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Table 1. Analysis of variance of studied traits of hazelnut cuttings under the influence of IBA concentration in combination with G.

intraradices and T. harzianum
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Figure 1. Mean ,l>50; Graph error of the interaction of IBA concentration in fungal inoculation on the callus
formation percentage of hazelnut cuttings
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Table 2. Mean * standard error of growth characteristics of semi-woody cuttings under the influence of IBA
treatments in combination with G. intraradices and T. harzianum
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Figure 2. Mean = Graph error of the interaction effect of IBA concentration on fungal inoculation on the leaf surface
of hazelnut cuttings

g by adhaie )3 hamg)S clale GilEl L dagps]
oo b Sy g aliats) p bmsl e
s, o 4 ool Slills azl (f) 5,35 o b
2985 Ggdt G el pliady, Wl pas 5 35
(FAXD) Hlazsls o)L IBA 90,90

2 ity 9 2lioedS Sl £955 pels Lingj 2
IBA s o p,8 Lo Voor clale o uiddod sladold
chle S ajledy wd osalin g)B dli L oSy o
2 ST K olesas IBA ) 5 58 dee Voo
bl i ooy it des sladeld liads,

doyd i (A) o) Ken 5 Contessa aie; oyl 5
VYD L 1y b 2l o) iddes claasls ljacy,
253y9] Cands IBA i) )3 p)5 Lo Vore clale (> ao s
ol (b bulid oo Sglite 4 plge o Y5

9 09o9n Jlesl 1yan) sals cloasls ol ings 5

Ov+ g yio slackle » IBA L &S slbddls 55 4 (z)8
T. 5 G. intraradices g,B8 zual b ol o yuJ )3 p,5 Jio
ol BYs 5l pbsl ol wdlS Bas les Harzianum
2 ey Mg slaygSlsS g aygergn (9 oS4 P
O (S g (B olge (I g G i slaaels
&S iS5 i)l Y ale oSl slacdly
(F) 2,5 olil g o dBlos cdl Ol @yw il cow
B3 laaald liads) Gl o (i Giagy ool @l
T. harzianum 4 G. intraradices g8 zab L
b ey 55 (o 3l gy leiar (IBA 5,8 (j54)
el 35 (3 pSke 00¢) IBA ool clile
ol LA odad i el u;l D)8 gy deld  oliady,
{VY) ool ddyy il ot yo cl S5 3D puaS]


http://dx.doi.org/10.52547/ifej.9.18.34
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.4.0
https://ifej.sanru.ac.ir/article-1-343-fa.html

[ Downloaded from ifgj.sanru.ac.ir on 2025-10-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.4.0]

[ DOI: 10.52547/if€}.9.18.34 |

Y4

Sloy Jenl g 03l ym0l denl ( olpuSa oS (6 b dgme (LS oty i

Ll i een (YY) Palfner 4 Santelices .aas .o
Tuber melanosporum z,B L 518 slbdeld il
D)o 3 1y aald adyy Jobo g sluas o il

G. 2,6 9 5l S b IBA (S y psls imghy
Sis 39 owliél eel T, harzianum 4 Intraradices
gy Slo wbaals cbjles boawlie ) ady)
o b cou g bine psbar i cwiadls ol
Jsb e (i &5 gpsbar <85 )13 bag )b gl
Cusddy G, intraradices g8 b gl o 3u8 sl
9 RoSe Spp. (slaasls 3,90 )3 (V&) Scagel gl b 4" Ll
Sloxl S5 glaadd 3590 3 (V) GhlSen 5 gac]
ol (Y8) oo 5 Scagel aue; cpl )3 )b cillas
L Rose spp. (cbedold aiyy (55 9 Jsb (pyide Lb
9 IBA 3 )3 p )5 VT Ggeysn (S5 Jole )8
G. intraradices g,B L xali g NAA ) 5 p S +/5F
L ygl Cadey |

