ECOLOGICAL CHEMISTRY AND ENGINEERING A

Vol. 18, No. 12 2011

Marcin KOZAK'*, Wiadystaw MALARZ',
Andrzej KOTECKI', Waldemar HELIOS' and Joanna GORA'

FOLLOW-UP EFFECT OF HILLING
ON GROWTH AND YIELDING OF MISCANTHUS
(Miscanthus x giganteus Greef et Deu.)

NASTEPCZY WPLYW OBREDLANIA NA ROZWOJ I PLONOWANIE
MISKANTA OLBRZYMIEGO (Miscanthus x giganteus Greef et Deu.)

Abstract: In 2005-2007 in Pawlowice near Wroclaw, Poland, field experiments were conducted on the
follow-up effect of hilling of Miscanthus in autumn after seeding. The split-plot experiment was set for the
following three variable factors: 1. Harvest date: a — autumn harvest after the vegetation period ends
(11.07.2005, 14.12.2006; b — winter harvest before the vegetation starts (10.03.2006, 09.03.2007); II. Autumn
treatment of rhizomes after seeding: a — with hilling; b — without hilling; III. N fertilization: 100, 150 and 200
kg N - ha.

In the first years after the experiment had been set up, the morphological features, dry matter yield, water
and ash contents were related to the age of the plantation.

Among the investigated factors, harvest dates had the most significant influence on yielding. Winter
harvest resulted in a lower by 18.4 % dry matter yield and a decrease in water content in green matter by
23.8 % and in ash content by 43 %. However, it increased energy value in green matter by 52 %. In the second
and the third year of the cultivation, out of 1 ha field of Miscanthus, it is possible to obtain biomass yield with
a mean energy value of 294 GJ, which corresponds to 7.03 toe.

It is possiblle to obtain high dry matter yields of Miscanthus with autumn hilling and applying
150 kg N - ha .
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Introduction

Energy development strategies of the developed countries focus more and more on
obtaining renewable energy sources. In Poland, according to “The strategy for develop-
ment of renewable energy” passed by the Polish Parliament, the renewable energy

' Department of Crop Production, Wroclaw University of Environmental and Life Sciences, pl.
Grunwaldzki 24a, 50-363 Wroctaw, Poland, phone: +48 71 320 16 41, fax: +48 71 320 16 39, email:
marcin.kozak@up.wroc.pl

* Corresponding author.



1600 Marcin Kozak et al

sources should make for 7.5 % of all the energy in 2010 and reach 14 % in 2020. In order
to achieve these levels, it will be necessary to produce biomass on energy plantations
located on arable lands additionally to firewood and agricultural by-products.

Potentially useful species for energy production in Polish environment include
willow (Salix sp.), Miscanthus (Miscanthus x giganteus Greef et Deu), Virginia mallow
(Sida hermaphrodita Rusby) and Jerusalem artichoke (Helianthus tuberosus L.).

Miscanthus x giganteus is a hybrid of a tetraploid M. sinenss and a diploid M.
sacchariflorus. It was imported from Japan to Denmark in 1930 by Aksel Olsen and it
gave start to cultivars grown at present in Europe. Since 1983 field experiments have
been conducted with this species in the Northern Europe. The plant has been proved to
be an effective energy crop and produce over 20 Mg d.m. per ha! - year | [1].
Miscanthus can be harvested twice: in autumn from October to November (and with
favourable conditions in the first decade of December) when the vegetation period ends
or in winter from February to March before the vegetation starts. Harvest dates affect
the yield and the quality of the combusted biomass [1, 2].

Dry matter content in the harvested biomass in autumn is between 3545 %, and in
the winter harvest it is from 60 to 70 % [3]. The lower dry matter yield in winter is
caused by some leaves falling down. The reduced yield is compensated by the increase
in cellulose content which is low in leaves. The other reason for a lower yield of the
aerial parts of the plants is the fact that in autumn the plants transport nutrients to the
rhizomes which increase in mass and change in their chemical content. Since these are
the rhizomes that determine winter survival, the plants gather in them osmotic active
compounds which reduce the plants’ susceptibility to low temperatures [4].

The yield of biomass in the autumn harvest is higher than in the spring harvest, the
differences can be from 14 to 30 % [5]. The disadvantage of the autumn harvest is not
only high moisture of the obtained biomass but also higher removal (accumulation and
extraction) of the nutrients from the fields [6].

