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Introduction 
 

Rootstock is the underground part of the plant 

that comprises the root portion, on which the 

scion wood or bud of a desirable cultivar is 

placed by the method of grafting and budding. 

As the name suggests itself, rootstock consists 

of a strong root system and is hardy. 

Rootstocks are propagated through both seeds 

or by vegetative means. The stocks which are 

prepared from seeds are called seedling 

rootstocks and later are called clonal 

rootstocks. Based on performance, clonal 

rootstocks are highly preferred than the 

seedling rootstocks but they have short life 

cycles. Before selecting the rootstock, one 

should know all the parameters of it, as well 

as the area where it is going to be cultivated. 

For temperate fruit crops, such rootstocks 

should be evaluated which have a higher 

ability to withstand the cold temperature in 

winters. Different rootstocks possess diverse 

properties such as resistance to cold, drought, 

salinity, pests & diseases, etc., and impart the 

effects like tree vigor, precocity, and fruit size 

on the scion cultivars.  

 

In addition to these properties, a rootstock 

must be compatible with the scion varieties 

and for this purpose; mostly the plants of the 
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Susceptibility to biotic and abiotic factors is the major concern in the temperate fruit crops 

which leads to the reduction in yield, poor quality of fruits, and sometimes the 

unproductiveness and death of the entire tree. Therefore, using suitable rootstocks for 

propagation plays a key role in enhancing the longevity of the orchard and help in fetching 

beautiful market price. In Temperate areas, winters are more severe as compared with the 

summers so, the evaluation of such rootstocks which are tolerant to cold and have higher 

chilling requirements is the most important prospect besides other known issues. The 

efficacy of a fruit orchard can be enhanced by combining two different plant parts of 

interest using budding and grafting some desirable characters for which a rootstock is 

being exploited are precocity, proliferate bearing, size control, and resistance against 

unfavorable conditions. Also, it exhibits some other effects on the scion cultivars in terms 

of performance. This review has focused only on some important fruit crops and describes 

the selection and evaluation of important rootstocks to increase the productivity of 

temperate fruit crops. 
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same family are used as rootstocks. 

Evaluation for desired traits starts from the 

nursery and the plants with the appropriate 

characters are selected and multiplied for 

rootstocks. However, some wild rootstocks 

also consist of some major qualities like 

hardiness and used for grafting purposes. The 

temperate fruit crops, for which the rootstocks 

are used are apple, pear, plum, peach, apricot, 

cherry, walnut, etc. 

 

Evaluation of rootstocks of important 

temperate fruit crops based on resistance, 

yield, and other quality parameters 

 

Apple rootstocks 

 

Among all the temperate fruit crops, apple is 

most important and proved as a cash crop for 

the temperate fruit growers. Several 

rootstocks have been selected and bred so far 

by the apple rootstock breeding program at 

HRI, East Malling but they are not always 

satisfying the needs of the modern apple 

growers and are not adaptable for every 

region (Webster, 1992). Therefore, the need 

for developing and identifying potential 

rootstocks is always there. Quamme and 

Brownlee (1996) conducted three studies to 

identify the rootstocks with cold hardiness 

and observed the minimum survival 

temperature (MST) of the rootstocks in terms 

of browning of xylem and phloem. The roots 

of the plants were frozen with 1˚C 

temperature/hour to check the cold resistance. 

In the first study, the MST of M26 (-10.0˚C) 

was observed lower followed by MM106 (-

7.2˚C) and M7 (-6.7˚C) budded with Golden 

Delicious and Heyer12. In the second study, 

Summerland McIntosh variety was used as 

scion and the average MST of P.2 (-13.3˚C) 

