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Abstract       In order to get large, constant and high quality yields a lot of 
crown pruning types have been applied and tested. This work shows the 
variation of the transpiration and photosynthesis rates for “Florina” apple trees 
that have been shaped in 6 different types of crowns. CO2 present in the leaf 
and water evaporation were quantified. The content of the fruit in the 6 
different types was analysed as well, and the dried content, the sugariness 
and vitamin C were determined. The results prove that the physiologic 
processes rate is not correlated with the crown shape. The “pot” shapes 
yielded less but better fruit than thick, spindled crowns.  

Key words 
 
Crown shapes, light 
intensity, photosynthesis, 
transpiration, biochemistry, 
yield 
 

 
 

A multitude of crown shapes which enable rich, 
high quality and constant yields have been tested in 
apple tree growing worldwide lately. Professor Nicolae 
Cepoiu has carried out such research since 1976.The 
result has been materialized in initiating new crown 
shapes, among which the belt-bush crown, conceived 
for the spur breeds of apple, based on the evolution and 
free fructification of certain branches that were retained 
on purpose (Cepoiu, 1987) and bush-vase, conceived at 
the University of Agricultural Sciences – Bucharest, 
for the “Nana” sour cherry tree (Cepoiu, 1989).Among 
the pruned crowns without support, the most frequent 
are:rarefied multi level pyramid, “Leader” pyramid, 
late vase, bush-vase, slender spindle, pin-bush crown, 
free flattened palmette, verical band, Bouche Thomas, 
Lepage, Heckinger and conic crowns obtained by 
frame cuts.[4] 
In order to give the fruit farmers on Dambovita Valley 
a practical answer so that they could achieve the 
desired goals, in 2004 we initiated a study meant to 
establish some strategies of managing and maintaining 
the apple tree orchards intended for biological yield, 
choosing the crown type being a key element for the 
capitalization of the fructification potential of these 
breeds. The research and documentation activity for the 
present work was carried out at Voinesti Fruit Tree 
Research and Production Centre, situated within the 
Meridional Subcarpathian area, in the centre of the 
Dambovita fruit tree basin, having as the main goal the 
rehabilitation of the fruit tree patrimony and the fruit 
farming development in this area. 
The study apple tree plantation is situated on a gentle 
slope hill side (maximum 5%), having an exposure 
favourable to a good crown lightning. 

Biological Material and Method 
 

“Florina” trees, planted in 2000, were 
studied.”Florina” is one of the breeds that are immune 
to the apple scab(Venturia inaequalis) but have partial 
resistance to the powdery mildew of apple (Podosphaera 
leucotricha).The parent stock was MM 106.The trees 
were planted within 4/3 m, thus getting a density of 833 
trees / ha.. 
To improve the biological potential of this healthy 
breed 5 crown shapes were used. Their results were 
compared to the typical crown that is dominant on 
Dambovita Valley.These crown shapes were taken into 
an experiment with 6 variants, each repeated 3 times.3-
4 trees were taken in each repetition, adding up to 70 
trees. After designing (2001), the trees were pruning-
controlled according to the features of each crown 
shape. The following variants resulted:  
Variant 1- Testifier –Voinesti controlling type-   this 
is a combination between the “slender spindle” and the 
“multilevel pyramid” 
Variant 2- Multilevel vas   
Designing: 
1st year – first level (average number of frames is 4) 
2nd year – the second level (3 frames). 
During the following years 3-4 skeleton branches are 
carried out for each level, at 50- 60 cm one from the 
other. A well balanced distribution is intended. 
Variant 3- Slender Spindle 
Variant 4 – Bushvase 
Variant 5 – Fruit cilinder  - a crown enframed into a 
1,75 – 2 m diameter fruit cylinder is created through 
contour pruning. A crown volume development is 
intended. The tree height is limited to 3 m. 
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Variant 6 – Discontinuous pyramid – a typical 
pyramid is carried out. Its axis is discontinued after 3 
levels. 
Determination of some physiologic processes intensity 
(photosynthesis and transpiration) was carried out for 
the above shown types using the LCA-4 device. The 
biochemical composition of the fruit was also analysed 
and the yield was determined for each type of crown. 
The aim of this research was to find out if there is 
correlation between the crown type, the analysed 
processes and the yield size. 

