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Abstract
The experiment was carried out in steel-glass greenhouses at the experimental field of the Agricultural 

University - Plovdiv with Fado F1 tomato variety. Several variants were tested: 1. N44: P8: K52 + WuksalMacromix; 
2. Agrobiosol + Osmo Bio garden + Biofa; 3. Lumbrikompost + Osmo Bio garden + Alga 600 PO 2; 4. Orgamax 
+ Hemozim bio 5 N5P3K6 + Biofa; 5. Evrobio + Lumbrikompost + Hydrolysed proteins + Softgard; 6. Orgamax 
+ Lumbrikompost + Hydrolysed proteins + Softgard; 7. Agrobiosol + Lumbrikompost + Hydrolysed proteins 
+ Softgard; 8. Naturale + Lumbrikompost + Hydrolysed proteins + Softgard. The following planting scheme 
was applied: 40 + 85 + 70 + 85 + 40 X 42.5 cm in 28,000 plants / ha and food area per plant – 3.400 cm2. The 
plants were formed with one stem, the tops were pruned 50 days prior to the last picking. The studied organic 
fertilizers and their combined application influenced the biochemical content of the fruit to a different extent 
and in a different way. In phenophase mass fruitingthe highest lycopene content of the tomato fruits the variant 
fertilization with Evrobio + Lumbrikompost + Hydrolysed proteins + Softgard - 5.71 mg %, and the weight of 
the fruit at the variant fertilization with Agrobiosol + Osmo Bio garden + Biofa - 173.03 g, the excess over 
the conventional version N44: P8: K52 + Wuksal Macromix was 14.42%. The variants with the best indicators 
were the variants with organic fertilization by Orgamax + Lumbrikompost + Hydrolysed proteins + Softgard; 
Agrobiosol + Lumbrikompost + Hydrolysed proteins + Softgard and Naturale + Lumbrikompost + Hydrolysed 
proteins + Softgard, which significantly exceeded the control.
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INTRODUCTION
Organically grown vegetables are an 

opportunity for effective production and a variant for 
healthy nutrition. Except the organic production that 
is obtained in this way, a lot of authors indicate high 
quality as well. In a number of which form the quality of 
the organically and conventionally grown vegetables 
in the open are compared. (Vlahova, 2012; Akimasa, 
2003). More in this direction have been conducted in 
greenhouse conditions with tomato as main vegetable 
(Montero et al., 2008; Reinaldo et al., 2008; Rosales 
et al.2011; Sima et al., 2010, Pevicharova and 
others, 2013). The products received ambiguous 
and are significantly affected by the soil and climatic 
conditions, the terms for the production and the sort.

In order to clarify the influence of organic 
fertilizers on tomatoes grown under greenhouse 
conditions in Bulgaria, a study was conducted which 
defined some biochemic indicators of the quality as 
compared with the conventional production.

MATERIALS AND METHODS
For the period 2012-2014 a soil experiment 

with 8 variants was set to study some elements of 
a technology for organic tomato production. The 
influence of the fertilization with organic fertilizers on 
the biologic performance, the productivity, and the 
quality of greenhouse tomatoes grown under the late 
production technology was studied.
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The experimental work was taken out to the 
steel glasshouses of the experimental field of the 
Agricultural University – Plovdiv, with indeterminate 
tomatoes – Fado F1 variety. The plants were grown 
by soil planting and watered by a drip irrigation 
system. Organic agents were applied as plant 
protection. In order to establish the effect of the used 
organic fertilizers, 15 variants were tested on the 
tomato plants: 

The organic fertilizers for basic fertilization 
were applied with the pre-plant soil cultivation in the 
following norms: Agrobiosol - 120 kg/da; Orgamax - 
150 kg/da; Eurobio - 50 kg/da; Naturale NPK 8-8-6 - 
100 kg/da, Lumbricompost – 400 l/da.

