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Abstract: The morphological features and biomass yield of the two perennial energy plants Sida 

hermaphrodita and Silphium perfoliatum as a feedstock for biogas were evaluated throughout four 

growing periods (2016-2019) in an open field experiment. The aim of the paper was to assess the 

effect of plantation establishing methods and various harvest dates on biomass production of these 

perennial crops, grown on marginal soil in north-western Poland. The collected fresh matter yield 

(FMY) of Sida and Silphium significantly differed between the years and methods of establishing 

the plantation. The lowest yield was obtained in the establishing year (2016) - about 4.3-6.5 Mg∙ha1. 

Up the second year produced the plants big above ground biomass. The higher FMY was obtained 

by growing Silphium in comparison to Sida. The establishing of plantation by sowing seeds resulted 

in higher biomass yield compared to the planting method, due to the higher plant density. The 

strategy of single harvest (one cut term) resulted in higher FMY compared to the double harvest 

(two cuts). Sida1 (a phenotype from southern Germany) produced a higher FMY compared to Sida2 

(a phenotype from northern Germany) regardless of the harvesting strategy (single or double cut). 

Keywords: Virginia mallow (Sida hermaphrodita L. Rusby); cup plant (Silphium perfoliatum L.); mor-

phological traits; biomass yields for biogas; methods of establishing plantation; harvest strategy 

 

1. Introduction 

The biomass production for the replacement of fossil fuels is one of the pillars of the 

EU strategy for renewable energy sources. The biomass production should not compete 

with crop production traditionally used for food and feed and should be restricted to land 

that is unsuitable for food production and the controversy food versus fuel on highly val-

uable arable land should be avoided [1]. In addition, the plant species characterized by 

high yield potential and low nutrients requirements should be used. 

The cultivation of perennial plants and perennial grasses could be a good alternative 

for sustainable farming and for the replacement of annual plants, e.g. maize, in crop rota-

tion. The perennial plants may even exhibit additional benefits for environment, espe-

cially for soil protection and pollinators. Many perennial energy crops, except to the abil-

ity of large biomass production, have possibility to grow on low quality soils and under 

poor climatic conditions, i.e. water scarcity and high temperatures [2–10]. Miscanthus spe-
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cies, Silphium species, Sida hermaphrodita L. Rusby are some of the representatives of en-

ergy crops reported to be suitable for cultivation on marginal soils [3,11–18]. Biomass of 

above mentioned species has usability in different conversion paths [7,19–25]. In the re-

cent years, Sida and Silphium, both North American species, attracted more attention as 

promising plants for bioenergy production in Europe due their high-yield biomass, good 

adaptation to climatic and soil condition and benefit to ecosystem [5,7,19,21–23].      

We investigated the perennial plants Virginia mallow or Virginia fanpetals Sida her-

maphrodita (L.) Rusby (hereafter referred to as Sida) and cup plant Silphium perfoliatum L. 

(hereafter referred to as Silphium) to tackle relevant aspects of biomass production for 

energy purposes.  

The aim of the paper was to assess the effect of plantation establishing methods and 

various harvest strategies (single cut and double cut strategy during the vegetation sea-

son) on morphological features and biomass production of two above-mentioned crops, 

grown on marginal soil in north-western Poland.    

2. Materials and Methods  

The field experiment with Sida and Silphium was carried out during four vegetative 

seasons 2016–2019 at the Agricultural Experimental Station (AES) Lipnik near Stargard 

(53°20′35.8ʺ N, 14°58′10.8ʺ E, 21 m above sea level), which belongs to the West Pomeranian 

University of Technology Szczecin (Poland).  

The experiment was two-factorial: factor A—two phenotypes of Sida (Sida1 and 

Sida2) and one phenotype of Silphium; and factor B—a method of plantation establishing: 

by seeds sown directly to the soil (seed), and vegetative by transplanting seedlings at the 

stage of 3–4 leaves (planting) to the experimental plots. Moreover, the additional factor of 

the number of harvests in a season was introduced: single harvest (at the beginning/ mid-

October, BBCH 79-81 or double harvest (the first date: at middle of June, BBCH 55-59 and 

the second date: after regrowth in early/ mid-October, BBCH 69-71). The experiment was 

set-up in a randomized block design in four replications.  

