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Abstract: Nowadays, there is an increasing need for research that seeks answers to
complex questions based on generations of knowledge and experience
accumulated over thousands of years. Optimizing the utilization opportunities of
various cereal straws – as agricultural by-products – is also one such topic. This
short synthesis paper presents the research results regarding wheat straw without
being exhaustive. The direct objective of this paper is to focus on the boundary and
frame conditions for determining utilization rates based on the results of numerous
researchers. In particular to determine the amount of straw to keep the carbon to
nitrogen ratio (C:N ratio) and the amount of organic C stocks in the soils of arable
lands in an acceptable range for crop production. On the other hand, the indirect
objective of the paper is to take a looking at the advantages and disadvantages of
combustion by knowing the heating value, moisture content, some other physical
and chemical parameters of wheat straw, as well as the nutritional values (K
content, N content, S content). The utilization possibilities are the so-called “straw
trilemma” based on rational usage, which takes into account the ecological aspects
as well as the usability of ashes. Regarding the effect of the C:N ratio of wheat straw
on the C:N ratio in the soil, it was concluded that after harvest – depending on soil
type and soil condition – approximately 30–50% of the wheat straw is needed to
ensure the “optimal” C:N ratio in the soil and to ensure healthy soil life (soil
biological activity). The rest can be utilised in other ways, however, the agricultural
and industrial utilization of 'ash' from direct combustion of straw requires
technological development, taking into account the physical and chemical
characteristics of “ash”.
Keywords: wheat straw, embedded energy, “straw trilemma”

1. INTRODUCTION
Wheat straw is one of the most common by-products of field farming. In
terms of utilization possibilities, in addition to meeting agricultural needs
(replenishing soil organic matter stock and/or feeding ruminants and/or
providing animal bedding), other utilization options (e.g. energy,
architecture, art, etc.) might be considered, too. Therefore, wheat straw can
be considered as embedded energy, as in terms of crop production it can
have a positive effect on soil condition, soil life, soil energy (energy is used
here in the sense of “opportunity for activity”). In addition to the amount
required for the replenishment of organic matter, and then the amount of
energy comes to the fore during energetic utilization (straw combustion).
The amount of wheat straw produced can be determined by knowing the
growing area, the crop yield (~5 t/ha) and the grain to straw ratio. Average
straw production is 3–5 t/ha annually, but during rainy periods and due to
intensive N-fertilization, straw yield can exceed 10 t/ha [Árendás et al.
2013]. The research by Weiser et al. (2014) also provides guidance for
determining theoretical, practical (technical) and sustainable straw yields
based on statistical data and methods in Germany.
The theoretical straw potential is determined by the grain to straw ratio and
the harvested area, the practical (technical) potential is determined by the
cutting height (30% remains on the field as non-harvestable short stalks and
chaff) and the need for animal husbandry, livestock breeding
(approximately 15%), while the sustainable amount of straw is calculated
on the basis of humus balance.
The ideal condition for the decomposition of organic matters is the
temperature range between 25 and 40°C, fresh soil and pH 6–8.
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Soil microorganisms have a C:N ratio near 8:1, they need to acquire energy (C) to maintain their
metabolism, and need N to stay alive (maintain that ratio of C and N in their bodies.
Approximately, the decomposition of 24:1 C:N ratio of organic matter is the most favourable
[HTTP1]. It is noted, that the C:N ratio of wheat straw is higher than 80:1. It is also important to
mention that there is (also) a strong correlation between the amount of C, N and S in soils: the
average C:N:S ratio in soils is approximately 140:10:1.3. If the soil respiration is sufficient, organic
S is oxidized (mineralized) to sulphate, which most plants can absorb. This occurs when the C:S
ratio of specific plant residues is below 200 [Stefanovits 1999; Wallander 2014; Li et al. 2016;
Brust 2019].
In the light of the above mentioned, the objective of this short paper is therefore to highlight the
determination of C:N ratio and the organic carbon stocks of soils in arable land required for crop
production within an acceptable range by using the relevant research findings in the topic,
moreover, to take a look at the advantages and disadvantages of combustion, too.
