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ABSTRACT

Fruit quality attributes were studied for two consecutive years in seven blackberry cultivars grown in a Serbian cli-

mate and on acidic soil. Physical parameters [berry weight (BW), size and shape] and chemical parameters [soluble

solids content (SSC), acidity, total phenolic (TPH) and flavonoid content (TFC) and total antioxidant capacity

(TAC)] were evaluated. A high variability was found in the set of the evaluated blackberry cultivars and significant

differences were found among them in all studied quality attributes. Year-by-year variations were observed for all

quality traits, except berry length (L) and berry shape index (BSI). A high correlation was found among TPH and

TAC. In addition, most of cultivars had good adaptation capability and respectable fruit quality attributes, and also

had good potential as a commercial crop for fresh and processing markets and future breeding programs.
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Blackberries are popular fruits widely distributed
throughout nature, except the polar regions, and
grown worldwide. World consumption of blackber-
ries increased in the past few decades, and they are
consumed fresh, frozen, or commercially processed
into a variety of foods and other products such as
jam, wine, tea, ink, dyes, fruit leather, ice cream, cake
pastry, and medicine (Eyduran et al. 2008). Berries of
this species had pleasant flavor and high nutritive and
health value. Blackberries are rich sources of carbo-
hydrates, dietary fibers, vitamins, minerals ant other
bioactive compounds (Wang 2007). Additionally,
berry fruits are rich in phenolic compounds such
as phenolic acids and anthocyanins (Pantelidis et al.
2007), flavonoids (Siriwoharn and Wrolstad 2004,
Cho et al. 2005), flavonols, ellagitannins, gallotan-
nins and proanthocyanidins (Reyes-Carmona et al.
2005), which demonstrated considerable antioxidant
properties. Flavonoids and phenolic compounds
in the berries are anti-carcinogens and have anti-
neurodegenerative and anti-inflammatory effect,
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therefore, blackberry berries are used in medicine
(Wang 2007). Also, the phenolic contents of berries
are therefore an important parameter for the evalu-
ation of their antioxidant properties and quality. On
the other hand, in view of the increasing consumer
attention to the nutritional value of their diets, the
antioxidant content of blackberries and in particular
their phenolic content ought to be considered as an
important trait for breeding programmes (Clark
and Finn 2011).

The exact composition of nutraceuticals in black-
berries is highly dependent on the cultivars, cul-
tural practices and numerous pre-harvest factors,
especially climatic and soil conditions (Prange and
De Ell 1997). Additionally, blackberry is a crop
of mild climate and can easily adapt to different
ecological conditions (Eyduran et al. 2008).

Serbia accounted for 69% of the blackberry area
in Europe and produced 27 557 t, the fourth high-
est production in the world after USA, Mexico
and China (Strik et al. 2007). In this country, only
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semi-erect blackberry types were grown with the
predominant cultivar being Thornfree, somewhat
Dirksen Thornless and Black Satin. In past few
years, Cac¢anska Bestrna, a new Serbian cultivar
that produces high yield and large fruits is being
widely planted. However, the physical and chemical
properties of the berry of these and other cultivars
are slightly tested, while the total phenolic and
total flavonoid content and antioxidant capacity
were not investigated. From these purposes, the
aim of this work was to evaluate and quantify
main physical and chemical attributes of seven
blackberries grown under limited climatic and
soil conditions in Cacak, Western Serbia.

MATERIAL AND METHODS

Plant material and experimental procedure.
Blackberry (Rubus fruticosus L.) fruits of seven
cultivars [Dirksen Thornless (DT), Thornfree (TF),
Cacanska Bestrna (CB), Black Satin (BS), Loch
Ness (LN), Chester Thornless (CT), Navaho (NV)]
were evaluated in 2010 and 2011. The experimental
orchard was established in 2000 and was located
near Cacak, Western Serbia. The blackberries were
planted in rows spaced 3.0 m apart with plants set
at 1.4 m apart in the row, and trained as a four-
wire trellis, in the randomized block design with
four replicates for each cultivar. Standard cultural
practices were applied, except irrigation.

Weather conditions of Cacak are characterized
by the mean growing season temperature and total
rainfall of 17.0°C and 408.6 mm for the long-term
averages, respectively. However, substantial rainfall
deficiency and high air temperatures were observed
in 2011, especially during ripening (Table 1).