Both Sida phenotypes were obtained from Germany and were selected from the two 

most remote habitats (southern and northern Germany) and different original climatic 

conditions. Seedlings and seeds of Sida1 were obtained from Baden-Württemberg (MK 

Jungpflanzen GmbH, Biberach District) and of Sida2 from Lower Saxony (farm enterprise 

of Dirk Helling-Junghans in the vicinity of Osnabrück). Seedlings and seeds of Silphium 

were obtained also from Germany (N.L. Chrestensen Erfurter Samen und Pflanzenzucht 

GmbH (Thüringen)). During the experiment, there were no clear differences in the mor-

phological features of both phenotypes of Sida, particularly in reference to the shape and 

size of leaves, color, and shape of stalks, and the structure and color of flowers.  

The seeds were homogeneous in size and of high quality with a germination rate of 

ca. 70% by Sida and 84% by Silphium. Seeds were sown on 20 May 2016 with a Ø yjord 

type precision seed drill in an amount of 3.0 kg per unit area (by seed weight), in row 

spacing of 0.45 m to a depth of 2–3 cm and covered by the furrow closers in the form of a 

bent flat steel plate finished with so called dovetail. The seedlings were transplanted on 

20 June 2016 by hand in a plant distance of 0.50 m and a row distance of 0.45 m to a depth 

of ca. 10 cm (the distance between the rows was the same like by seeds), which equaling 

a planting capacity of 44,000·ha–1. Crops were not rainfed. The harvested area inside one 

plot was 12.6 m2 (total one plot area was 16 m2). The side rows and one meter at all row 

ends were discarded to avoid border effects.  

Spring barley harvested for grain was the fore crop for test plants. After harvesting 

the fore crop, a traditional method of tillage was used (stubble cultivation and pre-winter 

plowing). In spring 2016, before sowing and planting, identical mineral fertilization was 

applied in the amount of 100 kg·ha−1 N (Ammonium nitrate, Anwil S.A., Poland), 35 

kg·ha−1 P (Triple Superphosphate, Fosfory Sp. z o.o., Poland) and 110 kg·ha−1 K (Potassium 

salt, Fosfory Sp. z o.o., Poland), which were mixed with the rototiller used to soil prepa-

ration. In subsequent years (in 2017, 2018 and 2019), after the start of vegetation, before 
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re-growth of the plants, the same mineral fertilization (100 kg·ha−1 N, 35 kg·ha−1 P, 110 

kg·ha−1 K) was applied.  

After the emergence of plants in 2016, weeds were controlled manually per hand with 

hoes. The mechanical weed control was conducted only in the first year of the research. 

In the remaining years, the weed infestation was negligible. There was also no need to use 

pesticides since no relevant pests or diseases have been recorded for Sida or cup plant.  

2.1. Data collection 

We counted the number of plants per area unit after emergence and in the next years 

at the beginning of vegetation.  

In the first year of vegetation (2016), sampling and harvesting were carried out on 17 

October, when the Sida plants had reached the beginning of the flowering stage (BBCH 

55-59) and in that time Silphium plants built only a big rosette of leaves. We measured the 

height of plants by calculating the mean of all shoots from ten Sida plants and all leaves 

with petioles from ten Silphium plants.  

In the second, third and fourth year, sampling and harvesting were carried out once 

or twice in mid of June and October, depends on harvest strategy. 

2.2. Harvest Management 

The harvest during the vegetation season was done once (one harvest strategy): at 

the beginning/ mid-October, BBCH 79-81 and twice (two harvest strategy): the first term 

was at the middle of June, BBCH 55-59 and the second term was after regrowth in early/ 

mid-October, BBCH 69-71. Plants were harvested from each plot separately by hand using 

a petrol brush cutter. Before harvesting, the height of plants stem (referred to as a stalk or 

shoot), and diameter of the shoot at the height of mowing (a cutting height of about 10 cm 

above ground) were determined using an electronic caliper (140 mm ± 0.01 mm; Limit Co.), 

as well as the number of shoots per plant. Plants after harvest were ground in a laboratory 

chopper. The yields of fresh mass from each plot were weighed and the content of dry mass 

was determined by drying the biomass (1 kg) at 105 °C for 48 h until obtaining a constant 

weight (PN 8/G–04511). After that, the DMY was calculated (Mg·ha−1). 

