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THE  EFFECTS  OF  GRAFTING  METHODS   
(BY  HAND AND  WITH  MANUAL  GRAFTING  UNIT)  
AND  GRAFTING  TIMES  ON  PERSIMMON   
(Diospyros kaki L.)  PROPAGATION 

Hamdi Zenginbal 
Abant Izzet Baysal University, Bolu, Turkey 

Abstract. This research was conducted to determine the effects of three different grafting 
periods (March 1, April 1 and May 1) and six grafting methods (tongue, splice, cleft graft-
ing by hand and cleft, wedge, omega grafting by three different manual grafting tools) on 
graft success and plant growth in persimmon sapling production. The experiment was car-
ried out in a randomized complete block design with three replications in Rize, Turkey 
during 2012–2013. The ‘Hachiya’ persimmon (Diospyros kaki L.) were used for grafting 
scions. Two-year old Diospyros lotus L. seedling were used for rootstocks. In conclusion, 
graft take percentages varied from 21.7 to 81.7% in 2012, from 10.0 to 73.3% in 2013. 
Sprouting percentages varied from 11.7 to 73.3% in 2012, from 5.0 to 68.3% in 2013. 
These parameters, tongue and wedge grafting (with tool) performed on April 1 gave the 
highest results in both years. Graft shoot lengths varied from 38.6 to 65.7 cm in 2012, 
from 38.3 to 61.5 cm in 2013. Graft shoot diameters varied from 5.3 to 8.3 mm in 2012, 
from 5.5 to 7.8 mm in 2013. These parameters, splice grafting performed on April 1 gave 
the highest results in both years. In generally among all parameters the best type of graft-
ing was tongue and wedge (with tool) grafting. The omega grafting with manual grafting 
tool gave the lowest results in all parameters. Grafting period on April 1 gave the highest 
results, May 1 gave the lowest results in all parameters.  
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INTRODUCTION 

Persimmon (Diospyros kaki L.) is one of the most important fruits in the world. The 
fruits are consumed freshly or dried and also used in industry (dessert, ice cream, jam, 
cream, beverages, cosmetics etc.) and pharmacology. Besides, the persimmon tree is 
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used in forming landscapes and afforestation for preventing soil erosion [Özcan 2005, 
Zheng et al. 2013]. 

In recent years persimmon fruit production and consumption has increased noticea-
bly in the world. According to FAO [2014], the world-wide persimmon production was 
2417602 tons in 2000. The increased to 3263021 tons in 2005 and 44689955 tons in 
2012. China is the world’s biggest producer, followed by Korea, Japan, Brazil, Azerbai-
jan, and Italy.  

Persimmon production in Turkey was 33232 tons on total area of 22642 acres in 
2013 [TUİK 2014]. Persimmon in Turkey has been traditionally considered a minor 
fruit tree. Great persimmon orchards is situated in the Mediterranean area and regular 
orchards, the varieties grown have been of astringent fruits [Aksoy 1994]. But with 
increasing interest for developing the cultivation of persimmon, however there is not 
suitable technology and enough information about post-harvest behavior and storability 
of the fruit in developing countries. As a result, persimmon producers cannot offer the 
production out of season and are bound to sell it at low prices during a short period after 
ripening time [Khademi et al. 2013]. Currently in Turkey, the cultivation of persimmon 
has increased significantly in particularly the Black Sea Region. In order to meet the 
demand for the persimmon in the region, it is important to procure the sapling and pre-
sent them to the farmers.  

Persimmon can be propagated by seed, grafting, and micro propagation. Propagation 
from seed are employed for the production of rootstocks [Bellini 2002]. Grafting tech-
niques are the most widely used persimmon propagation. Propagation in persimmon has 
been proved the difficulty as compared to other commercial fruit trees due to the prob-
lem of low success potential of grafting. The availability of good grafted plant material 
is a major factor in the commercial cultivation of persimmon.  

The grafting is difficult and it needs too much time and effort. Grafting is made by 
experts and they are not always available. Because of these circumstances, new tools for 
simplifying the grafting process were invented in horticulture and floriculture [Çelik 
and Boz 2003]. Several new hand and bench top grafting tools or devices have been 
developed to prepare graft and bud union for such a purpose, but few are used exten-
sively, mostly in propagating grapevines and fruit trees [Hartmann et al. 2011]. This new 
grafting tools should be tested for efficiency in the propagation of persimmon plants. 

