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The long-term field experiment with new high yielding perennial energy crop - cup plant (Silphium perfoliatum L.) was conducted in order to evaluate 

its biomass productivity in Vėžaičiai branch of the Lithuanian Research Centre for Agricultural and Forestry. Experimental site – 

naturally acid Bathygleic Dystric Glossic Retisol, pH 4.2-4.4. Granulated sewage sludge was applied (at 45 and 90 t ha-1 rates) as an 

alternative organic fertilizer. The fertilization was done at the beginning of the experiment, prior to cup plant’s sprouts planting in 

2013. Each experimental year, traditional N60P60K60 fertilization was performed in a separate treatment. Cup plant’s biomass was 

harvesting once per season at the end of vegetation.  

Cup plant’s dry mass (DM) yield substantially increased from 2.80 t ha-1 (in 2014) to 13.41 t ha-1 (in 2016). The use of sewage sludge 

fertilization was notably superior to that of mineral fertilization for cup plant’s biomass productivity. In all experimental years, the 

optimal was the application of 45 t ha-1 rate of sewage sludge - in compare with unfertilized treatment (control), DM yield increased 

by 66 %, on average. Increasing of sewage sludge rate up to 90 kg ha-1 did not give any DM yield supplement. Energy evaluation of 

growing technology revealed that the application of 45 t ha-1 sewage sludge rate caused the substantial increase of energy output from 

1 ha; and on the contrarily, sharply decreased net energy ratio.  

In order to determine the long-term effects of fertilization on biomass yield, these studies will continue a few more years. 
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INTRODUCTION 

 

Sewage sludge is a byproduct of sewage treatment processes (). It is rich in organic and inorganic plant nutrients 

and might be a substitute for traditional mineral fertilizers. Sewage sludge affects soil physico-chemical and biological 

properties. (McGrath et al., 2001; Singh, Agrawal, 2008). Sewage sludge as organic matter is rich in nitrogen and 

phosphorus. As well, it significantly increase many agricultural crops productivity (Hortenstine, Rothwell, 1973; Tsakou 

et al., 2003; Singh, Agrawal, 2008). The biggest disadvantage of sewage sludge is the availability of many heavy metals, 

which often restricts its uses (Singh, Agrawal, 2008).  

Another interesting and important research objects are energy crops. The cultivation of energy crops slowly but 

steadily increases in many countries around the World. In general, the most important characteristics for energy crops are 

their high yielding, low energy input and low production cost, least contaminants and low nutrient requirements. In 

addition to that, energy crops should be well adapted to local weather and soil conditions (McKendry, 2003).  

In recent years, in Lithuania particular attention has been paid to the local and introduced perennial plant species 

with high biomass productivity and high-energy value. The focus of investigations is targeted to high yielding short-

rotation coppices (particularly willows) (Bakšienė et al., 2012), introduced coarse stemmed crops (cup plant, miscanthus) 

() and perennial grasses (Jasinskas, Kryževičienė, 2006; Jasinskas et al., 2008). (;).  

Out of introduced species, some Silphium species are characterized as high yielding crops. As such, Silphium 

species were investigated as potential fodder and energy crops in some Countries Worldwide (Kowalski, 2004; Kowalski, 

2007; Lehmkuhler et al., 2007; Mast et al., 2014; Gansberger et al., 2015; Haag et al., 2015). Since the growing technology 

is not elaborated sufficiently, cup plant is still not widely cultivated (Gansberger et al., 2015).  

As we mentioned, it is important to raise high biomass yield with relatively low inputs. As concerning fertilization, 

some experiments with organic and mineral were done in order to evaluate fertilization effect on cup plant’s biomass 

yield. It was estimated that the combination of the organic (liquid digestate from a biogas plant) and mineral fertilization 

gave the highest biomass yield (Vetter et al., 2010). According to Klimont et al., 2015, the fertilization with sewage 

sediment positively influenced organic matter content and soil pH reduction (Klimont et al., 2015).  
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For example, naturally acid Albeluvisols and Fluvisols are prevailing in Western Lithuania region. Without 

maintenance liming, soils return to their original state which leads to the deterioration of their physical, chemical and 

microbial properties (Mažvila et al., 2004). With increasing demand for biomass for bioenergy industry, a significant 

proportion of such soils could be used for the cultivation of energy crops. There are few data concerning energy crops 

productivity under different soil pH levels. 

