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Abstract 

 
In tree fruit nursery besides the improvement of propagation technology, introduction of micro-propagation, 
large progress has been made by using healthy, virus free nuclear stock, as well as by improved tree quality. 
Modern intensive orchards require well branched trees, which are able turn to bearing early. Tree quality 
improvement can be achieved by new raising technologies, practices and application of bio-regulators. 
Considering the large number of new rootstocks and candidates a huge progress has been made, but the 
rootstock usage hardly changed. At apple, predominant rootstock is the M.9 and in the dwarf vigour group 
the ideal rootstock (e.g. easily propagated, dwarf, precocious, resistant to fire blight, scab, collar rot and 
woolly aphid) is still missing, albeit some promising new rootstocks are in introduction. For pear several 
dwarf Pyrus series are in testing stage, but by now none of them resulted in a breakthrough in pear rootstock 
usage. Rootstock research for stone fruits over the last decade has been focused more on rootstock evaluation 
than on breeding of new rootstocks. There are only few new breeding projects and new rootstocks 
successfully introduced but a large number of rootstocks is in the evaluation stage. However, the knowledge 
on rootstock/scion interactions, mechanism of rootstock effect on growth and crop development is not 
enough and the progress in this field is also not satisfying. The rootstock breeding activity achieved a 
complete scale of growth vigour for cherry, and more or less for plum, apricot and peach, which was the 
dream of growers from 30-40 years ago. Though the usage of dwarfing rootstock is spreading, there is still 
little knowledge and only few research projects on growth control mechanism in cherry rootstock/scion 
composite trees. The interactions between rootstock vigour, precocity, fruiting wood development, renewal 
capacity and crop load are more specific, but essential for an appropriate rootstock selection. The vigour of 
site, orchard system, training and pruning also should be matched with the selected scion/rootstock 
combination performing sometimes very individually. The rootstock role related to these factors has also 
been investigated; the results may help now to understand the complex problem of rootstock selection for 
intensive orchards.  
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1.Introduction 
 
The developments in the two fields, tree fruit nursery technology and rootstock research seem to be in 
different situations: slow changes in nursery and rapid development in rootstock research and introduction of 
rootstocks. Considering the nursery technology, some authors’ opinion is that since the ancient Romans (see 
Pliny: History of Nature) in the propagation methods there was a very slow “improvement”, the “modern” 
technology in each century applied only some new tools and materials, but the basic methods of propagation 
are known for ages. Only micropropagation can be considered as invention of the last century. On the other 
hand, the rootstock research in the last century produced large series of new rootstocks, in the offer of 
nurseries year by year new rootstocks appeared and disappeared, but on the contrary only very few new 
rootstocks got through into the propagation practice. In this paper I attempt to summarize my thoughts 
concerning some fields of this progress. 
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2.Developments in tree fruit nursery 
 
The most significant inventions in the last century are the development of virus free propagation systems and 
nuclear stocks, the application of micropropagation to fruit trees and the improved tree quality which meets 
the requirement of  modern fruit growers. 
In many countries of the EU the same or similar system is developed for virus free propagation of fruit trees. 
The amount of virus free planting material is increasing and in some countries only virus free planting 
material is allowed for commercial orchards. Mutual accepted plant passports allow now selling trees in any 
countries of the union. But this system is very expensive, clonal selection of cultivars (and rootstocks), 
cleaning from viruses, keeping the nuclear stock healthy in isolates, the required equipment, laboratories for 
regular virus indexing means huge costs, especially for smaller countries. The more plants are propagated on 
the basis of one nuclear stock the better the proportional efforts to reduce expenses to achieve the required 
virus-free plant material. This requires interregional or international cooperation in this field, which is known 
in the Netherlands and Germany.  
Few decades ago researchers expected from micropropagation more than what we had received. This 
propagation method is widespread used in propagation of own-rooted plants (berry-fruits) and rootstocks. 
Because of the adaptability of trees to different sites and soil conditions can be successfully improved, 
planting of own-rooted cultivars of topfruit species is rare but can be successful only in optimal site 
conditions. The juvenility of micropropagated plants is a real shortcoming of cultivars and rootstocks, but can 
be useful in the case of mother plants in nuclear stocks, layerbeds, stoolbeds, etc. Nevertheless, rapid 
propagation and spreading can be achieved at most of the new introduced rootstocks and cultivars by using 
micropropagation, but some nurseries tend to return to traditional propagation especially at rootstocks, 
because of the costs of plants. On the other hand, the improved acclimatization and hardening off technology 
as well as bareroot liners quality can contribute to the reduced cost of micropropagated plants. 
As fruit growers are interested in turning to bearing the orchards as early as possible, nurserymen attempt to 
produce adequate tree quality. Trunk renewal, or as it is well known “knipp-boom” raising is one of the 
possible way to achieve sylleptic shoot formation on the trunk. In this technology the planting of budded 
liners or bench grafted rootstocks may contribute to reducing the costs. On the other hand, application of 
plant bioregulators is spreading in fruit tree nurseries of the Netherlands, Germany, Austria, Italy and Poland. 
Treatments with benzyladenine (BA), other citokinins, or combination with gibberellic acids are successful in 
improving the tree feathering of apple, cherries and plums (Jacyna et al. 1989, Jaumien 1998). These 
treatments can be useful in early years of orchard in improving the branching or secondary shoot formation 
on central leader (Hrotkó et al 1996, Magyar and Hrotkó, 2002, 2005). 
  