2. MATERIAL AND METHOD
The achievement of the objective is found on the results of short- and long-term experiments and
studies of several researchers. These results are revealed and are evaluated in the ’Results’ section.
Selected publications include writings presenting research results in pedological, energy and socioeconomic aspects.
The determination of optimal combination(s) of wheat straw utilization based on scientific
foundations, as appropriate to the circumstances, can be achieved on the basis of open minded and
constructive cooperation between agricultural researchers and practitioners, technical engineers
and researchers, economists and other social scientists.
As a common feature of the research, it should be mentioned that the creation of added value and
the innovative approach are less taken into account during the examination of the utilization
possibilities. Furthermore, besides the advantages of utilization options, it is always essential to draw
attention to their disadvantages, too. In numerous cases, the (temporary) economic advantage is
the main aspect of straw utilization.
Based on the theses of the selected and processed publications, the “Results” section summarizes
such research results, on the basis of which, the best straw utilization option, that the best suits the
circumstances, can be selected.
3. RESULTS
A short summary of those papers can be found in this section, they were selected to comprehend
the relationship between wheat straw and soil as well as the utilization of wheat straw by
combustion in the agricultural context. Figure 1 summarizes the most important characteristics of
wheat straw (composition, shear strength, characteristics of “ash” after combustion, etc.) without
being exhaustive.

Figure 1: Characteristics of wheat straw based on Fox (1981); Demirbas (2004); Szemmelveisz (2006);
Dodson (2011); Monteleone et al. (2015a) and Fang et al. (2016)
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Several researchers have calculated how much N is needed to break down wheat straw (0.5–1 kg
N / 100 kg of straw) and how much N is released into soil during its decomposition (for example:
4000 kg of wheat straw / ha get ~ 1750 kg of C, ~ 240 kg of N into soil) [Fox 1981; Brust 2019].
Based on the studies of Fox (1981), he also concluded that decomposing straw increases the K
content of soil, the water and nutrient retention capacity of straw is an important characteristic,
and straw does not represent nutrient competition for crops to be grown.
Blanco-Canqui et al. (2007) performed long-term (10 years) experiments in areas without tillage:
on plots without straw retention and on plots with straw retention on the top of the soil (8 t/ha per
year) treated with 244 kg/ha N fertilization. As a result of larger straw and combined N
fertilization, significant earthworm activity (158±52 piece/m2) was observed in the vicinity of soil
surface (it should be noted that their role in the exploration of slowly decomposing organic matter
is indisputable), as well as improved soil hydraulic features, water retention and porosity as well.
While the soil surface without straw retention did not actually show biological activity. The
experiments by Varga et al. (2018) also confirmed the beneficial effect of earthworms on soil
compaction. Since earthworms are sensitive to the physical parameters of soil, thus they are
excellent bioindicators of soil microclimate and the physical condition of soil.
NPK fertilization can promote the decomposition of straw, but also increases the rate of
decomposition. For soils with a low C:N ratio (11.0–12.3), the high C:N ratio of straw also promotes
soil microbial growth [Zhao et al. 2019].
Long-term (10 years) winter wheat experiments prove that the organic C content is also higher in
plots with tillage and straw retention (13.1 g/kg) than in plots without conventional tillage and
straw retention. Furthermore, it was observed that the yield increased by 20% and the yield stability
was also satisfactory [Xu et al. 2019a; Xu et al. 2019b].
Based on the above mentioned, it can be concluded that wheat straw plays a critical role in
maintaining the soil organic matter content. Thus, the amount of wheat straw that must be left on
stubble to maintain the cultivable condition of soil depends on several factors: it is influenced by
geographical location, soil type, crop production system, existing soil organic content levels [Searle
& Bitnere 2017; Townsend et al. 2018], nutrient turnover, and the risk of nitrate leach [Huang et
al. 2017].