During the winter period the plants shed leaves, which makes potassium drain to soil
[7]. As a consequence, sodium and potassium contents are reduced in Miscanthus straw
and later in ashes [5]. Biomass of the highest quality for energy can be obtained in
a winter—spring harvest. A later harvest results in biomass that is on average 30 % drier
than in autumn. Winter harvest reduces also biomass chlorine content. The presence of
chlorine in the biomass can cause emission of hydrogen chloride and dioxins in
combustion [5, 8].

A drawback in growing Miscanthus is its little tolerance of low temperature in the
first year after seeding. During the first winter after starting the plantation, rhizomes
which are planted too shallow and those which are not fully formed are destroyed by
frost and high moisture. Literature does not provide information on similar problems
with winter survival of Miscanthus in the second and the following years of the
cultivation [1]. After the second year of growth, Miscanthus survives well temperature
drops below — 20 °C, even without a snow cover [4].

In the Danish and Irish experiments the majority of Miscanthus plants grown through
micropropagation (in vitro) did not survive the first winter after seeding, while the
plants obtained from rhizomes managed well through the winter period. Numerous
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experiments indicate that the method of breeding of Miscanthus can affect its ability to
survive in winter conditions [9].

Miscanthus needs relatively little fertilisation thanks to use and transport of nutrients
in the plants from rhizomes and accumulation of large amounts of nutrients in rhizomes
by the end of the vegetation period. It has been determined that a dose of 60 kg N - ha™!
is sufficient for an appropriate development of rhizomes. The leaves usually fall down
and stay on the fields so nutrients absorption is relevant only for rhizomes. Miscanthus
is capable to make a good use of nitrogen because it translocates it from rhizomes to
shoots in spring and is again able to cumulate it in them at the end of the vegetation
period [1, 10].

By the end of the vegetation period, 21-46 % of N, 36-50 % of P, 14-30 % of K and
27 % Mg accumulated in the aerial parts of the plants is translocated into the rhizomes [11].

The aim of the study was to determine the effect of hilling in Miscanthus giganteus
in autumn after its seeding on growth, yielding and chemical content of the yield as well
as on the energy value of this crop.

Materials and methods

In 2005-2007 in Pawlowice near Wroclaw, Poland, field experiments were conduct-
ed on the follow-up effect of autumn hilling of Miscanthus after seeding. The split-plot
experiment was set for three following variable factors: 1. Harvest dates: a — autumn
harvest after the vegetation period ended — 11.07.2005 and 14.12.2006; II. Autumn
treatment of rhizomes after seeding: a — with hilling, b — without hilling; III.
N Fertilization: 100, 150 and 200 kg per ha .

The experiments were set on a very light river alluvial soil with loose sand and sandy
gravel. In 2004-2006 soil pH was acid to very acid with the following concentrations of
microelements: P — very high, K — medium to high, Mg — very low.

Important features of Miscanthus growing in the year of seeding:

— harvest date: 07.05.2004,

— depth of rhizome seeding: 5-10 cm,

— row density: 70 cm,

— plant density in a row: 45 cm,

— number of rhizomes planted in a plot: 16 pieces,

— fertilization [kg - ha']: N — 60,

— fertilization in all the years of the experiment [kg - ha ']: P,Os — 60 (26 — P); K,0 —
100 (83 — K),

— size of a plot: 5.04 m?,

— harvest date: 03.12.2004.

In 2004-2006 weed control was carried out — Roundup 360 SL at the dose of
4 dm® - ha' was applied focally. The plots were sporadically infested with White
goosefoot (Chenopodium album L., Shepherd’s purse (Capsella bursa-pastoris L.) and
Common barnyard grass (Echinochloa crus-galli L.).

From the vegetation start in 2005 and 2006 observations and measurements were
conducted on the growth and height of plants as well as diseases and insect infestations
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were monitored. After the vegetation period had ended, the shoots were numbered on
every plot, the results were calculated per 1 m?. From 10 shoots from every plot the
following features were measures: plants’ height, flag-leaf length, and stem diameter
(on the height of 10 cm above the soil surface).

Autumn and winter harvests were done manually with use of a chainsaw for hedges
and a circular saw. After harvest, Miscanthus green matter yield was measured from
every plot.

