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Abstract 
The study was carried out to determine the effect of cutting time, IBA and putrescine treatments on the rooting 
of the cuttings of Tombul hazelnut cultivar. The plant material of study consisted of cuttings prepared from one-
year-old root sucker of Tombul hazelnut cultivar. The cuttings collected on three different dates (June 15, July 
10 and August 4) were performed three treatments (control, 2000 ppm IBA and 2000 ppm IBA+1600 ppm 
putrescine). Depending on the interaction of cutting time and treatment, the highest rooting was determined in 
the cuttings treated IBA collected in June (16.7%), while the lowest in the control cuttings (0%) in all periods. 
Except for the cuttings treated IBA+putrescine collected in August, callus did not occur in other treatments. 
The number of roots per cutting was determined between 0.0 (control in all treatments) and 15.5 (taken in July 
and treated with IBA). Root length was measured from 0.0 cm (control in all treatments) to 8.0 cm (received in 
June and treated with IBA). The best results in rooting level were recorded in cuttings treated IBA collected in 
July (4.0). The best results in terms of rooting and root properties of cuttings of Tombul hazelnut cultivar were 
generally determined in cuttings treated IBA collected in June. 

Özet 
Tombul Fındık Çeşidinin Köklenme Kabiliyeti Üzerine Çelik Alma Zamanı ve Bitki 
Büyüme Düzenleyicilerinin Etkisi 

Çalışma, Tombul fındık çeşidinin çeliklerinin köklenmesi üzerine çelik alma zamanı, IBA ve putresin 
uygulamalarının etkisini belirlemek amacıyla yürütülmüştür. Çalışmanın bitkisel materyalini Tombul fındık 
çeşidine ait bir yaşlı kök sürgünlerinden hazırlanan çelikler oluşturmuştur. Çelikler, 3 farklı tarihte (15 Haziran, 
10 Temmuz ve 4 Ağustos) alınmış ve hazırlanan çeliklere 3 farklı uygulama (kontrol, 2000 ppm IBA ve 2000 
ppm IBA+1600 ppm putresin) yapılmıştır. Çelik alma zamanı ve uygulama interaksiyonuna bağlı olarak, en 
yüksek köklenme oranı Haziran’da alınan ve IBA uygulanan çeliklerde (%16.7), en düşük ise tüm dönemlerde 
kontrol çeliklerinde (%0) belirlenmiştir. Ağustos’da alınan ve IBA+putresin uygulanan çelikler hariç, diğer 
uygulamalarda kalluslenme meydana gelmemiştir. Çelik başına kök sayısı 0.0 (tüm uygulamalarda kontrolde)-
15.5 (Temmuz’da alınan ve IBA uygulanan) arasında belirlenmiştir. Kök uzunluğu ise 0.0 cm (tüm 
uygulamalarda kontrolde)-8.0 cm (Haziran’da alınan ve IBA uygulanan) arasında ölçülmüştür. Köklenme 
düzeyi bakımından en iyi sonuçlar Temmuz’da alınan ve IBA uygulanan çeliklerde (4.0) kaydedilmiştir. Genel 
olarak, Tombul fındık çeşidinde ait çeliklerde köklenme ve köklenme özellikleri bakımından en iyi sonuçlar 
Haziran’da alınan ve IBA uygulanan çeliklerde belirlenmiştir. 

 

 

 

 

 
Anahtar Kelimeler 
Corylus avellana, Çelik, 
köklenme, Kalluslenme, IBA, 
Putresin 

 



61 

 

1. INTRODUCTION 
Hazelnut is an important specie of nut. It is widely 

grown in Türkiye, Caucasus, Asia, Europe, Iran, and 
North America in the northern hemisphere of the 
world. In recent years, new hazelnut orchards have 
been established in Chile, Australia, and South Africa 
in the southern hemisphere and the production 
quantity is increasing every year (Silvestri et al., 
2021). According to 2023 FAO data, hazelnut 
production areas have increased by 66% and 
production quantity has increased by 45% in the last 
ten years. Considering the demand for hazelnut 
production, efficient propagation techniques that can 
provide good quality sapling material at a low cost are 
required for the establishment of new orchards and, in 
particular, the renewal of old orchards in Türkiye. 

