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Abstract

The study presents the results of the effect of different fertilization types on the biochemical
composition of fresh and dried plum fruit of 'Tegera' cultivar. The scientific experiment was carried
out in 2016 at Research Institute of Mountain Stockbreeding and Agriculture - Troyan. Three
fertilization types were applied in the experiment: biological, conventional and granulated chicken
manure. Higher values for sugars, anthocyanins, tanning substances and pectin were reported as a
result of fertilization in comparison with the control. The highest content of total polyphenols in
fresh 210.00 mgGAE/100 and dried 390.00 mgGAE/100 fruit was found in the conventional
fertilization. The greatest level of antioxidant activity of fresh fruit was found in the variant of
chicken manure - 926.67 umolTE /100 g and the conventional fertilization - 597.78 pmolTE/100 g,
while it was 220.00 umolTE / 100 g in dried fruit variant with the biological fertilization.
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Introduction

Plum belongs to one of the most common groups of fruit trees (Blazek, 2007). It is differentiated as a
perspective culture, traditional for Bulgarian agriculture. It takes the fourth place of distribution
after apple, peach and pear. Fertilization is an important element in the soil fertility management in
order to achieve good results, including fruit plum trees with strong growth, producing quality fruit.
The fertilization process is one of the main agro-technical activities. It affects the vegetative and
reproductive phenomena of trees. Both the insufficient soil stocking with basic nutrients as well as
the high fertilization dose, lead to adverse effects on orchards (Arnhold et al. 1914, Thoden et al.
2011, Burmeister et al. 2015, Chauvin et al. 2015). The biochemical composition of fruit is directly
dependent on the specific agrometeorological conditions of the area and plant cultivation
technologies, such as soil treatment, fertilizing, pruning, etc. (Vitanova, 1990 Ruiz, 2006, Kader et al.
2004). Researches on the effect of fertilization on the biochemical composition of plum fruits were
conducted by (Cuquel et al. 2011). They found that with fertilization with N and K in the amount of
40 and 110 kg / ha / year, fruits had the highest quality during storage.

In recent years, the so-called bio-fertilization, including composting, green fertilization, the use of
fertilizers certified for biological application and others (Yadav et al., 2000).0ne of the main
differences between conventional and organic agriculture is how the problem of soil fertility is
addressed. Conventional agriculture relies on short-term solutions to improve plant nutrition, mainly
by using mineral fertilizers. Organic agriculture uses environmentally-friendly preventive and/or
long-term solutions to increase and preserve the organic matter in soil (Reganold et al. 1987,
Stoykova, 2004, Stancheva, 2007).

The aim of present research is to study the biochemical composition of fresh and dried plums of
'Tegera' cultivar in different fertilizing variants.

Material and methods

The experiment was carried out in 2016 in a collection plantation of the Research Institute of
Mountain Stockbreeding and Agriculture - Troyan. The object of the study is fruits of plum cultivar of
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'"Tegera'. The planting distances are 4/2.5 m. Inter row spacing is covered with tall fescue and the
intra row spacing is kept in black fallow. That culture is grown according to its agro-technical
requirements. The following fertilization variants have been applied in the experiment:

. | variant - Bio-fertilization - including the following fertilizers: Agriful (soil) - 5 I/da, Tecamin
Flower (foliar) - 0.3%, Teknokel Amino Ca (foliar) - 0.4%

. Il variant - Conventional - Yara Mila Complex (soil) - 0.500 kg/tree, YaraVita Frutrel (leaf) -
0.500 ml/da, Yara Vita Universal Bio (leaf) - 0.500 ml/da

° Il variant - Granulation of chicken manure - 0.500 kg/tree;

. IV variant - Control

Fertilization schedule:

. Agriful - applied five times from the beginning of vegetation over a period of 15-20 days;

. Tecamin Flower - imported twice. Applied before blossoming and during the formation of a
fruit-set;

. Tecnokel Amino Ca - imported twice. Applied after blossoming and a month before
harvesting;

. Yara Mila Complex - imported once in the intra row spacing;

° YaraVita Frutrel - four-fold application. First in the phase of winter buds, in phase of white
button, during the formation of fruit-set and a month before the harvest;

. Yara Vita Universal Bio - three-fold application. Applied before and after blossoming and
after harvest.

° Granulation of chicken manure - one application in the intra row spacing.

The biochemical composition of fruits is studied at the chemical laboratory of RIMSA - Troyan. The
following indices are studied: dry matter according to Re (%), dry weight (%), sugars (%) (total, invert
and sucrose) - according to Schoorl and Regenbogen method, acids (%) - by titration with 0.1n
NaOH; ascorbic acid (mg %) - according to Fialkov method; anthocyanins (mg %) - according to Fuleki
and Franciss method; pectin (%) - according to Melitz method, tanning substances (%) - according to
Levental method. The total polyphenols (mgGAE / 100) and the antioxidant activity (umolTE / 100 g)
of fruits were determined at the laboratory of Food Research and Development Institute in Plovdiv.
The fruit drying process was carried out at FRDI - Plovdiv, by means of a heat pump. Drying took
place at temperatures up to 45 ° C, which preserved high quality and native properties of the
product. The process runs in a closed cycle using the same air and eliminates the additional microbial
visitation from outside air.