Grafting experts are also at premium persons and they are not easy to find in fruit 
tree production. Without question, finding skilled grafters is a severe production problem. 
Hence, the importance of developing mechanized and automated grafting systems is in-
volved to use. Different companies manufactured grafting tools in different countries. 
About the suitability of these tools has not been studied in the world on persimmon propa-
gation. In the present study, grafting methods by hand and manual grafting tools per-
formed in different period were investigated for grafting success in persimmon propagation. 

MATERIALS AND METHODS 

Study site. The field experiment was conducted at Engindere neighborhood (North: 
41°02’, East: 40°34’, Altitude: 4 m) in Rize, Turkey during 2012 and 2013. Rootstocks 
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were grown in nursery conditions. Soil properties studied on samples taken from 20 cm 
below the surface were as follow: organic matter 0.21–3.9%, total nitrogen content 
0.17–0.25%, pH 6.0–6.4, exchangeable K2O 100–370 mg kg-1, available P2O5 15–30 mg kg-1. 

Plant materials. The two-year old Diospyros lotus L. seedlings having uniform di-
ameter (between 8.0–10.0 mm) were used as rootstocks. According to Bellini’s [2002] 
statement, Diospyros lotus currently the most commonly used rootstock in persimmon 
orchards. It has notable resistance to low temperatures and drought, and it is able to 
impart to the scion elevated vigor and uniformity of development. It has excellent affin-
ity with cv. ‘Hachiya’. Plants of Diospyros kaki L. ‘Hachiya’ cultivar were used for 
scions collection. ‘Hachiya’ is a common commercial cultivar in world. The origin is 
Japan. The tree is vigorous and upright. ‘Hachiya’ is a productive, very large, cone 
shaped, seedless persimmon [Miller and Crocker 1994, Özcan 2005]. The scions (one-
year old shoots) were selected in previous winter from healthy donor persimmon trees 
in Rize. These shoots (25–30 cm long) were disease-free and lignified. The grafting 
scions were stored in a refrigerator at +4°C on damp paper in a plastic bag until used for 
grafting. 

Grafting methods and grafting times. Tongue, splice, cleft grafting by hand, and 
cleft, wedge (saddle), omega grafting with three different manual grafting tools were 
investigated. The procedures for six grafting were as described by Hartmann et al. 
[2011]. In all six methods the following were standard procedures: (i) the scion and 
rootstock were washed with 10% sodium hypochlorite to remove the latex and sterilize, 
(ii) the scion and rootstock was matched in size, so that the cambial tissues are com-
bined, (iii) after inserting the scions, the scion and rootstock were tied together by wrap-
ping with white and soft plastic transparent plastic tapes. The grafting were done by 
expert researchers having extensive experience and researches about grafting [Çelik et 
al. 2006, Zenginbal et al. 2006 etc.]. Grafting operations were done on March 1, April 1, 
and May 1, 2012 and 2013.  

Grafting tools. Wedge or saddle grafting tool is produced in Italy by Artı Tec Com-
pany (fig. 1). This device makes a type of wedge graft, cutting out a long V-notch in the 
rootstock and a corresponding long, tapered cut at the base of the scion. By reversing 
the position of the rootstock and scion, it could also make a saddle graft. Although the 
cuts fit together very well, the operation is slow because the graft union must be either 
tied with a budding rubber or poly tape or stapled together. This tool has been used 
successfully in propagating grapes and fruit trees. Various grafting tools for the omega 
graft are available, like the portable device made in Taiwan by Zenport Industries Com-
pany (fig. 2). It cuts through both the rootstock and scion, one laid on top of the other, 
making an omega-shaped (Ω) cut and leaving the two parts interlocked. Cleft manual 
grafting tool is produced in Italy by the Carlo A. Manaresi Company (fig. 3). This de-
vice makes a type of cleft graft, cutting out a long-narrow V-notch in the rootstock. This 
machine has been used in propagation ornamental and fruit bearing plants. In any case 
the branches to be grafted should not be thicker than 20 mm.  

