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Abstract       At the University of Craiova (SCDP Valcea) a program for apple 
breeding program has been initiated since 2007, in order to obtain genotypes 
of columnar or standard type, productive, with superior quality of fruits and 
resistance to scab.  

The 12 elite obtained are distinguished by their agro-biological, 
morphological and anatomical characteristics.The columnar genotypes are 
different from the standard ones by the growth mode of the annual branches, 
by the ratio between the wood and bark from these, by the distance between 
buds and branches diameter under the terminal bud. Differences are recorded 
Between the two groups of genotypes in terms of their anatomical structure 
(size of wood vessels, of liber ones, size of medullary rays, etc). 
There is a high variability regarding the morph-anatomical characteristics 
studied within the same group genotypes, be it columnar, or standard, due to 
the phenomenon of heterozygosity (different sexual combinations).   
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The group of apple cultivars of standard type 

and columnar type are differentiated among themselves 

from the phenotypic point of view, especially with 

regards to breeding, formation of branches and  

flowering buds, fruit production, their quality, etc. 

(1;3;4;5). 

 The trend of creating new cultivars at 

worldwide level is to obtain new genotypes of 

columnar type, having a a reduced vigor and a high 

yield potential.  

The major issues that are of interest at these 

genotypes are represented by improving fruit quality 

and increasing resistance to certain diseases. (2;6).  

At the University of Craiova (SCDP Valcea), 

a program for obtaining new cultivars, either of 

standard type, or columnar type, having similar 

characteristics to those of the most valuable cultivars in 

Romania has been initiated. 

In this paper we intend to highlight some of 

the morpho - anatomical characteristics between 

columnar and standard type genotypes, obtained in the 

period 2007-2013.  

 

Work Materials and Methods  

 
The researches were conducted during 2012 - 

2014 and included a columnar cultivar, Wijcick and 

two standard cultivars, Florina and Granny Smith. 

These have been compared with 4 hybrids and 

mutations of the columnar type (H–1–16-2007; H-1-6-

2007; M21-R4-2007; M30-R4-2007) and 8 hybrids and 

mutation of standard type (H-2-4-2005; H-1-11-2007; 

H-1-3-2005; H-9-3-2006; M25-R4-2007; M8-9-2006; 

M27-R4-2007; M18-R4-2007). 

Observations and measurements carried out 

referred to 10 morphological characters (branch cross-

section area, cross-section wood area of the branch, 

cross-section bark area, etc.) and 4 anatomical 

characters (wood vessel diameter, medullary rays 

diameter, the distance between the medullary rays and 

diameter of liber cells group). 

 The elements of the anatomic structure have 

been highlighted using optical microscope MC5. 

 
Results and Discussions 

 
 The annual branches are differentiated in the 

case of the two groups of genotypes. The average 

cross-section area of (16.0 mm
2
). 

 Nevertheless, a high variability may be noted 

at both groups. At the columnar genotypes, the annual 

growth obtained in lower light conditions have the 

tendency to stretching and growing thinner (Table 1).  

The area occupied by wood in the branches is 

higher at columnar genotypes (16.5 mm
2
) and smaller 

at the standard type (9.3 mm
2
).  

Significant differences are recorded as regards 

the area covered by bark. 
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Table 1 

Ratio bark-wood at annual branches from genotypes of standard type and columnar type in apple 

No. Specification 

 

Branch 

cross-

section 

area 

     (mm
2
) 

 

Wood 

cross-

section area 

 

(mm
2
) 

 

Bark 

cross-

section 

area 

 

(mm
2
) 

 

 

 

Percentage  

of wood 

cross-

section 

area 

        (%) 

 

Percentage  

of bark 

cross-

section 

area 

 (%) 

 

  Ratio  

wood / bark 

Diameter 

of branch 

of less 

than one 

year 

under the 

terminal 

bud 

(mm) 

1 Wijcick 

(columnar) 

31.5 20.7 10.8 65.7 34.3 1.9 6,7 

2 H-1-16-2007 

(columnar) 

20.9 11.7 9.2 56.0 44.0 1.3 6,1 

3 M21-R4-2007 

(columnar) 

14.1 7.9 6.2 56.2 43.8 1.3 4,4 

4 H-1-6-2007 

(columnar) 

43.0 24.4 18.6 56.8 43.1 1.3 8,0 

5 M30-R4-2007 

(columnar) 

29.2 17.8 11.4 61.3 38.7 1.6 6,2 

AVERAGE 27,7 16.5 11.2 59.2 40.8 1.5 6.3 

6 FLORINA 

(mt) 

(standard) 

14.1 8.6 5.5 61.2 38.8 1.5 3,3 

7 Granny Smith 

(standard) 

14.8 7.9 6.9 53.3 46.7 1.1 3,2 

8 M25-R4-2007 

(standard) 

33.1 17.4 15.7 52.6 47.4 1.1 4,7 

9 M-8-9-2006 

(standard) 

12.3 8.0 4.3 65.0 35.0 1.8 3,6 

10 H-2-4-2005 

(standard) 

9.1 6.1 3.0 67.8 32.2 2.1 4,5 

11 H-1-11-2007 

(standard) 

12.6 9.1 3.5 72.2 27.8 3.0 4,0 

12 H-9-3-2006 

(standard) 

15.9 8.0 7.9 50.6 49.4 1.0 4,8 

13 H-1-3-2005 

(standard) 

13.8 7.1 6.7 52.7 47.3 1.1 4,4 

14 M27-R4-2007 

(standard) 

18.1 12.6 5.5 69.5 30.5 2.2 4,9 

15 M18-R4-2007 

(standard) 

15.9 8.0 7.9 50.6 49.4 1.0 4,6 

AVERAGE 16,0 9.3 6.7 59.7 40.4 1.6 4.2 

 

At the columnar genotypes, the area of bark is 

11.2 mm
2
,
 
while at standard ones, it is 6.7 mm

2
. 