Results and discussion

Fruits of 'Tegera' cultivar usually ripen in the second half of July, which characterizes it as an early
ripening cultivar for Troyan region. The harvest in 2016 took place on 18 July.

The results of the biochemical analysis of plum fruits are presented in Table 1. The content of total
polyphenols (mgGAE/100) and antioxidant activity (umolITE / 100 g) are presented in Figure 1 and
Figure 2.

For fresh fruit, dry weight matter is 18% to 20%. As a result of the narrow boundaries between
variants, the reported variance coefficient is low.

The amount of soluble dry matter is almost identical for all four variants ranging from 17% to 18% at
a very low variation coefficient.

There is also a slight variation in the content of total sugars. It is 9.55% for the conventional
fertilization (Il variant), while the fertilization with the chicken manure shows 10.25%. Variation
coefficient is low (2.99%). Almost identical results ranging from 10.31% to 11.78% were obtained by
the analysis of seven plum hybrids and three control varieties (Milosevic and Milosevic 2012).
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Table 1. Biochemical composition of fresh plums of 'Tegera' cultivar

Dry weight, %
Total sugars, %
Invert sugar, %

Sucrose, %

Variants

Dry matter in Re, %
Acids as malic , %
Ascorbic acids, mg %
Tannin substances, %
Anthocyanins, mg %
Pectin, %

I 19.10 17.3 10.05 4.85 4.94 0.64 4.40 0.270 19.19 0.87
I 19.53 175 9.55 6.50 290 0.64 5.28 0.270 16.61 0.71
11 18.53 17.5 10.25 5.20 4.80 0.64 6.16 0.208 10.00 0.45
v 18.70 17.5 10.05 4.05 5.70 0.64 5.28 0.249 48.39 0.51

CV% 235 057 299 19.82 2597 - 13.61 11.73 72.23 30.25

A more significant difference is found in invert sugar values. The highest values are found in the
conventional fertilization - 6.50% and the lowest in the control - 4.05%. The variation coefficient is
high as a result of these differences. Concerning the amount of sucrose, a strong variation between
the variants has been reported in its values. It is 2.90% for conventional fertilization, while the
results of the control were twice higher - 5.70%. A high variation coefficient is reported. With
respect to the organic acid indicator, it is 0.64%. The ascorbic acid indicator ranges from 4.40 mg /%
in bio-fertilization to 6.16 mg /% in chicken manure at a low variation coefficient. The value of the
result recorded in conventional fertilization corresponds to the value recorded for the control - 5.28
mg /%. There are no significant differences in the amounts of tanning substances. The results
obtained are in the range of 0.208% for chicken manure to 0.270% for organic and conventional
fertilization. Differences between variants have low variance coefficient (11.7%).

The lowest content of anthocyanins are recorded in the variant with chicken manure - 10.00 mg /%
and the highest for the control - 48.39 mg /%. The variance coefficient is high for them (72.2%).
Pectin content is an indicator with significant differences between fertilizer variants. Its amount is
high for bio fertilization - 0.87%, for conventional fertilization is less - 0.71% and it is the lowest for
the other two variants (CV 30.2%). The highest values of total polyphenols in fruits were recorded in
conventional fertilization - 210.00 mgGAE / 100, followed by control - 190.00 mgGAE / 100, organic
fertilization - 127.00 mgGAE / 100 and chicken manure - 124.00 mgGAE / 100 (Figure 1). The results
are of high variation coefficient, where the influence of fertilization on the values of the indicator
can be taken into account. A similar amount of common polyphenols was analyzed by (Kaulmann et
al. 2014) ranging from 5 to 209 mg GAE / 100 g FW. (Kim et al. 2003) also reported similar results
where the total polyphenols in fresh fruit were in the range of 181.3 mgGAE / 100 g for 'Stanely'
cultivar to 372.6 mg GAE / 100 g for 'Beltsville Elite' cultivar. In a study by (Chun et al. 2003), their
amount also ranges from 138.1 mgGAE / 100 g for 'NY 9' (New York 9) cultivar to 684.5 mgGAE / 100
g for 'Beltsville Elite' cultivar.
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Figure 1. Influence of different fertilization variants on total polyphenols (mgGAE /100) and the antioxidant
activity in fresh plums of 'Tegera' cultivar