» G. intraradices gz, zal b olyon IBA Sy
sy 5 lisd) glaasie (Slopl Sl laaals
2 Jee Sa Gy cnpider g 30 Gl dald 4 s
9 Santelices Loy (o > (V) dol Candy Hlowi (]
srdds oliady) g (ool LSl oy yi (YO) Palfner
IBA i) 5 pSibe Vorv chlé b ad iSand
23] Cuwdds Tuber melanosporum g, suls ol yena

duoj copl P(YA) oKer 9 Tamasloukht clalles
8 spiie Jie aoli g g8 g plaJUSew o i
2 adgl Slysi g amd e JE il cou 1) ael pudgilio
by cale g ol ansg 5 liadyy 5 2lioeslS S
25 e el Jlo

I M gus o5 el LBl plgiee ggorme
Ol pols (yimghs g 3950 leday ljady jun (sladiS
RS Gy dgdie ddde Cul (908 B uis
slite b (ndddoy ladels &5k 5l o (g lal
Veor clale > adls ol (o )13 5 dlecsy he2l
G. intraradices z,6 L Sy » IBA ;o » p)5 Lo
Srdld ol ra)\/ L.,..:l) oy g oalaiwl oLo)J.) 5
5l 9y blys po 5 b S lame 1 odds jbads,
widdsy o YV Jpas 4 dog b g asls Gl
ORIl (sl 098 o0 Saidy gkl 2 38 slaaols
dals Lite (Jooysp Bl slajlas aljady) 2oy
9 xS all loj (dlucsy laadls by (hex ady))
sl b5 s gyl ol bS5 50 cdls e (gl i
25 518 adllae 3590 (6 52)55e slag B

Voo o) g b A oyled /ots Jlo olpl sla IS wlidpg

2 085 g (Jgid dge ¢S gy SLS 5 g e s pke
al &S Sbol 51K @)leds (VD) 5,5 o)Ll dald gy
clS doll) e wollae bylys j b)) o pole
P IS 48 L anlie p (2255 5 ilol plate
ard lodeld wjlayes p (bj cul)) (b (ool

IBA 12 5 p)S ke Voo clale (oS 5 o ol gl
Iy dals 4 cuws oljads, clas G. intraradices g, L
390 5 (Ye+)) Scagel s L & ob ulsél
sz B lojer zali )b cills ROSA SPP (sladeld
S Bl g Joe oSt b oS5 ) (5395
(VF) ail ol by g ady Gl ) 1581 o Wlgs o

on i & WS plo o Kimgg (wixen
5 |y 4ol edplie o 2350 Jitie 4B 5 )6
005 ol e bR opl alesl e o
3,5 olilacls sl 5 S anslies Wil sbedpbe
5 950 @B ok b byl Wy S8 oS
0ig DRIBL g aliadey gl Gl adg) lpis
(YA) 355 oo plol aclB aty

Ay SUS 59 oyt 30 (YY) o) Ken o Scagel
9er9n Jole 55 1, ROSE SPP ady) Slass g adlyy Jobo
SNAA 2 )3 5,5 /55 5 IBA 2 3 p5 VY LS5
SiysSwe )8 .ui8)S s G, intraradices b il b
oMb Sl Caw sey90 b oSy > G, intraradices
0is Bk ol J 9 e ol ugb) b 5 adlS cdl
0y Gusb 5l Wlg oo g w300 il (] 435 9 ady)
caw jo QLS slaady) > Jolre A8 zexd g ()8
29 Jlog 1)

pSskee Yoo 4 IBA clale alidl b oy ol mbs
laaold )5 05 Sials” o] Jliows 5 aliady) (tals o 5
s eSS e Yerr clale (0 ojleay b sdalin
Cr saeld AShl 4 g b o) (b ) ool s
5 oSl cale 4 pB ol s Sy gl gy
oS e 329 ol > od (2liady; laySlss
doyd g Copu il & aliads) adgl olie )3 (90y98
Vb sledale )5 st oS Jb 53 2980 oo (2ljads;
St sy 335 31 85 255 Sl gers s el
5 oad ol (5ye el Comgons Sbml b L 5 A5 e
(V) am3 e (iR (2l
T. harzianum 4 G. Intraradices z,6 L aold zal
bl 4 o |y ol oy ipsSen OgelplS Ao
3 5 bl b Gl col Jolo ol 5 3 aal3
ol e ol a0 mls b awglie o bl Sy e
ol Iy adlas 3500 SlagyB b Gud sloasls ady,


http://dx.doi.org/10.52547/ifej.9.18.34
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.4.0
https://ifej.sanru.ac.ir/article-1-343-fa.html