Results and Discussions 
 

During well in hand studies, limiting light to 
(<900µmoli/m2/sec) either before or after blooming, 
caused a reduced fructification and size of the fruit. [6]. 
Shading at the middle or at the end of the season 
caused a reduction in fruit size and quality. High 
photosynthesis rates were noticed during 2 periods:  the 
development season and fructification process. During 
the blooming period, the leaves on the spike had a 
photosynthetic intensity up to 25% higher than those 
on the vegetative growth. CO2 assimilation rate was 
also higher for the fruitful trees than for the fruitless 
ones. 

Data obtained within these studies show that 
the assimilated results following the photosynthesis 
process of the spike leaves, during the fructification, 
could be guided to fructify and develop large fruit. 

That is why one of the aims of the present 
study is to quantify the intensity of the photosynthesis 
in the leaves situated on the fruitful branches, for each 
type of crown, quantifying the amount of CO2 present 
in the leaf. Thus we can tell the impact a certain type of 
crown (compact or open, the “pot” type) has upon the 
photosynthesis process and further, upon the 
assimilates formation in the leaf and upon the yield, 
both in amount and in quality. The amount of water 
evacuated from the leaf at the same light intensity was 
also quantified. (table 1).   
  The results of the measurements showed a maximum 
intensity of the photosynthesis for the fruit cylinder, 
the amount of CO2 being 24.5% higher than the 
average. The smallest amount was quantified in the 
multilevel pot, 22.1% lower than the average.  On the 
whole, from the quantifications for the 6 studied types 
of crowns, 3 values were situated above the average (2 
spindle crowns + a pot crown) and 3 values were 
situated below average (2 spindle crowns + a pot 
crown), the average distribution being a harmonious 
one. 

 
 

Table 1 
                                       Variation of the photosynthesis and transpiration intensity depending on the crown shape 

 
LIGHT 

 INTENSITY  
DEPENDING  

ON DISPOSAL 
(µmoli/m2/sec) 

PHOTOSYNTHESIS  
IN THE LEAF  

DISPOSED IN THE 
SUN  

TRANSPIRATION 
-LEAF 

DISPOSED 
IN THE SUN 

CROWN 
SHAPE 

QUANT
IFICA-
TION 
TIME 

SOUTH WEST NORTH EAST CO2 
(µmoli/ 
m2/sec) 

Dif. 
Compared 

to  

H2O 
(mmoli/
m2/sec) 

Dif. 
Compared 

to  
TESTIFIER –
VOINESTI 
CONTROLLI
NG TYPE  

10.52 1298 198 136 527 4.67 -14% 0.31 +3.33% 

Multilevel 
pot 

10.20 1434 186 154 180 4.23 -22.1% 0.25 -16.6% 

Slender 
spindle 

10.25 1612 210 166 175 6.45 +18.78% 0.24 -20% 

Bush vase 10.30 1728 240 168 524 6.03 +11% 0.73 +143% 

Fruit 
cylinder 

10.37 1387 186 124 263 6.76 +24.5% 0.12 -60% 

Discontinuo
us pyramid 

10.46 1520 189 154 388 4.47 -17.71% 0.19 -36.6% 

Average         
( ) 

     5.43  0.30  
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Quantification of the transpiration water 
revealed minimal losses in the case of the fruit 
cylinder, 60% less than the average value, this being 
the biggest minus difference. The bushvase is situated 
at the opposite pole. It has the largest transpiration loss, 
143% higher than the average. The explanation could 
be that the trees guided as a fruit cylinder have a 
compact large and tall canopy that makes them shade 
each other. Thus the temperature is slightly lower 
inside the canopy compared to the bushvase trees 
where the canopy is completely open, short and totally 
disposed in the sun, which enhances transpiration. 
Drawing a parallel between the physiologic processes 
and the crop obtained in different types of crown we 
can notice a positive correlation for the slender spindle 
and the fruit cylinder. These two types exceeded the 
fructuous average with 41.5% and 12.9%. They also 
have the most intense photosynthesis and among the 
lowest water losses.  

