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Abstract: This study was carried out to evaluate the impact of biofertilizer and cultivar on vegetative potential (height of the plant,
number of crowns and leaves per plant, and the area of a single leaf), leaf mineral composition (micro- and macroelements), yield
potential (number of inflorescences and fruit set per plant, yield per plant, and yield per square meter), fruit characteristics (mass,
length, width, and fruit shape index), and chemical traits (soluble solids content, titratable acidity (TA), vitamin C, total anthocyanins
(TACY), total phenolic content (TPC), and total antioxidant capacity (TAC)) in the fruits of Clery, Joly and Dely strawberry plants.
Two types of biofertilizer were applied: Biofertilizer 1 (inoculums of the mixture of liquid bacteria cultures of the genera Azotobacter,
Derxia, and Bacillus) and Biofertilizer 2 (inoculums of liquid culture of diazotrophic bacteria belonging to the genus Klebsiella). The
applied biofertilizers made a significant impact on the parameters of vegetative potential and contents of some macroelements and
microelements in the leaf, as well as the values of TA, TACY, TPC, and TAC. Cultivar demonstrated a significant impact on plant height
and the number of crowns in it, leaf macroelement and microelement content, generative potential parameters, and morphometric and

chemical fruit parameters.
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1. Introduction
Strawberry (Fragaria x ananassa Duch.) production is in
constant increase, primarily due to increasing consumption
of the fruit and its high profitability. Intensive farming
practices that result in high yield and quality also require
extensive use of chemical fertilizers, which are costly and
create environmental problems. Therefore, there has been
arecent, growing interest in various biofertilizers (microbe
inoculants). Use of biofertilizers containing various genera
of bacteria, like Pseudomonas, Azotobacter, Bacillus,
Derxia, and Klebsiella, has been found to be beneficial for
plant growth, yield, fruit quality of strawberries, and leaf P
and Zn content (Esitken et al., 2010; Pesakovic et al., 2013).
The other equally important aspect of intensifying
strawberry production is the selection of high-yielding
cultivars with flavorful fruits that are more desirable to
consumers. In this regard, breeding programs are based
on improving yield and fruit quality characteristics
(sensorial and nutritional), adapting to different growing
systems, and ecological production (Capocasa et al., 2008;
Magnani et al., 2009; Lukovi¢ et al., 2012). Furthermore,
technologies should be adjusted to a single cultivar or a
group of cultivars with similar requirements.
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Considerations of biofertilizer impacts on chemical
fruit characteristics and health benefits of strawberry
cultivars have also received attention and are important
directions for future research (Anttonen et al., 2006;
Agulheiro-Santos, 2009).

The objective of this study was to highlight how various
bacteria can be used in biofertilization aimed at increasing
strawberry production through regulation of vegetative
development and how these bacteria can improve the
nutritional fruit quality of three strawberry cultivars. In
addition to this, we wanted to investigate the combined
effect of biofertilizer and cultivar on certain vegetative,
generative, and fruit quality traits in strawberries.

2. Materials and methods

2.1. Plant material

An open field trial was conducted at the experimental
plantation of the Fruit Research Institute, Cacak, Serbia
(43°53'N, 20°20'E, 225 m a.s.l.). Soil physicochemical
analysis was performed prior to trial establishment. The
soil's macronutrient content was determined according
to standard laboratory protocols and methods. The trial
was conducted on alluvial soil with a sandy-loam texture
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(51.9% sand and 48.1% loam), pH, , 5.48, humus 3.95%,
N, 0.20%, easily accessible potassium 27.00 mg g, easily
accessible phosphorus 22.95 mg g'. The field was planted
on 18 July 2011 in double rows on raised beds covered
with black polyethylene mulch. Certified frigo plants (A+
class) of the three newly introduced short-day strawberry
cultivars Clery, Joly, and Dely (Consorzio Italiano Vivaisti,

Italy) were planted. Planting distance was 30 x 30 cm.

2.2. Experimental design

The experiment was conducted in 3 treatments
(Biofertilizer 1, Biofertilizer 2, and nonfertilized control)
on 3 varieties (Clery, Joly, and Dely) with 20 plants in each
treatment in 3 replications. The research was carried out
in 2011 (autumn yield) and 2012 (spring yield). Since the
examined period was characterized by low yield in 2011
and higher yield in the spring of 2012, the results are
shown as 2-year average values.

Biofertilizer 1 was a commercial microbiological
fertilizer composed of nitrogen-fixing and phosphorus-
mineralizing bacteria (Azotobacter chroococcum, A.
vinelandii, Derxia sp., Bacillus megaterium, B. licheniformis,
and B. subtilis). Biofertilizer 2 was a pure culture of gram-
negative diazotrophic nitrogen-fixing bacterium Klebsiella
planticola, obtained from the Microorganism Collection
of the Laboratory of Microbiology, Faculty of Agronomy,
Cacak, Serbia. The bacteria titer in the inoculum ranged
from 20 to 40 x 10° mL™'. The biofertilizer was first
applied during plant establishment by dipping the roots
in a liquid inoculum of bacteria for 30 min. The plants
were fertigated through the irrigation system three times
per month during the vegetation period (9 times in total)
in accordance with the corresponding phenophase of
the plant development, using 10-12 L ha™' of bacterial
inoculum (20 to 40 x 10° CFU mL™"). The control plants
were treated with the same amount of pure water.
Additionally, the plants were regularly irrigated according
to soil humidity. A tensiometer was set up in the root zone
at a depth of 30 cm.

