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Abstract: Chamomile is a herbal plant of very high economic importance worldwide. Its organically
grown raw material is particularly valuable. Under organic farming conditions, weeds and fungal
diseases are an important problem in a chamomile plantation. Seeking agronomic solutions designed
to eliminate the occurrence of these pathogens in chamomile crops is constantly valid. The aim of the
present study was to evaluate the effect of some foliar sprays (enhancing the condition of the crop
plant and its competition against pathogens) and different row spacing of two chamomile cultivars on
weed infestation and health of a chamomile plantation. The study results presented in this paper were
collected from field experiments carried out in the organic system in the village of Dys (the central
Lublin region, Poland) over the period 2014–2016. Experiments were conducted on podzolic soil
(class III) as a split-block design in 3 replicates in plots with an area of 525 m2 (6.25 m2 a single plot).
This study included two chamomile cultivars (“Złoty Łan”, “Mastar”). The second experimental
factor was single or double foliar application of three bioproducts (Herbagreen Basic, Bio-algeen,
Effective Microorganisms—EM Farming). The other experimental factor was a different row spacing
of chamomile (40 cm and 30 cm). The obtained study results show that 10–16 annual weed species
and 1–3 perennial species occurred in both chamomile cultivars. Foliar application of the bioproducts
contributed to a reduction in the total number of weeds in the crop, but at the same time to greater
weed species diversity. In the control treatments (without the bioproducts), the dominance of several
weed species (Viola arvensis, Galeopsis tetrahit, Spergula arvensis, Juncus bufonius, Scleranthus annuus)
and lower biodiversity of the weed flora were observed. The largest reduction (by about 20%) in the
number of annual weeds was found under the influence of the bioproducts Herbagreen Basic and
Bio-algeen applied once. Bio-algeen and Effective Microorganisms (EM), in turn, had a significant
effect on decreasing the weed weight. A narrower (30 cm) row spacing of chamomile had a significant
impact on reducing the weight of weeds in chamomile crops compared to the wider spacing, which
was 40 cm. It should be concluded that infection of the chamomile plantation with fungal diseases
was overall at a low level. Significantly higher infection with fungal diseases was found in the
case of the cultivar “Mastar”, regardless of the experimental factors. A statistically proven decrease
in infection of chamomile plants with fungal diseases was determined under lower crop density
conditions (a row spacing of 40 cm). Chamomile plants were found to exhibit better health under the
influence of double application of the biofertilizers Herbagreen Basic and Bio-algeen.

Keywords: chamomile; organic system; bioproducts; seeding density; quantitative weed infestation
indicators; weed species; fungal diseases
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1. Introduction

Chamomile (Chamomilla recutita (L.) Rausch.) is one of the most popular herbal plants grown in
different countries across the world. The great economic importance of this herbal plant is due to
the valuable chemical composition of chamomile raw material (flower heads) and its application in
medicine, pharmacy, and cuisine [1,2]. Chamomile raw material obtained from organic plantations
is particularly valuable. In organic cultivation where, by definition, no crop protection chemicals
(herbicides, fungicides, insecticides) or synthetic mineral fertilizers are used, chamomile plants are more
susceptible—than in conventional cropping—to weed pressure and infection with fungal diseases [3,4].
The negative effects of weed infestation on yield quantity and quality of crops are due to the high
competitiveness of weeds for all environmental resources (light, water, nutrients, space) as well as
their initial faster rate of growth and more effective use of CO2 [5–7]. Differences in the number
and weight of weeds and in their biological diversity between the organic and conventional farming
systems predominantly result from crop agronomy, which involves crop rotation, tillage and cropping
technology, and weed control methods [8–10]. By depleting nutrients from the soil, weeds increase the
susceptibility of crops to fungal diseases [11].

Seeking environmentally friendly agronomic solutions that enhance the resistance and
competitiveness of herbal plants against weeds and pathogenic fungi is currently very popular.
A proper selection of a chamomile variety as well as an appropriate seeding rate and density (the width
of interrows in herbal crops), which will allow for natural competition with weeds, can be of major
importance in this respect [3,12]. In science and agricultural practice, special hopes are associated with
bioproducts (such as growth biostimulators, organic foliar fertilizers, Effective Microorganisms) which
increase crop plant resistance to adverse habitat conditions and pathogens [4,13,14].

This study hypothesized that foliar application of biological products in chamomile crops would
contribute to better competitiveness of this crop plant against weeds and its higher resistance to fungal
pathogens compared to the control treatment (without foliar application). An assumption was also
made that the study would allow us to determine a species-specific optimal row spacing in the context
of crop competition with pathogens. It was also hypothesized that the cultivar factor would not have a
significant effect on weed infestation and health of chamomile.

The aim of the present study was to evaluate the effect of some foliar sprays: biostimulator, foliar
fertilizer, Effective Microorganisms (enhancing the condition of the crop plant and its competition
against pathogens), and different row spacing (30 and 40 cm) of two chamomile cultivars (“Złoty Łan”
and “Mastar”) on weed infestation and health of a chamomile plantation.

