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Abstract

Boteva, H. and P. Yankova, 2017. Effect of fertilization, growing scheme and variety on economic productivity in 
biological tomato production. Bulg. J. Agric. Sci., 23 (5): 820–825

The experimental work is carried out during the period 2014-2016 in the Technical University of Varna. The following 
biological products for fertilization are studied: Biosol, Biofa and Emosan. The schemes for growing of determinate tomato 
variety Kopnezh F1 and Nikolina F1 are two – single-row and double-row raised bed. The purpose of the study is to establish 
the effect of bio-products for fertilization and growing scheme on the economic productivity of tomato, grown in the conditions 
of biological agriculture.

Bio-products included in the study increase the yields of both varieties. The highest yields, in the single-row scheme, were 
obtained from the plants grown on the background of Emosan + Biofa. The increase towards the control was with 26.3% 
(Kopnezh F1) and with 25.3% (Nikolina F1). The average effect of the bioproducts used is higher in Kopnezh F1 variety 
(21.1%), compared to Nikolina F1 (19.5%). It is proven greater infl uence of fertilization on both schemes of growing which is 
strongly expressed in the single-row scheme, while the effect of the variety is more slightly expressed.

The index of productivity for Kopnezh F1 variety, averagely for the study period, in both schemes of growing is 3.6, and for 
the Nikolina F1 variety – in single-row scheme – 3.8 and 4.0 for the double-row scheme.
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Introduction

The development of organic agriculture is provoked by 
the increasing interest to ecological products in worldwide 
signifi cance (Panayotov, 2000). The production of vegeta-
bles with high quality and biological value is a subject of 
increasingly extensive researches in modern horticultural 
science, which requires the optimization of some technologi-
cal elements. Alternative, ecological solutions are tried to be 
found, giving a favorable and effi cient nutrition regime that 
creates the conditions for realizing of the plant productive 
capacity (Shaheen et al., 2007; Boteva and Cholakov, 2010).

The use of organic fertilizers as an alternative to chemi-
cal fertilizers increases vegetative growth, yield and fruit 

quality in vegetable crops (Poudel et al., 2002; Aly, 2002). 
According to a study by Boteva and Georgieva (2013) and 
Boteva (2014), the treatment of pepper and tomato seeds 
with organic products has a positive effect on the biometric 
indices of the seedlings.

A positive effect of the application of bio-fertilizers on 
the growth, development and yield of tomato, cucumber, 
cabbage, pepper, onion, marrow and potato is established 
(Dimov et al., 2007; Vlahova and Popov, 2013; Tringovska 
and Kanazirska, 2007; Rasool et al., 2008; Vlahova and Pop-
ov, 2013). The production is characterized with better taste 
compared to the conventional production (Rembialkowska, 
2000; Szafi rowska and Babik, 2005). Breeding programs are 
directed to development of hybrid varieties that are more 
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resistant and suitable for biological production (Antonova, 
2012; Antonova et al., 2012; Todorova, 2013; Todorova et 
al., 2013; Nacheva et al., 2013).

Materials and Methods

The experimental work was conducted during the period 
2014-2016 on carbonate-chernozem soil of the experimental 
plot at the Technical University of Varna with determinate 
tomato varieties Kopnezh F1 and Nikolina F1. Two schemes 
of tomato growing on raised bed were studied – single-row 
and double-rows.

In order to determine the effect of applied bio-products 
on tomato yield formation, the following treatments were in-
cluded in this study:

1. Control – non-fertilized;
2. Biosol – 100 kg/da – single treatment of the soil before 

planting;
3. Biosol – 100 kg/da + Biofa /0.3-0.5%/– foliar applica-

tion: phenophases – full blossoming and start of fruit forma-
tion;

4. Emosan – 20 L/da, local soil treatment with the irriga-
tion system – twofold: 15 L/da before sowing and 5 L/da in 
full blossoming phase;

5. Emosan + Biofa /0.3-0.5%/– foliar application: pheno-
phase – full blossoming and start of fruit formation.

Materials and Methods
Variety Kopnezh F1 – (from the breeding collection of 

the “Maritsa” Vegetable Crops Research Institute – Plo-
vdiv). A new, high-yielding, determinate hybrid variety 
suitable for fresh consumption and processing in juices 
and pulps. Fruits are large, 180-280 g weight, round, 
thick, crack resistant with very good taste, optimal fi rm-
ness and storage life. 

