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Abstract

Biofertilizers based on processed organic manure are proven alternative to mineral fertilizers. The experiments
were carried out in 2009 to 2011 on an organic farm of the Agroecological Centre at the Agricultural University-
Plovdiv (Bulgaria). The study included pepper variety ,,Sofiiska Kapiya”. The biofertilizers Seasol (Earthcare) and
Emosan (Hemozym Bio N5) were applied as vegetative feeding on top of two basic fertilizations with the solid
biofertilizers Boneprot and Lumbrical. The objectives were to investigate impact of biofertilizers on
agroecological conditions for pepper growth and on biological and productive parameters of pepper under
organic farming. The investigated parameters were standard yield and economic productivity of plants (i.e.
average number of fruits per plant, mass of fruits and pericarp thicknesses). The present study found that
treatments with biofertilizers Emosan and Seasol on the basic fertilizations ensured more nutrients in the soil
comparison with the single applications of the basic fertilization. It was shown by the agrochemical status of soil,
i.e. at the end of vegetation, a higher total absorbable N after application of the biofertilizer Emosan on basic
fertilization with Boneprot was found. Nevertheless, the treatment with biofertilizer Boneprot lead to a higher
humus and major nutrient content compared to control (non-fertilized) plants. All treatments showed ‘a good
level of supply’ of the soil with K20. This determines the positive impact of the biofertilization for enrichment of
soil with potassium thus assuring a valuable reserve for the next crops. The optimal agroecological conditions
provided by the addition of biofertilizers reflected in higher standard yield of pepper compared to the control
plants. The results showed the positive effect of application of biofertilizer Emosan, regardless of the type of basic
fertilization. The highest standard yields in all three experimental years were shown by the pepper plants fed with
the biofertilizer Emosan on the basic fertilization Lumbrical, i.e. the average increase was 47.2 % compared to the
control plants. The biofertilizers applied as single treatments or as combined treatments increased the number of
fruits per plant (i.e. 1.5- 4.0 pcs) and the average pericarp thickness of fruits by 0.58 - 1.16 mm. The research
findings provide grounds for suggesting the studied bioferilizers as an effective solution for maintaining soil
fertility in organic production of pepper.

* Corresponding Author: Veselka Vlahova D< vvlahoval79@abv.bg
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Introduction

Organic agriculture is the best known production
methods that are supportive of the environment
(Nerkhede et al., 2011). The organic certification of
agricultural land in Bulgaria has so far achieved
modest results (Paull and Hennig, 2013) with 25,022
hectares certified for organic agriculture along with
543, 655 ha certified for organic wild collection
(Willer et al, 2013).

As part of the sustainable agriculture movement,
organic farming has become the focal point for
environmental and socio-economic change to modern
industrialized agriculture (Egri, 1997). Biofetrtilizers
have been used as sources of improvement of plant
nutrients in sustainable agriculture (Han et al.,
2006). Use of biofertilizers, in combination with
organic manures, offers a great opportunity to
increase the crop production and to achieve
sustainability (Vishwanath, 2002). In recent years,
biofertilizers also emerged as an important
component of the integrated nutrient supply system,
as they hold a great promise to improve crop yield
through environmentally better nutrient supplies

(Marozséan et al., 2009).

Organic materials were found to play critical role in
both short and long-term nutrient availability and
maintenance of soil organic matter in small holder
systems and represent key materials in reversing
nutrient depletion (Daudu et al., 2006). They can be
used as an alternative to inorganic fertilizers
(Makinde et al., 2007). Sharma and Mittra (1991) as
quoted by Ayoola and Makinde (2007), state that
nutrients contained in organic manures are released
more slowly and are stored for a longer time in the

soil, thereby ensuring a long residual effect.

The composition and concentration of beneficial
components of pepper fruit may vary in dependence
on weather and growing conditions such as the way of
fertilization, nutrient accessibility, soil complex and
humus content, etc. (Szafirowska and Elkner, 2008).

The modern organic farming aims at stable yields and

produce of a good quality. Still, the yields are lower

than conventional. One of the basic reasons is the

insufficient nitrogen availability, provided
particularly by fertilizers. Soil organic matter after
humification and mineralization can be a source of
nitrogen. In organic farming system soil serves as
reservoir and transformer of nutrients for crop
productivity. An overall objective of organic
production is to increase the chemical, physical and
biological soil fertility. The more stabilized soil
environment the better crop productivity
(Szafirowska and Elkner, 2009). According to
Reganold et al., (1987) the organically-farmed soil has
a significantly higher organic matter content, a
thicker topsoil depth and less soil erosion than the

conventionally farmed soil.

Having regards to all the above, the arguments for
this research were following:
1. The

environmentally-friendly

modern  agroecosystems that use
technologies need to
investigate the effect of application of a holistic
approach, i.e. interactions of agroecological factors,
with aim to obtain optimal production at low
ecological risk.

2. There is a need for updated and complex
information on the anticipated impact of biofertilizers
on vegetation and productivity of economically-
important crops (e.g. pepper). It is expected that
optimization of soil nutrient supply may affect
positively the overall agroecological conditions for
crop growing.

3. The data from such multi-aspect study may guide
organic producers to organize more economically-
efficient vegetable production, i.e. to use less energy
and nutrient inputs.

Therefore, the presented research study aimed at
investigating the impact of selected biofertilizers on
certain agroecological conditions (i.e. agroclimatic
and agrochemical) as well as on biological and
productive parameters of pepper grown under

organic farming.

Materials and methods
This experiment was carried out in the period of

2009- 2011 on the organically-certified farm of the
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Agroecological Centre at the Agricultural University-
Plovdiv (Bulgaria). Plovdiv is situated in the Central
part of the Thracian plain in the longitude of 24°45'
according to Greenwich, in the latitude of 42° N, and

in the altitude of 160 m (Ahmed, 2004).
Materials
Vegetable tested

Pepper is an annual crop and belongs to the Genus
Capsicum of Family Solanaceae. The pepper variety
was cultivated in conjunction with the principles of
organic agriculture and according to the technology
for mid-early field production. Pepper is a very
demanding crop regarding the predecessor. Suitable
predecessors are the vegetable varieties from the
Family Fabaceae and the Family Cucurbitaceae

(Panayotov et al., 2007).

Experimental setup

The seedlings were planted on a permanent place
during the third decade of May, on a high-levelled
seed-bed using the scheme 120+60x15 cm. The
experiment design included the method of long plots,

in four replications and a size of a test plot of 9.6 m2.