In the control variant with mineral fertilization, 
the phosphorus and potassium were applied with the 
pre-plant tillage in the form of triple superphosphate 
and potassium sulphate. The nitrogen was applied 
in equal doses through four-time feeding from the 
beginning of fruit formation phenophase at an 
interval of 15 days. 

Osmo Bio garden was introduced at the rate 
of 100 kg/da in four-time feeding from the beginning of 
fruit formation phenophase at an interval of 15 days.

A four-time feeding by means of fertigation was 
applied with Hemozim and hydrolysed plant protein 
from the beginning of fruit formation phenophase at 
an interval of 15 days in a dose of 80 l/ha.

The foliar spray was performed at 
temperatures up to 26оC by means of a knapsack 
sprayer, twice at an interval of 10 days, the first 
treatment performed 3 weeks after planting. The 
Alga 600 treatment dose was 50 g/da; the Biofa 
treatment dose was 0.5 %; the Softgard treatment 
dose was 125 ml/da.

The seedlings were grown in a heated steel-
glasshouse, the period for sowing being the first ten 
days of January, and planting – the middle of March. 
The field experiment was set in 4 replications with 14 
plants in each. The following planting scheme was 
applied: 40+85+70+85+40 X 42.5 cm with 28,000 
plants/ha and nutritional area per plant of 3,400 cm2. 
The plants were formed with one stem, the tops 
were pruned 50 days prior to the last picking.

Indicators of the study:
1. Biochemical analyses of tomatoes – in 

botanical ripeness, with average samples of 20 fruits 
for each variant, the following indicators were defined: 
the content of dry matter by refractometer, the ascorbic 
acid after Tillman’s reaction method (Genadiev A., et 
al.1969), the titratable organic acids through direct 
titration of the juice with 0.1 NaOH, common colors 
and lycopene after Manuelyan (1991). The analyses 
were performed during the initial and mass fruit-
bearing, and at the end of vegetation.

2. Morphological characteristics of the fruit – 
at the beginning and mass fruit-bearing the following 
indicators were defined: fruit mass in grams; number 
of locules; thickness of the pericarp in mm; fruit 
hardness in kg/cm2; diameter in mm; height in mm; 
the I = h /d index.

RESULTS AND DISCUSSION
The soluble solids are a basic indicator of 

the biochemical components that have influence on 
the quality of the fruits. It is a characteristic feature of 
the sort, but to a certain extent it is influenced by the 
technology and the climatic conditions. This indicator 
was rather influenced by the applied fertilization 
with organic fertilizers and a combination between 
them. Most of the variants with organic fertilizers 
demonstrated higher values than the control one with 
mineral fertilization. In 2012 it varied from 3.8 % at the 
control, measured at the beginning of fruit-bearing, to 
5.7 % at the end of vegetation (Figure 1). A tendency 
for an increase of the soluble solids with increased 
t0 C was noticed as well as of the illumination in all 
the variants with organic fertilizers and the control 
one. The highest values were measured at the end 
of the picking period. Under the conditions of suitable 
microclimate the fertilization with organic fertilizers 
led to the formation of fruits with higher va-lues 
compared to the control one. It was an ambiguous 
influence. At the beginning of the picking period the 
maximum was with variants 3, 6 and 7 – 4.0 %, and 
during the weight picking period, the maximum result 
was with variant 5, respectively, 4.8 %.

In 2013 the noted tendencies about soluble 
solids from the first year were preserved. A slight 
variation was noted between the minimum and 
maximum values and the higher initial levels, 
measured at the beginning of the picking period 
(Figure 1). During that year, most of the variants 
with organic ferlilization had higher or equal values 
compared with the control one.

Similar results and preserved tendency 
from the previous two years were measured also 
in 2014 – the soluble solids varied from 4.0 % at 
the beginning of the picking period with the control 
variant to 5.0 % at the end of the picking period with 
variant 2 (Figure 1). Most of the studied variants 
with organic fertilizers formed fruit with soluble 
solids, equal to or higher than the control one.

