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Lignocellulosic crops are attractive bioresources for energy and chemicals production within a sustainable, carbon circular
society. Miscanthus is one of the perennial grasses that exhibits great potential as a dedicated feedstock for conversion to
biobased products in integrated biorefineries. The current biorefinery strategies are primarily focused on polysaccharide
valorization and require severe pretreatments to overcome the lignin barrier. The need for such pretreatments represents
an economic burden and impacts the overall sustainability of the biorefinery. Hence, increasing its efficiency has been a
topic of great interest. Inversely, though pretreatment will remain an essential step, there is room to reduce its severity by
optimizing the biomass composition rendering it more exploitable. Extensive studies have examined the miscanthus cell
wall structures in great detail, and pinpointed those components that affect biomass digestibility under various
pretreatments. Although lignin content has been identified as the most important factor limiting cell wall deconstruction,
the effect of polysaccharides and interaction between the different constituents play an important role as well. The natural
variation that is available within different miscanthus species and increased understanding of biosynthetic cell wall
pathways have specified the potential to create novel accessions with improved digestibility through breeding or genetic
modification.
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| 1. Introduction

Increased carbon dioxide levels are the foremost cause of anthropogenic climate change leading to global warming &I,
The goal of keeping the global average temperature well below a 2 °C increase from the pre-industrial levels has been set
in the Paris Agreement, in order to halt global warming. To reach this goal, it is important to develop methods or set
measures to reduce CO, levels @8I, The majority of CO, emissions are associated with the production of energy and
synthetic polymers from fossil resources as oil, coal and natural gas “&. Therefore, there is an increasing demand for
less polluting alternatives for the production of energy and chemicals. While there are several renewable sources for
energy production, such as solar and wind power, only biomass can serve both purposes. Although skepticism exists
about the capacity of biomass usage regarding mitigation of CO, emissions [, thorough assessments have shown that
biomass has the potential to offset greenhouse gas emissions when properly used, and could be an integral part of a
wider strategy in order to meet global climate goals 8], Transition towards a biobased economy requires change across
the whole production chain, with particular importance for advancements regarding efficient biomass production,
conversion into different products and utilization [&129],

Biomass itself is an attractive renewable energy source due to its potential to be carbon neutral and its global abundance.
Carbon neutrality depends on the basic principle that the amount of CO, released upon combustion and or conversion is
equal to the amount fixed by the crop during its lifetime Y. As such, replacement of traditional fossil energy sources that
heavily contribute to elevated levels of CO, with biomass energy can alleviate the associated effect on global warming 12,
Additionally, biomass provides an essentially unlimited source of natural and renewable building blocks for utilization as
alternatives to oil-derived chemicals and materials (131,

Lignocellulosic biomass, retrieved from agricultural and forest side-streams or dedicated feedstocks is expected to
become an essential resource for the production of energy, chemicals and materials in the near future. Dedicated biomass
crops are needed next to agricultural and forest streams, because the contribution of the latter alone would be insufficient
for meeting the energy demands W4ISIIGILT] perennjal C4 grasses have been considered as especially promising
feedstocks due to their more efficient photosynthetic capacity relative to C3 plants. This is in most cases associated with
higher biomass yield potential and increased nitrogen and water use efficiencies 28, Moreover, their perennial nature also
contributes to higher nutrient use efficiency in comparison to annual crops 2. These features enable perennial grasses,
like switchgrass and miscanthus, to achieve substantial yields even when cultivated on marginal and degraded lands 29
(210122] | imiting cultivation to marginal lands avoids competition for arable land with food crops and will therefore not



present a threat to food prices and security or induce land use change; both were points of concern and criticism
accompanying the use of edible parts of food crops for the production of first generation biofuels 21231241 Additionally,
due to the perennial grasses’ capacity to sequestrate CO, [251[26] and thereby tilt the carbon balance more favorably, it can
be assumed that the detrimental effects of large scale use of forestry biomass on net CO, emissions 27281 would not
apply to these crops. Therefore, cultivation of perennial grasses can be seen as a sustainable alternative without any
obvious negative societal impacts. From the available candidate biomass crops, miscanthus is seen as one of the most
promising as it is able to utilize external resources even more efficiently than other C4 grasses 191291,

2. Miscanthus for Industrial Use: Advantages, Challenges and
Applications

Miscanthus is a genus of rhizomatous perennial grasses originating from Eastern Asia, which comprises around 12
different species BYB3U The species have been adapted to a broad range of different climate conditions and hold
substantial amounts of genetic diversity for key traits B233l |nterest in miscanthus has been, for a large part, due to
excellent biomass yields that are provided on a yearly basis and could be achieved without the need of additional
irrigation in Northern Europe B4, Such vyield potential is achieved due to its ability to maintain photosynthetic capacity at
moderate temperatures B3B8l Furthermore, low input requirements due to its high levels of water 22738 and nutrient
use efficiency B2 are also highly favorable characteristics of miscanthus species.