Treatments (variants):

1. Control (non-fertilized); 2. Basic fertilization with
Boneprot (optimum concentration); 3. Basic
fertilization with Boneprot (50 %) + Seasol; 4. Basic
fertilization with Boneprot (50 %) + Emosan; 5. Basic
fertilization with Lumbrical (optimum
concentration); 6. Basic fertilization with Lumbrical
(50 %) + Seasol; 7. Basic fertilization with Lumbrical

(50 %) + Emosan.

Fertilization

Solid biofertilizers Boneprot and Lumbrical were
incorporated in the soil prior to planting of the
seedlings on the field. They were applied in two
concentrations, i.e. an optimal, corresponding to 70
kg/da for the basic fertilization with Boneprot and
400 L/da for the basic fertilization with Lumbrical)
concentrations, i.e.

and  reduced optimal

concentration decreased by 50 %. The liquid

biofertilizers Seasol and Emosan were introduced in
soil twice during vegetation, i.e. at the pepper growing
stages ‘flower bud’ and in ‘mass fruit set’ in
concentration 1:500, i.e. 0.3 - 0.4 L/da for Seasol and

15 L/da for Emosan (Vlahova, 2013).

Characteristics of tested biofertilizers.

The selected biofertilizers, i.e. Boneprot, Lumbrical,
Seasol (Earthcare) and Emosan (Hemozym Bio N5),
belong to the list of permitted biofertilizers in the
European Union ‘Organic’ Regulation (EC) No.
889/2008.

Boneprot (Arkobaleno, Italy) is a pellet organic
fertilizer consisting mainly of cattle manure and has
following composition: organic nitrogen (N)-4.5%;
(P205)-3.5%;
(K20)-3.5%; organic carbon (C) of biological origin-
of humification (DH)-
humidity-13-15%; pH in water-6-8.

phosphorus anhydride potassium

30%; degree 40-42%;

Lumbrical (private producer from Plovdiv region,
Bulgaria) is a product obtained from processing
animal manure and other organic waste by
Californian red worms (Lumbricus rubellus and
Eisenia foetida) and consists of their excrements. The
commercial product has humidity of 45- 55 % and
organic substance content of 45- 50 %. Ammonium
nitrogen (N-NH,)- 33.0 ppm; nitrate nitrogen (N-
NOs)- 30.5 ppm; P-Os- 1410 ppm; KO- 1910 ppm; pH
in water- 6.5-7.0. It contains useful microflora 2x10*2

pce/g, humic and fulvic acids.

Seasol (Earthcare) Seasol International Pty Ltd
(Australia) is an extract of brown algae Durvillaea
potatorum. The commercial product contains raw
protein (2.5 £ 0.1 % w/w); alginates (6 + 2 % w/w);
total solidity (10.0 + 0.5 % w/w); pH (10.5 + 0.5%
w/w) and has a variety of mineral elements and traces
of N (0.10 £ 0.05 % w/w); P (0.05 = 0.02 % w/w); K
(2.0 + 0.5 % w/w); Cu (0.3 £ 0.2 % w/w) and

cytokines.

Emosan, HemoZym NK, Hemozym Bio N5

(Arkobaleno, Italy) contains total nitrogen (N)- 5 %;
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organic nitrogen (N)- 5 %; organic carbon (C) of
biological origin- 14 %; protein- 34 p/p; humidity- 65
p/p; K- 0.4 p/p; P - 0.06 p/p.; pH- 7.0- 10.0.

Parameters studied
1. The agrochemical soil parameters, i.e. assimilated
forms of nitrogen (N-NH; and N-NOs;- BDS ISO
14255- mg/kg); mobile forms of P.Os and mobile
forms of K-O (according method of Egner-Reem-
mg/100g); aqueous-extract pH 1:2.5; EC saturated
paste (mS/cm™); organic C (BDS ISO 14235 (g/kg)
and humus- calculated on the basis of organic C (%).
Soil samples were taken using a probe from the 0-20
cm layer with replicates from each variant in the
beginning and in the end of vegetation.
2. Yield, measured as a standard yield (kg/da)
3. Economic productivity of plants:

a. Average number of fruits per plant (pcs/plant)
from 10 plants per treatment.

b. Average mass of fruits (g) from 10 fruits per
treatment.

c. Pericarp thicknesses (mm)- 10 fruits per

treatment.

Statistical analysis

The MS Office Excel 2007; SPSS (Duncan, 1955) and
BIOSTAT packages were used. One-way analysis of
(ANOVA) was
differences between treatments (SPSS treatment 7.5).

variance used to analyse the
In the tables below, different letter(s) within a column
indicates a significant difference by Duncan’s multiple
range-test at P<0.05 level. BIOSTAT was used to

compare the results with the control (non-fertilized).

Results

Impact of biofertilisers on the agrochemical soil
parameters

The main agrochemical parameters in the beginning
of the vegetation period showed that the active soil
reaction (pH) was slightly alkaline, according to the
classification of the Bulgarian soils (Trendafilov and
Popova, 2007), throughout the period of three years
(Table 1). The content of total absorbable nitrogen
was within the range that determines the soil as a
weekly-alkaline (Tomov et al., 2009). The content of
the mobile soil P-Os5 (determined according to Tomov
et al., 2009) showed variability when analyzed in the
beginning of pepper vegetation, i.e. from a low-
content in 2010 and 2011 to an average content in
2009. During the study period soil P.Os content
showed a narrow range. Regarding the K-O content,
the soil was well-stocked and having a good level of
supply according to the threshold-limit values in an
extract with calcium lactat mg K-0/100 g (Tomov et
al., 2009) during the entire study period. A
significant reserve of K.O can be attributed to its
natural content in the regional soils and to the
decomposed plant residues leading to an increased
microbiological activity (Vlahova, 2013). Regarding
the humus content, the soil can be classified as a low-
content one (2009 and 2010) and having a very low
level of humus stocks (2011) according to
classification of Orlov and Grishina quoted by Totev
et al. (1991). The results of the analyses showed

similar values for three years.

Table 1. Main agrochemical parameters in the beginning of vegetation.

Parameters | pH EC N-NO; N- Total P05 K0 Humus
1: 2,5 mS/em* mg/kg NH, digestible mg/i1009 mg/1009 %
(H-0) mg/kg nitrogen
N
mg/kg
2009 7.30 2.83 13.0 3.6 16.6 16.40 22.10 2.00
2010 7.50 2.25 10.8 3.8 14.6 8.20 24.21 2.01
2011 7.30 2.49 11.5 3.9 15.4 8.42 25.10 1.95

In the end of the vegetation (2009 to 2011) years,
there were slight changes in the active soil reaction

(pH) wunder the impact of the biofertilization.

