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ABSTRACT: The objective of this study was to determine the effects of inverted radicle and hypocotyl grafting meth-
ods on potted nursery tree production in chestnut. The study was carried out in greenhouse conditions in 2003-2004-
Newly germinated chestnut seeds and young seedlings of SA 5-1 genotype were used as rootstocks and sprouts with
dormant buds of the same genotype were used as scions. Graftings were done at three periods from April to June. Graft
success and scion shoot growth were examined to determine a suitable method and time of grafting. It was found in
the study that potted chestnut nursery trees could be produced in one year using either of the grafting methods. Better
graft success and survival ratio were obtained from inverted radicle grafting. In this method, graft success was 83.6%
in 2003 and 96.7% in 2004.
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The vegetative propagation of chestnut can be
accomplished by grafting, rooting of cuttings, layer-
ing and micropropagation. However, grafting has
proved to be a more successful and feasible method
for asexual propagation (HUANG et al. 1994). In this
type of vegetative propagation, different budding
and grafting methods are used. In order to perform
these methods, one- or two-year-old rootstocks
are needed. But it increases the nursery period and
production costs.

Different types of grafting have been tested on
chestnut. Some of these are done on seeds at the
more or less advanced stage of germination. The
nursery seed grafting technique was described for
the first time by MOORE (1964) and newly taken into
consideration with some changes by other authors
(JAYNES 1965; ACKERMAN, JAYNE 1980; WANG,
Q1aN 1998; GREENWELL 2002). The hypocotyl and
inverted radicle grafting methods, modifications of
the nursery seed grafting, were described by PARK
(1968a,b). These methods had more graft success
than the previous one (PARK 1968a,b; VIETIEZ, VIE-
TIEZ 1981, 1982).

Juvenile graft methods offer several advantages over
conventional field grafting. Some of them are: no stock
trees are necessary, grafting can be done indoors, tim-
ing is not critical, scions having small diameters can
be used (McKAY, JAYNES 1969; KEys 1978).
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Turkey is one of the important countries in chest-
nut production in the world. In Turkey chestnuts
have usually been collected from naturally occurring
seedling-origin trees scattered in forest areas, espe-
cially in the Black Sea, Aegean and Marmara Regions.
Therefore no chestnut orchards have commonly
been established yet. Chestnut orchards have to be
established using previously selected cultivars/geno-
types from the regions by AYFER and SoyLu (1995),
OzKARAKAS and ONAL (1995), SERDAR (1999) and
SERDAR and SoyLU (1999) to increase fruit quality
and yield. Hence, it is needed to produce a great
number of grafted chestnut trees. Some researches
carried out studies on propagation of chestnut by
grafting in Turkey to produce grafted chestnut trees
(SoyLu 1982; OzKARAKAS, ONAL 1997; SERDAR
2000; TEKINTAS et al. 2003). However, there was no
attempt to test the inverted radicle and hypocotyl
grafting methods on chestnut. This study aimed to
determine the suitable juvenile grafting method and
time to produce grafted chestnut trees.

MATERIALS AND METHODS

The study was carried out in a greenhouse in
Samsun province in 2003—2004. Newly germinated
chestnut seeds and young seedlings of SA 5-1, select-
ed by SERDAR (1999) and SoyLU and SERDAR (2000),
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Fig. 1. Air temperature (°C) and relative humidity (%) in the greenhouse from the first grafting period in 2003 (10 April)

were used as rootstocks and sprouts with dormant
buds of SA 5-1 were used as scion materials.

Two grafting methods were applied, namely,
inverted radicle grafting and hypocotyl grafting.
Graftings were done at three periods in 2003, namely
1%t period on April 10-11, 2" period on May 7-9 and
3" period on June 6-9 and one period on April 29
in 2004. Temperature (°C) and relative humidity (%)
were recorded during the experiment (Fig. 1).

Chestnut seeds with 11-13 g were taken from an
orchard in Sinop province in October in 2002 to
2003, stored in perforated plastic bags (0.02 mm)
at 0+ 0.5°C and stratified at 4 + 0.5°C for 2.5 months.
Scions were taken from an orchard in Samsun pro-

(d)

HORT. SCI. (PRAGUE), 33,2006 (1): 1622

vince in February in 2003 to 2004 and stored at
0 + 0.5°C until the grafting procedure.

