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Modern greenhouse pepper production should evolve towards more sustainable systems. The growing technique
which combines soilless culture and biostimulants may reduce nutrient and water use with beneficial impact on
the environment. Therefore, this work aimed to investigate effects of biostimulants application on hydroponically
produced pepper plants (Capsicum annuum L.) in conditions of reduced fertilization. Positive influence of biostim-
ulant treatment on yield parameters was observed along with significant decrease in incidence of blossom-end rot
(BER) in two pepper cultivars. Biostimulants application resulted in overall increase in macro- and microelement
content in fruits of treated pepper cultivars. Generally, biostimulants improved the yield of pepper plants grown
hydroponically by increasing the nutrient uptake and decreasing the occurrence of BER. Thus, the application of
biostimulants could be considered as a good production strategy for obtaining high yields of nutritionally valuable
vegetables with lower impact on the environment.
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Introduction

Sweet bell pepper (Capsicum annuum L.), an important vegetable for our daily consumption, is a horticultural crop
that is traditionally supplied with high levels of chemical fertilizers, contributing to an increased contamination
in environmental water bodies (del Amor 2007). The development of new production technologies has resulted
in current pepper hybrids giving their maximum yields. In greenhouse production, the hydroponic system substi-
tutes the soil, thus allowing crop cultivation in different environments, where the traditional agriculture cannot
be performed (Vernieri et al. 2005). During the hydroponic cultivation of vegetables, growth disorders caused by
different factors are often noticed. A common physiological disorder in modern greenhouse pepper production is
a blossom-end rot (BER). BER is related to many factors including substrate salinity, high Mg, NH,* and/or K con-
centration, disturbed xylem function, fast plant growth rate, unfavorable water regime, low availability of Ca, high
temperature, high and low transpiration intensity, which may result in suppressed transport of Ca in the blossom
end of the fruit (Ho and White 2005).

The induction of BER, considered as the symptom of physiological disorder caused by local Ca deficiency in young
fruit, is influenced by a number of environmental factors (Ho et al. 1993). These are most likely to exert their ef-
fects by affecting the transport of Ca to the fruit and/or the rate of cell expansion. Although each adverse envi-
ronmental condition might reduce Ca accumulation and/or accelerate cell expansion in a young fruit through a
different physiological process, all are able to reduce the Ca concentration in distal fruit tissue to a critical level
(Marcelis and Ho 1999).

The incidence of BER is infrequent, but it can cause a substantial financial loss when it occurs. It can occur in any
truss throughout the seasons (Marcelis and Ho 1999), but it is only induced in fruit soon after fruit set, when the
relative growth rate of young fruit is highest (Ho et al. 1987). Relative humidity around the fruit influences the
mineral composition and incidence of blossom-end rot in sweet pepper fruit (Tadesse et al. 2001). Fast growth
of pepper, particularly of that grown in glasshouse, correlates with lower Ca absorption from substrates and its
low concentration in pepper fruits (Marcelis and Ho 1999), along with induction of BER. Since high temperature
in glasshouses (>28 °C) and low relative air humidity (<60%), the summer conditions commonly found in glass-
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houses, favor BER onset, it is possible, by means of preventive foliar Ca application, to bring pepper fruits damage
down to only 3-7% (Benoit and Ceustermans 1999).