Rootstock breeding and evaluation 
 
Due to the increased breeding activity fruit growers are now provided with rootstocks in a wide range of 
vigour for each species, not only apple, but for pear, cherry, plum, peach and apricot. In most of the 
rootstocks, the genetic diversity and inheritability of rootstock characters are not known enough and the 
gene-pool utilized for rootstock breeding is narrowed to genotypes. There are still tasks to discover the 
genetic diversity of species used as rootstocks in their original gene-centre, which needs cooperation between 
researchers and institutes. On the other hand rapid progress is needed in the marker-assisted breeding of 
rootstocks, which would suppose more active genetic work. The development of orchard systems may 
modify the targets of rootstock breeders, thus a permanent communication is essential between researchers of 
orchard systems and rootstocks. The rootstock selection for the sustainable fruit growing is an important 
opportunity to improve the orchard resistance to pests and diseases and tolerance for abiotic stress conditions. 
The climate changes also bring challenges for the temperate zone fruit growing. Rootstock researchers at 
their work should consider the complex requirements of both users: nurserymen and fruit growers.  
 
Apple 
 
The genepool utilized in apple rootstock breeding is still very narrow, besides the species Malus pumila (L.) 
Mill., which has been used as seedling or clonal rootstock since the apple is cultivated in Europe, only few 
species are involved in the breeding projects. These are Malus baccata , M. prunifolia, (Willd.) Borkh., M. 
micromalus, M. floribunda, M. niedwetzkyana, M. siversii, M. x domestica Borkh., and M. x robusta (M. 
baccata x M. prunifolia). Future breeding projects should target multiple resistant rootstock series in a wide 
vigor range and adaptable to different site conditions. The classic “chance” breeding in the field of apple 
rootstock did not bring breakthrough. The few advanced breeding programmes like Cornell-Geneva (Johnson 
et al. 2001, Norelli et al 2002, Robinson et al. 2007), East-Malling (Webster 1997, Webster and Tobutt 2001, 



 58

Webster et al. 2007) or Skierniewice (Jakubowski 1999, Czinczyk and Jakubowski 2007) use a wider genetic 
base of related species, target multiple resistant rootstocks. Strong pre-selection among the seedlings helps 
reduce rapidly the number of candidates. Large efforts are needed to test these new rootstocks in various site 
conditions to collect information on their performance. Considering the climate changes and extended apple 
growing in Asian countries a diversification in rootstock usage is expected. 
 
Pear 
 
Rootstock usage in pear growing in the past was rather simple: the choices were the dwarfing quince and pear 
seedlings (Lombard and Westwood, 1987; Mantinger, 1990). Within the two groups several rootstocks are 
known, but except for slight differences in the growth vigour and propagation/nursery value, no considerable 
differences could be mentioned. In optimal site conditions quince rootstocks are predominant (Western - and 
Southern Europe). Several quince rootstocks are selected from land races (e.g. Angers, Provance, etc.) from 
very dwarfing (EM-C) to semi dwarf (BA 29) types, even relatively cold-tolerant type occurred in Poland 
(Samorozky). None of them could overcome the incompatibility problem with several cultivars, which is 
more pregnant if it is linked with environmental stress (drought, calcareous soil, cold winter). As pear 
seedling (franco, franc), the different pear species (P. communis, P. pyraster, P. betulifolia, P. calleryana) 
provide some advantages in environmental stress situations (cold winter, drought, calcareous coil, tolerance 
to flooding or high water table) but all of them are vigorous, so there is little chance for usage in modern high 
density orchards. The largest progress in pear rootstock breeding is achieved by vegetative propagated 
dwarfing pear hybrid rootstocks like OHxF series, Rhenus series, Retuziere or Fox series (Brossier, 1977; 
Brooks, 1984; Westwood and Lombard, 1983; Jacob, 1996; Bassi, 1996; Simard and Michelesi, 2002) which 
are already introduced and widely tested. Albeit there is no incompatibility with scions, some of these 
dwarfing rootstocks are as much requiring as a quince can be, they are susceptible to environmental stress 
and the micropropagation makes them expensive.  
 
