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Abstract
Background
Food quality of agricultural crops depends on environmental conditions, production system and cultivation method. A plant-based nutrition with food rich in vitamins, minerals and secondary plant compounds with antioxidative properties promotes human health. This investigation was inspired by an increasing global issue on how to improve product quality while using alternative preparations. The main aim of a 3-year study was to investigate the influence of fermented manure and silica products on yield and nutritive components in peel, fruit and seeds of three pumpkin cultivars. In four replicates as block design, the effects of individually as well as combined application of biodynamic horn manure and horn silica preparation were compared to a control variant.

Results
Horn manure application significantly increased total and marketable yield. Marketable yield, contents of macroelements, total carotenoids, single carotenoids (lutein + zeaxanthin, lycopene, ß-carotene) and antioxidants (catechins, total phenols, leuco-anthocyanins) were significantly increased by horn silica use. The combination of both biodynamic preparations had a significantly increasing effect on total and marketable yield, net photosynthetic productivity, dry matter content and total and single carotenoid contents (lutein + zeaxanthin, lycopene, ß-carotene).

Conclusions
The pumpkin trial results indicated a general growth-promoting effect by horn manure, a quality-enhancing effect by horn silica and a compensatory effect through both preparations on a high qualitative level. In accordance with other investigations, these effects did not occur in the same way in all plant species. Therefore, the effects of the biodynamic preparations should be tested in further trials on a plant species-specific basis.

Graphic abstract
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Background
Quality and yield of agricultural products such as fruits and vegetables are influenced among others by crop variety, environmental impacts and cultivation methods of the agricultural production system. An important part of product quality refers to their ingredients and health-conducive properties, e.g. amounts of minerals, vitamins, antioxidants and other phytochemicals [1]. A plant-based nutrition with vegetables rich in antioxidants is essential for human health and may protect from many diseases [2, 3]. Distinct differences in food quality caused by the crop production system were identified in a meta-analysis based on 343 peer-reviewed publications [4]. Organically versus conventionally produced crops contained significantly higher concentrations of antioxidants, vitamins and minerals. Negative food quality characteristics such as pesticide residues and toxic metal content (e.g. cadmium) were significantly higher in conventional produced crops [4].
Plant development can be influenced by water, humus and nitrogen, which have a growth- and yield-promoting effect. Plant morphological differentiation processes and ripening are enhanced by light and warmth of solar radiation. Agricultural cultivation measures influence the relation between light intensity and nitrogen supply and can foster or inhibit growth and differentiation processes. This results in significant differences in the ingredient compositions of crops. For example, full light intensity, low N-supply and farmyard manure used (vs. shading, high N-supply and mineral fertiliser) enhanced value-added ingredients of rocket (e.g. ascorbic acid and glucosinolate contents) and wheat (true protein content) [5]. Higher light intensity tends to increase polyphenolic compound contents in plants [6], e.g. flavonoid contents in fruits [7] and total phenolic contents of leafy vegetables [8].
Furthermore, yield and crop quality can be affected by the application of biodynamic preparations. Biodynamic preparations (e.g. horn manure and horn silica) are an essential part of the biodynamic cultivation method. Their primary purpose is not to add nutrients, but to stimulate the processes of nutrient and energy metabolism and improve soil and crop quality [9]. As progenitor and eldest type of organic farming, biodynamic agriculture exists since more than 90 years [10]. In a review, [11] concluded that biodynamic preparations had a positive effect on soil quality (e.g. nutrients, enzymatic composition) and crop yield. Research has indicated that biodynamic preparations exhibited higher quality and better sensory properties and accumulated higher concentrations of antioxidant compounds [11].
Results of many experiments indicated that the preparations have different effects depending on the growth conditions of plants and whether they were used individually or in combination. Horn manure stimulated vegetative plant growth and increased leaf yield and beet yield from sugar beets. The additional application of horn silica further increased beet yield and decreased leaf yield [12]. Horn silica enhanced the quality of carrots in postharvest storage tests [13]. In studies of potatoes, horn manure led to lower and horn silica to higher levels of secondary plant compounds in two out of three cultivars [14]. The effect of horn silica was partly consistent with the effect of intense exposure to light on crops [5, 15, 16]. The combination of horn manure and horn silica often had a balancing effect on yield [17].
However, no research evidence was found on the effects of biodynamic preparations on the improvement of giant pumpkin (Cucurbita maxima D.) fruit quality and on the increasing of biologically active compounds content. Cucurbita maxima is an economically important species cultivated worldwide for human consumption. According to the Food and Agriculture Organization of the United Nations, the world production of pumpkins in 2019 was estimated over 22.9 million tons harvested from 1.5 million hectares [18]. Pumpkins contain large amounts of fibre, free sugars, minerals and vitamins such as B1 and C, as well as secondary plant compounds, including carotenoids and polyphenols, which provide various human health promoting functions [19, 20].
According to the sustainable and holistic approach of organic farming [21], a farm should be considered as an organism. An increasing number of studies have proven that organic farming led to higher soil quality and more biological activity in soil compared to conventional farming [22–26]. A basic statement of organic agriculture derived from this idea, implied that a healthy soil leads to better, more healthy plant growth and a healthy diet [27].
This research aimed to explore and assess the effects of biodynamic preparations (HM: horn manure and HS: horn silica) on the properties of soil, yield and quality of pumpkin fruits. Effects of the biodynamic preparations on soil enzyme activity, soil nutrients and pumpkin yield resulting from this 3-year experiment were presented in Juknevičienė et al. [28]. The application of horn manure significantly increased soil enzymatic activity (urease and saccharase) and soil nutrient content (phosphorus and potassium). The pH value of the soil decreased over the growing period, thus influenced phosphorus uptake in pumpkin plants [28]. Effects of horn manure on soil enzymatic activity were also determined in research of potatoes by Vaitkevičienė et al. [14].
In this paper, the effects of horn manure and horn silica on quality and nutritive components of pumpkin fruits are represented. The following research hypotheses were examined: applications of horn manure and horn silica increase the yield of pumpkin fruit. The contents of secondary plant compounds are reduced by horn manure application and increased by horn silica. If the preparations are applied in combination, an increase in secondary plant substances is expected. The impact of biodynamic preparations on the development of various pumpkin cultivars of Cucurbita maxima D. was examined in this trial. Therefore, the quality of morphological parts of pumpkin fruit—peel, flesh and seeds—were analysed to determine the effect of biodynamic preparations on contents of biologically active compounds. Finally, together with the results on soil properties of Juknevičienė et al. [28], it should be verified whether the basic statement of organic agriculture—a healthy soil leads to better, more healthy plant growth and a healthy diet—can be positively supported by the application of the biodynamic preparations horn manure and horn silica.
Materials and methods
Experimental design and management
The investigation was carried out on an organic farm in Kaunas district, Lithuania from 2012 to 2014 (see [28]). The three trial years were carried out each year on a new field of the organically managed farm. The respective trial area with pumpkin was fertilised in the trial year with 30 t ha-1 of plant compost (pHKCl 6.97, available P2O5 1932 mg kg−1, and mineral nitrogen 52.73 mg kg−1, the compost was 2 years old). In a two-factorial field trial, different cultivars of winter squash and the use of biodynamic preparations were examined in four field replications as block design. Therefore, the three giant pumpkin (Cucurbita maxima Duchesne) cultivars 'Justynka F1', 'Karowita' and 'Amazonka' developed by breeders at the Warsaw University of Life Sciences in Poland were cultivated. The effect of biodynamic preparations was examined by four variants. Horn manure (HM: fermented manure) and horn silica (HS: ground silica SiO2) were each tested individually and in combination. In the control variant, no treatment was applied.
The soil of the experimental site was a Calc(ar)i-Endohypogleyic Luvisol [29] with light loamy soil texture (limnoglace clay loam on boulder clay, deeply gleyic luvisol). The soil was characterised by soil organic matter 2.4%, available P2O5 139–173 mg kg−1 and available K2O 173–209 mg kg−1 contents, 0.29% nitrogen and a pH value almost neutral (pH ~ 7).
Pumpkinseeds were sown in plastic pots in May (2–3 seeds were put into one hole of 2–4 cm depth) and greenhouse-grown till they were plant out at the end of May. Each field trial plot was 12 m2 in total with a harvested plot area of 6 m2 and marginal strip of 0.5 m width. Six plants were cultivated in each core plot. The pumpkins were harvested at ripeness within the first 10 days of September. All three pumpkin cultivars have a bushy growth habit. The growing season takes 120–150 days. Pumpkin fruits of these three varieties are dark orange, round to elliptical and weigh 1–1.5 kg (Amazonka) or 3–4 kg (Justynka, Karowita), respectively. Justynka is the most productive variety (50–60 t ha−1), followed by Karowita. Smaller fruits of Amazonka often result in lower yield compared to Karowita [30]).
The biodynamic preparations horn manure and horn silica used in this study were obtained from a Demeter certified farm in Germany, specialised in the production of biodynamic preparations (CvW KG, Internationale Biodynamische Präparatezentrale, Künzelsau, Germany). Horn manure is made by collecting manure from several cows and putting it into cow horns, which are buried in the soil during winter and excavated in spring. Horn manure preparation is the ‘humus mixture’ that resulted from this fermentation. The horn manure preparation used in the experiment was neutral (pHKCl 6.96), contained a huge amount of phosphorus (1960 mg kg−1 total amount in dry matter), potassium (259 mg kg−1 total amount in dry matter) and nitrogen (2.10% total amount in dry matter).
Horn manure was sprayed to soil surface as 1% solution (200 l solution ha−1, 200 g horn manure preparation for 1 ha) 2 weeks before planting pumpkin seedlings. Pumpkin leaves were sprayed twice with a 0.5% horn silica solution at the beginning of flowering (BBCH 605: 5th flower opened on main stem) and at the beginning of fruit formation (BBCH 702: 2nd fruit on main stem has reached typical size and fruit). Horn manure was sprayed in the afternoon and horn silica in the morning. Both solutions were stirred one hour before spraying.
Parameters and methods
Total yield (t ha−1) of pumpkin fruits was calculated by weight of harvested fruits. Healthy, fully ripened fruits were classified as marketable quality.
Net photosynthetic productivity (Fpr) was calculated according to the formula:[image: $${\text{Fpr }} = { 2 }\left( {M_{{2}} - \, M_{{1}} } \right) \, / \, \left( {L_{{1}} + \, L_{{2}} } \right) \, T,$$]




