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Abstract. The effect of water extracts from common buckwheat (Fagopyrum esculentum  
Moench) tissues on seed germination and seedling growth of winter wheat and lettuce was 
examined. Two kinds of extracts were evaluated: from the aboveground parts and roots of 
common buckwheat (cv. Hruszowska). The effect of extracts was dependent on their kind, 
the time of action and the species of studied plants. Lettuce seeds were more sensitive to 
treating with extracts from buckwheat tissues than wheat seeds. Extract from the 
aboveground parts of buckwheat more clearly inhibited germination of wheat seeds than 
extract from roots. In lettuce the reverse phenomenon occurred: two times less seeds 
germinated in the presence of extract from  aboveground parts of buckwheat than under 
the influence of extract from roots. Extracts from buckwheat tissues also inhibited the 
growth of roots of the studied species and the coleoptiles of wheat and hypocotyls of 
lettuce. Extract obtained from the aboveground parts of common buckwheat showed 
stronger inhibiting effect.  
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INTRODUCTION 

Although the phenomenon of allelopathy has been known for a long time, it is not 
precisely determined if forming compounds with allelopathic features is an intentional 
strategy developed by plants or an accidental effect which allows the plant producing 
those compounds to gain advantage over other plants [Kaczmarek 2009]. The objectives 
of this field of science include, among other matters, the use of compounds with 
allelopathic character as pro-ecological pesticides, and particularly natural herbicides or 
plant growth regulators [Khanh et al. 2005]. The essence of allelopathic effects is 
secreting by plants (donors) chemical substances that modify the processes of growth 
and development of plants (acceptors). They can have both inhibitory and stimulating 
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character. More frequently, however, the phenomenon of inhibiting occurs, which  
manifests itself by inhibiting effect on seed germination and the growth and 
development of seedlings [Kaczmarek 2009]. 

Tissues of common buckwheat (Fagopyrum esculentum Moench) accumulate large 
amounts of phenolic compounds [Horbowicz et al. 2011a]. Common buckwheat also 
accumulates large amounts of anthocyanins [Horbowicz et al. 2009a, b]. Additionally, 
aboveground parts of buckwheat are particularly rich in the glycosides of quercetin, 
apigenin and luteolin [Horbowicz et al. 2011b]. It is supposed that due to the high 
content of phenolic compounds common buckwheat is a species showing strong  
allelopathic properties [Iqbal et al. 2003, Kaczmarek 2009]. Therefore the potential 
herbicidal properties of this plant have been studied for many years [Ohsawa and 
Nakatani 2004]. Plants of common buckwheat reduce the growth of many weeds, such 
as Canadian thistle (Cirsium arvense L.), field bindweed (Convolvulus arvensis L.), 
leafy spurge (Euphorbia esula L.), and perennial pepperweed (Lepidium latifolium L.) 
[Eskelsen and Crabtree 1995] as well as quackgras [Golisz et al. 2007]. Thus seeds of 
that plant can be sown into soil in order to reduce weeds, since germinating seeds of 
buckwheat inhibit the root growth of ryegrass, radish and lettuce [Kalinova 2004].  

The aim of this study was to compare the effect of extracts obtained from the 
aboveground part and roots of common buckwheat plants of cv. Hruszowska on seed 
germination and seedling development of winter wheat and lettuce. Although it is not 
entered in the cultivar register, Hruszowska is the traditionally and most widely grown 
cultivar of common buckwheat in Poland. Hence it is also a frequent subject of 
physiological, biochemical and agricultural studies. Winter wheat is in this case the 
model plant, a representative of monocotyledonous plants, which are usually more 
sensitive to the allelopathic effect of buckwheat [Golisz et al. 2007]. Lettuce in turn is  
a representative of dicotyledonous plants, also often used in this type of studies, due to 
its sensitiveness to the conditions of germination and growth [Kalinowa 2004, Ohsawa 
and Nakatani 2004].  

