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ABSTRACT - This study was carried out to investigate the effect of extracts of leaf and roots of tough lovegrass (Eragrostis
plana) on seedling growth of white clover (Trifolium repens), in two experiments. The first experiment was conducted as a
pilot test, in which two concentrations (30 and 60%) of leaf aqueous extract were tested. In Experiment II, source (leaf/root)
and concentration (5 and 10%) of the extracts were combined. Distilled water was used as control in both trials. Fifty seedlings
at 7 days of age were placed in gerbox containers on filter paper moistened with extracts and incubated at 25°C for 14 days.
In the first experiment, percentage of normal seedlings decreased by 82.5% and 100% at the concentrations of 30% and 60%,
respectively, which indicated the need to increase the dilution of the extracts. In the subsequent experiment, the extracts from
the two sources, at 10% of concentration, reduced by 78% the percentage of normal seedling and increased the percentage
of abnormal seedlings, which reached 27%. At 5% concentration, the leaf extract was the most deleterious treatment, resulting
in greater mortality (M=27.6%) and abnormality (A=19.5%) of seedlings, compared to the root extract (M=4.8%; A=9.5%)
and the control (M=2.4%; A=0.25%). The morphological changes caused by the extracts were radicle necrosis, retention of
cotyledons and absence of secondary roots. The results suggest that allelopathic compounds from leaves and roots of tough
lovegrass differ in chemical nature and/or concentration.
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Crescimento de plântulas de trevo-branco tratadas com extratos aquosos
de folha e raiz de capim-annoni-2

RESUMO - Este estudo foi realizado para investigar o efeito do extrato de folhas e raízes de capim-annoni-2 (Eragrostis
plana) no crescimento de plântulas de trevo-branco (Trifolium repens), em dois experimentos. O primeiro experimento foi
conduzido como teste-piloto, no qual foram testadas duas concentrações (30% e 60%) de extrato aquoso de folhas. No
experimento II houve uma combinação de fonte (folhas e raízes) e concentração (5% e 10%) dos extratos. Água destilada foi
utilizada como testemunha em ambos os ensaios. Cinqüenta plântulas com sete dias de idade foram colocadas em caixas gerbox,
sobre papel-filtro umedecido com os extratos, e incubadas a 25ºC durante 14 dias. No primeiro experimento, o percentual de
plântulas normais decresceu em 82,5% e 100% nas concentrações de 30% e 60%, respectivamente, o que indicou a necessidade
de se aumentar a diluição dos extratos. No experimento subseqüente, os extratos das duas origens, a 10% de concentração,
reduziram em 78% o percentual de plântulas normais e aumentaram o percentual de plântulas anormais, que atingiu 27%. A
5% o extrato de folha foi o tratamento mais deletério, resultando em maior mortalidade (M=27,6%) e anormalidade (A=19,5%)
de plântulas, comparado ao de raiz (M=4,8%; A=9,5%) e à testemunha (M=2,4%; A=0,25%). As alterações morfológicas
causadas pelos extratos foram necrose da radícula, retenção dos cotilédones e ausência de raízes secundárias. Os resultados
sugerem que os compostos alelopáticos de folhas e raízes do capim-annoni-2 diferem quanto à natureza química e/ou
concentração.
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Introduction

Tough lovegrass (Eragrostis plana Nees.) is the most
aggressive weed in natural pastures in southern Brazil. Its
control is difficult because of the easy dissemination, low
nutritional quality and acceptance, highly competitive

growth, drought resistance and allelopathic effect
(Abichequer et al., 2006; Coelho, 1986; Medeiros & Focht,
2007) of this plant.

Coelho (1986) observed inhibition on seed germination
and seedling development of white clover (Trifolium
repens L.) cultivated in soil from an area invaded by tough
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lovegrass for ten years, and no adverse effect of root and
aerial part extracts on plant growth was observed. Alcoholic
extracts of roots and leaves have shown a very strong
effect on seed germination of white clover (Coelho, 2000).
Ferreira et al. (2008) verified depressed effect on seed
germination of Paspalum notatum Flügge, P. regnellii
Mez, Setaria sphacelata Schumach and Megathyrsus
maximus Jacq. when the seeds were covered with stem and
leaf fragments of tough lovegrass (Ferreira et al., 2008).

