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Abstract

We investigated the effects of pruning Calendula officinalis and the application of three different
soil improvement materials: rhyolite, pelletized poultry manure, and flocculant. In the pruning
experiment, four rows of marigold seedlings were planted. The highest number of flowers was
recorded in July (641 pcs), which then dropped to 129 pcs after pruning. The average flower
diameter in the non-pruned rows ranged between 3.53 and 3.54 cm, while in the pruned rows it
was only 3.00 to 3.16 cm. Based on the measurements, it was concluded that the regeneration
period following pruning led to a temporary decrease in total yield.

In the fertilization experiment, 640 seedlings were planted across two plots. In June, the rhyolite-
treated rows produced the highest fresh flower weight (on average 12.42 g/row), while in July,
the application of the flocculant resulted in the highest yield (average 488.6 g), compared to 362
g in the control. In August, the poultry manure rows produced 467.25 g, and the flocculant-treated
rows yielded 487.33 g. On a yearly scale, the highest cumulative yield was observed in the
flocculant-treated plants, averaging 980.76 g per row. The results suggest that the use of
flocculant had a positive long-term effect on flower production in marigold, while pruning should
be applied only purposefully and with proper timing.
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Introduction

The Mediterranean annual plant Calendula officinalis L., popularly known as marigold, has long
been used for both medicinal and cosmetic purposes. It has antioxidant, wound-healing, and anti-
inflammatory properties, mostly flavonoids and carotenoids. The plant can be successfully
cultivated throughout Hungary. Germination begins at temperatures as low as 8—10 °C. Regular
harvesting of the flowers stimulates the development of new flower heads, ensuring continuous
yield until the first frosts (Treben, 1985; Bernath et al. 2014, Zamboriné & Bernath, 2003).

Sowing typically takes place in March, with a row spacing of 40—50 cm and plant spacing of 5—
8 cm. The seed requirement is 6—10 kg/ha (Bernath et al. 2014). Soil preparation involves deep
plowing in the autumn, followed by crumbling and firming in the spring. Recommended base
fertilization includes 40-60kg/ha nitrogen, 60-80kg/ha phosphorus, and 80-100 kg/ha
potassium. Organic manure is not advised by several literatures, as it tends to stimulate vegetative
growth at the expense of flower development (Lelesz, 2016; Molnar, 2024).

Harvesting of the drug parts is performed manually. Only the valuable floral parts should be
collected, since the inclusion of other parts lowers product quality and increases processing costs
(B6szorményi, 2017). Drying is carried out at 35-40 °C. Average yields are 1-1.2 t/ha (with
calyx), and 0.3-0.4 t/ha for the petals alone (Bernath et al. 2014, Zamboriné & Bernath, 2003).
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Quality control must follow ISO standards and the specifications of the Hungarian
Pharmacopoeia (Ph. Hg. VIII., Bernath, 2000).

Marigold drug products are freely marketable and widely used, for example, in teas, food
flavorings, and skincare formulations (Darvas & Magyary-Kossa, 2021).

Materials and methods

The experiment was conducted at the demonstration garden of the Institute of Engineering and
Agricultural Sciences, University of Nyiregyhaza. The soil type was sandy loam with an Arany-
type cohesiveness index of 31, slightly alkaline pH (7.29), and a humus content of 2.1% (Csabai
et al. 2021; Csabai et al. 2022a). The soil's nutrient supply was deemed good since it contained
sufficient amounts of phosphorus (339 mg/kg), potassium (183 mg/kg), nitrite-nitrate (19.1
mg/kg), and micronutrients like manganese (28.4 mg/kg) and zinc (11.67 mg/kg).

In 2023, June saw a slight increase of +0.4°C, still within the range of climatic stability, while
May was somewhat colder (—0.2°C). The anomalies for July and August were +1.1°C and +2.5°C,
respectively. The deviation increased to +3.9°C by September, a very high value that
demonstrated the local effects of global warming. In 2023, precipitation was also erratic, with
consistently below-average rainfall in May, June, and August. September had a recorded "zero"
value even though there was no discernible deviation. These figures highlight the growing
frequency and severity of weather extremes, which directly influence the success of agricultural
production (Makszim & So0s, 2025). Meteorological conditions were monitored by the garden’s
own weather station.