Nowadays, besides the yield and productivity, agriculture has to consider objectives like the food quality, the cost
of production and the environmental impact of cropping systems (del Amor 2007). It is therefore imperative to
grow the crop under the most optimum nutrient conditions to attain the highest profitable yield and nutritionally
valuable food products. Adequate supply of macro- and microelements, as well as other nutrients in plants, real-
izes fruit firmness due to tissue and cell membranes integrity. Such fruits have longer shelf life, higher resistance
to secondary infections, and higher tolerance to temperature stress. In many production areas, treatments with
different growth promoters such as biostimulants are becoming more common for the purpose of improving pro-
duction quantity and quality (Richardson et al. 2004). These products, varying in chemical composition, are pro-
prietary and can be applied at different growth stages of plants. They often contain mixture of organic and inor-
ganic compounds including essential macro- and micronutrients, humates, polysaccharides, amino acids, carbo-
hydrates, glycosides and plant hormones (Adani et al. 1998, Maini 2006, Vernieri et al. 2006, Tuteja 2007, Mora et
al. 2010). Most of the biostimulants are completely environment and health friendly. They increase plant mineral
uptake and improve the nutrients use efficiency. Thus, several benefits for plants were identified and reported
from biostimulants: increased root and shoot growth, increased resistance to stress, and increased water uptake;
any of which would reduce transplant shock (Adani et al. 1998, Maini 2006, Vernieri et al. 2006, Tuteja 2007).
Their effect is a result of many components that may work synergistically at different concentrations (Vernieri et
al. 2005). The combination of hydroponics and biological stimulants may reduce the application of fertilizers and
improves the quality of some vegetables with benefit for the environment.

Thus, the objective of this research was to evaluate four different biostimulants for their effects on yield and inci-
dence of BER in sweet bell pepper grown under hydroponically greenhouse conditions. Additionally, we studied
how application of biostimulants influenced macro- and microelement uptake by bell peppers.

Materials and methods
Plant production

Investigation was carried out in two years (2009-2010) under greenhouse conditions at the agricultural trade Fila-
kov located in Gaji¢, Eastern Croatia (45°49’N, 18°44’E). Two sweet yellow pepper cultivars (Capsicum annuum L.,
Fam. Solanaceae), semi block pepper ‘Century’ F1 (Rijk Zwaan, NL) characterised by conically shaped fruits and
block pepper ‘Blondy’ F1 (Syngenta - S&G Vegetables) characterised by short bell shaped fruits, were planted in
a rockwool and grown hydroponically. The pepper transplants were produced in rockwool blocks in commercial
glasshouses of Grow Group located in Felgyo, Hungary specialized for hydroponic transplants production of vari-
ous vegetable species.

The experimental design was set up in a split-plot scheme with 4 replications where each replication had 10 plants.
Planting of pepper transplants was carried out on 15 February 2009 and 12 Feburary 2010 in rockwool slabs and
grown till the end of the experiment. Plant density was 3 plants per square meter. Plants were trained and around
a vertical string, and suckers were pruned every week. In order to improve pollination and fruit setting, plants
were shaken every day when watered and bumble bees were introduced 4 weeks after transplantation. Number
of fertilization rates per day in this investigation was controlled by central processor unit Priva Integro (De Lier,
Netherlands) according to sun radiation, inside and outside temperature, plant growth stage, total sum of radia-
tion, quantity and composition of drainage water and air humidity. Fertilization, which started second day after
planting, was conducted by means of application of water soluble mineral or single salt based fertilizers following
the standard hydroponic fertilization program and recipe. The experiment consisted of four different treatments
including treated ‘Blondy’ F1 (BIT), control ‘Blondy’ F1 (BIC), treated ‘Century’ F1 (CenT) and control ‘Century’ F1
(CenC) pepper plants. In control plots, the plants received nutrient solution only, without any addition of biostim-
ulants. To determine biostimulants effect in conditions of reduced fertilization, the concentration of nutrient so-
lution delivered to both control and treated plots was reduced by 30% compared to prescribed recipe.

The treatments consisted of the following commercial biostimulants: Radifarm®, Megafol®, Viva® and Benefit®
(Valagro s.p.a., Italy). All four biostimulants were applied on the each treated pepper plant. They were mixed with
nutrient solution and applied by spraying or watering in given order and number of applications according to pro-
viders’ recommendation where each biostimulant has specific role at certain stage of plant development. De-
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tailed and exact composition of biostimulants is providers’ proprietary, whereas main active compounds of each
biostimulant are shown in Table 1. Application of biostimulants in this kind of plant production technology belongs
to new growing techniques which combine standard mineral fertilization and application of natural biostimulants.
Furthermore, biostimulants cannot be considered as fertilizers since they are applied in very small quantities.