2. Methods

Field experiments in growing chamomile (Chamomilla recutita (L.) Rausch.) were conducted in the
village of Dys located in the Municipality of Niemce (51◦18′57′′ N 22◦35′06′′ E), Lubelskie Voivodeship,
Poland, over the period 2014–2016. The experiment was set up as a split-block design with 3 replicates.
The total experimental area was 525 m2. Treatments with the two chamomile cultivars were the
experimental blocks. These blocks comprised alternately arranged plots with 2 different row spacings
of chamomile. Seven foliar spray fertilization treatments were randomly assigned to these 2 chamomile
cultivars and 2 row spacings of this herbal plant. The experiment included a total of 84 plots with a
single plot area of 6.25 m2 (each plot was in the shape of a 2.5 m × 2.5 m square). The characteristics
analyzed in this study were determined in each of the 84 experimental plots. The specific design of
this field experiment is shown in Figure 1. Chamomile was grown on a podzolic soil classified as very
good rye soil complex (soil class II). Crops were grown in the experimental field in the organic farming
system (without using synthetic mineral NPK fertilizers and without application of crop protection
chemicals—herbicides, fungicides, and insecticides).
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In the field where the experiment was conducted, organic farming had been carried out since
2009 and thus for 5 years before the establishment of the experiment in question. During the period
2009–2013, the following crops were organically grown in this field: oats, potato, spring barley and
white mustard. Throughout this entire period (2009–2016), this field was (and still is) under supervision
of a certification body (Polish Society of Organic Farming "Eco-guarantee") and it has an Organic
Farming Certificate. The experiment conducted in the organic system was surrounded by a 200-m
“buffer zone” (with organically grown lacy phacelia, red clover, and oats). The distance between the
experimental plots and the nearest traffic artery was 700 m.

During the study period, the soil was characterized by slightly acidic pH (in 1 M KCl = 6.2–6.4) and
a medium content of available macronutrients (P = 78.1–78.6; K = 84.9–86.1; Mg = 31.6–32.6 mg kg−1).
The soil humus content was 1.39–1.43%.

In both experiments with the above-mentioned chamomile cultivars, the following factors
were included:

I. Chamomile cultivars
a. “Złoty Łan”—a commonly grown cultivar;
b. “Mastar”—a new and less popular cultivar.
II. Foliar sprays:
A—Without application of foliar sprays (control treatment);
B—Foliar spray Herbagreen Basic—(10 g in 1.0 L of water);
C—Foliar spray Bio-algeen S90—(4.0 mL in 1.0 L of water);
D—Foliar spray Effective Microorganisms—EM Farming—(60.0 mL in 1.0 L of water);
E—Double application of the foliar spray Herbagreen Basic—(2 × 5 g in 1.0 L of water);
F—Double application of the foliar spray Bio-algeen S90—(2 × 2.0 mL in 1.0 L of water);
G—Double application of the foliar spray Effective Microorganisms—EM Farming—(2 × 30.0 mL

in 1.0 L of water).
III. Row spacing and seeding density:
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1. Single rows every 40 cm;
2. Single rows every 30 cm.
In each year of the study, white mustard grown for green manure was the previous crop for

chamomile. Pre-sowing soil fertilization included a mineral fertilizer approved for use in organic
farming—Humac Agro (Table 1.).

Table 1. Chemical composition of Humac Agro fertilizer.

Nutrient Content on A Dry Weight Basis *

Humic
acid %

K
g kg−1

Ca
g kg−1

Na
g kg−1

Fe
g kg−1

Zn
mg kg−1

Br
mg kg−1

Cu
mg kg−1

Se
mg kg−1

62.0 1.18 16.80 12.80 14.50 64.0 77.0 19.0 6.0

* Moisture content = 20%.

Chamomile seeds were sown directly into the soil in the third decade of April (using a hand
seeder with a press wheel). The seeding rate was 2.0 kg ha−1 (a row spacing of 40 cm)–2.5 kg ha−1

(a row spacing of 30 cm). Weed control involved mechanical weed removal (with a weeder) at the
3–5 leaf stage of chamomile. The foliar sprays (treatments B-G) were applied using a field sprayer
under a pressure of 0.25 MPa. Double application was done at the 2–3 leaf stage of chamomile and at
the 5–7 leaf stage (after mechanical weed removal). Single application of the sprays was carried out at
the 5–7 leaf stage of chamomile. The specific composition of the bioproducts used in this experiment is
shown in Table 2.

Table 2. Components of the sprays used in the experiment.

Name of Spray Spray Composition

Bio-algeen S90

An extract from sea algae; the spray contains 90 groups of chemical compounds, including amino
acids, vitamins, alginic acid, and other unidentified active ingredients of seaweeds; the major
elements include the following: nitrogen—0.02%, phosphorus—0.006%, potassium—0.096%,

calcium—0.31%,magnesium—0.021%, as well as boron—16 mg kg−1, iron—6.3 mg kg−1,
copper—0.2 mg kg−1, manganese—0.6 mg kg−1; zinc—1.0 mg kg−1; moreover, the spray contains

molybdenum and selenium.