MATERIAL AND METHODS 

Preparation of common buckwheat seedlings 

Preparation of common buckwheat seedlings was conducted according to the 
method developed by Mioduszewska et al. [2009]. On each of 30 × 15 cm strips of filter 
paper wetted with water 10 seeds of common buckwheat cv. Hruszowska were placed. 
The seeds were covered with the other strip of paper with the same dimensions. Then 
the filter paper with seeds was folded in rolls and placed vertically in a beaker with  
a volume of 2 dcm3 filled with about 200 cm3 of water. Beakers containing rolls were 
covered with Petri dishes and placed in a thermostated dark chamber at 19°C for  
4 days. Hypocotyls of buckwheat seedlings obtained in this way achieved lengths from 
3 to 5 cm. Etiolated seedlings were transferred to air-conditioned room for 14 days at  
a photoperiod of 16/8 h and the temperature 24/18°C. High pressure sodium lamps were 
used to light buckwheat plants, and the light intensity was 100 µmol·m-2·s-1. 
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Extraction of active substances from buckwheat plants  

 Plants of common buckwheat were divided into aboveground parts (hypocotyls and 
cotyledons) and roots. Plant tissues were cut and then homogenized in a mortar with 
distilled water in a ratio of 1:10. Prepared homogenates were incubated in the dark at 
20°C for 48 hours. Then the homogenates were filtered through a filter paper and used 
for further analysis.  
 
Effect of extract from buckwheat plants on seed germination and seedling growth 
of lettuce and wheat 

Two layers of filter paper were put on Petri plates, and then 5 cm3 of distilled water 
(the control treatment), 5 cm3 of extract prepared from the roots of buckwheat or 5 cm3 
of extract from the aboveground parts of buckwheat were placed on each of them. On 
each plate prepared in this way 50 seeds of lettuce (cv. Ewelina) or winter wheat (cv. 
Almari) were sown, which were next germinated at 19°C. The percentage range of 
lettuce germination was determined after 4 and 5 days, whereas of wheat after 3 and  
4 days. Additionally, the lengths of roots and hypocotyls were measured in the case of 
lettuce, whereas the lengths of roots and coleoptiles in wheat.   

Three independent experiments were carried out, each of which were conducted in 
three replication. The results were worked out graphically using the software 
GraphPadPrism. The figures present mean results together with standard deviation values. 
The significance of differences was also calculated � separately for treatment periods:  
3 and 4 days for wheat and 4 and 5 days for lettuce. Different letters above the mean 
values show significance of differences according to the Newman-Keuls test, at P = 95%. 

RESULTS AND DISCUSSION 

The range of inhibitory effect of extracts obtained from tissues of common 
buckwheat (cv. Hruszowska) on germination depended on the kind of extract, the time 
of its action, and the seeds of the studied species. The extract from the aboveground 
parts (EN) of common buckwheat after 3 days of application showed a more inhibitory 
effect on wheat seed germination than the extract from roots (EK). Only 39% of wheat 
seeds germinated after the application of EN, whereas on average 68% of seeds of this 
species germinated after the use of EK (Fig. 1). After four days of treatment, the effects 
of both kinds of extracts on germination was weaker, since neither extract had  
a significant effect on this process.   

There is no data in the literature concerning the effect of extracts from buckwheat on 
wheat seed germination under laboratory conditions. Earlier field studies indicated that 
wheat seeds poorly germinated in the soil where previously common buckwheat plants 
used to grow [Eskelsen and Crabtree 1995]. The authors of the mentioned work suggest 
that buckwheat plants within rhizosphere secrete compounds that inhibit germination of 
wheat seeds.   

The results presented in this work show that lettuce seeds are more sensitive to the 
effect of extracts from buckwheat plants than wheat seeds (Figs. 1, 2) Only about 25% 
of lettuce seeds germinated in the presence of extract from the aboveground parts of 
buckwheat � both after four and five days of treatment. After the same time, 37 and 
56% of lettuce seeds, respectively, germinated in the presence of extract from the roots 
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of buckwheat. The results obtained confirm the previous observations by Kalinova et al. 
[2005]. Those authors proved that water extracts obtained from buckwheat stems have 
an inhibitory effect on lettuce seed germination and the root growth.   

