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This study was conducted to determine the composition of sugars and organic acids in root exudates 
of Miscanthus × Giganteus and to fi nd out if microorganisms of the rhizospheric soil are limited by mi-
ne ral nutrients. The following sugars and organic acids were determined in root exudates of this plant: 
glucose, saccharose, and acids such as succinic, propionic, citric, tartaric, malic, oxalic, ascorbic, acetic 
and fumaric. Respiration of soil from rhizosphere of Miscanthus × Giganteus was found to be limited by 
N, K and Ca. Respiration rate a� er application of mineral compounds increased in following orther: 
nitrate > calcium > potassium > ammonium, giving approx. 165, 99, 52 and 31 % increase compared to 
control. Further research is necessary to determine the role of plant nutrients from the point of their 
limitations for rhizosphere microorganisms, to broader very rare knowledges in this topic, especially 
for polluted soils to stimulate effi  ciency of phytoremediations. 

root exudates, Miscanthus × Giganteus, organic acids, sugars, respiration, rhizosphere, soil, mineral nu-
trients

Miscanthus × Giganteus Greef et Deu is a perennial, 
rhizomatous C4-grass originating from Southeast 
Asia. This species is sterile and probably natural hy-
brid involving M. × saccharifl orus (diploid) and M. si-
nensis (tetraploid) with a triploid chromosome, inca-
pable of producing seeds (Greef and Deuter, 1993; 
Linde-Laursen, 1993). Its propagation is by micro-
propagation or by rhizome cutting. M. × Giganteus 
Greef et Deu was fi rstly identifi ed in 1935 in Japan, 
from where it was introduced into Denmark, and 
it was named Miscanthus sinensis “Giganteus” hort. 
(Greef and Deuter, 1993; Greef et al., 1997). Canopy 
of M. × Giganteus can reach a height of 4 m and the es-
timated life time of a plantation is 20–25 years (Le-
wandowski et al., 2003a). M. × Giganteus belongs to 
group of Miscanthus species cultivated across Europe 
as a potential biofuel (Lewandowski et al., 2003b; 
Collura et al., 2006; Michel et al., 2006 etc.). This 
plant is also suitable for the production of raw ma-
terial for the paper industry, composts, geotextiles, 
and in construction materials such as pressed parti-

cle-board and in manufacturing biocomposites etc. 
(Greef and Deuter, 1993; Stander, 1989; Huisman 
et al., 1997; Lewandowski et al., 2000; Kirwan et al., 
2007; Marín et al., 2009). M. × Giganteus is promising 
for phytoremediation of heavy metals (Arduini et al., 
2006; Hartley et al., 2009) and was suggested for land-
fi ll leachate remediation (Jones et al., 2006). 

Up to 40 % of the net carbon fi xed during plant 
photosynthesis can be released into the rhizosphere 
(Whipps and Lynch, 1983, 1990). These rhizode-
posits stimulate microbial growth due to their high 
ener gy and C content. The water-soluble fraction 
of rhizodeposits called water-soluble root exudates 
is mainly composed of sugars, organic acids and 
amino acids (Aulakh et al., 2001). Except for the de-
termination of composition of amino acids in root 
exudates of Miscanthus × Giganteus (Formánek et al., 
2009), there is no knowledge of organic acids and 
sugars relating to this plant. This study therefore 
identifi es sugars and organic acids in root exudates 
of M. × Giganteus.
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Respiration of rhizosphere microorganisms is 
not limited by available carbon. Nevertheless, mi-
ne ral nutrients may be limiting due to their deple-
tion (Merckx et al., 1987; Cheng et al., 1996). As little 
is known of the limitation of rhizosphere microor-
ganisms activity by mineral nutrients, we have at-
tempted to determine this eff ect with the use of se-
lected mineral compounds on respiration of soil 
from rhizosphere of Miscanthus × Giganteus. Soil from 
rhizosphere of an extensively studied plant Mis-
canthus × Giganteus was selected to broaden current 
knowledge related to this plant. 