Some other research groups have drawn attention to that the presence of straw induces changes in
the soil shear properties (Fig. 1) [Fang et al. 2016], which results in a significant increase in draught
force during tillage process, so it requires further studies on energy use of agricultural machines
[Eltom et al. 2015]. These results suggest that total straw abandonment retention in arable land can
be considered excessive and can lead to tillage difficulties, and any cultivation (rotation into the
ground) will demand additional energy input.
After describing the relationship between soil and wheat straw, we also need to look at the
advantages and disadvantages of utilization by combustion (in connection with agriculture). It
should be noted here that in terms of climate change mitigation, some studies suggest that straw
must be harvested (rather than left in fields to increase the C content of soil) and must be used for
energy purposes, hence “displacing” fossil fuels [Gabrielle et al. 2008; Powlson et al. 2008;
Monteleone et al. 2015b].
However, the use of straw as an energy source is in competition with the humus balance.
Furthermore, the texture of soil, the moisture content of soil and the organic C dynamics influenced
by the soil temperature must be always taken into account when selecting the utilising opportunity
and determining the utilisation rate. According to surveys, the removal rate of cereal crop residues
(straw), for instance in Germany, Hungary, Romania is less than 40% [Kluts et al. 2017].
Agricultural crop residues can be considered a reliable resource for energy use, however, there are
concerns among farmers about the potential depletion of soil organic C stocks. The latter is also
influenced by climate, soil type, current farming practices and cultivation histories [Monforti et al.
2015].
If wheat straw is still considered a fuel source, then the primary information is the energy content
of wheat straw, which practically means its heating value (Figure 1). The release of energy present
in chemically bound form in wheat straw is aided by the creation of an optimal system of
combustion.
In terms of combustion technology it is important to keep the moisture content ~10%, which is
significantly influenced by the “time window” of harvest and storage, and to organize storage /
transport for the continuous fuel supply, and to increase energy density by compaction (baling). At
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the same time, due to the by-products / waste of combustion, the K, N and S content must also be
taken into account. K appears in solid combustion product, while N and S might also appear in flue
gas in a modified form.
Based on the composition of the ash (Figure 1) – in connection with soil – it can be stated that it is
rich in K and its P content is also significant [Dodson 2011]. When utilising “ash”, it is important
that less ash ought to be taken to landfills. It is also possible to place it on forest soils, or to utilize it
as fuel due to its unburned carbon content, or to use it as an additive of building materials [James
et al. 2012].
With regard to agriculture, it is possible to place “ash” as a by-product of straw burning on arable
land, however the use of “ash” for such a purpose is only possible if it does not endanger soil
ecology, plants and human health [Bradna et al. 2016] as well as efficient and safe spreading can
also be solved. Moreover, it improves soil strength, increases moisture content and also stabilizes it
[Kalyane & Patil 2020].
In addition to the environmental challenges, the development of technological solutions for storage,
baling techniques, transport, technological development of use/disposal are challenges, and their
cost is not negligible either. Pintér (2012) concluded in the course of his research on the economic
analysis of the energy utilization of certain agricultural by-products that the value of utilizing straw
as a nutrient may exceed the income from energy sales therefore it is not profitable to utilize the
entire amount of straw on a farm for energy purposes in the long run.
Another research team also carried out extended life cycle analysis for three farm models
(conventional cultivation technology – with tillage and straw retention; conventional cultivation
technology – with tillage and straw removal; “innovative” cultivation technology – without tillage
and partial straw removal).
They came to the conclusion that the environmental performance of the optimized agricultureenergy value chain is satisfactory. To put in another way, in the case of agricultural systems without
tillage and based on partial straw retention (0.3–0.5 kg/m2), straw retention (abandonment)
contributes to maintaining soil organic C content and reducing CO2 emissions, while minimum
tillage results in less greenhouse gas emissions [Monteleone et al. 2015a; Monteleone et al. 2015b;].
Thus, it is necessary to examine the sustainability regarding straw utilization as well, but this should
be done for the entire logistic process, in particular with regard to resource and energy potentials
[Weiser et al. 2014]. Thus, various agronomical methods can and must be implemented primarily
with the preservation of good soil condition [Monteleone et al. 2015b]. One way to do this
“mentoring the environment” [Barczi et al. 2019].