Initially, most research has focused on M. x giganteus, an interspecific sterile hybrid between M. sinensis and M.
sacchariflorus. Cultivation of M. x giganteus is possible in areas where temperatures remain sufficiently high during winter,
and high yields (18.7-36.8 t/ha) have been achieved 41, Moreover, substantial yields (13—21 t/ha) were reported when
cultivated on marginal soils (2431441 The potential for phytoremediation of heavy metal-contaminated soils “2l48l and its
ability to act as a carbon sink during its cultivational lifespan 2247148 clearly add to why M. x giganteus is considered as
one of the most promising biomass crops. However, costly rhizome propagation 42, vulnerability to potential pests and
diseases due to the absence of genetic variability BUBUB2IE3] gnd |ack of cold tolerance leading to severe losses in the
first winter after establishment [4LB4IB3156] gre notable drawbacks of this specific accession.

Despite being a highly promising energy crop, a major drawback surrounding M. x giganteus biomass is the resistance of
its cell wall against deconstruction, making it recalcitrant towards targeted conversion and valorization through biorefinery.
The recalcitrance of the cell wall is directly related to the composition, structure and architecture of the molecules it
contains. M. sinensis and M. sacchariflorus genotypes with lower recalcitrance, performing up to 50% better, have been
identified 57,

A large number of applications have been described for miscanthus biomass, with the suitability for a given application
ultimately being determined by the cell wall composition. Especially the composition of the secondary cell wall, consisting
of cellulose, hemicellulose and lignin, is of importance, as it accounts for >90% of the dry matter of the plant biomass.

Some applications aim to use the whole biomass fraction, such as energy generation through combustion or fast
pyrolysis B8I59l or the production of biomaterials such as composite polymers, concrete or fiber boards 9. Other
applications only target a specific fraction of the cell wall for conversion into high value products. Polysaccharide-driven
biorefineries are the most well-known example in this context, striving to hydrolyze cell wall polysaccharides into
constituent monosaccharides to be fermented to ethanol or methane 182 or converted to platform chemicals such as
furfural or 5-hydroxymethylfurfural 83, Alternatively, cellulose could also be used for manufacturing nanocrystals €41,
Although the (hemi)cellulosic parts are still mainly targeted in most lignocellulosic refinery processes, and lignin is
therefore generally considered an inconvenient barrier against the conversion of the biomass polysaccharides, lignin
valorization is expected to become increasingly important, with it being the most abundant natural resource of aromatic
building blocks 62661,

Ideally, each biomass component could be efficiently separated and isolated for further processing €48l However, this
requires pretreatment of the lignocellulosic biomass, since it is recalcitrant to this fractionation and degradation. The
required pretreatment stringency remains the first and foremost bottleneck for the design of a green and economically
feasible production chain B9, requiring both high biomass digestibility and pretreatment efficiency. A useful measure to
this end is enzymatic saccharification, since it allows evaluation of the amount of released monosaccharides.

Production of bioethanol and methane are among the best studied applications for lignocellulose feedstocks, as they were
initially identified as the most promising value chains 4. Their production makes use of different ways of enzymatic
saccharification, either through the application of enzymatic cocktails containing endo- and exo-glucanases and [3-
glucosidases of fungal origin or through exposure of biomass to hydrolytic bacteria Z2Z3IZ475] After the saccharification



step monosaccharides generated for bioethanol production are fermented, followed by distillation of the produced ethanol
9 Alternatively, for methane production the monosaccharides are converted into organic acids and alcohols by
acidogenic bacteria, which are subsequently converted into acetate, that serves as a substrate for methanogenic bacteria
to produce methane and carbon dioxide 2374l Genetic studies in the field of biomass digestibility or pretreatment
optimization for miscanthus or other lignocellulose grasses often use one of these approaches as a way to assess the
performance differences among diverse accessions or pretreatment conditions.

| 3. Improving Biomass Quality in Miscanthus and Breeding Efforts

Interest in breeding of miscanthus is relatively recent, especially when compared to other crops BY. It is a time-consuming
and laborious process as, due to the perennial nature of the crop, agronomically relevant traits, such as plant yield and
biomass quality, can only be evaluated in a representative matter after a growth period of at least 2—3 years 8. Within the
genus Miscanthus, a large variability for the different traits contributing to cell wall quality is present, enabling selection
and breeding for reduced cell wall recalcitrance based on knowledge of cell wall composition. However, cell wall quality is
not easily assessed or captured during the breeding process as it is determined by many different traits that are
polygenetic in nature.

