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INTRODUCTION  

Domestic plum (Prunus domestica L.) is one of the main stone fruit species for Bulgaria. It 

is widely grown in all regions of the country and is the second after sweet cherry in areas 

occupied. According to Agrostatistics (MA) in 2021, in Bulgaria, plum ranks first in the quantity of 

fruits produced – 65 123 tons.  

Along with the wide distribution of this species, a major disease related to it is endemic in 

our country. The ‘Sharka’ disease, caused by the Plum pox virus (PPV), is among the most harmful 

and a major limiting factor for the plum production (Milusheva et al .; 2015). As there is no 

effective chemical control against viral diseases, tolerance or resistance to PPV is one of the most 

wanted characteristics in the newly bred plum cultivars and rootstocks. Due to the complex 

genetic structure of Prunus domestica L., limiting the spread of the viral particles is possible only 

through the hypersensitive reaction of the plants. So far this is the most promising way of 

resistance in plums. Using this specific reaction of the plants, the resistant cultivar 'Jojo' was 

created, and later the clonal rootstock 'Docera 6'.  

In Bulgaria, the seed generations of the species Prunus cerasifera Ehrh., which is highly 

susceptible to ‘Sharka’, are used as a standard rootstock for plums.  

P. cerasifera has very good adaptability to different soil types and exhibits satisfactory 

drought and cold resistance. P. cerasifera seeds are cheap, easy to obtain and have a good 

germination rate. The rootstostk has good compatibility with plum cultivars. The trees have 

vigorous growth and bear fruit abundantly. This is due to the strong root system and the good 

adaptability of P. cerasifera to different soil types and conditions. In Europe, however, clonal 

rootstocks are widely used, which are more suitable for intensive plum cultivation. In our country, 

there are already orchards with planting material grafted on ‘Myrobalan 29C’ and ‘Wavit’ 

rootstocks, which show good compatibility with the plum cultivars and induce different growth 

to the obtained trees. 

 The laboratory and field tests of 'Docera 6', conducted at the Fruit Growing Institute - 

Plovdiv, define it as another promising clonal rootstock in terms of its reaction to the Plum pox 

virus (Milusheva et al. 2015). The resistance of the rootstock to specific diseases is essencial, but 

it is not the main criterion for its introduction into orchards. The most important features are the 

agronomic and biological characteristics the rootstock induces in the grafted cultivar and on 

which the producers’ incomes depend. The different rootstocks significantly impact the trees' 

development, the year they start fruiting, and the quality and quantity of their fruit production. 

In some cases, the trees' resistance to biotic and abiotic stress environmental factors are also 

affected. Globally, 'Docera 6’ studies are focused mainly on its response to Plum pox virus 

infection, and field tests in fruit-bearing orchards are limited. The lack of this knowledge does not 

allow the use of the rootstock in production orchards. 
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AGRONOMIC CHARACTERISTICS AND PRODUCTION QUALITY OF THE CULTIVARS 

GRAFTED ON ‘DOCERA 6’ 

The agronomic characteristics and the production quality are of primary importance and 

are the driving force in selecting cultivar/rootstock combinations for creating new orchards. In 

our country, the field studies related to the vegetative features that ‘Docera 6’ induces in the 

grafted cultivar began in 2017 at the Fruit Growing Institute - Plovdiv. In the Institute's nursery, 

‘Docera 6’ showed good compatibility with the cultivars ‘Jojo’ and the newly introduced 

‘Topgigant Plus’, and its growth vigour is comparable to that of the rootstock ‘St. Julien’ 

(Bozhkova & Nesheva, 2017). Later, at the Institute was planted an experimental orchard with 

the scion-rootstock combinations ‘Topgigant Plus’/’Docera 6’, ‘Topgigant Plus’/P. cerasifera, 

‘Jojo’/’Docera 6’, ‘Jojo’/P. cerasifera. In the planted orchard, some vegetative manifestations of 

the young trees grafted onto ‘Docera 6’ were studied and compared to those grafted on the 

standard seedling rootstock. After the grafted trees' fifth and sixth growing seasons, it is 

noticeable that compared to the standard P. cerasifera rootstock, ‘Docera 6’ induces weaker 

growth in the vigorous growing cultivar 'Topgigant Plus'. On the other hand, for 'Jojo', non-

significant differences between the trees grafted to the two different rootstocks were observed 

(table 1). 

