4+0.46 27.8%12.59 189%™ 435  519°40.07  11.5°40.02  139.1°*%"+54]
Serr 3744052  28.7%+12.39 2194468  525%0.06  11.8%£0.15  136.9 ““%hix4.03
Jlexr 35194058  269°+11.23  20.3"*+4.51 535°+0.07 11.2°0.15  224.1°+15.15
SYPLVE 3724068  29.4®+11.11 23.4% 4483 5.6%0.06  11.6°+0.11 193 > 4845
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Table 3. The percentage of leaf and comparing species.

[45S sl
R 3 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 23 31
J';’é”]”)’”i 6.6 6.6 33 40 6.6 6.6
J. hindsii x
J. nigra
R1 6.6 27 33 6.6 33
R2 27 6.6 67
R3 27 40 33
R4 27 6.6 67
J. hindsii x
J. regia
P1 6.6 27 53 13
P2 53 66 13 13 6.6
P3 66 66 20 13 53
P4 27 60 13
P5 20 53 66 13 6.6
J. nigra
N1 20 6.6 27 27 27
N2 6.6 20 27 13 13 13
N3 53 20 20 13
N4 47 6.6 27 6.6 6.6
N5 6.6 6.6 33 40 13
N6 47 66 27 66 13
N7 6.6 13 20 33 20 6.6
N8 20 20 20 40
Chandler 33 53 13
Hartley 6.6 33 53 6.6
B21 6.6 53 40
K72 6.6 13 67 13
Pedro 6.6 53 40
Ronde 13 6.7 20
Serr 27 53 20
Damavand 6.6 20 60 13
Jamal 20 47 33
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Figure 4. Tree of cluster analysis cultivars evaluated.

(sl 6305 pLl e (S S5 Sshse Dlis
S o2 5 dsb el o Sesll Do
S 3 Jsb S mhe (S e 5 Jsb xS
s dsb Sle Slis 5 5 ke 1y baxS , sliw
sdalie Ole 5l 508 L xS 0SS S 5,0
O8) s gad odalice Lol Jagss j5edd
Sy oyl Lg);J_f fk_ijl 3 Lao.;fﬁ adl>-
Ok b lle 8 ol eay Sl e,
355 534S p il Oap oIS 5las (1Y) s
SHE) LSSl 5516 55 sl e cdiS o sl Sl
ey o5l o Ll a5 ai 0L S S adls
S il 4S5y 3 53 (YF) Gle 5 (VA)
padn o> G KS WS sbe A8 s LS
s 4 O3 g JolS ks esdhe (1488) Loy
3,5 o LAl Sy S35, 5o S w05y
55 i s 3l sy, i LS (10)
35,5 P Ol s xS ail> Sos Jtags

45(\i) Sl ol U;')‘Ji lo IR S8 &"‘J”‘

Yo

L lidose; Slaalie 5lolel covsa =

a e Lol 0L 48 5 oS Sliw wp
IS i S glad S s e i Oladlas
Olssas Llg o 5 Sl slie Jls S 5 (5,0l
3 E5S o S ol wl sdsSlu i S
e sin Laes s 5 o)) s (SU55 Sl B S
o by Bl (S5 (S0 sla el
ol Dlallas plonil slates (S350 ¢ 5
0345 (Gols e Ol a4 g L L(A) AL e
ol 3 adllas 3) e glaas S S o (g5, 50
23 Sl 3ol 5o Ladigad (ld olis Jags
aS sl OLAS 1) (gl e N Us y5 0 C]a.d
om0 S olie YU e e Sy
—on b lhe aS (ol w3550 (SlAK gas
Lol &S 1o 0N 518 Q) Wil e 0 Kiays ol
Ll Sl b Sl 655 Olla cny 2 53 5
sdalin OLdadllas 5,50 asl g 5o &S olis