Herbagreen
Basic

Calcium oxide (CaO)—36.7%, silicon dioxide (SiO2)—17.0%, iron trioxide (Fe2O3)—3.4%, magnesium
oxide (MgO)—2.4%, titanium dioxide (TiO2)—0.5%, potassium oxide (K2O)—0.5%, sodium oxide

(Na2O)—0.5%, sulfur trioxide (SO3)—0.4%, phosphorus pentoxide (P2O5)—0.5%, manganese oxide
(MnO)—0.1%; and trace amounts of boron (1), cobalt (13), copper (26), zinc (34) (mg kg−1 DM).

EM Farming

Anaerobic organisms which release free, chemically uncombined oxygen into the environment during
metabolic processes (photosynthetic bacteria, actinobacteria, lactic acid bacteria, fermentation fungi,

yeasts)—the percentage contributions of particular microorganism strains in the spray is the
manufacturer’s secret (patent) and this information is not included in any available data sheets.

Before harvesting the chamomile crop, the following activities were performed:

• Evaluation of weed infestation of the crop using the agro-phytosociological method at the 2–3 leaf
stage of chamomile (moving around the 6.25 m2 plots according to the scheme in Figure 2).
Weed infestation intensity was determined using the Braun-Blanquet scale [15], where: - = no
individuals; r = 1–3 individuals; + means less than 1% of ground cover; 1 = 1–5% of ground cover;
2 = 5–25% of ground cover; 3 = 25–50% of ground cover; 4 = 50–75% of ground cover; 5 = 75–100%
of ground cover.

• Determination of health of chamomile plants according to a five-point scale carried out 15 days
before harvest, based on 30 randomly selected plants per 6.25 m2 plot (Table 3).

• Over a period of 10 days before harvest of chamomile, evaluation of weed infestation of the
plantation was performed by the dry-weight-rank method (number and air dry weight of weeds
as well as their botanical composition) using a 0.25 × 1.0 m quadrat frame (Figure 3) in 4 randomly
selected places in each 6.25 m2 plot. The frame was placed in the randomly selected places in
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each plot (Figure 4), taking care not to damage chamomile plants. Within the frame, weeds were
cut down just above ground and subsequently the species composition and number of weeds
were determined. Next, weeds collected from 4 replicates in a given plot were combined into
a composite sample and placed in paper bags with labels (plot number). The collected weed
samples were dried in a plant house, bringing them slowly to air-dry weight.

Table 3. The scale used to determine health of chamomile plants.

Degree of Health % of Plants Infected

I 1–10
II 11–25
III 26–50
IV 51–75
V 76–100
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3. Statistical Analysis

Analysis of variance (ANOVA) was used to statistically analyze the results by employing Statistica
PL 13.3, while Tukey’s test was applied to determine HSD (Honest Significant Difference) values at
p < 0.05. The results tables show the mean for the study period because the year-to-year differences
between the characteristics analyzed were statistically not significant. No significant interactions were
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found between the main experimental factors: cultivars, foliar sprays and row spacing. The statistical
calculations also included the standard deviation (SD) and the coefficient of variation (CV). Correlation
coefficients (r) between the quantitative weed infestation indicators for the chamomile crop and the
level of health of chamomile plants were also calculated.

4. Results

4.1. Weed Infestation of the Chamomile Crop

The first stage of evaluation of the chamomile plantation was to analyze in-crop weed infestation
at the 2–3 leaf stage of this herbal plant. The evaluation performed using the agro-physiological
method allowed the intensity of occurrence of dominant weed species to be determined. The data
included in Tables 4 and 5 show that 7–11 annual weed species and 1–2 perennial species occurred
in crops of the cultivars “Złoty Łan” and “Mastar”, depending on the experimental plots included
in the experimental design. Galeopsis tetrahit and Viola arvensis were predominant in the weed flora,
Scleranthus annuus, Spergula arvensis, and Juncus bufonius were found at a medium level, while the
other weed species occurred at the lowest level (r) or were found not to occur at all in some plots.
It should be indicated that at the 2–3 leaf stage of chamomile the effect of different row spacings on
weed infestation was not yet observed and that the foliar sprays had not been applied yet, either.

Number of weeds in the chamomile crop determined several days before its harvest was
independent of the cultivar and almost identical values were found for the “Złoty Łan” and “Mastar”
crops (Table 6). However, number of weeds as affected by row spacing exhibited significant relationships.
Denser sowing of chamomile (at a row spacing of 30 cm) promoted a reduction in the number of weeds
by about 20% compared to a row spacing of 40 cm. Some of the foliar sprays had a statistically proven
effect on decreasing the number of weeds in chamomile crops—single spraying with the bioproducts
Herbagreen Basic and Bio-algeen as well as double spraying with EM Farming promoted a reduction
in the number of weeds by about 23% compared to the control treatment.