with (M2-M1): dry matter increases during a given time; L1 and L2: leaf area at the beginning and at the end of the period; T: time duration in days [31].
Leaf area was determined at stage of foliation (BBCH 110 and BBCH 115), flowering (BBCH 605 and BBCH 610) and fructification (BBCH 702 and BBCH 703). BBCH identification keys used in this research based on the methodology of Feller et al. [32] for pumpkin plants.
For chemical analyses, a composite sample of fruit was drawn up as follows: four fruits were randomly selected from each variant in four replicates. This resulted in 16 fruits, of which a random sample of 5 fruits was drawn to analyse. Chemical composition of the flesh was tested by a sample of at least 1000 g taken from this pooled sample of each variant of the pumpkin (according to LST ISO 2859-10:2007), by cutting pieces of flesh at random from several places. Fruit peel was analysed by taken ~ 1000 g from the pooled sample. Seeds were analysed by a pooled sample size of 100 g. Chemical analyses of the peel, pulp and seeds of pumpkin fruits were carried out in four replicates. Standard methods were used to analyse different parameters in fresh mass (FM) of fruit flesh and in dry matter (DM) of peel and flesh. A spectrophotometer was used to analyse total carotenoid content (mg·100 g−1 FM) (Spectro UV–VIS dualbeam UVS-2800, Labomed Inc., USA). The individual carotenoids lutein, zeaxanthin, lycopene and β-carotene (mg·100 g−1 FM) were determined by high-performance liquid chromatography (HPLC). Dry matter (% DM) was determined by drying samples at 105 °C to constant weight (LST ISO 751:2000). Contents of macroelements (K, P, Ca, Mg in % DM) were measured by atomic absorption spectrometry.
At the Institute of Chemistry and Biology of Immanuel Kant Baltic Federal University, the following parameters were determined according to the method of Gupta and Verma [33] using a spectrophotometer SF-2000 (ZAO OKB SPECTRUM, Russia): contents of leuco-anthocyanins (mg·100 g−1), catechins (mg·100 g−1) and total phenolics (mg·g−1) in the dry matter of pumpkin peel and flesh. In addition, contents of anthocyanins (mg·100 g−1), leuco-anthocyanins (mg·100 g−1) and total carotenoids (mg·100 g−1) were measured in the fresh mass of pumpkin seeds.
Statistical analysis
Research data were statistically evaluated by the analysis of variance (ANOVA) using the program Systat 10 (Systat 10, Statistics I, SPSS Inc., Chicago, IL, USA). Statistical significance of differences between means was assessed by Fisher’s LSD test (p < 0.05). Correlation analysis was performed to determine the strength and nature of the relationship between the variables. For data evaluation, experimental years were assumed to be "random". No interactions were found between treatments of horn manure and experimental years.
Results
Total and marketable yield and the non-marketable yield calculated out of it are shown in Table 1. Justynka was the most productive variety, followed by Karowita and Amazonka. In the control group, the total yield of Justynka cv. was 35% higher than that of Karowita cv. and 95% higher than that of Amazonka cv. All three biodynamic preparation variants had a mostly significant effect on total and marketable yield of the three cultivars. Horn manure significantly increased total and marketable yield of all cultivars compared to their control group (total yield: Justynka: + 26,63%, Karowita: + 6,3%, Amazonka: + 17,32%). Within the cultivars of Justynka and Amazonka, horn manure led to highest results compared to all other spray treatments. The application of horn silica resulted in a lower yield increase (total and marketable yield) compared to horn manure. Horn silica vs. horn manure led to a further increase of total and marketable yield of Karowita cv. The combination of both preparations led to a significant increase in all cultivars compared to the respective control groups. The application of both preparations resulted in the highest total and marketable yield of Karowita cv., while total and marketable yield of Justynka and Amazonka cvs. were significantly more effected by horn manure.Table 1Total yield, marketable yield and non-marketable yield of pumpkin fruits of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014


	Spray treatments
	Total yield (t ha−1)
	Marketable yield (t ha−1)
	Non-marketable yield* (t ha−1)

	Justynka

	 Control
	46.00a
	40.25a
	5.75

	 HM
	58.25c
	52.21c
	6.04

	 HS
	54.20b
	51.30b
	2.90

	 HM + HS
	54.56b
	51.15b
	3.41

	Karowita

	 Control
	34.05a
	31.95a
	2.10

	 HM
	36.20b
	33.00b
	3.20

	 HS
	36.96b
	34.65c
	2.31

	 HM + HS
	38.40c
	36.00d
	2.40

	Amazonka

	 Control
	23.55a
	20.15a
	3.40

	 HM
	27.63c
	24.20c
	3.43

	 HS
	24.32a
	22.80b
	1.52

	 HM + HS
	25.60b
	24.00c
	1.60


*As difference of total to marketable yield. HM horn manure, HS horn silica. Differences between means marked by different letter (a, b, c, d) are significant within each cultivar, p ≤ 0.05