As a whole, it can be noted that with organic 
production, the fertilization with some types of 
organic fertilizers increases the contents of soluble 
solids as a result of the influence of the applied 
fertilizers, the combination between them, and the 
climatic conditions during the period of picking.
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Fig. 1. Basic chemical components of the investigated tomatoes

(The results are statistically processed by Duncan)
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One of the components forming the higher 
biological value of the tomato fruit is the content of 
ascorbic acid.

In 2012 the values of this indicator varied 
between 10.58 and 13.34 mg % for the beginning of 
the picking period (Figure 1).

During the weight fruit-ripening and the 
end of the picking period, with improved climatic 
conditions, the values of ascorbic acid increased, 
varying from 14.7 to 18.4 mg %, for the second 
recording, and increase from 10.7 to 20.7 mg % for 
the third recording. An increase of the values of the 
ascorbic acid was noted at the 2nd and 3rd recording 
of the control and the studied variants with organic        
fertilizers.

In most variants, the fertilization with organic 
fertilizers led to the formation of fruits with a higher 
content of vitamin C.

During the second year of the experiment 
(2013) similar tendencies were noted as compared 
to the previous one. The values from the initial to 
the weight picking period increased, and the higher 
varia-tion between the variants during the weight 
picking period at the end of harvesting. (Figure 1).

The last year of the study confirmed the 
conclusions from the first two. A slightly stronger 
varying between the separate variants was observed, 
respectively from 19.1 to 30.5 mg % at the beginning 
of the picking; from 19.1 to 27.2 for weight picking 
and at the end of the picking season it was between 
20.0 and 31.0 mg %.

Organic fertilization has shown great 
influence with this indicator as well but it is not 
unidirectional. There are variants which show 
maximal or values close to them - 30.1 mg %, with 
variant 3 in 2014, but there are also low values 
- variant 1 and variant 7, with 19.1 mg % in 2012. 
Those results showed that the indicator was strongly 
influenced by the climatic conditions.

The level of the titratable organic acids 
and their ratio to the overall sugars was of great 
importance.

Organic acids are a biochemical component, 
which is relatively more stable and characteristic for 
the separate sorts. However, varying was observed 
under the influence of the studied factors.

During the first and second year of the 
experiment the varying at the initial and the weight 
fruit-bearing is similar. For 2013 the levels were 
0.32–0.37 % at the beginning of fruit-bearing and 
0.33–0.37 % in the weight fruit-bearing (Figure 1). 
The values were similar in 2012 as well, respectively 
0.33–0.37 % and 0.32–0.37 % at the initial and the 
weight fruit-bearing.

Slightly lower levels were indicated in the 
last year of the experiment (2014), and there was 
almost no difference in the separate periods of 
picking: 0.28–0.34 % first reporting, 0.29–0.36 % 
with weight picking and 0.27–0.35 % at the end of 
the picking.

The common colours and lycopene, in 
particular, are essential for the formation of organic 
value of the tomato fruits. The even and intensive 
coloring of the fruit is a major factor when assessing 
the production.

The common colours are positively 
influenced by the applied organic fertilization and in 
most of the studied variants they are with increased 
content. In 2012, at the beginning of fruit-bearing, 
values between 4.78 and 5.96 mg % were measu-
red, and they slightly changed during the period of 
weight fruit-bearing, respectively, 4.42 to 7.41 mg 
%, the maximum value reached only in variant 5 
(Figure 1). A significant decrease was measured at 
the end of the fruit-bearing period, when levels of 
3.49 to 5.34 mg % were observed.

The second year did not show any significant 
differences of this indicator, as the values measured 
in all three dates of the performed analyses were 
similar and varied as follows: 1st recording – from 
4.06 to 6.14 mg %, 2nd recording – from 4.97 to 6.65 
mg %, and 3rd recording – from 4.72 to 6.12 mg %.