2.3. Soil Characteristics and Weather Conditions  

The experimental field is characterized by rusty, incomplete soils, made of sand and 

light silty loamy sand. Rusty soils are sandy soils typical of post-glacial areas of the tem-

perate climate zone. In international classifications these soils are treated as a Cambisols 

or in the classification of WRB, they are most often classified as Arenosols (Dystric Brunic 

Arenosols). 

The soil was moderately acidic (pH KCL 5.90), the content of organic matter in the 0–

30 cm layer was 1.36%, and the content of macro elements was: N-0.92, P-0.45, K-0.62, Ca-

0.78, Mg-0.90 and S-0.15 g∙kg−1 D.M. The content of available forms of phosphorus, potas-

sium and magnesium in soil was medium. 

The area of AES Lipnik has a transitional climate (variable) oceanic-continental hu-

mid and temperate cold climate (according to Köppen–Geiger climate classification: Dfb 

climate). The average annual temperature is 8.2 °C and annual precipitation is 536 mm. 

The study years 2016–2019 were very specific about the weather conditions compared to the 

average of the multi-year 1981–2010. The most rainfall during the growing season (IV–X) 

was recorded in 2017 (614.6 mm), and the least in 2018 (253.4 mm). 

2.4. Statistical Analysis 

The test result was statistically processed by the ANOVA multi-way procedure using 

the statistical program Statistica 10.1 software (Dell Technologies, Round Rock, TX, USA). 

Differences (Honest significant difference) between the means were assessed using the 

Tukey’s test at a significance level of p ≤ 0.05. 

3. Results and Discussion   
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3.1. Plant Density  

The plant density of Sida and Silphium depended on the method of establishing plan-

tation. The number of plants on plots established with the planting method was approxi-

mately stable and slightly decreased from 44000 per 1 ha during the years of vegetation 

by only 5-10%, regardless of the harvest method (Table 1,2). In contrast, the plant density 

on plots established with the sowing method after emergence in the first year was high 

(about 120,000∙ha-1). Then the number of plants sharply decreased over the years to 

around 85,000 plants per 1 ha (Table 1,2). 

Table 1. The number of plants of Sida and Silphium [1000⸳ha-1] on plots harvested twice a year  

Crop / Establishing method 
Year Mean 

20161 2017 2018 2019  

Sida1 seed 114000 86000 74000 52000 81500 

Sida1 planting  44000 44000 42000 40000 42500 

Sida2 seed  108000 82000 70000 50000 77500 

Sida2 planting 44000 44000 42000 42000 43000 

Silphium seed  144000 104000 76000 64000 97000 

Silphium planting 44000 44000 42000 42000 43000 

Mean values2      

Sida1  79000A 65000A 58000A 46000A 62000A 

Sida2 76000A 63000A 56000A 46000A 60250A 

Silphium 94000B 74000B 59000A 53000B 70000A 

Establishing meth. seed 122000b 90700b 73300b 55300b 85300b 

Establishing meth. planting 44000a 44000a 42000a 41300a 42800a 

HSD (AxB) 10130 5973 n.s. 5936 n.s. 
1 Establishing year. 2 Data marked with the same letters do not differ statistically according to Tukey test at p≤0.05. Up-

percase letters indicate the differences between species (A), lowercase letters indicate the effect of the method of plantation 

establishing (B). HSD Honest significant difference, n.s. - not significant. 

Table 2. The number of plants of Sida and Silphium [1000⸳ha-1] on plots harvested once a year  

Crop / Establishing method 
Year Mean 

20161 2017 2018 2019  

Sida1 seed 112000 84000 68000 50000 78500 

Sida1 planting  44000 44000 42000 42000 43000 

Sida2 seed  108000 80000 64000 49000 75250 

Sida2 planting 44000 44000 42800 42000 43200 

Silphium seed  140000 110000 72000 62000 96000 

Silphium planting 44000 44000 42000 42000 43000 

Mean values2      

Sida1  78000A 64000A 55000A 46000A 60750A 

Sida2 76000A 62000A 53400A 45500A 59230A 

Silphium 92000B 77000B 57000A 52000B 69500A 

Establishing meth. seed 120000b 91300b 68000b 53700b 83250b 

Establishing meth. planting 44000a 44000a 42300a 42000a 43100a 

HSD (AxB) 7562 5347 n.s. 4966 n.s. 
1 Establishing year, 2 as in table 1. 