Breeding starts with the availability, generation and search of genotypes with promising quality properties. In general,
such genotypes do not have the best overall agronomic characteristics and need to be crossed with advanced breeding
material to combine quality with other desirable characteristics, such as high-yielding potential. In practice, this implies a
recurrent cyclic approach of crossings and selection to improve quality and agronomic performance and requires
appropriate screening tools. The highly diverse germplasm available in Miscanthus are attractive sources for desirable
cell-wall properties. For instance, natural M. sinensis populations from different geographical origins include six distinct
genetic clusters and thereby the existence of potential heterotic groups that have so far remained unutilized =31,
Alternatively, deliberately created mutants obtained through targeted genetic modification or undirected mutagenesis
could become an additional beneficial source of variation for cell wall genes. To discover useful quality characteristics
from selected mutated plants, advanced breeding material and/or wild germplasm, they have to be clonally propagated,
through plant splitting or tissue culture to establish replicated field trials for evaluation. The best performing genotypes
could either be tested in multi-location trials for their potential as a clonally propagated cultivar, used as parental lines for
production of hybrid seeds or serve as a source of beneficial genes for recurrent selection breeding (78],

The mating system of fertile species like M. sinensis, being gametophytic self-incompatibility (Sl), influences the actual
breeding in different ways. The system, most likely based on two multiallelic genes as is commonly found among grasses
78 prevents self-pollination but on the other hand it enables the use of heterosis. The breeding program at Wageningen
University focusses on the latter and aims to breed for seed-based M. sinensis experimental hybrids through pair-wise
crossings in isolation among selected genotypes. The Sl system limits the full potential of hybrid breeding, but mating
between either full sibs or half sibs can circumvent this limitation 4. Emphasis of the Wageningen breeding program is
on selection of candidate clones/individuals for making biparental crosses and on subsequent testing of full-sib families, in
particular B, The ultimate goal is the creation of hybrid families suitable for commercial use. To remake the original
families, the parental clones are maintained. Other breeding programs use similar approaches but instead aim mainly for
interspecific seed-based hybrids Z8]. Alternatively, creation of new clonally propagated “giganteus” varieties (M. sinensis x
M. sacchariflorus) is also ongoing [B2I83],

The use of molecular tools has been explored in miscanthus and resulted in the identification of genetic markers that
could potentially speed up the breeding process dramatically. Mapping populations have successfully identified numerous
QTLs contributing to important traits such as biomass yield and quality B4B3l86I87]  Additionally, genome-wide association
studies in an experimental M. sinensis population showed the potential of genomic prediction and selection 8883 The
use of sufficiently large populations to find SNPs corresponding to traits of interest requires phenotyping of a large number
of plants. Analytical protocols for analysis of the main cell wall components and structural sugars have been commonly
used for many years. Additionally, there are many more protocols available that make it possible to obtain detailed insight
into the composition and structure of these components. While these methods provide information that could be critical for
further advancing selection, they often require specialized equipment and are not considered as high throughput. Many of
these traits have been successfully analyzed using infrared and near-infrared spectroscopy techniques, that are capable
to predict the content of many cell wall structures and can be considered as high-throughput alternatives once appropriate
calibration models have been created (22911,



References

1.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

Lacis, A.A.; Schmidt, G.A.; Rind, D.; Ruedy, R.A. Atmospheric CO2: Principal Control Knob Governing Earth’s
Temperature. Science 2010, 330, 356—359.

. Huang, J.; Yu, H.; Dai, A.; Wei, Y.; Kang, L. Drylands face potential threat under 2 °C global warming target. Nat. Clim.

Chang. 2017, 7, 417-422.

. Rogelj, J.; Den Elzen, M.; H6hne, N.; Fransen, T.; Fekete, H.; Winkler, H.; Schaeffer, R.; Sha, F.; Riahi, K;

Meinshausen, M. Paris Agreement climate proposals need a boost to keep warming well below 2 °C. Nature 2016, 534,
631-639.

. Heede, R. Tracing anthropogenic carbon dioxide and methane emissions to fossil fuel and cement producers, 1854-

2010. Clim. Chang. 2014, 122, 229-241.

. Liu, Z.; Feng, K.; Davis, S.J.; Guan, D.; Chen, B.; Hubacek, K.; Yan, J. Understanding the energy consumption and

greenhouse gas emissions and the implication for achieving climate change mitigation targets. Appl. Energy 2016, 184,
741-747.

. Anderson, K.; Peters, G. The trouble with negative emissions. Science 2016, 354, 182—-183.

. Souza, G.M.; Ballester, M.V.R.; de Brito Cruz, C.H.; Chum, H.; Dale, B.; Dale, V.H.; Fernandes, E.C.M.; Foust, T.; Karp,

A.; Lynd, L.; et al. The role of bioenergy in a climate-changing world. Environ. Dev. 2017, 23, 57-64.