2.3. Plant growth
Strawberry vegetative potential was calculated by
measuring the plant height (cm), number of crowns per
plant, number of leaves per rosette, and size of the single
leaf area (cm?). Measurements were taken after harvesting
in both years of investigation using counting and standard
morphometric methods. The one exception was leaf
area, which was determined by scanning the leaves and
measuring their area in the AutoCAD program (Rico-
Garcia et al., 2009). For average leaf area, we estimated
180 leaves in three replications (60 leaves of each cultivar).
Leaves were randomly selected. The results were presented
as 2-year average values of three replications.

Samples for determining the mineral composition of
the leaf were taken in both years of investigation during

the full maturity of the fruits. The leaves were dried at
50 °C for 24 h until obtaining constant mass before they
were ground. The ground particles were then subjected to
digestion in a microwave digester, using an HNO,-H,0,
acid mixture (2:3 v/v). The content of the macroelements
(N, P, K, Ca, Mg) and microelements (Fe, Cu, Mn, Zn, B,
and Mo) in the leaves was determined using inductively
coupled plasma optical emission spectroscopy according
to the method of Nikolic et al. (2011). The concentration
of mineral elements in the solution is expressed in pg
mL". Method AOAC 972.43:2000 and an elementary
analysis ELEMENTAR VARIO III were used to determine
nitrogen content in the leaves. The corresponding values
are expressed in percentages.

2.4. The yield and characteristics of fruits

The generative potential of the strawberry plants was
determined by establishing the number of theinflorescences
and fruits per plant, yield per plant, and yield per square
meter in both years of investigation. Inflorescences and
fruits were counted for each plant. Yield per plant was
obtained by collecting and weighing fruit (g/plant; kg/m?)
during the first and second harvesting seasons. Means of
2-year values obtained for each generative parameter are
presented.

To assess the morphometric fruit properties, a sample
of 25 fruits per replication was randomly selected in both
harvesting seasons. For average fruit weight, a METTLER
balance (+0.01 g accuracy) was used. Data are expressed
in g/fruit as 2-year mean values. Fruit dimensions (length
and width) were also determined in the same samples
by an INOX Vernier scale (+0.05 mm accuracy) and the
corresponding data are expressed in millimeters. The fruit
shape index was determined using a computer program
and expressed as the ratio between the length and width
of the fruit.

Ripe fruits of selected strawberry cultivars were
sampled per each treatment separately in the first and
second picking season. Samples were immediately frozen
in liquid nitrogen and stored for up to 1 month at -20 °C
until chemical analyses. Results are expressed as the mean
of 2-year values with three replications for each year.

2.5. Fruit chemical analyses

Soluble solids content (SSC) was determined by hand
refractometer (ATC, Belgium). A drop of homogenized
and filtrated sample was placed on the lens and the reading
was expressed as % of SSC in the fruit.

Titratable acidity (TA) was measured using a burette
containing 0.1 N NaOH. Homogenized and filtered
samples (25 mL) were titrated using phenolphthalein as
an acid-base sensitive color indicator to achieve the pink
endpoint. The sodium hydroxide solution was added drop
by drop to the flask and mixed until the color turned a
persistent pink for at least 30 s (approximately 8.1 pH). The
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total TA of the samples was calculated using the following
equation:

V (mL) x Nx 0.268

%100 = % malic acid equivalent
25 mL of sample

where V (mL) is the amount of sodium hydroxide solution
used, N is the normality of sodium hydroxide solution,
and 0.268 is the milliequivalent factor for malic acid, the
predominant acid found in strawberries. TA was expressed
as percentage of malic acid equivalent.

Vitamin C was quantified with the refractometer
set of Merck Co. (Merck Rqgflex) as described by Pantelidis
etal. (2007). Results are expressed as milligram of ascorbic
acid per 100 grams of fresh weight (mg 100 g' FW).

The monomeric anthocyanin pigment content of the
aqueous extracts was determined using the pH-differential
method described previously (Liu et al., 2002). Pigment
content was calculated as milligrams of cyanidin-3-
glucoside equivalents per 100 grams of fresh weight (mg
C3G eq 100 g' FW), using an extinction coefficient of
26.900 L cm™ mol™ and a molecular weight of 449.2 g
mol ™.

The total phenolic content was determined using a
modified Folin—Ciocalteu colorimetric method (Liu et al.,
2002), with results expressed as milligrams of gallic acid
equivalent per 100 grams of fresh weight (mg GAE 100
g! FW). First, 40 pL of fruit extract or gallic acid standard
solution was mixed with 3.16 mL of distilled water. In the
next phase, 200 pL of Folin-Ciocalteu reagent was added

and allowed to stand for 8 min before adding 600 uL of
20% Na,CO, solution. The solution was mixed well and
absorbance at 765 nm against an appropriate blank was
determined after 2 h.

Antioxidant capacity was determined using the DPPH
method reported by Brand-Williams et al. (1995) with
modifications (Sanchez-Moreno et al., 1998). An aliquot
of 0.1 mL of the fruit phenol extraction was added to
3.9 mL of DPPH solution in methanol (0.060 mM) and
vortexed. A control sample, containing the same volume of
solvent in the place of the extraction, was used to measure
the maximum DPPH absorbance. After the reaction was
allowed to take place in the dark for 30 min, the absorbance
at 515 nm was recorded to determine the concentration
of the remaining DPPH. The results were expressed as
the Trolox equivalent antioxidant capacity per 100 grams
of fresh weight (umol TE 100 g FW). Trolox standard
solutions were prepared at a concentration ranging from
50 to 300 pM.