Many authors obtained similar results. [4,7,22] have considered 250,000 plants per 1 

ha to be the optimal density by establishing of plantation by seeds. [31] reported similar 

results by Silphium. [21] received the highest yields of Sida biomass with a plant popula-

tion of 40,000 plants per 1 ha, established by the planting of seedlings. 

3.2. The height of plants 

The height of the plants depended on the method of establishing the plantation and 

harvest strategy. There were no significant differences between the height of Sida and 

Silphium plants. The higher plants were observed on the plots established by the sowing 
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method (seed) compared to the plants in the plots established by the planting method 

(Table 3,4). Plants harvested twice during the vegetation period were smaller than plants 

harvested once a year (October). Also, the date of harvest influenced plant height. Plants 

cut in June (BBCH 55-59) were higher than plants harvested after regrowth in October - 

BBCH 69-71 (Table 3).  

Table 3. The height [cm] of plants of Sida and Silphium harvested twice. 

Year 20161 2017 2018 2019 2017-019 

Crop /Establishing meth. 
Harvest month 

(X) (VI) (X) (VI) (X) (VI) (X) (VI) (X) mean 

Sida1 seed 124 150 129 150 120 168 137 156.0 128.7 142.3 

Sida1 planting  98 133 117 134 109 153 120 140.0 115.3 127.7 

Sida2 seed  92 154 139 168 123 146 143 156.0 135.0 145.5 

Sida2 planting 71 141 115 134 107 138 134 137.7 118.7 128.2 

Silphium seed  482 140 125 126 108 132 128 132.7 120.3 126.5 

Silphium planting 402 138 116 113 89 129 125 126.7 110.0 118.3 

Mean values3           

Sida1  111.0C 141.5A 123.0AB 142.0B 114.5A 160.5C 128.5AB 148.0A 122.0A 135.0B 

Sida2 81.5B 147.5B 127.0B 151.0B 115.0A 142.0B 138.5B 146.8A 126.8A 136.8B 

Silphium 44.0A 139.0A 120.5A 119.5A 98.5A 130.5A 126.5A 129.7A 115.2A 122.4A 

Establishing meth. seed 88.0b 148.0b 131.0b 148.0b 117.0b 148.7b 136.0b 148.2a 128.0b 138.1b 

Establishing meth. planting 69.7a 137.3a 116.0a 127.0a 101.7a 140.0a 126.3a 134.8a 114.7b 124.7a 

Date of harvest (VI) - 142.7* 137.5* 144.3* 141.5* 141.5* 

Date of harvest (X) - 123.5 109.3 131.2 121.3 121.3 

HSD (AxB) 7.42 4.21 n.s. n.s. n.s. n.s. 

HSD (AxC) - n.s. 7.07 7.93 n.s. n.s. 

HSD (BxC) - n.s. n.s. n.s. n.s. n.s. 

AxBxC - n.s. n.s. n.s. n.s. n.s. 
1 Establishing year; 2 height of rosette. 3 Data marked with the same letters do not differ statistically according to Tukey 

test at p≤0.05. Uppercase letters indicate the differences between species (A), lowercase letters indicate the effect of the 

method of plantation establishing (B). Symbol * indicate the date of harvest (C). HSD Honest significant difference, n.s. 

- not significant. 

Table 4. The height [cm] of plants of Sida and Silphium harvested once  

Year 20161 2017 2018 2019 2017-2019 

Crop /Establishing method (X) (X) (X)   (X) Mean 

Sida1 seed 120 229 222 216 222.3 

Sida1 planting  102 216 204 197 205.7 

Sida2 seed  98 226 238 208 224.0 

Sida2 planting 85 207 216 203 208.7 

Silphium seed  462 221 175 215 203.7 

Silphium planting 422 208 164 184 185.3 

Mean values3      

Sida1  111.0C 222.5A 213.0B 206.5A 214.0A 

Sida2 91.5B 216.5A 227.0C 205.5A 216.3A 

Silphium 44.0A 214.5A 169.5A 199.5A 194.5A 

Establishing meth. seed 88.0b 225.3b 211.7b 213.0b 216.7a 

Establishing meth. planting 76.3a 210.3a 194.7a 194.7a 199.9a 

HSD (AxB) n.s. n.s. n.s. 11.42 n.s. 
1 Establishing year, 2,3 as in table 1. 