and Ottawa 3I (-13.2˚C) was significantly 

lower followed by B9 (12.3˚C), Jork 9 (-

11.8˚C), Alnorp 2 (-11.2˚C) than the M9 (-

9.6˚C) and M7 (-7.6˚C). In another study, 

Robusta 5 exhibits great hardiness than M7, 

M26, and B9 on the Summerland McIntosh 

variety. Comparing the cold hardiness among 

the Malling series, (M7,9.26,104 and 106), 

M26 reported more tolerant against cold 

temperature under snow cover whereas, M7 

was least tolerant (-7.6) and get killed 

(Wildung et al., 1973). Among the Geneva 

series (Moran et al., 2011), the cold hardiness 

of root tissues in Geneva 935 is reported 

more, whereas the G11, G30, G41 are equal 

hardy to M26. The selection of new dwarfing 

rootstocks with high tolerance to cold 

temperature has been made by various 

rootstock breeding programs in the USA 

(Cummins and Aldwinckle, 1983), Poland 

(Zagaja, 1980), Sweden (Trajkovski and 

Andersson, 1988), and Canada (Gragner et 

al., 1992). 

 

Tolerance against drought condition is a 

desirable trait, imparted by the gene 

MdDREB76 which encodes a functional 

transcription factor. Drought tolerance in the 

rootstock is determined by the root dry mass 

(Christopher J. Atkinson et al., 1998). Out of 

all M and MM series rootstocks, M9 was 

found to have higher numbers of coarse roots. 

Whereas, among the new selection from HRI-

East Malling (AR69-7, AR295-6, AR360-19, 

AR486-1, and AR628-2), dwarfing rootstock 

AR295-6 produces the most course roots 

which are three times or more than that of the 

M9. Similarly, the large numbers of fine roots 

are also found in dwarfing clone AR295-6. 

Because of the higher root mass, the plant can 

absorb more water and can withstand the 

drought conditions. 

 

Tolerance to salt in apple is also controlled by 

the same gene MdDRE76. Motosugi et al., 

(1987) compared the salt tolerance between 9 

rootstocks of apple (Malusprunifolia, M4, 

M7, M9, M11, M16, M26, M27, and 

MM106), out of which M4 and M11 were 

severely affected by salt injury whereas, M26 

was least affected. Between two In-vitro 
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cultured rootstocks MM106 and Omara 

(Abdel-Hussein, 2003), MM106 was found 

most tolerant to salinity condition. Since 

wooly apple aphid infestation is a major 

problem in apple, all the rootstocks of 

Malling series of apple are susceptible to the 

wooly apple aphid whereas, all the MM series 

are resistant to it but MM 106 is very 

sensitive for the phytophthora infestation 

which causes the collar rot. Dwarfing 

rootstocks (Nicole L. Russo et al., 2007) 

Geneva® 935, G41, G11, and B.9 are 

resistant to fire blight and phytophthora root 

rot with increased yield efficiency. Similarly, 

rootstocks M9, EMLA, Mark, Bud 118, and 

Bud 9 are also reported resistant to 

Phytophthoracactorum. 

 

Pear rootstocks 

 

Unlike apple, rootstocks for pear have not 

been developed in numbers because of the 

less adaptability. It is still grafted on the 

rootstocks (Bartlett, Anjou, etc.), which are of 

seedling origin resulting in extreme vigor, 

long juvenile phase, and variable yields. 

There are several other species of Pyrus 

which are used as rootstocks such as 

Pyruspyrifolia, Pyruspashia, P. betulifolia, P. 

calleryana, P. ussuriensis (Webster, 1997) 

but they impart in vigorous growth on scion 

variety, therefore, are not very popular. 

Among the seedling rootstocks, P. betulifolia 

is tolerant to salinity (Okubo et al., 2000) and 

can grow better even in the soils with a higher 

concentration of NaCl (50 mM). A clonal 

rootstock Quince (Cydonia oblonga Mill.) is 

the popular rootstock for pear which imparts 

the dwarfness and precocity but there is the 

problem of poor graft compatibility. To 

overcome this problem, some interstocks 

which are graft compatible (e.g. Beurrè 

Hardy) should be used. Also, Quince is very 

sensitive to cold & alkaline pH and has very 

poor anchorage with soil as compared to the 

seedling rootstocks. Various dwarfing clones 

of Quince rootstocks have been developed 

such as Quince A, Quince C (HRI, East 

Malling), BA29, Sydo (INRA, France), 

Adams 332 (Belgium), and CtS.212, (Pisa, 

Italy). Quince C is more dwarfing (10-20%) 

