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Abstract 

The purpose of this work is to evaluate the allelopathic effect of herbage cold water extracts of two 
species of perennial grasses, Dactylis glomerata and Festuca arundinacea and two species perennial 
legumes:Trifolium repens and Lotus corniculatus on seed germination (%) and seedling development 
(shoot and root lenght) on , Lolium perene and Phleum pratense and on themselves. The experiment 
was carried out in petri dishes and the measurements were performed after 14 days. Seed germination, 
growth and development of roots and shoots of the perennial grasses and legumes studied were 
influenced by the concentration of the substrate solution, by the donor species of vegetal extract and by 
the tested species. Regarding the roots and shoots development on the 4 solutions extract, we noticed 
that the reaction was very different depending on the species. The inhibitory effect of the tested extracts 
was the strongest on the species Dactylis glomerata and Trifolium repens regarding both seed 
germination and seedling development, and the least affected were Lolium perenne and Lotus 
corniculatus. Positive allelopathic effect was noted at the seedling development at Lolium perenne 
species.  
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1. INTRODUCTION 

In the grassland ecosystems, interactions between plants are carried out through competition, for 
nutritional resources, water, light, based on some morpho-physiological characteristics (bush shape, 
plant height, root length, abundance of vegetative shoots, precocity, etc.) or through some secondary 
metabolites, released into the environment, called allelopathic substances, which can have beneficial 
(positive allelopathy) or harmful (negative allelopathy) effects on target organisms, the two mechanisms 
often interfering (Einhelling F.A., 1995) 

Allelopathic substances are located in all plant organs; and can be eliminated in the environment by 
leaching from the leaves surface, by the decomposition of plant residues, by root exudates or by the 
decomposition of organic matter (Einhelling F.A., 1995). 

In natural ecosystems, the allelopathic interaction is manifested initially on seed germination and later 
on seedling development (Mozden et al, 2020), with an effect on plant establishment, species abundance 
and distribution (Macfarlane et al, 1981). 

A number of perennial grassland forage species have been studied for allelopathic interrelationships: 
Festuca arundinacea, (Cope 1982; Koo et al, 2022) Dactylis glomerata (Cope 1982; Mozdezn et al, 
2020) Poa pratensis (Cope 1982; Lepinska et Wanda, 2009; Bostan et al, 2020), Trifolium repens (Cope 
1982; Breazu 1998; Macfarlane 2012), Festuca rubra (Jankowska et al, 2014; Bostan et al 2013), Lolium 
perenne (McCarty et al), Lotus corniculatus (Breazu 1998). 

The purpose of this paper is to evaluate and quantify the allelopathic potential of water extracts of plant 
material on seed germination and seedling development in several species of perennial grasses and 
legumes included in the breeding program of the institute, on seed germination and seedling 
development: Dactylis glomerata, Lolium perenne, Trifolium repens, Lotus corniculatus, Festuca 
arundinacea and Phleum pratense. 
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2. MATERIAL AND METHODS 

To carry out this experiment, the aqueous vegetative extracts of four grasses: Dactylis glomerata, 
Trifolium repens, Lotus corniculatus, Festuca arundinacea were tested for potential allelopathic effects 
on 6 receiving species: Dactylis glomerata Intensiv variety, Lolium perenne Mara variety, Trifolium 
repens Miorița variety, Lotus corniculatus Doru variety, Festuca arundinacea Adela variety and Phleum 
pratense Carpatica variety. The vegetative materials were harvested from field plants after cutting 
regrowth. This material is made up of the vegetative part of the plant, leaves and stems, without 
inflorescences. It was harvested 35 days after the first mowing, and these no longer formed 
inflorescences. After a preliminary pre-drying, natural drying in the shade, the materials were dried at 
600 C and then they were ground.  Water solutions were made from the 4 donor species with two 
concentrations: 5% and 10%. These water solutions were left to macerate for 48 hours and then filtered. 
The extracts were used as a substrate for seed germination. Distilled water used for control was obtained 
by simple distillation and handled and stored under the same conditions as the other solutions. 

To continue the experiment, seeds from the 6 studied species were germinated in Petri dishes on filter 
paper. 100 seeds from each species were used in 3 replicates for each concentration extracts and all Petri 
dishes were wetted with the same amount of liquid. Germination was counted and the seedlings 
measurements were carried out after 14 days, for each concentration and species. 

The results were processed statistically by analysis of variance, for germination %, root length (cm) and 
shoots length (cm). 

