
 
BREEDING ASSESSMENT OF PLUM HYBRIDS 

 
Valentina BOZHKOVA 

 
Fruit-Growing Institute - Plovdiv, 12, Ostromila, 4004 Plovdiv, Bulgaria 
Phone: +359 32 692349, Fax: +359 32 670808, Email: vbozkova@abv.bg 

 
Corresponding author email: vbozkova@abv.bg 

 
Abstract 
 
Breeding evaluation of 20 plum hybrids from three different populations was carried out in the period 2010 - 2012. 
The scoring was made on the base of leaves and fruits visual observation for Sharka symptoms as well as on the 
biometric and chemical analyses of the fruits. Summarizing all data and comparing with the standard ‘Stanley’ three 
hybrids were selected for the next step of the breeding programme.  
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INTRODUCTION 
 
Plum is one of the major fruit species grown in 
Bulgaria, but cultivar diversity in the plum 
orchards is not quite rich. The most spread 
cultivar is ‘Stanley’, mainly because of its 
tolerance to Plum pox virus and its ecological 
plasticity. 
Due to the endemic character of Plum pox virus 
/PPV/ the major aim of Bulgarian plum 
breeding programme is the establishment of 
new cultivars resistant or tolerant to Sharka 
disease (Iliev, 1990; Iliev and Stoev, 2001). 
Plum breeding programme at Fruit Growing 
Institute – Plovdiv started in 1987 (Zhivondov 
and Djouvinov, 2001).The main objectives of 
this programme is the development of new 
plum cultivars resistant or tolerant to Plum pox 
virus (PPV), combined with good fruit quality 
and yield. In the beginning for obtaining of rich 
hybrid populations was used both methods - 
controlled crosses and open pollination of 
tolerant cultivars (Zhivondov and Djouvinov, 
2001). New programme started in 2008 is 
based only on controlled crosses, using donors 
of resistance. One important step of the 
breeding process is assessment of hybrid 
individuals for scoring the best ones for further 
investigations. 
 
MATERIALS AND METHODS 
 
Breeding is continual improvement process so 
every year new hybrid individuals are under 

evaluation. This study was carried out in the 
period 2010 - 2012 and included 20 hybrids 
from three different populations. All 
investigated individuals were planted in 2005 
in the breeding orchard at a distance 4 x1m. 
Hybrids 1-37, 1-42 and 1-53 were selected 
from a population obtained by open pollination 
of ‘Stanley’, hybrids 2-95,  2-100 and 2-111 
from open pollination of ‘Ruth Gerstetter’, 
hybrids 1-9, 1-13 and 1-14 from cross 
‘Althan’s gag’ x ‘Sineva’ and other 11 from 
open pollination of ‘Althan’s gage’, which fruit 
stones were irradiated with X-rays.  
This method aims to cause mutations and was 
applied by plum breeder Pencho Iliev, who 
delivered us the irradiated fruit stones. This 
observation presented data about the PPV 
symptoms on leaves and fruits, biometric 
analyses of the fruits, time of ripening, and fruit 
chemical composition.  
The Sharka symptoms on the leaves and on the 
fruits were estimated visually by the following 
five grade scale (Milusheva et al., 2012): 0 - no 
symptoms; 1 - very mild symptoms - up to 3 
little spots on the leaf; spots on the fruit skin; 2 
- medium symptoms - spots cover up to 1/2 of 
the leaf and 1 pox on the fruit; 3 - severe 
symptoms - spots cover up to 3/4 of the leaf; 
poxes on the fruits, prematurely fruit dropping; 
4 - very severe symptoms - spots cover more 
than 3/4 of the leaf; poxes and internal fruit 
damages, prematurely fruit dropping. 
Biometric analysis was performed using 
sample of 30 fruits per each hybrid. Data for 
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fruit chemical composition is one-year and is 
tentative for fruit quality.  
The dry matter of fruits was determined by 
Brix, sugars by the method of Schoorl - 
Regenbogen, the content of acids defined 
titrimetrically, active acidity (pH) - 
potentiometrically. On the base of the results 
were selected perspective hybrids for further 
investigations.  
The data of fruit and stone mass were 
statistically analyzed by Duncan’s test (Steele 
and Torrie, 1980). 
 