Cherries 
 
In cherry rootstock breeding the most investigated species are the Prunus cerasus and the group of 
interspecific hybrids. Seed-tree selection projects at Prunus avium L. and Prunus mahaleb L. are known from 
the 60-es to 80-es of the last century, very few (Claverie, 1996; Hrotkó and Magyar, 1998) are still running. 
Clonal rootstocks from both P. avium and P. mahaleb did not bring a breakthrough, however some mahaleb 
clone are less vigorous (Hrotkó and Magyar, 2004; Hrotkó et al., 2007). The most promising rootstocks come 
from vegetative propagated P. cerasus clone and interspecific hybrids (Schimmelpfeng, 1996; Sansavini and 
Lugli, 1996; Callesen, 1998; Edin et al., 1996; Battistini and Berini, 2004; Jiménez et al., 2004; Parnia et al., 
1997). Interspecific hybrids of Prunus avium (Webster, 1998; James et al., 1987; Grzyb et al., 2005) are 
promising mainly in their homeland, but less successful or disappointing in other countries. From among the 
Pi-Ku series (P. avium crosses) Pi-Ku-1 seems to be promising moderate vigorous or semi dwarf rootstock 
(Wolfram, 1996). Some hybrids of P. mahaleb with P. avium (Westwood, 1978) are considered as possible 
rootstock for semi-intensive or intensive orchards (Edin et al., 1996; Hrotkó et al., 1999). In the most 
productive and extent hybridisation project carried out in Germany, Giessen, thousands of hybrids of P. 
avium, P. cerasus, P. fruticosa and several Asian Prunus species were involved in the project (Gruppe, 1985; 
Walther and Franken-Bambenek, 1998; Franken-Bambenek, 2005). Further interspecific hybrids are created 
and tested in Romania, (Parnia et al., 1998) and in the former USSR. At the present stage the cherry rootstock 
breeding produced a wide range for rootstocks in vigour, precocity and productivity. The large number of 
running projects may provide enough information to summarize our knowledge and set up a more 
differentiated paradigm involving the physiology of rootstock scion interactions, to develop an advanced 
approach for the future rootstock research. 
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Plums and prunes 
 
Most widespread rootstock in Central and Eastern-European countries for plum and prune is seedling of 
myrobalan (P. cerasifera) plum (Djouvinov and Vitanova, 2002; Botu et al., 2002; Hrotkó et al., 2006), which 
is easy to propagate and fits well to soil and climate conditions. In several countries the seed is produced in 
seed orchards planted from healthy, and regularly bearing trees, which produce acceptable homogenous 
seedling progeny. Such seedling quality is produced by the seed orchard Cegléd planted with P. cerasifera 
clones C 162, C 174/a, C 359, C 679 (Nyujtó, 1987). Since the germination capacity of domestica plum 
cultivars is variable, it is rare using seedlings of P. domestica. Clonal rootstocks provide the advantage of 
homogeneity, but their propagation is more expensive compared to seedlings. Clonal rootstocks could be 
classified into three groups: 1. P. cerasifera (2n =16) and derivatives (Marianna plum, etc); 2. P. domestica 
(2n=48) and 3. P. insititia (2n=40-48). In the first group, mainly vigorous rootstocks can be found and some 
of breeding projects focus to this group because of the possible drought and nematode tolerance or resistance 
(Arus et al., 2004; Dirlewanger et al., 2004). Among the domestica and insititia plums there are more growth 
reducing or dwarfing clones which require higher soil compactness and regular water supply, some of them 
tolerate water logging (Achim et al., 2002; Botu et al., 2002; Nicotra and Moser, 2002; Grzyb and Sitarek, 
2007; Botu et al., 2007). Recent results with high density orchards (Mika et al., 1998; Magyar and Hrotkó, 
2006) suggest that intensive orchard can be planted even on vigorous seedlings in continental climates and 
light sandy soil conditions. In such cases, in rootstock choice the site adaptability is the most important 
criteria. The huge genetic diversity of plums and prunes in Central- and Eastern-European regions is still not 
utilized enough in the European rootstock breeding (Cociu et al., 1997). To improve this situation, more 
intense collaboration in field evaluation of rootstocks is needed. 
 