Soil texture in blackberry orchard is sandy-loam,
moderate in organic matter (1.62%) and poor of
N (0.14%); soil pH in KCI 0.01 mol/L was 4.86.
The contents of available soil P, K, Ca and Mg
were 178 mg/kg, 220 mg/kg, 0.39% and 6.2 mg/kg,
respectively. For blackberries grown under Serbian
conditions, optimal amount of rainfall during grow-
ing season is 450 mm, and soil pH between 6 and
7 (Milosevic 1997). However, rainfall deficiency,
high temperatures and acidic soil may have affected
the results of this study, as previously reported
(Milo$evi¢ and Milo$evic¢ 2011).

Mature berries (30 per replicates for each cul-
tivar) assessed by full colour development were
harvested in both years. The berries were trans-
ported to the laboratory in the same day for sample
preparation and analysis.
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Table 1. Mean monthly and growing season temperature
and rainfall in Cacak in 2010 and 2011

Air temperature Rainfall
Month O (mm)
2010 2011 normal* 2010 2011 normal*

April 13.3 122 115 52.0 23.5 33.3
May 179 155 16.8 98.8 83.2 59.3
June 21.3 20.7 20.0 81.0 64.8 86.1
July 23.5 22.3 21.5 90.0 36.0 75.5
August 23.7 234 212 785 0.0 50.0
September 17.3 21.3 16.7  25.0 324 42.7
October 10.0 16.3 114  63.0 57.2 61.7
Mean or total 16.5 18.8 17.0 488.3 297.1 408.6

*normal refers to the long-term average (45-year aver-
age, i.e. 1965-2010 period)

Fruit physical properties. BW (g) was measured
by a Tehnica ET-1111 technical scale (Iskra, Horjul,
Slovenia) with a sensitivity of + 0.01 g. For each
berry, two linear dimensions, length (L) and width
(W) in mm were measured using a digital caliper
gauge Starrett 727 Series (Athol, MA, USA). On
the basis of the measured data, BSI was calculated
as L/W ratio.

Determination of soluble solids content and
titratable acidity. SSC and titratable acidity (TA)
were determined in juice extracted using a food
processor in three replicates of 10 berries. The SSC
(°Brix) was determined using a hand refractometer
Milwaukee MR 200 (ATC, Rocky Mount, USA) at
20°C. For TA (% of malic acid), prepared juice was
titrated with 0.1 mol/L NaOH, up to pH 8.1 us-
ing a titrimeter Metrohm 719S (Titrino, Herisau,
Switzerland). On the basis of the measured data,
SSC/TA ratio or ripening index (RI) was calculated.

Determination of total phenolic and flavonoid
content and total antioxidant capacity. The TPH
[mg GA/g dry extract (d.e.)], TFC (mg RU/g d.e.)
and TAC (AA/g d.e.) were determined spectro-
photometrically using UV-VIS spectrophotometer
MA9523-SPEKOL 211 (Iskra, Horjul, Slovenia),
according to the methods described by Gutfinger
(1981), Prieto et al. (1999) and Brighente et al.
(2007), respectively.

Statistical analysis. Data were subjected by
analysis of variance, and treatments were compared
using the LSD test at P < 0.05 using SPSS (SPSS Inc.,
version 8.0, Chicago, USA). Correlations among
TPH, TEC, and TAC for all berries was calculated
according to the Pearson’s test at P = 0.05.
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RESULTS AND DISCUSSION

Evaluation of fruit size and fruit shape. There
were large variations between the tested black-
berry cultivars in both seasons (Table 2). The
CB and LN had the largest BW for two years; TF
and DT in 2010, and TF in 2011 had the smallest
BW. Presented results were much higher than the
findings of Eyduran et al. (2008) for BS, NV, LN,
and CT, similar to the observations by Mileti¢ et
al. (2006) for CB and BS, and lower than those of
Vrhovsek et al. (2008) for BS, CB, CT, and LN.

The BW has a direct effect on the marketability and
acceptance of blackberries in both fresh market and
processing. Traditionally, large berries are preferred
by consumers, but excessive berry weight (possibly
>15.0 g) is usually not desired for processed or fresh
market use (Clark and Finn 2011). According to the
above authors, the ideal BW for fresh market use
ranges from 8 to 10 g. In our study, only CB and
LN had values close to 8.0 g. It could be said that
under irrigation this trait can be better.