[18,22] reported a similar plant height of Sida in Germany and in Poland [4]. The 

height of the Silphium plants at many sites in northern and eastern Germany ranged from 

2.20 to 3.00 m, dependent on weather conditions and soil quality [18], but individual 

plants can reach a height of up to 3 m [16].  

3.3. The total above-ground fresh biomass yield  
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The Silphium plant developed in the first year only rosette of leaves without shoots, 

which is connected to specific growth of this species and in the agricultural practice 

Silphium is not harvested (the leaves of Silphium disappear during the winter). Contrary, 

Sida built the one or rare two shoots in the first year and Sida plants are harvested in the 

establishing year. The FMY of both crops in the establishing year was very small - about 

4.3-6.5 Mg∙ha1∙yr1 (Table 5,6).  

Up the second year, the FMY was bigger regardless of the experimental factors.  

Sida produced significantly less biomass than Silphium. In the case of the two-cut 

strategy, the FMY of Silphium was almost three times higher than that of the Sida (Table 

5), and in the case of single harvesting - more than twice as high (Table 6).  

Sida 1 (a phenotype from southern Germany) produced a greater average total bio-

mass yield than Sida2 (a phenotype from northern Germany) by about 15.6% for the dou-

ble harvest strategy (Table 5) and by about 7.0% for the single harvest strategy (Table 6). 

Establishing of plantation by sowing resulted in a higher biomass yield compared to 

establishing a plantation by planting. In the case of the double-harvest strategy (Table 5) 

the FMY was 17% higher compared to the planting method, and by the single-harvest 

strategy - the difference was 12.5% (Table 6). 

The FMY by the double harvest strategy was almost three times higher when the 

biomass was harvested in June (the first cut at BBCH 55-59 stage) compared to the biomass 

harvested in the second term (the second at BBCH 69-71 stage) - in October (Table 5). 

The mean total biomass yield (2017-2019 average) for the double harvest strategy was 

definitely lower than the FMY of biomass harvested once a season (Table 5,6). 

Table 5. The fresh mass yield [Mg⸳ha-1] of plants of Sida and Silphium, harvested twice. 

Year 20161 2017 2018 2019 2017-019 

Crop /Establishing meth. 
Harvest month 

(X) (VI) (X) (VI) (X) (VI) (X) (VI) (X) Mean 

Sida1 seed 5.58 35.98 6.02 15.86 7.76 27.11 11.77 26.32 8.52 17.42 

Sida1 planting  5.17 30.76 7.09 15.79 7.03 19.97 8.51 22.17 7.54 14.86 

Sida2 seed  5.15 32.19 6.87 17.94 8.56 21.38 14.57 23.84 10.00 16.92 

Sida2 planting 3.37 20.05 4.37 10.87 5.75 13.59 11.42 14.84 7.18 11.01 

Silphium seed  6.772 72.54 28.76 48.38 22.65 95.49 21.40 72.22 24.27 48.25 

Silphium planting 6.182 67.22 31.05 50.11 14.81 79.59 24.89 65.64 23.58 44.61 

Mean values3           

Sida1  5.38B 33.37B 6.55A 15.83A 7.40A 23.54A 10.14A 24.25A 8.03A 16.14A 

Sida2 4.26A 26.12A 5.62A 14.41A 7.16A 17.49A 13.00A 19.34A 8.59A 13.96A 

Silphium 6.48C 69.88D 29.91E 49.25F 18.73D 87.67D 23.15D 68.93B 23.93B 46.43B 

Establishing meth. seed 5.83b 46.90b 13.88a 27.39a 12.99b 47.99b 15.91a 40.79a 14.28a 27.53b 

Establishing meth. planting 4.91a 39.34a 14.17a 25.59a 9.20a 37.71a 14.94a 34.22a 12.77a 23.49a 

Date of harvest (VI) - 43.12* 26.49* 42.90* 37.50* 37.50* 

Date of harvest (X) - 14.03 11.09 15.43 13.52 13.52 

HSD (AxB) n.s. 1.11 n.s. n.s. n.s. n.s. 

HSD (AxC) - 1.28 3.12 3.76 7.41 7.41 

HSD (BxC) - 1.05 n.s. 3.07 n.s. n.s. 

AxBxC - n.s. n.s. n.s. n.s. n.s. 
1,2,3 as in table 3. 