[ Downloaded from ifgj.sanru.ac.ir on 2025-10-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.4.0]

[ DOI: 10.52547/if€}.9.18.34 |

by 2ol g 03l phucl danl (ol jSa s Gk Sgre diS (i) i

10.

11.
12.
13.

14.
15.

16.
17.
18.
19.

20.
21,
22,
23.
24,

25.

26.
27.

S 58 s e el ug) Slio g lidisy p B gl 5 sl Sy Jsil gl 5l

Fal%)
Abedi, R. 2019. Effect of stand structural characteristics on natural regeneration of Acer Campestre L.
in Arasbaran forest. Ecology of Iranian Forests, 7(19): 46-53.
Ahmadloo, F., M. Tabari Kouchaksaraei and Gh.R. Goodarzi. 2016. Effects of IBA, bacterial and
mycorrhizal treatments on the rooting of Crataegus pseudohetrophylla Pojark. Cuttings. Iranian
Journal of Forest and Poplar Research, 24(2): 344-355.
Aygun, A., V. Erdogan and E. Bozkurt. 2009. Effect of some pre-treatments on seed germination of
Turkish Hazel (Corylus colurna L.). Acta Horticulture, 845: 203-206.
Bassil, N.V., W.M. Proebsting, L.M. Moore and D.A. Lightfoot. 1991. Propagation of hazelnut stems
cuttings using Agrobacterium rhizogenes. Horticultural Science, 26(8): 1058-1060.
Bombeli, J., G. Zuccherelli, S. Zuccherelli and V. Capaccio. 2002. An investigation of vegetation
types and Plantation Structural with Hazelnut, Oak, and Beach in Caldra, Italy. The Malaysian
Forester, 66(1): 58-69.
Cristofori, V., Y. Rouphael and E. Rugini. 2010. Collection time, cutting age, IBA and putrescine
effects on root formation in Corylus avellana L. cuttings. Scientia Horticulturae, 124(2): 189-194.
Clark, J.R., G.E. Hemery and P.S. Savill. 2008. Early growth and form of common walnut (Juglans
regia L.) in mixture with tree and shrub nurse species in southern England. Forestry, 81(5): 631-644.
Contessa, C., N. Valentini and R. Botta. 2011. Decreasing the concentration of IBA or combination
with ethylene inhibitors improve bud retention in semi-hardwood cuttings of hazelnut cultivar Tonda.
Scientia Horticulturae, 131: 103-106.
Contessa, C., N. Valentini, R. Botta and M. Corte. 2014. Investigation on effects of IBA treatment and
ethylene inhibitors on the rooting and bud retention of semi- hardwood cutting from Tonda gentile
delle Langhe Hazelnut cuture. Acata Horticulture, 1052: 151-156.
Delgado, T., R. Malheiro, J.A. Pereira and E. Ramalhosa. 2010. Hazelnut (Corylus avellana L.)
kernels as a source of antioxidants and their potential in relation to other nuts. Industrial Crops and
Products, 32: 621-626.
Ercisli, S. and P.E. Read. 2001. Propagation of hazelnut by softwood and semi-hardwood cuttings
under Nebraska condition. Acta Horticulturae, 556: 275-279.
Erdogan, V. and D.C. Smith. 2005. Effect of tissue removal and hormone application on rooting of
hazelnut layers. Horticultural Science, 40: 1457-1460.
Ersoy, N. and M. Aydin. 2008. The effect of some hormone and humidity levels on rooting of
Mahaleb (Prunus mahaleb) soft- wood top cutting. Suleyman Demired Universitesi Ziraat Fakultesi
Degisi, 3(1): 32-41.
Fukuda, T., H. Ito and T. Yoshida. 2003. Antioxidant polyphenols from walnuts (Juglans regia L.).
Photochemistry, 63: 795-801.