RESULTS AND DISCUSSIONS 
 
Summarized results of plum hybrids for PPV 
symptoms of leave and fruit for three 
consecutive years are presented in Table 1. 
Three of hybrids 1-53 (Figure 1), 1-75 (Figure 
3) and 1-99 (Figure 4) do not show PPV 
symptoms on leaves and fruits. Very good 
results were obtained and after artificial 
inoculation with PPV-M strain of Hybrid 1-53. 
The symptoms on leaves are very mild (Figure 
2). Six hybrids demonstrated mild typical PPV 
symptoms on leaves, two – mild to medium, 
nine – medium and one medium to severe. Only 
on fruits of two hybrids were observed 
symptoms. Medium symptoms like spot on fruit 
skin or single rings were observed on fruits of 
Hybrid 1-9, resulted by cross Althan's gage x 
Sineva and mild symptoms of flesh browning on 
fruits of Hybrid 1-69 (OP of Althan’s gage). 
Results from PPV screening are the most 
important base to discard or to select the 
individuals for the next step of the breeding 
programme.  
Concerning ripening season very attractive are 
hybrids with early and late ripening  
period. Three of hybrids - 1-37 (OP of 
‘Stanley’), 2-100 (OP of ‘Ruth Gerstetter’) and 
1-14 (‘Althan’s gage’ x ‘Sineva’) ripen in July 
(Table 2).Two of hybrids 1-83 and 1-99 both 
resulted from open pollination of ‘Althan’s 
gage’ plus X-rays, ripen late for Plovdiv region 
- in September. The other hybrids ripen 
predominantly during the first half of August. 
According Vitanov (1977) this property is 
inherited intermediately and more diversity can 
be obtained when the distinguish of ripening 
periods between parental cultivars is small. We 
obtained some idea about this assertion using 

as a model family of ‘Althan’s gage’ x 
‘Sineva’, but the number of hybrids is limited. 
For the other hybrids it is not possible to 
calculate this trend because they are resulted by 
open pollination and just one of the parental 
cultivars is known. As regards the preference of 
the consumers, monitoring of the market shows 
that early and late ripening plum cultivars get 
higher price, because in August there are rich 
abundance of fruits. It means that a new 
cultivar with ripening period in August have to 
surpass the ‘Stanley’ by quality, resistance to 
Sharka and yield to be attractive for the 
Bulgarian fruit producers.  
Biometric analysis of the fruit shows that the 
Hybrids 1-53 and 1-80 have the biggest fruit 
dimensions - length, width and thickness 
(Table 2).  
 

Table 1. Observation for PPV symptoms 

 
The fruit mass of the Hybrid 1-81 is 71.90 g or 
it is exceeded the standard ‘Stanley’ with 27.32 
g. Other two Hybrids 1-53 and 1-80 have fruit 
mass over 60 g and also surpass the standard 
which is proved statistically. Group of hybrids 
originated from OP of Althan’s gage 
demonstrates the biggest differences of fruit 

Hybrid/
Cultivar Origin PPV symtoms 

leaf fruit 
Stanley Agen x Grand Duke  medim to severe no 

1-37 OP Stanley medium no 

1-42 OP Stanley mild to medium no 

1-53 OP Stanley no no 

2-95 OP Ruth Gerstetter mild no 

2-100 OP Ruth Gerstetter mild no 

2-111 OP Ruth Gerstetter mild to medium no 

1-9 Althan's gage x Sineva mild medium 

1-13 Althan's gage x Sineva medium no 

1-14 Althan's gage x Sineva medium no 

1-69 OP Althan's gage mild mild 

1-75 OP Althan's gage no no 

1-76 OP Althan's gage medium no 

1-80 OP Althan's gage medium no 

1-81 OP Althan's gage medium no 

1-83 OP Althan's gage mild no 

1-90 OP Althan's gage medium no 

1-97 OP Althan's gage mild no 

1-99 OP Althan's gage no no 

1-110 OP Althan's gage medium no 

2-6 OP Althan's gage medium no 
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mass in comparing of the others. All 
investigated hybrids have smaller fruit stones 
compared to ‘Stanley’ and it is very suitable 
both for fresh consummation and process. 