Chemical analyses were conducted in the laboratory of the Department of Crop
Production at the Wroclaw University of Environmental and Life Sciences. The
following parameters were determined:

— dry matter — through drying of minced plant material for 4 hours at 105 °C,

— crude ash — by combusting plant material in 600 °C in an electric oven,

— total nitrogen content with Kjeldahl’s method,

— mineral compounds contents: K, Ca (flame photometry), P, Mg (coulometry).

Based on the results obtained from the chemical analyses, water percentage content
in the plant material and dry matter yield were calculated. Additionally, the contents of
crude ash and of the investigated macronutrients were determined. Energy value of
biomass was measured in the Institute of Agricultural Engineering, Wroclaw University
of Environmental and Life Sciences. The analysis was conducted with use of a
semi-automatic calorimeter Precyzja-BIT KL-10 which is designed to measure heat in
solid fuels combustion such as turf, lignite, coal, coal and lignite pellets, coke and
non-explosive, combustive organic substances. The method of measure is compatible
with the requirements of the official Polish Standard for measuring heat of combustion
and calculating of calorific value of solid fuels from 1981 [12]. On the basis of the
research the relationship between biomass energy value and moisture was determined
(Figs. 1 and 2).
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Fig. 1. The relationship between energy value and biomass moisture content (autumn harvest)
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Fig. 2. The relationship between energy value and biomass moisture content (winter harvest)

In 2004-2006 the Department of Plant Protection, Wroclaw University of Environ-
mental and Life Sciences, monitored diseases and insect infestation in Miscanthus. Low
numbers of phytophagous organisms were observed in all the years of the experiment.
A higher infestation was noted by aphids: the bird cherry-oat aphid Rhopalosiphum padi
L. and rose-grain aphid Metopolophium dirhodum Walk, and thrips: Frankliniella
tenuicornis Uzel., and Haplothrips aculeatus Fabricius.

In 2005-2006 on Miscanthus leaves was sparsely recorded one fungi species:
Alternaria alternata (Fr.) Keissl.

Results and discussion

Before the autumn harvest 03.12.2004 it was calculated that for 1 m?, Miscanthus
produced 14 shoots with a mean length of 112 ¢m and the stem diameter of 6.7 mm, and
a 66 cm long flag-leaf. Green matter yield was 3.8 t - ha ! with 64 % water content, and
dry matter yield was 1.37 t - ha .

In 2005 and 2006 the vegetation started on April 20, and ended on November 10, 20,
respectively. In these two years of the experiment, the mean monthly temperatures from
April to October, except for August, were higher than multiyear means. The sum of
precipitations was similar to the mean values of a multiyear. It needs to be underlined
that the pattern of precipitation was unfavourable (Table 1).

So far the research has indicated that Miscanthus starts growing in spring when the
soil temperature reaches 10-12 °C. Air temperature of 5-10 °C is a threshold from
which leaves start growing [1, 13].

Despite a low transpiration ration of 300 dm® of water per kg d.m., Miscanthus has
high water requirements because of a high production of biomass [2]. According to
Beale et al [14] Miscanthus plants use from 80 to 330 g of water per 1 g of dry matter.
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There was no correlation noted between the investigated factors and the growth of
Miscanthus during the vegetation period. Therefore, mean measures from the particular
years of the experiment were used to describe the plant growth as a function of time.
From the vegetation start to mid-June, Miscanthus reached 80 % of its full height (Figs.
3 and 4). In a two-year experiment conducted in Greece, where the plants were watered
every 6—7 days, Miscanthus shoots were growing on average 3 cm per 24 hours from
May to the end of June, reaching the height of 170 cm. In the next months the shoots
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Fig. 3. Growth of Giant Miscanthus (Miscanthus x giganteus Greef et Deu.) in 2005
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Fig. 4. Growth of Giant Miscanthus (Miscanthus x giganteus Greef et Deu.) in 2006



1606 Marcin Kozak et al

grew from 0.5 to 1 cm per 24 h until they reached their maximal height in August. The
full length of shoots was 233 cm in the first year after seeding and 323 cm in the second
year [15].

