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Abstract: Walnut seedling production is essential in terms of sustainability and commercial value of the agricultural output. However,
traditional grafting methods are time-consuming and labor-intensive and have problems such as high cost and low efficiency. This study
tested the most preferred method of grafting walnut propagation, the tongue-and-groove graft grafting method. It aimed to accelerate
the grafting process, increase efficiency, and reduce production costs. The performance of prototype clips was evaluated using field trials
in the study. A portable tongue-and-groove graft machine and manual labor methods were used in the grafting processes. The study
results show that the new grafting clip significantly shortens the grafting time compared to traditional methods and increases graft
retention rates. In the plastic graft tie application, 75.6% of the grafts made by hand and 62.2% produced by the grafting machine were
successful. In the clip application, 86.7% of the grafts made by hand and 68.9% of the grafts made by the grafting machine were
successful. Compared with the traditional and modern grafting methods in the literature, it was revealed that the developed clip reduces
the need for labor and offers an innovative product with commercialization potential. The study aims to contribute to a more efficient

and economical grafting process in walnut cultivation and sapling production.
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1. Introduction

Walnut (Juglans regia L.) is an agricultural product with
high economic and nutritional value worldwide. Walnut
cultivation is becoming increasingly important due to its
high nutritional content, health benefits, and value in
global trade. Professional gardens
established in Turkiye have provided significant
production increases in recent years. According to 2023
data, 360,000 tons of walnut production was achieved in
Turkiye (FAO, 2025). However, the seedling production
process is one of the biggest challenges encountered in

and amateur

walnut production. Grafting techniques, in particular, are
one of the most critical factors determining seedling
quality and productivity. The success of grafting varies
depending on the method used, seasonal conditions,
quality of the grafting material, and application process
(Zobel, 1984; Hartmann et al, 2011). Walnut is an
important plant not only in terms of agricultural
production but also due to its ecological and economic
benefits. Its use in rehabilitating forested areas is critical
for environmental sustainability due to its carbon
sequestration potential and contributions to soil fertility
(Vahdati and Lotfi, 2013; Preece, 2005; Reighard and
Loreti, 2008). In addition, the global walnut trade is

growing and is becoming a strategic export product,
especially for countries such as Turkiye (FAO, 2021a).
This situation increases the need for more efficient and
economical grafting techniques. Grafted seedlings have
become widespread in walnut cultivation, both for
preventing juvenile infertility and for cultivation with
standard varieties. grafting methods,
especially tongue-and-groove grafting, are widely used in
walnut cultivation. Although this method is preferred due

Traditional

to its high retention rates, the time-consuming application
process and the high labor costs during grafting are among
the important disadvantages (Chandel et al., 2006). The
tongue-and-groove grafting method is a method that
requires more dexterity and labor compared to other
grafting processes. Technological developments to
optimize the grafting process have attracted attention in
recent years. For example, automatic and semi-automatic
grafting machines play an important role in increasing the
efficiency of the grafting process (Ozkan, 2001). However,
these machines' high costs and ineffectiveness in all
conditions require developing more practical and
economical solutions.

Developing grafting techniques in walnut cultivation is
important for increasing sectoral efficiency. Various
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studies have focused on different methods to increase
grafting success rates. Ahmed et al. (2016) examined the
effects of different grafting methods on walnut seedlings’
growth and development performance and stated that
some techniques provide higher success under certain
conditions. Similarly, Sharma et al. (2022) evaluated the
effects of the materials and binding techniques used
during grafting on graft retention rates and emphasized
the importance of technical improvements. Rezaee, et al.
(2008) they achieved over 80% success in their work in
the open field. In a similar study, Achim and Botu (1999)
achieved a success rate of over 80% with the tongue-and-
groove method. This study focuses on developing a new
grafting clip and machine to make the walnut grafting
process faster, more efficient, and less costly. The aim is
for the developed clip and grafting machine to optimize
the grafting process by reducing labor requirements and
providing high graft retention rates. The effectiveness of
the clip and the grafting machine was evaluated through
field trials conducted within the scope of the study. The
study results will provide innovative and applicable
solutions in walnut cultivation and sapling production.

2. Materials and Methods

2.1. Plant material

One-year-old seedlings produced from jJuglans regia L.
seeds were used in grafting operations. The seedlings
were supplied by a private company and stored at Tokat
Gaziosmanpasa University Agricultural Application and
Research Center until the grafting date. The grafts used in
grafting operations were supplied from the walnut parcel
established within Tokat Gaziosmanpasa University
Agricultural Application and Research Center. The scions
were prepared for grafting operations by cutting them
from one-year-old branches with at least three buds.
Grafting operations were carried out in the Tokat
Gaziosmanpasa University Agricultural Application and
Research Center greenhouse.