The L and W were the highest in LN in 2010,
whereas the highest L in 2011 was found in DT
and W in CB and BS, also in that year. Similar data
were reported by Mileti¢ et al. (2006). The high-
est berry shape index (BSI) values were observed
in DT and the lowest in NV in both seasons. All
cultivars had values beyond 1, and supposing an
elongated shape of the berries (Gercekcioglu and
Esmek 2005). The BW and W significantly differed
between years, being higher in 2011 than in 2010
(Table 2), which could be due to the impact of

environmental conditions (Eyduran et al. 2008).
L and BSI were similar in both years.

Evaluation of soluble solids content and ti-
tratable acidity. The SSC is a better indicator
of blackberry maturity and also very important
in the food industry and critical in comparative
studies where variations by cultivar and envi-
ronment are high (Clark and Finn 2011). In this
study, significant differences among cultivars for
SSC were found (Table 3). The highest SSC was
observed in NV for two years, and in DT in 2011.
The lowest SSC was recorded in CB in 2010 and
in BS in 2011. Great variability for SSC among
cultivars was previously reported (Pantelidis et
al. 2007). Generally, SSC of at least 10% provides
for a ‘sweet’ eating experience for fresh blackber-
ries (Clark and Finn 2011). In our study, LN, CT,
and especially NV, provide SSC close to 10°Brix,
which is in agreement with observation of the
above authors. Significant year-by-year differences
for SSC were found, being higher in 2011 than in
2010 (Table 3), due to the higher mean monthly
temperatures and rainfall absence during maturity
(Naumann and Wittenburg 1980).

The TA is a very important quality attribute,
influencing notably berry taste (Vrhovsek et al.
2008). Data presented in Table 3 indicated that
TA significantly varied among cultivars in both
years. The highest value was found in CB, and the
lowest in NV. Great variability considering TA was
previously found (Gercekcioglu and Esmek 2005).
Year-by-year variations of TA were significant
(Table 3). For example, except other factors, the

Table 2. Berry weight, berry size and berry shape index of blackberry cultivars

Berry weight (g) Length (mm) Width (mm) Berry shape index
Treatment
2010 2011 2010 2011 2010 2011 2010 2011
Dirksen ) o/ | 0.02¢ 6.91 +0.23¢ 27.28 + 058" 28.10 + 0.63° 1931 + 0.27¢ 20.33 + 032> 1.41 + 0.03% 1.38 + 0.042
Thornless
Thornfree 4.65 + 0.01¢ 5.32 + 0.26{ 21.52 + 0.67¢ 23.69 + 0.69¢ 17.52 + 0.309 19.31 + 0.21¢ 1.23 + 0.034 1.22 + 0.03¢
(szsctarﬁ‘a 7.57 + 0.00° 7.61 + 0.22% 26.62 + 0.53¢ 27.54 + 0.52> 20.31 + 0.20> 21.35 + 0.20% 1.31 + 0.03 1.29 + 0.03¢
]sa;lifrl: 6.45 + 0.04> 7.24 + 0.50P 25.96 + 0.82¢ 27.08 + 0.84> 20.40 + 0.51> 21.28 + 0.58% 1.27 + 0.02¢ 1.27 + 0.024
Loch Ness 7.76 + 0.012 7.61 + 0.34% 28.13 + 0.80% 27.15 + 0.81> 21.78 + 0.56% 20.69 + 0.53> 1.30 + 0.05" 1.32 + 0.06"
Chester q d b d £
531 +0.00¢ 6.11 + 0.23¢ 24.13 + 0.27¢ 25.01 + 0.29¢ 19.72 + 0.34¢ 20.82 + 0.33" 1.23 + 0.024 1.20 + 0.02
Thornless
Navaho  5.39 + 0.20¢ 5.90 + 0.38° 22.65 + 0.49f 23.12 + 0.48¢ 19.46 + 0.24¢ 19.80 + 0.22¢ 1.16 + 0.03¢ 1.17 + 0.038
ﬁii;ears 5.95 + 0.50B 6.67 + 0.34* 25.18 + 0.94A 25.96 + 0.75* 19.78 + 0.49% 20.51 + 0.28* 1.27 + 0.03A 1.26 + 0.03*