In the inverted radicle grafting method, germinated
seeds with radicles 6.6 + 0.8 cm long and 4.9 + 0.7 mm
in diameter were used. The radicle tip was cut off at
4-5 cmand split. The scion was prepared with a wedge-
shaped cut. Prepared scions were approximately 7 to
11 cmlong and 4—6 mm in diameter. Then the scion and
radicle were grafted as a normal cleft graft (PARK 1972).
After grafting, the graft union was wrapped tightly with
a strip of parafilm 3—4 mm wide (Fig. 2).

In the hypocotyl grafting method, germinated
seeds were sown in a medium of 3/4 soil + 1/4
ground pine needles in the first period in 2003 and

Fig. 2. The inverted radicle grafting
method: (a) cutting of radicle tip,
(b) splitting of radicle, (c) the radicle
prepared as stock, (d) preparing
of scion with a wedge-shaped cut,
(e) grafting of scion on radicle,
(f) grafted seed tied with parafilm
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(b)

(d)

in peat medium for the other periods, 16—20 days
before grafting. Young seedlings having 2—4 leaves
and epicotyls 7.5 + 1.5 cm long were used for grafting.
The epicotyl was cut off at the level of the cotyledon
stalks and the hypocotyl was split. The scion was
prepared with a wedge-shaped cut as described pre-
viously. Then the scion was grafted on the hypocotyl
as a normal cleft graft (VIETIEZ, VIETIEZ 1982). After
grafting, the graft union was wrapped tightly with a
strip of parafilm 4—6 mm wide (Fig. 3).

In both methods, grafted seed or young seedlings
were planted immediately after grafting in a medium
of 3/4 soil + 1/4 ground pine needles in 30 x 40 cm
pots. Some peat was added into the pots at the time
of planting. Then grafting wax was applied to the tips
of the scions.
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Fig. 4. Graft success (%) for different grafting methods and
periods in 2003
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Fig. 3. The hypocotyl grafting
method: (a) young seedling as stock,
(b) cutting of epicotyl at level of
cotyledon stalks, (c) splitting of hy-
pocotyl, (d) preparing of scion with
a wedge-shaped cut, (e) grafting of
scion on hypocotyl, (f) tying the graft
union with parafilm

To determine the suitable grafting method and
time, graft success (sprouting) and survival ratios
(%), scion shoot length (cm) and diameter (mm)
were examined at the end of the vegetation period.
The period from grafting to sprouting and scion
shoot growth from one month after grafting to the
end of the vegetation period were also determined
in 2003.

The experimental design was a randomized com-
plete block. Three replications and 20 grafts per repli-
cation were used. Vertical bars in the figures represent
one standard error of each mean (p < 0.05).

RESULTS AND DISCUSSION
Graft success

The highest graft success (83.6%) was achieved
with inverted radicle grafting in the first period in
2003 (Fig. 4). However, there were no significant
differences between the grafting periods in inverted
radicle grafting.

In the hypocotyl grafting, graft success was lower
(21.9%) in the first period since germinated seeds
were sown in a medium of soil + ground pine need-
les, contrary to the other periods. Thus it was very
difficult to take out the young seedlings from this
medium. Graft success for this method was 49% and
51% in the second and third period, respectively.
PARK (1968a) reported 76—-100% and VIETIEZ and
VIETIEZ (1981, 1982) reported 50-100% graft suc-
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Fig. 5. Graft success and survival ratios (%) for different graft-
ing methods in 2004

cess depending on the combination of the scion and
rootstock with hypocotyl grafting.

Because of insignificant differences between the
grafting periods in the inverted radicle grafting
and also grafting methods except the first period in
2003, all graftings were performed at the same time
(April 29) in 2004. The graft success was higher for
both methods in 2004 than 2003. The highest graft
success (96.7%) was from the inverted radicle graft-
ing as in 2003 (Fig. 5). This is essentially identical to
the results of PARK (1968b), who achieved 100% graft
success in the greenhouse and 55% in the open field
conditions using the inverted radicle grafting.