Investigation of criteria on grafting. At the end of growing season (December 1), 
the following parameters were examined to determine the effects of grafting methods 
and grafting periods on grafting success. 
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Fig. 1. Manual wedge grafting cut grafting, and grafting processes (Manuel Grafting 3T Art. AR-INN3T, 
made in Italy, by Artı Tec Company) 

 

Fig. 2. Manual omega cut grafting, and grafting processes (Made in Taiwan, by Zenport Indus-
tries Company) 

 

Fig. 3. Manual cleft cut grafting, and grafting processes (CEO Manuel Grafting Unit, made in 
Italy, by the Carlo A. Manaresi Company) 
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1. The daily mean temperature and relative humidity were scored (1 hour’s inter-
vals) by mechanical data logger (HOBO U10 Temp/RH).  

2. Graft take rate (%): Percentage of grafted persimmons that have an adequate or 
all-around callus ring formation on the surface of the graft union. Sixty days after graft-
ing the percentage of bud take was estimated as: Graft take rate (%) = Number of bud 
taken scion × 100 / Number of grafted rootstock. 

3. Graft sprouting rate (%): Percentage of grafted persimmons that have an adequate 
shoot length and diameter flushed from scion bud. After grafting the graft sprouting rate 
was estimated as: Graft sprouting rate (%) = Number of sprouted scion × 100 / Number 
of grafted rootstock 

4. Graft shoot length (cm): Observations on grafting shoot length was measured by 
meter at a point 5 cm above the graft union at the end of growing period (December 1).  

5. Graft shoot diameter (mm): Observations on grafting shoot diameter was meas-
ured by digital compass at a point 5 cm above the graft union at the end of growing 
period (December 1).  

Statistical analysis. The study was designed in two factor randomized complete 
blocks with three replications and 20 grafts per replications. The experiment was evalu-
ated as 6 (grafting methods) × 3 (grafting periods) factorial design. Data calculated as 
percentage (graft take and sprouting) were transformed to the arc-sin√x transformation 
method. The original data are given as percentages in the table. The transformed data 
are given in parentheses in the table. Data were analyzed using MSTAT pocket pro-
gram. Duncan’s Multiple Range Test was used to indicate the differences between the 
average data. 

RESULTS AND DISCUSSION 

Climatic data. Experiment carried out in Rize, Turkey where daily mean relative 
humidity (%) and maximum, minimum and mean temperature (°C) were recorded dur-
ing March 1 to December 1, 2012 and 2013 (figs 4 and 5). As shown in Fig. 4, daily 
mean temperatures varied between 1.4°C–29.4°C. Daily mean relative humidity varied 
between 52.0–89.7%. As shown in Fig. 5, daily mean temperatures varied between 
2.9°C–26.0°C. Daily mean relative humidity varied between 48.9–90.9%. In both years, 
temperature fluctuated after June 1 and reached the maximum in middle of August. 
After August, the average temperature decreased. The climatic data were in accordance 
with the long term average of Rize [TUMAS 2015], and indicating that 2012 and 2013 
were average years. Thus, generalization from the study seemed possible. 

Graft take. The graft take of persimmon grafting are summarized in Table 1. The 
interaction between grafting method and grafting time had insignificant effect in 2012 
and significant effect (1%) in 2013 on graft take. The highest graft take rate (81.7%) 
was obtained from tongue and cleft grafting by hand performed on April 1 and wedge 
grafting performed on March 1 and April 1, 2012. In 2013, the highest result (73.3%) 
was obtained from tongue, cleft (with tool) and wedge (with tool) performed on April 1. 
Grafting methods had significant effect (1%) on graft take rate in both years. The best 
results were obtained from tongue  and  wedge  grafting  (no  significant  difference  be- 
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Fig. 4. Changing of mean, maximum and minimum temperatures and relative humidity during 
the days after grafting in 2012 

 

 

Fig. 5. Changing of mean, maximum and minimum temperatures and relative humidity during 
the days after grafting in 2013 