The number of shoots before harvest and the morphological features of the plants
were affected mostly by N fertilization, and later to a lesser and lesser degree by hilling
and harvest dates (Table 2). Autumn hilling, compared to the control, considerably
increased the height of plants, the length of the flag with leaf and the stem diameter.
Because of dynamic growth of Miscanthus in the second and the third year after
seeding, significant differences were recorded in the number of shoots per 1 m? the
height of plants and the length of the flag-leaf between the years of the experiment.

Table 2

Number of shoots before harvest and morphological features of Miscanthus plants
(Miscanthus x giganteus Greef et Deu.) in 2005-2006 (means for factors 2005-2006)

Hzrvest Type_ N rate 1 E.I;r}?:;rs Plant height Fizﬁ—glglaf Stem diameter
ate of growing [kg - ha '] per 1 m’ [em] [om] [mm]
Autumn 39 280 46.0 9.4
Winter 40 276 46.1 9.2
LSD (a.=0.05) NSD NSD NSD 0.15
with hilling 39 288 48.2 9.5
without hilling 40 268 43.8 9.2
LSD (a.=0.05) NSD 6 1.0 0.25
100 37 266 44.5 9.1
150 41 278 46.3 9.2
200 41 290 47.3 9.6
LSD (a.=0.05) 2 6 1.6 0.19
Vears 2005 25 233 55.1 9.3
2006 54 322 37.0 9.3
LSD (a.=0.05) 4 4 1.3 NSD

NSD - no significant difference.

In the environment of Greece, the number of shoots per 1 m? from May to June was:
80-85 in the first year and 90—-100 in the second year. Later it gradually decreased down
to 75 shoots [15]. Jezowski et al [16] stated that Miscanthus yielding depends mostly on
the growth stage of the plants, their branching and the diameter of the clump.

Miscanthus green and dry matter yields as well as energy yield and water content
depend mostly on the harvest date. In the autumn harvest, the dry matter yield was
higher by 23 % than in the winter harvest, but it also contained 23.8 % more water and
its energy value per 1 kg of green matter was 34 % lower (Table 3). Hilling increased,
among other things, dry matter yield by 75 %. The highest dry matter yields were
obtained with 150 kg N - ha ' fertilization.
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Many researchers [1, 2] claim that the quality of Miscanthus biomass for combustion
and the yield are determined by the harvest date. The autumn harvest yield is higher
than from the spring harvest, and the losses can range from 14 to 30 % [5]. The
disadvantage of the autumn harvest is not only high moisture of the obtained biomass
but also higher removal (accumulation) of the nutrients from the fields [6].

According to several researchers [1, 11] N fertilization at the rate of 50-70
kg - ha'- year’1 is sufficient for Miscanthus’s requirements when applied in spring at
the beginning of shooting. Kaack and Schwarz [17] argue that high doses of N in
growing M. x giganteus (over 75 kg of N - ha ') can result in an increased lodging, on
fields not sheltered from wind.

The harvest dates and the age of the plantation affected chemical content of
Miscanthus biomass. Harvested in winter, Miscanthus contained 40 % less ash and
25-48 % less of all the investigated macronutrients than the crops harvested in autumn.
This was due to a translocation of nutrients from shoots to rhizomes and their draining
with rain during the winter period.

Table 4

Chemical composition of Miscanthus biomass [%] (Miscanthus x giganteus Greef et Deu.)
(means for factors in 2005-2006)

Ve | ofucament | kg-ha CR0EH) N[ LK ca | Ve
Autumn 3.16 0.31 0.06 0.43 0.23 0.08
Winter 1.79 0.23 0.04 0.22 0.12 0.06
LSD (a.=0.05) 0.14 0.02 0.01 0.02 0.03 0.01

with hilling 2.49 0.27 0.05 0.32 0.18 0.07

without hilling 2.46 0.27 0.05 0.33 0.17 0.07

LSD (a.=0.05) NSD NSD NSD NSD NSD NSD
100 2.55 0.27 0.05 0.33 0.17 0.07

150 2.41 0.27 0.05 0.32 0.18 0.07

200 2.46 0.27 0.05 0.32 0.18 0.07

LSD (a=0.05) NSD NSD NSD NSD NSD NSD
Vears 2005 3.04 0.28 0.07 0.48 0.26 0.07
2006 1.91 0.26 0.03 0.17 0.09 0.07

LSD (a.=0.05) 0.14 NSD 0.01 0.02 0.03 NSD

NSD - no significant difference.