 

Table 1. Vegetative indicators of the studied scion-rootstock combinations 

* Means followed by different letters in the same column indicate a statistically significant difference by Duncan's 

multiple range test (p<0,05). 

The main disadvantage of the seedling P. cerasifera rootstock is the ability to form multiple 

suckers, even after their regular removal. Numerous suckers around the tree trunk are highly 

undesirable in orchards for making all agrotechnical operations difficult. The much weaker 

sucker-forming ability is a definite advantage of the ‘Docera 6’ rootstock. Figure 1 shows the 

average number of suckers formed around one tree at the end of its sixth growing season.  

Scion/rootstock 
Canopy 

volume /m3/ 
Trunk diameter 

/cm/ 
TSCA /cm2/ 

2020-2021 г. 

‘Topgigant Plus’/’Docera 6’   3,74 b* 7,55 a 45,48 a 
‘Topgigant Plus’/ P. cerasifera 5,19 a 6,84 b 37,36 b 
‘Jojo’/’Docera 6’ 3,96 b 7,53 b 44,88 a 
‘Jojo’/P. cerasifera   4,74 ab 7,61 b 46,15 a 

2021-2022 г. 

‘Topgigant Plus’/’Docera 6’ 3,89 b 8,26 а 54,94 b 
‘Topgigant Plus’/ P. cerasifera 7,72 a 7,01 b 42,91 c 
‘Jojo’/’Docera 6’ 4,65 b 9,15 а   66,23 ab 
‘Jojo’/P. cerasifera 4,72 b 9,32 а 69,36 a 
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Figure 1. Average number of suckers per tree 

 

In 2021, the 'Jojo' cv. was severely affected by spring frosts. In 2022, meagre yields were 

also reported for plum trees. This was due to unfavourable weather conditions and the lack of 

pollinators during the flowering period of the trees. The problem was registered not only on the 

territory of the Fruit Growing Institute but also throughout the country. Subsequently, an 

extreme June decline of the fruitlets was observed. Despite the low yields and the statistically 

non-significant differences, the tendency is clear that the trees of both cultivars have higher 

productivity coefficients according to the canopy volume when they are grafted on ‘Docera 6’. It 

is important to note that the canopy volume and the productivity coefficient calculated are valid 

for trees grown without applying pruning to form the crown. The only pruning applied was to 

remove dead branches and lighten the crowns to follow the natural habit of the trees. 

 

Tab. 2. Obtained yields and coefficient of productivity of the scion-rootstock combinations  

Scion/rootstock 
Average 

yield /kg/ 
2021 

Productivity 
coefficient 

yield/canopy 
volume 

Average 
yield /kg/ 

2022 

Productivity 
coefficient 

yield/canopy 
volume 

‘Topgigant Plus’/’Docera 6’ 28,64 a 7,66 34,20 а 4,43 
‘Topgigant Plus’/ P. cerasifera 25,84 a 4,98 7,00 b 2 
‘Jojo’/’Docera 6’ 13,26 b 3,35 8,89 b 1,91 
‘Jojo’/P. cerasifera 8,72 b 1,84 5,76 b 1,22 

 

The quality of the product obtained is the most important to everyone involved in fruit 

production and processing. Therefore, fruit size is one of the leading characteristics influencing 

market value and consumer preferences. Although the cultivar mainly determines the fruit 

quality, the rootstock can directly or indirectly affect it (Scalzo et al., 2005). In combination with 

the higher productivity, the fruit sizes of ‘Topgigant Plus’ cv. grafted on the tested clonal 

rootstock do not differ from those obtained from the trees grafted on P. cerasifera. However, 

there was a significant reduction in all fruit sizes for' Jojo' when the cultivar was grafted onto 
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'Docera 6'. The most likely reason for this is the higher sensitivity of the cultivar-rootstock 

combination ‘Jojo’/’Docera 6’ to drought. In the drought conditions observed in 2021, the size of 

the fruits is reduced in these trees. 