Data were subjected to analysis of variance using the
MSTAT-C statistical computer package (Michigan State
University, East Lansing, MI, USA), and the treatment
means were compared by least significance difference
(LSD) test at P = 0.05.

3. Results

3.1. Vegetative potential

Fertilizers, cultivars, and fertilizer x cultivar interactions
had an effect on the majority of investigated parameters
of strawberry vegetative growth in this study (Table 1). No

Table 1. The influence of fertilizer type and cultivar on the vegetative potential of strawberries.

Factor Plant height Number of crowns Number of leaves Single leaf area
(cm) per plant per rosette (cm?)

Biofertilizer 1 339+1.2a 54+05a 435+24a 311.7+£288a

fzr)ﬁhzer Biofertilizer2 ~ 333+05a 54+07a 398+26a 243241022
Control 314+0.6b 42+0.4b 289+1.2b 233.7+210a
Clery 350+1.0a 32+02b 353+27a 225.1+316a

(CB‘;ltivar Joly 33.0£03b 60+04a 393+39a 2431+127a
Dely 30.6x0.5¢ 58+0.2a 37.7x23a 297.5+218a

ANOVA

A * * * ns

B * * ns ns

AxB * * * ns

Mean of 2-year values with three replications in each year + standard error are presented.
Values within each column followed by the same letter are not significantly different at P < 0.05 by LSD test. *: Statistically significant

differences at P < 0.05; ns: nonsignificant differences.
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significant differences were observed only in the size of a
single leaf area as affected by both tested factors, whereas
the number of leaves per rosette did not differ significantly
by cultivar alone.

Plant height increased significantly with bacterial
treatments compared with the control. Clery had
significantly higher plant heights than Joly and Dely,
whereas the number of crowns per plant in Clery was
significantly lower. The numbers of crowns and leaves
per plant were significantly higher in Biofertilizer 1 and 2
treatments compared to the control treatment.

Fertilizer x cultivar interaction had a significant
impact on plant height, number of crowns per plant, and
number of leaves per rosette (Figures 1-3). The highest
plant vegetative potential was recorded in the application
of Biofertilizer 2 to the Joly cultivar.

3.2. Leaf mineral composition
Macroelement content in strawberry leaves in relation to
the fertilizer, cultivar, and their interactive effect is shown
in Table 2. The cultivar, as well as the fertilizer x cultivar
effect, demonstrated a significant impact on the content
of all of the examined macroelements in the strawberry
leaves, while the fertilizer exhibited a significant impact
only on N and K content. Moreover, the application of
Biofertilizer 1 led to significantly higher concentrations
of N in the leaves compared to the treatment without
fertilization. Among the tested cultivars, Joly had a
significantly higher concentration of P in the leaf, whereas
a significantly lower concentration of N, Ca, and Mg was
observed in Dely.

The content of microelements in strawberry leaves
was significantly affected by fertilizer, cultivar, and their
interaction (Table 3). Some exceptions were found, such as
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Figure 1. Interaction effect of fertilizer type and cultivar on plant
height.

Data are means of 2-year values with three replications in every
year + standard error. The same letters represent nonsignificant
differences at P < 0.05 by LSD test.
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Figure 2. Interactive effect of fertilizer type and cultivar on the
number of crowns per plant.

Data are means of 2-year values with three replications in each
year * standard error. The same letters represent nonsignificant
differences at P < 0.05 by LSD test.
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Figure 3. Interactive effect of fertilizer type and cultivar on the
number of leaves per rosette.

Data are means of 2-year values with three replications in each
year * standard error. The same letters represent nonsignificant
differences at P < 0.05 by LSD test.

the impact of fertilizer on Zn and B content, the impact of
cultivar on Mn content, and the impact of the interaction
of these two factors on the Zn content in the leaves. The
highest concentration of Fe was recorded in Biofertilizer
1 and the control treatment, while concentrations of Cu,
Mn, and Mo were found to be the highest in the leaves
from the control treatment. Significant differences among
the cultivars were registered in relation to the content of
microelements, with the exception of Mn. Cultivar Joly
had considerably higher Fe and Cu contents than the other
two examined cultivars, whereas significantly higher Mo
content was detected in Dely.
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Table 2. The influence of fertilizer type and cultivar on macroelement content in strawberry leaves.

Factor N P K Ca Mg
%) (ugmL") (ugmL") (g mL") (g mL)

Biofertilizer I 2.03+0.03a 22.81+0.90a 63.20£2.99 b 12716+ 14.83a 3279 +3.46a

Eir)tﬂizer Biofertilizer 2 1.98 +0.03 ab 2104+ 1.642 6224 +3.74b 113.98 +7.01 a 28.69 +2.59a
Control 1.94+0.01 b 2207 +1.32a 70.94+5.35a 11336 £324a  29.01+0.66a
Clery 2.00 £0.03 2 20.17 + 1.03 b 5258 +1.27b 12584 +7.15a  32.68+198a

%lﬁvar Joly 2.03+0.03a 2510+ 1.10a 72.06 + 2.67 a 13354 £11.07a  33.71+2.68a
Dely 1.93+0.02b 20.65 + 1.16 b 7174+ 4.17a 9512+ 4.20 b 2410+ 1.17b

ANOVA

A * ns * ns ns

B . . . . .

