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ABSTRACT

Plant-based fertilizer Ekofert, produced from red clover, and red clover mulch were compared
with non-fertilized control and mineral N-fertilization (100 kg N ha'!) in sweet pepper cultiva-
tion (2017-2019). The organic fertilizer was applied in doses of 4, 6 and 8 t ha'. Red clover
mulch was applied at an amount of 70 t ha' f.m. in split doses immediately after planting trans-
plants and four weeks after its first application. The applications of the plant-based fertilizer
Ekofert and red clover mulch increased the amounts of organic matter and organic carbon in the
topsoil horizon, compared to the control treatment. Mineral nitrogen fertilization had a negative
effect and reduced the amounts of organic matter and organic carbon in the soil, compared
to the control and to the applied doses of the organic fertilizer and mulch. The organic and
mineral fertilizers as well as red clover mulch increased the nitrogen content in the soil and
sweet pepper leaves, compared to the non-fertilized control treatment. Ekofert and red clover
mulch had a beneficial effect on the yield of sweet pepper. The highest yield of sweet pepper was
obtained by mulching and at the highest dose of Ekofert (8 t ha'), while the dose of 6 t ha!
provided a yield similar to that obtained by the application of mineral nitrogen at a dose
of 100 kg ha'. The results confirm potential use of the organic fertilizer Ekofert and soil mulch-
ing with red clover in organic and the so-called vegan organic horticultural production.
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INTRODUCTION

Intensive agricultural production associated with the use of mineral fer-
tilizers and limited organic fertilization has led to degradation of the soil
ecosystem. Continuous use of inorganic fertilizers alone causes deterioration
of physical and chemical properties of the soil, a decrease in the organic mat-
ter content, acidification and environmental pollution. Thus, a combined
application of inorganic fertilizers and organic manure constitutes an alter-
native system for sustainable and cost-effective management of soil fertility
(BHATT et al. 2019). Combined organic and mineral fertilization over long
periods increases and stabilizes the humus content in soils (Tomov, ARTINOVA
2005). Amendment of degraded soils with organic materials, e.g. compost,
manure, crop residues and straw, can increase soil organic matter and
restore the chemical, biological and ecological functionality. Also, amend-
ments such as biochar and brown coal waste, which have very high C con-
tent, can be used to improve soil quality (AMoaH-ANTWI et al. 2020). Organic
fertilizers and various types of organic amendments increase soil fertility
and have a positive effect on plant growth and yield. The use of vermicom-
post and farmyard manure has been found to significantly affect the yield
and quality parameters of garden cress under greenhouse conditions, while
leonardite did not produce a positive effect (AKBUDAK, ZamBI 2019). A positive
effect of a bio-fertilizer produced by the Californian earthworm on the yield
and growth parameters of pepper plants has been observed by Berova et al.
(2010). Sweet pepper responds to organic and inorganic fertilizers under
greenhouse conditions; however, NPK gave higher yield than chicken
manure (ALHROUT 2017). Organic fertilizers are of fundamental importance
in organic production. Due to a certain health risk posed by fertilizers
of animal origin, a group of producers of the so-called vegan organics exclude
animal fertilizers and use only mineral or plant-based fertilizers (ALsSANIUS
et al. 2019). Kaniszewski et al. (2013) have shown that pelleted plant-based
fertilizers produced from dry matter of red clover had a positive effect
on the yield of celeriac. In experiments with onion (KaNiszEwski et al. 2019),
plant-based fertilizers produced from red clover and lucerne significantly
increased onion production as compared to basic fertilization with compost.
The efficiency of the organic fertilizers was equivalent to mineral fertilization
at 100 kg N ha! when applied at the lowest dose of 120 kg N ha! and was
significantly higher when applied at 180 and 240 kg N ha'.

The aim of the research conducted in 2017-2019 was to determine the
impact of different doses of Ekofert organic fertilizer, produced from dried
biomass of red clover, and organic mulch (fresh red clover) on the yield and
quality of sweet pepper and some properties of the soil.
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MATERIAL AND METHODS

Field experiments were conducted at the Research Institute of Horticul-
ture in Skierniewice, central Poland, on a sandy-loam soil. Pepper cv. ‘Rober-
ta F plants were grown from transplants. The experiments were established
in a randomized complete block design (RCBD) with four replications, each
covering a 10 m? area.