Hazelnut is a species with a high tendency to 
suckering, and these are commonly used for 
propagation. It is also propagated by grafting, cutting 
(Balta, 1993; Şenyurt, 2017; Ates Demirel, 2023; 
Balta, 2023), layering (Acı and Beyhan, 2018), and in 
recent year by tissue culture (Kaplan et al., 2020; İslam 
and Ekbiç, 2020). The layering method is expensive 
and requires large areas in the field, and the number of 
plants obtained in the grafting method is low (Ercisli 
and Read, 2001). There is a problem in the propagation 
of hazelnut by tissue culture due to the limited 
suitability of explants to in vitro conditions and limited 
adaptation in the formation of sterilized explants 
(Bacchetta et al., 2008). Cutting propagation is an 
alternative and valid method due to its low cost, easy, 
and obtains a large number of plants (Gerçekçioğlu et 
al., 2009).  

When propagating cuttings, it's important to 
promote the formation of roots. Many internal (genetic 
structure, water and nutrient content of the mother 
plant and the cutting, hormones, etc.) and external 
factors (temperature, humidity, light, collection time, 
etc.) affect the rooting of cuttings (Gerçekçioğlu et al., 
2009). Plant growth regulators are important for 
increasing uniform rooting with the number and 
quality of roots per cutting, and especially accelerating 
root formation in cuttings of hard-to-root species 
(Ercişli and Read, 2001; Çelik et al., 2015; Algül et al., 
2016; Balta et al., 2019). 

When the cuttings propagation studies in hazelnut 
are examined, IBA is widely used as a plant growth 
regulator for rooting (Balta, 1989; Ercişli and Read, 
2001; Cristofori et al., 2010; Özdemir and Dumanoğlu, 
2018). It has been reported that IBA synthesizes the 
special proteins required for root formation and 
promotes rooting because it is slowly degraded by 
enzyme systems that degrade auxin and have a 
continuous effect (Zenginbal et al., 2006). In addition, 
polyamines (putrescine, spermidine, spermine) and 
ethylene-blocking compounds (silver nitrate and 1-
MCP (1-methylcyclopropane) are other plant growth 
regulators used in the propagation of hazelnut cuttings 
in recent years (Cristofori et al., 2010; Contessa et al., 
2011a, b). Among these, putrescine, a polyamine, has 

been reported to improve rooting and root quality in 
some hazelnut cultivars when combined with IBA 
(Cristofori et al., 2010; Contessa et al., 2011a). 
Polyamines play an important role in physiological 
processes such as embryogenesis, cell division, and 
root formation (Liu et al., 2006). They can supply and 
store nitrogen for rooting as well as promote the 
formation of primary, lateral, and adventitious roots 
(Cristofori et al., 2010). 

The purpose of this study was to examine the effect 
of collection time, IBA, and putrescine treatments on 
propagation with the cutting of the Tombul cultivar, 
which is the world's best-quality hazelnut cultivar. The 
effect of putrescine on rooting in this cultivar was 
determined for the first time in this study, and it 
contributed to the limited cuttings propagation studies 
in this cultivar. 

2. MATERIAL AND METHODS 

2.1. Material 

The study was carried out in the propagation unit 
inside the high plastic tunnel in the Application and 
Research Area of the Agriculture Faculty of Ordu 
University in 2021. The material of the study consisted 
of cuttings belonging to the Tombul hazelnut cultivar. 
The cuttings were taken from a producer's orchard in 
the Yaglidere district of Giresun province, where 
cultural and technical treatments were made 
completely (excluding irrigation). In order to promote 
rooting in cuttings, IBA (Indole-3-butyric acid) and 
putrescine (1, 4-diaminobutane) were used as plant 
growth regulators and agricultural perlite (3-7 mm) 
were used as rooting medium. 

2.2. Methods 

At three different periods (June 15, July 10, and 
August 4), cuttings were taken from 1-year-old 
suckers in the 'ocaks' of the Tombul hazelnut cultivar. 
The cuttings were wrapped in a damp cloth to 
minimize moisture loss and transported to the high 
plastic tunnel environment where planting would be 
made quickly. The cuttings were formed from the 
basal (lower) part of the shoots formed that year, with 
one leaf on it, and were 13-15 cm in long. Then, the 
cuttings were disinfected with a fungicide solution 
(0.2%) against fungal diseases. 