AxB . . ‘ ‘ .

Means of 2-year values with three replications in each year + standard error are presented.
Values within each column followed by the same letter are not significantly different at P < 0.05 by LSD test. *: Statistically significant
differences at P < 0.05; ns: nonsignificant differences.

Table 3. The influence of fertilizer type and cultivar on microelement content in strawberry leaves.

Factor Fe Cu Mn Zn B Mo
(bg mL") (g mL") (igml™)  (ugmL?) (g mL") (ug mL")

Biofertilizer 1 0.72+0.03a  0.04+0.00b  024+00l1b  008+00la  028+0.03a  0.004%0.000b

f;r)tﬂizer Biofertilizer 2 0.58 0.04b  0.04+£0.00b  021£00lb  007+000a  025+0.02a  0.004 +0.000 b
Control 0.68+003a  004+000a  027+00la  0.08+000a  028+0.00a  0.007 +0.000a
Clery 0.61+£0.02b  004+£000b  023+00la  008+0.00a  024+0.02a  0.004+0.000b

(CBu)ltivar Joly 0.74+004a  005+£000a  025+00la  0.09+0.00a  031+0.02a  0.004+0.000b
Dely 0.62+004b  004+000b  024+002a  0.07+000b  022+0.02b  0.005+0.000a

ANOVA

A * * * ns ns *

B . . s ‘ . .

AxB ‘ . . ns . .

Means of 2-year values with three replications in each year + standard error are presented.
Values within each column followed by the same letter are not significantly different at P < 0.05 by LSD test. *: Statistically significant
differences at P < 0.05; ns: nonsignificant differences.

3.3. Generative potential

The applied biofertilizers, as well as the fertilizer x
cultivar interactions, did not have a significant impact on
the parameters of the generative potential (Table 4). On
the other hand, cultivar had a significant impact on the
number of inflorescences and fruits per plant, yield per
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plant, and yield per square meter. Among the cultivars,

Joly had a significantly higher number of inflorescences,
yield per plant, and yield per square meter. No significant
difference was found between Clery and Dely in the
number of inflorescences per plant, yield per plant, and
yield per square meter.
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Table 4. The influence of fertilizer type and cultivar on the generative potential of strawberry.

Factor Number of inflorescences Number of fruits Yield per Yield per m?
per plant per plant plant (g) (kg)

Biofertilizer 1 41+05a 223+13a 565+ 63.5a 45+05a

Eir)tﬂizer Biofertilizer2  43%04a 241152 581480.1a 46+06a
Control 4.0+£05a 195+ 1.6a 503 £ 88.5a 4.0+£0.7a
Clery 31+0.1b 23.8+1.51a 451 +289b 36+0.2b

%lﬁvar Joly 58+02a 23.1+1.52ab 840+ 67.3a 6.4+05a
Dely 35+0.1b 19.0+£1.32b 393+31.1b 32+03b

ANOVA

A ns ns ns ns

B * * * *

AxB ns ns ns ns

Means of 2-year values with three replications in each year + standard error are presented.
Values within each column followed by the same letter are not significantly different at P < 0.05 by LSD test. *: Statistically significant

differences at P < 0.05; ns: nonsignificant differences.

3.4. Morphometric fruit traits

The fertilizers did not demonstrate a significant impact on
the morphometric characteristics of the fruits, nor were
these traits significantly affected by the fertilizer x cultivar
interaction (Table 5). Significant differences established in
all of the examined morphometric parameters were only
affected by the cultivar. A significantly larger fruit weight,
length, and width were observed in Joly, whereas lower
values of the fruit weight and width were found in Clery.
No significant differences were found in the fruit length
between Clery and Dely.

3.5. Chemical fruit traits

Fertilizer, cultivar, and fertilizer x cultivar interaction had
a significant influence on TA, TPC, TACY, and TAC (Table
6). Vitamin C content was also affected by the cultivar.
Biofertilizer 2 demonstrated a positive impact on TA,
TPC, and TACY, while a significantly higher TAC value
was recorded in the Biofertilizer 1 treatment. Clery had a
considerably higher TA level, while Joly ranked the highest
concerning vitamin C content, TPC, TACY, and TAC.

The fertilizer x cultivar interaction significantly
influenced TA, TPC, TACY, and TAC of the fruits
(Figures 4-7). The strongest impact on TA was due to the
Biofertilizer 2 x Clery interaction, while the Biofertilizer 1
x Joly interaction significantly influenced TPC and TAC.
TACY was found to be considerably higher in the fruits
of cultivar Joly considering the interactive effect of both
biofertilizers.

4. Discussion

Our results indicated that fertilizer had a significant
influence on plant height, number of crowns, and number
of leaves per plant. Seo et al. (2009) stated that the use
of three different commercial microbiological fertilizers
(Ofarmguard, O-sis, and EXTN), implemented in seven
applications at 15-day intervals resulted in an increased
number of leaves per plant as well as in larger leaf area
compared to the control treatment. Results presented by
Umar et al. (2009) also indicated that the largest leaf area
in strawberry plant was recorded after the gradual addition
of mineral nitrogen together with Azotobacter. Moreover,
the use of Azotobacter contributes to a more efficient
absorption of nitrogen by plants, which was previously
reported by Bambal et al. (1998).