The highest proportion of non-marketable pumpkin fruits of all three cultivars resulted from horn manure application. The lowest amounts of non-marketable yield were caused by horn silica application. This ratio was even lower than the non-marketable yield of the control groups of Justynka and Amazonka cvs.
As part of net photosynthetic productivity, the dry mass increase of the control group of Justynka cv. was 24% higher compared to that of Karowita cv. and 181% higher than the respective control of Amazonka cv. (Fig. 1). A slight effect on net photosynthetic productivity was caused by the single application of horn manure or horn silica. The use of both biodynamic preparations (HM + HS) significantly increased photosynthetic productivity of all three cultivars by 9 to 15% (Fig. 1).[image: ../images/40538_2021_258_Fig1_HTML.png]
Fig. 1Net photosynthetic productivity of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014. Differences between means marked by different letter (a, b) are significant within each variety, p ≤ 0.05. HM horn manure, HS horn silica


Horn manure application had no significant effect on dry matter content overall (Fig. 2). Horn silica application resulted partly in significantly higher values compared to control and horn manure application (e.g. peel of Amazonka, flesh of Justynka and Amazonka cvs.). The combination of horn manure and horn silica led to significantly higher dry matter contents of peel and flesh in all cultivars.[image: ../images/40538_2021_258_Fig2_HTML.png]
Fig. 2Dry matter content of pumpkin peel and flesh of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014. Differences between means marked by different letter (a, b, c) are significant, p ≤ 0.05. HM horn manure, HS horn silica


Independent of cultivar and treatment variant, higher contents of macroelements were analysed in fruit peel than in flesh (Table 2). Compared to control, potassium contents in peel and flesh were slightly increased by the biodynamic preparations, but without significant differences overall. Phosphor, calcium and magnesium contents were increased by horn silica application with or without horn manure. The single horn manure application resulted in predominantly lower contents than those of the respective control groups. Significant effects on phosphor in the peel of Justynka cv. and in the flesh of Amazonka cv. resulted from horn silica use. Calcium values were significantly increased mainly by horn silica only in pumpkin peel of all varieties. Magnesium was significantly increased mainly by horn silica in the peel of Justynka cv. and in the flesh of Amazonka cv. and in both analysed plant parts of Karowita cv. In total, horn manure had no clearly distinct impact on macroelement contents. Compared to the combination with horn manure, the single application of horn silica led to at least equal or increased values of macroelements in all 24 results (4 macroelement contents × 3 varieties × 2 plant parts).Table 2Contents of macroelements in peel and flesh of pumpkin fruits of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014


	Spray treatments
	K
	P
	Ca
	Mg

	% DM

	peel
	flesh
	peel
	flesh
	peel
	flesh
	peel
	flesh

	Justynka

	 Control
	0.22a
	0.19a
	0.94a
	0.82a
	0.25a
	0.16a
	0.30a
	0.17a

	 HM
	0.23a
	0.20a
	1.02ab
	0.81a
	0.26a
	0.16a
	0.28a
	0.14a

	 HS
	0.25a
	0.22a
	1.24b
	0.88a
	0.47b
	0.23a
	0.51b
	0.25a

	 HM + HS
	0.25a
	0.22a
	1.16ab
	0.86a
	0.36b
	0.21a
	0.51b
	0.21a

	Karowita

	 Control
	0.23a
	0.19a
	1.44a
	0.87a
	0.27a
	0.18a
	0.33a
	0.14ab

	 HM
	0.24a
	0.20a
	1.42a
	0.86a
	0.33a
	0.17a
	0.32a
	0.13a

	 HS
	0.26a
	0.23a
	1.52a
	1.02a
	0.46 b
	0.23a
	0.54b
	0.33b

	 HM + HS
	0.25a
	0.23a
	1.50a
	0.99a
	0.41ab
	0.21a
	0.48ab
	0.25b

	Amazonka

	 Control
	0.21a
	0.19a
	1.46a
	0.88a
	0.26a
	0.19a
	0.54a
	0.14a

	 HM
	0.22a
	0.20a
	1.43a
	0.86a
	0.28b
	0.18a
	0.52a
	0.14a

	 HS
	0.25a
	0.22a
	1.55a
	1.28b
	0.39b
	0.24a
	0.58a
	0.26b

	 HM + HS
	0.24a
	0.22a
	1.52a
	1.02a
	0.30b
	0.22a
	0.56a
	0.22ab


HM horn manure, HS horn silica, DM dry matter. Spray treatments: different letters (a, b, c) are significant within each cultivar, p ≤ 0.05



The analysis of pumpkin fruits resulted in higher total carotenoid contents in the peel than in the flesh by on average 51% (Fig. 3). Horn manure had no significant impact on total carotenoid contents, both in the peel and flesh of all three cultivars. The application of horn silica with or without horn manure resulted in significantly higher values in the peel and flesh of all three cultivars. Horn silica increased total carotenoid content in the peel by on average 15.14% and in the flesh by 11.14%. The use of both preparations led to increasing carotenoid contents in the peel by on average 16.67% and in the flesh by 12.52%.[image: ../images/40538_2021_258_Fig3_HTML.png]
Fig. 3Total carotenoid content in pumpkin peel and flesh of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014. Differences between means marked by different letter (a, b) are significant, p ≤ 0.05. HM horn manure, HS horn silica


Analytical results of single carotenoids are shown in Fig. 4a–c. The control groups of Justynka and Amazonka cvs. contained lower amounts of the carotenoids lutein and zeaxanthin and ß-carotene in pumpkin fruit flesh compared to the respective control group of Karowita cv. (Fig. 4a, c). In case of low values of the control groups (Justynka and Amazonka cvs.) of lutein, zeaxanthin and ß-carotene, the application of horn manure led to a significant increase between 14 and 30%. Horn silica application resulted in a significant increase of lutein, zeaxanthin and ß-carotene between 33 and 72%. The significantly highest values of the single carotenoids were caused by the combination of both preparations (+ 78% up to 109%) (Fig. 4a, c). At higher initial values of lutein, zeaxanthin and ß-carotene in the control groups (Karowita cv.), horn manure application resulted in slightly decreasing amounts (Fig. 4a, c). Horn silica application led to increasing values, partly significant and in case of significance, the amount was higher than the combination of both preparations. In total, if the control values of lutein, zeaxanthin and ß-carotene were higher (Karowita cv.), a lower increase caused by horn silica with or without horn manure was observable (+ 2% up to 18%) (Fig. 4a, c). For lycopene, the contents of the three cultivar control groups were similar. Horn manure application led to a slight decrease or significant increase of 13–15% (Fig. 4b). Horn silica application resulted in a significant increase between 11 and 30%. Highest amounts of lycopene were caused by the combination of horn manure and horn silica in all three varieties with an increase of 22% up to 43% (Fig. 4b). Antioxidant contents of lutein and zeaxanthin, lycopene and β-carotene were increased by on average 9% by horn manure, 32% by horn silica and 44% by both preparations.[image: ../images/40538_2021_258_Fig4_HTML.png]
Fig. 4a–c Antioxidant contents of lutein, zeaxanthin, lycopene and ß-carotene in the flesh of pumpkin fruits of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014. Differences between means marked by different letter (a, b, c, d) are significant, p ≤ 0.05. HM horn manure, HS horn silica


Irrespective of cultivar and spray treatment, higher contents of leuco-anthocyanins were analysed in pumpkin peel than in flesh (Fig. 5b). There were no clear differences between peel and flesh of catechin and total phenolic contents (Fig. 5a, c).[image: ../images/40538_2021_258_Fig5_HTML.png]
Fig. 5a–c Antioxidant content of catechin, leuco-anthocyanins and total phenolic in peel and flesh of pumpkin fruits of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014. Differences between means marked by different letter (a, b, c, d) are significant, p ≤ 0.05. HM horn manure, HS horn silica