. Fajardy, M.; Mac Dowell, N. Can BECCS deliver sustainable and resource efficient negative emissions? Energy

Environ. Sci. 2017, 10, 1389-1426.

. Laibach, N.; Borner, J.; Broring, S. Exploring the future of the bioeconomy: An expert-based scoping study examining

key enabling technology fields with potential to foster the transition toward a bio-based economy. Technol. Soc. 2019,
58, 101118.

Vandermeulen, V.; der Steen, M.; Stevens, C.V.; Van Huylenbroeck, G. Industry expectations regarding the transition
toward a biobased economy. Biofuels Bioprod. Biorefining 2012, 6, 453—-464.

Zanchi, G.; Pena, N.; Bird, N. Is woody bioenergy carbon neutral? A comparative assessment of emissions from
consumption of woody bioenergy and fossil fuel. GCB Bioenergy 2012, 4, 761-772.

Dhillon, R.S.; von Wuehlisch, G. Mitigation of global warming through renewable biomass. Biomass Bioenergy 2013,
48, 75-89.

Saba, N.; Jawaid, M.; Sultan, M.T.H.; Alothman, O.Y. Green Biocomposites for Structural Applications. In Green
Biocomposites: Design and Applications; Springer: Berlin, Germany, 2017; ISBN 9783319493817.

McKendry, P. Energy production from biomass (part 1): Overview of biomass. Bioresour. Technol. 2002, 83, 37-46.
Lal, R. Crop residues as soil amendments and feedstock for bioethanol production. Waste Manag. 2008, 28, 747-758.

Scarlat, N.; Martinov, M.; Dallemand, J.F. Assessment of the availability of agricultural crop residues in the European
Union: Potential and limitations for bioenergy use. Waste Manag. 2010, 30, 1889-1897.

Mitchell, R.B.; Schmer, M.R.; Anderson, W.F; Jin, V.; Balkcom, K.S.; Kiniry, J.; Coffin, A.; White, P. Dedicated Energy
Crops and Crop Residues for Bioenergy Feedstocks in the Central and Eastern USA. Bioenergy Res. 2016, 9, 384—
398.

Van der Weijde, T.; Alvim Kamei, C.L.; Torres, A.F.; Vermerris, W.; Dolstra, O.; Visser, R.G.F.; Trindade, L.M. The
potential of C4 grasses for cellulosic biofuel production. Front. Plant Sci. 2013, 4, 1-18.

Masters, M.D.; Black, C.K.; Kantola, I.B.; Woli, K.P.; Voigt, T.; David, M.B.; DeLucia, E.H. Soil nutrient removal by four
potential bioenergy crops: Zea mays, Panicum virgatum, Miscanthus x giganteus, and prairie. Agric. Ecosyst. Environ.
2016, 216, 51-60.

Tilman, D.; Socolow, R.; Foley, J.A.; Hill, J.; Larson, E.; Lynd, L.; Pacala, S.; Reilly, J.; Searchinger, T.; Somerville, C.;
et al. Beneficial biofuels-The food, energy, and environment trlemma. Science 2009, 325, 270-271.

Sims, R.E.H.; Mabee, W.; Saddler, J.N.; Taylor, M. An overview of second generation biofuel technologies. Bioresour.
Technol. 2010, 101, 1570-1580.

Pancaldi, F.; Trindade, L.M. Marginal Lands to Grow Novel Bio-Based Crops: A Plant Breeding Perspective. Front.
Plant Sci. 2020, 11, 227.

Field, C.B.; Campbell, J.E.; Lobell, D.B. Biomass energy: The scale of the potential resource. Trends Ecol. Evol. 2008,
23, 65-72.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Searchinger, T.; Heimlich, R.; Houghton, R.A.; Dong, F.; Elobeid, A.; Fabiosa, J.; Tokgoz, S.; Hayes, D.; Yu, T.-H. Use of
U.S. Croplands for Biofuels Increases Greenhouse Gases Through Emissions from Land-Use Change. Science 2008,
319, 1238-1240.

Zeri, M.; Anderson-Teixeira, K.; Hickman, G.; Masters, M.; DelLucia, E.; Bernacchi, C.J. Carbon exchange by
establishing biofuel crops in Central lllinois. Agric. Ecosyst. Environ. 2011, 144, 319-329.

Qin, Z.; Zhuang, Q.; Zhu, X. Carbon and nitrogen dynamics in bioenergy ecosystems: 2. Potential greenhouse gas
emissions and global warming intensity in the conterminous United States. GCB Bioenergy 2015, 7, 25-39.

Fanous, J.; Moomaw, W.R. A Critical Look at Forest Bioenergy: Exposing a high carbon “climate solution”. GDAE Clim.
Policy Br. 2018, 1-8.