2.2. Graft clips

The graft clips designed and produced by the project team
are manufactured from ABS material on a 3D printer for
field trials. The graft clip (Figure 1.) is formed by the union
of two symmetrical parts. The two semicircular parts are
joined with a reciprocal gear system to provide opening
and closing features. Both parts have the same dimensions
and features and are joined symmetrically. It is made of 3
mm thick hard plastic material and has an inflexible
structure. The inner diameter of the hard outer surface is
3 cm, and its height is 7 cm. The locking system is easy to
open and close and can be used with one hand. It is an
important feature in terms of performing operations
quickly and practically. It has an adjustable feature thanks
to its locking system design. It is suitable for rootstocks
and scions of different thicknesses. The inner material of
the clip has a flexible structure, and soft polyethylene
material is used. It is attached and fixed on the hard
surface. Its wall thickness is 1 cm and covers the entire

inner surface. The gap in the middle fully grasps the graft
area. Its flexible feature ensures it surrounds the graftarea
and does not leave an air gap. Soft polyethylene material
is long-lasting and economical.

Figure 1. Grafting clip (original).

2.3. Grafting Machine

The developed grafting machine is designed to ensure that
the tongue-shaped scion grafting is carried out quickly,
precisely, and in a standard manner. The design and
production of the machine belong to the project team and
were developed to minimize the time loss and labor costs
in the manual grafting process. The grafting machine is
designed as a portable and easy-to-use rechargeable
system. Thanks to its rechargeable structure, it can be
easily used in field conditions, thus allowing mobile
grafting operations without needing electricity. The
machine's body is light and durable, offering an ergonomic
experience for long-term use. The cutting blade of the
machine (Figure 2) is specially designed and
manufactured for the tongue-shaped graft technique.

Figure 2. Grafting knife design (original).

The cutting mechanism is optimized to create a precise
and symmetric tongue angle. Since it is important for the
rootstock and the scion to fit together perfectly in a
tongue-shaped graft, the cutting angle of the blade is
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adjusted to create a standard and smooth surface. One of
the most important components of the grafting machine is
the sensor-controlled cutting mechanism. The sensors
inside the machine complete the cutting process by
moving the blade back and forth in the cutting area. This

way, a standard and error-free tongue cut can be made in
a single move without the operator manually cutting
(Figure 3).

Figure 3. Grafting machine (original).

In the traditional tongue-and-groove technique, one of the
most significant advantages of this developed machine is
that cutting errors and time losses that vary depending on
the operator's manual dexterity are prevented.

2.4. Method

The grafting operations were carried out using the
standard tongue-and-groove graft grafting method. Since
ensuring the diameter compatibility of the rootstock and
grafts is a critical factor in successful graft retention rates,
seedlings and grafts with similar thickness (8-12 mm
diameter) were selected in both methods. Hand grafting:
The traditional tongue-and-groove graft method was
applied manually. The grafts were carefully shaped with a
sharp grafting knife and placed on the rootstock.

Machine grafting: A tongue-and-groove cut was made in a
single move using a grafting machine, and the graft was
placed on the rootstock. The grafting area has a cutting
area of approximately 4-5 cm. The graft clip was designed
to be 7 cm long to ensure complete graft closure. After the
grafting operation was completed, the operator closed the
clip's locking system with one hand and performed the
binding process. The graft clip's soft inner texture allowed
it to adapt to rootstocks fully and grafts with different
diameters without leaving any air gaps.

Table 1. Cutting times according to cutting methods

The trial was designed in a randomized plot design with
three replications according to the factorial design. Three
hundred seedlings were used, with 50 seedlings in each
replication. All grafting operations were carried out on the
same day and under similar environmental conditions,
and the operations were carried out in the greenhouse to
minimize the effect of external factors.

2.5. Data Collection and Analysis Method

The following parameters were measured to evaluate the
effectiveness of the grafting operations:

e  Grafting time: The time spent for manual and
machine grafting operations was compared in
seconds.

e Tie-up time (seconds): The duration of the tie-
up operations with plastic grafting tie and
grafting clip was measured.

e  Graftefficiency (%): Graft retention rates were
recorded by observing specific periods after
grafting.

e  Graft awakening times (in days): The effect of
different tying methods was evaluated by
considering the time when the first bud burst
occurred.

In this study, the differences in success rates between two
different methods (hand grafting and machine grafting)
and two different fixation materials (graft tie and clips)
used in walnut grafting were statistically analyzed using
the chi-square test.

3. Results

Within the scope of the study, grafting, tying time, grafting
efficiency, and grafting awakening times were evaluated
to determine the grafting clip and the grafting machine's
grafting performance.