According fruit biometric analyses the most 
attractive are Hybrids 1-53, 1-76, 1-80, 1-81 
and 1-99. 

 
Table 2. Biometric data for plum hybrids (2010-2012) 

*Means followed by the same letter do not differ at 5% of significance; Duncan’s multiple range test

For tentative evaluation of fruit quality was 
applied chemical analyses of fruits.  
According Dzhuvinov et al. (2012), dry 
matter of fruits of different plum cultivars 
varies between 14 to 26%. In our 
investigation five among analyzed hybrids 
have dry matter over 20%. Hybrid 1-14 shows 
26.8%, which is close to upper value for plum 
fruits (Figure 5). Other hybrids with high dry 
matter are 1- 53, 1-9, 1-99 and 2-6. It is 
known that dry matter content closely 
corresponding with total sugar of the fruits, 
but there are exceptions. Such exception is 
Hybrid 2-6- with 20.3% dry matter but 8.28% 
total sugar. Hybrid 1-14 shows the highest 
content of total sugar - 14.28%. Compared to 
‘Stanley’ eight hybrids have higher dry matter 
content but only six higher sugar content. For 

the fruit taste is important specific 
combination of sugar and acids. Acids give a 
sense of freshness to consumers. Generally 
plum fruits content low to moderate acids - 
between 0.38 to 1.30% (Dzhuvinov et al., 
2012). The fruits of standard ‘Stanley’ contain 
low acids. Within group of investigated 
hybrids three are with low acids content – 
Hybrids 1-83, 1-97 and 1-53. Fruits of Hybrid 
2-100 show high acids content - 1.37%, which 
surpass the standard almost 4 times but no 
difference was founded of fruit’s pH. Plum 
fruits are with pH from 2.5 to 4.5 but 
nevertheless they are known as a low acid 
food (data of www.pickyourown.org).  
The pH of the investigated hybrids is in the 
range of 2.98 to 3.95. 

Hybrid/ 
Cultivar 

Origin Date of 
ripening 

Fruit 
lengh 
(mm) 

width 
(mm) 

thickness 
(mm) 

fruit mass* 
(g) 

stone mass*
 (g) 

