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Abstract

The research was conducted in Tosya district of Kastamonu province between 2020 and 2022 with the objective of
ascertaining the rooting of rootstock Corylus colurna L. genotypes. The study utilized one-year-old cuttings, meticulously
planned in three replicates, with 20 cuttings employed in each replicate. The doses of indole-3-butyric acid (IBA)
employed for rooting ranged from 0 to 6000 ppm, with specific concentrations including 0, 500, 1000, 2000, 3000, 4000,
5000 and 6000 ppm. Two-thirds of the IBA-treated cuttings were then buried in pans containing a perlite, and rooting
was induced. The traits of the survival rate (%), callusing and rooting rate (%), as well as rooting (quantity), roots (cm)
and shoots length (cm) and the number of leaves (quantity), were examined. The study revealed that the highest rooting
rate was observed in the 5000 ppm treatment, reaching 25%, while the lowest rate was recorded in the control, at 1.7%.
The 1000 ppm treatment resulted in the highest number of roots (8%), followed by the 2000 ppm treatment, which
produced 6.3%. Following a thorough evaluation of the study's findings, it is recommended that 5000 ppm IBA be applied
for the purpose of rooting in wood cuttings.
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Anachik Findik (Corylus colurna L.) Genotiplerinin Odun Celiklerinde

Koklenme Oraninin Belirlenmesi

Oz

Arastirma Kastamonu ili Tosya il¢esinde seleksiyon 1slahi yoluyla segilen anaglik Corylus colurna L. genotiplerinin
koklenme oranlarinin tespit edilmesi amaciyla 2020-2022 yillar1 arasinda yiirGitiilmiistiir. Caligma, bir yaslt odun ¢elikleri
ile ii¢ tekerriirlii olarak ve her tekerriirde 20 ¢elik temsil edecek sekilde planlanmistir. Koklendirmede indol butirik asidin
(IBA) 0, 500, 1000, 2000, 3000, 4000, 5000 ve 6000 ppm dozlar1 uygulanmistir. IBA uygulanmis gelikler koklendirme
ortami tavalarina 2/3’i gomiilerek kdklenmeye alinmistir. Celiklerde, canli gelik (%), kalliis olusumu (%) ve koklenme
orani (%), kok sayis1 (adet), kdk (cm) ve siirgiin uzunlugu (cm) ve yaprak sayisi (adet) 6zellikleri incelenmistir. Calisma
sonucunda en yiiksek koklenme oran1 %25 ile 5000 ppm uygulamasinda elde edilirken en diisiik koklenme orani kontrol
uygulamasinda (%1.7) goriilmiistiir. En yiiksek kok sayis1 ise %8 ile 1000 ppm uygulamasinda tespit edilirken, bunu %6.3
ile 2000 ppm dozu takip etmistir. Calisma sonucunda elde edilen biitiin degiskenlere ait veriler degerlendirildiginde 5000

ppm IBA uygulamasimin Tiirk findig1 odun geliklerinde kdklenme i¢in &nerilebilir kanaati olusmustur.
Anahtar Kelimeler: Celik, Koklenme, Perlit, Tiirk findigt.
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1. Introduction

Tiirkiye has well-established tradition of fruit cultivation, and recently, there have been
significant improvements in fruit sapling production. The current production of fruit and vineyard
saplings in Turkiye at 238 million. Notably, there is an absence of records pertaining to hazelnut
sapling production. A study conducted to ascertain the procurement sources of hazelnut seedlings
revealed that all (100%) of the seedlings utilized in new orchard facilities are derived from bottom
shoots. Producers prioritise bottom shoots that can be saplings, selecting those that are abundant,
productive, and healthy. It has been documented that 59.58% of the seedlings utilized in the
establishment of orchards were sourced from the producers' personal gardens, 27.92% were obtained
from other orchards in the vicinity, 8.17% were acquired from outside the province, and 3.50% were
obtained from agricultural organizations (islam et al., 2019).

Corylus avellana L. is typically propagated through vegetative methods, though it has been
observed to facilitate the transmission of diseases (Scortichini, 2002). Micropropagation techniques
have been extensively employed for the purpose of generating disease-free seedlings (Sgueglia et al.,
2019; Braun and Donald, 2019).

In hazelnut cultivation, the most straightforward method for producing seedlings is through the
use of bottom shoots. The seedlings obtained through this method should exhibit a smooth and
disease-free appearance, devoid of new shoots from the bottom. The ideal seedlings should be 1-2
years old, with abundant root growth and undamaged health. When selecting seedlings for use in
establishing a new orchard, even when attention is paid to selecting those from well-developed and
abundant productive sources, hazelnut seedlings are generally weak-rooted.

