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Abstract: Graft compatibility is a complex mechanism with a wide range of different physiological, biochemical, and 
anatomical interactions. In the present paper, features of the graft union on the combination of the European chestnut 
(Castanea sativa Mill.) on an oak (Quercus vulcanica Boiss.) rootstock based on whip grafting was investigated. The trial 
was conducted in the greenhouse at the Faculty of Agriculture, Adnan Menderes University, in western Turkey during 
2006-7. The grafts were made with scion from chestnut genotype N-3-4 on an oak rootstock. Cross and longitudinal 
sections of the graft union for examination were taken 30, 60, 90, 120, 150 and 210 days after grafting, and fixed in 70% 
ethanol. Microscopic observation of the anatomical and histo-cytological structure of the graft union area revealed that new 
cambium, xylem, and phloem tissues were formed in the samples 120 days after grafting. The results showed that, graft 
compatibility exists between chestnut and oaks. Callus formation and differentiation of vascular tissues started 150 days 
after grafting.  
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1. Introduction 

Plant grafting is widely used as means of plant 
propagation and for growth control is of considerable 
importance in adaptation tests for potential new cultivars. 
Fruit trees are usually formed by a combination of scion 
and rootstock. For that combination to be successful, a 
good union between a scion and rootstock is necessary 
(Feucht, 1988; Errea et al., 2001). The grafted partners can 
belong to the same species or genus, but components that 
are more genetically divergent could also be used. In the 
latter case, the stock and the scion may not produce a 
successful graft and show their incompatibility in the form 
of a failed graft (Pina and Errea, 2005). 

Different factors such as inherent system of cellular 
incompatibility, formation of plasmodesmata, vascular 
tissue connections and the presence of growth regulators 
and peroxidases may have an influence on graft success. 
Macromolecules (phloem proteins, RNA, hormones) that 
are present in the sap phloem might be also important 
during vascular differentiation in compatibility process 
(Pina and Errea, 2005) 

Grafting has proven to be more successful and feasible 
method of asexually propagating chestnuts than any other 

technique in the chestnut industry (Oraquzie et al., 1998). 
Grafting within the species, particularly within cultivated 
populations in chestnuts is sufficiently successful to be 
used commercially for some cultivars (Rutter et al,. 1990). 

Huang et al. (1994) reported that an unusual anatomical 
structure of the chestnut stem had a significant effect on 
graft success in graft compatibility studies conducted with 
15 Chinese chestnut cultivars, nine American chestnut 
selections, six Japanese chestnut cultivars and two putative 
Japanese hybrids on two known rootstocks of Chinese 
chestnut. Seferoglu and Ertan (2003) stated that callus 
tissue triggered the cambial differentiation and the first 
new vascular components began to emerge in cross-section 
samples one month after budding in Turkish chestnut 
selections. 

In the grafting between different cultivars of the same 
species generally a well-developed graft union is obtained 
and normal plants grow (Özçağıran et al., 1974). This 
situation also applies to chestnuts when their own seedling 
rootstocks are used for grafting. However, in the literature 
there is not enough information about a successful graft 
union between an alternative rootstock and scion cultivar in 
chestnut grafting. 
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While graft union success is limited in grafting between 
different genera of the same family, some examples of 
success exist in practice (Özçağıran et al., 1974). Grafting 
Citrus species onto trifoliate orange (Poncirus trifoliata 
Raf.), which is resistant to cold weather conditions and a 
deciduous plant of the Rutaceae family, is a good example 
for this situation. Oak (Quercus sp.) and beech (Fagus sp.) 
of the Fagaceae family can be used as alternative species 
for chestnut grafting apart from chestnut seedlings. 

Many studies have been conducted on anatomical and 
histological structures in graft unions of chestnuts using 
budding/grafting methods (Ufuk and Soylu, 1999; 
Seferoğlu and Ertan, 2003; Serdar and Soylu, 2004; Serdar 
et al., 2005). However, there have been no attempts to 
investigate the anatomical structure in graft unions using 
different rootstocks for grafting European chestnuts. 
Therefore, this study aims to investigate graft union 
characteristics between chestnut scions and oak rootstocks 
which naturally grow in the flora of chestnut growing 
regions. The main objective of this study is to examine the 
histological structure of whip grafting on chestnut for 
which oak was used as a rootstock. 

2. Material and Methods 

This study was carried out in the greenhouse of Faculty 
of Agriculture in Adnan Menderes University in Aydın 
(Turkey) between the years 2006-2007. Oak trees (Quercus 
vulcanica Boiss.) were used as rootstocks in this study. 
Whip grafts were made on 23 March 2006. After grafting, 
the graft union was tied with parafilm. Dormant buds of the 
chestnut genotype N-3-4 were used as scion material, 
which were selected among 80 accessions from natural 
populations in Nazilli district (Ertan, 2007) at the end of a 
selection study for higher nut quality and higher yield. 
One-year-old chestnut scion woods were whip grafted onto 
two-year-old oak seedlings (Quercus vulcanica Boiss.) in 
the dormant seasons. 

