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Abstract

The study was carried out in the period 2020-2021 in a fruit-bearing peach plantation on the
territory of the Fruit Growing Institute Plovdiv. The object of the study was ‘Laskava’ cultivar,
grafted on peach seedling rootstock. The aim of the present study was to investigate the effect of
the organic products Agriful, Humustim and Lumbreco on the chemical composition of the fruit
and on the content of photosynthetic pigments in the leaves, under the conditions of integrated
fruit production. The following fertilization variants were tested: soil fertilization with Agriful
applied as an aqueous solution at three rates (1.3 L/da, 2.0 L/da and 2.70 L/da); foliar nutrition with
Humustim at three rates (230 ml, 280 ml and 350 ml/da); fertilization with Lumbreco - foliar
application (1 L/da), soil application (2 L/da), combined - foliar (1 L/da) + soil (2 L/da) and control —
untreated. The best values for the soluble solids content by Brix were reported in the variants with
foliar nutrition with Lumbreco — 15.9°Brix (2020) and 16.3°Brix (2021), fertilization with Humustim
at the rate of 280 ml/da — 14.2°Brix (2020) and 16.2°Brix (2021) and fertilization with Agriful at the
rate of 2.7 L/da — 14.8°Brix (2020) and 16°Brix (2021). The sugar content varied from 7.36% in the
control to 14.74% in the variant with the application of 2.7 L/da Agriful. Sucrose values were about
2 times higher on average than the inverted sugar values. The best values for sucrose 10.30% and
9.16% were found in the variant of Agriful application at the rate of 2.70 L/da and Humustim at the
rate of 280 ml/da. The bioproducts used had a positive effect on the accumulation of chlorophyll.
The variants with the foliar application of Lumbreco, treatment with Humustim at the rate of 350
ml and with Agriful 2.0 L/da showed the best results. The application of the selected bioproducts
had a favourable effect on the content of photosynthetic pigments in the leaves, which in its turn
is a prerequisite for the good physiological status of the peach plants.
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Key words: fertilization, bioproduct, fruit quality, composition of leaves

1. Introduction

Organic fertilization has been especially relevant in recent years. Biofertilizers, which have an
organic origin, play a key role, as they are produced entirely from natural materials, without polluting the
environment and fruit production. The market for organically produced fruits is growing and attracting,
more and more customers who choose a product of the desired quality, promoting the idea that organic
fruit production is a promising economic model. There are many factors influencing the quality of fruits —
the cultivar, age of the trees, pruning, fruit thinning, soil and climatic conditions, agricultural techniques
(Génard et al.,, 1991). The organoleptic qualities of the fruit are largely determined by the content of
sugars and acids (Souty and André, 1975; Génard and Souty, 1996; Dirlewanger et al., 1999). The sugar
content is one of the most important quality traits perceived by the consumers. In order to assess the
adaptability of fruit crops to the growing environment, information about the physiological status of the
plants is also needed. Photosynthesis is the most important process in biological system, defining the
limits of biomass production (Sofi et al., 2006) and is the major physiological parameter that is affected by
stress factors (Misra et al., 2002; Satisha et al., 2007; Arabzadeh, 2009). Photosynthetic pigments,
chlorophyll a and b, play a significant role in the process of photosynthesis, they are responsible for light
absorption and energy transfer. Changes in the chlorophyll content affect the biosynthesis and
accumulation of organic matter, which is directly related to plant productivity.

The aim of the present study was to investigate the effect of the organic products Agriful, Humustim
and Lumbreco on the chemical composition of the fruit and on the content of photosynthetic pigments in
the leaves, under the conditions of integrated fruit production.
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2. Material and methods

The study was carried out in the period 2020-2021 in a fruit-bearing peach plantation on the
territory of the Fruit-Growing Institute — Plovdiv. The object of the study was ‘Laskava’ cultivar grafted on
peach seedling rootstock. The planting distance was 3 m x 5 m. The following fertilization variants were
tested: soil fertilization with Agriful applied as an aqueous solution at three rates (1.3 L/da, 2.0 L/da and
2.70 L/da); foliar nutrition with Humustim at three rates (230 ml, 280 ml and 350 ml/da); fertilization with
Lumbreco — foliar application (1 L/da), soil treatment (2 L/da), combined — foliar (1 L/da) + soil (2 L/da)
and control — untreated. Each variant was in three replications. The organic products were applied five
times every 20 days, the first treatment being made in April.

The following parameters were reported: soluble solids content by Brix, refractometrically; sugars —
according to Schoorl — Regenbogen; acid content — titrimetrically, active acidity (pH) — potentiometrically;
content of chlorophyll (a, b, a+b) and carotenoids — spectrophotometrically (in an extract with 95% ethyl
alcohol).

The results obtained are subjected to mathematical analysis using the method developed by David
B. Duncan (Duncan, 1955; Harter, 1960). Software used in the study are "R-3.1.3" in combination with
"RStudio-0.98" and installed package "agricolae 1.2-2" (Mendiburu, 2015).