There were totally 11 harvests of fruits in 2009 and 13 harvests of fruits in 2010. The following yield param-
eters were determined after each harvest: total fruit yield, average fruit weight, number of non-commercial

(NC) fruits (deformed and BER fruits), number of BER-affected fruits, yield loss and commercial fruit yield.

Table 1. Biostimulant composition, effects and application procedures in 2009 and 2010.

Total number and periods
of applications (in both
years)

Application

Biostimulant Composition Effects
procedure

amino acids (asparagine,

arginine, tryptophane), better root growth and by watering 60

4 times: 15 Feb, 25 Feb, 5

. ® ()
Radifarm glycosides, polysaccharides and  development m| Of.O'ZSA Mar and 28 Mar
organic acids solution per plant
8 times: every 2 weeks
amino acids (proline and . by spraying from 15 Feb tl.“ 25 Ju!
tryptophane), glycosides anti-stress effect and 55-60 ml of progressively increasing
Megafol® / ! improvement of foliar the quantity of

0.20% solution
per plant

polysaccharides, organic

. . rowth
nitrogen and organic carbon g

biostimulant solution per
plant for ca. 15 ml during
each application

organic carbon, folic acid,
Viva® vitamins B1, B2, B6 and PP,

inositol and humic acids

by watering 120 4 times: every 10 days
ml of 0.25% starting from 15 Jun, last
solution per plant  application on 15 Jul

improves fruit setting and
reduces fruit drop

accelerates major

organic carbon, amino acids . by spraying 8 times: every 10 days
. R . . metabolic processes, . T
Benefit® (glycine, alanine, aspartic acid improves fruit setting 120-150 ml of during investigation
and glutamic acid), nucleotides, (more uniform fruit 0.30% solution starting from 25 Jul and
free enzymes, and vitamins per plant ending on 25 Sep

weight and size)

Macro- and microelement analysis

In order to determine effect of biostimulants on macro- and microelements content of studied pepper cultivars
(cvs.) in conditions of reduced fertilization, pepper leaves and fruits of each treatment were sampled two times
each year, on 15 June 2009 and 17 June 2010 (treatments denoted with 1) and on 4 September 2009 and 7 Sep-
tember 2010 (treatments denoted with 2). Immediately after sampling, the pepper samples were transported to
the laboratory where chemical analysis commenced. Pepper leaves were washed in distilled water. The inedible
portions (placenta and seeds) of the pepper fruits were removed from the edible portion (pericarp); the edible
portion was subsequently washed in distilled water and used for further analysis. Samples were dried at 70 °C and
grounded. In order to determine macro- and microelements content, 1 g of each sample was digested with 5 ml
of a mixture of sulphuric acid, perchloric acid and hydrogen peroxide.

Total nitrogen content was determined by the Kjeldahl method (Bremmer 1965) using Distillation Unit K-350
(Bichi, Switzerland). Total phosphorus was determined by the molybdophosphoric method described by the Ging
and Sturtevant (1954). The total concentration of K was determined by flame emission and the total concentra-
tion of Ca, Mg, Fe, Mn, Zn and Cu in the leaf and fruit samples were determined by atomic absorption spectrom-
etry using Perkin Elmer Analyst 200 (Perkin Elmer, USA) with or without an additional dilution after wet digestion.