Means followed by the same small letters, within the same column, are not significantly different (LSD at
P <0.05); means followed by the same capital letters in latest row, are not significantly different (LSD at P < 0.05)
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Table 3. Soluble solids, titratable acidity and ripening index of blackberry cultivars

Soluble solids (°Brix)

Titratable acidity (%) Ripening index

Cultivar
2010 2011 2010 2011 2010 2011

Dirksen Thornless 6.80 £0.26° 9.76+0.132  1.51+£0.279 1.24+0.15  4.50+033¢ 7.87+0.81°
Thornfree 7.70 £ 0.18¢  8.66+0.13°  1.72+0.03> 1.60+0.41> 448 +0.719 541 +0.48°
Caganska Bestrna 6.40+0.148  7.82+£0.189  1.89+0.66* 1.64+0.412 3.3940.02¢  4.77 + 0.69¢
Black Satin 6.70 £0.39f  6.89+0.14°  1.57+0.19° 1.42+0.06° 4.27 +0.679 4.85 + 0.43f
Loch Ness 9.25+0.29" 9.35+0.12>  1.56+0.33° 1.42+0.20° 593 +0.09¢ 6.58 +0.914
Chester Thornless 9.20 + 0.20¢ 927 £0.19> 144 +0.13¢ 1.27+022¢ 639 +0.03> 7.30 + 0.55¢
Navaho 9.35+0.20° 9.67 +0.22°  1.33+0.03f 1.08+0.11f  7.03+0.19° 8.95+ 0.792
Mean over years 7.91+0.508 877 +0.40% 157 +0.074 1.38+0.08% 514 +0508 6.53+0.614

The same small letters in columns show insignificant differences (P < 0.05) by LSD test among cultivars; the same

capital letters in the latest row show insignificant differences (P < 0.05) by LSD test between years

loss of TA in blackberry fruits was accelerated with
increasing pre-harvest temperatures (Naumann
and Wittenburg 1980). Namely, in our trial, mean
monthly temperatures during all maturity period
in 2010 were notably lower than in 2011 (Table 1).

The RI plays an important role for evaluating
the eating quality, consumer acceptance (Perkins-
Veazie and Collins 2001) and optimum time for
harvesting (Kafkas et al. 2006). The RI of berries
was significantly dependent on the cultivars in
two seasons (Table 3). Higher value was observed
in NV, and lower in CB. Tiiremis et al. (2003) also
found that NV had the best RI, whereas LN had the

poorest. The results show significant year-by-year
differences (Table 3), suggested environmental
factors and growing seasons influence on RI levels
(Reyes-Carmona et al. 2005).

All the above results indicated a very complex
nature of the accumulation of SSC and TA in fruits
of blackberries and importance of the cultivar’s
choice in order to maximize the potential perfor-
mance of a genotype under the cultural manage-
ment in some years (Siriwoharn et al. 2004).

Evaluation of total phenolic and flavonoid
content and antioxidant capacity. There were
large variations in TPH among cultivars (Table 4).

Table 4. Total phenolic and flavonoid content, and total antioxidant capacity of blackberry cultivars

Total phenolic content

Total flavonoid content

Total antioxidant capacity

Cultivar (mg GA/g d.e.) (mg RU/g d.e.) (mg AA/gd.e.)

2010 2011 2010 2011 2010 2011
Dirksen 60.08 + 2.02¢  69.46 + 1.65¢  29.17 + 3.19¢  33.53 + 2.51¢  103.99 + 6.32¢4 123.80 + 8.03¢
Thornless
Thornfree 55.01 + 1.34¢  63.61 +2.16¢  91.44 + 4.87° 10510 = 3.27°  121.90 + 9.11¢ 145.12 + 14.76¢
g:scfrrl‘ja 96.01 + 4.75>  111.00 + 5.01>  47.53 + 2.76"  54.63 + 3.07¢  194.06 + 5.07> 231.03 + 7.51P
Black Satin 357.42 +7.99% 413.20 + 9.56  85.01 +3.12°  97.71 + 1.99>  262.68 + 5.67% 312.72 + 3.042
Loch Ness 39.26 +1.69¢ 4539 +252¢ 891 +1.014  10.24 +2.84f  110.35 + 4.49°4 131.37 + 3.184
Chester 29.69 + 1.37¢  34.33 +222f 4522 +4.65> 51.98+3.55¢ 9077 +3.91¢  65.56 + 2.678
Thornless
Navaho 26.99 + 1.39¢ 3352 +2.13F  6.02+1.97¢  7.69+1.365  94.39+578! 111.06 + 4.31f
Mean 99.99 + 51.35B 110.07 + 51.514 44.75 + 12.76B 51.55 + 14.614 139.73 + 24.398 161.88 + 30.784
over years