3. Results and discussions

An analysis was performed for the effect of the organic products Agriful, Humustim and Lumbreco
on the chemical composition of fruit and on the content of photosynthetic pigments in the leaves, under
the conditions of integrated peach production. The data presented in Table 1 show that the applied
organic products had a significant effect on the chemical composition of the fruit. More pronounced
differences in the studied parameters were observed between the different fertilization rates than between
the applied organic products, the differences being statistically significant.

The nutrition had an effect on the soluble solids content by Brix, all fertilization variants had higher
values compared to the control. In the second year of the study the best values were obtained in the
variants with foliar nutrition with Lumbreco — 16.3°Brix, Humustim at the rate of 280 ml/da — 16.2°Brix and
Agriful at the rate of 2.7 L/da — 16°Brix.

The content of total sugars increased in direct proportion to the increase in the fertilization rate
when applying Agriful. The same trend was observed after treatment with Lumbreco — soil, combined and
foliar application. Treatment with the highest rate of Humustim — 350 ml/da affected the sugar content in
the fruit of ‘Laskava’ cultivar, but compared to the lowest (230 ml) and the average rate (280 ml), the
effect of fertilization was weaker, the differences being statistically significant.

It was established that the values of total sugar content in the fruit flesh of the treated trees were
higher compared to the control. The sugar content varied from 7.36% in the control to 14.74% in the
variant with application of 2.7 L/da Agriful. In the first year of the study (2020) lower values for the soluble
solids content and total sugars were observed in all the treated variants.

Sucrose is the dominant sugar in peach fruit. Sucrose values were about 2 times higher on
average than the inverted sugar. The best sucrose values of 10.30% and 9.16% were reported in the
variants of fertilization with Agriful at the rate of 2.70 L/da and with Humustim at the rate of 280 ml/da,
respectively, the differences being statistically proven.

Acids ranged from 0.42% to 0.94% in the different variants of fertilization. The acid content was
slightly lower in 2021.

Chlorophyll is the basic catalyst of photosynthesis, as the green pigments exist in all plant tissues
that do photosynthesis (Masinovsky et al., 1992). Although the content of photosynthetic pigments is not
the only criterion for photosynthesis of plants, their content can be considered as an indicator of the
photosynthetic competence of the plants. Plants with high values of chlorophyll a and b have more
efficient photosynthesis (Arabzadeh, 2009). The results obtained for the photosynthetic pigments in the
leaves (mg/g dry weight) are presented in Table 2.

The bioproducts used had an effect on the chlorophyll content in the leaves of the experimental
trees. Data show that more pronounced differences were observed between the applied fertilization rates
than between the organic products used, the differences being statistically significant. No symptoms of
chlorosis were observed and the chlorophyll a content was significantly higher than that of chlorophyll b
for all the variants, which is important because chlorophyll a is involved in the conversion of light energy
into chemical energy (Porra et al., 1989; Singha and Townsend, 1989; Monje and Bugbee, 1992; Peng et
al., 1993). In the second year of the study (2021), higher values for their content were reported in all the
treated variants. The highest values of chlorophyll a (5.066 mg/g DW) and chlorophyll b (2.137 mg/g DW)
were established in the variant with foliar application of Lumbreco, the differences being statistically
significant. It is noteworthy that when applying Humustim, the content of chlorophyll a and b increased
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proportionally to the increase in the applied rate of fertilization, but the differences between the variants
were statistically insignificant. That trend was not observed with the application of Agriful. The application
of the high rate of Agriful — 2.70 L/da affected the content of chlorophyll a and b, but compared to the
applied average rate of 2.0 L/da, the effect of fertilization was weaker. Significantly higher values for
chlorophyll a (4.804 mg/g DW) and chlorophyll a+b (6.803 mg/g DW) were found in the variant with the
application of Agriful at the rate of 2.0 L/da, but the differences between the variants were statistically
insignificant. The results for the total chlorophyll a+b followed over the two-year period, showed higher
values in the second year of the study, which implies better adaptation of the plants to the growing
conditions. The lowest values of 4.819 mg/g DW were found in the control variant. The values for the
content of chlorophyll a+b in the fertilized variants ranged from 6.106 mg/g DW to 7.201 mg/g DW. The
lowest values in the treated variants were reported after soil application of Lumbreco — 6.106 mg/g DW, in
the variant with Agriful applied at the rate of 1.3 L/da — 6.321 and when applying Humustim at the rate of
230 ml/da — 6.415 mg/g DW. Carotenoids are another important element of the pigment complex. The
increased content of carotenoids under unfavourable conditions during the summer vegetation season
stimulated the adaptive responses and contributed to reducing the overall plant stress (Karnaukhov,
1988). The highest values were reported in the variant treated with 2 L/da Agriful — 4.359 mg/g DW, with
the foliar application of Lumbreco — 4.258 mg/g DW and after the application of Humustim at the rate of
350 ml/da — 4.217 mg/g DW, the differences being statistically proven.

4. Conclusions

Treatment with the organic products Lumbreco, Agriful and Humustim led to an increase in the
content of soluble solids and sugars in fruit flesh compared to the untreated control.

Sucrose is the dominant sugar in fruits, and its values are about 2 times higher on average than the
inverted sugar values.