 

Tab. 3. Fruit sizes average for 2021 and 2022 

Scion/rootstock 
Average 
ripening 

date 

Height  
(mm) 

Width  
(mm) 

Thickness 
(mm) 

Average 
fruit 

weight 
(g) 

‘Topgigant Plus’/’Docera 6’ 21.08. 57,57 а 43,56 a 45,29 a 68,32 a 

‘Topgigant Plus’/ P. cerasifera 21.08. 58,44 а 44,39 a 45,66 a 71,40 a 

‘Jojo’/’Docera 6’ 30.08. 52,86 b 37,63 b 38,36 b 47,50 b 
‘Jojo’/P. cerasifera 30.08. 48,45 c 35,57 c 35,03 c 36,68 c 

 

Rootstocks sometimes affect the fruits' mineral, sugar and organic acid content. Establishing such 

differences is crucial as it may affect their commercial value and rootstock selection in orchard 

planning and establishment (Caruso et al., 1996). After analyzing the chemical content of the 

fruits in the four scion-rootstock combinations, significant differences between the two cultivars 

were found, which is entirely normal due to their genetically determined characteristics (Tables 

4 and 5). The fruits of the ‘Jojo’ cv. are distinguished by a higher total soluble solids content than 

those of the ‘Topgigant Plus’ cv. In addition, higher total sugar and lower acid content 

characterize the ‘Jojo’ cv. The slight differences between the same cultivars grafted on different 

rootstocks show us that the quality of their fruit is preserved when the scion is grafted on 'Docera 

6'. 

 

 
Pic. 1. Fruits of ‘Topgigant Plus’/’Docera 6’ 

 
          Pic. 2. Friuts of ‘Jojo’/P. cerasifera 



 
5 

 

Tab. 4. Chemical analysis of the fruits obtained in 2021. 

Cultivar 
rootstock     TSS 

Brix % 
Sugars % 

Acids % рН Total Invert Sucrose 

‘Jojo’ 
 

P. cerasifera 24,9 14,8 10,4 4,2 1,2 3,5 

‘Docera 6’ 22,7 14,8 11,8 2,9 0,9 3,3 

‘Topgigant Plus’ 
 

P. cerasifera 19,2 13,0 9,0 3,7 1,4 2,8 

‘Docera 6’ 16,2 11,5 7,9 3,4 1,2 2,9 

Tab. 5 Chemical analysis of the fruits obtained in 2022.  

Cultivar 
Rootstock TSS 

Brix % 
Sugars % 

Acids % рН Total  Invert Sucrose 

‘Jojo’ 
 

P. cerasifera 22,1 11,5 7,2 4,1 0,8 4,2 

‘Docera 6’ 22,1 14,5 10,2 4,1 0,9 4,2 

‘Topgigant Plus’ 
 

P. cerasifera 16,5 9 5,6 3,2 1,6 3,5 

‘Docera 6’ 17,1 9,2 5,7 3,3 1,2 3,6 

 

REACTION TO ABIOTIC STRESS FACTORS 

In 2021 and 2022, the flowering of plum cultivars began at the end of March. ‘Jojo’ cv. is 

among the first flowering plum cultivars in the Plovdiv region, and its phenological development 

begins earlier than ‘Topgigant plus’ cv. (pic. 1,2,3,4). Despite the significant difference in the 

phenological development of the two cultivars, no differences were observed in the flow of 

“flowering” phenophase induced by the tested rootstock ‘Docera 6’. 

The phenological development of the trees, the temperature drop and the exposure time to 

these temperatures seriously affect the damages caused by inverted spring frosts. Studies on the 

effect of spring frosts show that the P. domestica species have good cold resistance. In the region 

of Plovdiv, injuries from spring frosts to plum cultivars are not common, and the damages are 

usually not in an exceptionally high percentage. In 2021, critically low temperatures were 

recorded at 27.03 (-2.9 ℃), 28.03 (-2.8 ℃) and 11.04 (-1.2 ℃). At the end of March, 'Jojo' cv. 

grafted on both rootstocks was in the phenological stage “Bud burst: scales separated, light green 

bud sections visible” (BBCH 53), while 'Topgiant Plus' cv. was “Inflorescence buds swelling: buds 

closed, light brown scales visible” (BBCH 51). A high percentage of damage was observed on the 

reproductive flower organs only for the 'Jojo' cv. We registered frost injuries on ‘Topgigant Plus’ 

after the critical temperature drop on April 12 (table 6). For both plum cultivars, ‘Docera 6’ did 

not affect the sensitivity to spring frosts. The high percentage of frost injuries of 'Jojo' is due to 

the sensitivity of the cultivar itself, described in our previous studies.  