Fertilization Effect Trial

Two plots, designated A and B, were used to transplant 640 marigold seedlings in the nutrient
effect trial, which was carried out on May 27, 2024. There were 40 plants in each of the 8 rows
that made up each plot, spaced 50 cm apart and 10 cm apart within rows. Each row received a
different soil amendment, such as rhyolite, pelletized poultry manure, food industry side product
flocculant, and control (no treatment) (Barta-Kérmendy, 2007; Fiilei, 2016; K&hler, 2006; Szabo
et al. 2012; Csabai et al. 2022b; Kosztyuné et al. 2024). The plots' rows were identified by their
clear labels, such as A1-A8 and B1-B8. For each row, the fresh and dry weight of the harvested
flower heads, as well as their diameter, were measured (Figure 1).

Rhyolitic tuff acts as a physical, chemical, and biological soil improver, with an effective lifespan
of 8-10 years (Kdohler, 2006). Poultry manure provides rapidly absorbable nutrients (Kadar,
2013). The flocculant composed primarily of activated carbon and bentonite, enhances soil water
retention and reduces contamination levels (Havassy, 2007).
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@A) ®B)
Figure 1. Images of the experimental site (left: Plot A, right: Plot B). Source: Own photograph

Measured Parameters, Measurement Times and Frequency

The experiments involved evaluating the development and performance of the plants by
measuring the fresh weight of harvested flower heads (g). Weekly records were maintained for
the quantity and weight of flowers at each harvest. Immediately following collection, fresh flower
heads were weighed and subsequently dried at room temperature. The drying period typically
ranged from 7 to 14 days, contingent upon the moisture content and condition of the flowers.
Data were recorded manually and subsequently summarized and averaged for each row. The
collected data were subsequently processed for comparative evaluation and visualized
graphically.

Results

During the experiment conducted in the demonstration garden of the University of Nyiregyhaza,
various soil-improving materials, rhyolite, pelletized poultry manure, and food industry
flocculant, were applied to the rows of plots A and B. Based on the measurements, it was observed
that flowering was more intense in the rhyolite- and poultry manure-treated rows, especially
during the initial period, compared to the control rows.

In June, the rows treated with rhyolite produced the highest fresh flower weight, with an average
of 12.42 g, while the control value was only 7.7 g (Figure 2). However, in terms of dry flower
weight, the poultry manure-treated rows showed the highest values, and their flower diameters
also exceeded those of the other treatments.

In July, the most positive effect on flower yield was observed with the flocculant treatment, which
resulted in an average yield of 488.6 g, compared to 362 g in the control (Figure 3). However,
flower diameter did not differ significantly between treatments during this period.

In August, both poultry manure (467.25 g) and flocculant (487.33 g) again produced the best
results. The flocculant not only increased the total flower weight but also improved the flower
diameter (Figure 4).

Based on the annual average yield, the flocculant treatment was the most effective, resulting in a
total flower mass of 980.76 g (Figure 5), surpassing the results of all other treatments. These
findings indicate that flocculant was the most beneficial soil amendment throughout the
experiment, particularly during the second half of the growing season.
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Figure 2. Average flower yield by treatment in June
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Figure 4. Average flower yield by treatment in August
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Figure 5. Average flower yield by treatment in the vegetation period
Conclusion

The soil amendment trial results indicate that all three treatments—rhyolite, pelletized poultry
manure, and food industry flocculant—positively affected the flowering of Calendula officinalis,
albeit with variations in intensity and timing. Poultry manure and rhyolite demonstrated greater
effectiveness in the initial phases of plant development, whereas the flocculant treatment
exhibited enhanced efficacy in the latter half of the growing season.

The flocculant treatment demonstrated the most balanced and consistent enhancement in
flowering intensity, flower mass, and flower diameter across the entire vegetation period. It also
enhanced the overall vitality of the plants.

The observations indicate that flocculant could function as a sustainable and effective soil
amendment in marigold cultivation, particularly in long-term applications. Rhyolite and poultry
manure are more effective in promoting early growth phases. The analysis of treatments
underscores the sensitivity of marigold to soil nutrient composition, suggesting that precise and
timely interventions can markedly enhance cultivation results.
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