The experimental factors were:

— pelletized organic fertilizer Ekofert, produced from dry red clover,
applied at doses of 4, 6 and 8 t ha'l;

— organic red clover mulch at 70 t ha' f.m. applied in split doses imme-
diately after planting the transplants and four weeks after its first
application.

The effectiveness of the organic fertilizer and red clover mulch was com-
pared with conventional mineral fertilization at an amount of 100 kg N ha'!
applied as a split treatment at two doses, each of 50 kg N ha’!, applied as
pre-plant and side-dressing, and with the control plot without any additional
fertilization. Pepper transplants were produced in a greenhouse. Seeds were
sown in the middle of April to multi-cell trays (Vefia 96 filled with ready-
made substrate “Potgrond H” from Klasmann-Deilman). The pepper seed-
lings were transplanted to a field in the middle of May in each year, spaced
at 75 X 80 cm. The cultivated plants were regularly irrigated when soil water
tension reached 0.03 MPa. A single water dose amounted to 20 mm.

In order to assess the yield and commercial quality, the fruit was har-
vested as it became coloured. In the last harvest, all fruits were harvested,
regardless of the degree of colour development. The fruits were sorted in ac-
cordance with the applicable UNECE Standard for Sweet Peppers FFV-28
(2009).

Soil analyses of nitrate nitrogen (0-20 cm depth) were performed three
times in the growing season (I — after planting, II — in the middle of the
growing season, and III — after the harvest). The N-NO, and P concentra-
tions were determined with the colorimetric method using a Scan Plus flow
analyzer, and K was determined with an ICP plasma spectrometer. Fully
ripened fruits (at least 20 fruits from each treatment for quality analysis)
were harvested and immediately analyzed for ascorbic acid content (by the
Thillmans method (ISO, 1984), total and reducing sugars were determined
with Bertrand’s method (LaT1 et al. 2017). Titratable acidity was determined
by base titration in the presence of a colour indicator (GARNER et al. 2008).

The results of the experiment were subjected to factorial analysis of vari-

ance with the significance of the means tested with the Newman-Keuls test
at P=0.05.
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RESULTS

N, P, K, organic matter, and organic C contents in soil
The organic plant-based fertilizer and red clover mulch significantly
affected the organic matter and organic C content in the topsoil horizon after
three years of application (Table 1). All the applied doses of the organic
Table 1

Organic matter, organic carbon and N-NO,, P, K contents in the topsoil horizon
at the end of plant growing season after 3 years of experiment

Treatment Organic matter C org. N-NO, P K
(% d.m.) (% d.m.) (mg dm) (mg dm) (mg dm™)
Control 2.69b 1.43b 26.7b 135a 56b
N-50+50 1.58¢ 0.87c 31.9a 124b 56b
Ekofert 4 t ha' 2.77ab 1.52ab 31.5a 137a 62b
Ekofert 6 t ha' 3.13a 1.72a 32.0a 134a 660
Ekofert 8 t ha' 3.02a 1.66a 33.1a 129a 65b
Red clover mulch 2.88a 1.58ab 32.7a 139a 136a

Means followed by the same letter are not significantly different at p = 0.05.

fertilizer and mulching with red clover significantly increased the amounts
of organic matter and organic C in the soil, compared to the control treat-
ment and mineral nitrogen fertilization. The amounts of organic matter and
organic C did not vary significantly between the different organic fertilizer
doses and red clover mulch, and the highest content was found at the
applied dose of 6 t ha!l, which was 3.13 and 1.17% d.m. respectively. Ferti-
lization with mineral nitrogen had a negative effect on the organic matter
and organic C content in the soil and resulted in a reduction in these
amounts, even compared to the control combination without fertilization.
The amounts of organic matter and organic C in the treatment with mineral
nitrogen were the lowest and amounted to 1.58 and 0.87% d.m., respectively.
After three years of research, no significant differences were found in the
nitrate nitrogen content between the applied doses of organic fertilizer and
red clover, while a significantly lower concentration of N-NO, (26.7 mg dm™)
was found in the control treatment. The phosphorus content was signifi-
cantly the lowest (124 mg dm?®) in the treatment with mineral nitrogen,
but it did not vary significantly in the other treatments. The highest potas-
sium content (136 mg dm®) was found in the treatment with red clover
mulch, where it more than doubled the content in the other treatments
(Table 1).