Researchers in countries at the forefront of straw utilization also provide strong examples of straw
utilization for energy purposes in the context of straw availability, economic considerations and
political support, emphasizing the need for complex analysis prior to the utilization of straw for
energy purposes that rely on scientific, political and governmental documents and considerations.
Field farming conditions, climate, and landscape type should also be considered at all times [Bentsen
et al. 2014; Bentsen et al. 2018]. Previously, Scarlat et al. (2010) suggested that straw-based energy
production capacity should be determined by taking into account the minimum amount of raw
materials available in the area.
Interesting results were found in a questionnaire carried out in England, which also analysed the
relationship of straw utilization in terms of farmers’ age and farm size: farms up to 300 ha are
more likely to bale all straws (i.e. they do not chop and rotate it into the soil) than farms over 300
ha.
On farms, which are larger than 300 ha, 50–99% of straw is chopped and rotated into soil. The
form of straw utilization was also determined by the age of farmers: from the age of 35–44, the
proportion of chopped and straw rotated into soil increased with age, while the proportion of straw
baled, sold or used on farms began to decrease.
For some farmers, maintaining and increasing soil organic matter is more important for the
sustainability of their own farms than the shorter-term financial benefits of additional straw sales
[Townsend et al. 2018].
4. CONCLUSIONS
Although agriculture is an anthropogenic activity, where the environmental sensitivity of soil in
relation to the soil-environment means its tolerance and vulnerability to the effects of intense
anthropogenic stress factors [Várallyay 2003], however, the presented research results show that
the bioinspired existence of human activity pervaded (also) with ecological approach might
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contribute to the preservation of soil competencies. In other words, cereal production can be
optimally combined with energy production based on straw utilization without detrimental affect
soil fertility. The content characteristics of wheat straw carry the complex possibility of utilization,
however, according to the given condition, the choice of the combinations of optimal wheat straw
utilization requires prudence.
Based on the presented results, regarding the effect of the C:N ratio of wheat straw on the C:N ratio
in the soil, it was concluded that the amount of wheat straw produced after harvest, depending on
the soil type and soil condition, was approximately 30–50% which is needed to ensure the
“optimal” C:N ratio in the soil, the others can be utilised in other ways (for example by direct
combustion).
However, with regard to the “ash” generated after direct combustion, technological development
is needed for storage, transport and utilisation: therefore, “ash manager” research is urgent in the
near future. The results also show that wheat straw can indeed be considered as embedded energy
– “energy” for soil and energy for society.
This paper also confirms that engineering in the context of the environment, agricultural
landscapes and energy landscapes is challenging, creative and, at the same time, innovative: in the
future, our decisions must be made in cooperation with nature (in symbiosis) in order to avoid the
need to adapt to the changed environment caused by our activities.

Bibliography
[1] ÁRENDÁS T., VIDA GY., VEISZ O. (2013): Mennyit terem, mit vihetünk? In: Martonvásár, 25 (1) pp.
16–17 p.
[2] BARCZI, A., SZALAI, D., NAGY, V. (2019): Thoughts on environmental mentoring. In: Acta Technica
Corviniensis – Bulletin of Engineering, 12 (3) 77–79 p.
[3] BENTSEN, N. S., FELBY, C., THORSEN, B. J. (2014): Agricultural residue production and potentials for
energy and materials services. In: Progress in Energy and Combustion Science, 40 59–73 p.
[4] BENTSEN, N. S., NILSSON, D., LARSEN, S. (2018) Agricultural residues for energy - A case study on the
influence of resource availability, economy and policy on the use of straw for energy in Denmark and
Sweden. In: Biomass and Bioenergy, 108 278–288 p.