However, the overall pH remained weekly-alkaline
that is considered favorable for the vegetative and

productive growth of pepper (Table 2). On the
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average for the study period, pH of the variants fed
with Emosan increased after basic fertilizations with
Boneprot, i.e. by 7.51 % and by 7.48 % on the basic
fertilization Lumbrical, respectively. On the average
for the study period, pH of the variants fed with
Seasol decreased after basic fertilization with
Lumbrical, i.e. by 7.24 % and by 7.27 % on the basic
fertilization with Boneprot. The application of the
biofertilizer Seasol lead to slight decrease of pH
during the three-year study period. The single
application of the biofertilizer Boneprot in optimum
concentration increased the pH level and showed the

highest values in 2009 and in 2010, as it was 7.55 %

at an average for the period. The humus contents in
the end of the vegetation period slightly changed, but
in general the soil remained in the same group of
humus stocking. On average for the study period, the
highest values of the humus were detected upon
single application of the biofertilizer Boneprot in
optimum concentration, i.e. 2.88 % and upon
combined application of Emosan on basic fertilization
2.81 %.

agrochemical status, biofertilization, both as single

with Boneprot, i.e. Regarding soil
application in optimum concentration and as in
combined application with basic fertilization, showed

a positive impact on the soil humus contents.

Table 2. Agrochemical parameters at the end of the vegetation - pH and Humus.

Treatments pH Humus (%)

/variants/ 1: 2.5 (H=0) I )
2009 2010 2011 2 £ 2009 2010 2011 <>: g

Control 7.17¢<d 7.42 be 7.474 7.35 2.94 ¢ 2.53°¢ 2.09 ¢ 2.52

Boneprot (opt.) 7.48 2 7.632 7.54 ¢ 7.55 3.492 3.102 2.06°¢ 2.88

Boneprot (50%) + | 7.11d 7.324 7.39 ¢ 7.27 3.25°b 2.51¢ 2.532 2.76

Seasol

Boneprot (50%) + | 7.40¢% 7.50b 7.64 b 7.51 3.06 < 3.10 2 2.26b 2.81

Emosan

Lumbrical (opt.) 7.21°¢ 7.41°¢ 7712 7.44 3.23b 2,74 b 2,29 b 2.75

Lumbrical (50%) + | 7.10¢ 7.274 7.36¢ 7.24 2.99 de 2.78 b 2.04 ¢ 2.60

Seasol

Lumbrical (50%) + | 7.37P 7.48 be 7.59 be 7.48 3.09 ¢ 2.75b 2,27b 2.70

Emosan

Duncan’s Multiply Range Test (P<0.05)

The study reports higher values of soil nitrogen N-
NO; compared to those of N-NH,. It was observed in

all variants and confirmed during the study period
(Table 3).

Table 3. Agrochemical parameters in the end of the vegetation N- NO3, N- NH, and total nitrogen.

Treatments N-NO; N-NH, Total digestible N
/variants/ mg/kg S § mg/kg S § mg/kg 3 %
2009 2010 2011 2009 2010 2011 2009 2010 2011

Control 12.0¢ 4.3¢ 6.3°¢ 75 3.8P 1.9P 1.9¢ 2.5 15.8 6.2 8.2 10.1
Boneprot 19.22 10.4? 5.94 1.8 4.82 2.0Pb 2.2b 3.0 24.0 12.4 8,1 14.8
(opt.)
Boneprot 9.6¢ 4.5¢ 5.3f 6.5 =29¢ 20P 1.64 2.2 12.5 6.5 6.9 8.6
(50 %) +
Seasol
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Boneprot i5.0b 9.9b 89gPb

(50 %) +

Emosan

11.3

Lumbrical
(opt.)
Lumbrical
(50 %) +

Seasol

1149 4.5 5.6¢ 7.2

6.3f 56> 992 7.3

3.4¢

3.3 cd

2.3f

2.0b 1.64 2.3 18.4 11.9 10.5

1.9¢ 2.5 14.7 6.8 7.5

2.0b 2,42 2.2 8.6 7.6 12.3

13.6

9.7

9:5

Lumbrical | 1144 5.3f
(50 %) +

Emosan

79

3.24d

2.0b 1.8¢ 2.3 14.6 9.0 7.1

Duncan’s Multiply Range Test (P<0.05)

The highest N-NO3 content was detected in the
variant fed with single application of the biofertilizer
Boneprot in optimum concentration (in 2009 and
2010, at p<0.05), i.e. the average for the period was
11.8 mg/kg. The N-NOj3 content was also higher upon
application of Emosan on the basic fertilization with
Boneprot with an average of 11.3 mg/kg for the study
period. All other variants showed insignificant
differences. The maximum for the average N-NH,4
content for the study period was 3.0 mg/kg. The
content of total digestible nitrogen was highest for the
variant fed with single application of the biofertilizer
Boneprot in optimum concentration. It was detected
in 2009 and confirmed in 2010, as the average value
for the period was 14.8 mg/kg that was significantly
higher compared to other variants. The effect can be
attributed to the higher nitrogen content in the

composition of the biofertilizer Boneprot.

Upon the application of the biofertilizer Seasol on the
basic fertilization with Boneprot, the content of total

nitrogen was detected in its lowest levels in 2010 and

in 2011. This can attributed to the high level of
absorption of the macroelement of pepper plants
during the vegetation, which reflected on the
vegetative growth of the plants, i.e. on their height
(i.e. 62.00 cm in 2010 and 60.10 cm in 2011), and on
the formed number of leaves per plant (i.e. 159.0
pes/plant in 2010 and 151.1 pcs/plant in 2011)
(Vlahova, 2013). Depending on the border values of
the level of supply of the soil with accessible nitrogen
compounds, the soil can be classified as ‘a low-level of
supply’. It may be attributed to more intensive
nitrogen absorption by crops during vegetative stages

of growth.

The highest phosphorus P.Os5 content in the soil was
detected upon combined application of biofertilizer
Seasol on the basic fertilization with Boneprot, as the
average value for the study period was 20.9 mg/100g
(Table 4). After single application of the biofertilizers
in optimum concentration, it was found that the P.O5
content was higher after Boneprot than after

Lumbrical (2009 and 2010, at p<0.05).

Table 4. Agrochemical parameters on P-Osand K20 in the end of the vegetation.