The results of soil analysis showed changes in nutrient availability
during plant growth, depending on the fertilization treatments (Figure 1).
The nitrate nitrogen content was the highest (34-40 mg dm) in all plots at
the beginning of plant growth, compared to the later data of soil analysis,
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Fig. 1. N-NO,, P and K content in the topsoil horizon (0-20 cm) during the growing season
(average for 3 years of experiment)

and decreased especially in the middle of the growing season, during inten-
sive growth of the plants. At the end of plant growth, when there was
a limited nutrient uptake by the plants, the N-NO, content in the topsoil
increased. The lowest N-NO, content was found in the non-fertilized control
plots. The concentration of phosphorus did not change significantly during
the growing season, but the lowest content was found in the plots with
mineral nitrogen fertilization. The potassium content was the highest
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(118-167 mg dm™) in the plots with red clover mulch, especially in the middle
of the growing season; however, in the other treatments, the potassium con-
tent ranged from 42 to 76 mg dm and did not vary significantly during the
growing season.

NPK content in leaves

The use of mineral as well as organic fertilization and mulching with red
clover increased the nitrogen content in pepper leaves, compared to the non-
-fertilized control treatment (Figure 2). The highest N-NO, content in the
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Fig. 2. Effect of plant-based fertilizer and red clover mulch on NPK content in sweet pepper
leaves (average for 3 years of experiment)
Means followed by the same letter for element are not significantly different at p = 0.05

leaves was found in the treatments with red clover mulch, the highest
applied dose of Ekofert (8 t ha'), and with mineral nitrogen application.
Regarding the application of the lower doses of Ekofert (4 and 6 t ha'),
the N-NO, content in the leaves was on a similar level. The concentration
of phosphorus did not change significantly between the applied treatments.
The significantly highest potassium content in the leaves (7.41%) was found
in the treatment with red clover mulch. In the other treatments, the potas-
sium content ranged from 4.0 to 4.5%, and did not vary significantly.

Yield and fruit quality

On average for the three years of research, the applied fertilization
treatments had a significant impact on the yield of sweet pepper (Figure 3).
When using the Ekofert organic fertilizer, the increase in yield was favour-
ably correlated with the doses of the fertilizer, and ranged from 31% to 85%
compared to the control treatment. The highest pepper yield was obtained
by mulching with red clover and at the highest dose of Ekofert (8 t ha).
The application of the organic fertilizer Ekofert at a dose of 6 t ha' made
it possible to obtain a yield of sweet pepper that was similar to one under
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Fig. 3. Effect of plant-based fertilizer and red clover mulch on yield of sweet pepper
Means followed by the same letter are not significantly different at p = 0.05

the conventional mineral fertilization at 100 kg N ha! applied in split doses
(50+50 kg N ha').

The use of the organic plant-based fertilizer Ekofert and red clover
mulch had no significant effect on the vitamin C content in pepper
fruits, although the highest content was found at the Ekofert dose of 6 t ha'!
(Table 2). Mineral fertilization (50+50 kg N ha') resulted in a decrease
in the vitamin C content in relation to the control plots and to the applied
organic fertilizer doses and clover mulch, although all the determined vita-
min C contents were within the ranges reported by other authors for red
pepper fruits (760-2400 mg kg?') — HowaRrD et al. (1994), OGUNLESsI et al. (2010).
The lowest sugar content was also found in the treatment with mineral fer-
tilization, but there were no differences in sugar content between the applied
doses of the organic fertilizer, red clover mulching, and the control treat-

Table 2
Effect of plant-based fertilizer on some quality traits of sweet pepper
Ascorbic acid Total sugars Reducing sugars T:(I;ia;i};le
freatment (mg kg) ) ) mg k)

av. SD av. SD av. SD av. SD
Control 1401 32.3 5.18 0.01 4.88 0.04 1.7 0.1
N-50+50 1184 8.0 4.48 0.03 4.35 0.36 1.8 0.1
Ekofert 4 t ha' 1479 85.4 5.59 0.05 4.54 0.11 2.0 0.1
Ekofert 6 t ha'! 1704 92.5 5.79 0.03 4.56 0.13 2.0 0.1
Ekofert 8 t ha'! 1324 60.6 5.36 0.06 4.32 0.17 1.9 0.1
Red clover mulch | 1561 22.5 5.46 0.03 4.09 0.11 1.9 0.2

av. — average, SD — standard deviation
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ment; however, the determined values were slightly lower than those given
by other authors (6.3—-6.6%) (KunacHowicz et al. 2005). There were no diffe-
rences in the amounts of reducing sugars in the pepper fruits and in titra-
table acidity between the treatments used. For both parameters, the obtained
values were similar to those given by other authors (KunacHowicz et al. 2005,
SHAHA et al. 2013, KwaSNIiEwsKA-KAROLAK 2017).