The application of horn manure had a mainly decreasing effect on antioxidant contents of all three cultivars compared to control (Fig. 5). In 17 out of 18 comparisons, significantly highest contents of all three antioxidants and of all cultivars resulted from single horn silica application. The combination of horn silica and horn manure led to antioxidant amounts between those of horn silica application and control. All results of horn silica application significantly varied to horn manure application and/or control group.
Horn silica application (with or without horn manure) increased on average the content of leuco-anthocyanin in the peel by 15% and in the flesh by 13%, of catechins in the peel by 9% and in the flesh by 7%, of total phenolics in the peel by 22% and in the flesh by 18% compared to control.
Relatively low contents of anthocyanins were analysed in seeds of giant pumpkin fruits without significant differences between spray treatments or cultivars (see µg unit in Table 3). Horn manure application decreased the values of anthocyanin contents of all three cultivars. This decreasing effect was also observable at leuco-anthocyanin contents of Justynka cv. and Amazonka cv., whereas leuco-anthocyanins of Karowita cv. were significantly increased by horn manure application. Total carotenoid contents were increased, partly significant, by horn manure. Single horn silica application had an increasing effect on all types of antioxidants analysed in the seeds of all cultivars. Single horn silica application led to significantly highest contents of leuco-anthocyanins and total carotenoids in giant pumpkin seeds of all cultivars. Compared to control, mean values of leuco-anthocyanins and total carotenoids were increased by single horn silica application by 32% and 46%, respectively. The combination of horn manure and horn silica had a balancing effect with contents of leuco-anthocyanins and total carotenoids ranged between those of the control groups and horn silica application (Table 3).Table 3Antioxidant content of anthocyanins, leuco-anthocyanins, total carotenoid content in the seeds of pumpkin fruits of different pumpkin cultivars and horn manure and horn silica treatments—mean values from 2012 to 2014


	Cultivation variant
	Anthocyanins (µg·100gˉ1 FM)
	Leuco-anthocyanins (mg·100gˉ1 FM)
	Total carotenoid content (mg·100gˉ1 FM)

	Justynka

	 Control
	0.09a
	4.50a
	10.20a

	 HM
	0.06a
	4.20a
	18.70b

	 HS
	0.10a
	5.70b
	23.70b

	 HM + HS
	0.09a
	4.80a
	21.50b

	Karowita

	 Control
	0.10a
	2.40a
	23.90a

	 HM
	0.06a
	4.80c
	24.50a

	 HS
	0.11a
	4.90c
	32.20b

	 HM + HS
	0.10a
	4.20b
	29.60ab

	Amazonka

	 Control
	0.10a
	6.50a
	32.20a

	 HM
	0.07a
	6.30a
	35.00ab

	 HS
	0.11a
	7.10b
	40.70b

	 HM + HS
	0.10a
	6.70ab
	38.00ab


HM horn manure, HS horn silica, FM fresh mass. Spray treatments: different letters (a, b, c) are significant within each cultivar, p ≤ 0.05