In Tiirkiye, hazelnut cultivation is predominantly undertaken in gardens established by the so-
called hearth method. In contrast, in countries such as the USA, Spain and Chile, single-stem
cultivation is the preferred approach (Karatas et al., 2018). In some countries, Dundee, Newberg,
Gasaway rootstocks obtained from Corylus colurna, which do not produce bottom shoots, are used.
Saplings obtained by the top-dipping method are used in new garden establishment (Karatas et al.
2018). A substantial body of research has been dedicated to the study of rootstock and seedling
production in hazelnut (Lagerstedt, 1976 and 1993; Gautam and Howard, 1994; Yu and Reed, 1995;
Korac et al., 1997; Bassil et al., 1991; Damiano et al., 2005; Roversi, 2015). However, there is a
paucity of research focusing on the characteristics of hazelnut rootstock (Islam et al., 2023).
Consequently, there is a necessity to augment the existing body of knowledge in this area and to
undertake further studies in this field.

Kantarci and Ayfer (1992) reported that high-dose IBA (5000 ppm) application increased the

rooting rate in a study on Corylus avellana L. species. In numerous studies where IBA application
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was conducted, the timing of cuttings alongside the chemical application was examined, revealing
that IBA application significantly augmented the number of roots and their quality, irrespective of
the date of cuttings (Kantarci and Ayfer 1992). Hartmann and Kester (1990) further emphasized the
efficacy of high concentrations for successful hazelnut propagation through wood cuttings. Ercisli
and Read (2001) obtained high rooting at 2000 ppm IBA dose in their rooting studies with soft and
semi-woody cuttings of hazelnut (Corylus colurna). Islam et al. (2019) reported that 4000 and 8000
ppm IBA doses can be recommended for rooting of Corylus colurna L. wood cuttings.

The process of fruit cultivation commences with the production of saplings, which must be
authentic, robust, and adhere to established standards (islam et al., 2019). Vegetative propagation
methods are predominantly employed in nursery settings. However, research on rootstock breeding
in hazelnut is currently limited. Furthermore, studies that ascertain rootstock characteristics are
inadequate. Consequently, there is a pressing need for research focusing on rootstock breeding and
vegetative propagation in hazelnut. The present study was conducted with the objective of
determining the rooting characteristics of rootstock Corylus colurna L. genotypes identified by
selection breeding from Kiiciiksekiler village in Tosya of Kastamonu province. It is anticipated that
the data obtained will contribute to the development of improved rootstock, rooting, and, in particular,

the hazelnut sector.

2. Materials and Methods

2.1. Materials

The cutting materials were gathered from Kiigiiksekiler village in Tosya of Kastamonu province
between 2020 and 2022 (March; Figure 1). Following the evaluation, cuttings were taken from one-
year-old shoots of the genotypes with prominent rootstock characteristics and stored in the

refrigerator at +4°C temperature and 65% humidity until the rooting process.
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Figure 1. The geographical location in which the samples were obtained

2.2. Methods

The experiment was conducted within a rooting tray situated in the plastic greenhouse at Ordu
University Faculty of Agriculture application area. The study utilized indole-3-butyric acid (IBA)
doses ranging from 0 to 6000 ppm; encompassing 0, 500, 1000, 2000, 2000, 3000, 4000, 5000 and
6000 ppm, respectively. In the study, which was carried out in three replicates, 20 cutting were used
in each replicate. The cuttings were immersed in IBA solutions for a period of 5-6 seconds (Hartman
and Kestel, 2002). Thereafter, two-thirds of the cuttings were buried in perlite rooting medium and

the process of rooting was initiated (Figure 2).

Figure 2. Preparation of cuttings (A) and rooting in perlite condition (B)

A rooting condition of agricultural perlite was utilized in the experimental setup. The rooting
process was conducted in thermostatically controlled rooting pans that were bottom-heated to a
temperature of +24°C within a high tunnel environment. The application of misting was employed to

mitigate moisture loss. After a period of 90 days, the cuttings were removed from the rooting
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condition, and the following parameters were determined: Viable cutting (%; SR), callus formation
(%; C), rooting rate (%; RR), number of root (quantity; RT), root length (cm; RL), shoot length (cm;
SL) and number of leaves (quantity; LV; Islam et al., 2023).

2.3. Statistical analysis

The study was conducted in a randomised plots experimental design, with three replicates, and
the data were analysed with JMP 13.0 (a business unit of SAS for Windows) statistical package

programme at 5% significance level.