 

3. RESULTS AND DISCUSSIONS  

Seed germination, growth and development of roots and shoots of the 6 perennial grasses and legumes 
studied were influenced by the concentration of the substrate solution (5%, 10%)  by the  the donor 
species of vegetal extract and by the tested species (fig.1). On the distilled water substrate, used in this 
case as a control, all species had normal germination, growth and development. 

Dactylis glomerata extract influenced the monitored aspects depending on the concentration of the 
solution used. At the solution concentration of 5%, seed germination was not affected in the species 
Lolium perenne and Lotus corniculatus (even slightly stimulated) and was reduced in the species 
Festuca arundinacea and Phleum pratense. The strongest inhibitory effect was manifested in the species 
Dactylis glomerata and Trifolium repens. The application of the 10% dose had an inhibitory effect on 
all species, the most strongly affected being Dactylis glomerata, Phleum pratense and Trifolium repens 
(total inhibition) (fig. 1). 

Festuca arundinacea extract had inhibitor effect on 5 % concentration at Dactylis glomerata, and 
Trifolium repens, and on 10 % concentration at Dactylis glomerata, Trifolium repens and Lotus 
corniculatus (fig. 1). 

Regarding the influence of Trifolium repens extract on the germination of the other species, an increased 
sensitivity was noted for the Dactylis glomerata and Trifolium repens species, at both concentrations 
and for Phleum pratense at the 10% concentration, the other species being little affected. The 
germination at Lotus corniculatus it was not affected at none of the concentrations.(fig. 1) 

Lotus corniculatus extract was inhibitor effect on 5% and 10% concentration at Dactylis glomerata and 
Trifolium repens (fig. 1). 
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Fig. 1. Seed germination of some grassland species on different concentrations of Dactylis glomerata, 

Festuca arundinacea, Trifolium repens and Lotus corniculatus extracts 

 

Regarding the roots and shoots development on the 4 solutions extract, we noticed that the reaction was 
very different depending on the species. 

On Dactylis glomerata extract, the roots length was the most strongly affected at all the studied specie. 
At the concentration of 5%, the length was reduced to almost half of the values recorded on the control 
solution, with Lotus corniculatus exception, for which 126.2% higher values were recorded. The 10% 
solution had a strong inhibitory effect, drastically reducing the growth, at Trifolium repens being zero 
value. This species showed significant negative values at 10% concentration level. 

At species Dactylis glomerata, Lolium perenne and Phleum pratense, there were obtained very 
significant negative values for roots length at both concentration levels. 

At Festuca arundinacea a distinct significant negative result was obtained at 5% concentration level, 
67.3% less than control level and very significant negative values at 10% concentration level with 

The shoots length development was less affected at the concentration of 5%, being even stimulated at 
Lolium perenne (120%), distinct significant result, but at the concentration of 10% the reduction in the 
size of the shoots was more pronounced, especially at Dactylis glomerata and Trifolium repens (Table 
1). 
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Table 1. Measurements of grassland species seedlings on different concentration of Dactylis 
glomerata  extract 

Species Extract 
Concentr
ation 

Root length Diff 

[cm] 

Signif
. 

Shoot length Diff. 

[cm] 

Signif
. [cm] % [cm] % 

Dactylis 
glomerata 

Control 4.33 100 mt  3.71 100 mt  

5% 2.00 46.2 -2.33 000 1.72 46.4 -1.99 000 

10% 0.04 0.9 -4.29 000 0.07 2.0 -3.64 000 

Lolium 
perenne 

Control 5.42 100 mt  4.80 100.0 mt  

5% 3.19 58.8 -2.23 000 5.80 120.8 1.00 ** 

10% 0.44 8.0 -4.98 000 2.43 50.6 -2.38 000 

Trifolium 
repens 

Control 0.90 100 mt  2.38 100.0 mt  

5% 0.29 32.4 -0.61  1.16 48.8 -1.22 00 

10% 0.00 0 -0.90 0 0.00 0.0 -2.39 000 

Lotus 
corniculatus 

 

Control 1.13 100 mt  2.93 100.0 mt  

5% 1.42 126.2 0.30  2.53 86.5 -0.40  

10% 0.20 17.3 -0.93 0 0.69 23.7 -2.24 000 

Festuca 
arundinacea 

 