Survival ratio (%)

Some scion shoots died after breaking at the graft
union. In these grafts, a smaller graft union area was
observed. Higher survival ratios were obtained from
inverted radicle grafting in both years (70.1-82.4%
in 2003 and 85.0% in 2004) (Figs. 6 and 5). However,
there were no significant differences in survival
between the grafting periods in the inverted radicle
grafting in 2003 (Fig. 6).
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Fig. 6. Survival ratios (%) for different grafting methods and
periods in 2003

Scion shoot growth

The time required for scions to sprout varied
from 12 to 23 days (Fig. 7). Mean temperatures for
the 20 days after grafting for each grafting period
were 14.7, 19.7 and 25.5°C, respectively (Fig. 1). In
all graftings, the sprouting period was shortened
with later grafting times because the rate of callus
formation in the graft union probably increases
with temperature. There was a negative relationship
between temperature and sprouting period in the
inverted radicle grafting (r = —0.946**). This result
is in accordance with the findings of SERDAR (2000).
The hypocotyl grafts sprouted more quickly than the
inverted radicle grafts. It may be assumed that this
case is a result of age and growth stage of rootstocks
at the time of grafting.

The growth curve of the scion shoot is presented
in Fig. 8. The scion shoot length was 5-7 cm in the
1t period, 9-14 cm in the 2™ period and 13-17 cm
in 3" period in one month after grafting. In July,
scion shoot growth was slow in grafts performed
in the first and second period. However, there was
a rapid increase in scion shoot growth in the grafts
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Fig. 8. Growth of scion shoot from one month after grafting to the end of vegetation period for different grafting periods and

methods in 2003

performed in the third period. The hypocotyl grafts
had longer scion shoots. Scion shoot growth was
completed in early September. Although the shoot
growth rate varied according to the grafting periods,
lengths of scion shoots were generally similar at the
end of the vegetation period.

At the end of the vegetation period in 2003,
the growth of scion shoots was faster and their
length and diameter were larger in the hypocotyl
grafts (Figs. 9 and 10). In this method, the respec-
tive lengths of scion shoots from period 1, 2 and
3 were 24.2, 21.0 and 22.9 cm, and shoot diameters
were 5.0, 5.1 and 4.6 mm, respectively. However, in
both methods there were no significant differences
between the grafting periods. In 2004, scion shoot
growth was better than it was in 2003 for both
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methods and periods in 2003
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methods (Fig. 11). However, differences between
the grafting methods in the length and diameter of
scion shoots were not significant.

In the present study, scion shoot growth was found
to be faster than reported in previous studies per-
formed with chip budding on the epicotyl (SoyLu
1982), T and inverted T budding methods on one-
year-old rootstocks in the pots (SERDAR 2000).

CONCLUSIONS

The inverted radicle grafting was found to be more
suitable method to produce grafted chestnut tree in a
one year. This method can be performed for different
periods in spring, adjusting the stratification times. To
obtain successful results from this method, the graft
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Fig. 10. Diameter (mm) of scion shoot for different grafting
methods and periods in 2003
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union should have a long contact zone and must be
wrapped tightly with parafilm when the grafted seed/
seedlings are planted in the pots, some peat should be
added in the graft union area. These methods should
be studied in terms of effects of seed size, stock-scion
combinations and grafting conditions characterized by
different temperature and light intensity.
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Vyzkum zkracoviani skolkarského cyklu u stépovaného kastanovniku

ABSTRAKT: Cilem préce bylo studium pouzitelnosti metod invertniho stépovani kotfinku a hypokotylu pro produkci
kontejnerovanych skolkafskych vypéstka kastanovniku. Vyzkum probihal ve skleniku v letech 2003 a 2004. Vyklicena
semena a mladé semendcky genotypu SA 5-1 byly pouzity jako podnoze a vyhonky se spicimi o¢ky stejného genotypu byly
pouzity jako rouby. Roubovani se provadélo ve tfech terminech v obdobi od dubna do ¢ervna. S cilem volby nejvhodnéjsiho
postupu a doby roubovéni byl hodnocen Gjem a rust roubu. Bylo zjisténo, Ze prodejné kontejnerované $kolkaiské vypéstky
kastanovniku Ize béhem jednoho roku dopéstovat obéma metodami $tépovéni. Lepsiho Gjmu a ristu vypéstka vsak bylo
dosazeno pouzitim invertnfho stépovani kofinku. Pfi pouziti této metody bylo v r. 2003 docileno vytéznosti 83,6 % a v r. 2004
dokonce 96,7 %.

Klicova slova: kastanovnik; Castanea sativa; invertni stépovani kofinku; stépovani hypokotylu; skolkarsky cyklus; vytéz-
nost; juvenilni rouby
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