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Abstract 

Nedelkovski, D., I. Semerdjieva, V. Roychev and T. Mokreva, 2018. Effect of the altitude and summer pruning on the 
anatomical structure of grape berry exocarp of Vranec cultivar (Vitis vinifera L.). Bulg. J. Agric. Sci., 24 (2): 223–228

A study was carried out on the effect of the altitude and summer pruning on the anatomical structure of grape berry exocarp 
of Vitis vinifera L., cv. Vranec. It was established that the different altitudes – Gevgelija (50 m asl), Veles (280 m asl) and Sko-
pje (595 m asl) did not have a signifi cant effect on the changes in the epidermal layer thickness. Applied summer pruning had 
a stronger effect on the histological structure in the region with the lowest altitude. Hypodermal layer thickness increased from 
the region with the lowest altitude – Gevgelija (43.8 μm) towards the region with the highest altitude – Skopje (55.9 μm). The 
differences between the studied characteristics in the three regions were statistically signifi cant.
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Introduction

Grapevine (Vitis vinifera L.) is extremely sensitive to the 
conditions of the external environment and their impact af-
fects the quality of the grape yield. The climate of a certain 
region and the microclimate in vine plantations change sig-
nifi cantly depending on the altitude. It strongly affects the 
ampelographic characteristics of the grape cultivars grown. 
The altitude has an effect on the morphological and anatomi-
cal characteristics of the different vegetative and generative 
organs (berries, shoots, roots) (Semerdjieva et al., 2015). 
Creasy and Creasy (2009) mentioned that the environmen-
tal factors, more important of them being light, temperature, 
altitude, slope, etc., infl uence fruit yield and berry quality 
of grapevine. The same authors mentioned that some agri-
cultural practices, such as summer pruning, are applied to 
improve the light regime, the air fl ow and the disease protec-

tion. The fruits of V. vinifera are juicy berries (Artyushenko 
et al., 1986). The berry is differentiated into skinny exocarp 
(the dermal system), fl eshy mesocarp and endocarp. The 
fl eshy part of the berry derives from the growing mesocarp 
cells. In the evolutionary development of the grape berry 
pericarp it is thought that the histological structure and char-
acteristics are the result of purposeful breeding and selection 
(Van der Pijl, 1982; Hardie and O’Brien, 1988; Hardie et 
al., 1996). Detailed information on the reproductive capac-
ity of grapevine cultivars is presented in the study of Pratt 
(1971). The author established that the adventitious buds of 
the species are latent and they enter winter dormancy, when 
they have two to three infl orescence primordia, depending 
on the cultivar. The development of microscopic techniques 
led to expanding the data about the histological structure of 
the grape berry. Considine and Knox (1979, 1979) carried 
out a detailed study on the exocarp and on pistil develop-
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ment. Stomatal characteristics and the structure of the cuticle 
layer of the grape berry were studied by Bessis (1972, 1972), 
Chambers and Possingham (1963). Holloway (1982) also 
studied the formation and characteristics of the cuticle layer 
in the grape berry. The author found that the cuticle is formed 
from a secretion of monomer lipids penetrating through the 
outer epidermal walls. He suggested that they oxidize on the 
epidermal surface and interact with the released enzymes.

The shape, colour and texture of the grape berry are an im-
portant morphological, ampelographic and inherent varietal 
characteristic (Timush et al., 1986). Polymorphism in grape 
berry is the most economically signifi cant phenomenon. The 
yield and the suitability for various uses are related to it. Ac-
cording to Coombe (1992), Coombe and Carthy (2000) and 
Davies and Robinson (2000) grape berries exhibit a double 
sigmoid growth. It includes three development stages: fi rst 
– the stage of rapid development, second – delayed stage of 
poor or no growth and third – the stage of continuing growth 
and berry ripening. Changes in biochemical composition and 
morphology of the grape berry occur at each of the three 
stages. In world literature there are no data about studies on 
the effect of the altitude on the anatomical structure of the 
grape berry. Information on the impact of summer pruning 
on the histological features of the berry was also not found. 
The assessment of the genotype-environment interaction and 
the pericarp structure are of key importance to disease and 
pest resistance of grapes and the yield quality. The purpose 
of the present study was to assess the effect of the altitude 
and summer pruning on the anatomical parameters of the 
grape berry exocarp of Vitis vinifera L., cv. Vranec.

