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Turkish hazelnut (Corylus avellana L.) is naturally grown as a multi-stemmed shrub. This hazelnut 

produces lots of suckers. Suckers compete with the main branches for nutrients and water. Because 

the emergence of suckers negatively affects crop management in the hazelnut orchards are required 

to eliminate at least twice a year. Flaming is an alternative method to chemical and mechanical 

control methods. In this study, the effect of gas pressure, flaming time on fuel consumption and 

flaming efficiency in hazelnut sucker control were evaluated. The trials were carried out in an shrub 

ocak (in Turkish) type hazelnut orchard The results show that the torch flaming method is a useable 

method for hazelnut basal sucker cleaning. Gas pressure and flaming time had significant effects 

on fuel consumption and flaming efficiency. 150 s flaming duration and 3 bar pressure is sufficient 

for the flaming application. Durations above this time will increase fuel consumption and time loss. 
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Introduction 

Turkish hazelnut (Corylus avellana L.) cultivars, one of 

the major nut crops in the world are naturally grown as a 

multi-stemmed tree, due to the prolific production of basal 

shoots, or suckers (Yıldız and Tekgüler, 2014) and have the 

most suckering aptitude among hazelnut varieties (Smith 

and Erdoğan, 2001; Tomasone et al., 2010; Yıldız, 2016). 

Because the emergence of a large number of suckers 

negatively affects crop management in the hazelnut 

orchards (Tomasone et al., 2010), are required to eliminate 

at least twice a year with associated recurrent costs (Kılıç 

et al. 2009; Tomasone et al., 2010; Yılmaz, 2017) to 

facilitate machine or manual harvest. Hazelnuts are mainly 

grown in the ocak system in Turkey. This system is a multi-

stemmed planting system unique to Turkey (İslam, 2018). 

An ocak consists of usually six or eight plants planted 

around a circle 1–1.2 m in diameter (Beyhan, 2007). 

Most suckering that come from newly formed bud 

primordia produced in healthy roots respond very well to 

cutting back to the ground level depending on the 

efficiency of manual, mechanical, chemical or thermal 

treatments (Dolci et al., 2005; Tomasone et al., 2009, 2010; 

Serdar and Akyüz, 2018). 

In manual methods, suckers are removed with hand tools 

such as pruning shears or hoes. Indeed, to gain better yield, the 

manual desuckering that is a practice followed by the hazel 

producer has not been found effective due to high labour-

power and costs and low-work efficiencies (Tous et al., 1994; 

Beyhan and Pınar, 1996; Serdar and Akyüz, 2018). Although 

mechanical method can be less costly and time consuming 

than manual removal, care is required to avoid truck damage 

with machinery (Serdar and Akyüz, 2018). 

Herbicides are cheap and easy to use. However, 

pollution of groundwater and surface water, problems with 

herbicides, including pesticide residues in food, caused 

public awareness and limitation of herbicide use (Rifai et 

al., 2000; Brunclik and Lacko-Bartosova, 2001). 

Flaming is the most widespread thermal weed control 

method in agriculture (Ascard, 1995). Flame weeding is 

often used for weed control in organic production where 

use of herbicides is prohibited (Sivesind et al., 2009). 

Flaming exposes plant to heat stress, which causes the 

denaturation of membrane proteins resulting in a loss of 

cell function and dehydration and leading to their death or 

a reduction in their competitive ability (Ascard, 1997; 
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Ulloa et al., 2010; Knezevic, 2017; Chehade et al., 2018; 

Horesh et al., 2019). Thermal sucker control is mostly done 

using a flame torch or steam (Tomasone et al., 2009). 

Flame weeding is less costly than hand-weeding 

(Nemming, 1993). 

Tomasone et al. (2010) reported that the effectiveness 

of flaming, a thermal control method is in general good 

without damage to plants and flaming is easy to use, 

requires low-cost equipment and low-fuel consumption. 

Also, they noted that the hand-operated equipment could 

be too slow and too demanding for labour (machine 

operator and field workers). 

It is generally accepted that a long time torch with high 

LPG pressure (GP) may increase flaming efficiency in sucker 

control, whereas it may have a negative effect on the health of 

hazelnut trees (Tomasone et al., 2010). Decreasing the GP and 

the duration of flaming time (FT) in hazelnut sucker control 

may reduce fuel consumption; however, flaming efficiency 

should be considered. The challenge in reducing GP and FT 

in the hazelnut sucker control by flaming is the uncertainty 

about how much fuel consumption can be declined without 

compromising the flaming efficiency. It is also unknown 

whether the GP and FT based on fuel consumption and 

flaming efficiency correlate with the increase in the GP and 

FT applied. Accordingly, the objectives of this study were to 

determine reduction possibility of fuel consumption without 

affecting flaming efficiency and association between flaming 

efficiency and GP and FT in hazelnut sucker control done 

using a flame torch. 

