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Abstract. We studied the anatomical structure of graft unions in European chestnut using several grafting methods. The work was done in the greenhouse during 2003–04. The
grafting methods epicotyl, hypocotyl, and inverted radicle were used. The grafts were
made with scions of clone SA 5-1 on clone SE 21-9 rootstock. The samples for examination were taken from the graft unions 2, 6, and 12 months after grafting, and fixed in a
formalin–acetic acid–alcohol solution. The observation of the anatomical structure of the
graft union area revealed that new cambium, xylem, and phloem tissues were formed in
the samples two months after grafting. Further, it could be also observed that 6 months
were necessary for continuous cambial connection.
Asexually reproduced cultivars of chestnut
are propagated by various methods such as
grafting, rooted cuttings, root collar division, or
tissue culture. The healing progress of the graft
union area may vary according to stock-scion
combinations, propagation techniques, and
environmental conditions during and following
grafting, growth activity of stock plant, insect
and disease contamination, and use of plant
growth regulators (Hartmann et al., 1990).
Some of the budding and grafting methods
available can be used on seeds at a more or less
advanced stage of germination. Such grafting
methods offer several advantages compared
with the conventional field grafting method such
as: stock trees are not necessary, grafting can
be done indoors, timing is not critical, scions
with a small diameter can be used (Keys, 1978;
McKay and Jaynes, 1969).
In anatomical and histological studies of
graft unions in hypocotyl grafting of chestnut,
Park (1968) reported that the callus tissue was
formed from both stock and scion 10 d after
grafting, and callus formation was completed
25 d after grafting. Using inverted radicle grafting, root development and graft healing were
each completed in 9 stages. These stages were
protoxylem, procambium, cambium ring, root
primordia, caryptrogen, verticilate roots, growth
in thickness, geotropism of verticilate roots, and
growth vigor (root development), and callus,
new cambium, phloic procambium, xylaric
procambium, vascular bundle, epiderall cell,
secondary xylem, connected union of both protoxylem of verticilate root and new protoxylem
of incision face, completed union of both from
scion callus, and new protoxylem of inverted
radicle stock (graft healing) (Park, 1972). Vieitez
and Vieitez (1981) reported perfect cambial and
vascular connection between stock and scion in
graft unions using hypocotyl grafting.
Many studies have been conducted on
anatomical and histological structures in graft
Received for publication 11 Jan. 2005. Accepted for
publication 10 Feb. 2005.
1
Corresponding author; e-mail userdar@omu.edu.tr.

1474

unions of chestnut using conventional budding and grafting methods (Balta et al., 1993,
1996; Seferoglu and Ertan, 2003; Serdar and
Soylu, 2004; Ufuk and Soylu, 1999). However,
there have been no attempts to investigate the
anatomical structure in unions using different
juvenile grafting methods. The main objective
of this study was to investigate the anatomical
and histological structure of epicotyl grafts,
hypocotyls grafts and inverted radicle grafts
in chestnut with samples taken 2, 6, and 12
months after grafting.
Materials and Methods
This study was carried out in the greenhouse
in Samsun, Turkey, during 2003–04. Epicotyl,
hypocotyl, and inverted radicle grafts were used.
Grafts were made on 17 May 2003. During the
first month after grafting, mean temperature
and relative humidity were 20.3 °C and 72.3%
respectively, and the mean values for the 6month period after grafting were 22.6 °C and
57.0%. Newly germinated chestnut seeds and
young seedlings of clone SE 21-9 (Soylu and
Serdar, 2000) were used as rootstock, and sprouts
with dormant buds of clone SA 5-1 (Serdar,
1999) were used as scion materials.
Chestnut seeds weighting 11 to 13 g were
taken from an orchard in the province Sinop,
Turkey in October 2002, stored at 0 ± 0.5 °C,
and stratified at 4 ± 0.5 °C for 2.5 months.
The scions were taken from an orchard in the
province Samsun, Turkey in February 2003
and were stored at 0 ± 0.5 °C until they were
used for grafting.
In the inverted radicle grafting method,
germinated seeds with a radicle length of 8.7 ±
0.9 cm were used. The radicle tip was cut off at
4 to 5 cm and split. Then the bottom of the scion
was cut into a wedge-shape and inserted into the
radicle tip as in a normal cleft graft (Park, 1972).
In the hypocotyl grafting method, germinated
seeds were planted in a peat medium and 16 to
20 d later young seedlings with 2 to 4 leaves
and epicotyl lengths of 7.5 ± 1.5 cm were used.
The epicotyl was cut off at the cotyledons and