Material and Methods 

Material
The grape berry of Vitis vinifera L., autochthonous Mon-

tenegrin cv. Vranec, was used in the study. According to its 
botanical description, the cultivar belongs to the Black Sea 
ecological and geographical group (Convarietas pontica 
Negr.), Balkan subgroup (Subconvarietas balcanica Negr.), 
(Nastev, 1985) (Figure 1). In Macedonia it is the main culti-
var for producing red wines, but it is also planted in Croatia 
and Serbia, although on a limited scale (Bozhinovic, 1996, 
2010; Milosavljevic, 2012).

Characteristics of the Region
The experiments were carried out in vine plantations 

grown in three regions of the Republic of Macedonia at dif-
ferent altitudes.

1) Gevgelija (50 m asl). The area is located in the 
Mediterranean climatic region. It is characterized by long 

hot summers and winters. The average air temperature is 
14.0°C and during the vegetation season – 18.2°C. The 
annual temperature sum in this area is about 5200°C. The 
absolute maximum temperature is often higher than 44°C 
and the absolute minimum rarely falls below -10°C. Ac-
cording to many-year data on average monthly air tem-
perature, it is classifi ed as an arid area, the annual rainfall 
being 682.4 mm. In July and August there is a dry period. 
Air humidity is 66.4%. This area is characterized by high 
monthly average insolation.

2) Veles (280 m asl). The area belongs to the Continen-
tal-Mediterranean climatic region and it is characterized by 
slightly warmer climate. The average annual air temperature 
is 13.3°C and during the vegetation season – 17.9°C. Dur-
ing summer the monthly temperature is high reaching up to 
43°C. Winters are milder and frosty days are few. The area 
is characterized by the lowest annual rainfall in the Republic 
of Macedonia – 284.1 mm. According to the aridity index 
the region is arid, the strongest intensity being established in 
the months of June, July and August. The average annual air 
humidity is 70.2%.

3) Skopje (595 m asl). Skopje valley also falls within 
the Continental-Mediterranean climatic region. It combines 
the infl uences of Sub-Mediterranean and Eastern Continen-
tal climate; however the infl uence of the continental cli-
mate is stronger. The average annual temperature is 12.5°C 
and during the vegetation season – 17.1°C. Skopje valley is 
characterized by a large number of frosty days. The annual 
amount of precipitation is 460,9 mm. According to the arid-
ity index it is also an arid climatic region with a dry period 
in July and August. The average air humidity is 67.9%. Av-
erage monthly insolation varies from 10.3 hours in July to 
2.0 hours in December or 7.6 hours in average during the 
vegetation season.

Fig. 1. Cluster of Vranec cultivar
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Planting Schemes
The planting distance of grapevines in the region of Sko-

pje and Veles is 3.20×1.20 m and in Gevgelija – 3.20×1.00 
m. Vineyards were trained to double Guyot system, loaded 
at pruning with two spurs with two winter buds each and two 
canes with eight buds each.

Histological Studies
Berries were collected for the analysis in the autumn of 

2014 and 2015 at technological maturity of the grapes. The 
experiment included the following variants: 1) control – no 
summer pruning applied; 2) by applying defoliation from the 
base of the fruiting canes to the place of bunch formation, 
carried out in mid-August at 80% berry veraison; 3) by thin-
ning carried out at the end of July, leaving 6 grape clusters 
per vine; 4) thinning at the end of July, leaving 10 clusters 
per vine.

Samples (berries) of the separate variants were fi xed in 
FAA for 24 hours (formaldehyde, glacial acetic acid, ethyl 
alcohol and distilled water in a ratio of 6:1:20:40). After 24 
hours the samples were washed with 50% ethyl alcohol into 
three series, and then placed for storage in FA (70% ethyl 
alcohol and 40% formaldehyde in a ratio of 19:1).

Transverse section of the exocarp (berry skin) was made 
from the side of the berry in the sector between the pedicel 
and the tip. Semi-durable microscopic samples were pre-
pared. Microscope observations were carried out with light 
microscope ‘Amplival’. Measurements were performed with 
eyepiece micrometer and pictures were taken with digital 
light microscope ‘Motic BA 210’. Thicknesses of the cuticle, 
epidermis and hypodermal layer were measured in μm, at 
16x40 increased (eyepiece X lenses). 

Experimental Design and Statistics
The modules of two-way analysis of variance and Dun-

can’s test, SPSS 17 software, were used for the analysis of 
the experimental data. Assessment of environmental vari-
ability of the studied histological parameters was carried 
out by an algorithm following the method of Wricke (1962, 
1966), which enabled to determine the genotype-environ-
ment interaction (Mokreva et al., 2001).

Ecological coeffi cients were calculated by variants in the 
three regions, the low values indicating greater ecological 
plasticity and vice versa.