The application of the selected organic products had a favourable effect on the content of
photosynthetic pigments in the leaves, which in its turn is a prerequisite for the good physiological status
of the peach plants.
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Tables

Table 1. Effect of organic products on the chemical compaosition of fruit for the period 2020-2021

Soluble solids Total Inverted Sucrose Total
Variants/Rate content sugars sugar (%) acids pH
(°Brix) (%) (%) (%)
2020

Lumbreco — soil 2 L/da 13.6 ab 11.60 ab 3.68 ab 7.53 ab 0.72a | 3.43a
Lumbreco — foliar 1 L/da + 146 a 11.00 ab 3.56 ab 7.07 ab 0.73a | 3.46a
soil 2 L/da

Lumbreco — foliar 1 L/da 159 a 13.42 a 450 a 8.47 a 0.92a | 3.34a
Agriful 1.3 L/da 13.4 ab 10.10 b 2.66 b 707ab | 0.69a | 3.15a
Agriful 2.0 L/da 13.2 ab 11.16 ab 2.80 b 794ab | 0.73a | 3.42a
Agriful 2.70 L/da 148 a 11.16 ab 2.88 b 787ab | 0.94a | 3.27a
Humustim 230 ml/da 13.8 ab 9.32b 260b 6.38 b 0.79a | 3.16a
Humustim 280 ml/da 14.2 a 12.66 a 3.34 ab 8.85a 042a | 3.37a
Humustim 350 ml/da 13.4 ab 11.16 ab 3.76 ab 7.03b 0.64a | 3.35a
Control 12.4b 7.36 b 240b 471b 065a | 3.25a

2021

Lumbreco — soil 2L/da 13.8 ab 11.36 ab 5.46 a 5.61b 049a | 3.46a
Lumbreco - foliar 1 L/da + 14.8 ab 12.66 ab 4.36 ab 7.89 ab 0.62a | 3.72a
soil 2 L/da

Lumbreco — foliar 1L/da 16.3 a 12.96 ab 4.24 ab 8.28 ab 0.60a | 3.36a
Agriful 1.3 L/da 12.7b 10.58 b 4.02ab 6.23 b 0.63a | 3.38a
Agriful 2.0 L/da 159 a 13.64 ab 4,58 ab 86lab | 0.73a | 3.42a
Agriful 2.70 L/da 16.0 a 14.74 a 3.90b 10.30a | 0.60a | 3.47a
Humustim 230 ml/da 14.7 ab 12.96 ab 4,70 a 7.85 ab 0.63a | 3.47 a
Humustim 280 ml/da 16.2 a 14.42 a 4,78 a 9.16 a 0.6la | 3.6a
Humustim 350 ml/da 13.1b 12.14 ab 4,10 ab 7.64 ab 0.68a | 3.27 a
Control 125b 9.16 b 2.53b 6.26 b 0.63a | 3.56 a
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Table 2. Effect of bioproducts on photosynthetic pigments in the leaves for the period 2020-2021

Variants/Rate Ch;Or;ogF;Sy” Chgo::g/rg]yll Ch'n?fophyll a+b | Carotenoides
(DW) (DW) g/g (DW) mg/g (DW)
2020
Control 2.801b 0.586 b 3.385ab 3.254 b
Lumbreco — soil 2 L/da 3.258 a 0.950 ab 4.205 a 3.576 b
Lumbreco — foliar 1 L/da + soil 2 L/da 3.275a 0.985 ab 4.258 a 3.874b
Lumbreco — foliar 1 L/da 3.293 a 0.756 b 4.047 a 4.015 ab
Humustim 230 ml/da 2.865b 0.750 b 3.612b 3.987 ab
Humustim 280 ml/da 3.130 a 1.083 a 4211 a 4.004 ab
Humustim 350 ml/da 3.131a 1.160 a 4.288 a 4,102 ab
Agriful 1.3 L/da 2.859b 0.601b 3.459 b 3.981 ab
Agriful 2.0 L/da 3.292 a 0.713b 4.003 ab 4.288 a
Agriful 2.70 L/da 2.933 ab 1.235a 4.165 a 4.102 ab
2021
Control 3.395b 1.427b 4.819b 3.447 b
Lumbreco — soil 2 L/da 4.256 ab 1.852 ab 6.106 ab 3.559b
Lumbreco — foliar 1 L/da + soil 2 L/da 4.496 ab 1.906 ab 6.398 ab 3.973 ab
Lumbreco — foliar 1 L/da 5.066 a 2.137 a 7.201 a 4.258 a
Humustim 230 ml/da 4,583 ab 1.833 ab 6.415 ab 3.968 ab
Humustim 280 ml/da 4.601 ab 1.857 ab 6.456 ab 3.918 ab
Humustim 350ml/da 4712 ab 1.921 ab 6.630 ab 4,217 a
Agriful 1.3 L/da 4.253 ab 2.071 ab 6.321 ab 3.778 ab
Agriful 2.0 L/da 4.804 ab 2.001 ab 6.803 ab 4.359 a
Agriful 2.70 L/da 4.786 ab 1.919 ab 6.703 ab 4.147 ab
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