In summary, the results in this chapter indicate that horn manure and horn silica preparations affected yield and nutritive values of different pumpkin cultivars. The efficacy varied depending on cultivar, analysed parameter and used preparation.
Discussion
The results of the analysed parameters of this 3-year investigation varied between the three cultivars Justynka F1, Karowita and Amazonka. Cultivar and genotype are indicated as main factors for the different amounts of bioactive compounds in pumpkin fruits [20, 34]. Especially among pumpkin varieties of Cucurbita maxima D., contents of dry matter, free sugars, carbohydrates, minerals, antioxidants and phytochemicals (e.g. vitamins, carotenoids and polyphenols) differ significantly [20, 35, 36].
Differences in yield or food quality of the three cultivars without the application of biodynamic preparations were analysed in several investigations (Amazonka cv. vs. Karowita cv.: [30, 35, 37, 38]; Justynka F1 vs. Karowita cv.: [39]; Justynka F1 vs. Amazonka cv.: [36]; Justynka F1 vs. Amazonka vs. Karowita cvs.: [40]).
Environmental impacts during growing season such as weather conditions or cultivation methods including fertiliser type are further important impacts on yield and ingredient composition of pumpkin fruits [20, 30, 39]. These influences were limited because all analysed pumpkins grew under the same environmental conditions, except the application of the biodynamic preparations horn manure and horn silica. The effects of single and combined biodynamic preparations are discussed below.
Yield
The differences in yield between cultivar’s control groups correspond to the results reported by Biesiada et al. [30] for Karowita and Amazonka cvs. In the present study, highest yield increase (significant total and marketable yield) of two out of three cultivars were caused by single horn manure application, followed by the combination of horn manure and horn silica, single use of horn silica and control in descending order. A similar highest increasing effect by the individual horn manure application and a lower increasing effect by the combination of horn manure with horn silica were shown for sugar beet leaves [12]. Compared to control, the yield of Karowita cv. was enhanced lowest by horn manure application. Horn silica application resulted in a further increase and the combination of both preparations had the significantly highest impact. These different effects on varieties might depend on cultivar’s genotype. In other field trials, horn silica application had a slightly yield increasing effect on lettuce in combination with organic fertiliser [41] or compensated for the yield reduction due to later potato planting dates [42]. However, the combination of both preparations was beneficial compared to control (soybeans: [43]; rice: [44]) or single horn manure use (sugar beet roots, wheat: [12]; cumin: [45]). Microbial contents of horn silica preparations were discussed to have pathogen controlling properties and therefore enhance yield and crop quality [46]. In this study, the lowest proportion of non-marketable yield resulting from the single horn silica use might indicate the quality-enhancing effect. In chemical analyses of horn manure preparation, bioactive substances and microorganism were detected which might stimulate soil nutrient processes and plant growth [47–50]. This growth-promoting effect of horn manure used individually or in combination with horn silica enhanced yield and might be partly reasonable for the highest part of non-marketable yield at all pumpkin cultivars compared to the lowest part caused by single horn silica application. A stronger yield increasing effect of horn manure vs. horn silica was also shown by Spieß [12].
Net photosynthetic productivity
The net photosynthetic productivity of pumpkin plants was slightly increased by the single use of horn manure and horn silica in ascending order. Significant effects resulted from the combination of both biodynamic preparations. Similar results were reported for three potato cultivars. The single application of horn manure or horn silica resulted in slightly increasing values without significant effects as well. Highest values, significantly in two out of three cultivars, resulted from the combination of horn manure and horn silica [51].
Dry matter content
Similar differences in dry matter contents of the cultivar‘s control groups were reported by Biesiada et al. [37] and Niewczas et al. [39]. The dry matter content of pumpkin peel as well as flesh of all cultivars was not affected significantly by single horn manure application and was only increased partly significant by single horn silica application. Genetically determined differences as reaction on the biodynamic preparations might be obvious at Karowita cv. which was the only cultivar resulting in decreasing contents from single application of horn manure as well as horn silica. The combination of both preparations led to significantly increased dry matter contents of all cultivars. No significant effects of biodynamic preparations on potatoes at all were reported by Vaitkevičienė et al. [52]. Irrespective of the tested potato varieties, a similar effective direction with highest dry matter contents caused by the application of horn silica and horn manure was also recognisable for potatoes. The differences compared to the control groups were not significant [52]. However, the dry matter content of the three cultivars differed significantly [52]. Hence, Vaitkevičienė et al. [52] concluded that potato's genetics had a high influence on dry matter content. In a comparison of sprayed to not sprayed variants in combination with organic or mineral fertiliser, Bacchus [41] also reported significantly higher dry matter contents of lettuce heads sprayed with horn manure und horn silica.
Minerals
Horn manure application had no significant effects on contents of macroelements in peel and flesh of all pumpkin cultivars. Single horn silica application led to highest and partly significant higher contents of macroelements (phosphor, calcium, magnesium) in peel and flesh of all pumpkin cultivars compared to the respective control group. The combination of horn manure und horn silica resulted in macroelement contents ranged between those of the control groups and the single horn silica applications. Vaitkevičienė et al. [52] analysed the impact of biodynamic preparations on macroelement contents (e.g. potassium, phosphorus, magnesium) of potato tubers. Similar to the pumpkin results, single horn silica application led to the highest values of potassium and phosphor contents compared to control, but neither the single use nor the combination of horn manure and horn silica had a significant effect [52]. The combination of biodynamic preparations on potatoes led to intermediate values for potassium [52] which correspond to the pumpkin trial results.
Secondary plant compounds
The application of single horn manure had a mostly decreasing and partly significant effect on the contents of leuco-anthocyanins, catechins and total phenols in flesh and peel of pumpkin fruits compared to the respective control groups. Contents of anthocyanins and leuco-anthocyanins in pumpkin seeds were mainly decreased (not significant) by single horn manure application below the initial values of the respective control groups, except for leuco-anthocyanins of Karowita cv. Total phenolic compounds, total anthocyanins and antioxidant activity of potato tubers were similarly decreased by single horn manure application compared to the control groups [53]. On the other hand, total carotenoid contents in pumpkin seeds, peel and flesh were not or slightly and in one case significantly increased by horn manure application. The analysis of single carotenoids (lutein + zeaxanthin, lycopene, ß-carotene) in the pumpkin flesh indicated a significant increase in six out of nine values by horn manure use. Overall, the effects of horn manure varied on the levels of secondary plant compounds and were marginal compared to the effects of horn silica treatments.
Highest contents of i) antioxidants in pumpkin seeds and ii) catechins, leuco-anthocyanins and total phenols in peel and flesh of all cultivars were caused by single horn silica application. The total carotenoid contents in pumpkin flesh and peel were quite similar when horn silica was used on its own as well as in combination with horn manure. Highest single carotenoid contents (lutein + zeaxanthin, lycopene, ß-carotene) in pumpkin flesh resulted from the combination of horn silica and horn manure. Overall, horn silica application (with or without horn manure) resulted in highest contents of secondary plant compounds in all test results. The comparison of the biodynamic preparations on the level of cultivars resulted in significant differences between the horn silica treatment (with or without horn manure) and the respective control groups in 35 out of 42 results (total carotenoids in peel and flesh (6); lutein + zeaxanthin, lycopene, ß-carotene in flesh (9); catechins, leuco-anthocyanins, total phenols in peel and flesh (18); anthocyanins, leuco-anthocyanins, total carotenoids in seeds (9)). In the investigation on three potato cultivars by Jarienė et al. [53], the use of horn silica significantly increased total phenols and antioxidant activity, horn manure application had a decreasing effect, and the combination of both preparations had a compensatory effect. In case of high values in the control groups, the use of all biodynamic preparations resulted in lower values, while maintaining the same effective direction of the three preparation variants [53]. These plant reactions of potato cultivars to horn manure and horn silica application correspond to the reactions of pumpkin cultivars (e.g. catechins, leuco-anthocyanins and total phenols in peel and flesh, anthocyanins, leuco-anthocyanins and total carotenoids in seeds).
The total phenolic concentration of white mulberry leaves (Morus alba L.) showed opposite results. In one cultivar, the phenolic concentration was reduced by all biodynamic spray treatments (horn manure and/or horn silica). The phenolic concentration of the second variety was increased by horn manure, also in combination with horn silica. Lowest phenolic concentrations were caused by single horn silica use in both cultivars, while horn manure application led to the highest values of the three biodynamic spray treatments. The combination of both preparations resulted in intermediate values between those of the two single preparations. The comparison of the three biodynamic spray treatment variants on the flavonoid and chlorogenic acid concentrations also showed the same effects by lowest values by horn silica, highest values by horn manure and intermediate values by the combination of both preparations [54]. This compensatory effect by the combined preparations also appeared on antioxidants (e.g. leuco-anthocyanins in peel, flesh and seeds, catechins and total phenols in peel and flesh and total carotenoid content in seeds) of pumpkin fruits and resulted in values in between those of the single applications. In the investigation on potatoes, Jarienė et al. [53] analysed similar balancing values of each of the three antioxidant parameters of at least one to two potato varieties (out of three varieties) if both preparations were combined.
Effects of biodynamic preparations on vitamins and secondary plant compounds were also analysed in several farming system comparisons. In the second year of a field trial in which the use of horn silica was analysed as an additional factor, the ascorbic acid content of rocket was significantly higher when horn silica application vs. water application was used [5]. Biodynamically produced Batavia lettuce included highest amounts of polyphenols, anthocyanins and flavonoids vs. organic and conventional produced lettuce [55]. Even after 2 months of cold storage, the flesh of red beet (Beta vulgaris L. ssp. vulgaris) out of the biodynamic production contained significantly higher values of total phenols and antioxidant activity (DPPH radical scavenging method) compared to the conventional system [56]. In five potato cultivars, highest total phenolic contents in potato tubers were analysed for the biodynamic farming system, followed by organic and conventional farming. Contents differed significantly between biodynamically and conventionally produced potatoes. Potato tubers originating from the organic or biodynamic production system contained higher flavonoid contents than those out of conventional production. The sum of carotenoids as well as lutein, zeaxanthin and ß-carotene were significantly higher in biodynamically produced potato tubers. For anthocyanins, significant differences were found between cultivars, but not between the production systems [57].
Compensatory effects of the preparations
In the present pumpkin trial, cultivars with low values vs. high values in the respective control groups showed a more significant increase by the application of the biodynamic preparations. This compensatory effect of the biodynamic preparations was observed for (i) net photosynthetic productivity; (ii) total carotenoid content in pumpkin peel; (iii) lutein + zeaxanthin and ß-carotene in pumpkin flesh and (iv) total carotenoids as well as leuco-anthocyanins in pumpkin seeds. Especially the combination of horn silica and horn manure had a balancing effect. Comparable compensatory effects by the combination of horn manure and horn silica were found by Jarienė et al. [53] and Vaitkevičienė [51] on three potato varieties on net photosynthetic productivity, contents of total phenolics, anthocyanins and antioxidant activity. This compensatory effect of the biodynamic preparations is also described for soil activity [58], yield [12, 45], unfavourable growing conditions [17] and germination of seeds in the following generation [59].
Conclusion
In the present study investigated whether the biodynamic preparations horn manure and horn silica are suitable to improve yield and food quality of pumpkin fruits, based on the content of secondary plant compounds. A plant-based nutrition with vegetables rich in antioxidants is essential for human health. The first hypothesis, that horn manure and horn silica treatments increase pumpkin yield were confirmed by the results of this study. Different plant responses without a clear effective direction did not support the second hypothesis (horn manure reduces the content of secondary plant compounds) and led to its rejection. The hypothesis that single horn silica treatment increases the content of secondary plant compounds was significantly confirmed by i) the contents of macroelements, total carotenoids and antioxidants (catechins, total phenols, leuco-anthocyanins) in peel and flesh; ii) the contents of single carotenoids (lutein + zeaxanthin, lycopene, ß-carotene) in pumpkin flesh and iii) total carotenoids as well as leuco-anthocyanins in seeds. The hypothesis that the combined use of the two preparations increases the secondary plant substances was significantly confirmed by the results of i) total carotenoid contents in pumpkin peel and flesh and ii) the content of lutein + zeaxanthin, lycopene, ß-carotene in pumpkin flesh.
The soil studies of the present trial on pumpkin cultivars are presented in Juknevičienė et al. [28]. Compared to the control, the application of horn manure increased plant-available phosphor, potassium, nitrogen, urease and saccharase activity. Out of the results of the present study, it can be assumed that the increasing soil activity due to the application of horn manure has an important part in the effect of the biodynamic preparations on plant growth and yield formation. The horn silica treatment increased the contents of valuable antioxidants, which are important for human nutrition. The results of the present investigation on pumpkin cultivars and the results of the soil investigation [28] confirm the basic statement of organic agriculture—a more active healthy soil leads to a better, more healthy plant growth and a healthy diet. The biodynamic preparations horn manure and horn silica supported a positive development of soil activity and the formation of high-quality plants for nutrition.
It can be summarised, that the pumpkin trial results especially indicated a general growth-promoting effect by horn manure, a quality-enhancing effect by horn silica and a compensatory effect through both preparations on a high yield and qualitative level. Since these effects did not occur in the same way in all plant species, the effect of the biodynamic preparations should be tested in further trials on a plant species-specific basis. Possible influences of environmental factors on the effect of the preparations also need to be investigated more closely.
Acknowledgements
Not applicable.