than Quince A. In the nurseries as well as 

orchards, Sedo performs better than the 

Quince A whereas, Adams 332 is preferred 

more by the nurserymen. Rootstock CtS.212 

has found more tolerant of the soils with high 

pH (Loreti et al., 1997). A new dwarfing 

rootstock 193-16 selected from East Malling, 

in combination with scion gives rise to fruits 

with large size and also imparts the precocity 

(Browning and Watkins, 1991). The 

rootstocks of the OHF series are most popular 

(Brooks, 1984) but the problem lies with them 

is large tree vigor, due to which they are not 

preferred for high-density orcharding. 

However, OHF 333 and OHF 59 are less 

vigorous than the other clonal rootstocks of 

the OHF series. OHF 87 is reported high 

yielding and is resistant to fire blight (Erwinia 

amylovora) and tolerant to pear decline. 

 

Peach and Nectarine Rootstocks 

 

Traditionally, Peaches and nectarines were 

mostly grafted on their seedlings but these 

rootstocks have several problems like late 

bearing, variability, vigorous growth, etc. 

Peaches are very prone to nematode attacks 

and are severely affected by several soil 

nematodes such as Meloidogyne spp., 

Pratylenchus spp., Xiphinema americanum, 

and many soil-borne pathogens like 

Phytophthora spp., Armillaria spp., 

Verticillium spp., Agrobacterium tumefaciens, 

etc. So, the major focus is on producing the 

rootstocks which are resistant to these pests. 

Rootstocks such as Nemaguard, Nemared, 

Flordaguard, and Guardian have been 

reported resistant to most of the species of 

root-knot nematode. Similarly, the tolerant 

rootstocks (Alcaniz et al., 1996) to lesion 

nematode (Pratylenchus penetrans and P. 
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vulnus) and Xiphinema americanum have also 

been reported from different countries namely 

Rubira (French), Penta, Tetra (Italian), and 

Torinel (Spanish). Apart from sensitivity to 

nematodes, peaches are also non-adaptable to 

heavy soils with poor drainage and the 

calcareous soils. Therefore, the hybrid 

rootstocks from various places have been 

developed and proved tolerant of calcareous 

soils. These hybrid rootstocks are namely 

Barrier 1, Sirio (Italian), Julier, Paramount, 

Jasper, Cadaman (French), T 16 (Romanian), 

and Spanish rootstocks Montizo, Adarcias, 

and Adesoto 101 (Moreno et al., 1995). 

Hybrids between the peach and almond (P. 

dulcis) such as Monegro, Pema, Paramount, 

Garnem, and peach × P. davidiana namely 

Barrier 1, PeDa, and Cadman have been 

reported drought tolerant. Similarly, Everica 

99, VVA-1, Kuban 86, and VSV-1 (Krymsk 

Fruit Research Station, Western Russia) are 

the 4 new rootstocks that have been found 

cold hardy. Besides these, Tetra, Rubira, P.S. 

A5, Everica, and Junior are mildly dwarfing 

rootstocks. 

 

Plum rootstocks 

 

Unlike other fruit crops, a few clonal 

rootstocks have been developed for plum and 

most of the plum varieties are grown on the 

seedlings of Myrobalan (P. cerasifera), 

whereas the clonal selections from St. Julien 

are most popular in UK, Scandinavia, and 

Holland. Plum pox virus is a serious disease 

in plum which results in great yield loss. 

Hybrid Myrobalan 29C (Almond x peach) 

and L2 cherry are reported resistant to plum 

pox virus and do not show any symptoms of 

virus infection (Manuel Rubio et al., 2005). 

Rootstock Mr. S. 2/5 has found tolerant to 

waterlogging condition and alkaline soils, 

whereas the clonal rootstock ISG 1/5 has 

reported tolerant to lime induced chlorosis 

(Cinelli and Loreti, 2002). Some new 

selections such as Mariana GF 8/2, Mariana 

8-6 (Maridon), Mariana 2624, Myrabi, Adara, 

Myrobalan 29C, etc. are however vigorous 

but show resistance against some specific soil 

problems. Whereas, Pixy, Maridon, and 

Ferlenain are dwarfing rootstocks and are 

suitable for HDP (Webster and Werthein, 

1993). 