Table 4. Number and species composition of weeds found in the crop of the chamomile cultivar
“Złoty Łan” at the 2–3 leaf stage of this herbal plant.

Species
Row Spacing—40 cm Row Spacing—30 cm

A * B C D E F G A B C D E F G

Annual

Galeopsis tetrahit L. 1 ** + + + 1 + + + + + + + + +
Viola arvensis Murray + 1 1 + + + 1 1 + + + + + +
Juncus bufonius L. + r r + + r + + r r r r + r
Spergula arvensis L. + r r r + + + + + r r r r r
Scleranthus annuus L. + + + + + + + + + + + + + +
Geranium pusillum L. + + r r + - r r - r - + + +
Erigeron canadensis (L.) Cronquist) r r + - + r r + r - + r r r
Tripleurospermum maritimum (L.) W. D. J. Koch r r r r - - - r r r - - r r
Polygonum convolvulus L. r - - - - - r r r r - - - -
Chenopodium album L. - - - - r r - r - r r - - -
Veronica arvensis L. - - - - r - r - r - - - - -
Erodium cicutarium (L.) L’Her. r - r r - - r - r r r - - -
Capsella bursa-pastoris (L.) Medik - - - r r r - - r - - - - -

Number of annual species 10 8 9 9 10 8 10 10 11 10 8 7 8 8

Perennial

Elymus repens (L.) Gould r r r - r r r r r - r r r r
Convolvulus arvensis L. - r - - - - - - - - - r - -

Number of perennial species 1 2 1 0 1 1 1 1 1 0 1 2 1 1

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen Basic,
F—double application of Bio-algeen S90, G—double application of EM Farming; ** r, +, -, 1—explanation in the
Methods section.
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Table 5. Number and species composition of weeds found in the crop of the chamomile cultivar
“Mastar” at the 2–3 leaf stage of this herbal plant.

Species
Row Spacing—40 cm Row Spacing—30 cm

A * B C D E F G A B C D E F G

Annual

Galeopsis tetrahit L. 1 ** 1 + 1 + 1 + 1 + 1 + + + +
Viola arvensis Murray + + 1 1 1 1 1 1 1 + 1 1 + +
Juncus bufonius L. + + r + r + + + + + r r + r
Spergula arvensis L. + + + r r r r + + r r r r r
Scleranthus annuus L. + r r + r + + + r r + r + +
Geranium pusillum L. + + - r + - - r - r - + + +
Erigeron canadensis (L.) Cronquist) r + + - + r r + r - + r r r
Tripleurospermum maritimum (L.) W. D. J. Koch r r - r - r - r - r - - r r
Polygonum convolvulus L. r r - - r - - r - r - r - -
Chenopodium album L. r r - - r - - r r - r - - -
Veronica arvensis L. - - - r r - r - r - - - - -
Erodium cicutarium (L.) L’Her. r - r - - r r - r - r - r -
Capsella bursa-pastoris (L.) Medik - r r - - - - - - - - - - -

Number of annual species 11 11 8 8 10 8 8 10 9 8 8 8 9 8

Perennial

Elymus repens (L.) Gould r r r r r r r r r - r r - r
Convolvulus arvensis L. r - - - r - - - r - - r - -
Equisetum arvense L. - - - r - r - - - r - - - -

Number of perennial species 2 1 1 2 2 2 1 1 2 1 1 2 0 1

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen Basic,
F—double application of Bio-algeen S90, G—double application of EM Farming; ** r, +, -, 1—explanation in the
Methods section.

Table 6. Number of weeds in the chamomile crop (plants per m−2)—evaluation before harvest of the
herbal crop.

Treatment
Złoty Łan Mastar Mean for Spacing

40 cm 30 cm Mean 40 cm 30 cm Mean 40 cm 30 cm Mean

A * 21.6 ± 1.9 ** 19.4 ± 1.8 20.5 23.8 ± 1.9 19.6 ± 1.2 21.7 22.7 19.5 21.1
B 17.1 ± 1.7 13.2 ± 1.4 15.2 19.9 ± 1.7 15.1 ± 0.9 17.5 18.5 14.2 16.3
C 17.1 ± 1.6 17.4 ± 1.6 17.2 19.1 ± 1.1 12.9 ± 0.8 16.0 18.0 15.2 16.6
D 21.2 ± 1.1 18.6 ± 1.7 20.0 22.9 ± 1.5 14.8 ± 0.9 18.3 22.2 16.7 19.4
E 21.4 ± 1.8 15.8 ± 1.3 18.5 22.8 ± 0.9 18.2 ± 1.3 20.5 22.0 17.0 19.5
F 20.1 ± 1.5 18.2 ± 1.8 19.2 19.7 ± 1.0 17.0 ± 1.0 18.3 19.8 17.7 18.8
G 19.7 ± 1.6 13.3 ± 1.4 16.5 17.6 ± 1.5 15.1 ± 0.6 16.3 18.7 14.2 16.4

CV (%) *** 6.2 5.6 6.7 5.9

Mean 19.7 16.6 18.1 20.8 16.1 18.5 20.3 16.3 -

HSD(0.05)

for years—n.s. ****; for cultivars—n.s.; for row spacing—2.5; for foliar sprays—4.3; for interaction:
cultivar × row spacing—n.s.; for interaction: cultivar × foliar spray—n.s.; for interaction: row

spacing × foliar spray—n.s.; for interaction: cultivar × row spacing × foliar sprays—n.s.