Norton, M.; Baldi, A.; Buda, V.; Carli, B.; Cudlin, P.; Jones, M.B.; Korhola, A.; Michalski, R.; Novo, F.; Oszlanyi, J.; et al.
Serious mismatches continue between science and policy in forest bioenergy. GCB Bioenergy 2019, 1256-1263.

Zhuang, Q.; Qin, Z.; Chen, M. Biofuel, land and water: Maize, switchgrass or Miscanthus? Environ. Res. Lett. 2013, 8.

Clifton-Brown, J.; Chiang, Y.-C.; Hodkinson, T. Miscanthus: Genetic Resources and Breeding Potential to Enhance
Bioenergy Production. In Genetic Improvement of Bioenergy Crops; Springer: Berlin, Germany, 2008; pp. 273-294.
ISBN 978-0-387-70804-1.

Hodkinson, T.R.; Klaas, M.; Jones, M.B.; Prickett, R.; Barth, S. Miscanthus: A case study for the utilization of natural
genetic variation. Plant Genet. Resour. Characterisation Util. 2015, 13, 219-237.

Hodkinson, T.R.; Chase, M.W.; Lledd, M.D.; Salamin, N.; Renvoize, S.A. Phylogenetics of Miscanthus, Saccharum and
related genera (Saccharinae, Andropogoneae, Poaceae) based on DNA sequences from ITS nuclear ribosomal DNA
and plastid trnL intron and trnL-F intergenic spacers. J. Plant Res. 2002, 115, 381-392.

Clark, L.V.; Brummer, J.E.; Glowacka, K.; Hall, M.C.; Heo, K.; Peng, J.; Yamada, T.; Yoo, J.H.; Yu, C.Y.; Zhao, H.; et al.
A footprint of past climate change on the diversity and population structure of Miscanthus sinensis. Ann. Bot. 2014,
114, 97-107.

Lewandowski, I.; Clifton-Brown, J.C.; Scurlock, J.M.O.; Huisman, W. Miscanthus: European experience with a novel
energy crop. Biomass Bioenergy 2000, 19, 209-227.

Beale, C.V.; Long, S.P. Can perennial C4 grasses attain high efficiencies of radiant energy conversion in cool climates?
Plant. Cell Environ. 1995, 18, 641-650.

Naidu, S.L.; Moose, S.P.; AL-Shoaibi, A.K.; Raines, C.A.; Long, S.P. Cold Tolerance of C 4 photosynthesis in
Miscanthus x giganteus: Adaptation in Amounts and Sequence of C 4 Photosynthetic Enzymes. Plant Physiol. 2003,
132, 1688-1697.

Hamilton, S.K.; Hussain, M.Z.; Bhardwaj, A.K.; Basso, B.; Robertson, G.P. Comparative water use by maize, perennial
crops, restored prairie, and poplar trees in the US Midwest. Environ. Res. Lett. 2015, 10, 64015.

Karup, K.; Leerke, P.E.; Baadsgaard, H.; Andersen, M.N.; Kristensen, K.; Minnich, C.; Didion, T.; Jensen, E.S;
Martensson, L.M.; Jgrgensen, U. Biomass production and water use efficiency in perennial grasses during and after
drought stress. GCB Bioenergy 2018, 10, 12-27.

Oliveira, J.A.; West, C.P.; Afif, E.; Palencia, P. Comparison of miscanthus and switchgrass cultivars for biomass yield,
soil nutrients, and nutrient removal in northwest Spain. Agron. J. 2017, 109, 122-130.

Chung, J.-H.; Kim, D.-S. Miscanthus as a potential bioenergy crop in East Asia. J. Crop Sci. Biotechnol. 2012, 15, 65—
7.

Clifton-Brown, J.C.; Lewandowski, I.; Andersson, B.; Basch, G.; Christian, D.G.; Kjeldsen, J.B.; Jgrgensen, U.;
Mortensen, J.V.; Riche, A.B.; Schwarz, K.U.; et al. Performance of 15 Miscanthus genotypes at five sites in Europe.
Agron. J. 2001, 93, 1013-1019.

Jezowski, S.; Mos, M.; Buckby, S.; Cerazy-Waliszewska, J.; Owczarzak, W.; Mocek, A.; Kaczmarek, Z.; McCalmont,
J.P. Establishment, growth, and yield potential of the perennial grass Miscanthus x Giganteus on degraded coal mine
soils. Front. Plant Sci. 2017, 8, 1-8.

Yost, M.A.; Randall, B.K.; Kitchen, N.R.; Heaton, E.A.; Myers, R.L. Yield potential and nitrogen requirements of
miscanthus x giganteus on eroded soil. Agron. J. 2017, 109, 684—695.

