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ADAPTABILITY OF Miscanthus x giganteus
TO CLIMATE CHANGE IN SERBIA

IVANA SEKLER!

Abstract: Efforts to preserve human health, the environment, natural resources and bio-
diversity by mitigating the impact of climate change, have marked the current twenty-first
century. Extreme weather events worldwide, problems with energy supply, and pollution
are some of the reasons that encourage us to turn to renewable energy sources. The use of
biomass for energy, construction and transport would help reduce greenhouse gas emissions
and further global warming of the Earth. Miscanthus x giganteus is a species that can not only
adapt to changes in environmental conditions caused by climate change in Serbia but also
mitigate them. This makes miscanthus one of the most perspective plant species that can be
effectively grown in different soil types. The paper presents the results of studying the effects
of environmental conditions on biomass yield in eight years and growing seasons.

Keywords: biomass; yields; new species; mitigation.

CIIOCOBHOCT AJATITALIMJE BPCTE Miscanthus x giganteus
HA KIIMMATCKE ITPOMEHE Y CPBUJA

UsBop;: OuyBatbe 3/1paB/ba Jby/N, XXIUBOTHE CPefjIHe, pecypca 1 GropuBep3nTera Kpo3 60p-
Oy 3a yOrmakaBarbe KIMMATCKIX TPOMeHa, obenexxasajy Tekyhn 21. Bek. EkcTpemHe BpemeH-
CKe IIPUJIVKe IIMPOM CBeTa, IPOoO/IeMI ca eHepreTCKuM cHab/ieBambeM 11 3araerem camo cy
HEKJ Off PasJiora Koju Hac MOACTIYY fja BUIIIE TTaXKibe OCBETUMO 0OHOB/BIBIM M3BOPUMA
eHepruje. Ynorpe6a 6uoMace y eHepreTuny, rpaheBnHapcTBy 1 caobpahajy gonpusena je
CMambely eMicuje racoBa ca eeKToM cTakieHe GallTe 1 Aa/beM III06aTHOM 3arpeBamy
wranere 3embe. Miscanthus x giganteus, 61bHa BpCTa Koja je mokasaja moryhHoct ajar-
TaOWIHOCTY Ha IIPOMEHE YC/I0BA XXMBOTHE CPefJiHe HACcTasle YCyIel KIVMATCKUX IIPOMeHa
y Cpbuju, anm u cioco6HOCT ybnaXkaBama UCTHX, IIPEACTAB/ba jeJHY Off MePCIeKTUBHIX
BpPCTa Koje ce Mory eMKacHO y3rajaTu Ha pasJIMIUTUM TUIIOBUMA 3eM/bUIITA. Y pajy cy
IPUKA3aHNU Pe3y/ITATH UCTPKMBAbA YTUIIAjd YCIOBA CPefiHe Ha KOMMYMHY PMHOCA TO-
KOM 8 KaJICH/JaPCKIX TOIMHA U BETeTATUBHNX Ce30Ha.

Kibyune peun: 61omaca, IpMHOCH, HOBE NIEPCIIeKTBE O1/bHE BPCTe, YOmakaBame

1. INTRODUCTION

Climate scenarios developed for Serbia until 2030 show the upcoming further
increase in temperature from 0.5 to 1.5°C, while the maximum increase from 4.0
to even 4.3°C can be expected in the last years of the 21st century (Programme of
the United Nations in Serbia, 2015). The expected climate change includes primar-
ily changes in the precipitation regime and increasingly frequent extreme weather

1Ivana Sekler, PhD., assistant professor, Metropolitan University Belgrade, Faculty of Applied
Ecology “Futura”
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events. The consequences of such changes can increase the sensitivity of agricul-
tural production or change growing conditions, including the beginning and end
of the growing season of agricultural and other plant species, whose length fluctu-
ates depending on the location. These changes will further affect the organisation
and timing of work in the fields, which in some species may lead to two harvests
a year.