 

 
 
Fig. 1.  Effect of water extracts obtained from tissues of common buckwheat on germination of 

winter wheat, cv. Almari 
 

 
 
Fig. 2.  Effect of water extracts obtained from tissues of common buckwheat on germination of 

lettuce, cv. Ewelina 
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The effect of extracts from buckwheat plants on root elongation of the studied plants 
depended on the kind of extract, the time of its action and the species. The applied 
extracts both from roots and the aboveground part of buckwheat plants clearly inhibited 
the root growth of lettuce seedlings (Fig. 3). At the same time it was observed that the 
extract EN decreased the root elongation more clearly, as compared with EK (Fig. 3). It 
was observed that EK inhibited the growth of roots on average by 40 and 35%, after 
four and five days of treatment, as compared with the control, whereas EN by 60-65%. 
A similar relationship was observed also in the case of the effect of extracts from 
buckwheat on the root growth of wheat seedlings. The EK extract inhibited the growth 
of wheat roots after 3 and 4 days of application by 35 and 60%, respectively, whereas 
EN by 73 and 60 %, respectively, after three and four days of their application (Fig. 4). 

 

 
 
Fig. 3.  Effect of water extracts obtained from tissues of common buckwheat on inhibition of 

root growth of lettuce, cv. Ewelina 
 

The results obtained confirm the previous observations of Kalinova [2004] and 
Ohsawa and Nakatani [2004]. The authors indicated that extracts from germinated seeds 
of buckwheat considerably inhibited the root growth of lettuce. Iqbal et al. [2002] in 
turn proved that alkaloids isolated from buckwheat stems resulted in 50% inhibition in 
the length of lettuce seedlings, already at the concentration below100 ppm. While 
phenolic compounds from buckwheat leaves limited the root and stem growth of the 
studied plant species [Iqbal et al. 2003]. In another experiment, Kalinova [2007] 
evaluated the effect of water extracts from germinating seeds of three common  
buckwheat cultivars on the growth of roots an hypocotyls of lettuce. It was proved that 
those extracts distinctly inhibited the growth in the aboveground part and roots of this 
species. The author observed that in spite of a high content of phenolic acids in roots, 
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the extract obtained from the aboveground parts of common buckwheat caused  
a stronger inhibition of lettuce growth.  

 

 
 
Fig. 4.  Effect of water extracts obtained from tissues of common buckwheat on inhibition of 

root growth of winter wheat, cv. Almari 
 
The results of the present study indicate that the water extract from the aboveground 

parts of buckwheat (EN) caused a stronger inhibition of the length of wheat coleoptile 
than the extract from roots (EK). It was proved that after three days of the experiment the 
coleoptile length of wheat seedlings treated with EN was smaller by 35% in comparison to 
seedlings of the control, whereas after four days of treating the difference increased up to 
55% (Fig. 5). EK also inhibited the growth of wheat coleoptiles, but to a considerably less 
degree.  

A similar relationship occurred in the case of growth of lettuce hypocotyls (Fig. 6). 
Stronger inhibitory effect was observed after four days of application of the extracts. 
Then EN inhibited the growth of lettuce hypocotyls on average by 75%, and after five 
days by about 30%. EK also had an inhibitory effect on the growth of lettuce 
hypocotyls, but about three times weaker as compared with EN � after 4 days of 
application of extracts.   
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Fig. 5.  Effect of water extracts obtained from tissues of common buckwheat on inhibition of 

coleoptile growth of winter wheat, cv. Almari 
 

 
 
Fig. 6.  Effect of water extracts obtained from tissues of common buckwheat on inhibition of 

hypocotyls growth of lettuce, cv. Ewelina 
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Presented results showed that extracts from tissues of the aboveground parts and 
roots of common buckwheat have the ability to inhibit germination of winter wheat and 
lettuce seeds. Inhibiting the seedling growth of those species is caused by compounds of 
allelopathic character occurring in the roots and aboveground parts of common 
buckwheat. It is supposed that those compounds are: alkaloids, phenolic acids and 
flavonoids [Iqbal et al. 2003,Tsuzuki and Dong 2003]. Common buckwheat plants 
contain considerable amounts of phenolic acids: trans-cinnamic, chlorogenic, ferulic 
and caffeic [Hagels et al. 1995, Ohsawa and Nakatani 2004, Golisz et al. 2007, 
Horbowicz et al. 2011a]. Chaves and Escudero [1997] report that one of the features of 
those compounds is hindering and even complete inhibition of seed germinating 
capacity of other plants. The authors show that phenolic compounds are elements that 
have a direct effect on inhibiting germination. In contrast, flavonoids, which constitute 
the dominant group of compounds occurring in buckwheat tissues, exert a smaller effect 
on germination, but they affect inhibiting the growth of aboveground parts and roots.  