According to the studies conducted by Lewandowski et al [18] a delayed harvest
decreased on average ash content in Miscanthus by 28 % in Portugal and the Great
Britain, by 42 % in Germany, and by 50 % in Sweden and 54 % in Denmark.

All the agrotechnical factors and the age of the stand affected the accumulation of
crude ash and the investigated macronutrients in Miscanthus biomass (Table 5). The
winter harvest lowered crude ash content by 50 % and nutrient content by 40-58 %
compared with the autumn harvest.
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In the experiments carried out by Clifton-Brown et al [19] on a 16-year old
Miscanthus stand, it was recorded that the contamination of nutrients in the autumn
harvest was as follows: 145 + 9.4 kg N -ha ', 23+ 1.1 kg P - ha ' and 111 + 9.9 kg
K - ha '. When the harvest date was moved to March, the concentration of nutrients was
lowered: 51 £ 6.1 kgN -ha ', 83+ 0,7kgP -ha ' and 42 + 7.9 kg K - ha . The mean
yields for 15 years were as follows: 13.4 + 1.1 kg d.m. - ha™' year ' for autumn harvests
and 9.0 + 0.7 kg d.m. - ha' year ' in winter harvests.

Conclusions

1. In the first years of the experiment on Miscanthus, morphological features, d.m.
yield, water and ash contents depended on the age of the stand.

2. Harvest dates proved to have the most significant effect on Miscanthus yielding
among all the investigated factors. Compared with the autumn harvest, the winter
harvest lowered d.m. yield by 18.4 % and water content by 23.4 % in green matter.
With winter harvest crude ash content also decreased by 43 %, while green biomass
energy value increased by 52 %.

3. It is possible to obtain a mean biomass energy yield of 294 GJ (which corresponds
to 7.03 toe*) from 1 ha of Miscanthus field in the second and the third year of the
cultivation.

4. It is possible to obtain high d.m. yields in Miscanthus with autumn hilling and by
applying 150 kg N - ha '

5. Although the winter harvest results in lower biomass yields, it is more favourable
in terms of quality of the plant material for energy production than the autumn harvest.
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NASTEPCZY WPLYW OBREDLANIA
NA ROZWOJ 1 PLONOWANIE MISKANTA OLBRZYMIEGO
(Miscanthus x giganteus Greef et Deu.)

Katedra Szczegétowej Uprawy Roslin
Uniwersytet Przyrodniczy we Wroctawiu

Abstrakt: W latach 2005-2007 w Pawtowicach koto Wroctawia prowadzono badania polowe nad
nastgpczym wplywem obredlania miskanta olbrzymiego jesienia, po posadzeniu. Do$wiadczenie zatozono
w uktadzie ,,split-plot” na trzy czynniki zmienne, ktérymi w kolejnosci byly: I. Terminy zbioru: a — jesienny
po zahamowaniu wegetacji — 11.07.2005 r., 14.12.2006 r., b — zimowy przed ruszeniem wegetacji —
10.03.2006 r., 09.03.2007 r., II. Jesienna pielggnacja klaczy po posadzeniu a — z obredlaniem, b — bez
obredlania, III. Nawozenie w kg N - ha™': 100, 150 i 200.

W poczatkowych latach po zatozeniu doswiadczenia z miskantem olbrzymim cechy morfologiczne, plon
suchej masy, zawarto$§¢ wody i popiotu zalezaty od wieku plantacji.

Sposrod badanych czynnikéw agrotechnicznych najwigkszy wplyw na poziom plonu i jego jako$¢ miat
termin zbioru. Zimowy zbior, w pordwnaniu z jesiennym, spowodowal zmniejszenie: plonu suchej masy
o 18,4 %, zawartosci wody w $wiezej masie o 23,8 % i popiotu surowego 43 % oraz wzrost warto$ci
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energetycznej $wiezej masy o 52 %. Z 1 ha uprawy miskanta olbrzymiego w drugim i trzecim roku uprawy
mozna uzyska¢ plon biomasy o $redniej wartosci energetycznej 294 GJ, co odpowiada 7,03 toe.

Duze plony suchej masy miskanta olbrzymiego mozna uzyska¢ przy jesiennym obredlaniu plantacji
i zastosowaniu 150 kg N - ha .

Stowa kluczowe: miskant olbrzymi, terminy zbioru, obredlanie, nawozenie azotem