At each collection time, the cuttings were divided 
into three groups, each with three replications and 
twenty cuttings. There was no treatment to the first 
group cuttings (control). Second group cuttings were 
treated with 2000 ppm IBA for 5 seconds, third group 
cuttings were treated with 1600 ppm putrescine for 20 
minutes and then 2000 ppm IBA for 5 seconds. The 
cutting propagation studies performed in the hazelnut 
were taken into account in the selection of treatment 
doses (Ercisli and Read, 2001; Cristofori et al., 2010). 
The IBA-treated cuttings were kept in a shady 
condition for 10 minutes before planting in the rooting 
media to allow the alcohol to evaporate. 
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The treated cuttings were planted in a perlite-
containing rooting unit with 8×5 cm spacing between 
rows, with 2/3 of the cuttings remaining in the rooting 
medium. The humidity of the rooting media was kept 
at 85-90% using a misting unit. After 60 days, the 
cuttings planted on June 15 and July 10 were removed 
from the rooting media, and the cuttings planted on 
August 4 were removed after 75 days. The following 
properties were investigated in the removed cuttings, 
and evaluated using the methods described by Balta 
(1989), Contessa et al. (2011a), and Ozdemir and 
Dumanoğlu (2018). 

2.2.1. Callusing (%) 

The presence of callus on the cuttings was 
determined by observation. Callusing was determined 
by the ratio of callused cuttings to the total number of 
cuttings and expressed as %. 

2.2.2. Rooting (%) 

It was determined by the ratio of rooted cuttings to 
the total number of cuttings and expressed as %. 

2.2.3. Survived Cuttings (%) 

It was detected by counting the survived cuttings 
and dividing them by the total number of cuttings and 
results expressed as %. 

2.2.4. Dead Cuttings (%) 

It was determined by the ratio of dead cuttings to 
the total number of cuttings and expressed as %. 

2.2.5. Number of Cutting with Shoot and Leaves 

It was detected by counting the cuttings with 
shoots and leaves. 

2.2.6. Number of Roots per Cutting 

The roots emerging from the basal part of the 
rooted cuttings were counted and determined by 
dividing by the number of rooted cuttings. 

2.2.7. Root Length (cm) 

In the rooted cuttings were measured using a 
digital caliper with a sensitivity of 0.01 mm (Mitutoyo, 
Japan). 

2.2.8. Rooting Level  

It was determined by observation on a scale of 1-4 
(1-very poor, 2-poor, 3-moderate, 4-good). 

 

2.3. Statistical Analysis 

Data were evaluated using the JMP 14.0 (trial) 
statistical package program. The differences between 
the collection time, treatments, and their interactions 
were determined at the 5% significance level 
according to the Tukey multiple comparison method. 

3. RESULTS AND DISCUSSION 
While the effect of collection time and treatments 

on callusing was insignificant, the effect of collection 
time×treatments interaction was significant (p<0.05). 
Depending on the interaction of collection 
time×treatments, the highest callusing was detected in 
the cuttings treated with IBA+putrescine and collected 
in August (1.67%). In other treatments, callus did not 
occur (Table 1). Depending on the collection time and 
treatments, the callusing was reported 0% (collected in 
December and treated 4000 and 6000 ppm IBA)-
77.5% (collected in November and treated 4000 ppm 
IBA) in hardwood cuttings of Tombul hazelnut 
cultivar (Balta, 1989), and 0-100% (collected in July 
and treated control) in hybrid hazelnut genotypes 
(Ercisli and Read, 2001). Effects of collection time, 
IBA and putrescine treatments on callusing of cuttings 
of Nocchione, Tonda di Giffoni, and Tonda Gentile 
Romana cultivars were insignificant. Depending on 
collection time, IBA, and putrescine treatments, 
callusing was determined as 9.8% (collected in 
August)-25.2% (collected in June), 10.9 (control)-
24.7% (2000 ppm IBA), and 23.9% (1000 ppm 
IBA+putrescine), respectively, and putrescine 
treatment has been reported to increase callusing 
(Cristofori et al., 2010). Callusing in semi-hardwood 
cuttings of Tonda di Giffoni, Tonda Gentile delle 
Langhe, Daria, and Tonda Gentile Romana cultivars 
was determined between 6.0% (1000 ppm IBA+1600 
ppm putrescine)-39.5% (control) (Contessa et al., 
2011a). When the researchers’ results are evaluated, it 
is understood that the higher callusing is softwood and 
semi-hardwood cuttings collected in the early period, 
and in low dose IBA+putrescine treatment. Similar to 
the findings of Cristofori et al. (2010), callusing was 
not significantly affected by collection time or 
treatments in the current study. The highest callusing 
was observed in the IBA+putrescine treatments. In 
other treatments, callusing did not occur. The observed 
differences may be related to the genetic structure, 
cutting age, the plant's age and nutritional status. 