According to our research, cultivar had a stimulating
effect on plant height and the number of crowns per plant,
while the cultivar x fertilizer interaction influenced the
number of leaves per plant. However, Shaw (1993) reported
that an overly vigorous plant can actually lead to a reduced
yield, due to the shift of the assimilatory function from
the generative to the vegetative potential. Enhancing plant
growth is probably not the only factor that influences yield
components, as can be seen from our results: the cultivar
(Joly) with a lower plant height exhibited the highest
number of inflorescences per plant, yield per plant, and
yield per square meter.

In this study, both of the tested biofertilizers had
a significant impact on the mineral composition of

337



TOMIC et al. / Turk J Agric For

Table 5. The influence of fertilizer type and cultivar on morphometric fruit traits.

Factor Fruit weight (g) Fruit length (mm) Fruit width (mm) Index of fruit shape
Biofertilizer 1 25.6+2.8a 424+24a 378+ 1.6a 1.12+0.03 a

f;r)tihzer Biofertilizer2 ~ 23.8+26a 419+19a 36.6+14a 114 +0.02a
Control 250x2.7a 43.0+2.7a 373+ 14a 1.14+£0.04 a
Clery 19.0+0.7¢c 38.7+0.7b 329+0.5¢c¢ 1.17+0.02a

(CB“)ltivar Joly 348+16a 513+ 1.1a £23+09a 121+0.02a
Dely 20.6+0.5b 347+0.6b 36.5+0.3b 0.95+0.01b

ANOVA

A ns ns ns ns

B * * * *

AxB ns ns ns ns

Mean of 2-year values with three replications in every year + standard error are presented.
Values within each column followed by the same letter are not significantly different at P < 0.05 by LSD test. *: Statistically significant

differences at P < 0.05; ns: nonsignificant differences.

Table 6. The influence of fertilizer type and cultivar on chemical fruit properties.

Soluble solids content Titratable acidity Vitamin C Total anthocyanins Total phenolics Total antioxidant capacity
factor (%) (% malic acid) (mg 100 g' FW) (mg C3Geq100g™) (mg GAE 100 g' FW) (mmol TE 100 g FW)
Biofertilizer 1 10.56 £ 0.36 a 0.70 +£0.02 b 1746 £0.79 a 26.65 +2.54b 199.60 +16.73 b 185+0.19a
Fertilizer (A) Biofertilizer 2 10.68 £0.14 a 0.81+0.052a 16.40 £+ 0.88 a 3330+ 1.36a 231.12+545a 1.61+0.10b
Control 10.38+£0.29a 0.73+0.02b 17.16 £0.49 a 2476 £2.45¢ 197.08 + 8.55 b 145+0.10c
Clery 10.75+£0.37 a 0.86 £ 0.04a 16.05 + 0.46 b 29.22+1.30b 182.92 £ 12.06 ¢ 1.31+£0.06 c
Cultivar
®) Joly 10.34+0.25a 0.71+0.02b 19.46 £0.49 a 3437+142a 229.93+12.16a 2.08+0.11a
Dely 10.51£0.17a 0.67 £0.01 ¢ 15.51£0.32b 21.13+2.12¢ 214.94+5.59b 1.52+0.10b
ANOVA
A ns * ns * * *
B ns * * * * *
AxB ns * ns * * *

Means of 2-year values with three replications in each year + standard error are presented.

Values within each column followed by the same letter are insignificantly different at P < 0.05 by LSD test. *: Statistically significant differences at P < 0.05; ns: nonsignificant differences.

strawberry leaves. A significantly higher content of N
was recorded in the treatment with Biofertilizer 1, which
may be associated with N -fixing abilities of bacteria
contained in this fertilizer type. Furthermore, Biofertilizer
1 insignificantly promoted P, Ca, and Mg uptake in
strawberry by slightly increasing their contents in the
leaves. This effect may be explained by the phosphate-
solubilizing capacity of the bacteria that decreases the
soil pH and stimulates the availability of P by producing
organic acids. Esitken et al. (2010) found significantly
increased leaf P content in plant growth-promoting
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bacteria (Pseudomonas BA-8, Bacillus OSU-142, and
Bacillus M-3) treatments. In the present study, only the K
content was significantly lower compared to the control,
although the value was much higher (63.20 pg mL™") than
normal (15-25 pg ml™) according to the adequate range
of mineral nutrient content in strawberry proposed by
Bergmann (1992). The deficiency of leaf K content might
be attributed to excessive N levels, which may interfere
with the uptake of this element. In microelements, the
highest Fe content was recorded in the treatment with
Biofertilizer 1, while the contents of Cu, Mn, and Mo were
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Figure 4. Interactive effect of fertilizer type and cultivar on
titratable acidity in strawberry fruits.