Treatments P-05 (mg/100g) K-0 (mg/100g)
/variants/ 2009 2010 2011 ® ;-’a 2009 2010 2011 g Ep
< = < =
Control 27.44 be 9.66 4 9.38¢ 15.5 36.08> 15.73°¢ 19.01°¢ 23.6
Boneprot 20.14 2 13.24 P 11.36 ¢ 17.9 37.852 18.402 19.02 ¢ 25.1
(opt.)
Boneprot (50 | 29.272 20.66 2 12.84 P 20.9 37.652 16.62 P 23.373 25.9
%) + Seasol
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(50 | 24.691¢ 7.18f 13.33 P

%) + Emosan

Boneprot
Lumbrical 28.00 P
(opt.)
Lumbrical (50

%) + Seasol

10.56 ¢ 15.312

26.53 ¢ 8.09°¢ 11.86 ¢

15.1

18.0

15.5

37.64% 14.38¢  19.74%>  23.9

34.73¢ 15.284d 17.294 224

28.35¢ 16.40P) 14.57 ¢ 19.8

Lumbrical 8.08¢
(o %) +

Emosan

27.44 b 10.37¢

15.3

31.56 ¢ 14.37 ¢ 14.82¢ 20.2

Duncan’s Multiply Range Test (P<0.05)

The highest potassium K.O content in the soil was
shown after single application of the biofertilizer
Boneprot in optimum concentration (2009 and
2010). It determines the positive impact of the
application of biofertilizers, e.g. basic fertilization
with Boneprot, for improved supply of soil with
potassium. The highest average K-O content for the
period was detected after application of the
biofertilizer Seasol on the basic fertilization with

Boneprot (25.9 mg/100g).

Another investigated soil property was the electrical
conductivity (EC). It is used to determine the level of
the salts dissolved in the soil (Table 5). The results
showed that the EC was highest for the variant with
single application of the biofertilizer Boneprot in
optimum concentration (in 2009 and 2010). The
research found that the applied biofertilizers did not
increase the concentration of the salts dissolved in the

soil.

Table 5. Agrochemical parameters in the end of the vegetation- EC (mS/cm ).

Treatments 2009 2010 2011 Average
Jvariants/

Control 2.384d 2.01°¢ 1.65 be 2.01
Boneprot (opt.) 3.302 2.89 2 1.70 @b 2.63
Boneprot (50 %) + Seasol 2.60 be 1.70¢ 1.62°¢ 1.97
Boneprot (50 %) + Emosan 2.64b 2.20P 1.672be 2.17
Lumbrical (opt.) 2.62b 1.824 1.46 4 1.97
Lumbrical (50 %) + Seasol 2,284 2.00 ¢ 1.66 be 1.98
Lumbrical (50 %) + Emosan 2.50°¢ 1.97°¢ 1.73 2 2.07

Duncan’s Multiply Range Test (P<0.05)

The high electrical conductivity (EC) may have
unfavorable impact on the development of pepper,
because pepper is sensitive to constant high salt
content (Sari and Forr6, 2007). The EC-values were
within the range of 1.96 mS/cm™ to 3.97 mS/cm™1
and did not have a negative impact on the growth of
the pepper, which belongs to the group of average-
susceptible crops with a threshold of the salt index of
about 1.5 dS/m (Hanlon et al., 1997). A higher

content of soluble salts was found after application of

Emosan on the basic fertilization with Boneprot, as an
average for the study period was 2,17 mS/cm . The
results from the soil analyses showed that the
biofertilizers had an impact on the content of

absorbable nutrients.

Standard yield
Economic yield is one of the most important
parameters for assessing the biological effect of

application of the technology for pepper cultivation,
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including the application of biofertilizers. The study
showed that the standard yield of pepper plants
increased in the variants with biofertilizers in
comparison with the control (non- fertilized) plants
(Table 6). The highest standard yield in all three
experimental years was shown by the variant fed with
the biofertilizer Emosan on the basic fertilization with
Lumbrical, i.e. 1541 kg/da (2009), 2258 kg/da (2010),
and 2006 kg/da (2011). The average increase in all
three years compared to the control was by 47.2 %. A
high yield (p<0.05) was reported upon the additional

feeding with the biofertilizer Emosan on the basic

fertilization with Boneprot, i.e 1512 kg/da (2009),
2184 kg/da (2010) and 1900 kg/da (2011), as the
average increase in all three years compared to the
control was by 41.9 %. The results obtained showed
the positive effect of the application of the
biofertilizer Emosan, regardless of the type of basic
fertilization. From a statistical point of view, there are
significant differences (Po.%) between the two
variants fed with the biofertilizer Emosan during the
period of three years compared to the control. The
results also showed the impact of the two basic

fertilizations.

Table 6. Standard Yield (kg/da) variety of Sofiiska Kapiya (from 2009 to 2011).

Treatments | 2009 2010 2011 Average
/variants/ Mean; St.Dev. GD Mean; GD Mean; GD kg/da %
St. Dev. St. Dev.
Control 1119 + 221.3 © Base 1405 + 261.0°¢ Base 1420 + 29.103 f Base 1314.7 100.0
Boneprot 1235+ 313.5%  ns 1618 £ 19.0 de ns 1550 + 47.226 ¢ ++ 1467.  111.6
(opt.) 7
Boneprot 1283 £ 443.5¢  ++ 1737 + 33.9 bede 4 1704 + 41.016 4 +++ 1574.7 117.7
(50 %) +
Seasol
Boneprot 1512 £+ 132.02>  +++ 2184 + 26.32>  +++ 1900 % 77.117} +++ 1865. 141.9
(50 %) + 3
Emosan
Lumbrical 1339 + 402.2¢d  ++ 1797 + 208.4 + 1602 + 29.501 ¢ +++ 1579. 120.1
(opt.) bed 3
Lumbrical 1140 + 56.0 © ns 1952 + 56.73bcd 44 1580 + 69.788 ¢ +++ 1557. 118.4
(50 %) + 3
Seasol
Lumbrical 1541 + 142.6 2 +++ 2258 + 120.02  +++ 2006 + 15.885 2 +4++ 1935. 147.2
(50 %) + 0
Emosan
GD 5% 120.1 318.9 75.51
5 3
GD 1% 163.8 434.9 102.9
7 8 9
"GDoa% | 2217 588.6 "139.3
6 4 7
Duncan’s Multiply Range Test (P<0.05)
The composition of the applied biofertilizer as well as with the biofertilizer Seasol did not show

its combination with the basic fertilization could have

had an impact on the quantity of yield. The feeding

unidirectional results after application on the two

basic fertilizations. Higher yield was reported upon
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the application of the biofertilizer Seasol on the basic
fertilization Boneprot, i.e. 1283 kg/da (2009) and
1704 kg/da (2011).