The effect of collection time, treatments, and 
collection time×treatments interaction on rooting was 
significant (p<0.05). The best collection time was 
determined in June (10.0%). The best treatment was 
detected as IBA (9.44%), and it was determined that 
there would be no rooting in Tombul hazelnut cuttings 
without treatment. Depending on the interaction of 
collection time×treatments, the highest rooting was 
determined in the cuttings collected in June and treated 
IBA (16.7%), and the lowest in the control (0%) in all 
collection times (Table 1). Rooting in Tombul 
hazelnut cultivar was reported between 0-2.5% 
(collected in October and treated 2000 ppm IBA) 
(Balta, 1998) in the cuttings collected at different 
times and treated with IBA, and 0% (control)-43.3% 
(2000 ppm) in softwood cuttings (Özdemir and 
Dumanoğlu, 2018). In different Italian hazelnut 
cultivars, it was reported that the effects of collection 
time, IBA, and putrescine treatments on rooting were 
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significant. Depending on the collection time, the 
highest rooting was recorded in the cuttings collected 
in August and June (15.9% and 13.6%, respectively), 
and in terms of treatments, the cuttings treated 
IBA+putrescine (31.9%) and IBA (21.6%) (Cristofori 
et al., 2010). Also, the rooting in the semi-hardwood 
cuttings of 4 different Italian hazelnut cultivars treated 
with IBA and putrescine was determined between 
12.2% (control)-47.0% (1000 ppm IBA+1600 ppm 
putrescine) (Contessa et al., 2011a). When the results 
of the researchers are examined, it is understood that 
the promotes the rooting putrescine together with IBA 
in hazelnut cuttings, and the rooting ability of 

softwood and semi-hardwood cuttings is higher than 
hardwood cuttings. In the current study, the effect of 
putrescine on rooting was generally lower than IBA. 
However, putrescine positively affected on rooting in 
cuttings collected in July. Also, Cristofori et al. (2010) 
reported cuttings collected in June yielded the best 
results in terms of collection time, and this result 
overlaps with the findings of our study. Some 
differences in terms of rooting may be due to genetic 
structure, cutting age, hormone dose, mother-plant's 
age and nutritional status. 

 

 
Table 1. Effect of collection time, IBA and putrescine treatments on callusing, rooting, survived cuttings, and dead cuttings in 

Tombul hazelnut cultivar 

Mean value Callusing (%) Rooting (%) Survived cuttings (%) Dead cuttings (%)

Collection time     

June 0.0 az 10.0 a 10.6 a 89.4 b 

July 0.0 a 2.8 b 3.9 b 96.1 a 

August 0.6 a 3.9 b 7.2 ab 92.8 ab 

Significance ns * * * 

LSD (0.05)  0.94 5.94 5.31 5.31 

Treatments     

Control 0.0 a 0.0 b 2.8 b 97.2 a 

IBA 0.0 a 9.4 a 11.1 a 88.9 b 

IBA+putrescine 0.6 a 7.2 a 7.8 a 92.2 b 

Significance ns ** ** ** 

LSD (0.05)  0.94 5.36 4.86 4.86 

June     

Control 0.0 b 0.0 d 0.0 f 100.0 a 

IBA 0.0 b 16.7 a 18.3 a 81.7 f 

IBA+putrescine 0.0 b 13.3 ab 13.3 b 86.7 e 

July     

Control 0.0 b 0.0 d 1.7 ef 98.3 ab 

IBA 0.0 b 3.3 cd 5.0 de 95.0 bc 

IBA+putrescine 0.0 b 5.0 cd 5.0 de 95.0 bc 

August     

Control 0.0 b 0.0 d 6.7 cd 93.3 cd 

IBA 0.0 b 8.3 bc 10.0 bc 90.0 de 

IBA+putrescine 1.7 a 3.3 cd 5.0 de 95.0 bc 

Significance (interaction) * *** *** *** 

LSD (0.05)  1.65 6.80 4.36 4.36 
z The differences between the same letters in the same row are statistically insignificant (p<0.05). 
* significant at p<0.05, ** significant at p<0.01, *** significant at p<0.001, and ns: not significant 