In order to avoid competition with conventional plants, energy crop should be grown in the areas that are less 

favorable for traditional agriculture, particularly in less fertile soils (Borkowska, Molas, 2012; Šiaudinis et al., 2015). In this 

respect, naturally acid Retisols and Luvisols are prevailing in Western Lithuania’s region. Without liming, these soils return 

to their original state with worsens soil physical, chemical and microbial properties (Mažvila et al., 2004). Besides liming, a 

portion of such soils might be suitable for the cultivation of the energy crops, which are less susceptible to high soil acidity.  

The current experiment had the aim to investigate the effect of granulated sewage sludge to cup plant’s productivity 

and carry out an energy assessment of plant cultivation.  

 

MATERIALS AND METHODS 

 

The field experiments with cup plant (Silphium perfoliatum L.) was performed at Vėžaičiai branch of the 

Lithuanian Research Centre for Agriculture and Forestry (Western Lithuania, 55°43´ N, 21°27´ E). The soil of the 

experimental site is naturally acid moraine loamy (Bathygleyic Dystric Glossic Retisol) (WRB, 2014), (clay (<0.002 mm) 

– 15.0 %), pHKCl was 4.30-4.93. The average amount of precipitation is 700-900 mm per year.  

Cup plant sprouts were planted at the end of May in 2013. Each treatment was composed of two adjacent rows. 

The distance between plants in each row was 0.50 m, the distance between two rows was 0.80 m, and the distance between 

each treatment was 1.00 m.  

The experiment was composed of four treatments: 1) not fertilized (control treatment); 2) fertilized by N60P60K60; 

3) fertilized by 45 t ha-1 of sewage sludge; 4) fertilized by 90 t ha-1 of sewage sludge rate.  Fertilization treatments with 3 

replications were randomly allocated.  

The granulated sewage sludge was applied once in 2014. The fertilization was done at the 3rd decade in May. NPK 

fertilization (at 2nd treatment) was performed each year before the beginning of crops vegetation.  

Cup plant’s stems harvesting started in 2014. Each year, at the end of September, the stems of cup plant was cut 

by rotary reaper. The total biomass yield was recalculated into air-dry mass (DM) yield.  

By calculating the total energy expenses (GJ ha-1), we included the direct energy expenses (ploughing, cultivation, 

protection from weeds, biomass harvesting, and transportation), indirect energy expenses (share of energy in fertilisers 

and herbicides), machinery energy consumption, and human labour input. 

The energy equivalents for the fertilizers used in the experiment: 47.1 MJ kg−1 for N, 15.8 MJ kg−1 for P2O5, and 

9.3 MJ kg−1 for K2O and for sewage sludge after fermentation – 12 MJ kg-1.  

Net energy ratio (or energy balance) (NER) was calculated by the equation (acc. to Shahin et al., 2008):  

NER = energy output (GJ ha-1) - energy input (GJ ha-1)       

A two-way analysis of variance with three replications design was performed on the data of cultivation year and 

fertilization rate, using analysis of variance (ANOVA) to determine significance at 95% probability level (Tarakanovas, 

Raudonius, 2003).  

 

RESULTS AND DISCUSSION 

 

Dry mass (DM) yield. Since the growing of plant cup’s stems begins in the second growing year, the 

estimation of results started from 2014 season. DM yield results are presented in figures 1-3. The obtained results 

show that the productivity was quite low in the first harvestable season (in 2014). DM yield ranged from 2.20 t ha-1 

(in control treatment). In the following two growing seasons, cup plant’s productivity progressively increased from 

3.74 to 6.83 t ha-1 (in 2015) and from 10,78 to 17,58 t ha -1 (in 2016). In control treatment, plants did not receive any 

fertilization through all the experimental years. However, DM yield increased by 5 times per 3 successive growing 

years. Cup plant has a deep rooting system. Thus, by the development of root system, these the plants can take all 

necessary nutrients not only from upper but from deeper soil layers as well. Surprisingly, in compare with control 

treatment, the annual application by mineral fertilizers (N60P60K60) did not increase DM yield significantly. The 

results suggest that perhaps it necessary to perform mineral fertilization each growing year. The best results were 

obtained using sewage sludge. Each year (although not always significant at 95 % probability level), the application 

of 45 t ha-1 rate causes the highest cup plant’s productivity. In this way, DM yield increased from 2.87 t ha-1 (in 

2014) to 17.58 t ha-1 (in 2016) (yield increased by 5,3 times). It is interesting to note that the use of double sewage 

sludge rate (90 t ha-1) had no significant impact to DM yield. Even more, cup plant’s productivity tended to decrease 

(although not significant at 95 % rate). Thus, the excessive use of such organic fertilizer like sewage sludge had a 

tension to decrease annual biomass productivity.        