Amaducci, S.; Facciotto, G.; Bergante, S.; Perego, A.; Serra, P.; Ferrarini, A.; Chimento, C. Biomass production and
energy balance of herbaceous and woody crops on marginal soils in the Po Valley. GCB Bioenergy 2017, 9, 31-45.

Barbosa, B.; Boléo, S.; Sidella, S.; Costa, J.; Duarte, M.P.; Mendes, B.; Cosentino, S.L.; Fernando, A.L.
Phytoremediation of Heavy Metal-Contaminated Soils Using the Perennial Energy Crops Miscanthus spp. and Arundo
donax L. Bioenergy Res. 2015, 8, 1500-1511.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64

65.

66.

67.

68.

69.

Pidlisnyuk, V.; Stefanovska, T.; Lewis, E.E.; Erickson, L.E.; Davis, L.C. Miscanthus as a Productive Biofuel Crop for
Phytoremediation. CRC. Crit. Rev. Plant Sci. 2014, 33, 1-19.

Nakajima, T.; Yamada, T.; Anzoua, K.G.; Kokubo, R.; Noborio, K. Carbon sequestration and yield performances of
Miscanthus x giganteus and Miscanthus sinensis. Carbon Manag. 2018, 9, 415-423.

Robertson, A.D.; Whitaker, J.; Morrison, R.; Davies, C.A.; Smith, P.; McNamara, N.P. A Miscanthus plantation can be
carbon neutral without increasing soil carbon stocks. GCB Bioenergy 2017, 9, 645-661.

Xue, S.; Kalinina, O.; Lewandowski, |. Present and future options for Miscanthus propagation and establishment.
Renew. Sustain. Energy Rev. 2015, 49, 1233-1246.

Beccari, G.; Covarelli, L.; Balmas, V.; Tosi, L. First report of Miscanthus giganteus rhizome rot caused by Fusarium
avenaceum, Fusarium oxysporum and Mucor hiemalis. Australas. Plant Dis. Notes 2010, 5, 28—-29.

Falter, C.; Voigt, C.A. Comparative Cellular Analysis of Pathogenic Fungi with a Disease Incidence in Brachypodium
distachyon and Miscanthus x giganteus. Bioenergy Res. 2014, 7, 958-973.

Scauflaire, J.; Gourgue, M.; Foucart, G.; Renard, F.; Vandeputte, F.; Munaut, F. Fusarium miscanthi and other Fusarium
species as causal agents of Miscanthus x giganteus rhizome rot. Eur. J. Plant Pathol. 2013, 137, 1-3.

Mekete, T.; Reynolds, K.; Lopez-Nicora, H.D.; Gray, M.E.; Niblack, T.L. Plant-parasitic nematodes are potential
pathogens of Miscanthus x giganteus and Panicum virgatum used for biofuels. Plant Dis. 2011, 95, 413-418.

Clifton-Brown, J.C.; Lewandowski, I. Overwintering problems of newly established Miscanthus plantations can be
overcome by identifying genotypes with improved rhizome cold tolerance. New Phytol. 2000, 148, 287-294.

Kucharik, C.J.; VanLoocke, A.; Lenters, J.D.; Motew, M.M. Miscanthus Establishment and Overwintering in the Midwest
USA: A Regional Modeling Study of Crop Residue Management on Critical Minimum Soil Temperatures. PLoS ONE
2013, 8.

De Melo Peixoto, M.; Friesen, P.C.; Sage, R.F. Winter cold-tolerance thresholds in field-grown Miscanthus hybrid
rhizomes. J. Exp. Bot. 2015, 66, 4415-4425.

Van der Weijde, T.; Dolstra, O.; Visser, R.G.F.; Trindade, L.M. Stability of Cell Wall Composition and Saccharification
Efficiency in Miscanthus across Diverse Environments. Front. Plant Sci. 2017, 7, 1-14.

Hodgson, E.M.; Fahmi, R.; Yates, N.; Barraclough, T.; Shield, I.; Allison, G.; Bridgwater, A.V.; Donnison, I.S. Miscanthus
as a feedstock for fast-pyrolysis: Does agronomic treatment affect quality? Bioresour. Technol. 2010, 101, 6185-6191.

Lewandowski, |.; Kicherer, A. Combustion quality of biomass: Practical relevance and experiments to modify the
biomass quality of Miscanthus x giganteus. Eur. J. Agron. 1997, 6, 163-177.

Moll, L.; Wever, C.; Volkering, G.; Pude, R. Increase of Miscanthus cultivation with new roles in materials production—
A review. Agronomy 2020, 10, 308.

Van der Weijde, T.; Kiesel, A.; Igbal, Y.; Muylle, H.; Dolstra, O.; Visser, R.G.F.; Lewandowski, |.; Trindade, L.M.
Evaluation of Miscanthus sinensis biomass quality as feedstock for conversion into different bioenergy products. GCB
Bioenergy 2017, 9, 176-190.