Variety Nikolina F1 – (from the breeding collection of 
the Institute of Genetics – Bulgarian Academy of Sciences 
BAS). Determinate hybrid variety for fresh consumption 
and processing. Plants are very vital, with a medium-spilled 
habitat. The fruits are large, with an average weight of 220-
250 g, fi rm, with good shelf life. Resistant to tobacco mosaic 
virus, Verticillium wilt, Fusarium wilt and highly tolerant to 
brown leaf spots.

Characteristic of bioproducts used in this experiment
Biosol (Sandoz GmbH, imported by Gimel) – granulated 

organic fertilizer with long-lasting effect. This bio-product 
gives balanced nutrition of the plants and it supplies them 
with necessary macro- and micro-elements during the whole 
vegetation period. The nitrogen being organically fi xed is 
easy to be absorbed by the plants.

Emosan, HemoZym NK (Arkobaleno, Italy) – organic 
nitrogen fertilizer with long-lasting effect on the soil and 
plants.

Biofa (BIOFA Naturprodukte W. Hahn GmbH, imported 
by Amititsa Ltd) – organic fertilizer based on brown algae 
extract. It has an effect on fruit quality by phosphorus and 
potassium easy to be absorbed and in bioactive form.

Indexes and methods of the study
Economic earliness – it is determined by the yield ob-

tained till August the 5-th (according to the methods of the 
Executive Agency for Variety Testing, Field Inspection & 
Seed Control – EAVTFISC, Sofi a). It was chosen well ripe 
fruits only.

Yield – kg/da. Containing standard fruits from all har-
vests up to September the 30-th.

Index of productivity (g) – fresh fruit weight/fresh leaf-
stem weight by I. Dimov (1983).

Mathematical processing of the results 
Duncan,s Multiple range and multiple F-test and two-

way analysis of variance (Duncan, 1955; Lakin, 1990).

Results and Discussion

The results from the two-way analysis of variance in va-
riety Kopnezh F1 show that averagely for the period of study 
the factor Bio-product (А) has a stronger effect on the yield 
formation – 47.7% from the total variation that is statistically 
signifi cant while the effect of the factor Scheme (В) is weak-
er – 34.8. The interaction between the two factors (А*В) has 
also an infl uence on yield formation – 11.1% (Figure 1).

The same tendency is observed in variety Nikolina F1. 

The effect of the factor Bio-product (A) on the yield forma-
tion is greater – 52.8%, and the effect of factor Scheme (B) is 
weaker – 25.0%. The differences are statistically signifi cant 
(Figure 2). 

It was established that for the period of the experiment 

А-47.7 % ***В-34.8 %***

А*В-11.1 %*

Variation-
6.4%

Fig.1. Effect of Bio-product and growing scheme 
on the yield of variety Kopnezh F1
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2014-2016 the early yield from variety Kopnezh F1 in single-
row scheme of growing varies from 1 047.1 kg/da to 1 540.9 
kg/da (Table 1). The index of earliness is the highest for the 
plants treated with Emosan+Biofa (48.0%), followed by the 
variant treated with Emosan (46.0%), where the early yield 
exceeds the control with 49.5% and 39.9%, respectively. The 
differences between the variants towards the control are sta-
tisticallysignifi cant.

The results in variety Nikolina F1 are the same like in 
variety Kopnezh F1, and the yield obtained is higher. In sin-
gle-row scheme of growing the treatments with combined 
application of Emosan+Biofa (54.0%) and Emosan (52.0%) 
are central. They exceed the control with 50.0% and 42.5%, 
respectively in statistically signifi cant differences. 

In two-row scheme of growing is observed the same 
tendency like in single-row. The index of earliness for the 
two varieties is lower (Table 2). The highest early yield 
is obtained from the plants, grown under background of 
Emosan+Biofa followed by the treatment with Emosan, 
where the increase towards the control for variety Kopnezh 
F1 is 44.7% and 36.5%, and for variety Nikolina F1 – 45.8% 
and 37.8%.