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen Basic,
F—double application of Bio-algeen S90, G—double application of EM Farming; ** SD—standard deviation;
*** CV—coefficient of variation; **** n.s.—not significant differences.

The cultivar factor did not also have a major influence on the dry weight of weeds in the chamomile
crop (Table 7). The weed infestation indicator in question was however significantly dependent on row
spacing—the wider row spacing (40 cm) contributed to a higher weight of weeds in the crop by about
35% relative to a spacing of 30 cm. Among the foliar sprays used, Bio-algeen (applied once and twice)
and EM Farming (applied twice) had a statistically significant effect on decreasing the dry weight of
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weeds in the chamomile crop. In the case of the other bioproduct application treatment combinations,
the bioproducts were found to tend to decrease the weed weight.

Table 7. Dry weight of weeds in the chamomile crop (g m−2)—evaluation before harvest of the
herbal crop.

Treatment
Złoty Łan Mastar Mean for Row Spacing

40 cm 30 cm Mean 40 cm 30 cm Mean 40 cm 30 cm Mean

A * 15.01 ± 1.22 ** 9.23 ± 0.87 12.12 15.41 ± 1.90 10.73 ± 0.92 13.07 15.21 9.98 12.59
B 11.77 ± 0.74 6.15 ± 0.93 8.96 14.78 ± 0.99 7.43 ± 0.58 11.10 13.27 6.79 10.03
C 7.28 ± 0.71 6.81 ± 0.66 7.04 15.95 ± 1.33 4.68 ± 0.42 10.31 11.61 5.74 8.67
D 11.52 ± 0.86 7.45 ± 0.91 9.48 10.67 ± 0.83 7.74 ± 0.61 9.20 11.09 7.59 9.34
E 12.43 ± 1.04 9.74 ± 0.65 11.08 11.31 ± 0.92 11.15 ± 0.79 11.23 11.87 10.52 11.19
F 8.91 ± 0.83 8.80 ± 0.52 8.85 8.66 ± 0.49 6.23 ± 0.47 7.44 8.78 7.51 8.14
G 11.33 ± 0.92 5.32 ± 0.39 8.32 9.15 ± 0.59 6.67 ± 0.56 7.91 10.24 5.99 8.11

CV (%) *** 4.8 5.2 5.1 6.1

Mean 11.17 7.64 9.41 12.27 7.80 10.03 11.72 7.72 -

HSD(0.05)

for years—n.s. **; for cultivars—n.s.; for row spacing—2.79; for foliar sprays—3.52; for interaction:
cultivar × row spacing—n.s.; for interaction: cultivar × foliar spray—n.s.; for interaction: row spacing ×

foliar spray—n.s.; for interaction: cultivar × row spacing × foliar spray—n.s.

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen Basic,
F—double application of Bio-algeen S90, G—double application of EM Farming; ** SD—standard deviation;
*** CV—coefficient of variation; n.s.—not significant differences.

Table 8 presents the number of dominant weed species in crops of the chamomile cultivars “Złoty
Łan” and “Mastar” relative to the other experimental factors (foliar sprays, row spacing). The data
contained in this table show that 10–16 annual weed species and 1–3 perennial species occurred in crops
of both chamomile cultivars, and hence 5–6 species more than the numbers found during the initial
plantation development period (2–3 leaf stage of chamomile). The following species were dominant in
terms of numbers: Viola arvensis, Galeopsis tetrahit, Spergula arvensis, Juncus bufonius, and Scleranthus
annuus, and thus the species that had been observed to occur with greater intensity already during the
first (agro-phytosociological) evaluation of weed infestation. When analyzing the effect of row spacing
in chamomile crops on weed infestation, we note that it had no impact on the number of annual or
perennial weed species, regardless of the foliar sprays, but the total number of annual weeds was found
to be lower (by 21%) under narrow row spacing conditions (a spacing of 30 cm) compared to a spacing
of 40 cm. The foliar sprays used in the experiment had a different impact on the number of annual
weeds and the number of annual weed species, but did not modify the perennial flora almost at all.
Overall, it can be stated that the foliar sprays had an indirect effect on decreasing the number of annual
weeds in comparison with the control plots. The largest reduction (by about 19-20%) in the number of
annual weeds was recorded under the influence of the bioproducts Herbagreen Basic and Bio-algeen
applied once (treatments B and C) and under the influence of Effective Microorganisms (treatment G).
The cultivar factor had no impact on the number of weeds and their species composition (Table 8).
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Table 8. Number and species composition of weeds in the chamomile crop depending on the
experimental factors—evaluation before harvest of the herbal crop.

