
PLANT SOIL ENVIRON., 54, 2008 (7): 301–303 301

It is known that knotweeds contain various phe-
nolic compounds (Vrchotová et al. 2007). Dominant 
compounds of underground parts are mainly stil-
benes (Vastano et al. 2000, Xiao et al. 2000, Yang 
et al. 2001, Chu et al. 2005), of aboveground parts 
quercetin derivatives and caffeic acid derivatives 
(our data, not published). Many of these phenols 
show biological activity or allelopathic abilities 
(Harborne 1993, Pietta 2000, Havsteen 2002).

We are interested in phenolic composition of 
all three knotweed species (Vrchotová et al. 2005, 
2007). Thus the main aim of this paper was to 
disclose which rhizome extracts from three knot-
weed species have the most significant allelopathic 
properties influencing germinated seeds.

MATERIAL AND METHODS

Rhizome extracts from three knotweed spe-
cies were used: Japanese knotweed (Reynoutria 
japonica Houtt.), Giant knotweed [Reynoutria 
sachalinensis (F. Schmidt) Nakai], and Bohemian 
knotweed (Reynoutria × bohemica Chrtek and 
Chrtková). Plant nomenclature was taken from 
Kubát et al. (2002).

The rhizomes of R. sachalinensis and R. japonica 
were collected in Slavkov near Český Krumlov and 

rhizomes of R. × bohemica in Český Krumlov on 
26th August 2003 (both localities are in the South 
Bohemia region). All plant materials were obtained 
from 5 plants per one species and homologised. 
Rhizomes were dried under laboratory condi-
tion, mixed, and kept in an icebox. Two grams of 
dried material were melted with boiling distilled 
water, extracted for about 2 h, filtrated and used 
for experiments (volume of filtrated materials 
was 32 ml).

The seeds of white mustard [Leucosinapis 
alba (L.) Spach] were used as seed standard with 
100% of germination. Seeds were incubated with 
the 6 ml extracts for 48 h under laboratory condi-
tions (30 seeds per a culture plate, 4 repetitions). 
The seeds in control test were cultivated with 
6 ml distilled water (control with 2 repetitions). 
All seeds were cultivated in darkness at 20°C. 
Percentage of germination, length of radicles, 
length of hypocotyls, and RSR (root/shoot ratio) 
were monitored after 48 h cultivation. Obtained 
data are shown in Table 1.

All data about increments were log transformed 
in order to obtain the normal distribution. Data 
evaluation was made with common statistical 
tests (Statistica 1999): t-test (differences in length 
of increments and RSR ratio between tested and 
control seeds), Tukey HSD test (differences in 
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length of increments and on RSR ratio among 
three types of extracts).

RESULTS AND DISCUSSION

Seed germination of white mustard under plant 
extract was slightly smaller than at the control 
plates (100%). Seed germination in extracts from 
Japanese knotweed was 97%, from Giant knotweed 
96%, and from Bohemian knotweed 91%.

We found significant differences in the length 
of radicles, hypocotyls and on RSR ratio between 
the control and treated seeds (log transformation, 
t-test, P <0.05). No significant differences were 
confirmed in the length of radicles, hypocotyls 
and on RSR ratio among extracts from all three 
knotweeds (log transformation, ANOVA, Tukey 
HSD test, P < 0.05). So, inhibitory effect of extract 
from dried knotweed rhizomes was without dif-
ferences among tested species.

We supposed inhibitory effect of extract from 
underground parts to the seed germination, be-
cause knotweeds are aggressive perennial plants 
with extensive underground rhizomes (Bímová 
et al. 2004). Extract from the aboveground parts 
of knotweeds have a higher inhibitory effect to 
white mustard (Šerá et al. 2008, Vrchotová and 
Šerá 2008), than extract from rhizomes. Seed 
germination of white mustard under water extract 
from yellow autumn leaves of Japanese knotweed 
was 78%, from Giant knotweed 31%, and from 
Bohemian knotweed 67% (Šerá et al. 2008). The 
experiments with green summer leaves give similar 
data (Vrchotová and Šerá 2008). A lower inhibi-
tory effect of knotweed rhizomes was surprising, 
because knotweeds prefer vegetative propagation 
and grow in compact one-species brushwood.

The rhizomes of three studied knotweed spe-
cies probably differed among one another in the 
content of catechins and stilbenes. We do not 
suppose that these components may influence 

their allelopathic activity. The rhizome allelopathy 
is probably due to anthraquinones. Inoue et al. 
(1992) tested acetone extracts from Giant knotweed 
rhizomes on the Lactuca sp., Amaranthus viridis 
and Phleum pratense seeds. They determined that 
anthraquinones inhibit the growth of radicles and 
hypocotyls of treated seeds.