 As percentage, the wood area is very close for 

the two groups, respectively 59.2% and 59.7%. In case 

of the percentage occupied by the bark area, the 

differences are very small between the groups (40.8% 

and 40.4%).  

This data shows that regardless of the branch 

thickness, both groups of genotypes achieved similar 

percentages of wood and bark. Larger differences are 

found between genotypes within the same group.  

The ratio wood - bark at annual branches for 

columnar genotypes is  of 1.5 and for standard ones 

1.6. 

Significant differences can be found between 

the two groups in terms of branch diameters for those 

of 1 year, immediately below the terminal bud.  

The branches from columnar genotypes obtain 

an average diameter of 6.3 mm as compared to those of 

standard type that obtain only 4.2 mm. These are in 

direct correlation with the branch cross-section area of 

1 year. 
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 Another distinct character is formed by the 

distance between vegetative buds located on the branch 

of 1 year (Table 2). 

  

Table 2 
Ratio between the buds on the branch of one year at standard genotypes and at columnar genotypes 

No. Type Specification Average distance 

between buds at 

branches of 1 year 

(mm) 

Ratio between the 

bud distance 

compared to Florina 

Ratio between the 

bud distance 

compared to Granny 

Smith 

1  

 

 

 

 

Columnar 

Wijcick 

(columnar) 

23.0 0.66 1.04 

2 H-1-16-2007 

(columnar) 

20.5 0.59 0.92 

3 M21-R4-2007 

(columnar) 

21.8 0.63 0,98 

4 H-1-6-2007 

(columnar) 

20.2 0.58 0.90 

5 M30-R4-2007 

(columnar) 

22.3 0.64 1.00 

AVERAGE 21.5 0.6 0.9 

6  

 

 

 

 

 

 

 

Standard 

 

 

FLORINA(mt) 

(standard) 

34.6 1.00 1.55 

7 Granny Smith 

(standard) 

22.2 0.64 1.00 

8 M25-R4-2007 

(standard) 

18.3 0.52 0.82 

9 M-8-9-2006 

(standard) 

30.6 0.88 1.37 

10 H-2-4-2005 

(standard) 

25.7 0.74 1.15 

11 H-1-11-2007 

(standard) 

35.8 1.03 1.61 

12 H-9-3-2006 

(standard) 

27.6 0.79 1.24 

13 H-1-3-2005 

(standard) 

18.0 0.52 0.81 

14 M27-R4-2007 

(standard) 

29.7 0.85 1.33 

15 M18-R4-2007 

(standard) 

23.4 0.67 1.05 

AVERAGE 26.6 0.7 1.1 

 

In the case of columnar type genotypes, the average 

distance between buds is 21.5 mm. At standard 

genotypes, the distance between buds is 26.6 mm. At 

certain genotypes Florina and H-1-11-2007, the 

distance between the buds is 34.6, respectively 35.8 

mm, much higher than for columnar genotype and even 

for some standard ones.  

The ratio between distance of columnar 

genotypes and Florina is 0.6, lower than the ratio of 

between Florina and other standard genotypes, i.e. 0.7. 

When comparing the distance between buds at 

columnar genotypes and Granny Smith cultivar, the 

ratio was 0.9 and compared to the standard genotypes, 

1.2. 

 Some of the anatomical elements of the 1 year 

branch are different at the two genotype groups (Table 

3). The wood vessel diameter is 23.1μ at columnar 

genotypes and 21.4μ at standard genotypes.  

The diameter of the medullary rays turned out 

to be higher at the standard genotypes (21.3μ) as 

compared with the columnar genotypes (15.6μ). The 

distance between the medullary rays is similar at the 

two genotype groups (20.0 to 20.5 μ).  

Liber vessels group is larger at the columnar 

genotypes 89.3 μ as compared to that at standard 

genotypes 77.3 μ. 
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Table 3 

Anatomic structure of some elements from branches of 1 year, at columnar and standard genotypes  

No. Specification Diameter of wood 

vessels 

 

Diameter of medullary 

vessels 

Distance 

between the 

medullary rays 

Diameter  of liber 

cells group 

  (µ) 

1 Wijcick 

(columnar) 

25.0 13.8 15.9 110,3 

2 M30-R4-2007 

(columnar) 

21.3 17.5 24.2 68,4 

AVERAGE 23.1 15.6 20.0 89.3 

3 FLORINA 

(standard) 

21.6 20.0 22.8 74,4 

4 M-8-9-2006 

(standard) 

22.3 21.0 14.6 67,8 

5 M25-R4-2007 

(standard) 

20.5 23.0 24.3 89,7 

AVERAGE 21.4 21.3 20.5 77.3 

 

Conclusions 

 
The columnar genotypes are different from the 

standard ones by the growth mode of the annual 

branches, by the ratio between the wood and bark from 

these, by the distance between buds and branches 

diameter under the terminal bud.  

Differences are recorded Between the two groups of 

genotypes in terms of their anatomical structure (size 

of wood vessels, of liber ones, size of medullary rays, 

etc). 

There is a high variability regarding the morph-

anatomical characteristics studied within the same 

group genotypes, be it columnar, or standard, due to 

the phenomenon of heterozygosity (different sexual 

combinations). 
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