Data are means of 2-year values with three replications in each
year + standard error; FW is fresh weight. The same letters
represent nonsignificant differences at P < 0.05 by LSD test.
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Figure 6. Interactive effect of fertilizer type and cultivar on total
phenolic content in strawberry fruits.
Data are means of 2-year values with three replications in each
year + standard error; FW is fresh weight. The same letters
represent nonsignificant differences at P < 0.05 by LSD test.

considerably higher in the treatment without fertilization.
Leaf Cu and Mn deficiency can be associated with the
immobility of these elements in the plant (Papadakis et al.,
2007), i.e. the uptake of Cu may be blocked by excessive P
levels (Leece, 1975). Perkins-Veazie (2004) also revealed
that excessive P content can lead to deficiency in some
microelements, and Zn in particular. The availability of
Mo to plants is highly dependent on soil pH, making its
uptake markedly enhanced under alkaline conditions
(Reddy et al., 1997). This may be one of the reasons why
we observed lower leaf Mo content. The observed Mn and
Mo deficiencies in the biofertilizer treatments may also be
explained by the fact that the desired effects of applying
cultured beneficial microorganisms appear only after
they are established and become dominant in the soil.
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Figure 5. Interactive effect of fertilizer type and cultivar on total
anthocyanin content in strawberry fruits.

Data are mean of 2-year values with three replications in each
year + standard error; FW is fresh weight. The same letters
represent nonsignificant differences at P < 0.05 by LSD test.
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Figure 7. The interactive effect of fertilizer type and cultivar on
total antioxidant capacity of strawberry fruits.

Data are means of 2-year values with three replications in every
year + standard error. The same letters represent nonsignificant
differences at P < 0.05 by LSD test.

Antagonistic microorganisms already present in the soil
compete with microbial inoculants and sometimes do not
allow their effective establishment by outcompeting the
inoculated populations (Mahdi et al., 2010). Therefore, the
positive effects of biofertilizers can be expected only after
a certain time.

The analysis of strawberry leaves also revealed that
amounts of all the macro- and microelements, with the
exception of Mn, are cultivar-related. Hakala et al. (2003)
also found that cultivar and origin are the main factors
affecting macro- and microelement leaf content in several
cultivars.

Our results have confirmed the significant impact of
cultivar on the generative potential of strawberry plants.
The highest average number of inflorescences per plant

339



TOMIC et al. / Turk ] Agric For

and the largest yields per plant and per square meter
were recorded in cultivar Joly. Joly and Clery also had a
significantly higher fruit set per plant as compared to Dely.
Handley and Dill (2003) stated that the fruit set of a cultivar
may have a stronger impact on the yield than the fruit
weight. Despite the fact that Clery and Joly demonstrated
a slight difference in the average number of fruit set, Joly
had a significantly higher fruit weight and, consequently,
the highest yield per plant.

Fruit weight is an important trait in highly productive
strawberry cultivars. In our study, cultivar expressed a
significant influence not only on fruit weight but also on
the other examined morphometric fruit traits. Among the
cultivars, Joly had the largest fruit weight and dimensions,
which is in accordance with the description reported
by Martinelli and Leis (2012). Milivojevi¢ et al. (2009)
observed a significantly higher fruit weight in Clery planted
in a cultivation system on raised beds compared to those
obtained in two soilless cultivation systems (substrate-
filled bags with a different volumes and number of plants
per square meter). Slightly lower results were observed in
our study, which can be attributed to the differences of
the agroecological conditions in the examined cultivation
regions. Pesakovi¢ and Milivojevi¢ (2014) also stated that
cultivar affected the fruit shape index, indicating that
the lowest value recorded in Dely corresponded to the
rounded conical form, while Joly and Clery tended to have
a long conical form. Similar results were obtained in our
research.

Our research established that TA is determined by the
cultivar as well as by the type of the applied biofertilizer. The
impact of the applied biofertilizer on TA was also confirmed
by Pesakovi¢ et al. (2013), who observed a positive effect
of biofertilizer on SSC, TA, and total and reducing sugars
in Senga Sengana strawberry fruits. As opposed to the
expressed variation in TA among the examined cultivars,
as well as in the function of the biofertilizer application,
there were no major differences among obtained SSC
values with respect to either the different cultivars or the
various fertilization treatments. Phenolic content (TACY,
TPC) and TAC levels were found to be greatly influenced by
both of the tested factors and their interaction. Pesakovi¢
and Milivojevi¢ (2014) observed greater values of TPC and
TAC in the biofertilizer treatment, which might be due to
highly intensive mineralizing processes in the substrate
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and the increased physiological functions and activity of
the plant root. Likewise, our results confirmed the positive
impact of Biofertilizer 2 on TA, TACY, and TPC and the
positive impact of Biofertilizer 1 on TAC. Among the
natural antioxidant substances contained in strawberry
fruit, vitamin C has also been shown to play an important
role in controlling oxidative reactions in the human body
and thereby exhibits anticarcinogenic activities (Sun et al.,
2002). In our study, the only variable that determined the
quantity of vitamin C in the fruits was the cultivar.

Concerning the effect of the cultivar, significantly
higher values of vitamin C, TACY, TPC, and TAC were
registered in Joly compared to the other two examined
cultivars. Cordenunsi et al. (2002) examined six
strawberry cultivars at a commercial plantation in Brazil
and demonstrated that significant changes in SSC, vitamin
C, TPC, and TACY in the fruits during the ripening phase
were also cultivar-dependent. The high TPC of the Joly
fruit obtained in our study could be additionally explained
as the response to the nutrient application as well as
being due to the genetically controlled accumulation of
individual phenolics.