Table 6. The fresh mass yield [Mg⸳ha-1] of plants of Sida and Silphium, harvested once  

Year 20161 2017 2018 2019 2017-2019 

Establishing method (X) (X) (X)   (X) Mean 

Sida1 seed 6.29 25.89 28.92 49.74 34.85 

Sida1 planting  5.63 25.50 26.56 45.07 32.38 

Sida2 seed  4.83 32.02 28.33 44.56 34.97 

Sida2 planting 3.81 20.15 23.34 40.51 28.00 

Silphium seed  6.71 68.68 66.42 92.72 75.94 

Silphium planting 6.39 70.90 57.79 78.81 69.17 
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Mean values2      

Sida1  5.96B 25.70A 27.74A 47.41A 33.61A 

Sida2 4.32A 26.09A 25.84A 42.54A 31.49A 

Silphium 6.55C 69.79E 62.11E 85.77D 72.55E 

Establishing meth. seed 5.95b 42.20b 41.22b 62.34b 48.59b 

Establishing meth. planting 5.28a 38.85a 35.90a 54.80a 43.18a 

HSD (AxB) 0.32 2.72 3.27 5.61 n.s. 
1 Establishing year, 2 as in table 1. 

4. Conclusions 

The conducted study showed that Virginia mallow (Sida hermaphrodita L. Rusby) and 

cup plant (Silphium perfoliatum L.) can be considered as a source of biomass used for biogas 

production. The higher FMY was obtained by growing Silphium in comparison to Sida. 

The method of plantation establishment, by sowing seeds (seed) and vegetative by trans-

planting seedlings (planting), clearly influenced the obtained results. The FMY of plants 

established with the sowing method was higher than the FMY of plants established with 

the planting method due to the higher number of shoots per unit area. By two harvest 

strategy, the total biomass yield (two cuts in June - BBCH 55-59 and October - BBCH 69-

71) was smaller, in contrast, to one harvest strategy (harvest only in October - BBCH 79-

81). Both crops could provide a large amount of biomass and be an alternative to growing 

maize.   

Author Contributions: Conceptualization, M.B., T.K., H.S.; Methodology, M.B., E.M., T.K., H.S. 

and M.W.; software, M.B.; investigation, M.B., E.M., T.K., H.S. and M.W.; resources, M.B., T.K.; 

data curation, M.B. and M.W.; writing preparation, M.B.; writing—original draft, M.B., T.K.; re-

view and editing, M.B.; visualization, M.B., T.K.; supervision, M.B. and H.S.; project administra-

tion, M.B.; funding acquisition, M.B.; All authors approved the final version of the manu-
script. 

Funding: This research (project „Novel Pathways of Biomass Production: Assessing the Potential 

of Sida hermaphrodita and Valuable Timber Trees”, acronym SidaTim) received funding from the 

ERA NET Co-Fund FACCE SURPLUS under European Union’s Horizon 2020 Research and Inno-

vation Programme under grant agreement No 652615. and the National Centre for Research and 

Development (NCBR) in Warsaw (Poland) project No FACCE SURPLUS/I/SidaTim/03/2016. 

Acknowledgments: We are very grateful to the European Union and to NCBR for the support that 

they have provided in allowing us to conduct this research. We thank all SidaTim project partners 

from Germany, UK, Italy, and especially the project coordinator, Michael Nahm. We are also 

thankful to the staff of the Agricultural Experiment Station Lipnik of the West Pomeranian Uni-

versity of Technology Szczecin for providing technical support for the field trials, and to Walde-

mar Piramowicz, Adam Sammel, Olga Kordula for their assistance with field work and Magda-

lena Sobolewska, Agata Skrobek and Magdalena Siwoń for the administrative support. We will 

thank the Polish and foreign students, especially Sheriff Noi from Ghana and Zeynep Kar from 

Turkey to help us by plants measurements. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 

design of the study; in the collection, analyses, or interpretation of data; in the writing of the man-

uscript, or in the decision to publish the results. 

References 

1. Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the use of energy 

from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC. 