The canopy shade is also an important factor 
for many biochemical processes, fruit quality and the 
ability of keeping them varies considerably even within 
the same tree.[8]. 
               The data shown in table number 2 are 
quantifications of the total dry substance, of the total 

amount of vitamin C and sugars in the fruit, in the 6 
types of studied canopies.  The fruit were harvested 
from 9 trees for each type of canopy. In order to be 
representative, each sample included fragments from 9 
different fruits. The purpose of the quantifications is to 
highlight the types of canopies that increase an 
optimum assimilation of the nutrients, in order to get 
well balanced fruit, of high quality. 

The content of dry substance exceeds the 
average only in 2 types of crown – discontinuous 
pyramid and bush - vase – the differences compared to 
the average for the other 4 are minimal ( between 0.7 
and 6.5 %). The bush – vase is well represented when 
speaking about vitamin C. The amount is 22% higer 
than the average. A content of vitamin C over the 
average value can be noticed in other 2 types of crown 
that distinguish through the high intensity 
photosynthesis: fruit cylinder (+23% vit.C content) and 
the slender spindle (+15%). The trees guided in a shape 
specific to the area (Voinesti pruning) were the last, 
having the lowest content of vitamin C, and the dry 
substance was situated below the average. 
  

Table 2 
 

Variation of the fruit biochemical composition depending on the crown shape 
 

CROWN 
SHAPE 

Total dry 
substance

% 

Dif. 
to  

Vitamin 
C 

mg / 
100 g 

Dif. 
to  

Glucose 
mg/ 

100 g 

Fructose 
mg/ 

100 g 

Sugar 
mg/ 

100 g 

Total 
sugar 
mg/ 

100 g 

Dif. to 
 

AVERAG
E YIELD/ 

type 
(t/ha) 

Dif. 
to 

 

TESTIFIER –
VOINESTI 
CONTROLLI
NG TYPE 

14.51 -2.16% 6.25 -
30.3% 

4.54 3.89 1.36 3.26 + 
2.5% 

4.55 -
28.7
% 

Multilevel 
pot 

14.21 -4.18% 6.5 -
27.5% 

5.09 4.24 0.99 3.44 + 
8.2% 

7.2 + 
12.9
% 

Slender 
spindle 

14.72 -0.74% 10.38 +15.7
% 

4.13 3.16 1.16 2.81 -
11.6% 

9.03 + 
41.5
% 

Bush vase 15.33 +3.37
% 

11.01 +22.7
% 

5.27 3.44 1.65 3.45 + 
8.5% 

5.13 -
19.6
% 

Fruit 
cylinder 

13.86 -6.54% 11.07 +23.4
% 

4.49 2.78 1.92 3.06 -       
3.77% 

7.2 + 
12.9
% 

Discontinuo
us pyramid 

16.34 +10.18
% 

8.62 -3.9% 4.47 2.70 2.03 3.06 -       
3.77% 

5.16 -
19.1
% 

Average 14.83  8.97  4.66 3.37 1.52 3.18  6.38  

 
Judging the sugar that accumulates inside the 

fruit again, the bush vase type of crown distinguishes. 
It exceeds the average by 8.5%. It is followed by the 
multilevel pot with an exceeding rate of 8%.  The 
multilevel spindle crowns are below the total sugar 
average value. The explanation might be the fact that 
the biochemical processes are more intense in the fruit 

that appeared on the branches permanently exposed in 
the sun. This exposition is guaranteed for the pot 
crowns, compared to the tall, thick crowns, where 
leaves and fruit are partially shadowed. Drawing a 
parallel with the yield of the trees guided under these 
shapes, we can notice the fact that the ratio between the 
amount of yielded fruit and their quality is not 



 4 

proportionate under biochemical aspect. On the 
contrary there is a predisposition that high yield trees 
have low quality fruit.  
 
Conclusions 

 
1.The photosynthesis intensity shows an inconclusive 
variation regarding the type of crown adopted, since 
both massive spindled crown shapes and open crown 
shapes show close CO2 quantified values.  
2.In the slender spindle and fruit cylinder case, the 
photosynthesis high values and the low transpiration 
losses cause important yields.  
3.The amount of fruit doesn’t vary in direct ratio with 
quality. The open shapes (bush-vase) have a better 
ability of assimilates formation, in spite of a relative 
low yield, thus resulting high quality fruit.  
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