 

Material and Method 

 

The research was completed in a ocak-type hazelnut 

orchard in private ownership in Terme county in Samsun 

province. Some characteristics of the orchard are presented 

in Table 1. There is usually "Palaz" variety in the hazelnut 

garden. Average annual temperature and precipitation in 

the region are 14.3°C and 650.3 mm, respectively. 

The hazelnut orchard was divided into plots in 

accordance with the randomized plots with 3 GP × 6 FT 

factorial design. To ensure that all hazelnut suckers were 

in the same development stage, suckers in the ocaks in all 

plots were mechanically cleaned with a pruning shears 

before the trial. Thus, the trial began when hazelnut suckers 

reached nearly 20 cm length; in other words, with younger 

bush form (Figure 1). The torch head makes an angle of 

45° with the horizontal. The torch was aimed directly at the 

growth point of the suckers and the suckers were burned 

from a height of about 5-6 cm in order to reduce possible 

heat losses. Since the flaming process is done at close 

range, no shield was used. 

The flaming procedure was completed using a 2 kg 

LPG tank with 4 bar pressure. With this aim, a pressure 

meter and a torch head with 2 m pipe was mounted on the 

tank (Figure 2). When the amount of LPG within the tank 

reduced, the pressure fell, so GP treatment was set to high 

(H 4-3), moderate (M 3-2) and low (L 2-1) bar. Areas 

containing 54 ocaks were allocated for each GP treatment. 

The flaming procedure was applied 3 times to the same 

ocaks until the harvest. 

For each ocak, the flaming area was calculated based 

on the projection of the outer stems in the ocaks (nearly 1.5 

m2). One of the important factors determining the effect of 

the flame is the FT. In order to better see this effect each 

GP in areas allotted, FT of 30, 60, 90, 120, 150 and 180 s 

were applied. In these durations, all suckers were flamed 

within the determined area. Additionally, to guarantee 

suckers that were present or may later emerge were fully 

destroyed, each treatment was repeated three times until 

the harvest (21 June, 12 July and 5 August).  

The calibration of the fuel consumption was done in the 

laboratory under controlled conditions. The amount of 

LPG (kg min-1) consumed at different pressures at certain 

times was measured by the decrease in the weight of the 

LPG tank. For this purpose, scale, with 1 g sensitivity and 

20 kg capacity, were used. 

The flaming efficiency was calculated by ratio of the 

number of dried suckers determined 5 days after the 

flaming to the number of live suckers determined before 

flaming. 

 

Flaming Efficiency = (Dried Sucker per ocak /Live 

Sucker per ocak) × 100  

 

 

Table 1. The characteristics of the hazelnut orchard 

Establishment age of the orchard (year) 10 

Planting form Brush 
In and between row spacing (m × m) 6 × 3 
Number of Ocak (ocak da-1)  54 

 

 

   
Figure 1. Determination of sucker sizes and flaming process 

 



Tekgüler / Turkish Journal of Agriculture - Food Science and Technology, 9(12): 2328-2332, 2021 

2330 

 

   
Figure 2. Torch head, pressure meter and LPG tank 

 

Table 2. Some characteristics of basal suckers in ocaks with flaming procedure performed 

 Number of suckers Number of leaves Sucker height (cm) Sucker diameter (mm) 

21 June 25.72 4.35 18.46 2.65 
12 July 56.44 5.25 18.13 2.08 
05 August 60.78 5.02 22.41 2.19 

 

Table 3. Fuel consumption and flaming efficiency values for different pressure and flaming durations 

LPG pressure Flaming time (s) Fuel consumption (kg da-1) Flaming efficiency (%) 

4-3 

30 9.09  k 14.87 k 

60 12.02  j 27.10 j 

90 14.35  i 43.16 h 

120 17.87  efg 62.25 f 

150 18.56  def 79.01 de 

180 22.27 c 95.44 ab 

3-2 

30 11.29 j 25.96 j 

60 14.34 i 35.81 i 

90 16.30 ghi 56.18 g 

120 19.34 de 82.48 d 

150 20.21 d 92.01 bc 

180 19.70 de 98.53 a 

2-1 

30 15.04 hi 37.00 i 

60 16.89 fgh 51.22 g 

90 19.07 de 74.35 e 

120 23.84 c 88.28 c 

150 27.17 b 100.00 a 

180 30.83 a 100.00 a 

SEM  0.447 2.252 

Main effect of    

GP  <0.001 <0.001 

FT  <0.001 <0.001 

GP × FT  <0.001 <0.001 
*Different letters are significantly different at the 5% level of significance. 