2. Amaducci, S.; Facciotto, G.; Bergante, S.; Perego, A.; Serra, P.; Ferrarini, A.; Chimento, C. Biomass production and energy bal-

ance of herbaceous and woody crops on marginal soils in the Po valley. Gcb Bioenergy 2017, 9, 31-45, 

https://doi.org/10.1111/gcbb.12341 

3. Anderson, E.; Arundale, R.; Oladeinde, A.; Wycisło, A.; Voigt, T. Growth and agronomy of Miscanthus x giganteus for biomass 

production. Biofuels 2011, 2, 71-87. 

4. Borkowska, H.; Molas, R.; Kupczyk, A. Virginia Fanpetals (Sida hermaphrodita Rusby) cultivated on light soil; Height of yield 

and biomass productivity. Pol. J. Environ. Stud. 2009, 18. 



Proceedings 2021, 4, x FOR PEER REVIEW 8 of 8 

 

5. Bury, M.; Możdżer, E.; Kitczak, T.; Siwek, H.; Włodarczyk, M. Yields, calorific value and chemical properties of cup plant 

Silphium perfoliatum L. biomass, depending on the method of establishing the plantation. Agronomy 2020, 10(6), 851, 1-21 

https://doi.org/10.3390/agronomy10060851 

6. Cui, Z.; Liu, Y.; Jia, C.; Huang, Z.; He, H.; Han, F.; Shen, W.; Wu, G. L. Soil water storage compensation potential of herbaceous 

energy crops in semi-arid region. Field Crops Res. 2018, 223, 41-47. https://doi.org/10.1016/j.fcr.2018.03.026 

7. Cumplido-Marin, L.; Graves, A.R.; Burgess, P.J.; Morhart, C.; Paris, P.; Jablonowski, N.D.; Facciotto, G.; Bury, M.; Martens, R.; 

Nahm, M. Two Novel Energy Crops: Sida hermaphrodita (L.) Rusby and Silphium perfoliatum L.—State of Knowledge. Agronomy 

2020, 10, 928, 1-66, https://doi:10.3390/agronomy10070928 

8. Ende, L.M.; Knöllinger, K.; Keil, M.; Fiedler, A.J.; Lauerer, M. Possibly Invasive New Bioenergy Crop Silphium perfoliatum: 

Growth and Reproduction Are Promoted in Moist Soil. Agriculture 2021, 11, 24, 1-13. https://doi.org/10.3390/agricul-

ture11010024. 

9. Peni, D.; Stolarski, M.J.; Bordiean, A.; Krzyżaniak, M.; Dębowski, M. Silphium perfoliatum—A Herbaceous Crop with Increased 

Interest in Recent Years for Multi-Purpose Use. Agriculture 2020, 10, 640, 1-22. https://doi.org/10.3390/agriculture10120640.  

10. Pogrzeba, M.; Krzyżak, J.; Rusinowski, S.; McCalmont, J. P.;  Jensen, E. Energy crop at heavy metal-contaminated arable land 

as an alternative for food and feed production: Biomass Quantity and Quality. Plant Metallomics and Functional Omics. 2019, 1-

21. Springer, Cham. https://doi.org/10.1007/978-3-030-19103-0_1. 

11. Bury, M.; Facciotto, G.; Chiocchini, F.; Cumplido-Marin, L.; Graves, A.; Kitczak, T.; Martens, R.; Morhart, C.; Możdżer, E.; Nahm, 

M.; et al. Preliminary results regarding yields of Virginia mallow (Sida hermaphrodita (L.) Rusby) and cup plant (Silphium perfo-

liatum L.) in different condition of Europe. In Biomass crops and energy grasses, Proceedings of the 27th European Biomass 

Conference and Exhibition; Lisbon, Portugal, 27-30 May 2019; 101–104, doi: 10.5071/27thEUBCE2019-1B0.9.4. 

12. von Cossel, M.; Amarysti, C.; Wilhelm, H.; Priya, N.; Winkler, B.; Hoerner, L. The replacement of maize (Zea Mays L.) by cup 

plant (Silphium perfoliatum L.) as biogas substrate and its implications for the energy and material flows of a large biogas plant. 

Biofuels, Bioprod. Bioref. 2020, 14, 152–179, https://doi.org/10.1002/bbb.2084.  

13. Kurucz, E.; Fári, M.G.; Antal, G.; Gabnai, Z.; Popp, J.; Bai, A. Opportunities for the production and economics of Virginia 

fanpetals (Sida hermaphrodita). Renew. Sust. Energ. Rev. 2018, 90, 824-834. https://doi.org/10.1016/j.rser.2018.04.007. 