There is a significant variation in the antioxidant activity in the fruits of the variants. It is highest for
chicken manure - 926.67 umolTE / 100 g and conventional fertilization - 597.78 umolTE / 100 g. The
lowest content was recorded in the control - 114.44 umolTE/100 g (Figure 2). The results obtained
have an extremely high variation coefficient (82.5%)
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Figure 2. Effects of different fertilization variants on the antioxidant activity (umolTE / 100 g) in fresh plums of

'"Tegera' cultivar

Table 2. Biochemical composition of dried plums of 'Tegera' cultivar

Indicator

Variants

CV %

Dry weight , %

83.23

82.85

79.09

84.95

1.17

Total sugars, %

36.50

42.70

38.90

38.20

6.70

Invert sugar, %

32.70

34.40

35.40

34.40

3.27

Sucrose, %

3.61

7.88

3.32

3.61

47.50

Acids as malic, %

2.32

2.19

1.93

2.19

7.58

Ascorbic acid, mg %

7.04

8.80

7.04

7.04

11.76

Tannins, %

0.540

0.457

0.457

0.706

21.73

Anthocyanins, mg %

17.26

20.32

10.81

12.74

28.21

Pectin, %

0.68

0.41

0.11

1.31

81.45
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Dry weight matter of dried fruit has significantly higher results than the fresh ones. The variations
between the variants are narrow and as a result the variance coefficient is very low. The value for
the control is higher - 84.95%. The lowest value was recorded in the third variant - 79.09% (Table 2).
The highest content of total sugars is found in the conventional fertilization - 42.70% and lowest in
bio-fertilization - 36.50%.

Almost similar results were obtained for invert sugar values at low CV% in the different fertilization
variants. The highest content of sucrose was found in the conventional fertilizers - 7.88%. It is 2
times lower in the third variant than the conventional fertilizer application. A high variation
coefficient (47.50%) has been reported.

The organic acid content is in the range of 1.93% for the chicken manure to 2.32% in the bio-
fertilization variant with a low variation coefficient.

The ascorbic acid content is 8.80 mg /% for conventional fertilization and 7.04 mg /% for the other
three variants. Tanning substances are in the range from 0.46% to 0.71% with a high variation factor.
The highest content of anthocyanins is found in the second variant - 20.32 mg /%, as they decrease
in the first variant to 17.26 mg /%. The lowest content is found in the third variant - 10.81 mg/% and
for the control it is 12.74/%. The coefficient of variation is high for this indicator. Pectin results are
different. The lowest content is reported for fruit fertilized with chicken manure and the highest for
the control - 1.31%. Variation coefficient is high (81.4%). The highest values of total polyphenols are
found in the conventional fertilization - 390.00 mgGAE / 100 (Figure 3), followed by bio-fertilization -
266.00 mgGAE/100, control - 264.00 mgGAE/100 and chicken manure - 260.00 mgGAE/100. In the
study of (Cinquanta et al. 2002), the total content of polyphenols in dried plums ranges from 340 to
610 mg of GAE / 100 g of dry weight. The antioxidant activity is greatest in fruit with bio-fertilization
- 220.00 umolTE / 100 g and the control - 200.00 umolTE / 100 g. It is the smallest for the chicken
manure variant - 160.00 umolTE / 100 g. (Figure 4). A low variation coefficient is reported. Identical
result of 159.0 mM Trolox / g d.m. was analyzed by (Walkowiak-Tomczak et al. 2008) for plum
brandy "Bluefre".

According to (Forni et al. 1992), the quality plum fruits must have an acidic coefficient between 12
and 24. The results obtained by the indicator are in the indicated range. The highest acidimetric
coefficient for both types of fruit was recorded in the chicken manure variant, as for the fresh fruit it
was 16.01 and for dried fruit - 20.15 (Table 3). The variation coefficient reported by the indicator for
both fresh and dried fruit is low.
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Figure 3. Influence of different fertilization variants on total polyphenols (mgGAE/100) in dried plums of
'"Tegera' cultivar
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Figure 4. Effect of different fertilization variants on the antioxidant activity (umolTE/100 g) in dried plums of
'Tegera' cultivar

Table 3. Acidimetric coefficient values for fresh and dried plums of 'Tegera’ cultivar

Acidimetric coefficient

Variant Fresh Dried
fruits fruits

| 15,7 15,73

Il 14,92 19,5

11 16,01 20,15

v 15,7 17,44
CV% 2,98 11,06

Conclusions

A study has been conducted on the influence of certain types of fertilizers on the biochemical
composition of fresh and dried ‘Tegera’ fruit. Their positive influence on the values of inverted sugar
and sucrose, anthocyanins, tanning substances and pectin was found in some fertilization options.
The highest content of total polyphenols in fresh (210.00 mgGAE/100) and dried (390.00 mgGAE /
100) fruits is found in conventional fertilization. The highest antioxidant activity of fruit is registered
in the conventional fertilization and chicken manure, while for dried fruit it is in the variants with
bio-fertilization and the control.

Acidimetric coefficient values are most distinct in the chicken manure variant.
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