Statistical design and analysis

The data were subjected to correlation analysis and multiple regressions using Microsoft Excel 2007. Analysis of
variance was carried out and differences between treatments and cultivars were judged by the Fisher LSD test
(p<0.05) using SAS 9.0 statistical package. The data are reported in tables and figures as means with standard de-
viations in parenthesis and error bars, respectively.
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Results and discussion

Average values of the mass and number of fruits, total and marketable yields (g fruit?), yield loss, average num-
ber of non-marketable and BER fruits of treated and control plants of two pepper cultivars ‘Blondy’ and ‘Century’
studied in 2009 and 2010, are presented in the Table 2. Results regarding yielding of both pepper cultivars proved
significant differences in total and marketable yield under the influence of biostimulants compared to the yield
of control plants.

Table 2. Yield parameters and incidence of blossom-end-rot (BER) in ‘Blondy’ F1 (Bl) and ‘Century’ F1 (Cen) pepper cultivars as affected
by treatment with biostimulants in two year trials (2009 and 2010)."

. Number Number of Fruit ’ .
Year Treatment’ '(I'otalla\::te_ll()i of fruits BER fruits weight (Yldfla I:tis) Ma;kete::ﬁ_}/)leld
gp plant? plant? (g) gp gp
BIT 5982° 54¢ 1.5¢ 110° 300° 5682°
BIC 5242¢ 49¢ 3.2° 106° 587° 4655¢
2009*
CenT 5764° 68° 1.1¢ 84> 264° 5500°
CenC 5075¢ 64° 3.5° 79° 5582 4517¢
BIT 6658° 49° 0.5¢ 1322 278¢ 6380°
BIC 5988¢ 45¢ 2.4° 1322 848° 5140¢
2010
CenT 657120 73° 1.6 89° 457¢ 6115°
CenC 6459° 74° 7.5° 87° 1175° 5284¢

" Values represent means of triplicate determinations while relative standard deviation was always fewer than 12% of the values. Values
marked with different letters * < are significantly different within one column according to the LSD test, p=0.05

"Control plants are denoted with C and treated plants with T.

*The data for total yield, fruit weight and marketable yield, observed in 2009, have been published in the Paradikovic et al. 2011.

Our results are in accordance with previously reported studies on biostimulant use in vegetable production (Maini
2006, Vernieri et al. 2006, Russo and Berlyn 1990). The greatest total and marketable fruit yield was obtained in
the year 2010 for treated ‘Blondy’ cultivar. The highest total yield was 6658 g plant?, as obtained BIT in 2010, and
the lowest was 5075 g plant? (CenC in 2009). Fruit weight was again the highest (132 g) in BIT in 2010 and lowest
(79 g) in CenC in 2009. Significant difference (p<0.05) appeared for average fruit weight between CenT and CenC
treatments in favour of treated plants in 2009. As expected, ‘Blondy’ cv. had significantly larger fruits than ‘Cen-
tury’ cv., but BIT had by 2.2% increased average fruit weight compared to BIC only in 2010.

The statistical analysis of data showed that the number of BER fruits and yield loss for both pepper cultivars were
significantly decreased by the biostimulants treatment in both years. Treated plants had also significantly more
fruits per plant except CenT and CenC in 2010.

The optimal temperature for pepper growth is considered to be 22-28 °C. That was the case in our investigation,
but the temperature was sometimes higher, up to 38 °Cin some cases, and during the night the temperature varied
in the range of 15-18 °C. The mean air temperatures were 28.5 and 26.5 °C in 2009 and 2010, respectively. Since
high temperature in glasshouses (>28 °C) and low relative air humidity (<60%), the summer conditions commonly
found in glasshouses, favor BER onset, we recorded the highest number of BER fruits during July and August (see
Figures 1 and 2). At the same time, exceptional influence of biostimulants on pepper yield parameters was ob-
served in hot summer season when high temperatures in greenhouse caused physiological stress in plants (Figs.
1 and 2). During the rest of vegetation period, effect of biostimulants on yield parameters was less pronounced.
Similar to observations by Ho et al. (1993) in tomato and by Marcelis and Ho (1999) in pepper, the incidence of
BER in ‘Blondy’ F1 and ‘Century’ F1 pepper plants positively correlated with high air temperature and radiation.
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Fig. 1. Effects of biostimulants on commercial yield and incidence of blossom-end-rot (BER) fruits in treat