Our comparative study of three cultivars under two
different biofertilizer treatments indicated that the response
to bacterial inoculation is cultivar-related in strawberries.
The investigation into vegetative potential showed that
the Biofertilizer 1 application provided not only the most
favorable conditions for plant growth but also exhibited
a pronounced effect on the content of macroelements in
leaves. On the other hand, Biofertilizer 2 gave the best
results in terms of the chemical properties of strawberry
fruits. Although the Clery, Joly, and Dely cultivars are
characterized by outstanding physical and chemical fruit
characteristics, which are reflected primarily in their
high antioxidant activity, Joly was ranked the highest
according to most of the examined parameters. Finally, the
significant impact of the fertilizer x cultivar interaction on
plant growth and nutritional fruit quality may promote
bacterial inoculation as an appropriate technique of field
application in commercial strawberry production.

Acknowledgment

This study was part of Projects No. 31093 and No. 46008,
financed by the Ministry of Education, Science, and
Technological Development of the Republic of Serbia.

Anttonen M]J, Hoppula KI, Nestby R, Verheul M]J, Karjalainen RO
(2006). Influence of fertilization, mulch color, early forcing,
fruit order, planting date, shading, growing environment, and
genotype on the contents of selected phenolics in strawberry
(Fragaria x ananassa Duch.) fruits. ] Agric Food Chem 54:
2614-2620.


http://dx.doi.org/10.1021/jf052947w
http://dx.doi.org/10.1021/jf052947w
http://dx.doi.org/10.1021/jf052947w
http://dx.doi.org/10.1021/jf052947w
http://dx.doi.org/10.1021/jf052947w
http://dx.doi.org/10.1021/jf052947w

TOMIC et al. / Turk ] Agric For

Bambal AS, Verma RM, Panchbhai DM, Mahorkar VK, Khankhane
RN (1998). Effect of biofertilizers and nitrogen levels on
growth and yield of cauliflower (Brassica oleracea var. botrytis).
Orissa ] Hort 26: 14-17.

Bergmann W (1992). Colour Atlas: Nutritional Disorders of Plants.
Jena, Germany: VEG Gustav Fischer Verlag.

Brand-Williams W, Cuvelier ME, Berset C (1995). Use of a free
radical method to evaluate antioxidant activity. Food Sci
Technol-Leb 28: 25-30.

Capocasa F Scalzo ], Mezzetti B, Battino M (2008). Combining
quality and antioxidant attributes in the strawberry: the role of
genotype. Food Chem 111: 872-878.

Cordenunsi BR, Nascimento JRO, Genovese MI, Lajolo FM (2002).
Influence of cultivar on quality parameters and chemical
composition of strawberry fruits grown in Brazil. ] Agric Food
Chem 50: 2581-2586.

Esitken A, Yildiz HE, Ercisli S, Donmez FM, Turan M, Gunes A
(2010). Effects of plant growth promoting bacteria (PGPB)
on yield, growth and nutrient contents of organically grown
strawberry. Sci Hortic 124: 62-66.

Hakala M, Lapveteldinen A, Huopalahti R, Kallio H, Tahvonen R
(2003). Effects of varieties and cultivation conditions on the
composition of strawberries. ] Food Compos Anal 16: 67-80.

Handley DT, Dill JF (2003). Vegetative and floral characteristics of
six strawberry cultivars associated with fruit size, yield and
susceptibility to tarnished plant bug. Acta Hort 626: 161-167.

Leece DR, Van den Ende B (1975). Diagnostic leaf analysis for stone
fruit. 6. Apricot. Aust ] Exp Agric Anim Husb 15: 123-128.

Liu M, Li XQ, Weber C, Lee CY, Brown J, Liu RH (2002). Antioxidant
and antiproliferative activities of raspberries. ] Agr Food Chem
50: 2926-2930.

Lukovi¢ J, Milivojevi¢ J, Pesakovi¢ M, Popovi¢ B, Karaklaji¢-Staji¢
7 (2012). The effect of fertilizer type on soil microbiological
activity and vegetative potential of two strawberry varieties
‘Clery’ and ‘Dely’. Journal of Mountain Agriculture on the
Balkans 15: 865-872.

Magnani S, Baruzzi G, Bonoli M, D’Antuono LE, Elementi S, Maltoni
MI, Ranieri M, Faedi W (2009). Effect of integrated pest
management and organic cropping systems on strawberry-
fruit health components and fruit quality. Acta Hort 842:
927-930.

Mahdi SS, Hassan GI, Samoon SA, Rather HA, Dar AS, Zehra
B (2010). Bio-fertilizers in organic agriculture. Journal of
Phytology 10: 42-54.

Martinelli A, Leis M (2012). CIV’s breeding program - new trends
and challenges in creating strawberry varieties. In: Paper and
Abstract Proceedings of the 14th Serbian Congress of Fruit
and Grapevine Producers with International Participation.
Vrnjacka Banja, Serbia, pp. 40-47.

Milivojevi¢ ], Nikoli¢ M, Purovi¢ D (2009). The influence of growing
system on cropping potential of strawberry cultivar ‘Clery’
grown in plastic tunnel. Acta Hort 842, 115-118.

Nikolic N, Kostic LJ, Dordjevic A, Nikolic M (2011). Phosphorus
deficiency is the major limiting factor for wheat on alluvium
polluted by the copper mine pyrite tailings: a black box
approach. Plant Soil 339: 485-498.