Kiesel, A.; Wagner, M.; Lewandowski, I. Environmental performance of miscanthus, switchgrass and maize: Can C4
perennials increase the sustainability of biogas production? Sustainability 2017, 9, 5.

Swiatek, K.; Gaag, S.; Klier, A.; Kruse, A.; Sauer, J.; Steinbach, D. Acid hydrolysis of lignocellulosic biomass: Sugars
and furfurals formation. Catalysts 2020, 10, 437.

. Cudjoe, E.; Hunsen, M.; Xue, Z.; Way, A.E.; Barrios, E.; Olson, R.A.; Hore, M.J.A.; Rowan, S.J. Miscanthus Giganteus:

A commercially viable sustainable source of cellulose nanocrystals. Carbohydr. Polym. 2017, 155, 230-241.

Ragauskas, A.J.; Beckham, G.T.; Biddy, M.J.; Chandra, R.; Chen, F.; Davis, M.F.; Davison, B.H.; Dixon, R.A.; Gilna, P,;
Keller, M.; et al. Lignin valorization: Improving lignin processing in the biorefinery. Science 2014, 344.

Rinaldi, R.; Jastrzebski, R.; Clough, M.T.; Ralph, J.; Kennema, M.; Bruijnincx, P.C.A.; Weckhuysen, B.M. Paving the
Way for Lignin Valorisation: Recent Advances in Bioengineering, Biorefining and Catalysis. Angew. Chem. Int. Ed.
2016, 55, 8164-8215.

Wang, K.T.; Jing, C.; Wood, C.; Nagardeolekar, A.; Kohan, N.; Dongre, P.; Amidon, T.E.; Bujanovic, B.M. Toward
complete utilization of miscanthus in a hot-water extraction-based biorefinery. Energies 2018, 11, 39.

Messaoudi, Y.; Smichi, N.; Bouachir, F.; Gargouri, M. Fractionation and Biotransformation of Lignocelluloses-Based
Wastes for Bioethanol, Xylose and Vanillin Production. Waste Biomass Valorization 2019, 10, 357-367.

Tu, W.C.; Hallett, J.P. Recent advances in the pretreatment of lignocellulosic biomass. Curr. Opin. Green Sustain.
Chem. 2019, 20, 11-17.



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Limayem, A.; Ricke, S.C. Lignocellulosic biomass for bioethanol production: Current perspectives, potential issues and
future prospects. Prog. Energy Combust. Sci. 2012, 38, 449-467.

Hassan, S.S.; Williams, G.A.; Jaiswal, A.K. Lignocellulosic Biorefineries in Europe: Current State and Prospects.
Trends Biotechnol. 2019, 37, 231-234.

Adney, W.S.; Rivard, C.J.; Shiang, M.; Himmel, M.E. Anaerobic digestion of lignocellulosic biomass and wastes -
Cellulases and related enzymes. Appl. Biochem. Biotechnol. 1991, 30, 165-183.

Chandra, R.; Takeuchi, H.; Hasegawa, T. Methane production from lignocellulosic agricultural crop wastes: A review in
context to second generation of biofuel production. Renew. Sustain. Energy Rev. 2012, 16, 1462-1476.

Zheng, Y.; Zhao, J.; Xu, F.; Li, Y. Pretreatment of lignocellulosic biomass for enhanced biogas production. Prog. Energy
Combust. Sci. 2014, 42, 35-53.

Saini, J.K.; Saini, R.; Tewari, L. Lignocellulosic agriculture wastes as biomass feedstocks for second-generation
bioethanol production: Concepts and recent developments. 3 Biotech 2015, 5, 337-353.

Lewandowski, I.; Clifton-Brown, J.; Trindade, L.M.; Van Der Linden, G.C.; Schwarz, K.U.; Miller-Samann, K.; Anisimov,
A.; Chen, C.L.; Dolstra, O.; Donnison, I.S.; et al. Progress on optimizing miscanthus biomass production for the
european bioeconomy: Results of the EU FP7 project OPTIMISC. Front. Plant Sci. 2016, 7, 1-23.

Clifton-Brown, J.; Harfouche, A.; Casler, M.D.; Dylan Jones, H.; Macalpine, W.J.; Murphy-Bokern, D.; Smart, L.B.;
Adler, A.; Ashman, C.; Awty-Carroll, D.; et al. Breeding progress and preparedness for mass-scale deployment of
perennial lignocellulosic biomass crops switchgrass, miscanthus, willow and poplar. GCB Bioenergy 2019, 11, 118—
151.