Measures of adaptation and mitigation of climate change include the adoption,
adaptation and implementation of measures in the political approach to climate
change, education of agricultural producers and advisors, selection of more re-
sistant species, and effective irrigation measures with precise modeling of future
changes. Additional irrigation can increase the yields of some plant species provid-
ed that adaptation measures are implemented on time. According to many studies,
migrations of thermophilic insects and other animal species from south to north
and from lower to higher altitudes can be expected as a consequence of climate
change. Due to changes in the regime of precipitation, temperature and soil mois-
ture, most crops will become more sensitive to pests and parasites.

The implementation of the Kyoto Protocol of 1997 and the Paris Agreement of
2015 encourages the use of renewable energy sources to reduce the impact of cli-
mate change. In the current strategies for the mitigation of global warming, renew-
able energy sources play a significant role in the European Union (Matyka, M.,
Kus, J., 2016). The cultivation of fast-growing energy crops is being encouraged
and the use of biomass is increased, which further help achieve different goals of
these strategies (Matyka, M., Kus, J., 2016). The importance of growing crops for
energy, such as Miscanthus x giganteus, has been recognised by international or-
ganisations and national governments (Robertson, A.D. et al., 2017). According
to the results of several published papers, the combustion of miscanthus briquettes
emits an amount of CO, that is almost equal to the amount of CO, assimilated
during plant growth. It can be interpreted as the so-called CO -neutral use of
miscanthus for energy purposes (Lewandowski, I. et al., 1995; Felten, D. et al.,
2013; Schweinle, J. et al., 2015).

Given the ability to preserve soil fertility, protect water from pollution, re-
cycle nitrogen and remedy soil, efficient yields of a miscanthus plantation can
be achieved with minimum water consumption and without mineral fertilisers,
pesticides and herbicides (Mari$ova, E. et al., 2016). Miscanthus can be effec-
tively used in eco-remediation of arable and marginal lands and then as a sec-
ond-generation energy source (Drazi¢, G. et al., 2015). It can also be used in the
construction sector as a non-structural insulation material (Jelié, L. et al., 2016)
or bioconcrete (Sekler, I. et al., 2021). Miscanthus plantations can also be habitats
for some wild animal species (Babovi¢, N. et al., 2012) and thus contribute to
biodiversity conservation.

Miscanthus x giganteus (miscanthus), a fast-growing perennial herb (also
known as Chinese sedge and elephant grass), originates from the East Asian re-
gion, where it has historically been used as a roofing material for ancillary facilities
housing animals and rarely for their diet. According to Monti and Zatta (Monti,
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A, Zatta, A., 2009), miscanthus has a very shallow root, with almost 95% of total
root biomass concentrated at depths of 0 to 35 cm of soil. Even though most of it
grows near the surface, the depth to which the root of miscanthus extend is over 2
meters (Neukirchen, D. et al., 1999; Riche, A.B,, Christian, D.G., 2001), so it
can absorb moisture even during the dry periods of the growing season.

Miscanthus is planted in the spring when the soil temperature is around or
slightly above 10°C. It grows during the summer and produces the highest yields
in the autumn (Farell, A.D. et al., 2006; Dohleman, EG. et al., 2010). Nutrients
are absorbed into the rhizosphere after autumn, which provides a good source
of nutrients and carbohydrates for plant regrowth in the spring and throughout
the next growing season This natural flow of nutrients enables optimal growth
of miscanthus without additional fertilisation requirements, as shown by many
previously published studies. According to these studies, there is a slight difference
in yields with additional treatment and without fertilisers (Haines, S.A., 2011).

After the first growing season, miscanthus reaches a height of 1 to a maximum
of 2 meters, which makes it unprofitable for further commercial use. However, the
harvest can be done to free up space for the following growing seasons. After the
second year, miscanthus stems exceed 2 m in height, while after the third and in
the following years, they are over 2.5 m tall or even as tall as 4 m. After the third
year, with an estimated exploitation period of up to 20 years, the harvest and fur-
ther use of biomass is not only possible but also recommended.

2. MATERIAL AND METHODS
2.1. Establishment of a plantation

The establishment of the experimental plantation of Miscanthus x giganteus
included preparatory field activities, planting and application of certain agro-tech-
nical measures on the experimental plot of the Faculty of Applied Ecology Futura
in the village of Nocaj near Sremska Mitrovica.