Apricot 
 
Apricot seedling is one of the main rootstock for cultivars, which is recommended on light and dry soil 
conditions. In Central- and Eastern-European countries the so-called vineyard seedlings, subspontaneous 
hybrids (e.g. chance seedlings of cultivars, small fruit types, but left for production of jam and spirits) and 
selected types of them are the seed sources for apricot seedling.  In Hungary, Nyujtó (1987) selected some 
promising apricots (C 1300, C 1301, C 1650, C 1652, C 145, C 1426, C 2546) for seed orchard, similar types 
are known from the Czech Republic (M-VA-series, Vachun, 1980), or from Romania (Constanza 14,16.; 
Indreias and Skola, 2007). Also P. cerasifera seedlings can be used as apricot rootstocks, however, this may 
involve the risk of incompatibility, especially with unknown, recently introduced cultivars, which have never 
been tested with myrobalan rootstocks. Using clonal rootstocks could reduce this risk, but increase the testing 
efforts, because each scion/rootstock combination performs individually. Incompatibility symptoms may not 
manifest themselves under optimal growth conditions; however when the tree is overcome by environmental 
stress the underlying incompatibility will be revealed. Clonal plum (domestica or insititia) rootstock for 
apricot is recommended in hilly regions, on more compact soils with the advantage of tolerance to bacterial 
diseases. In selection of such clonal rootstocks, attention should also be paid to find compatible scion 
cultivars.  
 
Peach 
 
In our Central- and Eastern-European regions the main rootstock for peach scions are seedlings, which are 
derived partially from scion cultivars (Elberta, Shipley, etc.) and from vineyard seedlings. From vineyard 
seedlings of peach in Hungary only one self fertile seed tree is registered, this is CEPE. Similar selection is 
reported in Serbia (Ognjanov et al., 2002), in the Czech Republic (Anonymous, 2003). Another option is the 
group of red-leaf peach seedling: in second-third inbred generation homozygous genotypes may come up, 
which produce homogeneous red-leaf progeny (Grassely, 1985). Usage of peach seedlings as rootstock is 
limited, as optimal site, low lime content and enough water supply is essential. For those sites, where the lime 
content is high, almond seedlings (Skola and Erdős, 2007) can be recommended. Breeding of peach x almond 
hybrids (and reciprocal crosses) resulted in vigorous, resistant rootstocks in France (GF 677), USA 
(Nemaguard, Hansen hybrids). In Hungary also successful breeding program was carried out by Nagy et al. 
(1992) which produced hybrids of peach, almond and Prunus davidiana. First of them is now a protected 
variety and propagated under Cadaman® Avimag, while PEDA and PEMA is still tested in orchard 
conditions. In specific sites to overcome the problems of compact soil, high precipitation or water-logging, 
domestica plums and insititia plums could be also used, but it is not typical to peach growing regions in 
Central- and Sout-Eastern- Europe. 
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3.Possible future challenges in rootstock breeding and evaluation 
 
In the future rootstock breeding broad cooperation between the institutes and specialists is a basic 
requirement to combine the genetic thesaurus of certain countries rich on native genetic resources with the 
advanced scientific technology and advanced equipment of the developed countries. The evaluation of 
rootstock effect on precocity, yield efficiency and fruit quality can be carried out only in orchard conditions, 
this part of rootstock breeding is the most expensive and time consuming one. There is little chance to reduce 
expenses in testing these rootstock traits, but the improved and concerted methodology could considerable 
contribute to the efficiency in this field. Multi-site cooperative rootstock evaluation projects could improve 
the efficiency involving large number of researcher, different sites, but applying concerted methodology. 
Advantages are in concerted methodology and comparison of rootstocks in different sites. Rootstock breeder 
should regularly update their targets considering the changes in growers’ requirements. Orchards producing 
for fresh market: high density orchards, appropriate for hand picking. Low vigour rootstocks are predominant 
in many rootstock breeding projects of different fruit species, although the vigour range should not be 
narrowed. Semi dwarf and moderate vigorous rootstocks may also find space for application in sustainable 
systems, where the all year round grass cover and weed competition should be considered. On the other hand, 
high density stone fruit orchards are sustainable even on moderate or vigorous but precocious rootstocks 
depending on soil fertility. The climate changes increase the importance of rootstock adaptability to 
temperature extremes, cold tolerance, winter hardiness, drought tolerance, water-logging, efficient water 
utilization and adaptability to suboptimal soil conditions. The importance of pest and disease resistance or 
tolerance of rootstocks as an essential tool for integrated fruit production or sustainable systems is also 
increasing.  
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