Economic productivity of plants

a. Average number of fruits per plant

The yield parameters are directly interconnected and
impact plant quantity. The maximum number of
fruits per plant was observed on the variant fed with
the biofertilizer Emosan on the basic fertilization with
Lumbrical, i.e. 9.9 pcs/plant in 2009, 9.3 pcs/plant in
2010 and 8.4 pcs/plant in 2011 (Table 7). A higher

number of fruits were detected upon the application

of the biofertilizer Emosan on the basic fertilization
Lumbrical, as this was confirmed in 2009 and in
2010. A similar tendency was observed for the
biofertilizer Seasol. On the average for the study
period, the increase of the number of fruits was by 2.7
pes/plant for the plants fed with the basic fertilization
Lumbrical and on by 2.1 pcs/plant for the plants fed
with the basic fertilization Boneprot. The study also
confirmed the findings of Alves et al. (2009) that the
use of liquid biofertilizers is one of the organic
agriculture practices that aims to achieve balanced

plant nutrition.

Table 7. Number of fruits per plant, variety of Sofiiska Kapiya

Treatments 2009 2010 2011 )

/variants/ Mean; GD Mean; GD Mean; GD :Ef
St. Dev. St. Dev. St. Dev. E

Control 5.4 £ 0.726 ¢ Base 5.0 + 0.707f Base 5.2+ 0.4414 Base 5.2

Boneprot 7.7 + 0.866 ¢d +++ 6.2 £ 0.667 ¢ ++ 6.1+ 0.782°¢ ++ 6.7

(opt.)

Boneprot (50 | 7.7 £ 0.866 <d +++ 6.6 £ 0.5274d¢  +++ 7.6 £ 0.726 P +++ 7.3

%) + Seasol

Boneprot (50 | 7.1+ 0.601 < +++ 8.1+0.333P +++ 8.4 +£0.7261 +++ 7.9

%) + Emosan

Lumbrical 7.6 £ 0.527 ¢ +++ 7.3 £0.707 ¢ +++ 6.2 + 0.667 ¢ ++ 7.0

(opt.)

Lumbrical (50 | 8.9 + 0.928P +++ 7.3 £ 0.866 ¢ +4++ 6.4 +0.882¢ +++ 7.5

%) + Seasol

Lumbrical (50 | 9.9 + 1.364 2 +++ 9.3+ 0.5001 +++ 8.4+ 0.5272 +++ 9.2

%) + Emosan

GD 5% 7.48 0.67 0.54

GD 1% 1.02 0.91 0.74

GD o0.% 138— 1.24 1.00

Duncan’s Multiply Range Test (P<0.05)
Throughout the study period the variants of
combined application of biofertilizers as vegetative
feeding on the basic fertilization Lumbrical provided
nutritional compounds for the formation of a larger

number of fruits than the variant on single

application of the biofertilizer Lumbrical in optimum
concentration. This was also found for the basic
fertilization with Boneprot in 2010 and in 2011.
Regarding the the variants of combined application of

biofertilizers as vegetative feeding on the basic
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fertilizations, the difference the control variants was

proven for Po.1% (2009, 2010 and 2011).

b.Average mass of fruits

The pepper yield depends not only on the number of
the fruits formed per plant, but also on the average
mass of fruits. The study showed highest values of the
average mass of fruits during the three experimental
years after application of biofertilizers Emosan on the
basic fertilization with Lumbrical i.e. 79.7g (2009),
78.5g (2010) and 76.1g (2011) (Table 8). Positive

effect on the average mass of the fruits was also found

Table 8. Mass of fruits, variety of Sofiiska Kapiya, g.

for the variant fed with the biofertilizer Emosan, but
on the Boneprot basic fertilization, i.e. the average for
the period was 77.2 g. The application of biofertilizers
provided necessary nutrints, so that an increase of
average mass of fruit in comparison with the non-
fertilised control during the three experimental years

was observed.

c. Pericarp thickness
Although insignificant, differences in fruit pericarp
thickness between variants were detected (Table 9)

depending on the applied fertilization.

Treatments 2009 2010 2ou Average
Jvariants/ Mean; Mean; Mean;
Control 64.9P 65.3f 63.1¢ 65.4
Boneprot (opt.) 66.2 2 66.2 < 66.3 be 66.2
0,
Boneprot (50 %) + Seasol 65.8 2 68.1 de 72.0 ab 68.6
B %) + E
oneprot (50 %) + Emosan 28,2 b —_— 7584 _—
Lumbrical (opt) 66.14 68.2 cde 66.8 be 67.0
L ical % 1
umbrical (50 %) + Seaso _— 20.0°¢ 67.8 be 65.0
3 ()
Lumbrical (50 %) + Emosan — 28.5 be 26,18 281
Duncan’s Multiply Range Test
Table 9. Thickness of pericarp of pepper fruits, variety of Sofiiska Kapiya, mm.
Treatments 2009 2010 2011
. ° g
t.

/variants/ Mean; St.Dev. Mean; St.Dev. Mean; St.Dev. < £
Control 4.14 + 0.578 P 4.01+0.145f 4.44 + 0.405 ¢ 4.20
Boneprot (opt.) 4.74 + 0.606 4.72 £ 0.364 © 4.87 £ 0.426 ¢de 4.78
Boneprot (50 %) + | 4.89 £ 0.2902 4.83 £ 0.442 de 4.73 £ 0.350 de 4.82
Seasol
Boneprot (50 %) + 5.07 £ 0.3612 5.71+ 0.457 2 5.29 + 0.500 abed 5.36
Emosan
Lumbrical (opt.) 4.85 +0.348 2 4.79 + 0.316 de 4.98 + 0.402 bede 4.87
Lumbrical (50 %) + | 5.01 + 0.6412 5.13 £ 0.366 < 5.46 + 0.346 2b¢ 5.20
Seasol
Lumbrical (50 4.99 + 0.311% 5.33 + 0.355 be 5.48 + 0.472 2 5.27
%) + Emosan

Duncan’s Multiply Range Test (P<0.05)
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During the three experimental years the highest value
of pericarp thickness was detected for the variant fed
with the biofertilizer Emosan on the basic fertilization
Boneprot, i.e. 5.36 mm on the average for the period.
Variant fed with the biofertilizer Emosan on the basic
fertilization Lumbrical showed higher values, i.e. an
average of 5.27 mm which can be attributed to the
high level of proteins in the composition of Emosan.
Higher values of pericarp thickness were observed by
the pepper fed with biofertilizer Seasol applied on the
basic fertilization Lumbrical 5.20 mm. This may be
attributed to the alginates in the biofertilizer Seasol
known for their direct impact on plants through

activation of beneficial soil microflora.