[5] BLANCO-CANQUI, H., LAL, R. (2007): Impacts of long-term wheat straw management on soil hydraulic
properties under no-tillage. In: Soil Science Society of America Journal, 71 (4) 1166–1173 p.
doi:10.2136/sssaj2006.0411
[6] BRADNA, J., MALAŤÁK, J., HÁJEK, D., (2016): The properties of wheat straw combustion and use of fly
ash as a soil amendment. In: Agronomy Research, 14 (4) 1257–1265 p.
[7] BRUST, G. E. (2019): Chapter 9 - Management Strategies for Organic Vegetable Fertility. (In: Debabrata
Biswas, Shirley A. Micallef (eds.): Safety and Practice for Organic Food), Academic Press, 193–212,
https://doi.org/10.1016/B978-0-12-812060-6.00009-X
[8] DEMIRBAS, A. (2004) Combustion characteristics of different biomass fuels. In: Progress in Energy and
Combustion Science, 30 (2) 2019-230 p.
[9] DODSON, J. R. (2011) Wheat straw ash and its use as a silica source. Dissertation. University of York,
United Kingdom, York, 302 p.
[10] ELTOM, A. E. F., DING W., DING Q., ALI, A. B., ADAM, B. E. (2015) Effect of trash board on moldboard
plough performance at low speed and under two straw conditions, In: Journal of Terramechanics (59)
27–34 p.
[11] FANG, H., ZHANG, Q., JI, C., GUO, J. (2016): Soil shear properties as influenced by straw content: An
evaluation of field-collected and laboratory-remolded soils. In: Journal of Integrative Agriculture, 15
(12) 2848–2854 p.
[12] FOX, R. (1981) Abdeckmaterialen für Steilagen. In: Der Deutsche Weinbau, 25 (26), 1075–1076 p.
[13] GABRIELLE, B., GAGNAIRE, N. (2008): Life-cycle assessment of straw use in bio-ethanol production: a
case study based on biophysical modelling. In: Biomass Bioenergy 32 (5) 431–441 p.
[14] HUANG, T., JU, X.T., YANG, H. (2017): Nitrate leaching in a winter wheat-summer maize rotation on
a calcareous soil as affected by nitrogen and straw management. In: Scientific Reports, 7 422–447 p.
[15] JAMES, A. K., THRING, R. W., HELLE S., et al. (2012): Ash Management Review – Applications of Biomass
Bottom Ash. In: Energies, 5 3856–3873 p. doi:10.3390/en5103856
[16] KALYANE, A., PATIL, R. J. (2020): Experimental investigation of black cotton soil by lime and fly-ash
stabilization. In: Acta Technica Corviniensis, Tome XIII, Fascicule 2, 83–88 p.
[17] KLUTS, I., WICKE, B., LEEMANS, R., FAAIJ, A. (2017): Sustainability constraints in determining
European bioenergy potential: A review of existing studies and steps forward. In: Renewable and
Sustainable Energy Reviews, 69 719–734 p.

137 | F a s c i c u l e 4

ANNALS of Faculty Engineering Hunedoara – International Journal of Engineering
Tome XVIII [2020] | Fascicule 4 [November]

[18] LI, Y., WU, J., SHEN, J., LIU, S., WANG, C., CHEN, D., HUANG, T., ZHANG, J. (2016): Soil microbial C:N
ratio is a robust indicator of soil productivity for paddy fields. In: Scientific Reports Vol. 6, Article
No:35266
[19] MONFORTI, F., LUGATO E., MOTOLA V., BODIS, K., SCARLAT, N., DALLEMAND, J-F. (2015): Optimal
energy use of agricultural crop residues preserving soil organic carbon stocks in Europe. In: Renewable
and Sustainable Energy Reviews, 44 519–529 p.
[20] MONTELEONE, M., GAROFALO, P., CAMMERINO, A. R. B., LIBUTTI, A. (2015a): Cereal straw
management: a trade-off between energy and agronomic fate. In: Italian Journal of Agronomy, 10 (655)
59–66 p.
[21] MONTELEONE, M., CAMMERINO A. R. B., GAROFALO, P. (2015b): Straw-to-soil or straw-to-energy?
An optimal trade off in a long term sustainability perspective. In: Applied Energy, 154 891–899 p.