o 03 (Vo) O 5 (goloo (g pamr Ais S



VYA (V) )lond dT7) s SR> 5 92 (5908 9 pole sy sy & pubd

Al e (N6) ol (5555 655 @ Glaze ras3
el Ol o 05 xS o3l S pas Jsb o 5 e
Gt jol> ash (5938 il slacai S s
el 6338 s (ND) G 85 ol 533,5 655«
Slis sy 4 35 (0AVE) 25 a5l s (B21)
s (migra L) ow 555 5 455 35S 50 5458550
o Sl e s Sos0 e 00 S 2SS Ry B
Lg;.sj_fﬁfj_gcla.w)fﬁ Cwules iy, nla
ol el c,l:., (0) sl S13 wyyr 550 1) olew
j},,\}?,;@x«sﬂ;&a Olis Sledie axllas
s Sl el S X5 S SRS 05
o=l s (,.A\J.e Iy o s 53 (oo e el 2l
S b sdis S ol Sy e ol
23 e - Seslll S C}a’” L oawslas 53 (VAVE)
Slade jr 3 AL e o5 Sl Sl eyl
s (L hindsii % J. nigra) JL s, gl S
o=l 03 29 90 (U hindsii % J. regia) .S 53,4
sdalive puxie 346 VY B0 5l aanS ) sldes i
l_,:\J.Lavlizuoijsbjéjcjjdb-pﬁjcm
aile hls Sssbly 5 by S s 3,31,
1S e dsb g anS , 5e Lsg Glel wlis
SLAaS S o o e 53 gy 2050 L84S Ol
V44V L, 3y Slie 508 ls oSsslit
il e b WS all b s 3 1 beanS s slaes
e 5 ges 5|58 (. hindsii X J. regia) > >
Glad o 55 S 4l 035 (5l S KS 4
3 ool s LS (1) S o 3l (516 8 o
23S el Sz oyl Slgen Lol ey
03 s sdaline (gloyl Wlls g4 S e ol s
SLacsi sl 5 e S 5l ) p 2550 Sladi gl Ole
0> amS sl (S Ry onl o3 e

A edaline J. hindsii &S S 5

™

s 3> s ol a5l Jols s L
Olsme WY L0 Ol ) 546 55 Sl S35, axS
S 5 s A Sl 5l 53 Ll (1) el e
i 6)5,56‘;.’ L;lo.;fﬁ\\ le.afﬂ)y,é;-)'\
Sls (Yo 0) 0K 5 oobo (g pam 555 0 0L
Soled 348 VBV 51 Sl 6538 51y beaxS
sl 3,5 i LaasS Loslies a5 (V) W S
Slaas o raais ol 53 e 3550 slad sl
o=l 3 s Slal 5505 Sakised 55 xS,
)'\J_“,v_idt,u,t.z ooled aae ALY 51 ey,
5 el S GL;A)'\&_:JA)J odd o led slias
3 o pl 6535 Sl pai L3 A2l 0 VL
o Guman U Sk Gyl 51 S IS8
= (V) 0Les 5 golio (5 ptnr A A0S
U e 3l Sl 95,5 Ol 5o 15 S 5 IS
08 L5 S 28 e Gy
)sf)ﬁ.s,yduaﬁgl:ﬂ,;quﬁ.s\m
s opl s (Lo nigra) sl 55 5 slacs 55
L g e CJ;SASCJJ.A.; sooled sae YY Lo
V_QLLAS)_.: Olse 5o A odys Ladsgad (s 5o
i edalin 55 slaanS a5 ms sbaaS
$3355 4555 5 Sk ey slaed IS, e,
e 5355 (mop 4 (T ) 5L il S
YO UV o by banS 5 slues 5 esls , (Ul nigra)
5 LaanS 1 oS35m0 Ol oo 5 2l sus
35y SAOH s e 3 Ul g5 Glo WL
53 eded sdaline S ail= oS = 55 (YY) tzs
GR35 03 o 2o e 5325 Sl gl
58 53 banS poslaw gladlas 3 34 (lol &l
(YY) Csl ol Jay158 sae VoA - J. hindsii
S s Sl il LS
DAS S o S S dsb S

o=l 03 sz 35 S Ol 5o xS b



Ol Sed g Wg oo ! 30

by S Bl Lels gs Wl ((Paradox)
263, ) 558 =l ol pBl s Slnl g 8
Hartley, Chandler, Ronde de montignac,
5 B21) sy ok, S s 5o o 4 (Pedro
s 3pd e sl A3 e Slnl 5505
oo Sl 5 R s gledl S G SIS
By s s ebie s Lol sdies S
A Js e lalles (ale 5o 5 50
i bl Dlio g gamme 533,80 13 OlulidolS
S L e b S S s 5 e ol
bl s s eldcsy ) Slis ol es 4

1. Aas, G., Aier, J., Baltisberger, M., and
Matzger, S. 1994. Morphology, isozyme
variation, cytology, and reproduction of
hybrids between Sorbus aria (L) Crantz
and S. torminalis (L). Crantz. Helv.
104: 195-214.

2. Agrawal, A.A., and Fishbein, M. 2006.

Plant deface syndromes. Ecology.
87: 132-149.

3. Bacillieri, R., Ducocusso, A., and
Kremer, A. 1995. Genetic,
morphological, cological and
phenological differentiation between

Quercus petraea (Matt.) Liebl. and
Quercus robur L. in a mixed stand of
northwest of France. Silvae Genetica.
44: 1. 1-10.

4. Browicz, K. 1976. Juglandaceae. In:
Rechinger K.H., (Eds.). Flora Iranica.
Nr. (121): 1-5, Akademische Druck-U
Verlagsanstalt, Graz Austria.