Upon comparing the two basic fertilizations, the study
found that the effect of the application of the
biofertilizer Emosan was higher on the basic
fertilization Boneprot, the increase on the pericarp
thickness in comparison with the control was by 22.5
% (2009) and by 42.4 % (2010) respectively. All
variants exceeded the control throughout the period
of three years, thus proving the positive effect of the
application of the biofertilizers on the pericarp

thickness.

Discussion

The low stocks or organic compounds and macro-
elements detected by the agro-chemical analysis
argued the necessity for additional feeding with
organic fertilizers through basic fertilization in soil
and during vegetation. Such fertilization could
stabilization of soil

provide opportunity for

agrochemical content. The results from the
agrochemical analysis provided grounds to claim that
the soil conditions were at their optimum for
establishing a biofertilization experiment and were
appropriate for development of the pepper crop.

According to existing agrotechnology, in the
beginning of the vegetation the plants should be
provided with the necessary nutritions on the basis of
their requirements. In the system of organic
agriculture the ‘green’ fertilisation is a significant
element of the natural soil enrichment (Proishen and

Bernat, 1987). To form an optimum vegetative and

reproductive system plant extract part of the available
nutrients in the soil. Therefore, a reduction of soil
nutrients is usually observed at the end of the
vegetation period. The quantity of nutrients necessary
for the formation of one ton of pepper is
approximately 4.6 kg of N, 1.7 kg of P-Os, and 4.5 kg
of K20 (Rankov et al., 1983).

Effect of biofertilization on agrochemical parameters
The highest pH values and the N content shown after
fertilization of Emosan on Boneprot may be
attributed to the composition of fertilizers, i.e. a high
content of organic nitrogen in the biofertilizer
Boneprot and significant protein content in the
biofertilizer Emosan. It is in conjunction with Lin et
al. (2002) who conclude that the increase of the
active soil acidity in the variants fed with biofertilizers
is due to the week organic acids formed as a result of
microbial decomposition of the organic substances or
due to the activity of the soil microorganisms. The
higher phosphorus content (P-0s) after application of
biofertilizer Boneprot and its efficiency may be
attributes to the enrichment of the soil medium with
P-O5 compounds. Depending on the border values of
the level of supply of the soil with mobile phosphates,
the soil in all variants can be classified as having ‘a
good level of supply’ (i.e. 2009) and ‘an average level
of supply’ (i.e. 2011). All treatments showed ‘a good
level of supply’ of the soil with potassium K-O
according to the border values. This determines the
positive impact of the biofertilization for enrichment
of soil with potassium thus assuring a valuable
reserve for the next crops in the crop rotation. Here,
the present study confirms the findings of Koynov et
al. (1998) that the soils of the region of Plovdiv have a
‘good level of supply’ with available K-O forms in
fluvial soils. The increased K.O content detected at
the end of the vegetation indicates the positive impact
of biofertilizer Seasol and its favourable combination
with the basic fertilization with Boneprot. This can be
attributed to the composition of the biofertilizers
Seasol (i.e. 2.0 + 0.5 w/w K20) and Boneprot (3.5 %
K-0), the application of which stimulates and

enriches the soil with major nutrients.
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The soil organic matter is crucial in organic
agriculture requires as it determines the slow but
regular supply of nutrients to plants. But due to the
relatively shorter vegetation period of the pepper (i.e.
140-150 days), the positive impact of biofertilizers on
the humus content is less profound as also concluded
by Tuev (1989). The results of the agrochemical
analysis done by the present study provide grounds to
conclude that the soil nutrient pool may be
maintained by adding nitrogen-rich fertilizers applied
in the form of basic fertilisation that slowly release

nutrients and improve soil conditions.

The changes in the total concentration of soluble salts
among the variants with biofertilizers were in
conjunction with the processes of biological
immobilization and the following mobilization of the
nutrients. The total concentration of soluble salts in
the end of the vegetation was higher upon application
of Boneprot in an optimum concentration in
comparison with the combined variants on Boneprot
during the period (2009 and 2010).

Effect of applied biofertilizers on standard yield
of pepper
The highest standard yield was detected after
application of Emosan on the basic fertilization with
Lumbrical, i.e. 2258 kg/da (2010) and 2006 kg/da
(2011), followed by application of Emosan on the
basic fertilization with Boneprot, i.e. 2184 kg/da
(2010) and 1900 kg/da (2011). The increase of the
yield of treated pepper compared to the non-fertilised
(control) pepper was by 60.8% and 41.3 %, (2010,
2011 respectively) and by 55.5 % and 33.8 % (2010,
2011 respectively). The positive impact by the
biofertilizer Emosan on the standard yield was
distinctive on both basic fertilizations (i.e. Boneprot
and Lumbrical). The highest standard yield was
shown after Emosan on the basic fertilization
Lumbrical (2009, 2010 and 2011). The stimulating
effect of Lumbrical on the yield can be attributed to
its physical and chemical composition, which makes it
more easily assimilated by plants (Vlahova and
Popov, 2013). Overall, the results confirmed the
expectation that the combined application of

biofertilizers stimulate the pepper growth in organic

farming. The results are in conjunction with the
findings of El- Zawily et al. (2002) quoted by El-
Sayed and Elzaawely (2010) as well as Szafirowska
and Elkner (2008) who mention the positive
influence of organic fertilizers on pepper yield. The
latter, quoted Buczkowska (2005) that organic
fertilization may increase the yield of sweet pepper by
30-40 %. Also Berova and Karanatsidis (2008)
reported that the biofertilizer Lumbrical influences
the yield by 18 % of the Buketen 50 cultivar and by 22
% of the Gorogled 6 cultivar.