Authors' contributions
EJ, HD, EdJ, VZ designed the work and interpreted the results. EdJ carried out the trials and the evaluation. JF, JZ have created the figures and written the manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. No external funding of the investigations.

Availability of data and materials
All datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Dias JS. Nutritional quality and health benefits of vegetables: a review. Food Nutr Sci. 2012;3:1354–74. https://​doi.​org/​10.​4236/​fns.​2012.​310179.Crossref

	2.
Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, Leschik-Bonnet E, Müller MJ, Oberritter H, Schulze M, Stehle P, Watzl B. Critical review: vegetables and fruit in the prevention of chronic diseases. Eur J Nutr. 2012;51(6):637–63. https://​doi.​org/​10.​1007/​s00394-012-0380-y.CrossrefPubMedPubMedCentral

	3.
Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, Garnett T, Tilman D, DeClerck F, Wood A, Jonell M, Clark M, Gordon LJ, Fanzo J, Hawkes C, Zurayk R, Rivera JA, De Vries W, Majele Sibanda L, Afshin A, Chaudhary A, Herrero M, Agustina R, Branca F, Lartey A, Fan S, Crona B, Fox E, Bignet V, Troell M, Lindahl T, Singh S, Cornell SE, Srinath Reddy K, Narain S, Nishtar S, Murray CJL. Food in the Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet. 2019;393(10170):447–92. https://​doi.​org/​10.​1016/​S0140-6736(18)31788-4.Crossref

	4.
Barański M, Średnicka-Tober D, Volakakis N, Seal C, Sanderson R, Stewart GB, Benbrook C, Biavati B, Markellou E, Giotis C, Gromadzka-Ostrowska J, Rembiałkowska E, Skwarło-Sońta K, Tahvonen R, Janovská D, Niggli U, Nicot P, Leifert C. Higher antioxidant and lower cadmium concentrations and lower incidence of pesticide residues in organically grown crops: a systematic literature review and meta-analyses. Br J Nutr. 2014. https://​doi.​org/​10.​1017/​S000711451400136​6.CrossrefPubMedPubMedCentral

	5.
Athmann M. Produktqualität von Salatrauke (Eruca sativa L.) und Weizen (Triticum aestivum L.), Dissertation, Universität Bonn. [Product quality of rocket (Eruca sativa L.) and wheat (Triticum aestivum L.)]. Schriftenreihe Institut für Organischen Landbau, Verlag Dr. Köster, Berlin; 2011.

	6.
Idris A, Linatoc AC, Abubakar MF, Takai ZI, Audu Y. Effect of light quality and quantity on the accumulation of flavonoid in plant species. J Sci Technol. 2018;10(3):32–45.Crossref

	7.
Zoratti L, Karppinen K, Escobar AL, Häggman H, Jaakola L. Light-controlled flavonoid biosynthesis in fruits. Front Plant Sci. 2014. https://​doi.​org/​10.​3389/​fpls.​2014.​00534.CrossrefPubMedPubMedCentral

	8.
Colonna E, Rouphael Y, Barbieri G, De Pascale S. Nutritional quality of ten leafy vegetables harvested at two light intensities. Food Chem. 2016;199:702–10. https://​doi.​org/​10.​1016/​j.​foodchem.​2015.​12.​068.CrossrefPubMed

	9.
Demeter e. V. Handbuch – Einführung in die biodynamische Präparatearbeit [Manual - Introduction to biodynamic preparation work]. 2013. p. 4–10.

	10.
Paull J, Hennig B. A world map of biodynamic agriculture. Agric Biol Sci J. 2020;6(2):114–9.

	11.
Brock C, Geier U, Greiner R, Olbrich-Majer M, Fritz J. Research in biodynamic food and farming—a review. Open Agric. 2019;4:743–57. https://​doi.​org/​10.​1515/​opag-2019-0064.Crossref

	12.
Spieß H. Konventionelle und biologisch-dynamische Verfahren zur Steigerung der Bodenfruchtbarkeit [Conventional and biodynamic methods to increase soil fertility]. Ph. D. thesis, University of Giessen. 1978.

	13.
Samaras I. Nachernteverhalten unterschiedlich gedüngter Gemüsearten mit besonderer Berücksichtigung physiologischer und mikrobiologischer Parameter [Postharvest behaviour of differently fertilised vegetable species with special consideration of physiological and microbiological parameters.]. Ph. D. thesis, University of Gießen. 1978.

	14.
Vaitkevičienė N, Jarienė E, Ingold R, Peschke J. Effect of biodynamic preparations on the soil biological and agrochemical properties and coloured potato tubers quality. Open Agriculture. 2019;4:17–23. https://​doi.​org/​10.​1515/​opag-2019-0002.Crossref

	15.
Klett M. Untersuchungen über Licht- und Schattenqualität in Relation zum Anbau und Test von Kieselpräparaten zur Qualitätshebung [Studies on light and shade quality in relation to cultivation and testing of silica preparations for quality enhancement]. Institut für biologisch-dynamische Forschung, Darmstadt; 1968.

	16.
Fritz J. Reaktionen von Pflücksalat (Lactuca sativa L. var. crispa) und Buschbohnen (Phaseolus vulgaris L. var. nanus) auf das Spritzpräparat Hornkiesel [Spray application of horn silica: reactions of salad (Lactuca sativa L. var. crispa) and bush beans (Phaseolus vulgaris L. var. nanus)]. Ph. D. thesis, University Bonn. 2000.

	17.
Raupp J, König UJ. Biodynamic preparations cause opposite yield effects depending upon yield levels. Biol Agric Hortic. 1996;13:175–88.Crossref

	18.
FAOSTAT. Food and Agriculture Organization of the United Nations Database: Crops. http://​www.​fao.​org/​faostat/​en/​#data/​QC. Accessed 13 May 2021.

	19.
Yadav M, Jain S, Tomar R, Prasad GBKS, Yadav H. Medicinal and biological potential of pumpkin: an updated review. Nutr Res Rev. 2010;23:184–90. https://​doi.​org/​10.​1017/​S095442241000010​7.CrossrefPubMed

	20.
Kulczyński B, Gramza-Michałowska A. The profile of carotenoids and other bioactive molecules in various pumpkin fruits (Cucurbita maxima Duchesne) cultivars. Molecules. 2019;24:3212. https://​doi.​org/​10.​3390/​molecules2418321​2.CrossrefPubMedCentral

	21.
Ponzio C, Gangatharan R, Neri D. Organic and biodynamic agriculture: a review in relation to sustainability. IJPSS. 2013;2(1):95–110.Crossref

	22.
Zaller JG, Köpke U. Effects of traditional and biodynamic farmyard manure amendment on yields, soil chemical, biochemical and biological properties in a long-term field experiment. Biol Fertil Soils. 2004;40:222–9.Crossref

	23.
Heinze S, Raupp J, Joergensen RG. Effects of fertilizer and spatial heterogeneity in soil pH on microbial biomass indices in a long-term field trial of organic agriculture. Plant Soil. 2010;328:203–15. https://​doi.​org/​10.​1007/​s11104-009-0102-2.Crossref

	24.
Brock C, Franko U, Oberholzer HR, Ruka K, Leithold G, Kolbe H, Reinhold G. Humus balancing in Central Europe—concepts, state of the art and further challenges. J Plant Nutr Soil Sci. 2013;176:3–11.Crossref

	25.
Lori M, Symnaczik S, Mäder P, De Deyn G, Gattinger A. Organic farming enhances soil microbial abundance and activity—a meta-analysis and meta-regression. PLoS ONE. 2017;12(7): e0180442. https://​doi.​org/​10.​1371/​journal.​pone.​0180442.CrossrefPubMedPubMedCentral

	26.
Sanders J, Heß J (eds). Leistungen des ökologischen Landbaus für Umwelt und Gesellschaft [Benefits of organic farming for the environment and society]. Thünen Report 65, Johann Heinrich von Thünen-Institut, Braunschweig. 2019. https://​doi.​org/​10.​3220/​REP1547040572000​.