Species
Foliar Spray Application Treatments Row Spacing Cultivar

A * B C D E F G 40 cm 30 cm Złoty Łan Mastar

Annual

Viola arvensis Murray 4.3 3.0 3.3 3.5 2.7 2.9 2.8 3.9 2.7 3.5 3.1
Spergula arvensis L. 3.9 2.4 3.1 2.4 2.2 2.1 2.4 3.1 2.1 2.5 2.7
Galeopsis tetrahit L. 3.7 3.1 2.9 2.5 3.4 2.8 2.9 3.4 2.4 2.7 3.1
Juncus bufonius L. 1.9 1.4 1.5 1.5 1.2 2.6 2.1 2.2 1.5 1.5 2.1
Scleranthus annuus L. 1.1 1.9 1.4 1.2 2.0 1.5 1.2 1.5 1.6 1.5 1.2
Erigeron canadensis (L.) Cronquist) 0.8 0.7 0.3 1.1 0.7 0.9 0.5 0.7 0.6 0.8 0.9
Tripleurospermum maritimum (L.)
W. D. J. Koch 0.7 0.4 0.1 0.4 0.3 0.7 0.9 0.7 0.4 0.5 0.6

Echinochloa crus-galli (L.) P. Beauv. 0.7 0.2 0.4 0.7 1.2 1.1 0.7 0.6 0.7 0.9 0.4
Geranium pusillum L. 0.6 0.5 0.2 1.5 1.0 0.5 0.3 0.6 0.8 0.7 0.8
Setaria pumila (Poir.) Roem. 0.5 0.4 - 0.4 0.2 0.4 0.2 0.3 0.1 0.3 0.2
Polygonum convolvulus L. 0.5 0.3 0.6 0.3 0.5 0.8 0.4 0.4 0.5 0.6 0.5
Hypericum humifusum L. 0.5 0.5 0.8 0.6 0.7 0.4 0.3 0,5 0.7 0.7 0.3
Chenopodium album L. 0.3 0.2 - 0.4 0.4 - 0.6 0.4 0.2 0.1 0.5
Capsella bursa-pastoris (L.) Medik 0.3 0.1 0.1 0.5 0.5 0.6 0.3 0.2 0.4 0.2 0.3
Veronica arvensis L. 0.1 - 0.2 0.3 0.3 0.4 0.2 0.3 0.1 0.2 0.2
Erodium cicutarium (L.) L’Her. - 0.1 0.2 0.2 0.5 - 0.2 0.1 0.2 0.2 0.1
Galinsoga parviflora Cav. - - 0.1 0.5 0.2 0.3 - 0.1 0.2 0.1 0.2

Number of annual weeds 19.6 15.1 15.2 18.1 17.8 17.7 15.8 19.1 15.1 17.0 17.1

Number of annual species 15 15 15 17 17 15 16 17 17 17 17

Perennial

Elymus repens (L.) Gould 1.1 0.7 1.1 0.9 1.3 0.9 0.6 1.0 0.9 0.7 1.0
Equisetum arvense L. 0.3 0.3 0.2 0.1 - 0.2 - 0.1 0.2 0.1 0.1
Convolvulus arvensis L. 0.1 0.3 0.1 0.4 0.4 - - 0.1 0.1 0.2 0.3

Number of perennial weeds 1.5 1.2 1.4 1.3 1.7 1.1 0.6 1.2 1.2 1.1 1.4

Number of perennial species 3 3 3 3 2 2 1 3 3 3 3

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen Basic,
F—double application of Bio-algeen S90, G—double application of EM Farming.

4.2. Health of Chamomile Plants

Infection of chamomile plants with fungal pathogens was at a low level (ranging on average
2.7–10.1%). Nonetheless, the experimental factors were found to significantly affect the analyzed trait
(Table 9). The chamomile cultivar “Mastar” was characterized by almost twice higher susceptibility
to infection with fungal diseases than cv. “Złoty Łan”, which is probably attributable to its poor
adaptation to local habitat conditions. The foliar sprays contributed to a significant reduction in
the occurrence of fungal diseases in relation to the level of occurrence of fungal pathogens in the
control plots (without application of the bioproducts). Herbagreen Basic and Bio-algeen applied twice
during the growing season of this herbal plant had a particularly beneficial effect on the health of
chamomile plants. Regardless of the foliar sprays, chamomile plants sown at a row spacing of 40 cm
were found to be significantly healthier in comparison with the narrower spacing (30 cm). The greater
infection of chamomile plants with fungal diseases in the control treatments (without application of
the bioproducts) and in the case of the narrower row spacing was positively correlated with the higher
number of weeds in these treatments, as evidenced by the calculated correlation coefficients Table 10.
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Table 9. Health of chamomile plants (%)—evaluation before harvest of the herbal crop.