Grafting and Tying Times: In the study, while the
traditional manual grafting process took an average of 140
seconds, this time was reduced to 33 seconds with the
developed grafting machine (Table 1). In the traditional
method, the cutting time was measured as 118.87 * 2.10
seconds and the tying time as 23.30 * 0.88 seconds. In
contrast, the cutting time with the grafting machine was
determined as 21.03 * 0.83 seconds and the tying time as
12.60 + 0.41 seconds. These findings reveal that the
grafting machine significantly accelerated the cutting and
tying processes.

Graft Cutting Method Cutting Time (s) Tying Time (s) Total (s)
Hand cutting 118.87 £ 2.10 23.30+£0.88 142.85
Machine cutting 21.03+£0.83 12.60 + 0.41 33.63

Grafting efficiency: As a result of the chi square analysis, it
was determined that there was no significant interaction
between the grafting method and the grafting tie
application. In the samples where graft ties were used,

there was no statistically significant difference between
the success rates of hand grafting and machine grafting (x*
= 1.30, P=0.255). This result shows that both methods
have similar success rates with graft ties.
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In the samples where clips were used, the hand grafting
method showed higher retention success. The p-value
obtained as a result of the chi-square test was 0.076, and
although this value was not significant at the 5%
significance level, it was at a level that could be considered
significant at the 10% level (x* = 3.15). This situation
suggests that the hand grafting method may be more
successful than the machine method in grafting with clips.
In both the plastic grafting tie and clip application, a higher
retention rate was obtained from the grafting done by
hand than the grafting done by the grafting machine. In the
plastic graft tie application, 75.6% of the grafts made by
hand and 62.2% of the grafts made by the grafting
machine were successful. In the clip application, 86.7% of

the grafts made by hand and 68.9% of the grafts made by
the grafting machine were successful. In other words, in
both tying methods, grafts made by hand gave better
results than grafts made by the grafting machine. When
the average values are taken into account, 81.1% of the
grafts made by hand and 65.6% of the grafts made by the
grafting machine were successful. When the general
success of the methods was evaluated, a significant
difference was found between hand vaccination and
machine. The method showed
statistically higher retention success than the machine
method (x? = 4.80, P=0.028). This difference is significant
at 5%
effectiveness of hand vaccination. (Table 2).

hand vaccination

significance level and shows the general

Table 2. Grafting success rates of saplings tied with grafting ties and grafting clips

Chi-Square Value

Degrees of Freedom

P-value
x*) (df)
Grafting Tie 1.30 1 0.255 Not significant
Grafting Clip 3.15 1 0.076 Significant at 10%
Hand Cutti Machi
and Lutting vs Hachine 4.80 1 0.028 Significant
Cutting

*= A statistically significant difference exists between the groups (P<0.05).

Graft awakening times: After the grafting operations, the
grafting areas were closed with a classic grafting tie and
clip (Figure 4). Depending on the binding materials used,
a difference of approximately nine days was observed
between the first bud burst dates. An average of nine days
of late awakening was detected in seedlings using grafting
clips. Late awakening did not negatively affect the graft
take rates. This situation shows that the protective effect
of the clip on the grafting area compensates for the delay
in awakening times. In addition, the delay in awakening
times may have contributed to the more robust and
durable development of the grafted seedlings. This finding
reveals that using clips plays both a protective and
supportive role in the grafting processes.

Figure 4. Seedling grown with grafting clip (original).

4. Discussion

This study evaluated the effectiveness of a new grafting
clip and machine developed to optimize grafting
processes in walnut (Juglans regia L.) cultivation. The
findings show that significant time savings can be
achieved in grafting processes, and graft retention rates
can be increased. The findings obtained in the study
revealed that traditional grafting processes performed
manually took an average of 140 seconds, while grafting
processes performed with the developed grafting machine
took an average of 33 seconds. It is stated that traditional
grafting methods are labor and time-intensive processes
(Gandev, 2007; Hartmann et al,, 2011). In particular, the
tongue grafting method requires precise cutting of the
grafting area and appropriate binding materials (Polat
and Ordek, 2008). This result shows that a significant
increase in efficiency is provided in grafting processes.
Many studies indicate that automatic and semi-automatic
grafting machines shorten grafting times. In their studies,
Akc¢a and Palazoglu (2022) achieved success with the
semi-automatic Akc¢a vaccination machine (93.00%). In
March, the highest vaccination success rate (100.00%)
was determined in the tongue vaccination and Akga
vaccination machine method (90.00%) in the plastic
greenhouse environment. The omega vaccination success
rate in the plastic greenhouse environment varied
between 15.00% and 25.00%. Ozkan (2001) stated that
automatic grafting machines reduce grafting times by 50-
60%. However, the 33-second time obtained in this study
is relatively low compared to other studies in the
literature. Yilmaz et al. (2020) reported that the average
grafting time with a similar machine was 45 seconds. A
study by Zhang et al. (2017) determined that automatic
grafting machines accelerated the grafting process by
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compared to traditional hand grafting and increased labor
efficiency. This difference can be explained by the cutting
blade's special design and the developed machine's sensor
technology. In addition, a significant decrease in tying
times was observed. While the tying time was 23.30
seconds on average when a classic plastic grafting tie was
used, this time decreased to 12.60 seconds with the
grafting clip. This finding shows that the practical use of
the clip accelerates the grafting process. Similarly,
Demirtas et al. (2019) examined the effect of different
tying techniques on grafting times and stated that flexible
tying materials can be applied faster. The time savings
provided by the grafting machine can provide a significant
advantage, especially in large-scale seedling production
facilities. In traditional methods, the grafting process is
both time-consuming and labor-intensive. This can
negatively affect production capacity, especially when
seasonal conditions are limited. The use of a grafting
machine accelerates this process and allows more
seedlings to be grafted in a short time.