	27.
IFOAM. The IFOAM norms for organic production and processing. Version 2014. IFOAM-Organics International. https://​www.​ifoam.​bio/​sites/​default/​files/​2020-09/​IFOAM%20​Norms%20​July%20​2014%20​Edits%20​2019.​pdf.​2021. Accessed 14 May 2021.

	28.
Juknevičienė E, Danilčenko H, Jarienė E, Fritz J. The effect of horn-manure preparation on enzymes activity and nutrient contents in soil as well as great pumpkin yield. Open Agriculture. 2019;4:452–9. https://​doi.​org/​10.​1515/​opag-2019-0044.Crossref

	29.
Buivydaitė V, Vaičys M. Naujoji Lietuvos dirvožemių klasifikacija. Vilnius: Lietuvos dirvožemiai; 2001. p. 281–2.

	30.
Biesiada A, Nawirska A, Kucharska AZ, Sokół-Łętowska A. The effect of nitrogen fertilization methods on yield and chemical composition of pumpkin (Cucurbita maxima) fruits before and after storage. Veg Crop Res Bull. 2009;70:202–11.

	31.
Bluzmanas P, Borusas S, Dagys J, Gruodienė J, Stašauskaitė S, Šlapakauskas V, Vonsavičienė V. Augalų fiziologija. Vilnius: Mokslas; 1991.

	32.
Feller C, Bleiholder H, Buhr L, Hack H, Hess M, Klose R, Meier U, Stauss R, van den Boom T, Weber E. Phänologische Entwicklungsstadien von Gemüsepflanzen: II. Fruchtgemüse und Hülsenfrüchte. Nachrichtenbl Deut Pflanzenschutzd. 1995;47:217–23.

	33.
Gupta CH, Verma R. Visual estimation and spectrophotometric determination of tannin content and antioxidant activity of three common vegetable. Int J Pharm Sci Rev Res. 2011;2(1):175–82.

	34.
Dinu M, Soare R, Hoza G, Becherescu AD. Biochemical composition of some local pumpkin population. Agric Agric Sci Procedia. 2016;10:185–91. https://​doi.​org/​10.​1016/​j.​aaspro.​2016.​09.​051. Crossref

	35.
Seroczyńska A, Antczak A, Korytowska M, Kamińska K, Radomski A, Korzeniewska A, Zawadzki J, Niemirowicz-Szczytt K. Evaluation of the selected forms of winter squash (Cucurbita maxima Duch.) for the content of free sugars and polysaccharides. Pol J Agron. 2014;16:69–73.

	36.
Sojak M, Jaros M, Janaszek-Mańkowska M, Trajer J, Głowacki S, Ratajski A. The effect of drying and long-term storage on colour and carotenoids content of giant pumpkin (Cucurbita maxima). Tech Sci. 2016;19(4):295–312.

	37.
Biesiada A, Nawirska A, Kucharska AZ, Sokół-Łętowska A. Chemical composition of pumpkin fruit depending on cultivar and storage. Ecol Chem Eng. 2011;18(1):9–18.

	38.
Nawirska-Olszańska A, Kita A, Biesiada A, Sokół-Łętowska A, Kucharska AZ. Characteristics of antioxidant activity and composition of pumpkin seed oils in 12 cultivars. Food Chem. 2013;139:155–61. https://​doi.​org/​10.​1016/​j.​foodchem.​2013.​02.​009.CrossrefPubMed

	39.
Niewczas J, Mitek M, Korzeniewska A, Niemirowicz-Szczytt K. Characteristics of selected quality traits of novel cultivars of pumpkin (Cucurbita Maxima Duch). Pol J Food Nutr Sci. 2014;64(2):101–7. https://​doi.​org/​10.​2478/​pjfns-2013-0006.Crossref

	40.
Kulaitienė J, Jarienė E, Danilčenko H, Černiauskienė J, Wawrzyniak A, Hamulka J, Juknevičienė E. Chemical composition of pumpkin (Cucurbita maxima D.) flesh flours used for food. J Food Agric Environ. 2014;12(3 & 4):61–4.

	41.
Bacchus G. An evaluation of the influence of biodynamic practices including foliar-applied silica spray on nutrient quality of organic and conventionally fertilised lettuce (Lactuca sativa L.). J Org Syst. 2010;5(1):4–13.

	42.
Debruck J. Die Präparate 500 und 501 der Biologisch-Dynamischen Wirtschaftsweise [The 500 and 501 preparations of biodynamic farming]. Garten organisch. 1984;4:104–5.

	43.
Tung LD, Fernandez PG. Soybeans under organic, biodynamic and chemical production at the Mekong Delta, Vietnam. Philipp J Crop Sci. 2007;32(02):49–62.

	44.
Valdez RE, Fernandez PG. Productivity and seed quality of rice (Oryza sativa L.) cultivars grown under synthetic, organic fertilizer and biodynamic farming practices. Philipp J Crop Sci. 2008;33(01):37–58.

	45.
Sharma SK, Laddha KC, Sharma RK, Gupta PK, Chatta LK, Pareeek P. Application of biodynamic preparations and organic manures for organic production of cumin (Cuminum cyminum L.). Int J Seed Spices. 2012;2(01):7–11.

	46.
Jayachandran S, Narayanan U, Selvaraj A, Jayaraman A, Karuppan P. Microbial characterization and anti-microbial properties of cowhorn silica manure controlling rice pathogens. Int J Curr Microbiol App Sci. 2016;5(4):186–92. https://​doi.​org/​10.​20546/​ijcmas.​2016.​504.​023.Crossref

	47.
Spaccini R, Mazzei P, Squartini A, Giannattasio M, Piccolo A. Molecular properties of a fermented manure preparation used as field spray in biodynamic agriculture. Environ Sci Pollut Res. 2012;19:4214–25.Crossref

	48.
Giannattasio M, Vendramin E, Fornasier F, Alberghini S, Zanardo M, Stellin F, Concheri G, Stevanato P, Ertani A, Nardi S, Rizzi V, Piffanelli P, Spaccini R, Mazzei P, Piccolo A, Squartini A. Microbiological features and bioactivity of a fermented manure product (preparation 500) used in biodynamic agriculture. J Microbiol Biotechnol. 2013;23:644–51.Crossref

	49.
Radha TK, Rao DLN. Plant growth promoting bacteria from cow dung based biodynamic preparations. Indian J Microbiol. 2014;54:413–8.Crossref

	50.
Vaish S, Garg N, Ahmad IZ. Bioprospecting of microbial isolates from biodynamic preparations for PGPR and biocontrol properties. J Environ Biol. 2021;42:644–51. https://​doi.​org/​10.​22438/​jeb/​42/​3/​MRN-1529.Crossref

	51.
Vaitkevičienė N. The effect of biodynamic preparations on the accumulation of biologically active compounds in the tubers of different genotypes of ware potatoes. Summary of doctoral dissertation. Aleksandras Stulginskis University, Akademija. 2016.