3. Findings and Discussion

In general, it can be said that the rooting rate increases with the increase in IBA doses and high
IBA doses are more effective in the rapid dipping process (Cigek and Ozel, 2021). Of course, this
may vary according to the time of taking cuttings, the type of cuttings and the dose intensity of the
plant growth regulator applied. Namely; the higher rooting rate of the bottom cuttings may be due to
the fact that the bottom parts of the shoots are rich in carbohydrates and this encourages root
development (Hartmann et al., 2011). In our study, the cuttings were removed 90 days after the

establishment of the experiment and measurements and observations were made (Figure 3).

Figure 3. Rooting of wood cuttings with different IBA applications (A-C)

The measurements demonstrated that the highest survival rate was recorded in the control
group, which accounted for 60% of the total (Figure 4). This was followed by 1000 ppm IBA with
48.3%, 3000 ppm IBA with 46.7%, 2000-4000 ppm IBA with 43.3%, 6000 ppm IBA with 40% and
500 ppm IBA with 30%. The lowest number of viable cuttings was observed in the 5000 ppm IBA
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treatment, yielding 28.3%. The highest number of callus-forming cuttings was observed in the control
group, with 26.7% of cuttings forming callus. This was followed by the 1000 ppm IBA group, with
20% of cuttings forming callus, and the 4000 ppm IBA group, with 16.7% of cuttings forming callus.
The 3000 ppm IBA group had the lowest number of callus-forming cuttings, with only 3.3% of
cuttings forming callus. The least callus formation was detected in the 500 ppm IBA treatment, with

a percentage of 1.7% (Figure 4).
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Figure 4. Effect of IBA concentration (0-6000 ppm) on survival rate (SR), callusing (C) and rooting rate (RR).
Data represent the mean + sd (n=3). Different letters indicate significant differences (p<0.05).

The treatment with 5000 ppm IBA produced the highest rooting rate, with 25% of the cuttings
successfully rooting. This was followed by the 1000 ppm, 2000 ppm, and 6000 ppm IBA treatments,
each yielding around 15% rooting. In comparison, the 500 ppm and 3000 ppm IBA treatments
resulted in 10% rooting, while the 4000 ppm IBA treatment showed the lowest rooting rate at 8.3%,
as shown in Figure 4. Islam et al. (2023) reported that the number of viable cuttings was obtained
from IBA 4000 ppm dose and the rooting rate was 21.7% in the same application. Conversely,
Srivastava et al. (2010) reported that a 33% rooting rate was achieved at a 3000 ppm dose, and
Hartmann and Kester (1990) recommended high IBA doses for hazelnut propagation by wood
cuttings.

The highest mean number of roots in the rooted cuttings was observed in the 1000 ppm IBA
treatment, which had eight pieces. This was followed by the 2000 ppm IBA treatment, which had six
pieces, and the 5000 ppm IBA treatment, which had five pieces. The 3000-6000 ppm IBA treatment
had an average of four pieces. The lowest average number of roots in the rooted cuttings was found
in the control group with 0.60 (Figure 5). The highest number of leaves was observed in the control
group, with a mean of 7.7, followed by 6000 ppm IBA, with a mean of 7.3, 1000-3000-4000-5000
ppm IBA, with a mean of 6.3, and 2000 ppm IBA, with a mean of 5.7. The lowest number of leaves
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was found in the 500 ppm IBA treatment, with a mean of 5.0 (Figure 5). Islam et al. (2023) reported
that the number of roots per rooting plant was significantly higher than the other doses in cuttings
treated with 8000 ppm IBA, exceeding 6000 ppm. In addition to these findings, Kantarcit and Ayfer
(1992) reported that high doses of IBA (5000 ppm) increased the rooting rate in C. avellana, Erdogan

and Smith (2005) reported that the average number of roots increased in parallel with the increase in
dose.
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Figure 5. Effect of IBA concentration (0-6000 ppm) on rooting (RT), and number of leaves (LV). Data
represent the mean + sd (n=3). Different letters indicate significant differences (p<0.05).

The maximum root length was obtained from the 1000 ppm IBA treatment, which yielded a
measurement of 14.3 cm. This was followed by the 5000 ppm IBA treatment, which yielded a
measurement of 10.7 cm, the 2000 ppm IBA treatment, which yielded a measurement of 9 cm, and
the 0 ppm IBA treatment, which yielded a measurement of 2 cm. The least root length was measured
in the control group, which was 0.3 cm (Figure 6). The mean shoot length was recorded as 9.7 cm in
the control group, followed by 8 cm in the 6000 ppm IBA group, 6.3 cm in the 5000 ppm IBA group,
6 cm in the 500 ppm IBA group, and 5.7 cm in the 3000-4000 ppm IBA group.
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Figure 6. Effect of IBA concentration (0-6000 ppm) on roots and shoots length. Data represent the mean =+ sd
(n=3). Different letters indicate significant differences (p<0.05).