Contents of biologically active compounds in 
under- and aboveground parts of knotweeds are 
different both qualitatively and quantitatively. 
Anthraquinones inhibited the growth; however, 
we presume that knotweeds contain number of 
compounds with allelopathic properties.

Acknowledgements

The authors sincerely thank Václav Němec for 
his linguistic revision of the paper.

REFERENCES

Bímová K., Mandák B., Kašparová I. (2004): How does 
Reynoutria invasion fit the various theories of inva-
sibility? J. Veg. Sci., 15: 495–504.

Chu X., Sun A., Liu R. (2005): Preparative isolation 
and purification of five compounds from the Chi-
nese medicinal herb Polygonum cuspidatum Sieb. et 
Zucc by high-speed counter-current chromatography. 
J. Chromatogr. A, 1097: 33–39.

Harborne J.B. (1993): Introduction to Ecological Bio-
chemistry. Academic Press, London.

Havsteen B.H. (2002): The biochemistry and medical 
significance of the flavonoids. Pharmacol. Ther., 96: 
67–202.

Inoue M., Nishimura H., Li H.H., Mizutani J. (1992): Al-
lelochemicals from Polygonum sachalinense Fr. Schm. 
(Polygonaceae). J. Chem. Ecol., 18: 1833–1840.

Kubát K., Hrouda L., Chrtek J.Jr., Kaplan Z., Kirschner J., 
Štěpánek J. (eds.) (2002): Key to the Flora of the Czech 
Republic. Academia, Praha. (In Czech)

Table 1. Investigated accretions for germinated seeds of white mustard incubated with the extracts from rhizomes 
of three knotweeds species (Reynoutria Houtt.)

Extracts
Radicle (mm) Hypocotyle (mm) Root/shoot ratio

test control test control test control

R. japonica 4.87 ± 2.14 15.99 ± 6.96 1.98 ± 1.12 4.64 ± 1.89 2.87 ± 1.40 3.51 ± 1.32

R. sachalinensis 4.87 ± 2.14 15.97 ± 7.02 1.98 ± 1.13 4.64 ± 1.90 2.89 ± 1.62 4.67 ± 3.07

R. × bohemica 4.86 ± 2.16 15.97 ± 7.12 1.97 ± 1.13 4.61 ± 1.94 2.57 ± 1.31 4.67 ± 3.07

Means ± SD are given



PLANT SOIL ENVIRON., 54, 2008 (7): 301–303 303

Pietta P.G. (2000): Flavonoids as antioxidants. J. Nat. 
Prod., 63: 1035–1042.

Šerá B., Vrchotová N., Cvrčková K., Krejčová J. (2008): 
Contribution to the phytotoxical study of Reynoutria 
characteristics. Zpr. Čes. Bot. Společ., Praha. (Sub-
mitted)

Statistica (1999): Statistica for Windows (Volume I): 
General Conventions and Statistics I. StatSoft, Inc., 
Tulsa.

Vastano B.C., Chen Y., Zhu N.Q., Ho C.T., Zhou Z.Y., 
Rosen R.T. (2000): Isolation and identification of 
stilbenes in two varieties of Polygonum cuspidatum. 
J. Agric. Food Chem., 48: 253–256.

Vrchotová N., Šerá B. (2008): Preliminary allelopathic 
properties of Japanese knotweed extracts. Allelopa-
thy J. (Submitted)

Vrchotová N., Šerá B., Tříska J. (2005): Phenolic com-
pounds in rhizomes of Japanese and Giant knot-
weeds. Zpr. Čes. Bot. Společ., Praha, 40: 147–152. 
(In Czech)

Vrchotová N., Šerá B., Tříska J. (2007): The stilbene and 
catechin content of the spring sprouts of Reynoutria 
species. Acta Chromatogr., 19: 21–28.

Xiao K., Xuan L., Xu Y., Bai D. (2000): Stilbene glycoside 
sulfates from Polygonum cuspidatum. J. Nat. Prod., 
63: 1373–1376.

Yang F., Zhang T., Yoichiro I. (2001): Large-scale sepa-
ration of resveratrol, anthraglycoside A and anth-
raglycoside B from Polygonum cuspidatum Sieb. et 
Zucc by high-speed counter-current chromatography. 
J. Chromatogr. A, 919: 443–448.

Received on April 16, 2008

Corresponding author:

Dr. Božena Šerá, Ústav systémové biologie a ekologie, Na Sádkách 7, České Budějovice, Česká republika
phone: + 420 387 775 651, e-mail: sera@usbe.cas.cz