ed ‘Blondy’ F1 (BIT),

treated ‘Century’ F1 (CenT), control ‘Blondy’ F1 (BIC) and control ‘Century’ F1 (CenC) during different harvesting dates in 2009.
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Fig. 2. Effects of biostimulants on commercial yield and incidence of blossom-end-rot (BER) fruits in treated ‘Blondy’ F1 (BIT),

treated ‘Century’ F1 (CenT), control ‘Blondy’ F1 (BIC) and control ‘Century’ F1 (CenC) during different harvesting dates in 2010.

Number of BER fruits

Number of BER fruits

Final number of BER fruits in treated ‘Blondy’ F1 and ‘Century’ F1 pepper cultivars was lower by 53% and 68%,
respectively, in 2009 and even by 79% and 78%, respectively, lower than controls in 2010, which highly justifies
biostimulants application. Observed increase in yield of treated plants by 23% and 18% for BIT and CenT, respec-
tively, compared to non-treated plants finally proved effectiveness of applied biostimulant in reduction of BER. In
addition, calculation of the costs of biostimulant application, yield parameters and average price of peppers on
the market during this research (see Table S1 in Supporting Information) demonstrated that biostimulants can be

successfully used for enhancing the yield of pepper grown hydroponically.

The next hypothesis of our research was that the nutrients absorbed in the presence of biostimulants should
enhance the uptake of beneficial elements in the treated pepper plants. The analyses of nitrogen (N), phos-
phorus (P), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn) and zinc (Zn) in fruits and
leaves of two pepper cultivars showed that in 2009 leaves contained more total P, K, Mg and Mn than in 2010
(Tables 3-4), while fruits contained more P and less Ca and Mg in 2009 compared to 2010 (Figs. 3-5). Treatment
with biostimulant resulted in an increased content of almost all analysed elements in fruits of both cultivars in
both years. In contrast, no such unambiguous effect of biostimulants on the leaf elemental content was found.
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Table 3. Effects of treatment with biostimulants on concentration of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), iron (Fe), manganese (Mn) and zinc (Zn) in leaves of pepper cultivars during 2009. Values represent means and
standard deviations are given in parenthesis.”

Treatment’ N (%) P (%) K (%) Ca (%) Mg (%) Fe (mg kg?) Mn (mgkg?)  Zn (mgkg?)
BIT | 2.88¢ 0.36¢%¢ 5.17° 0.862 0.89*° 49,5804 94.68¢ 16.60°
(0.22) (0.04) (0.23) (0.06) (0.03) (9.24) (1.42) (3.23)
BIC | 3.54° 0.44¢ 6.00° 0.92? 0.972 42.10%4 111.03¢¢ 12.10%¢
(0.22) (0.01) (0.20) (0.06) (0.05) (9.94) (11.48) (1.81)
CenTI 3.07bcd 0.39¢ 5.57%° 0.91° 0.79<¢ 60.87° 111.75¢%¢ 15.10¢
(0.22) (0.01) (0.29) (0.03) (0.04) (5.02) (2.29) (2.21)
CenCl 3.31%bc¢ 0.632 5.95?2 0.57° 0.81bed 43,324 115.50¢ 9.73¢
(0.16) (0.02) (0.33) (0.13) (0.11) (4.08) (9.14) (1.49)
BIT II 3.36%° 0.34¢ 5.63%° 0.89° 0.88°¢ 61.95° 153.05° 32.95°
(0.06) (0.01) (0.10) (0.19) (0.02) (6.22) (13.82) (3.20)
BIC II 2.94¢4 0.39¢¢ 5.64%b 0.962 0.78¢ 56.85%F 126.05°¢ 22.43°
(0.41) (0.02) (0.30) (0.12) (0.03) (7.71) (16.03) (3.44)
CenT Il 3.38%0 0.39¢¢ 5.73? 0.82? 0.88b¢ 51.982bc 152.552 22.73°
(0.08) (0.03) (0.17) (0.07) (0.01) (2.10) (11.83) (1.20)
CenC i 2.88¢ 0.49° 5.61%° 0.95°2 0.77¢ 40.42¢ 136.7720 14.58¢
(0.18) (0.06) (0.55) (0.16) (0.03) (3.92) (14.36) (2.18)