The pepper in the variants treated with combined
biofertilisers, showed higher yields compared to the
yield of variants with single application of the
biofertilizer in optimum concentration. The only
exception was the variants fed with biofertilizer
Seasol on the basic fertilization Lumbrical (i.e. in
2009 and 2011), which showed lower yields compared
to the optimum concentration of the basic
fertilization Lumbrical. It can be attributed to the
provision of more nutritional substances released
after the combined application of the biofertilizers in
application of

comparison with the single

biofertilizers in optimum concentration.
Influence of Dbiofertilization upon economic
productivity of pepper plants

The highest values of the average mass of fruits
during the three experimental years after application
of Emosan on the basic fertilization Lumbrical
reflected in highest standards yields and highest
productivity (total number of fruits), compared to
other variants (other biofertilizers combinations). It
also confirms the effectiveness of biofertilizers in
vegetable farming. It is in conjunction with the
findings of Atiyeh et al. (2000, 2001), Berova and
Karanatsidis (2008), Premuzic et al. (1998) quoted by
Cabanillas et al. (2006) and Subramanian et al.
(2006) quoted by Direkvandi et al. (2008). The
biofertilisers, applied either individually or in
combination, increased the average pericarp
thickness by 0.58- 1.16 mm average for the period,
compared to untreated pepper plants. This confirms

the findings of Dincheva et al. (2008) who report an
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increase of the pericarp thickness upon application of

biofertilizer Biohumus compared to untreated plants.

Conclusions

Agroecosystems are open systems that exhibit certain
stability in functioning of biological cycles. One of the
aims of agroecosystems is to obtain higher biomass
(i.e. biological productivity). This may be achieved on
the basis of provision of additional nutrients in soil
through  application of  biofertilizers. ~ The
biofertilizers, however, should function within certain
agroecological conditions, thus changing the media in

which pepper plants grow.

As an intensive vegetable crop that is demanding soil
nutrients, the pepper plants uptake the necessary
nutrients while the soil remains relatively well-
stocked for the next crop in the rotation. The present
study found that the soil agrochemical conditions
after combined treatment with liquid biofertilizer
Emosan improved at the end of vegetation, i.e. soils
showed higher total absorbable N after Emosan on
basic fertilization with Boneprot (2009, 2010, and
2011) and after single treatment with basic
fertilization with Boneprot. Therefore, a positive
impact on soil nutrient stock and on growth of the
next crop in the rotation can be expected. The single
application of both basic fertilization (i.e. Boneprot
and Lumbrical) leads to higher P-Os5 content in the
soils treated with Boneprot in optimal concentration
(2009 and 2010). Similar results are shown by the
K20 content in the soil. The positive effect of the
studied biofertilizer on soil P-Os5 content reflects on
improved growth characters of the pepper, which can
be attributed to the physiological role of P on the
meristemic activity of plant tissues and the

consequent increase of the plant growth.

The study showed that optimal agroecological
conditions for pepper growth were assured. This
involved addition of biofertilizers, which it reflected
in higher standard yield of the treated pepper plants

compared to the control (non - fertilized) ones.

The present study found that application of
biofertilizers resulted in higher number of fruits per
plant and average mass of fruits, i.e. after treatments
with Emosan on both basic fertilizations (i.e.
Boneprot and Lumbrical) compared to non - fertilized
plants (i.e. by 1.5- 4.0 pcs per plant on average).
Later, it reflected in higher standard yield that is a

function of the two productivity parameters.

The results of the study show that fertilization with
liquid biofertilizer Emosan on basic application of
solid Boneprot or Lumbrical improve the soil nutrient
conditions which reflects in improved feeding regime
of pepper plants. This reflects in improved (higher)
yields and productivity of plants. The findings provide
grounds for suggesting the studied bioferilizers as an
effective solution in

agro-technical organic

production of pepper.

Acknowledgements

This research work was carried out with the support
of  Project  “Vegetative and  reproductive
manifestations of pepper cultivated under the
conditions of organic agriculture and possibilities for
the application of some types of biofertilizers”, No.o3
- 09 of the Scientific Research Centre at Agricultural

University of Plovdiv, Bulgaria.

Reference
Ahmed T. 2004. Study of Allelopathic Relationship
in the Soil-Weed-Tomato System. PhD thesis,
Agricultural Plovdiv,

university- Bulgaria, [in

Bulgarian].

Alves GS, Santos D, Silva JA, Nascimento M,
Cavalcante LF, Dantas T A. 2009. Nutritional
status of sweet pepper cultivated in soils treated with
different types of biofertilizer. Acta Scientiarum

Agronomy 31(4), 661-665.

Atiyeh RM, Arancon N, Edwards CA, Metzger
JD. 2000. Influence of earthworm processed pig
manure on the growth and yield of greenhouse

tomatoes. Bioresource Technology 75, 175-180.

Vlahova and Popov

Page 92


http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=ALVES,+GIBRAN+SILVA

Atiyeh RM, Edwards CA, Subler S, Metzger
JD. 2001. Pig manure vermivompost as a component
of a horticultural bedding plant medium: effects on
physicochemical

properties and plant growth.

Bioresource Technology 78, 11-20.

Ayoola OT, Makinde EA. 2007. Complementary

Organic and Inorganic Fertilizer Application:
Influence on Growth and Yield of Cassava /maize/
melon Intercrop with a Relayed Cowpea. Australian

Journal of Basic and Applied Sciences 1(3), 187-192.

Berova M, Karanatsidis G. 2008. Physiological
response and yield of pepper plants (Capsicum
annum L.) to organic fertilization. Journal of Central

European Agriculture 9(4), 715- 722.

Buczkowska H. 2005. Uprawa papryki w polu.
Plantpress Sp. z 0.0 Krakow, [in Polish].

Cabanillas C, Ledesma A, del Longo O. 2006.

Biofertilizers (vermicomposting) as sustainable
alternative to urea application in the production of
basil (Ocimum basilicum L.). Molecular Medicinal

Chemistry 11, 28-30.

Daudu CK, Uyovbisese E, Amapu IY, Onyibe
JE. 2006. Qualitative and Quantitative Evaluation of
Four Organic Materials as Nutrient Resources for
Maize in the Nigerian Savanna. Journal of Agronomy

5(2), 220-227.

Dincheva Z, Dimov I, Boteva H. 2008. Influence
of Bioproducts on Green Pepper Yield, Average Early
Production. Collection of Reports from the VIIth
National Conference with international participants,

203- 208 [in Bulgarian].

Direkvandi SN, Alemzadeh NA, Dehcordie FS.
2008. Effect of Different Levels of Nitrogen Fertilizer
with Two Types of Bio-Fertilizers on Growth and
Yield of Two Cultivars of Tomato (Licopericon
esculentum Mill). Asian Journal of Plant Sciences

7(8), 757-761.

Duncan D. 1955. Multiply range and multiple F-test.

Biometrics 11, 1-42.