MATERIAL AND METHODS
Rhizomes of M. × Giganteus were taken from its 

cultivation in Botanic Gardens and Arboretum 
of Mendel University in Brno, the Czech Repub-
lic (N 49°12’54.240”, E 16°36’41.989”, 235.19 me-
ters a.s.l). The cultivation of this plant has been es-
tablished over 15 years ago on a plot of 291.41 m2. 
Plant roots were sampled in two blocks. The fi rst 
one during the period 27th August to 5th September 
when roots clipped from rhizomes of eleven plants 
were directly used for collection of exudates where 
in di vi dual sugars were determined. With the se-
cond block, collected rhizomes were placed in pots 
fi lled with soil from the original plot in November 9, 
2009. A� er 14 days of cultivation in the laboratory 
the pots were transferred into a cultivation room 
(23 °C, 12 light / 12 dark) for a period of 13 days. Af-
ter this period, plant aboveground biomass height 
was from 9 to 69 cm. Soil was washed from the roots 
with tap water, and the roots were carefully clipped 
from the rhizomes. In total, three samples of clipped 
roots, each formed from 5 poted plants were used 
for collection of exudates where organic acids were 
determined. The roots were clipped from the rhi-
zomes. 

The clipped roots were carefully washed, fi rst us-
ing tap water and then demineralized water. Root 
exudates were collected in 500 ml of 0.5 mM CaCl2 

for a period of 2 hours in darkness at 18 °C (Wang 
et al., 2006). The longer period of root exudates col-
lection was not selected due to higher possibility of 
decomposition of easily degradable C compounds 
by microorganisms present on M. × Giganteus root 
surfaces (Aulakh et al., 2001). The medium was fi l-
tered through paper and then 0.45 μm membrane 
fi lters to remove root detritus and microbial cell de-
bris. The fi ltrate was assumed to contain water-so-
lub le root exudates. Then the medium was reduced 
to a powder by freeze drying. The samples were kept 
frozen until analysis. The roots’ dry matter was de-
termined a� er drying at 105 °C for 24 hours. Disad-
vantage of this procedure is a possibility of leakage 
of carbonaceous compounds from clipped roots.

Concentrations of individual carbohydrates (glu-
cose, fructose, saccharose, arabinose) were deter-
mined using HPLC/ELSD with a ELSD (Evapora-
tive Light Scattering Detector) operating at 70 °C, 
air fl ow 2.5 L . min−1, sensitivity 7 and a Ostion Pb2+ 
column (8 mm × 25 mm, water as mobile phase, 
fl ow 0.5 ml . min−1). Column temperature was 85 °C. 
Concentrations of individual organic acids (tar-
taric, malic, ascorbic, acetic, citric, fumaric, suc-
cinic, oxalic and propionic) were determined using 
HPLC with UV detector at wavelength 215 nm, with 
reversed phase silica-based – TSK gel ODS-100V 
4.6 mmID × 25cm column, and 0.1% phosphoric 
acid as mobile phase, and fl ow 1.0 ml . min−1. Column 
temperature was 40 °C. 

Rhizosphere soil (0–4 mm) was taken from 
the Miscanthus plot in May 2010. A� er sieving 
through 5 mm, the soil was stored at 4 °C until 
the analysis. Soil properties are stated in Table I.

Carbon dioxide, evolved in the course of 24 hours 
from 3 g of wet rhizosphere soil supplied with mi-
ne ral compounds and incubated at 22 °C, was mea-
sured by its absorption into 1 ml 1 M NaOH. Nu-
trients were supplied in form of NH4Cl, NaNO3, KCl 
and CaCl2 in concentrations ranging from 0 to 500 μg 
of ammonium, nitrate, potassium or calcium / g dry 
soil. Every sample was analyzed in 4 repetitions.

I: Selected properties of soil from cultivation of Miscanthus × Giganteus in Botanic 
Garden and Arboretum of Mendel University in Brno

Soil properties Rhizosphere soil
(0–4mm from root surface) Bulk soil

Clay (< 0.002 mm) (%) 30.2 28.2

Silt (0.05–0.002 mm)(%) 46.3 45.8

Sand (2–0.05 mm)(%) 23.5 26.0

pH/H2O 7.80 7.99

pH 0.01 M CaCl2 7.57 7.62

carbon oxidable – Cox (%) 3.29 2.98

nitrogen total – Nt (%) 0.29 0.24

C/N 11.34 12.42

CECeff  (mmol chem ekv . kg−1) 298 263

Comments: CECeff  was determined according to Gillman – CSN ISO 11260, 
Cox spectrophotometrically a� er oxidation by chromsulphuric mixture – 
ISO 14235, Nt according to Kjeldahl (Zbíral et al., 1997).
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Statistical analysis of the data was performed 
through one-way ANOVA (analysis of variance) and 
Fisher’s LSD test (least signifi cant diff erence). All 
statistical analyses were undertaken using the Statis-
tica 9.0 program.