“Values marked with different letters <% ¢ are significantly different within one column according to the LSD test, p=0.05.

"Blondy’ F1 cultivar is denoted with Bl, ‘Century’ F1 cultivar with Cen, control plants are denoted with C and treated plants with T, first

sampling is denoted with I, and second sampling with II.

Table 4. Effects of treatment with biostimulants on concentration of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), iron (Fe), manganese (Mn) and zinc (Zn) in leaves of pepper cultivars during 2010. Values represent means and
standard deviations are given in parenthesis.”

Treatment™ N (%) P (%) K (%) Ca (%) Mg (%) Fe (mgkg!) Mn (mgkg?) Zn (mg kg?)
BIT | 3.00°¢ 0.22° 3.61° 0.57¢ 0.78° 56.66°¢ 76.05%b 23.33°
(0.22) (0.01) (0.03) (0.07) (0.05) (0.52) (8.27) (1.70)
BICI 3.23%° 0.22° 4,23b¢ 0.75¢¢ 0.62¢ 65.56° 71.45%b 19.87%b¢
(0.16) (0.05) (0.28) (0.12) (0.06) (8.97) (4.32) (1.27)
CenT | 2.98b¢ 0.22° 3.91¢de 0.64¢% 0.71%° 55.03¢ 55.23¢¢ 20.47%°
(0.26) (0.01) (0.46) (0.16) (0.03) (3.02) (4.88) (1.91)
CenCl 2.96°¢ 0.20%° 3.77% 0.67¢4¢ 0.68°¢ 63.33%° 50.38¢ 17.290¢
(0.05) (0.01) (0.31) (0.04) (0.08) (4.92) (12.18) (0.78)
BIT Il 3.55° 0.18° 4.40° 1.06° 0.77° 61.412bc 82.222 23.36°
(0.22) (0.01) (0.19) (0.08) (0.06) (4.52) (11.88) (1.77)
BIC II 3.06°¢ 0.22° 4.35¢%0 0.83°¢ 0.60° 58.38%bc 72.40° 17.64°¢
(0.05) (0.01) (0.25) (0.07) (0.02) (3.58) (6.10) (2.54)
CenT Il 3.2730 0.17° 4.36%° 0.96°° 0.70%° 61.132b¢ 77.53%b 21.90°
(0.18) (0.02) (0.42) (0.10) (0.06) (3.73) (15.66) (4.91)
CenC i 2.74¢ 0.21° 4.20P<d 0.972b 0.61°¢ 57.90%b¢ 60.40°<4 15.82¢
(0.25) (0.01) (0.06) (0.19) (0.01) (5.19) (11.37) (4.01)

*Values marked with different letters >®<%¢ are significantly different within one column according to the LSD test, p=0.05.

"Blondy’ F1 cultivar is denoted with BI, ‘Century’ F1 cultivar with Cen, control plants are denoted with C and treated plants with T, first

sampling is denoted with |, and second sampling with II.
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Fig. 3. Effects of biostimulants on concentration of nitrogen (N), phosphorus (P) and potassium (K) in fruits of treated
‘Blondy’ F1 (BIT), treated ‘Century’ F1 (CenT), control ‘Blondy’ F1 (BIC) and control ‘Century’ F1 (CenC) after first and second