Control 4.35 100 mt  4.16 100.0 mt  

5% 2.93 67.3 -1.42 00 4.15 99.6 -0.02  

10% 0.08 1.8 -4.27 000 1.14 27.4 -3.03 000 

Phleum 
pratense 

Control 2.85 100 mt  3.17 100.0 mt  

5% 0.70 24.4 -2.15 000 2.92 92.1 -0.25  

10% 0.03 0.9 -2.82 000 0.47 15.0 -2.70 000 

 DL 5% = 0.896 cm;       DL 1% = 1.227;       

 DL 0.1% = 1.673 

DL 5% = 0.665cm;     DL 1% 
= 0.911;       DL 0.1% = 1.241 

On Festuca arundinacea extract, the roots development was strongly inhibited at the 5% concentration 
in all species, the most affected being Phleum pratense and Trifolium repens, and the 10% concentration 
totally inhibited root growth, being the solution with the greatest negative impact. 

The shoot length was influenced differently, depending on the concentration of the solutions. At the 
concentration of 5%, the negative impact was more obvious in the species Dactylis glomerata and 
Trifolium repens, but at the species Lolium perenne and Phleum pratense the growth of shoots was 
stimulated. The 10% concentration totally inhibited the growth of shoots (table 2). 
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Table 2. Measurements of grassland species seedlings on different concentration of Festuca 
arundinacea extract 

   Extract 
Concent
ration 

Root length Diff 

[cm] 

Signif
. 

Shoot length Diff. 

[cm] 

Signif. 

[cm] % cm % 

Dactylis 
glomerata 

Control 3.17     
100 

         
mt 

 3.44 100.0 mt  

5% 0.49 15.5 -2.68 000 1.72 50.0 -1.72 000 

10% 0.00 0 -3.17 000 0.12 3.5 -3.32 000 

Lolium perenne Control 4.46 100 mt  5.06 100.0 mt  

5% 1.98 44.4 -2.48 000 5.66 111.7 0.60  

10% 0.06 1.5 -4.40 000 2.94 58.0 -2.13 000 

 Trifolium 
repens 

Control 0.97 100 mt  2.10 100.0 mt  

5% 0.07 7.2 -0.91 000 0.83 39.5 -1.27 00 

10% 0.00 0 -0.98 000 0.00 0.0 -2.10 000 

Lotus 
corniculatus 

 

Control 1.14 100 mt  2.45 100.0 mt  

5% 0.57 50.4 -0.57 0 1.99 81.3 -0.46  

10% 0.00 0 -1.14 000 0.010 0.4 -2.45 000 

Festuca 
arundinacea 

 

Control 4.52 100 mt  4.57 100.0 mt  

5% 1.13 25.1 -3.39 000 4.18 91.6 -0.39  

10% 0.16 3.5 -4.37 000 2.07 45.3 -2.50 000 

 Phleum 
pratense 

Control 1.90 100 mt  2.80 100.0 mt  

5% 0.12 6.3 -1.79 000 3.26 116.4 0.46  

10% 0.05 2.6 -1.85 000 2.25 80.4 -0.55  

 DL 5% = 0.484 cm;       DL 1% = 0.663;      

  DL 0.1% = 0.903 

DL 5% = 0.701 cm;  DL 1% 
0.961;       DL 0.1% = 1.309 

 

On Trifolium repens extract, the root development was strongly inhibited by the 10% solution, in all 
species. the impact of the 5% solution was less, Lolium perenne and Festuca arundinacea species being 
less affected.The shoots development was differently influenced by the concentration of the solutions 
used. The 5% solutions had a positive influence on the growth of shoots at Lolium perenne, Phleum 
pratense and Lotus corniculatus species. At the concentration of 10% in the species Dactylis glomerata 
and Trifolium repens the development of stems was totally inhibited (table 3). 
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Table 3. Measurements of grassland species seedlings on different concentration of Trifolium repens 
extract 

Species Extract 
Concentra
tion 

Root length Diff 

[cm] 

Signi
f. 

Shoot length Diff. 

[cm] 

Signif. 