Previously, the site had the vegetation typical of a wetland site such as Zasavica,
which makes its wider area. The vegetation was removed and the land was then
ploughed in late March of 2009, as this type of light soil is ploughed easily in
the spring. The rhizomes were hand-planted on a one-hectare plot in April 2009,
when the soil temperature exceeded 10°C. The rhizomes used were 6 x 6 cm in
size, with a planting density of 1 rhizome per 1 m? and at a depth of 10 to 15 cm.
Planting density can be increased, in which case, mutual competition can reduce
the yield in the following years slightly below average (Beale, C.V., Long, S.P.,
1997). In the first year after planting, weed control was performed with the means
used in corn production, according to previous experiences published in the paper
(Consentino, S.L. etal., 2016). Weeds can be removed mechanically to enable
ideal conditions for the growth and development of miscanthus, which was done
sporadically in the experimental field in the following growing seasons, given that
miscanthus grew faster than accompanying weeds and chemical control agents
were not necessary.
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Additional fertilisers were not added to miscanthus seedlings in the exper-
imental field because we assumed that the amount of litterfall would provide
enough nutrients during the winter.

The plantation was expanded (and reached 10 ha by 2018) by planting rhi-
zomes obtained by macropropagation (i.e., rhizome division) of 2 to 3-year-old
seedlings. Rhizome division is cheaper than micropropagation because the avail-
able rhizomes are separated during the winter dormancy using a rotary cultivator
so that each part (section) of the rhizome has at least 2 to 3 buds. The new rhi-
zomes obtained can be stored in the refrigerator at below 4°C until planting in or-
der to preserve moisture for a maximum of one year (Hansen, J., Kristiansen,
K., 1997). The rhizomes we used to expand the plantation were not stored in the
refrigerator. They were only stored in the field for a short time, i.e., stacked and
covered with moist soil to be planted in early spring and thus take advantage of
wet soil. Early spring planting allows the development of larger rhizome systems,
which are more tolerant to drought and frost in the coming years (Drazi¢, G.
et al., 2014). Planting can be mechanised by using tuber planters (usually potato
planters). Furthermore, a Danish company Hvidsted Energy has designed a ma-
chine specifically for planting miscanthus. The planter can be calibrated to plant at
different densities as required. It plants rhizomes in two rows of shallow furrows
and moves the soil back (Drazié¢, G. et al., 2014). It is not recommended to
plant rhizomes in fine tilth where, following rolling, rhizomes would have poor
contact with the soil, which would make them prone to drying out and conse-
quently reduce the plantation efficiency (Defra, 2007).

2.2. Monitoring of growth parameters

The growth and development parameters of Miscanthus x giganteus were mon-
itored three years after the establishment of the plantation since it produced mini-
mal biomass yields in the first two years. The monitored parameters were recorded
during the growing season, i.e., from June till the harvest in November 2012 to
2018. The plots were sampled randomly and the following parameters were moni-
tored: tree height, number of leaves, number of green leaves, number of dry leaves,
number of aging leaves, length of green leaf portion, leaf width, stem diameter,
number of shoots, soil moisture content and soil pH value.

The methodology for monitoring the enumerated parameters included the
measurement of:

- the stem height - by selecting and measuring the highest shoot in the

shrub (Figure 1);

- the number of leaves — by counting the total number of leaves on one
shoot, of which the number of dry and the number of green leaves are
recorded separately;

- the number of aging leaves — by counting leaves that are in the drying/
aging phase on a selected stem;

- the length of the green leaf portion - by calculating the average length of
all green leaves of the selected stem;
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the leaf width - by measuring the average width of the longest leaf on the
stemy;

the stem diameter — by measuring the average diameter of the selected
highest stem;

the number of shoots — by counting the total number of shoots in one
miscanthus bush and calculating the average value of 5 randomly selected
bushes of miscanthus on the plot;

soil moisture content — by measuring the mass of wet soil sampled at ar-
bitrary depth using a technical scale, air-drying the measured sample for
7 days, and then re-measuring the mass of the dried sample, where the
obtained difference refers to the soil moisture;

soil pH - directly using a pH meter, by making an aqueous solution of the
soil and immersing the electrodes of the pH meter into it (Oakton 610
device, -2-20 pH was used).