 

Apricot Rootstocks 
 

Apricot (Prunus armeniaca L.) is grown 

worldwide and grafted mostly on the seedling 

rootstocks. Most of the seedling rootstocks 

used for apricot belongs to the same species. 

Seedlings of peach are also used as rootstocks 

for apricots but are not much popular. Many 

apricot varieties are also grafted on 

Myrobalan seedling rootstock and its clones 

(Myrobalan B, Myrobalan 29C) throughout 

the apricot producing areas. Rootstocks such 

as Mariana GF 8-1, Greengage CD-4 and 

Damas1869 are reported to give higher yields 

in combination with scion varieties 

(Dimitrova, 2003). The rootstock Mariana GF 

8-1 also contributes to increasing the 

longevity of the tree. A Spanish rootstock 

Pollizo prune (Prunusinstitia L.) has been 

found resistant to the flooding condition on 

the Mediterranean coast of Spain (Rafael 

Domingo et al., 2002). Viruela is a serious 

viral disease of apricot in Spain which is 

caused by the Apple Chlorotic Leaf Spot 

Virus (ACLSV). Studies have been reported 

that two rootstock selections namely GF305 

peach and Real Fino apricot seedlings are 

resistant to ACLSV and did not show any 

symptom of disease on the leaves (Ibarra et 

al., 2010). 

 

Cherry rootstocks 
 

There are two species of cultivated cherries 

i.e. sweet cherry (Prunus avium) and sour 

cherry (Prunus cerasus) which are grown all 

over the world. Sweet cherries are mostly 

used for fresh consumption, whereas the tart 
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or sour cherries are utilized mainly for 

processing purposes. Sweet cherries are 

grafted on the rootstocks of their species but 

impart vigorous growth therefore, are not 

suitable for high-density planting. Two 

rootstocks Mazzard (wild sweet cherry) and 

P. mahaleb (St Lucie) are the most popular 

rootstocks of cherry but they also don't 

contribute to size control. Four clonal 

rootstocks Z1, PN, P3, and P7 (Lanauskas et 

al., 2004) for sweet cherry (Vytenu rozine) 

were evaluated for yield and other field 

parameters at the Lithuanian Institute of 

Horticulture. Among all 4 rootstocks, P3 

resulted in highest productivity, whereas the 

lowest was recovered from the Z1 and P7. 

However, PN rootstock gave average 

productivity but did not produce suckers, 

whereas the P3 showed profuse suckering. 

Colt is a very popular and old rootstock 

originated in Kent, England, and is a hybrid 

between P. avium F 299/2 x P. pseudocerasus 

L. It is semi vigorous, resistant to 

Phytophthora root rot, field stem pitting, and 

is compatible with almost all the varieties of 

sweet and sour cherry. Among Colt, Stockton 

Morello (SM), and SL-64 (Toribioet al., 

1997), SM is reported to give higher yield and 

produces small trees and the lower yield is 

recovered from SL-64. Semi-dwarf rootstocks 

of cherry (e.g. Maxma-14, Colt) induce the 

precocity but their branches form the blind 

wood very easily. A large number of dwarfing 

rootstocks have also been identified, 

including mainly the Edabriz and Weiroot 

series which are mostly the selections from 

the species of sour cherries or some closely 

related species. 

 

It is concluded from the above study that most 

of the varieties of fruit crops are grafted on 

the seedling rootstocks except apple which is 

largely propagated through the clonal 

rootstocks. Being the members of a single-

family, similar rootstocks are also used for 

some stone fruits. Every rootstock consists of 

specific traits and has certain advantages and 

disadvantages. It has been noted that every 

rootstock is not adaptable to all the temperate 

areas because of the variability in soil. 

Therefore, there is further need for developing 

such potential rootstocks which could be 

adapted in almost all the temperate fruit 

growing belts to sustain the quality of fruits. 
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