 
tween tongue and wedge grafting). The lowest graft take rate (53.9 and 40.0% respec-
tively to years) was recorded with omega grafting. Grafting times had significant effect 
(1%) on graft take, April 1 giving the best success in both years (78.9 and 71.1% re-
spectively to years). The lowest results were obtained from all grafting methods per-
formed on May 1 in both years. As a result of research, the best graft take was obtained 
from tongue and wedge (with tool) grafting, followed cleft (with tool and hand) and 
splice grafting. The lowest results were obtained omega grafting (with tool). Tongue (by 
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hand) and wedge (with tool) grafting superior to other grafting methods. The success of 
this grafting methods may be attributed to high level of callus formation around the 
grafting location. Several researchers [Mishra 1982, Miller and Crocker 1994, Bellini 
2002, Chauhan et al. 2007, Yordanov and Tabakov 2009] reported that tongue grafting 
produced higher results in terms of graft take in persimmon. Grafting done on April 1 
proved to be the optimum time for grafting in persimmon. Times of grafting on March 1 
and May 1 produced the lowest bud take for grafting. Similar result was also reported 
by Yordanov and Tabakov [2009]. The higher success rate might be because of favor-
able temperature and relative humidity prevailing during the period following grafting 
and rapid sap flow in rootstock and scion which might have favored the healing process 
and established the continuity of cambial and vascular tissues for graft take. First 20 
days after grafting were the most important period for the grafting success. Kongsakul-
vatanasuk [1987] reported that callus formation began 2–4 days and completed in 18–24 
days after grafting in persimmon. It formed from both cells in scion and rootstock com-
bination. Suriyapananont and Suriyapananont [1997], callus formation was found 2–10 
days after grafting in persimmon. The new cambium initiation on scion side appeared 
and completely connected with stock cambium at 12 days after grafting. After 14 days 
of grafting, the new cambium layer differentiated into new vascular tissues. In this peri-
ods grafts should not be exposed to high and low temperatures. Hartmann et al. [2011], 
reported that temperature affected grafting integration significantly so that callus induc-
tion increased linearly between 4 and 32°C and stopped exactly under 0°C. As shown in 
Fig. 4–5, mean daily temperature varied with 1.4–9.6°C in March of 2012; 2.9–18.1°C 
in March of 2013 after grafting. Low temperatures prevailing just after grafting caused 
lower bud take in grafting performed on March 1 in both years. This temperature range 
did affect the grafting combination. The reason for low success rates of grafting per-
formed on May 1 is excess bleeding in the rootstock. This situation was also reported by 
Hartmann et al. [2011].  

Graft sprouting. The binary interaction (grafting method × grafting time) had in-
significant effect in 2012, significant effect (1%) in 2013 on sprouting of scion (tab. 1). 
The highest sprouting rate (73.3%) was obtained from tongue grafting performed on 
April 1, 2012. In 2013, the highest rate (68.3%) was obtained from wedge grafting with 
manual tool performed on April 1. The lowest rate was obtained from omega grafting 
performed on May 1, 2012 and 2013. Grafting methods had significant effect (1%) on 
graft sprouting rate in both years. The best results were obtained from tongue and 
wedge grafting (no significant difference between tongue and wedge grafting). The 
lowest result was obtained omega grafting. Grafting times had significant effect (1%) on 
graft sprouting rate in both years. Grafting time on April 1, 2012 and 2013 gave the 
highest rate of sprouting (66.1 and 60.8% respectively to years). The lowest results were 
obtained from all grafting methods performed on May 1 in both years. The best sprout-
ing rate was obtained from tongue and wedge grafting (with tool), followed cleft graft-
ing (by hand), cleft grafting (tool) and splice grafting. The lowest results were obtained 
omega grafting (with tool). The callus induction and connection for tongue and wedge 
grafting were higher than other grafting methods. These findings are in conformity with 
those of Mishra [1982], Miller and Crocker [1994], Bellini [2002], Chauhan et al. 
[2007] and Yordanov and Tabakov [2009] reporting  that  tongue  grafting  gave  higher 
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Table 1. Influence of different grafting methods and grafting times on the graft take and sprout-
ing ratio in persimmon 

Graft take (%) Graft sprouting (%) 
Grafting methods Grafting times 

in 2012 in 2013 in 2012 in 2013 

March 1 78.31 (62.3)2 46.7 (43.1) cd 61.7 (51.8) 38.3 (38.2) d 

April 1 81.7 (65.9) 73.3 (59.0) a 73.3 (58.9) 66.7 (54.7) a Tongue graft 

May 1 40.0 (39.2) 28.9 (32.1) e 26.7 (31.1) 15.0 (22.8) f 

March 1 70.0 (56.8) 43.3 (41.2) d 50.0 (45.0) 31.7 (34.2) e 

April 1 76.7 (61.1) 70.0 (56.8) ab 61.7 (51.7) 60.0 (50.8) b Splice graft 

May 1 33.3 (35.2) 20.0 (26.6) f 20.0 (26.6) 10.0 (18.4) gh 

March 1 73.3 (58.9) 48.3 (44.0) cd 55.0 (47.9) 40.0 (39.2) d 

April 1 81.7 (64.7) 71.7 (57.9) ab 71.7 (57.9) 58.3 (49.8) b 
Cleft graft by 
hand 