the hypocotyl was split. Then the bottom of the
scion was cut into a wedge-shape and inserted
into the hypocotyl as in a normal cleft graft
(Vietiez and Vieitez, 1982). After grafting, the
graft union was tied with parafilm (4 to 6 mm
width) in both of the methods. Grafted seeds
or young seedlings were planted in pots (30
× 40 cm) filled with a medium containing 3/4
soil + 1/4 ground pine needles. Some peat was
added to the pots at planting, especially around
the graft area. Then, grafting wax was applied
to tips of the scions. In the epicotyl grafting
method, germinated seeds were planted in pots
of the same size containing the same medium.
Young seedlings with 6 to 9 leaves, with stems
20.7 ± 1.5 cm long were used. The epicotyl was
cut off at 4 to 7 cm and split. Then the bottom
of the scion was cut into a wedge-shape and
inserted into the epicotyl as in a normal cleft
graft (Sawano et al., 1983). After grafting, the
graft union was tied with plastic tape-which
was left in place for two months.
To examine the anatomical structure of the
graft unions, samples were collected 2, 6, and
12 months after grafting. In each period five
randomly selected samples were taken from
each graft combination. The samples were
fixed in a FAA solution [formalin (37%): 10%,
glaciyal acetic acid: 5%, ethanol (96%): 50%,
distile water: 35%] and were stored at 3 to 5 °C.
Before cutting the sections, the fixed samples
were stored in 70% alcohol for at least 1 d. The
tissues were cut in cross sections with a sliding
microtome at 30 to 60 µm thickness (Ufuk and
Soylu, 1999).
Results and Discussion
Callus formation was complete 2 months
after grafting, and cambial tissue at the graft
union was differentiated from the callus tissue
(Fig. 1A and B). New cambium and vascular
tissues were formed at the graft union. In all
grafting methods, cambial connections were
initiated and partially completed on both sides
of the graft union. Some necrotic layers were
observed in the xylem tissue of the stocks and
cortex tissues. When different grafting methods
were used under controlled conditions (Balta et
al., 1993), and when T budding was done in the
fall (Seferoglu and Ertan, 2003) cambial differentiation was initiated within the callus tissue,
and the first new vascular components begun to
form in samples one month after grafting.
The vascular connection was established
successfully between rootstock and scion 6
months after grafting (Fig. 2A and B). A few
necrotic layers were observed at the graft
union but cambial connection was observed
in all methods. In sections made 12 months
after grafting, perfect cambial connections
were found. Some researchers have stated that
cambial connections formed within 45 to 60 d
(Balta et al., 1993; 1996; Seferoglu and Ertan,
2003). However Ufuk and Soylu (1999) and
Serdar and Soylu (2004) reported cambial
connections 12 months after grafting. It is
possible that this variation may arise from the
use of different stock–scion combinations and
environmental factors.
In this study, generally we used scions and
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Fig. 1. Views of the tissues at the graft union in samples, 2 months after grafting; NC = new cambium, N = necrotic areas X = xylem, NX = new xylem, P =
phloem. (A) The inverted radicle graft (B) The hypocotyl graft.

Fig. 2. Views of the tissues at the graft union in samples, 6 months after grafting; C = cambium, N = necrotic areas X = xylem, NX, new xylem, P = phloem. (A)
The epicotyl graft (B) The inverted radicle graft.

Fig. 3. Views of the graft unions in the hypocotyl, epicotyl and inverted radicle grafting methods, 6 months after grafting.
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Fig. 4. Views of the tissues at the graft union in the abnormal sample taken from the epicotyl graft, 6 months after grafting; C = cambium, X = xylem, NX =
new xylem.

Fig. 5. Views of the tissues at the graft union in the abnormal sample taken from the hypocotyl graft, 6 months after grafting; C = cambium, X n= xylem, NX
= new xylem.

stocks with the same diameter when making
grafts and perfect graft unions were completed
six months after grafting (Fig. 3). However,
when scions thicker than stocks were also
used, the cambium layers matched at only one
surface and at those surfaces good cambial and
vascular connections were observed. However,
at the unmatched surface, excessive callus
and swellings from the scion were formed
(Figs. 4 and 5). The swelling around the graft
union can be considered as one symptom of
incompatibility. In addition, dense necrotic
layers acting as barriers between the stock and
scion tissues have been reported (Craddock
and Bassi, 1999; Desvignes, 1999; Santamour,

1476

1988; Huang et al., 1994; Serdar and Soylu,
2004). In the present study, no dense necrotic
layers were observed between the stock and
scion tissues. The swelling may be simply a
result of mis-matched stock and scion sizes, or
this may result from the genetic interaction of
different stock-scion combinations.
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