The leaves and roots are the major sources of
allelochemicals and their release to environment occur by
leaching, volatilization, root exudation and degradation of
fragments of dead and decaying plant material (Favoretto,
1993). Leigh et al. (1995) showed that mulched residues from
Phalaris aquatica and Triticum aestivum L. reduced the
germination and production of Trifolium subterraneum L.

A limited number of works has been conducted about the
allelopathic effect of aqueous extracts of tough lovegrass on
white clover seedlings. The objectives of the current study
were to determine (1) whether aqueous extracts from leaves
and roots of tough lovegrass have the same allelopathic
effect on seedling growth, and (2) what the morphological
changes caused by the allelopathic extracts are.

Material e Methods

Extracts were prepared with leaves and roots from non-
flowering tough lovegrass plants, which were presented at
the edge of a field. The plants were separeted into leaf and
root parts and 100 g of each one were washed, cut into small
pieces and dryed in a forced oven air at 60ºC for seven days.
Subsequently, the material was soaked in 1.000 mL of boiled
distilled water for thirty minutes, filtered and evaporated in
a rotary evaporation. After complete drying, the gross mass
was determined in an analytical scale and the standard
stock solutions were prepared at 2.73 g/mL concentration
and pH= 5.5. The stock solutions were diluted with distilled
water to give the different concentrations to be tested. The
extracts were stored at 4ºC before being applied to seedlings.

Two experiments were carried out: firstly, only leaf
extracts at 0, 30 and 60% concentration were tested as a pilot
test. Subsequentely, a second experiment evaluated different
sources (root and leaf) and concentrations (0, 5 and 10%)
of extracts. In both trials, distilled water was used as control
and the experimental design was completely randomized,
with four replications. Fifty sedlings of white clover at
seven days of age were placed on filter paper treated with
5 mL of extracts in gerbox containers and incubated at 20ºC
in the growth chamber for 14 days (Brasil, 2009). Two more

applications of 2 mL extracts were necessary to keep the
substrate moisture. The dead, abnormal and normal
seedlings were recorded on the 4th, 10th and 14th day after
the first extract application. According to Brasil (2009),
abnormal seedlings show damage in their essential
structures and a weak development.

Treatment effects and days-of-observation were
analyzed with repeated-measures ANOVA, the averages
were compared by Tukey test and a regression analysis was
carried out to identify the relationship between seedling
response and day-of-observation. The software SISVAR
was used (Ferreira, 2000).

Results and Discussion

The Experiment I revealed that 30 and 60%
concentrations were markedly toxic, reducing the percentage
of normal seedlings by 86.5 and 100%, respectively, on the
10th day (Table 1). No normal seedling was found in these
treatments on the 14th day. Both concentrations caused the
maximum percentage of abnormal seedlings on the 10th day
and total mortality on the 14th day. In contrast, the control
treatment showed the presence of abnormal seedlings only
on the 14th day.

The results indicated the necessity to change the
concentrations to allow a higher time of seedling survival
because the seedling development stage must be long
enough to classify them as normal or abnormal (Brasil, 2009).
Also, Coelho & Schmidt (2001) suggested that extract high
concentration should be avoided in allelopathic studies
because of the reduction of water potential and difficulty
in interpretation results. As for tough lovegrass there is
still no protocol for studies on allelopathy but the type of
the extracts, aqueous or alcoholic, can influence the results.
Kruse et al. (2000) do not recommend the use of organic
solvent and address the importance to identify the
allelochemicals if a physiologically based protocol is to be
followed.

In Experiment II, the effect of concentration on seedling
growth during the incubation time was dependent on the
extract source (Figure 1). The root and leaf extract at 10%
concentration caused a pronounced decrease on normal
seedlings, but at 5%, the effect of root extract was less
severe than leaf extract effects. The differential effects may
be due to the presence of higher proportion of active
allelochemicals in the leaf than the root and/or different
chemical nature. The higher mortality caused by leaf extract
at 5% compared to the root extract at the same concentration
strengthens this hypothesis (Figure 2).
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The present findings corroborate the earlier reports
about the toxicity level depending on the part of the plant
used. In the study of Sisodia & Siddiqui (2010),
allelochemical content was higher in leaves than in stems of
Croton sp. Pereira et al. (2008) observed that leaf extract of
alfalfa (Medicago sativa L.) was more toxic to the seedlings
of the same culture compared to the root extract. Also,
Chon & Kim (2002) verified that leaf extract of this leguminous
was more effective at depressing the root and hypocotyl
growth and that the main allelochemicals (coumarin, trans-
cinnamic acid and 0-coumaric-acid) were not present in root
samples. Chung & Miller (1995) reported higher inhibition
of alfalfa seedling growth when exposed to flower and leaf
extracts when compared to the root one.