Ghirardello, D., C. Contessa, N. Valentini, G. Zeppa, L. Rolle, V. Gerbi and R. Botta. 2013. Effect of
storage conditions on chemical and physical characteristics of hazelnut (Corylus avellana L.).
Postharvest Biology and Technology, 81: 37- 43.
Giovannetti, M. and B. Mosse. 1980. An evaluation of techniques for measuring vesicular arbuscular
mycorrhizal infection in roots. New Phytology, 84: 489-500.
Hartmann, H.T., T. Hudson, D.E. Kester, E.K. Dale, J.R.F.T. Davies and R.L. Geneve. 2002. Plant
Propagation: Principles and Practices. Prentice-Hall of London, 770 pp.
Henrique, A., E.N. Campinhos and S.Z. Depinho. 2006. Effect of plant growth regulators in rooting of
Pinus cuttings. Brazilian Archives of Biology and Technology, 49: 189-196.
Jull, L.G., S.L. Warren and F.A. Blazich. 1994. Rooting yoshino cryptomeria stem cutting as
influenced by growth stage, branch order and IBA treatment. Scientia Horticulturae, 29(12): 1532-
1535.
Kantarci, M. and M. Ayfer. 1994. Propagation of some important Turkish hazelnut varieties by
cuttings. Acta Horticulturae, 351: 353-360.
Mossadegh, H. 1998. Silviculture. Tehran University press, 1th Ed., Tehran, 481 pp.
Mozaffarian, V. 2004. Trees and Shrubs of Iran. Farhang-e- Moaser Press, Tehran. 810 pp.
Nayagam, J. R. 2015. Sprouting Value Index: A New Concept in Evaluation of Rooting of Cuttings.
Journal of Agricultural Research, 3(4): 139-142.
Sabeti, H. 1994. Forests, trees and shrubs of Iran. Tehran, University of science and Technology
press: 810 (In Persian).
Santelices, R. and G. Palfner. 2010. Controlled Rhizogenesis and Mycorrhiza of Hazelnut (Corylus
avellana) cutting with Black Truffle (Tuber melanosporm). Chilean journal of Agricultural Research,
70(2): 204-210.
Scagel, C.F. 2001. Cultivar specific effects of mycorrhizal fungi on the rooting of miniature rose
cuttings. Journal of Environmental Horticulture, 19(1): 15-20.
Scagel, C.F. 2004. Changes in cutting composition during early stages of adventitious rooting of
miniature rose altered by inoculation with Arbuscular mycorrhizal fungi. Journal of the American
Society for Horticultural Science, 129(5): 624-634.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwixrcS3k_jOAhXHDsAKHYF8AucQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03044238&usg=AFQjCNHDWFOs-Il4IXAM0Y3SFORRRlHmfQ&sig2=8xT4XclWnCkZWS7ROG9yUA&bvm=bv.131783435,d.d2s
http://dx.doi.org/10.52547/ifej.9.18.34
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.4.0
https://ifej.sanru.ac.ir/article-1-343-fa.html

[ Downloaded from ifgj.sanru.ac.ir on 2025-10-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.4.0]

[ DOI: 10.52547/if€}.9.18.34 |

oy 2a5 5 0303 51] sl (S sS (65ib Sgms S (i iz
) VFeo ULJ-MA)9)UL)/\A O)Lo.j}/w JL»: ulﬁl dbb K‘->/'. L:»ufby

28. Tamasloukht, M.B., N. Séjalon-Delmas, A. Kluever, A. Jaunean, C. Roux and G. Bécard. 2003.
Cuttings of the Gisela cherry rootstock. Horticulture Technology, 19(2): 254-259.

29. Phillips, J.M. and D.S. Hayman. 1970. Improved procedure for clearing roots and staining parasitic
and vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of the
British Mycological Society, 55: 158-161.