Graft retention rates are one of the most critical
parameters in evaluating grafting success. In this study,
the retention rate of hand-made grafting was 81.1%, while
the retention rate of grafting with a grafting machine was
65.6%. These results show that traditional hand-made
grafting has a higher success rate. Studies have shown that
hand-made grafting can succeed with the correct
technique and applications. However, the physical
pressure created by mechanized systems in the grafting
area and differences in cutting sensitivity can reduce
success rates (Gandev, 2019).

However, the retention rates of grafting with a grafting
machine are higher than other automatic grafting
machines in the literature. Giircan et al. (2017) reported
that the retention rates of grafts made with automatic
grafting machines were 50-60%. The retention rate of
65.6% obtained in this study demonstrates the success of
the developed machine. Manual grafts provided higher
retention rates in walnut grafting, but automatic systems
were advantageous regarding time-saving. The findings of
this study support this view.

When plastic graft tie was used as the graft binding
material, a success rate of 68.9% was obtained, and when
the developed graft clip was used, a success rate of 77.8%
was obtained. Among the graft binding methods, clips
provided a retention rate of approximately 9% higher
than the plastic graft tie. This finding reveals that the graft
clip provided a higher success rate than traditional
binding materials. It is stated in the literature that binding
materials are effective in graft success (Vahdati and Lotfi,
2013; Vahdati et al, 2019). Similarly, Gandev (2019)
examined the effect of different binding techniques on
graft retention rates and stated that flexible binding
materials provided higher success rates. The flexible
internal structure of the clip used in this study supports
these results. In addition, Vahdati and Lotfi (2013) stated
that air exposure of the graft site may negatively affect
graft success. The structure of the clip that limits air

circulation may have provided an advantage in this
respect.

Graft awakening times are another important indicator of
grafting success. This study observed an average of nine
days of late awakening in seedlings using grafting clips.
This may be associated with the clip covering the grafting
site completely and limiting air circulation. However, this
late awakening did not negatively affect graft take-up
rates. Although similar findings are not found in the
literature, Hartmann et al. (2011) stated that air exposure
to the grafting site may negatively affect graft success.
Therefore, the structure of the clip that limits air
circulation may increase graft take-up rates while
extending the awakening times. In addition, Yilmaz et al.
(2020) stated that graft awakening times may vary
depending on the grafting method and environmental
conditions. In this study, the fact that clip use extended the
awakening times supports this view. It is thought that this
delay resulting from the use of clip material will reduce
the risk of damage from late spring frosts that may occur
after the grafting process is carried out in open fields. The
findings of this study, when compared to other studies in
the literature, reveal both similarities and differences.
Soleimani et al. (2010), and Hartmann et al. (2011) stated
that the methods and materials used in the grafting
processes significantly affect the success of the graft.
Similarly, this study's grafting method and the binding
material significantly affected graft retention rates.
However, the grafting clip and machine developed in this
study provided higher success rates than other automatic
grafting systems in the literature. In addition, Mir and
Kumar (2011) emphasized that the development of
grafting techniques in walnut cultivation plays a critical
role in increasing sectoral efficiency. The study presented
findings supporting this view. The developed grafting clip
and machine significantly
cultivation by accelerating the grafting processes and
increasing the retention rates. In addition, FAO (2021b)
stated that the global walnut trade is growing, and
countries need innovative solutions to compete in this
field. This study offers a practical and applicable solution
for this need.

contributed to walnut

5.Conclusion

This study evaluated the effectiveness of a new grafting
clip and machine developed to improve grafting processes
in walnut cultivation. The findings show a significant
decrease in grafting times, and increased graft retention
rates were achieved. While the grafting clip provided
higher retention rates than the plastic grafting tie, the
grafting machine significantly accelerated the grafting
process. Although the machine's efficiency is 15% lower,
it is thought to be advantageous thanks to the time and
labor savings obtained. These results provide innovative
and applicable solutions in walnut cultivation and
seedling production. In future studies, it is recommended
that the clip and machine be tested in different ecological
conditions and larger-scale trials be conducted.
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