14. Nabel, M.; Schrey, S.D.; Poorter, H.; Koller, R.; Nagel, K.A.; Temperton, V.M., Dietrich, C.C.; Briese, C.; Jablonowski, N.D. Com-

ing late for dinner: Localized digestate depot fertilization for extensive cultivation of marginal soil with Sida hermaphrodita. 

Front. Plant Sci. 2018, v 9. https://doi.org/10.3389/fpls.2018.01095 

15. Lewandowski, L.; Schmidt, U. Nitrogen, energy and land use efficiencies of Miscanthus, Reed canary Grass and Triticale an 

determined by the Bondary Line approach. Agric. Ecosyst. 2006, 112, 335-346. 

16. Pichard, G. Management, production, and nutritional characteristics of cup-plant (Silphium perfoliatum) in temperate climates 

of southern Chile. Cienc. Investig. Agrar. 2019, 39, 61-77. 

17. Ţîţei, V. The evaluation of biomass of the Sida hermaphrodita and Silphium perfoliatum for renewable energy in Moldova. Sci. Pap. 

Ser. A Agron. 2017, LX, 534-540. 

18. Wever, C.; Höller, M.; Becker, L.; Biertümpfel, A.; Köhler, J.; van Inghelandt, D.; Westhoff, P.; Pude, R.; Pestsova, E. Towards 

high-biomass yielding bioenergy crop Silphium perfoliatum L.: Phenotypic and genotypic evaluation of five cultivated popula-

tions. Biomass Bioenerg 2019, 124, 02–113, https://doi.org/10.1016/j.biombioe.2019.03.016. 

19. Facciotto, G.; Bury, M.; Chiocchini, F.; Cumplido Marin, L.; Czyż, H. Graves, H.; Kitczak, T.; Martens, R.; Morhart, C., Paris, P.; 

et al. Performance of Sida hermaphrodita and Silphium perfoliatum in Europe: preliminary results. In Biomass crops and energy 

grasses, Proceedings of the 26th European Biomass Conference and Exhibition; Copenhagen, Denmark, 14-17 May 2018; 350–

352, doi: 10.5071/26thEUBCE2018-1DV.5.4. 

20. Koniuszy, A.; Hawrot-Paw, M.; Podsiadło, C.; Sędłak, P.; Możdżer, E. Gasification of Cup Plant (Silphium perfoliatum L.) Bio-

mass–Energy Recovery and Environmental Impacts. Energies 2020, 13, 4960, 1-13. https://doi.org/10.3390/en13184960. 

21. Jablonowski, N.D.; Kollmann, T.; Nabel, M.; Damm, T.; Klose, H.; Müller, M.; Bläsing, M.; Seebold, S.; Krafft, S; Kuperjans, I.; 

Dahmen, U.; Dahmen, M. Valorization of Sida (Sida hermaphrodita) biomass for multiple energy purposes. Gcb Bioenergy 2017, 9, 

202-214. https://doi.org/10.1111/gcbb.12346. 

22. Nahm, M.; Morhart, C. Virginia mallow (Sida hermaphrodita (L.) Rusby) as perennial multipurpose crop: Biomass yields, ener-

getic valorization, utilization potentials, and management perspectives. Gcb Bioenergy 2018, 10, 393-404. 

https://doi.org/10.1111/gcbb.12501. 

23. Oleszek, M.; Matyka, M.; Lalak, J.; Tys, J.; Paprota, E. Characterization of Sida hermaphrodita as a feedstock for anaerobic diges-

tion process. J. Food Agric. Environ. 2013, 11, 1839-1841. 

24. Pogrzeba, M.; Krzyżak, J.; Rusinowski, S.; Werle, S.; Hebner, A.; Milandru, A. Case study on phytoremediation driven energy 

crop production using Sida hermaphrodita. Int. J. Phytorem. 2018, 20, 1194-1204. https://doi.org/10.1080/15226514.2017.1375897. 

25. Siwek, H.; Włodarczyk, M.; Mozdzer, E.; Bury, M.; Kitczak, T. Chemical composition and biogas formation potential of Sida 

hermaphrodita and Silphium perfoliatum. Appl. Sci. 2019, 9, 4016, 1-11, https://doi.org/10.3390/app9194016. 

 