 
The effect of the interaction of collection time, 

treatments and collection time×treatments on survived 
and dead cuttings was significant (p<0.05). The best 
survived and dead cuttings rate was determined in June 
(10.6% and 89.4%, respectively) in terms of collection 
time and IBA (11.1% and 88.9%, respectively) with 

regards to treatments. Depending on collection 
time×treatments interaction, the best survived and 
dead cuttings rates were determined in cuttings treated 
IBA and collected in June (18.3% and 81.7%, 
respectively) (Table 1). Survived cuttings rate was 
reported from 2.5% (collected in October and treated 
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6000 ppm IBA) to 37.5% (collected in November and 
treated 2000 ppm IBA) depending on the collection 
time and IBA treatments in the hardwood cuttings of 
Tombul hazelnut cultivar (Balta, 1998). In semi-
hardwood cuttings of 4 different Italian hazelnut 
cultivars, the highest survived cuttings rate was found 
in control (71.3% and 80.8%) in the many of cultivars. 
In some of the cultivars were determined in both IBA 
(82.9%) and IBA+putrescine (66.3%) treatment 
(Contessa et al., 2011a). In the current study, the best 
results in terms of survived and dead cuttings rate were 
detected in cuttings treated IBA and IBA+putrescine 
and collected in June. The values obtained in terms of 
these properties were lower than the findings of the 
researchers. This may be due to the absence of callus 
in the present cuttings. As a matter of fact, the rates of 
survived and dead cuttings are affected by ambient 
humidity, natural auxin content in cutting, and callus 
formation (Kamaluddin and Ali, 1996; Kalyoncu, 
1996; Baul et al., 2010). 

The effect of collection time and treatments on 
number of cutting with shoot was insignificant, while 
the effect on the number of cutting with leaves was 
significant (p<0.05). According to collection time, the 
highest number of cutting with shoot was determined 
in June and July (0.1). It was detected (0.1) in IBA and 
IBA+putrescine depending on treatments. In terms of 
collection time×treatments, the highest number of 
cutting with shoot was determined in cuttings 
collected in June (0.3) and July (0.3), and treated with 
IBA+putrescine. No shoot formation was observed in 
other treatments (Table 2). Shoot formation in the 
cuttings treated IBA and putrescine collected at 
different times from Foşa hazelnut cultivar was 
reported only in the cuttings collected in June and July, 
and treated control (2.3 and 2.7, respectively). 
Similarly, it was noted that no shoot formation was 
observed in other treatments (Sayar, 2023). 

According to the collection time, the highest 
number of cutting with leaves was determined in June 
and August (1.4). It was recorded in the IBA (2.0) 
depending on treatments. According to collection 
time×treatments, the highest number of cutting with 
leaves was detected (3.0) in cuttings collected in June, 
and treated IBA. The lowest was recorded in (0.0) 
cuttings collected in June, and control treatment (Table 
2). On the contrary, the highest number of cutting with 
leaves in cuttings treated IBA and putrescine collected 
at different times from Foşa hazelnut cultivar was 
reported in cuttings treated control (1.3, 3.3, and 5.3, 
respectively) in all periods (June, July, and August) 
(Sayar, 2023). The observed differences may be 
related to genetic structure, mother-plant's age and 
nutritional status. 

The effect of collection time on number of roots 
per cutting and root length was insignificant, while the 
effect of treatments and collection time×treatments 
interaction was significant (p<0.05). Depending on the 
collection time, the highest number of roots per cutting 

and root length was determined in July (10.2) and June 
(4.4 cm), while the lowest was determined in August 
(5.5 and 2.7 cm, respectively). In terms of treatments, 
the highest number of roots per cutting and root length 
was measured in the IBA treatment (10.1 and 6.0 cm, 
respectively). The lowest was determined in the 
control treatment (0.0 for both). Depending on 
collection time×treatments, the highest number of 
roots per cutting and root length was measured on 
cuttings collected in July and treated IBA (15.5), and 
cuttings collected in June and treated IBA (8.0 cm), 
respectively. It was followed by cuttings treated 
IBA+putrescine collected in July (15.2), and cuttings 
treated IBA collected in July (7.0 cm). The lowest was 
detected in the control treatment (0.0) in all periods 
(Table 2). 