	52.
Vaitkevičienė N, Jarienė E, Danilčenko H, Sawicka B. Effect of biodynamic preparations on the content of some mineral elements and starch in tubers of three coloured potato cultivars. J Elem. 2016;21(3):927–35. https://​doi.​org/​10.​5601/​jelem.​2015.​20.​3.​988.Crossref

	53.
Jarienė E, Vaitkevičienė N, Danilčenko H, Tajner-Czopek A, Rytel E, Kucharska A, Sokół-Łętowska A, Gertchen M, Jeznach M. Effect of biodynamic preparations on the phenolic antioxidants in potatoes with coloured-flesh. Biol Agric Hortic. 2017. https://​doi.​org/​10.​1080/​01448765.​2017.​1313174.Crossref

	54.
Jarienė E, Levickienė D, Danilčenko H, Vaitkevičienė N, Kulaitienė J, Jakštas V, Ivanauskas L, Gajewski M. Effects of biodynamic preparations on concentration of phenolic compounds in the leaves of two white mulberry cultivars. Biol Agric Hortic. 2018. https://​doi.​org/​10.​1080/​01448765.​2018.​1535329.Crossref

	55.
Heimler D, Vignolini P, Arfaioli P, Isolani L, Romani A. Conventional, organic and biodynamic farming: differences in polyphenol content and antioxidant activity of Batavia lettuce. J Sci Food Agri. 2012;92(3):551–6. https://​doi.​org/​10.​1002/​jsfa.​4605.Crossref

	56.
Bavec M, Turinek M, Grobelnik-Mlakar S, Slatnar A, Bavec F. Influence of industrial and alternative farming systems on contents of sugars, organic acids, total phenolic content, and the antioxidant activity of red beet (Beta vulgaris L. ssp. vulgaris Rote Kugel). J Agric Food Chem. 2010;58:11825–31. https://​doi.​org/​10.​1021/​jf103085p.CrossrefPubMed

	57.
Vaitkevičienė N, Kulaitienė J, Jarienė E, Levickienė D, Danilčenko H, Średnicka-Tober D, Rembiałkowska E, Hallmann E. Characterization of bioactive compounds in colored potato (Solanum tuberosum L.) cultivars grown with conventional, organic, and biodynamic methods. Sustainability. 2020;12:2701. https://​doi.​org/​10.​3390/​su12072701.Crossref

	58.
Fritz J, Jannoura R, Lauer F, Schenk J, Masson P, Joergensen RG. Functional microbial diversity responses to biodynamic management in Burgundian vineyard soils. Biol Agric Hortic. 2020;36(3):172–86. https://​doi.​org/​10.​1080/​01448765.​2020.​1762739.Crossref

	59.
Fritz J, Köpke U. Einfluss von Licht, Düngung und biologisch-dynamischem Spritzpräparat Hornkiesel bei Buschbohne (Phaseolus vulgaris L. var. Nanus) auf die Keimeigenschaften der neu gebildeten Samen [Influence of light, fertilization and bio-dynamic spray preparation horn silica in bush bean (Phaseolus vulgaris L. var. Nanus) on the germination properties of newly formed seeds]. Pflanzenbauwissenschaften. 2005;9(2):55–60.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The effect of biodynamic preparations on growth and fruit quality of giant pumpkin (Cucurbita maxima D.)


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40538_2021_258_Figa_HTML.png
Giant pumpkin
Cucurbita maxima D.

e

Spray variants

Biodynamic treatments Control
| . : . |
Justynka F, | | Amazonka Karowita P 500 P 501 +PP5508 1 Control

net photosynthetic

productivity

total yield, marketable yield, macroelements, total
carotenoids, lutein + zeaxanthin, lycopene, R-carotene,
leuco-anthocyanins, catechins, total phenolics

anthocyanins,
leuco-anthocyanins,
total carotenoids






OEBPS/images/40538_2021_258_Article_TeX_Equa.png
Fpr =2(M>—- My) | (L1 + L) T,





OEBPS/images/40538_2021_258_Fig2_HTML.png
Dry matter content

25 T+
a g @ b
— C
20 + a a b
a b
— a
s 157 2 b ¢
(=] a a
o |
g 2 c
- 10+ a,a b
£ a a
5 4+
0
TSON TSON TSOON TSONN TSONN BTSND
g%:: g%:::: g%:::: g%:: g%:::: g%::
S : 3 : 3 z S : 3 z 3 z
o T © T © T © T © T © T
Cultivar:  Justynka Karowita Amazonka Justynka Karowita Amazonka

peel flesh





OEBPS/images/40538_2021_258_Fig5_HTML.png
C bc

Catechins
a

b

ab

250
200 +

y
t
o
o
=

Wa,.-6001-bw

I
+
o
w0
-4

'
t
o
w0

|onuo)

Karowita Amazonka

Justynka

Karowita Amazonka

Justynka

Cultivar:

flesh

peel

Leuco-anthocyanins

bc

€ bec

ab

ab

ab

180 -

joju0)

SH+WH
SH
WH
jo3u0)

jo3u0)

SH+AH
SH
WH
joquo)

SH+WH
SH

AH
jou0)

Amazonka

Justynka Karowita

Karowita Amazonka

Cultivar: Justynka

peel

Total content of phenols

bc

bc

ab

ab

SH+AH
SH

WH
j0uo)

SH+WH
SH
WH
[ te%e)

SH+WH
SH
WH
[JilileZe}

SH+WH
SH
WH
jonuod

SH+AH
SH

WH
j01uo)

SH+WH
SH

WH
|01u0)

Justynka Karowita Amazonka

Karowita Amazonka

Cultivar: Justynka

flesh

peel





OEBPS/images/40538_2021_258_Fig4_HTML.png
mg 100g-1

Lutein and zeaxanthin b Lycopene
121 139d
18 T 209d 130
207d 122¢
e 115b T 14 113
"1 1002 964 1004 1156444
121 T 1 — 1004
10 + 1
8 +
61 1
4 +
2 +
0
— = = 5 (7] 5 [ 3] 5 (]
2 22 ¢ g 22 ¢ g 2 2 ¢ % z 2 T % z 2 T % s 2
< k2 £ k2 £ i g k2 5 E3 £
o z o z o Z o < o z o
Cultivar: Justynka Karowita Amazonka Cultivar:  Justynka Karowita Amazonka
C R-carotene
3 —_—
179d 178d
257 118b
113b
2 4
%
S 15t
g
1 4
0.5 +
0
T S @ @ T S @ @ T S @ @
§ I I E g T T E g T T {
S 2 S 2 S g
Cultivars: Justynka Karowita Amazonka

143c

HM+HS






OEBPS/css/envelope.png





OEBPS/images/40538_2021_258_Fig3_HTML.png
mg 100g-!

Total carotenoid content

40 +
35 | b P
a a
30 + ]
b b b b
25 4 a a a
2, b b
20 4 a a
b b a a a b b
a a
15 +
10 +
5 4
0
5 ) 5 ) 5 ) 5 %) 5 n o 5 »
g%:: g%:: g%:: g%:: g%:: g%:%
5 : 5 E- £ 5 E f 5 2
o 2 O T © T o T © 2 O 2
Cultivar: Justynka Karowita Amazonka Justynka Karowita Amazonka
peel flesh





OEBPS/images/40538_2021_258_Fig1_HTML.png
g m2 per day

[}
t

N
o
{

N
N
}

N
N
t

-
o
t

©
t

100a

Net photosynthetic productivity

112b

Cultivar:

Control

100a 103a 104a

HM
HS
HM+HS

Justynka

Control

HM

HS

Karowita

109b

100a 105a 107a 1150
¢z oz ¢ ¢
I3 :
T o T

Amazonka





OEBPS/css/sidebar.gif