5. Carpenter, S.B. 1974: Variation in leaf
morphology in Black Walnut (Juglans
igra L.) and its possible role in
photosynthetic efficiency. Proceedings
of the 8th Central States Forest Tree
Improvement Conference, Pp: 24-27.

6. Chechowitz, N., and Chappell, D.M.
1990. Morphological, Dakota and
Wyoming, Can. J. Bot. 68: 2185-2194.

Yy

IS (5 5 Ao

Las oled sde YV B G biasS sl

slw U ool Jo hindsii a5 S 55 4S5 SS

J@dé}ﬂ&@MWﬁ)ﬁb)}ﬁéumﬁ
F%Qﬂ&))}\eb%‘bhvﬁy}b‘yd‘o)\
xM&Mo);Kf&SJwSQWwb\jJ
S by G shuad el b
4_.2)2-.,\;.,\_.2&.:&45}{1&)“)»6@0);)5
)ebd)b;u_kbnﬂ%ﬁ_gfj&;}&ﬁud)‘

oSL sRI, R3) JUs,y sl S0 sbads s

7. Cock, K.D., Lybeer, B., Vander
Minsbrugge, K., Zwaenepoel, A., Van
Peteghem, P., Quataert, P., Breyne, P.,
Goetghebeur P., and Van Slycken, J.
2003. Diversity of the Willow complex
Salix alba-S. X rubens- S. fragilis,
Silvae Genetica. 52: 3-4. 148-153.

8. Ehteshamnia, A., Sharifani, M., Vahdati,
K., Erfani, V., Musavizadeh S.J., and
Mohsenipoor, S. 2009. Investigation of
morphological diversity among native
populations of walnut (Juglans regia) in
Golestan province. Gorgan, J. Agric.
Sci. Natur. Resour. 16:3. 29-48. (In
Persian)

9. Haghjoyan, R. 2003. Analysis of genetic
diversity among some Persian walnut

(Juglans regia L.) populations of
Toyserkan using morphological and
molecular markers. M.Sc. Thesis.

Islamic Azad University. Tehran, Iran.

10.Hansen, K.T., Elven, R., and Brochmann,
C. 2000. Molecular and morphology in
concert: tests of some hypotheses in
arctic Potentilla (Rosaceae), Amer. J.
Bot. 87: 10. 1466-1479.

11.Ghanadha, M.R., Zahravi, M., and
Vahdati, K. 2003. Breeding
Horticultural Crops. Dibagaran Tehran
Press, 344p. (Translated In Persian)



VYA (V) )lond dT7) s SR> 5 92 (5908 9 pole sy sy & pubd

12.Gurevitch, J. 1992, Sources of
variation in leaf shape among two
population of  Achillea lanulosa,
Genetics. 130: 385-394.

13.IPGRI. 1994. Descriptors for Walnut
(Juglans  spp.). International Plant
Genetics Resources Institute, Rome.

14.Jafari-Sayadi, M.H., Marvi-Mohajer,
M.R., Mozaffari, J., and Sobhani, H.
2006. Morphological Leaf
characteristics of Persian  walnut
(Juglans regia L.). Iran. J. For. Pop.
Res. 14: 1. 1-19. (In Persian)

15.Leislie, C., and McGranahan, G. 1998.
The origin of the walnut. In: Ramos.
D.E. (ed). Walnut orchard management.
Publication 3337, Divisin of Agriculture
and Natural Resources. University of
California. Davis. Pp: 3-7.

16.Malvolti, M. E., Paciucci, M., Cannata,
F., and Fineschi, S. 1994. Genetic
variation in Italian populations of
Juglans regia L. Acta Hort. 311: 86-94.

17 Mitchell, A. 1976. Tree Genera- 4.
The Walnut Family. Arboricul. J.
2:10. 457-461.

18.Nekresova, V.L. 1936. Juglandaceae, In:
Komarov V.L., (Ed.). Flora of the
USSR. (5): 195-199. Institute of the
Academy of Sciences of the USSR,
Translated by Israel Program for
Scientific Translations (1970).

19.Parsa, A. 1949. Flora de L, Iran
(Volume 1V). Publications Du Ministere
De L’Education: Museum D’Htistoire
Naturelle De Tehran, Iran.

20.Perez-Perez, J.M., Serrano-Cartagena, J.,
and J. Micol, L. 2002. Genetic analysis of

YA

natural variation in architecture of
Arabidopsis thaliana vegetative leaves,
Genetics. 162: 893-915.

21.Potter, D. 1997. Morphological and
Molecular Characters for Identifying
Parental Lineages of Paradox Seedlings
Department of Pomology, 1045
Wickson Hall, University of California,
olume. 65: 65-68.