The highest number of roots per cutting and root 
length were reported in the IBA treatment (8.8 and 
15.6 cm, respectively) and the lowest in the control 
(0.0 for both) in semi-hardwood cuttings of Tombul 
hazelnut cultivar (Özdemir and Dumanoğlu, 2018). In 
foreign hazelnut genotypes in which the effect of 
collection time and IBA treatment were examined, the 
highest number of roots per cutting was determined in 
the cuttings collected in June and treated with 1500 
ppm IBA (6.8), while the lowest was recorded in the 
control treatment in the many of collection times (0.0) 
(Ercisli and Read, 2001). In the cuttings treated IBA 
and putrescine collected at different times from 3 
different Italian hazelnut cultivars, the highest number 
of roots per cutting was determined in September in 
collection time. In terms of treatment, it was 
determined in 2000 ppm IBA (4.5) and 2000 ppm 
IBA+putrescine (3.9). The lowest was recorded in 
June in collection time and in 1000 ppm IBA (4.5) in 
treatments (Cristofori et al., 2010). In addition, in 
semi-hardwood cuttings of Tonda di Giffoni, Tonda 
Gentile delle Langhe, Daria, and Tonda Gentile 
Romana cultivars treated with IBA and putrescine, the 
highest number of roots per cutting and root length 
was found in 1000 ppm IBA treatment (15.8, 14.4 and 
11.5; 6.7 cm, 5.6 cm and 8.5 cm, respectively), while 
the lowest was determined in the control treatment 
(5.3, 1.5 and 1.0; 4.3, 3.9 and 1.0 cm, respectively), 
except for Tonda di Giffoni cultivar. The effect of 
putrescine on root length was reported to be 
insignificant (Contessa et al., 2011a). Similarly, in the 
current study, the effect of putrescine on root length 
was insignificant, except for cuttings collected in 
August. When the findings of the researchers are 
generally evaluated, the best results in the number of 
roots per cutting and root length were reported in IBA 
in treatments, and June (Ercisli and Read, 2001), July 
and August (Cristofori et al., 2010) in collection time. 
Findings obtained in the number of roots per cutting 
and root length were consistent with the researchers' 
results. 
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Table 2. Effect of collection time, IBA and putrescine treatments on number of cutting with shoot, number of cutting with 
leaves, number of roots per cutting, root length, and rooting level in Tombul hazelnut cultivar 

Mean value 
Number of 
cutting with 
shoot 

Number of 
cutting with 
leaves 

Number of 
roots per 
cutting 

Root length 
(cm) 

Rooting level 
(1-4) 

Collection time      
June 0.1 a 1.4 a 5.9 az 4.4 a 2.7 b 
July 0.1 a 0.8 a 10.2 a 3.8 a 3.5 a 
August 0.0 a 1.4 a 5.5 a 2.4 a 2.3 b 
Significance ns ns ns ns * 
LSD (0.05)  0.26 0.89 6.17 3.07 0.63 

Treatments      
Control 0.0 a 0.6 b 0.0 b 0.0 b - 
IBA 0.1 a 2.0 a 10.9 a 6.0 a 2.9 
IBA+putrescine 0.1 a 1.1 b 10.7 a 4.6 a 2.7 
Significance ns ** *** *** ns 
LSD (0.05)  0.26 0.72 3.91 1.79 0.70 

June   
Control 0.0 a 0.0 e 0.0 d 0.0 d - 
IBA 0.3 a 3.0 a 9.8 bc 8.0 a 2.6 bc 
IBA+putrescine 0.0 a 1.3 bc 7.8 c 5.3 bc 2.8 bc 

July   
Control 0.0 a 0.3 de 0.0 d 0.0 d - 
IBA 0.0 a 1.0 cd 15.5 a 7.0 ab 4.0 a 
IBA+putrescine 0.3 a 1.0 cd 15.2 ab 4.5 c 3.0 b 

August   
Control 0.0 a 1.3 bc 0.0 d 0.0 d - 
IBA 0.0 a 2.0 b 7.6 c 3.0 c 2.2 c 
IBA+putrescine 0.0 a 1.0 cd 9.0 c 4.1 c 2.5 bc 
Significance (interaction) ns *** *** *** * 
LSD (0.05)  0.46 0.80 5.62 2.47 0.76 
z The differences between the same letters in the same row are statistically insignificant (p<0.05). 
* significant at p<0.05, ** significant at p<0.01, *** significant at p<0.001, and ns: not significant 
 