The positive effect of the bio-products on the early yield 
towards the control for the two varieties is proven as it is 
stronger expressed in single-row of growing. In single-row 
scheme of growing was established that the average effect of 
the bio-products for fertilization on the early yield is higher 
in variety Kopnezh F1 – 36.1% towards 35.5% for variety 
e-row Nikolina F1. In the double-row scheme of growing the 
results are identical in variety Kopnezh F1 – 34.0% towards 
32.3% for variety Nikolina F1.

The results for the yields are the same with those ones 
obtained for the early yield. Statistically proven the high-
est yield in variety Kopnezh F1, average for the period, was 
established on background Emosan-Biofa (3 320.5 kg/da), 
followed by those fertilized with Emosan (3 185.4 kg/da) 
and the increase towards the control plants is with 26.8% and 
25.2%, respectively (Figure 3). The results obtained are sta-
tistically proven towards the control. The analogous results 
are also obtained for the variety Nikolina F1.

А - 52.8 % ***
В - 25.0 % **

А*В - 15.1 %

Variation - 
7.1 %

Fig. 2. Effect of Bio-product and growing scheme 
on the yield of variety Nikolina F1

Table 1 
Economic productivity, single-row scheme of growing kg/da

№ Variants
Kopnezh F1 Nikolina F1

x–±sd index of earliness% x–±sd index of earliness%
1 Control 1047.1±45.1 d 40.0 100 1191.9±46.9 е 44.0 100
2 Biosol 1275.7±39.4 c 43.0 123.7 1435.3±35.3 d 46.0 120.4
3 Biosol + Biofa 1357.8±22.3 c 43.5 131.2 1520.3± 25.9 c 48.0 129.1
4 Emosan 1431.9±30.5 b 46.0 139.9 1638.6±61.4 b 52.0 142.5
5 Emosan+Biofa 1540.9±31.3 a 48.0 149.5 1787.6±30.2 a 54.0 150.0
Average effect 136.1 135.5

a,b,с,d,e – Duncan`s multiple range test (p < 0.05)

Table 2 
Economic productivity,  two-row scheme of growing – kg/da

№ Variants
Kopnezh F1 Nikolina F1

x–±sd Index of productivity,% x–±sd Index of productivity,%
1 Control 1164.1±39.1 d 38.0 100 1311.5±13.5 d 42.0 100
2 Biosol 1446.4±44.3 c 41.5 124.2 1545.6±45.6 c 44.0 120.3
3 Biosol + Biofa 1510.1±17.2 bc 42.0 130.8 1622.8±29.9 c 45.0 125.3
4 Emosan 1562.4±26.1 ab 44.0 136.5 1759.2 ±65.0 b 48.0 137.8
5 Emosan+ Biofa 1657.3±24.8 a 46.0 144.7 1871.5±41.7 a 50.0 145.8
Average effect 134.0 132.3

a.b,с,d, – Duncan`s multiple range test (p < 0.05)
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The average effect of the bio-products for fertilization on 
the yield in single-row scheme for growing is higher in variety 
Kopnezh F1 – 21.1% towards 19.5% – for variety Nikoliona F1.

It is observed that this tendency is kept in double-row 

scheme. The highest yield in variety Kopnezh F1 is obtained 
in plants with treatment of Emosan+Biofa, followed by those 
plants treated with Emosan. The increase towards the control is 
with 21.2% and 23.7% respectively (Figure 4). The differenc-
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Fig. 3. Effect of fertilization on yield in single-row scheme
a,b,с,d,e – Duncan`s multiple range test ( p < 0.05)
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Fig. 4. Effect of fertilization on yield in two-row scheme 
a,b,с,d – Duncan`s multiple range test ( p < 0.05)

Table 3
Index of productivity in variety Kopnezh F1 , 2014-2016 
№ Variants Mass fruit,  g Leaf stalk 

mass, g
Total vegetable 

mass, g
From her% Index 

of productivityFruit Leaf stalk mass  
Single-row scheme of growing

1 Control 2074.7 756.4 2831.1 73.3 26.7 2.7
2 Biosol 2769.9 855.1 3625.1 76.4 23.6 3.2
3 Biosol+Biofa 2768.0 882.6 3739.8 74.0 23.6 3.1
4 Emosan 3019.8 903.3 3923.2 77.0 23.0 3.3
5 Emosan+Biofa 3262.2 920.7 4182.9 78.0 22.0 3.5