May 1 31.7 (34.2) 11.7 (19.9) g 16.7 (24.0) 6.7 (14.8) ıj 

March 1 78.3 (62.3) 51.7 (46.0) c 56.7 (48.9) 38.3 (38.2) d 

April 1 78.3 (62.3) 73.3 (58.9) a 65.0 (53.8) 60.0 (50.8) b 
Cleft graft with 
tool 

May 1 28.3 (32.0) 13.3 (21.3) g 15.0 (22.8) 8.3 (16.6) hı 

March 1 81.7 (64.7) 48.3 (44.0) cd 65.0 (53.7) 40.0 (39.2) d 

April 1 81.7 (65.9) 73.3 (58.9) a 71.7 (57.9) 68.3 (55.8) a 
Wedge graft with 
tool 

May 1 38.3 (38.2) 21.7 (27.7) f 23.3 (28.9) 13.3 (21.1) fg 

March 1 66.7 (54.7) 45.0 (42.1) cd 40.0 (39.2) 30.0 (33.2) e 

April 1 73.3 (58.9) 65.0 (53.7) b 53.3 (46.9) 51.7 (46.0) c 

May 1 21.7 (27.7) 10.0 (18.4) c 11.7 (19.9) 5.0 (12.9) j 

Omega graft with 
tool 

LSD volume NS 1% : 4.2 NS 1%: 3.2 

tongue graft 66.7 (55.8) a 49.6 (44.7) a 53.9 (47.2) a 40.0 (38.6) a 

splice graft 60.0 (51.0) b 44.4 (41.5) bc 43.9 (41.1) b 33.9 (34.5) b 

cleft graft by hand 62.2 (52.6) b 43.9 (40.6) c 47.8 (43.3) b 35.0 (34.6) b 

cleft graft with tool 61.7 (52.2) b 46.1 (42.1) bc 45.6 (41.8) b 35.5 (35.2) b 

wedge graft with tool 67.2 (56.3) a 47.8 (43.6) ab 53.3 (46.8) a 40.5 (38.7) a 

omega graft with tool 53.9 (47.1) c 40.0 (38.1) d 35.0 (35.3) c 28.9 (30.7) c 

Overall mean 
(grafting method)

LSD volume 1% : 3.1 1% : 2.4 1% : 3.1 1% : 2.5 

March 1 74.7 (60.0) b 47.2 (43.4) b 54.7 (47.7) b 36.4 (37.1) b 

April 1 78.9 (63.2) a 71.1 (57.5) a 66.1 (54.5) a 60.8 (51.3) a 

May 1 32.2 (34.4) c 17.6 (24.3) c 18.9 (25.5) c 9.7 (17.8) c 

Overall mean 
(grafting times) 

LSD volume 1% : 2.1 1% : 1.7 1% : 2.2 1% : 1.7 
 

1 – original data, 2 – transformed data, NS – non significant 
 
 

results in terms of sprouting in persimmon. The lowest sprouting rates were obtained 
from omega grafting by tool performed on all grafting times. This is probably due to 
tissue damages by omega grafting with manual tool. Likewise, wood and bark tissue is 
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friable in persimmon. Therefore, cortex is separated from wood tissue by pressure of 
grafting tool resulting in enormous damage around grafting area. Our findings support 
the results of Zenginbal et al. [2006], Çelik [2000] and Hartmann et al. [2011]. Time of 
grafting on April 1 gave highest results for grafting. Similar result was reported by Yor-
danov and Tabakov [2009] in persimmon. Early April is the time when leaf buds on 
persimmon begin to burst [Şeker et al. 2004]. This is a good time for grafting as growth 
hormones are concentrated in the buds and these are effective enough in inducing dif-
ferentiation of vascular elements in the tissues of the graft [Hartmann et al. 2011]. April 
is the time when the cold season ends and the rainy season begins (spring time). This 
transition from cold to rainy season is the best time for grafting because meristematic 
activity is starting and the scion-rootstock union is established quickly [Leakey and 
Newton 1994]. Time of grafting on March 1 and May 1 produced the lowest sprouting 
for grafting. The cause of the low sprouting rates in grafting performed on March 1 was 
the low temperature, while for grafting performed on May 1 it was the excess of bleed-
ing in rootstock. Hartmann et al. [2011] also indicated that the amount of bleeding in the 
rootstocks affect the success of grafting. Şeker et al. [2004] in their study on phonology 
of persimmon varieties in Turkey reported that the bud sprouting occurred from March 
27 to April 10, while the full flowering took place from May 6 to May 15. The full 
flowering stage of the persimmon at the beginning of May is the most intense period in 
terms of water content, so this finding supports our hypothesis. 