Egri CP. 1997. War and Peace on the Land: An
Analysis of the Symbolism of Organic Farming.
Studies in Cultures, Organizations and Societies 3, 17-

40.

El-Sayed MA, Elzaawely AA. 2010. Growth and
Yield of Cowpea Plants in Response to Organic
Fertilization. Australian Journal of Basic and Applied

Sciences 4(8), 3244-3249.

El- Zawily AI, El-Aidy F, El-Sawy BI, Bayoumi
YA. 2002. Effect of organic and mineral fertilization
on sweet pepper plants grown under plastic house
vegetative growth and chemical analysis. 2nd
International Conference of Horticultural Science, 10-

12 Sept. Kafer El- Sheikh, Tanta University, Egypt.

Han HS, Sapanjani,Lee KD. 2006. Effect of co-

inoculation with  phosphate and potassium
solubilizing bacteria on mineral uptake and growth of
pepper and cucumber. Plant Soil and Environment

52(3), 130- 136.

Hanlon EA, McNeal BL, Kidder G. 1997. Soil and
container Media Electrical Conductivity, Original

publication date February 1997.

Koynov VY, Kabakchiev IG, Boneva, KK. 1998.
Soil Atlas of Bulgaria [in Bulgarian].

Lin Q, Zhao X, Zhao Z, Li B. 2002. Rock
phosphate solubilization mechanisms of one fungus
and one bacterium. Agricultural Science in China

1(9), 1023-1028.

Makinde EA, Ayoola OT, Akande MO. 2007.
Effects of Organo-mineral Fertilizer Application on
the Growth and Yield of “Egust” Melon. Australian
Journal of Basic and Applied Sciences 1(1), 15-19.

Marozsan M, Veres S, Gajdos E, Bakonyi N,
Toth B, Lévai L. 2009. The possible role of

Vlahova and Popov

Page 93



biofertilizers in agriculture. Organic scientific paper,
44. Croatian & 4t International Symposium on

Agriculture, 585-588.

Nerkhede SD, Attarde SB, Ingle ST. 2011. Study
of effect of chemical fertilizer and vermicompost on
growth of chilli pepper plant (Capsicum annum).
Journal of Applied Sciences in Environmental

Sanitation 6(3), 327- 332.

Panayotov N, Karov S, Andreev R. 2007. Pepper
Bio Production. Association for Organic Agriculture,

Eco farm - Plovdiv, [in Bulgarian].

Paull J, Hennig B. 2013. The World of Organic
Agriculture- Density- equalizing map. In H. Willer, J.
Lemoud & L. Kilcher (Eds.). The World of Organic
Agriculture: Statistics and Emerging Trends 2013:
(pp. 129): Frick, Switzerland: Research Institute of
Organic Agriculture (FiBL) & Bonn: International
Federation of Organic Agriculture Movements

(IFOAM).

Premuzic Z, Bargiela M, Garcia A, Rendina A,
Iorio A. 1998. Calcium, iron, potassium, phosphorus
and vitamin C content of organic and hydroponic

tomatoes. HortScience 33, 255- 257.

Proishen G, Bernat K. 1987. Green manure, PH

“Zemizdat”, Sofia, [in Bulgarian].

Rankov V, Dimitrov G, Stoyanova I. 1983.
Nitrogen, phosphorus and potassium uptake in the
beginning of pepper growth at varying mineral
fertilizer applications. Plant Physiology (IX), 1, 22-31

[in Bulgarian].

Reganold JP, Elliott LF, Unger YL. 1987. Long-
term effect of organic and conventional farming on

soil erosion. NATURE 330, 370-372.

Regulation (EC) No. 889/2008 of 5 September
2008 laying down detailed rules for the
implementation of Council Regulation (EC) No.

834/2007 on organic production and labelling of

organic products with regard to organic production,
labelling and control. Official Journal of the European
Union L 250/1.18.9. 2008, 84.

Sari SJ, Forré E. 2007. Characterization of peat-
free organic media in pepper (Capsicum annuum L.)
production. Vegetable crops research bulletin 67, 35-
45.

Sharma AR, Mittra BN. 1991. Effect of different
rates of application of organic and nitrogen fertilizers
in a rice-based cropping system. Journal of

Agricultural Science (Cambridge) 117, 313-318.

Subramanian K S, Santhanakrihnan P,
Balasubramanian P. 2006. Responses of field
grown tomato plants to arbuscular mycorrhizal fungal
colonization under varying intensities of drought

stress. Scientia Horticulturae 107, 245-253.

Szafirowska A, Elkner K. 2008. Yielding and fruit
quality of three sweet pepper cultivars from organic
cultivation. Vegetable

and conventional Crops

Research Bulletin 69, 135-143.

Szafirowska A, Elkner K. 2009. The comparison
of yielding and nutritive value of organic and
conventional pepper fruits. Vegetable Crops Research

Bulletin 71, 111-121.

Tomov T, Rachovski G, Kostadinova S,
Manolov I. 2009. Agrochemistry Manual. Academic
Publishing House at the Agricultural University-

Plovdiv, [in Bulgarian].

Totev T, Gribachev P, Nechev Hr, Artinova N.
1991. Soil Science Exercise Manual. PH ,Zemizdat”,

Sofia, [in Bulgarian].

Trendafilov K, Popova R. 2007. Soil Science
Exercise Manual, Academic Publishing House at the

Agricultural University - Plovdiv, [in Bulgarian].

Vlahova and Popov

Page 94



Tuev NA. 1989. Microbiological Processes of

Humification, = Moscow, ,Agropromizdat”, [in

Russian].

Vishwanath BN. 2002. Organic inputs and supply
in India with particular reference to bio-fertilizers
and pesticides. Abstract in the Proceedings of
“International Conference on Vegetables held on Nov.

11-14, 2002 at Banglore”.

Vlahova VN. 2013. Agroecological aspects of the
mid-early production of pepper (Capsicum annuum
L.), PhD thesis, Agricultural university-Plovdiv,

Bulgaria, [in Bulgarian].

Vlahova V, Popov V. 2013. Influence of the
Biofertiliser Seasol on yield of pepper (Capsicum
annuum L.) cultivated under organic agriculture

conditions. Journal of Organic Systems 8(2), 6- 17.

Willer H, Lemoud J, Kilcher L. (Eds.). 2013. The
World of Organic Agriculture: Statistics and
Emerging Trends 2013: Frick, Switzerland: Research
Institute of Organic Agriculture (FiBL) & Bonn:
International Federation of Organic Agriculture

Movements (IFOAM).

Vlahova and Popov

Page 95