Treatment
Złoty Łan Mastar Mean for Row Spacing

40 cm 30 cm Mean 40 cm 30 cm Mean 40 cm 30 cm Mean

A * 6.2 ± 0.9 ** 7.9 ± 1.1 7.0 11.5 ± 1.3 15.4 ± 1.7 13.4 8.8 11.6 10.2
B 3.4 ± 0.6 4.5 ± 0.6 3.9 7.5 ± 1.0 8.0 ± 0.9 7.7 5.4 6.2 5.8
C 3.2 ± 0.6 3.8 ± 0.7 3.5 6.1 ± 0.7 6.5 ± 0.8 6.3 4.6 5.1 4.8
D 4.0 ± 0.7 5.1 ± 0.8 4.5 8.4 ± 0.5 9.7 ± 0.9 9.0 6.2 7.4 6.8
E 2.0 ± 0.3 2.4 ± 0.5 2.2 3.1 ± 0.3 3.4 ± 0.4 3.2 2.5 2.9 2.7
F 2.2 ± 0.5 2.8 ± 0.6 2.5 3.7 ± 0.4 4.0 ± 0.5 3.8 2.9 3.4 3.1
G 3.4 ± 0.8 4.1 ± 0.9 3.7 5.5 ± 0.6 6.2 ± 0.7 5.8 4.4 5.1 4.7

CV (%) *** 8.4 7.3 12.5 13.2

Mean 3.4 4.4 3.9 6.5 7.6 7.0 5.0 6.0 -

HSD(0.05)

for years—n.s. ****; for cultivars—0.97; for row spacing—0.94; for foliar sprays—1.11; for interaction:
cultivar × row spacing—n.s.; for interaction: cultivar × foliar spray—n.s.; for interaction: row spacing ×

foliar spray—n.s.; for interaction: cultivar × row spacing × foliar spray—n.s.

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen Basic,
F—double application of Bio-algeen S90, G—double application of EM Farming; ** SD—standard deviation;
*** CV—coefficient of variation; **** n.s.—not significant differences.

Table 10. Correlation coefficients (r) between the number and weight of weeds in the crop and infection
of chamomile plants with fungal diseases.

Treatment Row Spacing (cm)
Number of Weeds Weight of Weeds

Złoty Łan Mastar Złoty Łan Mastar

A *
30 0.71 ** 0.89 ** 0.36 0.55 **

40 0.58 ** 0.62 ** 0.28 0.33

B
30 0.18 0.23 0.11 0.15

40 0.09 0.16 0.07 0.06

C
30 0.20 0.22 0.09 0.13

40 0.08 0.10 0.06 0.09

D
30 0.27 0.33 0.21 0.26

40 0.22 0.28 0.14 0.18

E
30 0.22 0.21 0.20 0.17

40 0.28 0.32 0.31 0.26

F
30 0.18 0.19 0.22 0.28

40 0.13 0.11 0.12 0.15

G
30 0.13 0.15 0.11 0.23

40 0.09 0.12 0.09 0.17

* A—without application of foliar sprays (control treatment), B—single application of Herbagreen Basic, C—single
application of Bio-algeen S90, D—single application of EM Farming, E—double application of Herbagreen
Basic, F—double application of Bio-algeen S90, G—double application of EM Farming; ** significant correlation
coefficient(0.05).

5. Discussion

There are few scientific studies regarding direct and indirect effects of foliar applied bioproducts
on weed infestation and health of organically grown chamomile. Therefore, the discussion of these
study results is based primarily on other researchers’ reports dealing generally with the problem of
weeds and fungal diseases in crop plantations grown in the organic system.

Segetal flora occurring in crop fields is one of the more important elements influencing the
functioning of the entire agroecosystem. Its competitiveness against a crop and also its reproductive
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potential significantly impact agricultural production [16–18]. The farming system, which includes
crop rotation, selection of varieties, fertilization method and level, and weed control methods, is of key
significance for the preservation of the biodiversity of segetal flora in an agroecosystem [19–22].

The present study confirmed the research hypothesis and demonstrated lower weed infestation of
chamomile crops fertilized with the foliar sprays. At the same time, greater richness of the segetal flora
was observed in the plots where the foliar sprays were used. Foliar biological products (biostimulators,
micronutrient fertilizers, Effective Microorganisms) contribute to greater resistance of a crop to
unfavorable habitat conditions (including pressure from agricultural pests) through, among others, a
faster generative growth rate. Due to this, the crop competes more effectively for light and nutrients
with weeds [3,13]. In conventional agriculture, when crops are fertilized, for example, with soil
applied mineral nitrogen, the result is that weeds, taking up N from the soil substrate, show an even
greater growth rate than the crop [23]. In organic farming, weeds are perceived as an integral part
of an agroecosystem [24]. If weeds occur in low numbers, but exhibit high species variation (greater
biodiversity), they are even perceived as a positive aspect of an ecosystem [25,26]. The present study
confirms this thesis because in the treatments with application of the foliar sprays the number and
weight of weeds were observed to be lower, but at the same time exhibiting greater biodiversity in
chamomile crops. Furthermore, this research reveals that the weed species composition determined
before harvest of chamomile was slightly greater (by only 5–6 species) than that found at the 2–3 leaf
stage of chamomile. This situation is explained by other authors’ studies which reveal that in organic
crops changes in weed species composition occur more slowly than changes in weed numbers [27].
This evidences relatively high stability of weed flora in such crops [28].