sampling (denoted with | and II, respectively) in 2009 and 2010. Values, given in % (w/w), represent means and standard
deviations are presented as error bars. Values marked with different letters > <% ¢ are significantly different within one
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Fig. 4. Effects of biostimulants on concentration of magnesium (Mg) and calcium (Ca) in fruits of treated ‘Blondy’ F1 (BIT),
treated ‘Century’ F1 (CenT), control ‘Blondy’ F1 (BIC) and control ‘Century’ F1 (CenC) after first and second sampling (denoted
with land II, respectively) in 2009 and 2010. Values, given in % (w/w), represent means and standard deviations are presented
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Fig. 5. Effects of biostimulants on concentration of iron (Fe), manganese (Mn) and zinc (Zn) in fruits of treated ‘Blondy’ F1
(BIT), treated ‘Century’ F1 (CenT), control ‘Blondy’ F1 (BIC) and control ‘Century’ F1 (CenC) after first and second sampling
(denoted with I and 11, respectively) in 2009 and 2010. Values, given in mg kg?, represent means and standard deviations
are presented as bars. Values marked with different letters <% ¢ are significantly different within one year according to
the LSD test, p=0.05.

Significant increase in N, K, Ca and Fe content was observed in fruits of both cultivars in both years. In Figure 4,
it can be noticed that both treated cultivars recorded significantly higher values of Mg after second sampling as
compared to controls. Observed results are to be expected if one carefully look at chemical content of applied bi-
ostimulants (Table 1). All applied biostimulants contained compounds like humic acids, amino acids, glycosides that
are abundant in functional groups which lead to the active interaction with a diverse range of mineral components.
Among them are carboxylic acid (COOH) and hydroxyl (OH) groups with ability to chelate positively charged ions.

The most interesting result is the pronounced effect of biostimulant application on increased Ca content in fruits
of both cultivars in both years. This nutrient plays a key role in plant growth and development by regulating a num-
ber of fundamental cellular processes like cell division, cell elongation or cell differentiation (Reddy 2001). Thus,
tissue Ca concentration in fruits of treated plants was by ~ 25% higher than in control plants along with increased
number of fruit and fruit weight by 6 and 3.6%, respectively. At the same time, Ca leaf content of treated pepper
plants was decreased, but not significantly, compared to controls in both years. It is known that plants have lim-
ited capacity for regulation of the internal distribution of Ca (Taylor et al. 2004). Thus, our results showed that bi-
ostimulants were effective in adequate distribution of Ca to the fruits at a period of high Ca demand. Also, in both
cultivars BER incidence was negatively related to Ca concentration in the fruit tissues.

The beneficial effect of biostimulants on fruit setting and fruit yield was also apparent from the analysis of other
macro- and microelements. Application of biostimulants significantly increased the Fe content in pepper fruits in
both years (Fig. 5). In leaves of treated plants, Fe content was also increased compared to control, but significantly
only in CenT in 2009, and in BIT and CenT in 2010 after first sampling. Enhanced solubilisation and increased ex-
tractability of iron by humic acid and amino acids may account for its increased availability. Similar findings were
reported by Demir et al. (1999), and Chen and De Nobili (2004) in cucumber. The Zn content in fruits of treated
peppers was also increased, but significantly only in the case of ‘Century’ F1 cultivar (Fig. 5). On the other hand,
significant increase in Zn concentration in leaves was observed for both cultivars in both years but after second
sampling, when two additional biostimulants, Viva® and Benefit®, was applied. Content of Mn, known to show
remarkable variation in its effects among plant species, was significantly increased only in fruits of CenT in 2010
and in leaves of BIT after second sampling. This result seems to be related to the antagonistic effect of Ca and Mg
on Mn uptake (Lopez-Lefebre et al. 2001).
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Considering the N content, our chemical analyses on leaves and fruit samples proved that total N content sig-
nificantly increased with biostimulant application after second sampling in both years (Tables 3-4, Fig 3). The in-
creased N uptake was supposed to be due to the better use efficiency of applied N fertilizers in the presence of
humic acid and other compounds from biostimulants (David et al. 1994). Improving the efficiency of N remobili-
sation has the advantage of re-using the N from vegetative parts of the plant. Nitrogen is one of the most expen-
sive nutrients to supply, and commercial fertilisers represent the major cost in plant production (Paradikovic et al.
2010). This has become prohibitive for subsistence farmers. Therefore, improving N use efficiency leads to reduc-
tion of fertilisation cost in plant production. Subsequently, environmental damage due to nitrate leaching can be
diminished. The results obtained within the present study indicate that applied biostimulants increased total N
and Ca content in pepper fruits (Figs. 3 and 4) and improved the internal quality of plants by lowering leaf nitrate
content. In our previous investigation, we have observed the overall increase in pigment levels of pepper plants
after biostimulant application (Paradikovic et al. 2011) which implies the improvement of plant external quality.
The biostimulant probably affected the nitrogen metabolism, speeding up the incorporation of nitrate in the plant,
through the activation of related enzymes. The increased use efficiency of nitrogen might be justified by the higher
leaf pigment content in the treatments with applied biostimulants. The high chlorophyll content should increase
photosynthesis process indirectly stimulating the nitrate reduction (Sherameti et al. 2002).