Results and Discussion 

The characteristics of the cuticle, epidermis and hypo-
dermal layer were established in the different experimen-
tal variants as a result of the histological study of the berry 

exocarp, cv. Vranec. The cuticle is the outermost layer of 
exocarp. It is an important diagnostic feature that determines 
fruit resistance to diseases and helps protect the berry against 
water loss. Beneath the cuticle is a single-layer epidermis 
with thickened tangential and periclinal walls (Figures 2, 3, 
4). The cells of the epidermal layer control the gas-exchange 
processes and store certain organic compounds. The hypo-
dermal layer is beneath the epidermis. It is composed of 6-7 
layers of densely distributed collenchyma cells with tangen-
tially thickened walls. The shape of those cells varies from 
oval to isodiametric. Stained areas of anthocyanin pigments 
and colorless areas are observed in the hypodermal layers. 
According to Timush et al. (1986) those anthocyanin pig-
ments conglomerate in anthocyanin bodies. The same au-
thors proposed berry classifi cation based on the coloration 
and anatomical characteristics of the pericarp. From the ob-
servation made it was found that according to the anthocyan-
in bodies and coloration of the exocarp, cv. Vranec can be at-
tributed to the third type of the proposed classifi cation – cell 
juice is colored in three-six layers of blue, blue-violet and 
separate cells of the epidermis are colored in red. Beneath 
the hypodermal layer is the berry mesocarp, which consists 
of large oval parenchymal cells.

After mathematical processing of the data, it was found 
that the cuticle thickness of the samples collected from ar-
eas of different altitudes varied from 6.6 μm (Veles) to 7.4 
μm (Gevgelija), (Table 1). The increase of the altitude re-
sulted in a slight reduction of the cuticle layer thickness. The 
highest values were established in the cuticle of the samples 
collected from the control variants of all three altitudes. In 
the separate variants with summer pruning operations, data 
show that there is not a clear tendency towards an increase 
or a drastic reduction of the cuticle thickness. The highest 

Fig. 2. Transverse section on grape berry exocarp of 
Vranec cultivar, Gevgelija (50 m asl), LM, magnifi cation 
16x10 (layer epidermis ЕP, cuticle C, hypodermal layer 

HYP.L)
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values (8.6 μm) were established   in the samples collected 
from the vineyard in the region of Gevgelija (50 m), Vari-
ant 2 (defoliation) (Table 2). This is probably due to the low 
altitude and the better sun exposure of the berries thanks to 
defoliation. The lowest cuticle thickness was reported in the 
samples of Variant 3 (6 clusters), (Table 3). Data obtained 
were statistically signifi cant. The variation coeffi cient (V%) 
of cuticle was within 18.5-39.1 and it can be considered that 
the statistical sampling is relatively homogeneous.

The characteristics of the epidermal complex of plants 
are genetically determined and they are directly related 
to the taxonomic classifi cation of the species (Barthlott, 
1981). The same author noted that the different ecological 
conditions in the habitats have an insignifi cant effect on 
the characteristics of the epidermal cells. The results of the 
present study also confi rmed that statement. The epider-
mal thickness in the studied variants of different altitudes 
varied within a limited range, from 8,8 μm (Gevgelija) to 
9,6 μm (Veles), (Table 3). The lowest values were report-
ed in the samples collected from the grapevine plantation 
in Gevgelija, located at the lowest altitude (50 m). In the 
variants with summer pruning the epidermal layer thick-
ness again varied slightly, i.e. within 8.0 μm-10.0 μm. The 
lowest values of the epidermal thickness were reported 
in the variants with defoliation, located in the region of 
Skopje (8.0 μm) and in the variant with 6 grape clusters 
per vine in the habitat near Gevgelija (8.0 μm). Only the 
differences between the variant with 6 clusters and the 

Fig. 3. Transverse section on grape berry exocarp of 
Vranec cultivar, Veles (280 m asl), LM, magnifi cation 

16x10 (layer epidermis ЕP, cuticle C, hypodermal layer 
HYP.L)

Fig. 4 Transverse section on grape berry exocarp of 
Vranec cultivar, Skopje (595 m asl), LM, magnifi cation 
16x10 (layer epidermis ЕP, cuticle C, hypodermal layer 

HYP.L)

Table 1 
Multidirectional comparison of variance – 2014-2015
Variance Average value

Cuticle in 
μm

Еpidermis 
in μm

Hypodermal 
layer in μm

Gevgelija (50 m asl). 7.4 b 8.8 b 43.8 c

Veles (280 m asl) 6.6 b 9.6 a 52.9 b

Skopje (595 m asl) 6.7 a 9.2 b 55.9 a

a, b, c.. level of proof of variance and Duncan’s test, Еrror α = 0.05

Table 2
Two-way analysis of variance and Duncan’s test – 2014-2015
Parameters/ 
Variance