The effect of collection time and collection 
time×treatments interaction on the rooting level was 
significant, while the effect of treatments was 
insignificant (p<0.05). The best results in rooting level 
were recorded in cuttings treated IBA collected in July 
(4.0). It was followed by the cuttings treated with 
IBA+putrescine collected in the same period (3.0). In 
control treatment in all periods, the rooting level could 
not be determined because there was no rooting (Table 
2). Similar to the results of the current study, it was 
reported that IBA treatment increased the rooting level 
in softwood cuttings of Tombul hazelnut cultivar, and 
the rooting level was between 0 (control)-2.8 (2000 
ppm IBA) (Özdemir and Dumanoğlu, 2018). Similar 
results were noted for softwood cuttings of Tonda di 
Giffoni cultivar (Tombesi et al., 2018). On the 
contrary, it was reported that IBA negatively affected 
the rooting level of hardwood cuttings of different 
hazelnut genotypes (Braun and Wyse, 2019). The 
findings obtained in the rooting level were compatible 
with the many researchers’ findings. Some observed 
differences may be due to the cultivar, hormone dose, 
mother-plant's age and nutritional status. 

CONCLUSION 
The effect of collection time and treatments on the 

rooting and rooting characteristics of Tombul hazelnut 
cuttings was significant. The best results on rooting, 
root number, and root length were determined in 
cuttings treated with IBA collected in June. The results 
obtained from the study showed that there would be no 
rooting in Tombul hazelnut cuttings without hormone 
treatment. The effect of putrescine on rooting and root 
quality of cuttings was lower than IBA treatment. 
However, compared to IBA, putrescine positively 
affected the rooting in cuttings collected in July, and 
root length in cuttings collected in August. Therefore, 
it is recommended to determine the effect of different 
doses of IBA and putrescine treatments in the cuttings 
propagation studies in both Tombul and other hazelnut 
cultivars in the future. 
  



66 

 

REFERENCES 
Acı, F., and Beyhan, N., 2018. Fındığın tepe daldırması 

yöntemi ile çoğaltılması. Uluslararası Tarım ve 
Yaban Hayatı Bilimleri Dergisi, 4(1): 1-12. 

Algül, B. E., Tekintaş, F. E., and Dalkılıç, G. G., 2016. Bitki 
büyüme düzenleyicilerinin kullanımı ve içsel 
hormonların biyosentezini arttırıcı uygulamalar. 
Adnan Menderes Üniversitesi Ziraat Fakültesi 
Dergisi, 13(2): 87-95. 

Ates Demirel, B., 2023. Çakıldak fındık çeşidinin Türk 
fındığı (Corylus colurna L.) anacı üzerinde sürgün 
ve durgun dönemde aşıyla çoğaltılması. Yüksek 
Lisans Tezi, Ordu Üniversitesi, Fen Bilimleri 
Enstitüsü, Ordu. 

Bacchetta, L., Aramini, M., Bernardini, C., and Rugini, E., 
2008. In vitro propagation of traditional Italian 
hazelnut cultivars as a tool for the valorization and 
conservation of local genetic resources. 
HortScience, 43(2): 562-566. 

Balta, F., 1989. Dinlenme döneminde alınan fındık 
çeliklerinin köklendirilmesi üzerine bir araştırma. 
Yüksek Lisans Tezi, Ondokuz Mayıs Üniversitesi, 
Fen Bilimleri Enstitüsü, Samsun. 

Balta, F., 1993. Fındığın aşı ile çoğaltılması ve aşı 
kaynaşmasının anatomik ve histolojik olarak 
incelenmesi üzerine araştırmalar. Doktora Tezi, 
Yüzüncü Yıl Üniversitesi, Fen Bilimleri Enstitüsü, 
Van. 

Balta, F., 2023. Anatomical and histological development of 
the union of splice grafting in hazelnut. Uluslararası 
Tarım ve Yaban Hayatı Bilimleri Dergisi, 9(2): 122-
134. 

Balta, M. F., Erol, İ. U., Özrenk, K., Karakaya, O., and 
Uzun, S., 2019. Kızılcık (Cornus mas L.) 
genotiplerinin yeşil çelik ile çoğaltılması üzerine 
araştırmalar. Türkiye Tarımsal Araştırmalar 
Dergisi, 6(2): 136-141. 

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. 

Braun, L., and Wyse, D., 2019. Field pretreatment of crown 
suckers for propagating hybrid hazelnuts. Journal of 
Environmental Horticulture, 37(3): 85-89.  

Çelik, H., İslam, A., and Kalkışım, Ö., 2015. Effect of cutting 
time and IBA application on rooting of edible cherry 
laurel (Prunus laurocerasus cv.'Kiraz') cuttings. 
Anadolu Tarım Bilimleri Dergisi, 30(3): 215-220. 