 The extract obtained from cotyledons and hypocotyls of common buckwheat was 
characterized by a higher ability to inhibit germination of lettuce and wheat seeds and 
growth of aboveground parts of wheat and lettuce. Eskelsen and Crabtree [1995], as 
well as Golisz et al. [2007] suggest that this may be connected with the fact of presence 
of the most of allelopathic compounds in leaves and stems of common buckwheat. 
Golisz et al. [2007] claim that inhibiting plant growth by the water extracts from leaves 
of common buckwheat may be connected with the high content of rutin. Similar 
suggestions were also put forward by Hagels et al. [1995], who point out that 
buckwheat roots contain only small amounts of rutin as compared with the aboveground 
parts. Those observations to some extent confirm the results of the present study that the 
water extract from the aboveground parts of common buckwheat was characterized by  
a higher ability to inhibit germination of seeds of wheat and lettuce and the seedling 
growth of those species.  

CONCLUSIONS  

1. Water extracts obtained from tissues of common buckwheat cv. Hruszowska had 
a strong allelopathic effect on the seed germination and seedling growth of winter wheat 
and lettuce.  

2. Extracts obtained from the aboveground parts of buckwheat stronger inhibited 
seed germination and seedling growth of wheat and lettuce as compared with the 
extracts obtained from roots.   

3. Water extract from the aboveground parts of common buckwheat could be used as 
a natural herbicide in organic farming to reduce self-seedings of wheat or other 
monocotyledonous plants, but this hypothesis needs further studies.  
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WPŁYW WYCIĄGÓW WODNYCH Z TKANEK GRYKI ZWYCZAJNEJ  
NA KIEŁKOWANIE NASION I WZROST SIEWEK PSZENICY OZIMEJ  
I SAŁATY MASŁOWEJ 

Streszczenie. Badano wpływ ekstraktów wodnych z tkanek gryki zwyczajnej na kiełko-
wanie nasion oraz wzrost siewek pszenicy ozimej i sałaty masłowej. Ocenie poddano dwa 
rodzaje ekstraktów: z części nadziemnych i korzeni gryki zwyczajnej (odm. Hruszowska). 
Wpływ działania ekstraktów był zależny od ich rodzaju, czasu działania i gatunków 
badanych roślin. Nasiona sałaty były bardziej wrażliwe na traktowanie ekstraktami  
z tkanek gryki niż nasiona pszenicy. Ekstrakt z części nadziemnych gryki wyraźniej 
hamował kiełkowanie nasion pszenicy niż wyciąg z korzeni. W przypadku sałaty 
wystąpiło zjawisko odwrotne: w obecności wyciągu z części nadziemnych gryki 
wykiełkowało dwukrotnie mniej nasion niż pod wpływem ekstraktu z korzeni. Ekstrakty  
z tkanek gryki hamowały także wzrost korzeni badanych gatunków oraz koleoptyli 
pszenicy i hipokotyli sałaty, przy czym silniejszy efekt hamujący wykazywał wyciąg 
otrzymany z części nadziemnych gryki zwyczajnej.  

Słowa kluczowe: allelopatia, gryka zwyczajna, Hruszowska, pszenica ozima, sałata 
masłowa 

 
 
 

Accepted for print � Zaakceptowano do druku: 10.09.2013 
 

 
For citation � Do cytowania: 
 
Mioduszewska H., Klocek J., Horbowicz M., Wolska K., 2013. Effect of water extracts 
from tissues of common buckwheat on seed germination and seedling growth of winter 
wheat and lettuce. Acta Sci. Pol., Agricultura 12(3), 45-54. 
 