Stanley Agen x Grand Duke 07.09. 53.10 37.59 39.56 44.58 c 2.4 a 

1-37 OP Stanley 19.07. 37.88 36.90 37.52 32.01 f 1.27 d 

1-42 OP Stanley 09.08. 49.39 39.17 42.53 46.70 c 1.69 b 

1-53 OP Stanley 20.08. 51.49 45.46 48.06 63.62 b 1.72 b 

2-95 OP Ruth Gerstetter 10.08. 46.95 38.25 40.82 45.2 c 1.41 c 

2-100 OP Ruth Gerstetter 25.07. 44.63 31.76 34.314 27.14 f 1.24 d 

2-111 OP Ruth Gerstetter 10.08. 47.36 38.50 40.53 45.02 c 1.68 b 

1-9 Althan's gage x Sineva 20.08. 38.86 34.83 35.13 29.11 f 1.23 d 

1-13 Althan's gage x Sineva 10.08. 35.39 33.13 35.66 25.28 g 1.34 d 

1-14 Althan's gage x Sineva 25.07. 39.05 34.72 37.75 30.61 f 1.48 c 

1-69 OP Althan's gage 05.08. 39.36 32.63 35.09 27.98 f 1.55 c 

1-75 OP Althan's gage 09.08. 44.88 40.46 39.19 42.90 d 1.43 c 

1-76 OP Althan's gage 09.08. 47.36 40.07 41.79 47.61 c 1.56 c 

1-80 OP Althan's gage 09.08. 48.62 45.12 45.30 60.44 b 1.95 a 

1-81 OP Althan's gage 09.08. 60.88 44.29 48.88 71.90 a 2.17 a 

1-83 OP Althan's gage 01.09. 36.84 36.76 36.53 31.47 f 1.06 e 

1-90 OP Althan's gage 10.08. 42.27 35.74 37.73 35.08 e 1.25 d 

1-97 OP Althan's gage 10.08. 45.46 36.93 37.31 37.34 e 1.51 c 

1-99 OP Althan's gage 12.09. 42.62 43.57 41.60 48.59 c 1.52 c 

1-110 OP Althan's gage 10.08. 41.83 36.99 38.04 34.94 e 1.78 b 

2-6 OP Althan's gage 19.08. 39.73 30.73 34.76 25.96 g 1.0 e 
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Table 3. Chemical composition of plum hybrids 
Hybrid/ 
Cultivar Origin  Dry matter/

Brix 
Sugars % 

Acids %  
Total Invert sucrose 

Stanley Agen x Grand Duke 18.2 12.44 6.06 6.06 0.37 3.5 
1--37 OP Stanley 15.1 9.82 5.86 3.76 0.66 3.3 
1--42 OP Stanley 17.5 10.52 6.4 3.91 0.73 3.7 
1--53 OP Stanley 22.0 13.18 8.98 3.99 0.31 3.9 
2--95 OP Ruth Gerstetter 19 12.58 8.14 4.21 0.56 3.7 
2--100  OP Ruth Gerstetter 17.4 9.18 5.8 3.21 1.37 3.1 
2--111 OP Ruth Gerstetter 19.5 13.18 9.4 3.59 0.37 3.6 
1--9 Althan's gage x Sineva 21.8 9.88 6.68 3.04 0.57 3.5 

1--13 Althan's gage x Sineva 18.8 11.08 9.32 1.67 0.69 3.3 
1--14 Althan's gage x Sineva 26.8 14.28 12.06 2.10 0.76 3.5 
1--69 OP Althan's gage 19.5 13.18 6.2 6.63 0.40 3.6 
1--75 OP Althan's gage 16.6 10.8 7.92 2.73 0.50 2.9 
1--76 OP Althan's gage 14.8 10.24 4.3 5.64 0.56 3.3 
1--80 OP Althan's gage 14.4 8.42 6.68 1.65 0.38 3.6 
1--81 OP Althan's gage 16.9 12.66 7.64 4.77 0.38 3.8 
1--83 OP Althan's gage 15.9 10.8 6.48 4.10 024 3.6 
1--90 OP Althan's gage 15.6 10.02 8.76 1.19 0.38 3.3 
1--97 OP Althan's gage 17.5 11.52 7.78 3.55 0.24 3.5 
1--99 OP Althan's gage 20.1 11.6 8.56 2.88 0.50 3.6 
1-110 OP Althan's gage 15.3 9.04 6.96 1.97 0.66 3.0 
2--6 OP Althan's gage 20.3 8.28 5.52 2.62 0.53 3.4 

CONCLUSIONS 
 
Summarizing all data and comparing with the 
standard ‘Stanley’ after breeding scoring of 
20 plum hybrid individuals from three 
populations, as perspective for next step of 
the breeding programme were scored 1-53 
(no. PPV symptoms, big fruit, good chemical 
composition); 1-99 (no. PPV symptoms, good 
fruit size, good chemical composition) and 
partially 1-75 (no. PPV symptoms and good 
fruit size). 
 

 
Figure 1. Hybrid 1-53 

 

 
Figure 2. Reaction of Hybrid 1-53 after 
artificial inoculation with PPV-M strain 

 

 
Figure 3. Hybrid 1-75 
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Figure 4. Hybrid 1-99 

 

 
Figure 5. Hybrid 1-14 
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