Figure 1 Measuring the height of the selected miscanthus stem
Slika 1. Merenje visine izdvojene stabljike miskantusa

The measured parameters were compared with the climatic characteristics
for a given location, which included monitoring the characteristics that affect the
growth and development of vegetation:

the mean annual and monthly air temperature (in °C),

the amount of precipitation on annual and monthly levels (in mm),
annual and monthly humidity (%),

the annual and monthly number of cloudy days,

the annual and monthly number of sunny hours at the location.

The values of climatic characteristics were obtained from the Meteorological
Yearbooks of the Republic Hydrometeorological Institute of Serbia for the Sremska
Mitrovica measuring station. The village of Nocaj, in which the experimental field
is established, is located in the municipality of Sremska Mitrovica.
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3. RESULTS AND DISCUSSION

The paper presents the average annual values of the observed climatic param-
eters (Table 1) for the period from the third growing season (2012) to 2019. They
included: average air temperature (°C), average relative humidity (%), the total
number of hours of sunshine per year (h), average rainfall (mm), and the total
number of cloudy days.

Table 1 Summary of the climate parameters for the experimental field location
Tabela 1. Sumirani klimatski parametri na lokaciji oglednog polja

Climate parameters /
Posmatrani klimatski 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
parametri

Average air temperature /
Prose¢na temperatura
vazduha

(0

Average rel. humidity /
Prose¢na relativna
vlaznost vazduha

(%)

Total number of sunny
hours per year /
Ukupan broj sun¢anih 2387.1 | 2088.8 | 2007.7 | 2153.8 | 2019.8 | 2262.1 | 2118.6 | 2155.5
sati godi$nje

(h)

Average rainfall /
Prosecna koli¢ina
padavina

(mm)

12.4 12.3 12.7 12.6 12.1 12.2 12.9 12.9

69 75 79 76 78 75 76 73

4529 | 620.3 | 761.1 | 625.7 | 614.7 | 533.2 | 646.8 | 662.8

Total number of cloudy
days /

Ukupan broj obla¢nih
dana

84 108 98 102 96 82 101 96

The most important climatic parameters that affect plant growth - precipitation
and air temperature — were compared with the average stem height and number of
leaves in a given year (Figure 2).
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Figure 2 Relationship between climatic parameters and miscanthus height parameters
(stem height and number of leaves)
Slika 2. Grafi¢ki prikaz odnosa klimatskih parametara i parametara rasta miskantusa
(visine stabljike i broja listova)

The average value of annual air temperature for the period from 2012 to 2019
at the measuring station in Sremska Mitrovica was 12.2 - 12.9°C, which indicates
that changes in air temperature did not have a significant impact on the growth
of miscanthus. In contrast to air temperature, the impact of precipitation on the
growth of miscanthus stems in height was evident. The comparison of the weather
conditions (precipitation and temperature) with the morphological parameters of
miscanthus (stem height and the number of leaves), presented in Figure 2, shows
that the highest increase in the growth of miscanthus stems was recorded in the
experimental field in 2014 and then in 2019 when the highest amounts of precipi-
tation were recorded. Given that the “zero clone” whose seedlings were planted in
the experimental field in the first year (2009) reached a maximum height of 380
cm, the height of 410 cm achieved in 2014 shows that this species can develop
above the expected values. In contrast to 2014, 2012 and 2017 were marked as
extremely dry or dry years. The miscanthus stems achieved slightly lower growth
in these years, but it did not significantly affect the total annual yields. According
to these data, it is evident that this species can adapt to climate change. The ability
to adapt to water scarcity is shown by biomass yields (Table 2) achieved in years
with less precipitation and without additional irrigation.
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Table 2 Summary of the average values of the observed miscanthus height
parameters, climate conditions, and biomass yield on the experimental plot from