 

Table 6. Spring frost injuries in 2021 

Scion/rootstock  Reporting date 
Damaged 

flowers (%) 
SD  SE 

‘Topgigant Plus’/’Docera 6’ 
16.4.2021 

 12 b  5,00 2,89 

‘Topgigant Plus’/ P. cerasifera 15 b 7,02 4,06 

‘Jojo’/’Docera 6’ 
1.4.2021 

92 a 2,00 1,15 
‘Jojo’/P. cerasifera 87 a 4,36 2,52 
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Pic. 3 ‘Jojo’/’Docera 6’ 
 

Pic. 4 ‘Jojo’/P. cerasifera 

 
Pic. 5 ‘Topgigant Plus’/’Docera 6’ 

 
Pic. 6 ‘Topgigant Plus’/P. cerasifera 

 

In the conditions of intense climate changes, drought is becoming an increasingly topical 

global problem, as well as in our country. During August and September 2021, rainfall was scarce, 

resulting in low soil water content in July-September. An extended period without precipitation 

began in July 2022 and lasted until mid-October. Periods without rain resulted in a drastic 

reduction of soil water content to 0% of the field capacity. The trees of the cultivar-rootstock 

combination 'Jojo'/'Docera 6' were the first to show severe visual symptoms of drought stress in 

both years - loss of leaf turgor and wilting (Pic. 5). Due to the low atmospheric humidity combined 

with the low soil humidity, the leaves of ‘Topgigant Plus’ looked as burned (Pic. 7).  

Water saturation deficit is a physiological indicator representing the lack of water for the 

complete hydration of the tissues. The visual observations are confirmed when calculating the 

water deficiency in the leaves of the four scion-rootstock combinations with a numerical 

expression. The water saturation deficit in the leaves of the trees grafted on ‘Docera 6’ is more 

significant than the cultivars grafted on P. cerasifera. In the conditions of our country, the newly 

introduced rootstock appears to be sensitive to drought. 
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Pic. 7. Loss of turgor of the leaves of the scion-rootstock combination ‘Jojo’/’Docera 6’ and 

missing visual drought symptoms for the scion-rootstock combination ‘Jojo’/P. cerasifera 

 
Pic. 8. Symptoms of drought stress of 

‘Jojo’/’Docera 6’  

 
Pic. 9. Symptoms of drought stress of  

‘Topgigant Plus’/’Docera 6’  
 

 
Figure 2. Water saturation deficit in the leaves of the trees (%) 
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REACTION OF THE TREES TO PHYTOPATHOGENS 

‘Docera 6’ is a rootstock obtained from the breeding program of the University of Munich, 

whose main objective is the creation of suitable for stone fruit species rootstocks resistant to the 

Plum pox virus. The plants obtained from the ‘Docera’ series are interspecific hybrids between 

Prunus domestica L. and Prunus cerasifera Ehrh. However, its resistance to “sharka” is not 

absolute but is based on its hypersensitive response to the virus (Kegler et al., 2000). Until now, 

this mechanism of limiting the phytopathogen is the most promising and the only one possible 

for plum, determining some kind of resistance. According to the authors of the rootstock, when 

grafting “sharka” infected buds and cuttings, they do not develop. In the nursery of the Fruit 

Growing Institute - Plovdiv, the highest grafting rate was obtained with the ‘Jojo’ cv, but it should 

be taken into account that it is resistant to PPV. The reaction of the other cultivars grafted on 

‘Docera 6’ is interesting. On the one hand, the trees produced will be free of the virus, but on the 

other hand, if the graft is infected in the newly planted orchards, the trees will die, and only 

rootstocks will remain. 

The cultivar ‘Topgigant Plus’ is tolerant to PPV and, when infected, shows symptoms on 

the leaves, which does not lead to significant losses in yield and fruit quality. From their planting 

until the end of the growing season in 2022, typical symptoms of PPV were observed on the 

leaves of trees of the cultivar 'Topgiant Plus' grafted on both rootstocks (pic. 10). The presence 

of the virus was confirmed by a serological tests with ELISA method, conducted in an accredited 

laboratory. Some of the trees of the scion-rootstock combination 'Topgigant Plus'/'Docera 6', 

where symptoms were recorded in 2021, died at the beginning of the growing season in 2022. In 

this scion-rootstock combination, the percentage of trees dieback from their planting in 2016 to 

2022 is high - 22%. Of course, the reasons for this is not clarified for each tree and can be very 

different – PPV, drought etc. All trees from the scion-rootstock combination ‘Topgigant Plus’/P. 

cerasifera until the end of the growing season in 2022 remained vital. 