Clifton-Brown, J.; Schwarz, K.U.; Awty-Carroll, D.; lurato, A.; Meyer, H.; Greef, J.; Gwyn, J.; Mos, M.; Ashman, C.;
Hayes, C.; et al. Breeding strategies to improve Miscanthus as a sustainable source of biomass for bioenergy and
biorenewable products. Agronomy 2019, 9, 673.

Jiang, J.; Guan, Y.; McCormick, S.; Juvik, J.; Lubberstedt, T.; Fei, S.Z. Gametophytic self-incompatibility is operative in
Miscanthus sinensis (poaceae) and is affected by pistil age. Crop Sci. 2017, 57, 1948—-1956.

Sacks, E.J.; Juvik, J.A.; Lin, Q.; Stewart, J.R.; Yamada, T. The Gene Pool of Miscanthus Species and Its Improvement.
In Genomics of the Saccharinae; Paterson, A.H., Ed.; Springer: New York, NY, USA, 2013; pp. 73-101. ISBN 978-1-
4419-5947-8.

Trindade, L.M.; Dolstra, O.; Van Loo, E.N.; Visser, R.G.F. Plant breeding and its role in a biobased economy. In The
Biobased Economy: Biofuels, Materials and Chemicals in the Post-oil Era; Earthscan Ltd.: London, UK, 2010; pp. 67—
82.

Dong, H.; Green, S.V.; Nishiwaki, A.; Yamada, T.; Stewart, J.R.; Deuter, M.; Sacks, E.J. Winter hardiness of Miscanthus
(I): Overwintering ability and yield of new Miscanthus xgiganteus genotypes in lllinois and Arkansas. GCB Bioenergy
2019, 11, 691-705.

Clark, L.V.; Dwiyanti, M.S.; Anzoua, K.G.; Brummer, J.E.; Ghimire, B.K.; Glowacka, K.; Hall, M.; Heo, K.; Jin, X.; Lipka,
A.E.; et al. Biomass yield in a genetically diverse Miscanthus sinensis germplasm panel evaluated at five locations
revealed individuals with exceptional potential. GCB Bioenergy 2019, 1125-1145.

Atienza, S.G.; Satovic, Z.; Petersen, K.K.; Dolstra, O.; Martin, A. Influencing combustion quality in Miscanthus sinensis
Anderss.: Identification of QTLs for calcium, phosphorus and sulphur content. Plant Breed. 2003, 122, 141-145.

Gifford, J.M.; Chae, W.B.; Swaminathan, K.; Moose, S.P.; Juvik, J.A. Mapping the genome of Miscanthus sinensis for
QTL associated with biomass productivity. GCB Bioenergy 2015, 7, 797-810.

Van der Weijde, T.; Kamei, C.L.A.; Severing, E.l.; Torres, A.F.; Gomez, L.D.; Dolstra, O.; Maliepaard, C.A.; McQueen-
Mason, S.J.; Visser, R.G.F.; Trindade, L.M. Genetic complexity of miscanthus cell wall composition and biomass quality
for biofuels. BMC Genom. 2017, 18, 1-15.

Dong, H.; Liu, S.; Clark, L.V.; Sharma, S.; Gifford, J.M.; Juvik, J.A.; Lipka, A.E.; Sacks, E.J. Genetic mapping of
biomass yield in three interconnected Miscanthus populations. GCB Bioenergy 2018, 10, 165-185.

Slavov, G.T.; Nipper, R.; Robson, P.; Farrar, K.; Allison, G.G.; Bosch, M.; Clifton-Brown, J.C.; Donnison, |.S.; Jensen, E.
Genome-wide association studies and prediction of 17 traits related to phenology, biomass and cell wall composition in
the energy grass Miscanthus sinensis. New Phytol. 2014, 201, 1227-1239.

Clark, L.V.; Dwiyanti, M.S.; Anzoua, K.G.; Brummer, J.E.; Ghimire, B.K.; Glowacka, K.; Hall, M.; Heo, K.; Jin, X.; Lipka,
A.E.; et al. Genome-wide association and genomic prediction for biomass yield in a genetically diverse Miscanthus
sinensis germplasm panel phenotyped at five locations in Asia and North America. GCB Bioenergy 2019, 988-1007.



90. Xu, F; Yu, J.; Tesso, T.; Dowell, F.; Wang, D. Qualitative and quantitative analysis of lignocellulosic biomass using
infrared techniques: A mini-review. Appl. Energy 2013, 104, 801-809.

91. Chadwick, D.T.; McDonnell, K.P.; Brennan, L.P.; Fagan, C.C.; Everard, C.D. Evaluation of infrared techniques for the
assessment of biomass and biofuel quality parameters and conversion technology processes: A review. Renew.
Sustain. Energy Rev. 2014, 30, 672—681.

Retrieved from https://encyclopedia.pub/entry/history/show/17824