[22] PINTÉR, G. (2012): Opportunities of the energy usage of some agricultural by-products in Hungary.
Thesis of Doctoral – Pannon University, Keszthely 103 p.
[23] POWLSON, D. S., RICHE, A. B., COLEMAN, K., GLENDINING, M. J., WHITMORE, A. P. (2008): Carbon
sequestration in European soils through straw incorporation: limitations and alternatives. In: Waste
Management 28 (4) 741–746 p.
[24] SCARLAT, N., MARTINOV, M., DALLEMAND, J-F. (2010): Assessment of the availability of agricultural
crop residues in the European Union: potential and limitations for bioenergy use. In: Waste
Management 30 1889–1897 p.
[25] SEARLE, S., BITNERE, K. (2017): Review of the impact of crop residue management on soil organic
carbon in Europe. Working paper for The International Council on Clean Transportation (Accessed 4th
April 2018) 〈https://www.theicct.org/publications/ impact-of-crop-residue-mgmt-EU〉
[26] STEFANOVITS,
P.,
FILEP,
Gy.,
FÜLEKY,
Gy.
(1999):
Talajtan.
166–194
p.
https://regi.tankonyvtar.hu/hu/tartalom/tamop425/2011_0001_521_Talajtan/index.html
[27] SZEMMELVEISZ, T. (2006) Fás- és lágyszárú biomasszák tüzelhetőségi feltételeinek vizsgálata.
Disszertáció. Miskolci Egyetem, Miskolc, 100 p.
[28] TOWNSEND, T.J., SPARKES, D. L., RAMSDEN, S. J., GLITHERO, N. J., WILSON, P. (2018) Wheat straw
availability for bioenergy England. In: Energy Policy, 122 349–357 p
[29] WALLANDER, H. (2014): Soil. Springer International Publishing AG, 141 p.
[30] VÁRALLYAY, GY. (2003): Assessment of environmental susceptibility/vulnerability of soil (A talajok
környezeti érzékenységének az értéklelése). In: Journal of Landscape Ecology (Tájökológiai Lapok), 1
(1) 45–62 p.
[31] VARGA, J., KANIANSKA, R., SPISIAK, J. (2018): Impact of land use and geological conditions on selected
physical soil properties in relation to the earthworm abundance and biomass along an altitudinal
gradient in Slovakia. In: Soil Science Annual, Vol. 69 No. 3, 160–168 p. DOI: 10.2478/ssa-2018-0016
[32] WEISER, C., ZELLER, V., REINICKE, F. et al. (2014): Integrated assessment of sustainable cereal straw
potential and different straw-based energy applications in Germany. In: Applied Energy, 114 749–762
p.
[33] ZHAO, S., QIU, S., XU, X., CIAMPITTI, I. A., ZHANG, S., HE, P. (2019): Change in straw decomposition
rate and soil microbial community composition after straw addition in different long-term fertilization
soils. In: Applied Soil Ecology, https://doi.org/10.1016/j.apsoil.2019.02.018
[34] XU, J., HAN H., NING, T., LI, Z., LAL, R. (2019a): Long-term effects of tillage and straw management on
soil organic carbon, crop yield, and yield stability in a wheat-maize system. In: Field Crops Research,
233, 33–40 p.
[35] XU, X., ANA, T., ZHANG, J., SUNA, Z., SCHAEFFERC, S., WANGA, J. (2019b): Transformation and
stabilization of straw residue carbon in soil affected by soil types, maize straw addition and fertilized
levels of soil. In: Geoderma, 337 622–629 p.
[36] HTTP1: https://agraragazat.hu/hir/bontsunk-szarat/ (downloaded: 21 April 2020)

ANNALS of Faculty Engineering Hunedoara – International Journal of Engineering
ISSN 1584 - 2665 (printed version); ISSN 2601 - 2332 (online); ISSN-L 1584 - 2665
copyright © University POLITEHNICA Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http://annals.fih.upt.ro

138 | F a s c i c u l e 4