Particularly, the cup plant’s yield increased with increasing number of stems and the mass of those stems. These 

results will be presented in a new separate article later.   

The parallel trials with cup plant in the same experimental site revealed that using the annual N0-60-120P60K60 

fertilization rate revealed, that in dependence on growing season, cup plant productivity is ranging from 11,00 to 13,67 t 

ha-1 DM (Šiaudinis et al., 2015). The results of field studies hold in other countries shows, that cup plant’s productivity 
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highly depends on growing conditions. Despite the fact, that cup plant is originating from Northern America, its DM yield 

in some USA regions is low and ranging from 2,00 to 6,80 t ha-1 (Voigt et al., 2012; Assefa et al., 2015). Although the 

results obtained by Polish investigators reveals that different Silphium species could easily accumulate 17,80-28,80 t ha-

1 DM per growing season (Kowalski 2004; Kowalski 2007). Then growing in Western Siberia (Russia), the average 

annual cup plant DM yield per 10 successive seasons was about 15,60 t ha-1.    

 

   
Figure 1. The dependence of cup plant DM yield (t ha-1) on 

different fertilization in 2014 

Figure 2. The dependence of cup plant DM yield (t ha-1) 

 on different fertilization in 2015 

 

 
Figure 3. The dependence of cup plant DM yield (t ha-1) on different fertilization in 2016 

 

Energetic evaluation. The data of the energy parameters are presented in Table 1. The direct expenses consist 

of such technological operations like autumnal ploughing, pre-sowing cultivation, distribution of fertilizers, sprout 

planting, plant protection, biomass harvesting and transportation. Indirect expenses consist of the energy amount 

bounded in pesticides and fertilizers. Out of them, the energy share of fertilizers is the highest. Except fertilization, 

all other operations were similar in all four treatments. In dependence on fertilization type, the total energy expenses 

(including direct and indirect expenses) varied from 11.00 to 1091 GJ ha-1. The amount of energy bounded in sewage 

sludge is quite huge. Thus, the intervals of energy expenses between treatments are enormous. After 3 growing years, 

cup plant accumulated from 276 to 457 GJ ha-1 of energy in their above-ground biomass. We can find that by applying 

sewage sludge, substantially higher amount of energy (or energy putput) is being accumulated in biomass. However, 

net energy ratio (NER) after 3 harvestable seasons was still negative. Yet, the experiment is long-term. In this respect, 

we hope that the impact of sewage sludge will be long lasting, while at the same time the energy value will increase 

significantly.  

 
Table 1. Energetic evaluation of cup plant growing technology 

Treatments 
Total energy expenses for cultivation 

GJ ha-1 

Energy output in biomass, 

GJ ha-1 

Net energy ratio 

(NER) 

(per 3 successive growing years) 

Control (not fertilized) 11,00 276 265 

N60P60K60 24,24 325 300 

45 t ha-1 rate 551 457 -94 

90 t ha-1 rate 1091 389 -702 

 

It is worth to note that as for today, sewage sludge as organic fertilizer is a cheap material. Contrarily, mineral 

fertilizers cost big money. Out of other positive factors, we found that sewage sludge enriches soil by mineral nutrients 
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(particularly by nitrogen and phosphorus), reduce soil acidity and improves soil physical properties. These data will be 

published in a separate article.  

Commonly, the positive NER balance is receivable due to photosynthetic active radiation, which inspires the 

accumulation of solar energy in plants. Other means, such as fertilisers, pesticides, soil cultivation, etc. only enable plants 

to accumulate a higher amount of energy in plants (Aleksynas, 1990).  
 

DISCUSSION 
 

Three experimental years revealed that the use of sewage sludge as a cheap organic fertilizer is an excellent 

solution, because it maintains high cup plant’s biomass productivity for many years. Since the experiment is ongoing, we 

hope that the high biomass productivity will remain in the next few years without any additional fertilization. Due to high 

cost of mineral fertilization, annual NPK fertilization is not justified. Thus, by growing any energy crop, alternative source 

of fertilization is desirable. We can conclude that the application of 45 t ha-1 sewage sludge is sufficient for high annual 

cup plant biomass yield. Further increase of fertilization rate is unprofitable. 
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