 

 

Analyses of variance were carried out using the GLM 

procedure to evaluate the effect of GP, FT and GP × FT 

interaction on fuel consumption and flaming efficiency in 

hazelnut sucker control. Differences between treatments 

determined by Duncan’s multiple range test were deemed 

significant at P<0.05. Data regarding flaming efficiency 

were subjected to arcsine √% transformation. Ocak means 

were used as the experimental unit for all analyses. 

Regression equations and bivariate correlations of traits 

(FE and GP and FT) were determined by Pearson's 

correlation using the best linear unbiased estimators of the 

traits. Regressions were generated based on ocak averages. 

In the analyses, IBM SPSS statistics software package was 

used (SPSS v21.0, Armonk, NY: IBM Corp.). 

 

 

Results and Discussion 

 

The characteristics of basal suckers in these ocaks are 

presented in Table 2. It was determined that GP and FT and 

both together had significant effects (P<0.05).  

The fuel consumption and flaming efficiency for 

different GP and FT are presented in Table 3. Increasing 

pressure and duration increased fuel consumption and 

flaming efficiency. However, with 180 s FT and 3 bar GP, 

the fuel consumption value was reduced, contrary to the 

general findings. This reduction can be said to have 

occurred due to measurement errors linked to the field and 

plant conditions. It appears more than 90% flaming 

efficiency was obtained with 3 bar pressure and 150 s 

flaming time (Table 3). 
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Table 4. Regression model used to estimate flaming 

efficiency 

Model: a + b GP  + c FT 

 Value SE T value Sig. 

a -21.298 2.503 -8.506 <0.0001 

b 10.752 0.709 15.162 <0.0001 

c 0.511 0.011 45.245 <0.0001 
The coefficient of determination (R2) = 0.934 

 

 

 
Figure 3. Variation in flaming efficiency of different 

pressure and flaming durations to flaming hazelnut 

suckers 

 

 

 
 

 
 

Figure 4. Appearance of hazelnut ocaks before and after 

the flaming procedure 

Among many models used to estimate the flaming 

efficiency linked to pressure and flaming time, the model 

with the highest R2 value was chosen and is given in Table 

4. This model was found to be statistically significant.  

With the regression equation given above, the variation 

in flaming efficiency to burn hazelnut suckers with 

different GP and FT is shown in Figure 3. Flaming 

efficiency displayed variations within large margins (9% to 

100%). As GP and FT increased, flaming efficiency also 

increased. 

In Italy, two different types of torch were used for 

sucker cleaning in single-stem hazelnut orchards and 

flaming efficiency was classified as good if above 90%, 

moderate from 70-90% and low efficiency for less than 

70%. With the handheld torch at 1 bar GP, each sucker was 

flamed for 30 and 60 s and 30 s FT was reported to have 

better flaming efficiency, while 60 s completely burned the 

suckers. They stated the need to increase flame intensity 

with FT and GP when many suckers are present (Tomasone 

et al., 2010). 

 

Conclusion 
 

The research findings showed that the torch flaming 

method is a useable alternative method for hazelnut sucker 

cleaning (Figure 4). GP and FT had significant effects on 

fuel consumption and flaming efficiency. According to the 

obtained results, 150 s FT and 3 bar GP is sufficient for the 

flaming application. Durations above this time will 

increase fuel consumption and time loss. 

During the application, as the main stems were not 

directly exposed to heat, no damage was observed to the 

main stems in the clusters. 

No changes were made to the torch used in the trials 

that would increase the cost. The low cost of the torch will 

allow manufacturers to use it easily. 

Sucker cleaning with flames is an intervention method 

that can be fully mechanized. Especially in flat and wide 

hazelnut orchards, torch machines mounted on tractors 

may be manufactured and brought into practice. In this 

way, labor efficiency and more ergonomic working 

conditions may be provided. 

The negative ergonomic working conditions of sucker 

cleaning with traditional methods (hoe, hazelnut knife, 

etc.) will be removed with the flaming method. 

Additionally, chemical herbicides used for plant 

cultivation for nearly 50 years have been shown to be one 

of the causes of some diseases and disorders occurring in 

society. As a result, the whole world has entered a search 

for methods other than chemical herbicides which 

negatively affect the health of humans and the 

environment. Chemical herbicide use causes pollution of 

both groundwater and surface waters and creation of 

herbicide residues in foods. In recent times, the sensitivity 

of society to the environment has rapidly increased and the 

use of chemicals has threatened human health causing an 

increase in the interest in flaming methods and machines 

as a non-chemical method. 

For sustainable agriculture to be realized, it is necessary 

to develop alternative systems and machines, apart from 

the use of chemicals, to preserve our soil and water 

resources and to leave a more habitable world for future 

generations. 
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