Graft shoot length. The graft shoot lengths of persimmon grafting are summarized 
in Table 2. The interaction between grafting method and grafting time had significant 
effect (1%) in 2012 and insignificant effect in 2013 on shoot length. The highest shoot 
length (65.7 cm and 61.5 cm respectively) was recorded with splice graft performed on 
April 1 in both years. Considering the different times of the year when grafting took 
place, the relative annual shoot length of scions showed that splice and tongue grafting 
were significantly better than other grafting methods (no significant difference between 
tongue and splice grafting) in both years. Grafting times had significant effect (1%) on 
shoot length, April 1 giving the best success in both years (56.2 cm and 55.8 cm respec-
tively to years). The lowest shoot lengths were obtained from all grafting methods per-
formed on May 1 in two years. In general, splice and tongue grafting methods were 
found to be superior to other grafting methods. Similar result was reported by Zenginbal 
et al. [2006]. The higher growth of plants grafted on April 1 may be attributed to early 
union formation and greater duration of growing period as compared to grafting on May 1. 

Graft shoot diameter. The binary interaction (grafting method × grafting time) had 
insignificant effect in 2012 and significant effect (1%) in 2013 on shoot diameter 
(tab. 2). The highest shoot diameter (8.3 mm) was recorded by splice grafting performed 
on April 1, 2012. In 2013, the highest shoot diameter (7.8 mm) was recorded by wedge 
grafting with manual tool performed on April 1. Grafting methods had significant effect 
(1%) in both years on shoot diameter. The best results were obtained from splice graft-
ing (7.5 mm) in 2012 and splice (7.08 mm) and wedge grafting with manual tool 
(7.11 mm) in 2013. The lowest results were obtained cleft grafting by hand and manual 
grafting tools in two years. In both years, Grafting times had significant effect (1%) on 
the graft shoot diameter. Grafting time on April 1 gave the highest shoot diameter 
(7.7 and 7.4 mm respectively to years). The lowest shoot diameters were  obtained  from 
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Table 2. Influence of different grafting methods and grafting times on the graft soot length and 
graft shoot diameter in persimmon 

Graft shoot length (cm) Graft shoot diameter (mm) 
Grafting methods Grafting times 

in 2012 in 2013 in 2012 in 2013 

March 1 56.8 bc 57.0 7.5 7.6 ab 

April 1 64.4 ab 60.0 8.0 7.6 ab Tongue graft 

May 1 44.4 e–h 39.7 6.7 5.5 j 

March 1 57.4 bc 60.8 7.7 7.5 abc 

April 1 65.7 a 61.5 8.3 7.4 a–d Splice graft 

May 1 40.0 gh 41.8 6.5 6.3 ghı 

March 1 41.9 fgh 44.3 6.8 6.6 fgh 

April 1 49.4 c–f 53.3 7.2 7.2 b–f 
Cleft graft by 
hand 

May 1 38.9 h 38.3 5.5 5.8 ıj 

March 1 42.0 fgh 46.0 6.7 6.7 efg 

April 1 51.3 cde 52.9 7.7 6.9 c–f 
Cleft graft with 
tool 

May 1 38.6 h 38.6 5.3 5.7 ıj 

March 1 47.9 d–g 53.2 7.4 7.2 b–e 

April 1 54.7 cd 57.7 7.6 7.8 a 
Wedge graft with 
tool 

May 1 39.0 h 41.9 5.7 6.3 ghı 

March 1 47.3 d–g 47.0 7.2 6.9 d–g 

April 1 52.0 cde 49.6 7.4 7.3 a–e 

May 1 39.3 h 39.5 6.2 6.1 hıj 

Omega graft with 
tool 

LSD volume 1% : 7.2 NS NS 1% : 0.5 

tongue graft 55.2 a 52.2 a 7.4 ab 6.9 ab 

splice graft 54.4 a 54.7 a 7.5 a 7.1 a 

cleft graft by hand 43.4 b 45.3 b 6.5 c 6.5 c 

cleft graft with tool 44.0 b 45.8 b 6.6 c 6.5 c 

wedge graft with tool 47.2 b 50.9 ab 7.0 bc 7.1 a 

omega graft with tool 46.2 b 45.4 b 6.9 bc 6.8 bc 

Overall Mean 
(grafting method)