Regions/ altitude Thickness of μm
Cuticle Еpidermis Hypoder-

mal layer
Control Gevgelija (50 m asl). 6.9 bcd 9.0 c 48.9 d

Veles (280 m asl) 7.9 ab 10.3 a 50.9 d

Skopje (595 m asl) 7.8 abc 10.0 ab 64.9 a

Defoliation Gevgelija (50 m asl). 8.6 a 8.8 cd 44.6 e

Veles (280 m asl) 5.8 d 9.0 cd 44.5 e

Skopje (595 m asl) 5.8 d 8.0 d 43.1 e

6 grape 
clusters per 
vine

Gevgelija (50 m asl). 5.7 d 8.0 d 43.1 d

Veles (280 m asl) 6.4 d 9.0 c 55.7 c

Skopje (595 m asl) 6.3 d 10.0 ab 57.9 bc

10 grape 
clusters per 
vine

Gevgelija (50 m asl). 8.5 a 9.3 bc 38.7 f

Veles (280 m asl) 6.4 d 10.1 ab 60.8 b

Skopje (595 m asl) 6.8 cd 8.7 c 57.6 bc

a, b, c.. level of proof of variance and Duncan’s test, Еrror α = 0.05
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control variant were statistically signifi cant. The coeffi -
cient of variation of the epidermal thickness is within 0.0 
to 22.7, indicating that the deviation of the values of that 
characteristic is low and the samples are homogeneous 
(Snedecor, 1961). The results of the present study are di-
rectly related to the ontogenetic fruit setting. The samples 
in the present study were collected at the time of techno-
logical maturity of the grape clusters. In this period of 
fruit development the histological processes of formation 
of the different tissues have almost fi nished. That is why 
the values obtained for the epidermal layer thickness are 
very close. In the initial stages of fruit setting, the condi-
tions of plant development were almost the same. 

Measurements of the hypodermal layer thickness show 
that the highest values were reported in the samples of 
the control variant in the region of Skopje (64.9 μm). The 
lowest values were established in the samples collected 
from the vineyards located at the lowest altitude Gevgeli-
ja (48.9 μm). It should be mentioned that the hypodermal 
layer thickness increased with altitude. A similar tendency 
was established in the variant with 6 grape clusters. In 
the different variants with summer pruning the results 
show that similar values of the hypodermis were reported 
in the variant with defoliation (43.1-44.5 μm). The most 
controversial data were obtained in the variant with 10 
clusters. The thickest hypodermal layer was established 
in the samples from the region of Veles (60.8 μm) and 
the lowest thickness was measured in the samples from 
Gevgelija (38.7 μm). 

The many-sided comparison of the studied character-
istics about the effect of green pruning on the anatomical 
structure of exocarp showed that in the variants with de-
foliation, the plants responded by reduced thickness of the 
epidermal layer, cuticle and hypodermal layer.

The lowest values of the ecological coeffi cient in all 
three characteristics were reported in the region of the 
highest altitude, i.e. Skopje (595 m asl), followed by the 
habitat of the species in Veles (280 m asl) and Gevgelija 
(50 m asl), (Figure 5).

Conclusion 

The different altitudes did not have a signifi cant effect 
on the epidermal layer thickness. The green pruning carried 
out in the region with the lowest altitude Gevgelija (50 m 
asl) had an effect on the histological characteristics of the 
grape berry exocarp in the grapevine cultivar Vranec. The 
cuticle layer thickness decreased and the hypodermal layer 
increased with altitude.

The applied summer pruning induced an increase of the 
hypodermal layer of the grape berry from the region with the 
lowest altitude (Gevgelija) to the region with the highest alti-
tude (Skopje). The differences between the values of the studied 
characteristics in the three regions are statistically signifi cant.

 Table 3
Multidirectional comparison of variance
Variance Average value

Cuticle in 
μm

Еpidermis 
in μm

Hypodermal 
layer in μm

Control 7.5 a 9.8 a 54.9 a

Defoliation 6.7 bc 8.6 c 44.0 c

6 grape clusters per vine 6.1 c 9.0 bc 52.2 b

10 grape clusters per vine 7.2 ab 9.3 ab 52.4 b

a, b, c.. level of proof of variance and Duncan’s test, Еrror α = 0.05

Fig. 5. Ecological plasticity of the studied histological 
indices in all growing regions of cv. Vranec
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