Day-of-observation Extract concentration

0% (distilled water) 30% 60%

 Normal seedlings (%)
4th 85.aA 77.0aA  68.0aA

10th 76.5aA 13.5bB    0.0bC
14th 42.0bA   0.0cB    0.0bB

 Abnormal seedlings (%)
4th   0.0aA   0.0bA   0.0bA

10th   0.0aB  38.5aA  45.5aA
14th 13.0aA   0.5bA   0.0bA

 Dead seedlings (%)
4th 15.0bB    23.0cAB   32.0cA

10th 23.5bB  48.0bA   54.5bA
14th 45.0aB  99.5aA 100.0aA

Averages followed by the same letter, capital letter in the row and lowercase letter in the column, do not differ (P>0.05) by Tukey test.

Table 1 - Normal, abnormal and dead seedlings of white clover treated with aqueous leaf extract of tough lovegrass at three concentrations
over time

Figure 2 - Seedling mortality percentage of white clover treated
with leaf and root aqueous extract of tough lovegrass.

The same letter (capital letter compare the concentration in the same source and
lower case letter comparing the source in the same concentration) indicates
similarity (P>0.05) by Tukey test.

Figure 1 - Percentage of white clover normal seedlings treated with leaf (L) and root (R) aqueous extract of tough lovegrass over time.
(C= control, distilled water).
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 The extracts caused morphological changes in
seedlings, as evidenced from the 4th day. On the 10th day,
the differences between treatments became more
pronounced, when it was recorded the highest percentage
of abnormal seedlings (Figure 3). The leaf and root extracts
at 10% resulted in 19.5% of abnormal seedlings compared
to 9.5% observed with the root extract at 5% concentration.
On the 14th day, when the seedlings were 21 days of age,
no differences were observed between 5 and 10%
concentration (p>0.05), because most seedlings was dead.

The abnormalities observed in seedlings were radicle
necrosis, absence of secondary roots and coat presence in
seeds after germination. The radicle necrosis is a common
allelopathic symptom (Ferreira, 2004). Souza Filho et al. (1997)
stated the interference on radicle growth is one of the best
indicators for evaluating the allelopathic effect.

The present study provides evidence that allelopathic
effect of tough lovegrass varies with the part of plant, which
indicates the importance to test aqueous extracts from
inflorescences, stems and seeds, as well as their different
phenological stage (for example, green and senescent

leaves). Information on the relationship between allelopathic
action and quantity and/or residual decomposition of this
species on the sward can support management practices.
The mowing and sowing of the desirable forages in natural
pastures could occur when the more allelopathic component
is present in small quantity.

This considerations are supported by several reports,
which state that allelopathy action is mainly important
when vegetation residues are on the soil surface (Kotnik &
Vidrih, 2002). Actually Ferreira et al. (2008) found higher
adverse effect on seed germination of forage grasses as
long as the coverage level with fresh fragments of tough
lovegrass was increased. As the fast-germinating species
were not damaged, it is believed that allelochemicals were
released during the decomposing of residues. Wardle et al.
(1993) proposed that nodding thistle (Carduus nutans L.)
is allelopathic to pasture grasses and legumes at two phases
of its development, i.e. at the early bolting stage when the
larger rosette leaves are decomposing and releasing soluble
inhibitors, and at the stage when bolting plants are drying
and releasing insoluble inhibitors.

Figure 3 - Abnormal seedling percentage of white clover treated with leaf (L) and root (R) aqueous extract of tough lovegrass over time.
(C= control, distilled water).

Conclusions

Leaf aqueous extract of tough lovegrass is more
allelopathic on white clover seedlings than root extract,
suggesting that allelochemicals differ in chemical nature
and/or concentration. Radicle necrosis, coat seed
presence and secondary root absence are the main toxicity
symptoms of the tough extracts on seedlings of this
leguminous.
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