RESULTS
From four measured sugars only glucose and sac-

charose were determined in root exudates of Mis-
canthus × Giganteus at the end of the summer phase of 
growth. They formed 20.9 % (glucose) and 9.7 % (sac-
charose) of total organic carbon of which exudation 
rate was on average 190.17 μg / g dw / h. With regard to 
organic acids and their occurence in root exudates 
of young plants, individual organic acids were de-
termined in concentrations ranging in the order suc-
cinic > propionic > citric > tartaric > malic > oxalic 
> ascorbic > acetic > fumaric (see Table II). 

Application of all the studied mineral compounds 
into rhizospheric soil increased heterotrophic respi-
ration rate. The application of nitrate increased soil 
respiration rate with increasing concentration of 
this ion (Figure 1). Statistically signifi cant (P < 0.05) 
increase in respiration rate was found when nitrate 
was supplied at concentrations 100 and 500 μg / g dry 
soil. Application of ammonium did not signifi cantly 
(P > 0.05) increase respiration rate when the ion was 
applied in concentrations from 50 to 500 μg / g dry 
soil. Potassium appears to limit soil heterotrophic 
respiration and its application increased respira-
tion rate when applied in a dose of up to 100 μg / g 
dry soil. Statistically signifi cant (P < 0.05) increase 
was found when potassium was applied in range 50–
500 μg / g dry soil. Increasing calcium concentration 
signifi cantly (P < 0.05) increased rhizospheric soil 
respiration rate in all of the samples (Figure 1).

When individual compounds addition were com-
pared, it is possible to conclude the increase in respi-
ration rate a� er application of mineral compounds 
in the highest amount appeared in the order nitrate 
> calcium > potassium > ammonium, giving approx. 
165, 99, 52 and 31 % increase respectively compared 
to soil not amended by application of these com-
pounds.

DISCUSSION
The rhizosphere, which is defi ned as the volume 

of soil infl uenced by root activity diff ers in many as-
pects from the bulk soil due to the root uptake of 
water and nutrients, root exudation, root respira-
tion and the higher microbial activity. Our fi ndings 
of the occurrence of individual sugars and organic 
acids in root exudates of Miscanthus × Giganteus and 

II: Proportion of individual organic acids in total measured organic 
acids of root exudates of Miscanthus × Giganteus collected in 0.5 mM 
CaCl2 for period of 2 hours at 18 °C

Organic acid percent (%)

Oxalic 3.2

Tartaric 7.7

Malic 7.3

Ascorbic 0.8

Acetic 0.4

Citric 13.0

Fumaric 0.4

Succinic 38.9

Propionic 28.4
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their dominance reported in this study correspond 
with other studies performed on diff erent C4-me-
tabolism plants (Schwab et al., 1983 ; Gransee, 2001; 
Hütsch et al., 2002; Nardi et al., 2002, 2005). 

Microbial activity in the rhizosphere may dif-
fer from bulk soil. This was proved when testing 
the rate of CO2 production, N-mineralization and 
immobilization, enzymatic activities etc. (Norton 
and Firestone, 1996; Pinton et al., 2007). Utilization 
of mineral nitrogen by microorganisms in the rhizo-
sphere diff ers from bulk soil when the presence of 
roots reduces combined utilization of ammonium 
nitrogen by nitrifi ers and heterotrophs (Norton and 
Firestone, 1996). Microbial activity in the rhizo-
sphere may not be limited by the available carbon 
(Cheng et al., 1996) and lower mineral nutrient avai-
la bi li ty may limit microbial growth. McCarty et al. 
(1992) reported that the addition of NH4

+ or NO3
− to 

glucose altered the CO2 production from the soil. 
This agrees with our fi ndings that when nitrogen in 
mineral forms was applied to rhizospheric soil, pro-
duction of CO2 was increased. Hartley et al. (2010) re-
ported that when mineral nutrients, together with 
easily utilizable organic compounds such as glu-
cose or glycine, were applied to soil dependent re-
sponse may be expected. For example, an increase 

of CO2 production when glucose and NH4NO3 were 
applied, and also an increase when glycine and 
NH4NO3 were applied. Except for mineral nitro-
gen forms, other nutrients including K and Ca were 
proved to limit microbial respiration in the rhizo-
sphere. Application of nutrients in our experiment 
could cause a change in pH and change in structure 
of soil microfl ora (Smiley 1974; Smiley and Cook, 
1973).