Samples were collected 30, 60, 90, 120, 150 and 210 
days after grafting to examine the anatomical structure of 
the graft unions. In each period ten samples selected 
randomly were taken from each graft combination. The 
samples were kept in 70% ethanol. For each sample cross 
and longitudinal sections of 10 to 50µm thickness 
representing different parts of the grafting point were taken 
with a sliding microtome. Cross and longitudinal sections 
of the samples in ethanol were stained with methylene blue 
so that the sections are easily recognizable under 
microscope.  

The usual sequence of events in the healing of a graft 
union has the following steps were examined (Mc Cully, 
1983; Hartman et al., 1990). 

(a) Establishment of an intimate contact between the 
cambial regions of stock and scion and production of callus 
tissue (parenchymatic cells) by both components of the 
graft in the cambial region. 

(b) Differentiation of certain parenchymatic cells of the 
callus into new cambial cells connected the original 
cambium both in the stock and in the scion. 

(c) Production of new vascular tissues (xylem and 
phloem) by the new cambium, forming the vascular 
connections necessary for a successful graft union. 

3. Results and Discussion 

3.1. Comparisons of anatomic structure of oak (Quercus 

vulcanica Boiss.) and European chestnut (Castanea 

sativa Mill.) 

Xylem tissue, trache, tracheid and xylem core rays were 
observed in one-year-old shoots containing a large 
radiating core during an examination on cross and 
longitudinal sections taken from oak stem segments. The 
cells of the xylem core rays were clearly detected. The bark 
tissue consists of a cork tissue in the outer layer and a large 
cortex tissue extending to the phloem. In the cortex tissue, 
a sclerenchymatic ring existed as double-layered 
sclerenchyma cells. Non-mature sclerenchyma rings stand 
in the cortex tissue as a whole. The sclerenchyma ring 
which has not completed its development and is close to 
the phloem shows a partial situation (Figure 1). 

 
Figure1. View of tissues in cross sections of the oak stem (10x2, 

methylene blue); Scl-Sclerenchyma, P-Pith, X-Xylem 

 
Figure 2. View of tissues in cross sections of the chestnut stem (10x4, 

methylene blue); Scl-Sclerenchyma, P-Pith, X-Xylem 
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In the examination of cross and longitudinal sections 
taken from one-year-old shoots of chestnuts, a large core 
space was observed. A large xylem tissue contained a 
radiating xylem core and parenchyma, trache and tracheids 
were determined in cross and longitudinal section samples. 
A double-layered sclerenchymatic ring existed in the 
cortex tissue where the sclerenchimatic cells scattered. The 
sclerenchymatic rings of cortex in chestnuts were more 
disperse than that of in oaks (Figure 2). 

The most prominent difference found in the examination 
of cross and longitudinal section samples of oaks and 
chestnuts was that the sclerenchymatic ring in the cortex 
tissue in oaks was integral (surrounded all around). And the 
sclerenchymatic ring in the cortex in chestnuts was more 
dispersed and fragile in shape (Figure 1 and 2). 

3.2. Callus and graft union formation in chestnut/oak 

combinations 

Development of the anatomical and histological 
structure in this trial in chestnut/oak combinations was 
investigated on the cross and longitudinally sections, taken 
from the samples to be grafted with whip grafting 
techniques, belonging to 30, 60, 90, 120, 150 and 210 days 
subsequent to grafting.  

 
Figure 3. Views of the tissues at the graft union in cross section samples, 

60 days after grafting (10x2, methylene blue); X-Xylem, Cl-Callus, Na-

Necrotic areas, RX-Rootstock xylem 

The sections taken after 30 days of grafting showed that 
the graft union was enabled by callus tissues of rootstock 
and scion. Some necrotic areas were observed between 
rootstock and scion.  The callus tissue was completely 
filled the interface between the grafting parts in all samples 
60 days after grafting (Figure 3). On the graft interfaces, 
the formation of thick necrotic areas were observed. On the 
scion side, a weaker callus tissue develops and the necrotic 
areas are denser.  Some researchers reported that dense 
necrotic layers acting as a barrier between the stock and 
scion tissues (Huang et al., 1994; Santamour, 1988; 

Craddock and Bassi, 1999). In present study, no excessive 
dense necrotic layers were observed between the stock and 
and scion tissues. 