The values for each cultivar are presented as means of triplicate analyses for each year; the same small letters in

columns show insignificant differences among cultivars at P < 0.05 by LSD test; the different capital letters in the

latest row show significant differences between years at P < 0.05 by LSD test
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The highest TPH was found in BS and the lowest
in CT and NV. Clark et al. (2002) and Cho et al.
(2005) found that LN had higher amount of total
phenolics than NV, which confirmed our results.
Very high variations and discrepancy among cul-
tivars and between years were observed by other
authors (Sellappan et al. 2002, Reyes-Carmona et
al. 2005). This could be connected with genetic
differences, maturity at harvest, cultural practices,
different extraction and laboratory methods em-
ployed (Clark et al. 2002).

The wide variations were observed among cultivars
regarding TFC (Table 4), being the highest in TF,
and the lowest in NV. An important lower or higher
variability was reported previously (Sellappan et
al. 2002, Siriwoharn et al. 2004). The different TFC
reported when compared to previous studies may
be due to maturity at harvest and cultivar difference
(Cho et al. 2005, Reyes-Carmona et al. 2005).

Data in Table 4 showed that TAC values signifi-
cantly varied among cultivars and between years.
The BS and CB had the highest antioxidant capac-
ity and CT had the lowest. Based on the results of
our study, BS, CB, somewhat TF, ranks highest in
terms of antioxidant capacities due to their high
acidity content (Wang 2007). Reyes-Carmona et al.
(2005) reported a high variability among cultivars
and concluded that genotypes were a major fac-
tor affecting antioxidant capacity in blackberries.

Differences between years for TPH, TFC, and
TAC were observed, being higher in 2011 than in
2010 (Table 4), suggested growing season, climate
and region influence on antioxidant power of
blackberries (Sellapan et al. 2002). Namely, plants
grown in cool day and night temperatures generally
had the lowest antioxidant capacity (Wang 2007).

It is well established that a strong and positive
relationship exists between TPH and TFC or TAC,
although correlation between TPH and TFC was
not significant (Table 5). Similar findings were
observed by Reyes-Carmona et al. (2005).

Finally, all cultivars had good adaptation capabil-
ity to acidic soil, high temperatures and insufficient
water and can be recommended to growers as a
commercial crop in similar conditions.

Table 5. Correlation matrix among total phenolic con-
tent, total flavonoid content and antioxidant capacity

Variables TPH TEC TAC
Total phenolic (TPH) 1 0.577  0.906*
Flavonoid content (TFC) - 1 0.552
Total antioxidant capacity (TAC) - - 1

*significant correlation coefficient at P = 0.05

326

REFERENCES

Brighente I.M.C., Dias M., Verdi L.G., Pizzolatti M.G. (2007):
Antioxidant activity and total phenolic content of some Brazil-
ian species. Pharmaceutical Biology, 45: 156-161.

Cho M.J., Howard L.R., Prior R.L., Clark J.R. (2005): Flavonoid
glycosides and antioxidant capacity of various blackberry, blue-
berry and red grape genotypes determined by high-performance
liquid chromatograph/mass spectrometry. Journal of the Science
of Food and Agriculture, 84: 1771-1782.

Clark J.R., Howard L., Talcott S. (2002): Antioxidant activity
of blackberry genotypes. Acta Horticulturae, 585: 475-480.
Clark J.R., Finn C.E. (2011): Blackberry breeding and genetics. Fruit,

Vegetable and Cereal Science and Biotechnology, 5: 27-43.

Eyduran S.P,, Eyduran E., Agaoglu Y.S. (2008): Estimation of fruit
weight by cane traits for eight American blackberries (Rubus
fruticosus L.) cultivars. Journal of Biotechnology, 7: 3031-3038.

Gercekcioglu R., Esmek I. (2005): Comparison of different black-
berry (Rubus fruticosus L.) cultivars in Tokat, Turkey. Journal
of Applied Sciences, 5: 1374-1377.

Gutfinger T. (1981): Polyphenols in olive oils. Journal of the
American Oil Chemists’ Society, 58: 966—968.