As knowledge of respiration of rhizosphere mi-
croorganisms by mineral nutrients is limited more 
research is necessary to better understand the role of 
mineral nutrients in microbial activity of the rhizo-
sphere. 

CONCLUSION
Root exudates of Miscanthus × Giganteus were 

found to contain the following organic molecules: 
glucose, saccharose, succinic, propionic, citric, tar-
taric, malic, oxalic, ascorbic, acetic, fumaric. Respi-
ration of soil from rhizosphere of Miscanthus × Gi-
ganteus was found to be limited by mineral nutrinets 
including N, K and Ca. 

SUMMARY
The aim of this work is determine composition of sugars and organic acids in root exudates of Miscant-
hus × Giganteus and to determine if respiration of soil taken from rhizosphere of this plant was li mi-
ted by mineral nutrients. Root exudates of this plant were collected in 0.5 mM CaCl2 from diff erently 
aged plants and contained two sugars including glucose and saccharose (measured in older plants at 
the end of summer period of growth) and several organic acids (measured in 27 days old plants) rang-
ing in the order succinic > propionic > citric > tartaric > malic > oxalic > ascorbic > acetic > fumaric. 
Respiration of microorganisms in the rhizosphere of Miscanthus × Giganteus was limited by mineral 
nutrients including nitrate, ammonium, calcium and potassium. The increase in respiration rate af-
ter application of these mineral compounds in the highest amount (500 μg / g dry soil) appeared in 
the order nitrate > calcium > potassium > ammonium, giving approx. 165, 99, 52 and 31 % increase 
compared to rhizospheric soil not altered by the application of these compounds. As little is known 
of the limitation of rhizosphere microorganisms by mineral nutrients further research is needed to 
better understand these eff ects.

SOUHRN
Organické látky v kořenových exsudátech rostliny Miscanthus × Giganteus a limitace aktivity 

mikroorganismů v rhizosférní půdě této rostliny minerálními živinami
Cílem této práce bylo stanovení vybraných nízkomolekulárních organických látek v kořenových ex-
sudátech rostliny Miscanthus × Giganteus a stanovení limitace aktivity mikroorganismů v rhizosférní 
půdě této rostliny minerálními živinami. Kořenové exsudáty M. × Giganteus byly sbírány v 0,5 mM 
CaCl2, přičemž rostliny v různých fázích růstu byly použity k daným účelům. Z jednotlivých cukrů 
byly v kořenových exsudátech M. × Giganteus stanoveny glukóza a sacharóza (rostliny v pozdně letní 
fázi růstu); organické kyseliny determinované v kořenových exsudátech mladých (27 dní) rostlin byly 
přítomny v následujícím pořadí koncentrací: kyselina jantarová > propionová > citronová > vinná 
> jablečná > šťavelová > askorbová > octová > fumarová. Respirace mikroorganismů v rhizosféře byla 
limitována přítomností minerálních živin. Zvýšení respirace rhizosférních mikroorganismů po pří-
davku nejvyšších koncentrací minerálních živin (500 μg / g sušiny půdy) se projevilo v následujícím 
pořadí : nitráty > vápník > draslík > amonný iont, a to o 165, 99, 52 and 31 % ve srovnáni s rhizosférní 
půdou bez ošetření danými elementy. Vzhledem k absenci poznatků o limitaci mikroorganismů rhi-
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zosférní půdy minerálními živinami je třeba důkladnějšího a rozsáhlejšího výzkumu pro pochopení 
významu minerálních živin v mikrobiální aktivitě rhizosféry. 

kořenové exsudáty, Miscanthus × Giganteus, organické kyseliny, cukry, respirace, rhizosféra, půda, mi-
nerální živiny
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