Two-row scheme of growing
1 Control 2036.9 697.6 2734.5 74.5 25.5 2.9
2 Biosol 2476.7 804.1 3280.7 75.5 24.5 3.1
3 Biosol+Biofa 2697.3 820.6 3517.9 76.7 23.3 3.3
4 Emosan 2872.6 848.2 3720.9 77.2 22.8 3.4
5 Emosan+Biofa 3026.8 863.2 3890.0 77.8 22.2 3.5

Table 4
Index of productivity in variety Nikolina F1 , 2014-2016
№ Variants Mass fruit, g Leaf stalk mass, 

g
Total vegetable 

mass, g
From her% Index of 

productivityFruit Leaf stalk mass
Single-row scheme of growing

1 Control 2370.7 710.7 3081.4 76.9 23.1 3.3
2 Biosol 2759.9 808.7 3568.6 77.3 22.7 3.4
3 Biosol+Biofa 2868.9 816.7 3685.6 77.8 22.2 3.5
4 Emosan 2998.8 833.6 3832.4 78.2 21.8 3.6
5 Emosan+Biofa 3198.8 851.6 4050.4 79.0 21.0 3.8

Two-row scheme of growing 
1 Control 2001.5 636.3 2637.8 75.9 24.1 3.1
2 Biosol 2653.2 723.0 3376.2 78.6 21.4 3.7
3 Biosol+Biofa 2814.4 744.2 3558.6 79.1 20.9 3.8
4 Emosan 2978.7 755.0 3733.7 79.8 20.2 3.9
5 Emosan+Biofa 3013.9 777.4 3791.3 79.5 20.5 3.9
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es between the two treatments are nor statistically signifi cant. 
Identical results are also obtained for variety Nikolina F1. The 
average effect of the bio-products for fertilization on the yield 
in double-row scheme is higher in variety Kopnezh F1 – 19.4% 
towards 18.7% – for variety Nikolina F1.

It is proven a positive effect for both varieties in applica-
tion of the bio-products for fertilization on the yield towards 
the control but it is stronger expressed in the single-row 
scheme of growing. Data for the index of productivity are 
identical for the three years of the experiment. The high-
est index in variety Kopnezh F1 is obtained in plants treated 
Emosan+Biofa (3.5) in both growing schemes where the 
yield is higher (Table 3). This index is higher in double-row 
scheme of growing.

The index of productivity in variety Nikolina F1 is with-
in 3.3-3.8 in single-row scheme (Table 4) as it is with the 
highest values in treatment with Emosan+Biofa (3.8). The 
tendency for higher values of this character in double-row 
scheme of growing is kept for variety NikolinaF1 too – (3.9).

Conclusions

It is statistically proven that the factor Bio-product 
has stronger effect – 47.7% in yield formation for variety 
Kopnezh F1 and 52.8% for variety Nikolina F1 from the total 
variation, while the effect of the factor Scheme is more slight 
34.8% and  25.0%, respectively.

A positive effect of bio-products on the early yield to-
wards the control is proven for both varieties and it is stron-
ger expressed in single-row scheme of growing. The highest 
early yield is obtained in plants treated with Emosan-Biofa, 
followed by those plants treated with Emosan for both va-
rieties in the two growing schemes. The average effect of 
the bio-products for fertilization on the early yield is higher 
in variety Kopnezh F1 – 36.1% towards 35.5% for variety 
Nikolona F1 in single-row scheme of growing.

The applied bio-products for fertilization have a signifi -
cant positive effect on the yield. In single-row scheme of 
growing the highest yield are obtained from the plants grown 
on a background Emosan+Biofa. The increase towards the 
control is with 26.3% (variety Kopnezh F1) and 25.3% (vari-
ety Nikolina F1). The average effect of applied bio-products 
is higher in variety Kopnezh F1 (21.1%), compared to variety 
Nikolina F1 (19.5%). It is proven that the effect of fertiliza-
tion is stronger for both schemes of growing while the effect 
of the variety is weaker.

In combined treatment with the bio-products 
Emosan+Biofa, the index of productivity is higher in variety 
Nikolina F1 3.8 – for single-row scheme and 4.0 – for dou-
ble-row scheme of growing, respectively, where the yield is 

higher. In variety Kopnezh F1 this index is 3.6 for the two 
growing schemes.
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