30.Wu, Q.S. 2011. Mycorrhizal efficacy of trifoliate orange seedlings on alleviating temperature stress.
Plant. Soil and Environment, 57(10): 459-464.

31.Wu, Q.R. and X. Xia. 2006. Arbuscular mycorrhizal fungi influence growth, osmotic adjustment and
photosynthesis of citrus under well-watered and water stress conditions. Journal of Plant Physiology,
163: 417-425.

32.Yang, Y., Q. Liu, C. Han, Y.Z. Qiao, X.Q. Yao and H.J. Yin. 2007. Influence of water stress and low
irradiance on morphological and physiological characteristics of Picea asperata seedlings.
Photosynthetica, 45: 613-619.

33.Yazdian, F. and M.R. Marvi Mohajer. 2001. A study of oak forests in Arasharan region. Iranian
Journal of National Resources, 54(2): 153-165 (In Persian).


http://dx.doi.org/10.52547/ifej.9.18.34
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.4.0
https://ifej.sanru.ac.ir/article-1-343-fa.html

[ Downloaded from ifgj.sanru.ac.ir on 2025-10-21 ]

[ DOR: 20.1001.1.24237140.1400.9.18.4.0]

[ DOI: 10.52547/if€}.9.18.34 |

Ecology of Iranian Forests, Vol. 9. No. 18, Autumn and WINter 2022 ............coiuiiiniiiitei et 42

Effects of IBA and Fungi Inoculation Treatments on Rooting and Growth traits of
the semi-Hardwood cuttings of Hazel (Corylus Avellana L..)

Younes Rostamikia', Masoud Tabari Kouchaksarael Ahmad Asgharzadeh® and
Ahmad Rahmani*

1- Ardabil Agricultural and Natural Resources Research and Education Center, Education and Extension
Organization (AREEO), Ardabil, Iran, (Corresponding Author: younesrostamikia@gmail.com)
2- Professor, Department of Forestry, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares
University, Noor, Iran
3- Research Institute of Soil and Water, Agricultural Research Education and Extension Organization (AREEOQ),
Tehran, Iran
4- Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization
(AREEO), Tehran, Iran
Received: September 10, 2019 Accepted: April 13, 2020

Extended Abstract

Introduction and Objective: Forest hazelnut (Corylus avellana L.) is a hardy rooting plant and
therefore its propagation by conventional asexual methods is almost impossible. The aim of this
study was to determine the effect of auxin and inoculation of mycorrhizal fungi on callus,
rooting and vegetative traits of hazelnut cuttings.

Materials and Methods: semi hardwood cuttings were collected on July from Arasbaran
forests (Makldl site). Cuttings were firstly treated with concentrations of 0, 500, 1000, 2000 and
3000 mg L™ IBA and then were inoculated individually with Glomus intraradices and
Trichoderma harzianum fungi. Cuttings were cultured in perlite - sand medium and then they
were kept in a mist system equipped greenhouse. After 70 days from planting, the percentage of
callusing, rooting, root number, root dry weight, total plant dry weight, length cuttings, leaf area
and Colonization were recorded.

Results: The highest callusing (34.3 %), rooting (27.2 %), root number (2.6 n), root dry Welght
(0.35 g), total plant dry weight (3.39 g), length cutting (12.32 cm), leaf area (29. 13 cm?) and
Colonization (28.77%) was observed in cuttings that treated with IBA 2000 mg. L™ and then
inoculated with G. intraradices. Overall, it was confirmed that the hazelnut is difficult rooted
via cuttings and application of IBA grovvth regulator is necessary for rooting of semi-hardwood
cuttings plants.

Conclusion: The best form its vegetative propagation is collecting cuttlngs from 1-year old
cutting off shoots in June and treating by IBA growth regulator (2000 mg L™) in combination
with Glomus intraradices.

Keywords: Arasbaran, Auxin, Callousing, Cuttings origin, Leaf area, Mycorrhizal fungi
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