The shortest shoot length was observed in the 1000-2000 ppm IBA treatments, with an average
of 5.3 cm (Figure 6). In a related study, Avci (2023) reported that the rooting rate, the proportion of
live cuttings, and the root length of the cuttings of the Tombul cultivar varied depending on the time
of taking the cuttings and the treatments. Furthermore, it was observed that the most successful results
were obtained in the 15 June-2000 ppm IBA treatment, and it was emphasized that the number of
roots per cuttings and rooting level were in the 10 July-2000 ppm IBA treatment. Consequently, the
study by Sayar (2023) on the Fosa cultivar also highlighted the significance of the timing of cuttings
in terms of rooting and other characteristics. In a similar vein, Cristofori et al. (2010) ascertained that
the rooting rate of green cuttings taken in June ranged from 0-50%, the callusing rate varied from O-
70%, and the number of roots was 0-4.7. The rooting rate of semi-wood cuttings taken in July was
found to be 0- 26.7%, callusing rate was 0-46.7% and number of roots was 0-11; rooting rate of semi-
wood cuttings taken in August was 0-76.7%, callusing rate was 0-63.3% and number of roots was 0-
6.3. In addition, it was observed that these characteristics varied according to the cultivars.

Consequently, it was observed in our and previous studies that the time of cuttings and the
concentration of IBA applied had different effects on the characteristics of viable cuttings, callus
formation, and rooting rate, number of roots, root and shoot length and number of leaves.
Furthermore, ambient humidity and natural auxin content in the cuttings have been reported to be
influenced by callus formation (Baul et al., 2010). In addition to these findings, it is widely
acknowledged that cultivar and genetic differences, the location of the cuttings, nutritional status,

storage conditions and period will also vary in terms of these characteristics.
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4. Conclusions and Recommendations

In the field of hazelnut rootstock breeding, which has a long cultural history, studies are
extremely limited. Therefore, further research in this area is imperative. The present study
investigates the effects of different IBA doses on rooting rate and other root parameters in wood
cuttings of various Corylus colurna genotypes. The results demonstrate variability in the effects of
the doses applied. While other studies have examined the rooting success of diverse Corylus colurna
genotypes in hazelnut, the addition of new comparative studies remains essential to the scientific
community. A comprehensive evaluation of the data revealed that the application of 5000 ppm IBA
was moderately effective in promoting rooting in Corylus colurna cuttings. Consequently, it is
anticipated that the continuation of these studies will significantly contribute to the hazelnut

production sector.

Acknowledgements

The research was funded by TUBITAK (Project N: 2190234).

Authors’ Contributions

All authors contributed equally to the study.

Statement of Conflicts of Interest

There is no conflict of interest between the authors.

Statement of Research and Publication Ethics

The author declares that this study complies with Research and Publication Ethics.

References

Aver, H. 1. (2023), Celik Alma Zamam, IBA ve Putresin Uygulamalarinin Tombul Findik Cesidinde Kéklenme
Uzerine Etkisi. Yiiksek Lisans Tezi. Ordu Universitesi, Fen Bilimleri Enstitiisii, Ordu.

Bassil, N. V., Proebsting, W. M., Moore, L. W., and Lightfoot, D. A. (1991). Propagation of hazelnut stem
cuttings using Agrobacterium rhizogenes. HortScience, 26, 1058— 1060.



Karadeniz Fen Bilimleri Dergisi 15(2), 833-842, 2025 842

Baul, T. K., Mezbahuddin, M., Hossain, M. M., and Mohiuddin, M. (2010). Vegetative propagation of
Holarrhena pubescens, a wild tropical medicinal plant: effect of indole-3-butyric acid (IBA) on stem
cuttings. Forestry Studies in China, 12(4), 228-235.

Braun, L., and Wyse, D. (2019). Optimizing IBA concentration and stem and segment size for rooting of hybrid
hazelnuts fromhardwood stemcuttings. Journal of Environmental Horticulture, 37(1), 1-8.

Cristofori V., Rouphael Y., and Rugini E. (2010). Collection time, cutting age, IBA and putrescine effects on
root formation in Corylus avellana L. Cutting. Scientia Horticulturae, 124, 189-194.