Kafkas E., Kosar M., Tiremis N., Baser K.H.C. (2006): Analysis
of sugars, organic acids and vitamin C contents of blackberry
genotypes from Turkey. Food Chemistry, 97: 732-736.

Mileti¢ R., Ziki¢ M., Miti¢ N., Nikoli¢ R. (2006): Pomological and
technological features of certain blackberry cultivars in agro-
ecological conditions of east Serbia. Vocarstvo, 40: 331-339.

Milosevic T. (1997): Special Topics in Fruit Growing. Faculty of
Agronomy and Community for Fruits and Vegetables, Cacak.
(In Serbian)

Milosevi¢ T., Milosevi¢ N. (2011): Growth, fruit size, yield per-
formance and micronutrient status of plum trees (Prunus
domestica L.). Plant, Soil and Environment, 57: 559-564.

Naumann W.D., Wittenburg U. (1980): Anthocyanins, soluble
solids, and titratable acidity in blackberries as influenced by
preharvest temperatures. Acta Horticulturae, 172: 183-190.

Pantelidis G.E., Vasilakakis M., Manganaris G.A., Diamantidis G.
(2007): Antioxidant capacity, phenol, anthocyanin and ascorbic
acid contents in raspberries, blackberries, red currants, goose-
berries and cornelian cherries. Food Chemistry, 102: 777-783.

Perkins-Veazie P., Collins J.K. (2001): Contributions of nonvola-
tile phytochemicals to nutrition and flavor. HortTechnology,
11: 539-546.

Prange R.K., De Ell ].R. (1997): Preharvest factors affecting post-
harvest quality of berry crops. HortScience, 32: 824—829.

Prieto P.,, Pineda M., Aguilar M. (1999): Spectrophotometric
quantification of antioxidant capacity through the formation
of a phosphomolybdenum complex: Specific application of
vitamin E. Analytical Biochemistry, 269: 337-341.

Reyes-Carmona J., Yousef G.G., Martinez-Peniche R.A., Lila MLA.
(2005): Antioxidant capacity of fruit extracts of blackberry
(Rubus sp.) produced in different climatic regions. Journal of
Food Science, 70: 497-503.

PLANT SOIL ENVIRON,, 58, 2012 (7): 322-327



Sellappan S., Akoh C.C., Krewer G. (2002): Phenolic compounds
and antioxidant capacity of Georgia-Grown Blueberries and
Blackberries. Journal of Agriculture and Food Chemistry, 50:
2432-2438.

Siriwoharn T., Wrolstad R.E. (2004): Polyphenolic composition
of Marion and Evergreen blackberries. Journal of Food Sci-
ence, 69: 233-240.

Siriwoharn T., Wrolstad R.E., Finn C.E., Pereira C.B. (2004):
Influence of cultivar, maturity, and sampling on blackberry
(Rubus L. hybrids) anthocyanins, polyphenolics, and antioxi-
dant properties. Journal of Agriculture and Food Chemistry,
52:8021-8030.

Strik B.C., Clark J.R., Finn C.E., Banados P. (2007): Worldwide
production of blackberries, 1995 to 2005 and predictions for
growth. HortTechnology, 17: 205-213.

Tiremis N., Kafkas S., Kafkas E., Onur C. (2003): Fruit charac-
teristics of nine thornless blackberry genotypes. Journal of the
American Pomological Society, 57: 161-165.

Vrhovsek U., Giongo L., Mattivi F., Viola R. (2008): A survey of
ellagitannin content in raspberry and blackberry cultivars grown
in Trentino (Italy). European Food Research and Technology,
226: 817-824.

Wang S.Y. (2007): Antioxidant capacity and phenolic content of
berry fruits as affected by genotype, preharvest conditions,
maturity, and handling. In: Zhao Y. (ed.): Berry Fruit: Value-
added Products for Health Promotion. Taylor and Francis
Group, Boca Raton, 147-186.

Received on January 17, 2012

Corresponding author:

Prof. Dr. Tomo Milosevi¢, University of Kragujevac, Faculty of Agronomy, Department of Fruit Growing

and Viticulture, Cara Dusana 34, 32000 Cacak, Serbia
e-mail: tomom@tfc.kg.ac.rs

PLANT SOIL ENVIRON,, 58, 2012 (7): 322-327

327