DISCUSSION

Organic fertilizers, as well as various types of organic amendments,
increase the amounts of organic matter in the soil, improve the soil struc-
ture, increase water retention, nutrient availability, and provide better con-
ditions for the growth of the root system (BHATT et al. 2019, AMOAH-ANTWI
et al. 2020). The results of the present study indicate that the application
of the plant-based fertilizer, produced from dry red clover, and mulching
with red clover increased the amounts of organic matter and organic carbon
in the topsoil horizon, compared to the control treatment. Mineral nitro-
gen fertilization, on the other hand, had a negative effect and reduced
the amounts of organic matter and organic carbon in the soil, compared
to the control and the applied doses of the organic fertilizer and mulch. This
confirms the results of ArivI et al. (2007), who found that mineral fertilizers
enhanced the decomposition of soil organic matter, which leads to degrada-
tion of soil structure. Our results of soil analysis showed that the nitrogen
content increased with increasing doses of the organic fertilizer Ekofert.
The mulching with red clover also resulted in an increase in the nitrogen
content and in a significant increase in the potassium content in the soil,
which is related to the high concentration of this element in this plant.
The nitrate nitrogen content was the highest at the beginning of plant
growth and decreased in the middle of the growing season. At the end
of plant growth, when there was a limited nutrient uptake by the plants,
the N-NO, content in the topsoil horizon increased. The potassium content,
on the other hand, was the highest in the middle of the growing season,
which was associated with the application of the second dose of clover mulch.
The concentration of nutrients in pepper leaves was closely correlated with
the concentration of those nutrients in the soil. Similar results had been
obtained in previous studies with celeriac and onion plants, where the
decomposition of organic matter from the applied organic fertilizers
increased the concentration of nutrients in soil and plant (KaNiszEwskI et al.
2013, 2019). ALivI et al. (2007), too, had reported that the use of organic fer-
tilizers, especially the long-term use of manure, increased the nutrient con-
tent in the soil. The use of the organic fertilizer produced from dried clover
and mulching with red clover had a beneficial effect on the yield of sweet
pepper. The highest yield of sweet pepper was obtained by mulching and
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at the highest dose of Ekofert (8 t ha'), while the dose of 6 t ha! provided
a yield similar to that obtained by the application of mineral nitrogen at a
dose of 100 kg ha. This confirms the potential of using plant-based organic
fertilizers especially in organic vegetable cultivation, where mineral fertili-
zers cannot be used. Also, due to the potentially lower contamination risk,
such fertilizers can be used in the so-called vegan organic horticulture,
where animal organic fertilizers are excluded for consumers of vegan
products (ALsanius et al. 2019). The use of organic fertilizers is also suppor-
ted by the higher quality of sweet pepper fruits, expressed in higher concen-
trations of ascorbic acid and total sugars, compared to mineral nitrogen fer-
tilization. Fruit firmness, pericarp thickness, pH and total soluble solids
content showed higher values with the organic method, but these differences
were not significant with respect to the conventional method (DEL AMOR
2006).

CONCLUSIONS

Application of the plant-based fertilizer Ekofert, produced from dried
biomass of red clover, and mulching with red clover increased the amounts
of organic matter and organic carbon in the topsoil horizon, compared to the
control treatment. Mineral nitrogen fertilization, on the other hand, had
a negative effect and reduced the organic matter and organic C content.
Application of increasing doses of Ekofert and mulching with red clover also
resulted in an increase in the nitrogen content in the soil and sweet pepper
leaves, compared to the non-fertilized control treatment. The higher amounts
of organic matter, organic C, and nutrients in the soil caused by Ekofert
application and mulching with red clover had a positive effect on the yield
of sweet pepper. The highest yield of sweet pepper was obtained by mulching
and at the highest dose of Ekofert (8 t ha'), while the dose of 6 t ha! provi-
ded a yield that was similar to that obtained by the application of mineral
nitrogen at the rate of 100 kg ha'. The use of organic fertilization and orga-
nic mulching also had a positive effect on vitamin C and total sugars content
in pepper fruits, compared to mineral nitrogen fertilization.