Thus, the combination of hydroponics and biological stimulants may reduce the application of fertilizers and im-
proves the quality of some vegetables. Biostimulants work by increasing plant mineral uptake and improving the
nutrients use efficiency. Biostimulants used in this investigation are mainly composed by amino acids, vitamins,
glycosides, polysaccharides, humic acids, nucleotides and mineral nutrients. Therefore, their effect is a result of
many components that may work synergistically at different concentrations.

Conclusions

Plant biostimulation has recently become an increasingly more common treatment in modern agricultural pro-
duction, carried out to intensify the quantity and improve the quality of crop yield. This study showed the positive
effect of biostimulant treatment both on yield and elemental content of pepper (Capsicum annuum L.) grown hy-
droponically in a greenhouse. The application of biostimulants directly into nutrient solution or by spraying signifi-
cantly decreased the occurrence of BER fruits and increased the marketable yield. The increased accumulation of
N, P, K, Ca, Mg, Fe, Mnand Zn in fruits and leaves of two pepper cultivars after biostimulant application was also
observed. Biostimulants could not replace completely mineral nutrition in hydroponics, but could help balanced
uptake of nutrients and their distribution in the plant. The findings in this investigation have provided useful in-
formation on more economical production strategy. Thus, the combination of hydroponics and biostimulants ap-
plication could help in reducing the fertilizer application and consequently become environmental friendly pro-
duction of vegetables in greenhouses.
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Supporting Information

Table S1. Increase in net income per 1 ha calculated according to the costs of biostimulant application, yield parameters and average
price of peppers on the market during this research.

Type of cost Unit Quantity Price per unit (€) TOTAL (€)

Radifarm® L 18 8 144
Megafol® L 29 18 522
Viva ® L 36 14 504
Benefit® L 97 10 970

Spraying (labour and

nr. 16 35 560
sprayer cost)
Watering nr. 8 N/A" -

TOTAL (€) 2700
Increase in net income” cca. 24840
Calculation of gross income per 1 ha

Year Variant Marketable Average price Gross Relative increase in gross
yield (kg) (€) income (€) income (%)

2009 BIT 170400 0,9 153360 22
BIC 139800 0,9 125820
CenT 165000 0,9 148500 2
CenC 135600 0,9 122040

2010 BIT 191400 0,9 172260 24
BIC 154200 0,9 138780
CenT 183600 0,9 165240 16
CenC 158400 0,9 142560

1Watering was performed through the irrigation system thus representing insignificant cost.
% Increase was calculated on the basis of average price of 0,9 € per kg of pepper fruits and plant density of 3 plants per m? in both
investigation years and both pepper hybrids.
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