 

 
Pic. 10 Symptoms of PPV (Plum Pox Virus) on the leaves of ‘Topgigant Plus’ 
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In the experimental orchard, the attack of significant diseases that compromised plum 

production was traced, and blossom blight was the first disease recorded. The causative agent is 

the fungal phytopathogen Monilinia laxa with a conidial form Monilia laxa. Its distribution is 

favoured by cool and humid climate, especially during the flowering period. The flowers on 

infected branches look "burnt" (Pic. 11). It is transferred from the infected flowers and flower 

stem to the fruit branch, which also dies (Pic. 12). In the experimental orchard, there was non-

significant difference in the degree of attack by Monilinia laxa on the trees grafted on the two 

rootstocks. This shows us that the reaction of the cultivars grafted on ‘Docera 6’ was similar to 

the response of those grafted on P. cerasifera. 

 

 
Figure 3. Persentage of Monilinia laxa attack 

 
Pic. 11 Blossom blight  

 
Pic. 12 Infected fruit branch 

 

Symptoms of shot hole were also observed in the orchard. The typical symptoms on 

leaves are small purple dots that grow to small rounded spots (1-6 mm) with a pale brown colour. 

In young, still-growing leaves, the tissues in the middle of the spots necrotize and fall off, causing 

small round holes. On the fruits, the symptoms are similar - small rounded spots (2-3 mm in 

diameter), limited by a pale red to yellow-brown crown. As the fruit grows, the affected tissue 
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dries up, resulting in resin-filled pits. The attack by this phytopathogen on the trees grafted on 

the tested rootstock was also similar to those grafted on the standard P. cerasifera. 

 

   
Pic. 13 Symptoms of shot hole on plum leaves and fruits 

 

COMPATIBILITY OF THE ROOTSTOCK WITH THE GRAFTED CULTIVARS 

A number of biochemical and physiological analyzes were carried out within the studies 

conducted at the Fruit Growing Institute - Plovdiv. The ratio of chlorophyll a/chlorophyll b is an 

indicator of the ageing of leaf tissues and an indicator of the functional activity of the 

photosynthetic apparatus. Changes in the ratio of chlorophyll to carotenoids are an indication of 

plant stress (Hendry and Grime, 1993). Non significant differences in the content of chlorophyll 

and carotenoids were observed in all scion-rootstock combinations. The ratios of chlorophyll a/b 

and chlorophylls/carotenoids are within the normal range, which indicates that a normally 

developed photosynthetic apparatus is functioning in the studied trees. The absence of 

biochemical indicators of stress and the normal functioning photosynthetic apparatus are signs 

of the absence of manifestations of incompatibility between the rootstock and both grafted 

cultivars. 

 

SUMMARY 

After conducting detailed research and analysis, we found that the most definite 

advantage of ‘Docera 6’ is the weak sucker-forming ability. The rootstock induces weaker growth 

in the nursery, and in an orchard, the induction of weaker growth is more noticeable only for the 

vigorously growing cultivar. As with most clonal rootstocks, a disadvantage is the higher 

sensitivity to drought compared to the seed-propagated ones. In the combination of 

’Jojo’/‘Docera 6’ a severe reduction in the fruit size was observed in drought stress conditions. 

The tolerant to PPV cultivars are widely distributed for cultivation in our country. Although the 

rootstock is resistant to the PPV, this does not prevent the infection of the trees when on ‘Docera 

6’ is grafted a tolerant cultivar. Disturbing is the high percentage of suddenly dying trees. 
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Qualities of the trees grafted on ‘Docera 6’ grown in the conditions of the region of Plovdiv city 

POSITIVE NEUTRAL NEGATIVE  

 Week ablity to form 
sukcers 

 Weaker vigour, but for the 
vigorously growing 
cultivar 

 The chemical 
characteristics of the fruits 
are preserved 

 It does not affect the 
phenological development 
of the trees of the two 
studied cultivars 

 It does not affect the 
resistance of both 
cultivars to spring frosts 

 The reaction to the fungal 
phytopathogens observed 
in the orchard is 
comparable to that of the 
trees grafted on P. 
cerasifera 

 There are no biochemical 
signs of incompatibility 
between the grafted 
cultivars and the rootstock 

 

 Higher susceptibility to 
drought 

 Reduces fruit size in water 
deficit conditions 

 Does not prevent infection 
of a tolerant graft 

 High percentage of 
suddenly dying trees 
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