LSD volume 1% : 4.2 1% : 5.5 1% : 0.5 1% : 0.3 

March 1 48.9 b 51.4 b 7.2 b 7.1 b 

April 1 56.2 a 55.8 a 7.7 a 7.4 a 

May 1 40.0 c 40.0 c 6.0 c 6.0 c 

Overall Mean 
(grafting times) 

LSD volume 1% : 3.0 1% : 3.9 1% : 0.3 1% : 0.2 
 

NS – non significant 
 
 

all grafting methods performed on May 1, 2012 and 2013. Splice and tongue grafting 
methods were found to be superior to other grafting methods. When comparing various 
methods of grafting we should note that Zenginbal et al. [2006] also obtained maximum 



The effects of grafting methods (by hand and with manual grafting unit)... 49 

_____________________________________________________________________________________________________________________________________________ 
 

Hortorum Cultus 14(4) 2015 

graft shoot diameter of the kiwifruit plants with tongue and splice grafting. The quick 
and strong union formation, greater uptake of water and nutrients and longer growing 
period may account for higher graft shoot diameter of tongue and splice grafted plants. 
All grafting methods performed in April 1 the growing bud evaluated the vegetation 
better and resulted in the highest graft shoot diameter.  

CONCLUSION  

According to the results of this study, tongue (by hand) and wedge (with tool) graft-
ing and April 1 grafting time were found to be successful to persimmon nursery plant 
production. The omega grafting with manual tool produced the lowest results in all 
grafting times. Of all parameters the best type of grafting was tongue and wedge (with 
tool). The omega grafting with manual tool produced lowest results. The manual wedge 
grafting tool also produced good results. 
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WPŁYW  METODY  SZCZEPIENIA  (RĘCZNEJ  LUB  ZA  POMOCĄ  
RĘCZNEGO  ZESTAWU  DO  SZCZEPIENIA)  ORAZ  CZASU  SZCZEPIENIA 
NA  ROZMNAŻANIE  KAKI  (Diospyros kaki L.) 

Streszczenie. Badanie przeprowadzono w celu ustalenia efektów trzech różnych okresów 
szczepienia (1 marca, 1 kwietnia, 1 maja) oraz sześciu metod szczepienia na powodzenie 
szczepienia oraz wzrost roślin w produkcji owoców kaki. Eksperyment przeprowadzono 
w układzie bloków losowych w trzech powtórzeniach w Rize w Turcji w latach  
2012–2013. Odmiana ‘Hachiya’ (Diospyros kaki L.) została użyta do szczepienia pędów. 
Sadzonek dwuletniego Diospyros lotus L. użyto do produkcji podkładek. Procent przyję-
tych szczepień wynosił 21,7–81,7% w 2012 i 10,0–73,3% w 2013. Procent kiełkowań 
wynosił 11,7–73,3% w 2012 oraz 5,0–68,3% w 2013. Parametry te dla szczepienia przez 
stosowanie i w klin (za pomocą narzędzia) przeprowadzonego 1 kwietnia miały najwięk-
sze wartości w obydwu latach. Długość pędu szczepionego wynosiła w 2012 38,6–65,7 
cm i 38,3–61,5 cm w 2013. Średnica pędu szczepionego wahała się w 2012 w granicach 
5,3–8,3 mm i 5,5–7,8 mm w 2013. Parametry szczepienia w klin przeprowadzonego 
1 kwietnia miały największe wartości w obydwu latach. Ogólnie najlepszym typem szcze-
pienia było w klin i przez stosowanie. Szczepienie urządzeniem omega dało najsłabsze 
rezultaty dla wszystkich parametrów. Szczepienie 1 kwietnia dało najlepsze wyniki,  
a 1 maja najsłabsze dla wszystkich parametrów.   
 
Słowa kluczowe: Diospyros kaki, szczepienie ręczne i za pomocą urządzenia, warunki 
polowe, sukces szczepienia 
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