REFERENCES

AKBUDAK N., ZamBl O. 2019. The effect of leonardite, vermicompost, farmyard manure on yield
and leaf quality of garden cress (Lepidium sativumm L.). Acta Hort., 1242: 315-319.

Armvt T., AsewoLE O.C., Awosora O., Inpowu E.O. 2007. Organic and Inorganic Fertilizer for Vege-
table Production under Tropical Conditions. J Agric Rural Develop, 1: 120-136.

ArHrouT H. 2017. Response of growth and yield components of sweet pepper to tow different
kinds of fertilizers under green house conditions in Jordan. J. Agr. Sci., 9(10): 265.
DOI: 10.5539/jas.v9n10p265

Arsantus B.W., Von Essen E., HartManN R., Vigssorm 1., Doyre O., Scamurs U., StourzeL H.,
Fricke A., Dorais M. 2019. The “one health” concept and organic production of vegetables
and fruits. Acta Hort., 1242: 1-13.



670

AmoaH-ANTWI C., KWiaATKOWSKA-MALINA J., THORNTON S. F., FENTON O., MALINA G., SzARA E. 2020.
Restoration of soil quality using biochar and brown coal waste: A reviev. Sci Total Environ,
722. doi.org/10.1016/j.scitotenv.2020.137852

Berova M, Karanatsipis G, SApunpzHIEVA K, Nikorova V. 2010. Effect of organic fertilization
on growth and yield of pepper plants (Capsicum annuum L.). Folia Horticult Ann, 22(1): 3-7.

Buarr M. K., LaBanva R., Josur H. C. 2019. Influence of long-term chemical fertilizers and
organic manures on soil fertility — a review. UJAR, 7(5): 177-188.

DEL Amor F.M. 2006. Yield and fruit quality response of sweet pepper to organic and mineral
fertilization. Renewable Agric Food Systems, 22(3): 233-238.

GARNER, D., C.H. Crisosro, P. WiLEY, AND G.M. Crisosto. 2008. Measurement of pH and titrata-
ble acidity. Central Valley Postharvest Newsletter, 17(2): 2.

Howarp L.R., SmitH R.T., WaGNER A.B., ViLLaLoN B., Burns E.E. 1994. Provitamin A and ascor-

bic acid content of fresh pepper cultivars (Capsicum annuum) and processed jalapenos.
J Food Sci, 59(2): 362-365.

Kantszewskr S., BABIK 1., BABIK J. 2013. Pelletized legume plants as fertilizer for vegetables in or-
ganic production. Conf. NUTRIHORT: Nutrient management, innovative techniques and

nutrient legislation in intensive horticulture for an improved water quality. Ghent, Septem-
ber 16-18, 330-336 pp.

KantszeEwsKT S., BaBIK 1., BABIK J. 2019: New pelleted plant-based fertilizer for sustainable onion
production. Univ J Agric Res, 7(6): 210-220. DOI: 10.13189/ujar.2019.070603

Kunacnowicz H., Naporna 1., Przycopa B., Iwanow K. 2005. Tables of content and nutritive value
of food. PZWL, Warszawa, wyd.1. (in Polish)

Kwasniewska-Karorak 1. 2017. Effect of frozen storage on vitamin C content and selected physi-
cochemical properties of sweet pepper (Capsicum annuum L.). Zywno$é: Nauka Technologia
Jako$é, 24(1)/110: 112-125. (in Polish)

Lati, M., BougHAL! S., BoucueTTAalA H., MENNOUCHE D., BEcHKI D., KHEMGaNT M., BEN Z. 2017.

Effect of solar drying on the quality of potato. Int Conf on Green Energy and Environmental
Engineering (GEEE-2017). Int J Sci Res Engin Technol, 5: 1-4.

OcGuNLEsI M., Oxkier W., Azegz L., OBakacHI V., OsunsaNnmi M., NKENCHOR G. 2010. Vitamin C con-
tents of tropical vegetables and foods determined by voltammetric and titrimetric methods
and their relevance to the medicinal uses of the plants. Int J Electrochem Sci, 5: 105-115.

SuaHA R. K., Ranman S., AsruL A. 2013. Bioactive compounds in chili peppers (Capsicum
annuum L.) at various ripening (green, yellow and red) stages. Ann Biol Res, 4(8): 27-34.

Tomov T., ArTiNova N. 2005. Effect of system mineral and organic-mineral fertilization on the
humus content and fractions inn mollic fluvisoils. J. Cent. Eur. Agric., 6(4): 577-582.