[cm] % cm % 

Dactylis 
glomerata 

Control 4.32 100 mt  3.71 100.0 mt  

5% 0.64 14.9 -3.68 000 2.46 66.4 -1.25  

10% 0.01 0.2 -4.32 000 0.19 5.1 -3.52 000 

Lolium 
perenne 

Control 5.41 100 mt  4.80 100.0 mt  

5% 3.77 69.6 -1.65 000 5.78 120.3 0.97  

10% 0.08 1.6 -5.33 000 2.90 60.4 -1.91 00 

 Trifolium 
repens 

Control 0.89 100 mt  2.38 100.0 mt  

5% 0.23 26.3 -0.66 0 0.74 31.0 -1.65 0 

10% 0.00 0 -0.90 00 0.00 0.0 -2.39 00 

Lotus 
corniculatus 

 

Control 1.12 100 mt  2.93 100.0 mt  

5% 0.44 39.1 -0.69 0 3.02 103.2 0.10  

10% 0.50 44.9 -0.62 0 1.75 59.7 -1.18  

Festuca 
arundinacea 

 

Control 4.34 100 mt  4.16 100.0 mt  

5% 2.70 62.3 -1.64 000 3.94 94.6 -0.23  

10% 0.03 0.7 -4.31 000 2.35 56.5 -1.81 00 

 Phleum 
pratense 

Control 2.84 100 mt  3.17 100.0 mt  

5% 0.42 14.8 -2.43 000 3.29 103.9 0.13  

10% 0.04 1.4 -2.80 000 1.51 47.6 -1.66 0 

 DL 5% = 0.613 cm       DL 1% = 0.840;       

 DL 0.1% = 1.145 

DL 5% = 1.313 cm   DL 1% = 
1.799;       DL 0.1% = 2.451 

 

On Lotus corniculatus extract, the root development was inhibited by both solutions, the 10% 
concentration having a strong negative effect. At the concentration of 5%, the Lolium perenne and 
Festuca arundinacea had a higher growth compared to the other species. 

The shoots development was positively influenced by the 5% concentration in the Lolium perenne and 
Festuca arundinacea species, the impact being negative in the other species. At the concentration of 
10%, the growth was totally inhibited at Trifolium repens, the other species having a reduction of 26.1% 
- 52.2% (table 4). 
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Table 4. Measurements of grassland species seedlings on different concentration of   Lotus 
corniculatus extract 

Species Extract 
Concentra
tion 

Root length Diff 

[cm] 

Signi
f. 

Shoot length Diff. 

[cm] 

Signif. 

[cm] % cm % 

Dactylis 
glomerata 

Control 4.32 100 mt  3.71 100.0 0.00  

5% 0.10 2.3 -4.23 000 1.58 42.6 -2.13 000 

10% 0.02 0.5 -4.31 000 0.60 16.2 -3.11 000 

Lolium 
perenne 

Control 5.41 100 mt  4.80 100.0 mt  

5% 3.42 63.2 -2.00 000 5.90 122.9 1.10 * 

10% 0.08 1.5 -5.34 000 3.08 64.2 -1.72 000 

 Trifolium 
repens 

Control 0.89 100 mt  2.38 100.0 mt  

5% 0.19 21.2 -0.71 0 1.21 50.9 -1.17 00 

10% 0.00 0 -0.90 0 0.00 0.0 -2.39 000 

Lotus 
corniculatus 

 

Control 0.55 100 mt  2.93 100.0 mt  

5% 0.36 65.4 -0.19  2.24 76.5 -0.69  

10% 0.39 70.9 -0.16  1.39 47.4 -1.54 000 

Festuca 
arundinacea 

 

Control 4.34 100 mt  4.16 100.0 mt  

5% 2.39 55.0 -1.96 000 4.50 108.0 0.34  

10% 4.50 103.
6 

0.16  1.91 45.9 -2.26 000 

 Phleum 
pratense 

Control 2.84 100 mt  3.17 100.0 mt  

5% 0.07 2.5 -2.78 000 2.64 83.3 -0.53  

10% 0.00 0 -2.85 000 0.69 21.9 -2.48 000 

 DL 5% = 0.697 cm;       DL 1% = 0.955; 

DL 0.1% = 1.301 

DL 5% = 0.820 cm;      DL 1% = 
1.124;      DL 0.1% = 1.531 

 

4. CONCLUSIONS 

The extract of Dactylis glomerata had an inhibitory effect on the germination, growth and development 
of seedlings, of the 6 studied species, except for Lotus corniculatus that was stimulated the development 
of roots, and for Lolium perenne the development of shoots. 

Trifolium repens extract had the strongest inhibitory effect on all species. 

For Dactylis glomerata, Trifolium repens and Lotus corniculatus, the Festuca arundinacea extract was 
strongly inhibitory. 

In general, seed germination and root growth were inhibited on the studied extracts, while shoots length 
was the least affected. 

Among the studied species, Lolium perenne stood out on all 4 extracts, being even stimulated on some 
of them. 
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