Pantelidis EG, Vasilakakis M, Manganaris AG, Diamantidis G (2007).
Antioxidant capacity, phenol, anthocyanin and ascorbic acid
contents in raspberries, blackberries, red currants, gooseberries
and cornelian cherries. Food Chem 102: 777-783.

Papadakis LE, Sotiropoulos TE, Therios IN (2007). Mobility of
iron and manganese within two citrus genotypes after foliar
applications of iron sulfate and manganese sulfate. ] Plant Nutr
30: 1385-1396.

Perkins-Veazie P (2004). Berry crop quality response to soil nutrition.
Hort Science 39: 738.

Pesakovi¢ M, Karaklaji¢ Staji¢ Z, Milenkovi¢ S, Mitrovi¢ O (2013).
Biofertilizer affecting yield related characteristics of strawberry
(Fragaria x ananassa Duch.) and soil micro-organisms. Sci
Hortic 150: 238-243.

Pesakovi¢ M, Milivojevi¢ ] (2014). Comparative study of bio- and
chemical fertilization in strawberry production. In: Ferndndez-
Luqueiio F, Lopez-Valdez F, editors. Fertilizers: Components,
Uses in Agriculture and Environmental Impacts. Hauppauge,
NY, USA: Nova Science Publishers, pp. 127-154.

Reddy KJ, Munn LC, Wang L (1997). Chemistry and mineralogy of
molybdenum in soils. In: Gupta UC, editor. Soils and Plant
Molybdenum and Its Significance in Crops and Livestock.
Cambridge, UK: Cambridge University Press, pp. 4-22.

Rico-Garcia E, Hernandez-Hernandez F, Soto-Zaraztia GM, Herrera-
Ruiz G (2009). Two new methods for the estimation of leaf area
using digital photography. Int J Agric Biol 11: 397-400.

Sanchez-Moreno C, Larrauri JA, Saura-Calixto F (1998). A procedure
to measure the antiradical efficiency of polyphenols. ] Sci Food
Agric 76: 270-276.

Seo JB, Shin GH, Cho KC, Kim JK, Choi KJ, Yang WM (2009). Effects
of plant growth promoting microorganisms on the growth of
strawberry. Acta Hort 842: 3114-3146.

Shaw VD (1993). Genetic correlations between vegetative growth
traits and productivity at different within-season intervals
for strawberries (Fragaria x ananassa). Theor Appl Genet 85:
1001-1009.

Sun J, Chu YE Wu XZ, Liu RH (2002). Antioxidant and
antiproliferative activities of common fruits. ] Agric Food
Chem 50: 7449-7454.

Umar I, Wali VK, Kher R, Jamwal M (2009). Effect of FYM, urea
and Azotobacter on growth, yield and quality of strawberry cv.
Chandler. Bot Hort Agrobot Cluj 37: 139-143.

341


http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1016/j.foodchem.2008.04.068
http://dx.doi.org/10.1016/j.foodchem.2008.04.068
http://dx.doi.org/10.1016/j.foodchem.2008.04.068
http://dx.doi.org/10.1021/jf011421i
http://dx.doi.org/10.1021/jf011421i
http://dx.doi.org/10.1021/jf011421i
http://dx.doi.org/10.1021/jf011421i
http://dx.doi.org/10.1016/j.scienta.2009.12.012
http://dx.doi.org/10.1016/j.scienta.2009.12.012
http://dx.doi.org/10.1016/j.scienta.2009.12.012
http://dx.doi.org/10.1016/j.scienta.2009.12.012
http://dx.doi.org/10.1016/S0889-1575(02)00165-5
http://dx.doi.org/10.1016/S0889-1575(02)00165-5
http://dx.doi.org/10.1016/S0889-1575(02)00165-5
http://dx.doi.org/10.1071/EA9750123
http://dx.doi.org/10.1071/EA9750123
http://dx.doi.org/10.1021/jf0111209
http://dx.doi.org/10.1021/jf0111209
http://dx.doi.org/10.1021/jf0111209
http://dx.doi.org/10.1007/s11104-010-0605-x
http://dx.doi.org/10.1007/s11104-010-0605-x
http://dx.doi.org/10.1007/s11104-010-0605-x
http://dx.doi.org/10.1007/s11104-010-0605-x
http://dx.doi.org/10.1016/j.foodchem.2006.06.021
http://dx.doi.org/10.1016/j.foodchem.2006.06.021
http://dx.doi.org/10.1016/j.foodchem.2006.06.021
http://dx.doi.org/10.1016/j.foodchem.2006.06.021
http://dx.doi.org/10.1080/01904160701555754
http://dx.doi.org/10.1080/01904160701555754
http://dx.doi.org/10.1080/01904160701555754
http://dx.doi.org/10.1080/01904160701555754
http://dx.doi.org/10.1016/j.scienta.2012.11.016
http://dx.doi.org/10.1016/j.scienta.2012.11.016
http://dx.doi.org/10.1016/j.scienta.2012.11.016
http://dx.doi.org/10.1016/j.scienta.2012.11.016
http://dx.doi.org/10.1017/CBO9780511574689.003
http://dx.doi.org/10.1017/CBO9780511574689.003
http://dx.doi.org/10.1017/CBO9780511574689.003
http://dx.doi.org/10.1017/CBO9780511574689.003
http://dx.doi.org/10.1021/jf0207530
http://dx.doi.org/10.1021/jf0207530
http://dx.doi.org/10.1021/jf0207530