Another method to reduce weed infestation in organic plantations is to select an appropriate
spacing of crop rows. If a narrower row spacing is used, weeds occurring in interrows of a crop have
limited light access and competition with the crop is more difficult [29]. The results of the present
study confirm this view because chamomile sown at the narrower row spacing (30 cm) exhibited a
lower degree of weed infestation than at the wider spacing (40 cm). Kraska et al. [30] also recorded
a lower number and weight of weeds in organically grown lentil crops in the case of the narrowest
row spacing, which was 20 cm. Kwiatkowski et al. [31], in turn, observed significantly lower weed
infestation of a winter oilseed rape crop using a row spacing of 18 cm in comparison with a spacing of
30 cm. Similar relationships (a lower degree of weed infestation of crops with narrowing row spacing)
were also found by Lins and Boerboom [32] on the example of soybean as well as by Primot and
Valantin-Morison [33] on the example of winter oilseed rape. Lutman et al. [34] also report on the
importance of a higher crop density as regards competition with weeds in a study investigating the
competitiveness of oilseed rape against the dominant species Stellaria media in oilseed rape crops.

The cultivar factor can also be of significance in controlling weed infestation of crops. This research
did not find significant differences in the quantitative weed infestation indicators between the
chamomile cultivars “Złoty Łan” and “Mastar”. Feledyn-Szewczyk [35] also found a lower effect of
the crop variety on the level and state of weed infestation on the example of winter wheat.

The results of this study show infection of chamomile with fungal diseases to be significantly lower
compared to the control plots (without application of the bioproducts), regardless of the bioproduct
used (foliar fertilizer, biostimulator, Effective Microorganisms) and the number of its applications
(single or double). Bioproducts are not directly fungicides [36]. Their indirect role in controlling
plant infection with fungal diseases consists in “feeding plants” and enhancing their resistance to
environmental stresses as well as to fungal and bacterial pathogen activity [37,38]. Numerous scientific
studies confirm the positive effects of various biological products on the biometric characteristics,
nutritional composition, and health of herbal, horticultural, cereal, and root plants [39–44].

While being effective in reducing weed infestation in a field (as evidenced by this research),
a dense crop (a smaller interrow width) poses at the same time a greater risk of development of fungal
diseases, which is promoted by, among others, higher humidity and temperature in a dense crop [45,46].
As shown by the present study, infection of a crop with fungal diseases is due not only to the crop
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density, but also results from a higher number and weight of weeds in the crop, which are hosts for
many disease-causing fungi [47,48]. Resistance to fungal diseases can also be driven by the cultivar
factor [45,49]. This is confirmed by the results of this study because infection of the chamomile cultivar
“Złoty Łan” (better adapted to habitat conditions of the central Lublin region, Poland) was found to be
significantly lower than in the case of cv. “Mastar”.

This research demonstrates that in the case of the bioproducts Herbagreen Basic and Bio-algeen
single application of these sprays proved to be sufficient in controlling agricultural pests, with its
effect being similar to that of double application. The studies by Kwiatkowski [3] on chamomile
and Kwiatkowski et al. [4] on common thyme also confirm the high efficacy of single application
of bioproducts.

6. Conclusions

Weed species composition was quite a stable characteristic (the number of weed species in the
chamomile crop during the period from the 2–3 leaf stage until its harvest increased only slightly).
The experimental factors modified the number and species composition of the weed flora to a
small degree. Sixteen annual weed species and 3 perennial species were found in chamomile crops.
Viola arvensis, Galeopsis tetrahit, Spergula arvensis, Juncus bufonius, and Scleranthus annus dominated in
terms of numbers.

Among the foliar sprays tested in this experiment, the bioproducts Bio-algeen and Effective
Microorganisms (number and weight of weeds) as well as Herbagreen Basic (number of weeds) showed
the most beneficial effect on reducing the quantitative weed infestation indicators. All the foliar sprays
used in this experiment significantly improved the health of chamomile plants.

From the point of view of plant health, the wider spacing (40 cm) undoubtedly proved to be more
beneficial for the cultivation of chamomile. The narrower row spacing (30 cm), on the other hand,
reduced weed infestation of the chamomile crop more effectively.

The chamomile cultivar “Złoty Łan” exhibited better plant health when grown organically than
the cultivar “Mastar”. Nevertheless, both chamomile cultivars were characterized by a similar degree
of weed infestation of the plantation, regardless of the other experimental factors.
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