The third year of the experiment preserved 
the tendencies of the previous one, but with lower 
minimum and maximum levels. At the beginning of 
the picking period they varied from 3.47 to 5.35 mg 
%. They were the same during the period of weight 
fruit-bearing with levels from 3.62 to 5.92 mg % and 
there was a significant decrease at the end of the 
fruit-bearing – from 2.57 and 5.30 mg %. The lower 
values can be explained with the cooler, more rainy 
and cloudy year of 2014.

In some of the variants (5, 6) the values were 
higher, while in others – 1, 4, 5, they were lower.

The same tendencies were observed also 
for lycopene, which is a main component of the 
common colours. Average for the period a greater 
number of embodiments had higher values than the 
control during all phenophases.

The quality of greenhouse tomato fruits 
was defined by means of their morphological 
characteristics. The morphological indicators of 
the fruits are characteristic of the sort, but they 
are influenced also by the growing conditions and 
the applied agricultural technique, which defines 
their significance for the correct regulation of the 
nutritional regimen (Table 1).
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The weight of the fruit (Table 1) is of 
great economic significance for the production of 
tomatoes in steel glass-houses with spring planting. 
Concerning this indicator, the tested variants were 
higher or lower than the control in accordance with 
the applied scheme of organic fertilization.

During the phenophase beginning of fruit-
bearing all the studied variants had big fruits and 
weight of over 100 g, outweighing the control variant. 
Variants 4, 3, 8, 7 and 6 had very big fruits of between 
164 and 166 g and they outweighed the control by 
6.28 % to 7.62 %. 

During the mass fruit-bearing period all 
stu-died variants had higher fruit weight compared 
with that of the control, the out weight being 2.32 
in Orgamax + Hemozim bio 5 N5P3K6 + Biofa up to 
14.42 % in Agrobiosol + Osmo Bio garden + Biofa.

The linear measures (h and d) were slightly 
influenced by the organic fertilization. Part of variants 
2, 6, 7 and 8 exceeded the control to a different 
degree during the beginning and mass fruit-bearing 
periods. The results were influenced by the specific 
climatic conditions of the respective year. A stronger 
stimulating effect was reported at the beginning of 
fruit-bearing, fading away during mass fruit-bearing.

No significant differences are observed in 
the number of locules between the control and the 
tested variants. Variant 3 had a lot of locules (4.07), 
and the other variants had a few (3.13-3.60).

The pericarp thickness was positively 
influenced by the organic fertilization. Almost all 
variants showed better values of that indicator as 
compared with the control at the beginning of fruit-
bearing. During the mass fruit-bearing period the effect 
weakened, the climatic conditions of the year being a 
strong factor for the expression of the above indicator. 

An important market indicator is the 
hardness of the fruit. This indicator was higher than 
the control one in half of the studied variants (2, 3, 5, 
8), the difference being from 0.06 to 0.50 kg.

CONCLUSIONS
The application of organic fertilization to 

greenhouse production of tomatoes improved 
the fruit quality of most variants, expressed by the 
analysed biochemical indicators.

The studied organic fertilizers and their 
combined application influenced the biochemical 
content of the fruits to a different extent and in a 
different way. In phenophase mass fruiting the 
highest lycopene content of the tomato fruits the 
variant fertilization with Evrobio + Lumbrikompost + 
Hydrolysed proteins + Softgard - 5.71 mg %, and 
the weight of the fruit at the variant fertilization with 
Agrobiosol + Osmo Bio garden + Biofa.

The morphological characteristics of the 
fruits from plants grown organically are similar to 
those grown by conventional fruit production. In mass 
fruiting the weight of fruits other is the high variant at 
fertilization Agro Biosol + Osmo Bio garden + Biofa- 
173.03 g, the excess over the conventional version 
N44: P8: K52 + Wuksal Macromix being 14.42 %.

The variants with the best indicators were 
the variants with organic fertilization by Orgamax + 
Lumbrikompost + Hydrolysed proteins + Softgard; 
Agrobiosol + Lumbrikompost + Hydrolysed proteins 
+ Softgard and Naturale + Lumbrikompost + 
Hydrolysed proteins + Softgard, which significantly 
exceed the control one.
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