2012 to 2019

Tabela 2. Sumirane prose¢ne vrednosti posmatranih parametara rasta miskantusa,
temperature vazduha, padavina i ukupnog godisnjeg prinosa suve biomase na

oglednom polju u periodu od 2012. do 2019. godine

Parametar /

2012 | 2013 | 2014 | 2015 | 2016
Parameter

2017 | 2018 | 2019

Height of plant /

Visina stabla (cm) 338 376 | 410.2 | 375.5 | 378.3

365.5 | 382.5 | 410

Total number of leaves /

Ukupan broj listova 15.7 19 19.2 | 20.2 | 20.6

163 | 17.2 18

Air temperature /
Temperatura vazduha 124 | 123 | 12.7 | 12.6 | 12.1
Q)

122 | 129 | 129

Precipitation /

. 4529 | 620.3 | 761.1 | 625.7 | 614.7
Padavine (mm)

533.2 | 646.8 | 662.8

Total annual yields of
dry biomass /
Godisnji prinosi suve
biomase (t/ha)

16.73 | 18.2 23 21.1 | 223

24 24 24

The value of annual biomass yields was slightly higher in rainy years, which was
related to the greater availability of water for the root system of miscanthus that fa-
vours high groundwater levels. This was evident in 2014, when the yield amounted
to 23 t/ha, which was 4.8 t/ha more than in the previous 2013 and 1.9 t/ha more
than in the following 2015 with an average precipitation amount (Figure 3).
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Figure 3 Ratio of air temperature, precipitation and total yield of dry biomass per

hectare in the study period 2012 — 2019

Slika 3. Graficki prikaz odnosa temperature vazduha, padavina i ukupnog prinosa suve
biomase po hektaru oglednog polja u periodu od 2012. do 2018. godine
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Furthermore, following 2014 (the sixth year since the establishment of the
plantation), the growth density could be described as “impassable crops” within
the field itself (Figure 4).

Figure 4 Impassable miscanthus crops after the sixth growing season
Slika 4. Nemogu¢nost prolaska kroz useve miskantusa nakon $este vegetacione sezone

The following years of the study period had yields over 22 t/ha reaching the
maximum and stable values of dry biomass yield of 24 t/ha obtained since 2017,
which indicated the ability of miscanthus to adapt to changes in environmental
factors. The achieved values of yield can be compared with the yields achieved in
Mediterranean countries where miscanthus is grown (Spain, Portugal, Italy, Greece)
(Drazi¢, G.etal, 2014; Ji-Hoon, Chung and Do-Soon, Kim, 2012).

To examine the adaptability, the harvest was performed twice during the grow-
ing season of 2017, in July and in December. The stems reached the same height
in December as in July, while the total amount of harvested biomass in July and
December equaled the amount of biomass after one annual harvest. This shows
that miscanthus can be harvested twice a year if we want to use it in biogas plants,
for instance.

Overwintering parts of unharvested miscanthus showed the ability to regen-
erate and straighten dry autumn stems bent by winter snow. They straighten up
again in early spring, after frosts and snow, ready to be harvested and utilized or
just removed from the field.

Miscanthus is sensitive to pests and diseases typical of the localities of its natu-
ral range of distribution (Asia), while there have been no similar data for European
countries, as confirmed by our experience.
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In the initial phase of growth, miscanthus uses stocks of nutrients stored in
rhizomes, while in the later, mature stage, as cited in different literature sources,
the plant can absorb 2 kg of nitrogen, 0.1 kg of P,O,, 3.5 kg of K,O and 0.01 kg of
MgO from the soil per ton of annual yield (Drazi¢, G. et al., 2014). Following
the data, we used no additional fertiliser in the experimental field.

4. CONCLUSION

Both the tests conducted in Serbia and the experiences of other countries have
proven the importance of growing Miscanthus x giganteus which can play an im-
portant role in reducing greenhouse gases, and consequently in mitigating climate
change.

By monitoring the growth parameters of miscanthus in the experimental field
of the faculty, it was evident that the species is very easy to adapt to the climatic
conditions of our areas and to accompanying climatic changes that are increas-
ingly present in our localities. Its growth was favoured by high levels of available
water that helped achieve the maximum yields at the site. However, its yields did
not decrease significantly in dry years, which can be taken as another indicator of
the ability of miscanthus to adapt to the environment.