22.Potter, D., Gao, F., Baggett, S., R
McKenna, J., and McGranahan, G.
2002. Defining the sources of Paradox:
DNA sequence markers for North
American walnut (Juglans L.) species
and hybrids, Department of Pomology,
1045 Wickson Hall, University of
California, One Shields Avenue, avis,
CA 95616, USA. 94: 1-2. 157-170.

23.Townsend, C.C. 1966. Juglandaceae, In:
Townsend C.C. and Guest, E., (Ed.).
Flora of Iraq. 4: 56-59.

24.Vahdati, K. 2003. Nursery Management
and Walnut Grafting. Khaniran, Press.
128p. (In Persian)

25.Wang, G.H., Zhou, G.S., Yang, L.M.,
and Li, Z.Q. 2003. Distribution, species
diversity and life form spectra of plant
communities along an altitudinal
gradient in the northern slopes of
Qilianshan Mountains, Gansu, China.
Plant Ecology. 165: 2. 169-181.

26.Ziegenhaden, B., Fady, B., Kuhlenkamp,
V., and Liepelt, S. 2005. Differentiating
Groups of Abies Species with a Simple
Molecular Marker. J. Silvae Genetica.
54:3.123-126.



i

Gorgan Univarsiy of Agricutural
J. of Wood & Forest Science and Technology, Vol. 26 (2), 2019
http://jwfst.gau.ac.ir
DOI: 10.22069/jwfst.2019.12362.1644

Investigating some qualitative and quantitative traits in species and inter-species of
walnut hybrids in Kamalshahr Research Station in Karaj

M. Mosivand', *V. Payamnoorz, D. Hassani’, M.J. Aghaei4 and J. Mohammadi®
'M.Sc. Graduate, Faculty of Forest Science, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran,

? Associate Prof., Faculty of Forest Science, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran,

3 Associate Prof., Dept. of Horticulture, Seed and Plant Improvement Institute, Karaj, Iran,
*Associate Prof., Dept. of Horticultural Research, Agricultural Research Education and Extension
Organization, Karaj, Iran,
> Assistant Prof., Faculty of Forest Science, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran
Received: 12.14.2016; Accepted: 01.17.2017

Abstract

Background and Objectives: This study was conducted in order to evaluate and compare the
morphological traits of species leaflet, genotypes and inter-species hybrids of walnut tree in the
Research Center of Kamal-Shahr, Karaj, Iran, Horticultural Research station, Seed and Plant
Improvement Institute. The importance of morphological characteristics is such an extent that
the study of them can be helpful to process genetic diversity in plants. More morphological
markers are associated with qualitative traits that can be ranked objectively. Until recently,
genetic markers used to create maps in plants were morphological characteristics such as
dwarfism, leaf shape and etc. Using these markers, species and even clones within a species can
be distinguished from one another.

Materials and Methods: Evaluation of traits from following genotypes was performed with
sampling in the summer from the leaves that were grown fully: eight genotypes of black walnut
(N1, N2, N3, N4, N5, N6, N7, N8), seven cultivars / genotypes of Iranian walnut
(Seer Damavand, Jamal, Chandler, Hartley, Pedro, Ronde de Montignac, B21 and K72), five
genotypes of inter-specific hybrids (J. hindsii x J. nigra) and four genotypes of inter-specific
hybrids (J. hindsii x J. regia) and a genotype of J. hindsii species. In total, 14 traits were
evaluated including 7 quantitative traits (length and width of leaves (a and b), leaflets width (e),
leaflet length (f), petiole length (c), number and leaf area index) and 7 qualitative traits (shape of
the leaflet, leaf edge, leaf and petiole color, time of opening leaf bud, having wool, time of
falling leaf and main petiole durability).

Results: The results indicated that there was much morphological diversity among above
species and hybrids. Statistical results showed that this species can be distinguished with
selected traits.

Conclusion: The highest leaf area was belonged to B21 genotype of Iranian walnut species with
336.3 cm” and the lowest leaf area was measured for N8 genotype of black walnut with
76.2 cnt’. The average of quantitative traits for leaf samples showed that Iranian walnut
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cultivars had the maximum mean of leaf length and width and black walnut had the minimum
length and width of leaf. The mean of maximum width and length of leaflet was observed in
Iranian walnut and the lowest leaflet width was observed in paradox inter-specific hybrid. The
minimum of leaflet length were measured in black walnut. Among the evaluated species, the
minimum and maximum number of leaflets was achieved in Iranian walnut and J. Aindsii
species, respectively. Genotypes were studied and grouped using cluster analysis and based on
quantitative and qualitative characteristics of leaves. The genotypes were separated into three
distinct clusters. The first cluster includes: six different genotypes of Black Walnut, J. hindsii
species and inter-specific hybrids of Royal and paradox, a second cluster includes the cultivar of
Iranian walnut and third cluster includes (B21) genotypes of Iranian walnuts.

Keywords: Leaf area, Leaflet, Morphological traits, Walnut
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