Contessa, C., Valentini, N., and Botta, R., 2011a. 
Decreasing the concentration of IBA or combination 
with ethylene inhibitors improve bud retention in 
semi-hardwood cuttings of hazelnut cultivar ‘Tonda 
Gentile delle Langhe’. Scientia Horticulturae, 131: 
103-106. 

Contessa, C., Valentini, N., Caviglione, M., and Botta, R., 
2011b. Propagation of Corylus avellana L. by means 
of semi-hardwood cutting: rooting and bud retention 
in four Italian cultivars. European Journal of 
Horticultural Science, 76(5): 170. 

Cristofori, V., Rouphael, Y., and Rugini, E., 2010. Collection 
time, cutting age, IBA and putrescine effects on root 
formation in Corylus avellana L. cuttings. Scientia 
Horticulturae, 124(2): 189-194. 

Ercisli, S., and Read, P.E., 2001. Propagation of hazelnut by 
softwood and semi-hardwood cuttings under 

Nebraska conditions. Acta Horticulturae, 556: 275-
280. 

Gerçekçioğlu, R., Bilgener, Ş., and Soylu, A., 2009. Genel 
Meyvecilik. Ankara: Nobel Yayın Dağıtım. 

İslam, A., and Ekbiç, H.B., 2020. Çakıldak fındık çeşidinin 
in vıtro sürgün ucu kültürü için yüzey sterilizasyon 
protokolünün oluşturulması. Ordu Üniversitesi 
Bilim ve Teknoloji Dergisi, 10(2): 85-93. 

Kalyoncu, İ.H., 1996. Konya yöresindeki kızılcık (Cornus 
mas L.) tiplerinin bazı özellikleri ve farklı nem 
ortamlarındaki köklenme durumu üzerine bir 
araştırma. (Doktora Tezi). Selçuk Üniversitesi, Fen 
Bilimleri Enstitüsü, Konya. 

Kamaluddin, M., and Ali, M., 1996. Effects of leaf area and 
auxin on rooting and growth of rooted stem cuttings 
of neem. New Forests, 12: 11-18. 

Kaplan, N., İslam, A., and Ekbiç, H.B., 2020. Çakıldak fındık 
çeşidinin in vitro sürgün ucu kültürü ile 
çoğaltılması. Akademik Ziraat Dergisi, 9(2): 193-
200. 

Liu, J.H., Nada, K., Honda, C., Kitashiba, H., Wen, X.P., 
Pang, X. M., and Moriguchi, T., 2006. Polyamine 
biosynthesis of apple callus under salt stress: 
importance of the arginine decarboxylase pathway 
in stress response. Journal of Experimental Botany, 
57(11): 2589-2599. 

Özdemir, B., and Dumanoğlu, H., 2018. Cutting propagation 
of European hazelnut cultivar 'Tombul'. Acta 
Horticulturae, 1226: 219-224. 

Sayar, B., 2023. Foşa findık çeşidinde çelik alma zamanı, 
IBA ve putresin uygulamalarının köklenme üzerine 
etkisi. Yüksek Lisans Tezi, Ordu Üniversitesi, Fen 
Bilimleri Enstitüsü, Ordu. 

Şenyurt, M., 2017. Corylus colurna L. anacına bazı fındık 
çeşitlerinin aşılanabilirliğinin incelenmesi. Doktora 
Tezi, Bolu Abant İzzet Baysal Üniversitesi, Fen 
Bilimleri Enstitüsü, Bolu. 

Silvestri, C., Bacchetta, L., Bellincontro, A., and Cristofori, 
V., 2021. Advances in cultivar choice, hazelnut 
orchard management, and nut storage to enhance 
product quality and safety: an overview. Journal of 
the Science of Food and Agriculture, 101(1): 27-43. 

Tombesi, S., Micheli, M., Boco, M., and Farinelli, D., 2018. 
Application of additive light increases leafy cutting 
rooting and survival in hazelnut (Corylus avellana 
L.). Acta Horticulturae, 1226: 225-230. 

Zenginbal, H., Özcan, M., and Haznedar, A., 2006. Hayward 
kivi çeşidinde farklı koşullarda muhafaza edilen 
odun çeliklerin köklenmesi üzerine IBA’in etkisinin 
belirlenmesi. Anadolu Tarım Bilimleri Dergisi, 
21(1): 20-26. 