Growing miscanthus has multiple benefits. Apart from the fact that it does
not require large investments and special treatment during its growth, once es-
tablished, the plantation can be exploited for many years (estimated at up to 20).
Planting miscanthus on contaminated sites can enable soil remediation by phy-
toextraction of pollutants, and prevent the further spread of pollutants by wind,
water, or soil erosion. Other benefits include wildlife habitats, the aesthetic value
of sites, and the creation of a buffer zone by reducing the runoff and inflow of
nitrate-rich waters (after fertilisation of agricultural land) into groundwater. The
collected biomass can be later used for:

- energy: production of biofuels (due to its lignocellulosic composition),

briquettes and pellets;

- construction (in the production of bioconcrete or insulating materials);

- feeding domestic animals (higher parts of stems and leaves).

According to the RS Energy Development Strategy until 2015 with projections
until 2030, the Green Agenda for the Western Balkans, the Glasgow Agreement
and all other obligations of Serbia in the process of joining the European Union,
the goal set by Serbia is to increase the use of renewable energy sources and reduce
greenhouse gas emissions, to which the use of miscanthus could contribute.
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CIIOCOBHOCT AJATITALIMJE BPCTE Miscanthus x giganteus
HA KJIIMMIMATCKE ITPOMEHE Y CPBUJUA

Neana lllexnep

Pesnme

OuyBare 37;paB/ba JbYAU U XMBOTHE CPEAVHe, pecypca 1 61uofuBepsuTeTa, Kpos 60p6y npo-
TVB U 3a yO/makaBarme KIMMATCKIX IIPOMeHa, obenexxaBajy Tekyhu gBasecernpsu Bek. EkcTpemie
BpeMeHCKe IPIIMKE IIPOM CBeTa, IpobIeMu ca eHepreTckoM cHabzieBeHolhy, 3araherme, camo cy
HEKJ Off pasJiora KOjy Hac MOACTHUYY /ia BUIIE [Ta)KEbe II0CBETIIMO 0OHOB/BUBIM M3BOPUMa eHeprije.
Ynotpeba 6uomace y enepretuiiy, rpaheBunapcty u caobpahajy, nonputerna 6u cMambermy eMucuje
racosa ca epeKTOM CTaK/IeHe OaliTe U Ja/beM I7I00aTHOM 3arpeBamy IlaHeTe 3eMbe. Miscanthus x
giganteus, BpcTa Koja Koja je IToKasana MOIyRHOCT aflanTabMTHOCTY Ha IIPOMEHe YC/I0Ba KMBOTHE
CpefiVHe HacTase yc/es KIMMATCKuX npoMena y CpOuju, amy i Cioco6HOCT MUTHUTAIINje UCTIX,
IIpeJiCTaB/ba jefHY Off TIePCIIeKTUBHIX OM/BHIUX BPCTA KOje ce MOTY e(pMKacHO y3rajaTu Ha pasyin-
9UTUM THHOBMMA 3eM/buinTa y Cpouju. HajsHauajHUjI yCTOBY Cpe/jyHe KOjit Cy He3HATHO Y TULIA/IN
Ha KOIMYMHY IPVMHOCA CyBe O1oMace 10 XeKTapy IOBpIInHe, paheHn ¢y y TOKy 8 KameHgapcKmx
TOf[MHA U BETETATVBHIUX Ce30HA. Pesy/ITaTu Cy moKasasm a MUCKAaHTYC YCIeBa Jia Ce afanTyupa Ha
IIPOMEHE ¥ PeXMMY JOCTYIIHOCUTH BOJe, OCYHYaHOCTIL ¥ IIPOMEHe TeMIIepaType, Koje IIpecTa-
B/bajy K/bydHe K/IMMATCKe paKTope 3a pacT 6u/baka, a KOji ce M3 TOfMHe y TOIVIHY 3HAYajHO Membajy
360T KTMMATCKIX IIPOMEHa KOje Cy OCeTHE ¥ Ha HAIINM IIPOCTOPYMA.

184 SLIIYMAPCTBO” 3-4