 
Figure 4. Views of the tissues at the graft union in longitudinal section  

samples, 90 days after grafting (10x2, methylene blue); NC-New 

Cambium, ClX-Callus xylem, Scl-Sclerenchyma 

 
Figure 5. Views of the tissues at the graft union in cross section samples, 

120 days after grafting (10x4, methylene blue); RX-Rootstock xylem, Na-

Necrotic areas, SX-Scion xylem 

The formation of callus tissue at  the graft interface is 
the first response to grafting (Moore and Walker, 1981). 
Once the callus has formed, the events that follow this 
initial formation, when the callus cells first touch, seem to 
be essential for the critical event deciding the development 
of future vascular connections (Pina and Errea, 2005). The 
formation of callus tissue imply some of these compounds 
in the mechanism of adhesion of the graft partners.  Wart-
like projections on the cell wall surface have been reported 
in callus cells at the graft union (Jefree and Yeoman, 1983; 
Barnett and Weatherhead, 1988). 
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Figure 6. Views of the tissues at the graft union in longitudinal section 
samples, 150 days after grafting (10x4, methylene blue); SX-Scion xylem, 

Na-Necrotic areas, Cl-Callus, RX-Rootstock xylem 

 
Figure 7. The situation of vascular connection at the graft union in 

longitudinal section samples, 150 days after grafting (10x2, methylene 

blue); Cl-Callus, Na-Necrotic areas, SC-Scion cambium, SX-Scion xylem, 

NC-New Cambium, RC-Rootstosk cambium 

 

Figure 8. Views of the tissues at the graft union in longitudinal section 

samples, 150 days after grafting (10x4, methylene blue); Na-Necrotic 

areas, NC-New Cambium 

 
Figure 9. The situation of vascular connection at the graft union in cross 

section samples, 210 days after grafting (10x4, methylene blue); Cl-Callus, 

NC-New Cambium 

 
Figure 10. Views of the tissues at the graft union in cross section samples, 

210 days after grafting (10x4, methylene blue); NC-New Cambium 

In addition, on the cross and longitudinally sections 
belonging to 90 and 120 days, it is appeared the necrotic 
areas occurred as a result of oxidation of the phenolic 
matters during grafting are highly destroyed into small 
pieces by callus cells. In these periods, the fact that the 
cambial differention was initiated within the callus tissue, 
and the first new vascular components began to form in 
samples is noticed. But in none of the graft samples, the 
cambial continuity are not established in line of callus 
bridge yet. 90 days after grafting, cambial tissue at the graft 
union was differentiated from the callus tissue. New 
cambium and vascular tissues were formed at the graft 
union (Figure 4 and 5).  Despite the fact that the callus 
formation occurs as a wound reaction and it is found in 
compatible and incompatible grafts, the content and nature 
of the cells involved in the first step of graft formation can 
play an important role in triggering the responses that lead 
to the formation of a strong and successful union (Pina and 
Errea, 2005). 

In the last step of graft formation, the formation of 
vascular connections is considered for most authors the 
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basic requirements for a successful graft (Moore, 1984., 
Wang and Kollmann, 1996). The fact that the new vascular 
connections could not be not well differentiated or weakly 
established has been postulated as the main reason for 
incompatibility in woody plants (Mosse, 1962; Errea et al., 
1994a, b). In the present study, the vascular connection was 
established successfully between rootstock and scion 150 
days after grafting. A few necrotic areas were observed at 
the graft union, but cambial connection was observed in all 
longitudinal sections (Figure 6, 7 and 8).  

In cross sections made 210 days after grafting, perfect 
cambial connection were established (Figure 9 and 10). 
Some researchers have emphasized that cambial 
connections formed within 45 to 60 d (Seferoğlu and Ertan, 
2003) and, 12 months after grafting (Ufuk and Soylu, 1999; 
Serdar and Soylu, 2004) in chestnuts. It is possible that this 
variation may arise from the use of different stock-scion 
combinations and environmental factors 

On the graft success of chestnut scions on to oak 
rootstocks. Park (1968) reported that 47-55% viability ratio 
was reached between Castanea and Quercus genera during 
experiments with the seed-grafting method in chestnut, 
ginkgo, and oak species. Heitz and Jacquiot (1972) used 
the chestnut scions on the oak rootstocks. The anatomical 
structure of the wood tissues was described around the 
graft union. The successful cambial development was 
reported. The grafted trees survived from 1893 until 1946. 

The results from this study showed that, graft 
compatibility exists between chestnut/oak combinations 
and callus formation and differentiation of vascular tissues 
was exactly established 150 days following grafting. Such 
findings confirm existence of graft union  between chestnut 
and oak in the nursery. 

The success of grafting depends primarily on the 
identification of stress and pathogen-resistant rootstocks, 
and on the compatibility of the graft union in terms of fast 
formation of the vascular connections between the 
rootstock and the scion and fast renewal of root and canopy 
growth (Cohen et al., 2007). 

Early graft failure and delayed failure have been 
recognized in chestnuts (Goldsbrough, 1990; Rutter et al., 
1990). The early failures occurred in the first two years, 
which late failures resulting in scion death at 5-7 years. For 
this reason, although a vascular connection was established 
between the chestnut scion and the oak rootstock, the field 
performance and development of these plants need to be 
screened in the future  for especially delayed 
incompatibility. 
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