Cicek, E., ve Ozel, A. (2021). Lavanta (Lavandula angustifolia Mill.)’da gelikle cogaltmada uygun celik tipi
ve IBA dozunun belirlenmesi. Harran Tarim ve Gida Bilimleri Dergisi, 25(2), 254-264.
http://dx.doi.org/10.29050/harranziraat.827325

Damiano, C., Catecaro, E., Giovinazzi, J., Frattarelli, A., and Caboni, E. (2005). Micropropagation of hazelnut

(Corylus avellana L.). Acta Hort., 686, 221-226.

Ercisli, S., and Read, P. E. (2001). Propagation of hazelnut by softwood and semi-hardwood cuttings under
Nebraska conditions. Acta horticulturae, 556(556), 275-279.

Erdogan, V., and Smith, D. C. (2005). Effect of tissue removal and hormone application on rooting of hazelnut
layers. Hort Science, 40, 1457-1460.

Gautam, D. R., and Howard, B. H. (1994). Influence of preconditioning treatments and propagatio
environments of the rooting of hazelnut leafy stem cuttings. Acta Hort. 35, 361-369.

Hartmann, H. T., and Kester D. E. (1990). Plant Propagation. Principles and Practices, 4th Ed.
http://dx.doi.org/110.2307/2483997

Hartmann, H. T., Kester, D. E., Davies, F., and Geneve, Y. R. (2011). Plant Propagation: Principles and
Practices. 6th ed., 840s.

Islam, A., Oger, 1., Karagél, S., ve Turan, A. (2019). Farkli IBA uygulamalarinin Corylus colurna L.’nin odun
celikleriyle koklenmesi {izerine etkisi. Akademik Ziraat Dergisi, 8(Ozel Say1), 45-48.
https://doi.org/10.29278/azd.655495

Islam, A., Ayan, S., Turan, A., Yilmaz, M., Colak, S., and Karag6l, S. (2023). Morphometric Diversity for
Rootstock Characteristics of Turkish Hazel (Corylus colurna L.) Populations in The Western Black Sea
Region of  Tirkiye. Karadeniz ~ Fen  Bilimleri  Dergisi, 13(4), 1416-1426.
https://doi.org/10.31466/kfbd.1285059

Kantarci, M., and Ayfer, M. (1992). Propagation Of Some Important Turkish Hazelnut Varieties By Cuttings.
Acta Horticulturae, 351, 353-360.

Karatas, Y. S., Islam, A., Tonkaz, T., Ozkutlu, F., Rovira, M., Romero, A., Cristofori, V., Silvestri, C.,
Speranza, S., and Cetin, S. (2018). Examination of modern and traditional applications in hazelnut
production. Acta horticulturae, 1226, 329-332.

Korac, M., Ninictodorovic, J., Cerovic, S., and Golosin, B. (1997). Results of Hazel Grafting on Turkish
Filbert. IV. Acta Horticulture, 445, 419-422.

Lagerstedt, H. B. (1993). The evolution of a clonal filbert rootstock. Proceedings of the Nut Growers
Association of Oregon, Washington and British Columbia ,78, 89—101.

Lagerstedt, H. B. (1976). Development of Rootstock for Filberts. Annu Rep Northern Nut Growers Assoc, 65,
161-165.

Roversi, A. (2015). How to Propagate no Suckering Hazelnut (Corylus avellana L.). Bulg. J. Agric. Sci., 21,
355-357.

Sayar, B. (2023). Fosa Findik Cesidinde Celik Alma Zamani, IBA ve Putresin Uygulamalarinin Koklenme
Uzerine Etkisi. Yiiksek Lisans Tezi. Ordu Universitesi, Fen Bilimleri Enstitiisii, Ordu.

Scortichini, M. (2002). Bacterial canker and decline of European hazelnut. Plant Dis., 86(7),704—709.

Sgueglia, A. A., Gentile, A., Frattarelli, G., Urbinati, M., Germana A., and Caboni, E. (2019).
Micropropagation of Sicilian cultivars with an aim to preserve genetic diversity in hazelnut (Corylus
avellana L.), Plant Biosystems An International Journal Dealing with allAspects of Plant Biology,
153:5, 720-724, http://dx.doi.org/10.1080/11263504.2018.1549600

Srivastava, K. K., Singh, S. R., Zargar, K. A., and Sundouri, A. S. (2010). Response of propagating materials
and rooting hormones on rooting potential of Hazelnut (Corylus colurna L.). Indian Journal of Forestry,
33(1), 85-88.

Yu, X., and Reed, B. M. (1995). A micropropagation system for Hazelnut (Corylus species). Hort Science, 30.
120-123.


https://doi.org/10.29278/azd.655495

