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Abstract 

 The use of allelopathic effects, especially bioherbicides, in biological control can reduce the negative impacts of synthetic 

pesticides on the environment. In this sense, aqueous extracts of the leaves of thirteen medicinal plants from northwestern Morocco 

were tested at 4% for their biocidal power on the germination of canary grass (Phalaris canariensis) and lettuce (Lactuca sativa). 

The results showed that fig (Ficus carica) and oregano (Origanum compactum) extracts alone met the criteria of an effective 

biological herbicide. Indeed, the rate of reduction of the germination of the canary grass by the extracts of fig tree and oregano were 

respectively 90 and 95%; whereas the germination of the lettuce was not affected. After dilution of the extracts of these two plants, 

the allelopathic effect was maintained on the germination and growth of canary grass. In general, the effects were significant from 

the 1% concentration and the rate of reduction increased with the concentration of the extracts. Thus, the aqueous extracts of Ficus 

and Origanum showed good herbicidal efficacy on germination and growth of monocotyledonous weeds (represented by canary 

grass) and selectivity towards lettuce (representing the dicotyledons). 
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1. Introduction 

 

Plant communities are partly governed by 

interactions between species. One of the interactions between 

plants is negative interference, which can be indirect 

(attraction or maintenance of organisms affecting 

neighbouring plants) or direct (competition, allelopathy) [1]. 

Allelopathy is one of the survival strategies that involves the 

release of allelochemicals into the surrounding environment, 

in order to influence (usually inhibit; although stimulation is 

also included in the broad definition of allelopathy) the 

germination/growth/development of neighbouring species 

that share the same habitat. Indeed, it is reported [2, 3] that 

allelopathy is a sub-discipline of chemical ecology that refers 

to the effects of chemicals produced by plants and micro-

organisms on plant growth and development in agricultural 

systems or in natural communities. This phenomenon can be 

viewed as a part of biological control in which plants are 

utilized to diminish the power and advancement of different 

plants [4, 5]. Natural products  

 

 

 

identified as allelochemicals are reported to be present in 

almost all plant parts [6, 7]. Therefore, it is suggested that 

allelopathic plants could be used as bioherbicides for weed 

control in agriculture [8]. Indeed, these compounds offer 

great potential for weed control, either directly or their 

chemistry could be used as a model for developing new 

herbicides.                       

Weeds are unwanted plants that have no economic 

use and are difficult for farmers to manage. They affect the 

growth and development of crops and thus limit their 

productivity and yield [9, 10]. Furthermore, they have an 

indirect effect by harboring pests and diseases of plants [11]. 

They limit the availability of light, moisture, space to crops 

and deteriorate their quality [12]. In this case, the use of 

synthetic chemical herbicides plays an effective role in 

managing the growth and multiplication of weeds [13]. 

However, recent researches showed that the frequent and 

massive use of these chemical products presents risks to 
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human health [14]. In addition, some weeds develop 

resistance to chemical herbicides [15, 16]. Indeed, 253 weed 

species worldwide have shown resistance to herbicide active 

molecules [17], such as glyphosate, the most common weed 

killer [18]. For these reasons, the development and use of 

natural herbicides has attracted the interest of researchers 

who have demonstrated the phytotoxic effect of natural 

substances, mainly secondary metabolites extracted from 

plants which could be exploited by humans for their 

herbicidal effect [19]. Turk & Tawaha [20] noted that water 

extracts from the fresh parts of Brassica nigra have the ability 

to inhibit germination and radicle length of Avena fatua. 

Elkenany & Eldarier [21] showed that the germination of 

Phalaris minor is sensitive to the aqueous extract of the leaf 

part of Lantana camara. BenGhnaya et al. [22] noted that the 

effect of the aqueous extract of the leaf part of Eucalyptus 

erythrocorys was more severe on weeds (Sinapsis arvensis L. 

and Phalaris canariensis L.) than on the crop (Triticum 

durum Desf.). These results indicate also that seedling 

growth, particularly root elongation, was the most sensitive 

indicator for evaluating the effects of the extracts with respect 

to seed germination. Benzarti et al. [23] showed that aqueous 

extracts of the leaves of Verbena officinalis and Aloysia 

citrodora inhibited the germination and elongation of the 

radicle of Phalaris canariensis. 

Our objective is to test the allelopathic power of 

leaves aqueous extracts from thirteen Moroccan plant species 

on canary grass (Phalaris canariensis) as a representative 

plant of the monocotyledonous and on lettuce (Lactuca 

sativa) as a representative of the dicotyledonous. 

 2. Materials and methods 

 

2.1. Plant Material 

To test the allelopathic effect, the leaves of 13 

medicinal plants (table 1) were collected in the northwestern 

regions of Morocco during the period May-August. Leaves 

foliar aqueous extracts of these species have been tested on 

germination and growth of Canary grass (Phalaris 

canariensis L.) and lettuce (Lactuca sativa L.). 

2.2. Preparation of Plant Extracts From Leaves   

Healthy leaves of plants were dried at a temperature 

of 45°C for 4-5 days in a ventilated oven and then directly 

ground with an electric grinder. The powder (leaf crush) was 

sieved through a 20–40 mesh, put into paper bags and stored 

in the dark at room temperature (25°C) in the laboratory. Four 

grams of each grind was dissolved in 100 ml of distilled water 

and magnetically stirred for one hour. The mixture was 

filtered through a piece of muslin cloth. The precipitate was 

removed and the resulting solution was then centrifuged for 

10 minutes at 3000 rpm. The supernatant was collected and 

filtered through a Wathman N1 filter paper. The filtrate 

obtained is the crude extract (4%) of the sample used.  

2.3. Phalaris and Lettuce Germination and Growth Test   

Germination of canary grass (Phalaris canariensis) 

and lettuce (Lactuca sativa) seeds was carried out in Petri 

dishes containing 5 ml of one of the extracts (tests) or distilled 

water (control). Each treatment was repeated three times. Ten 

canary grass or lettuce seeds were placed in each petri dish, 

which were immediately sealed with Para-film and incubated 

for 10 days at 20°C and under a 12-hour photoperiod. 

Subsequently, the extracts of the plants having shown an 

herbicidal effect (at 4%) were then retested at different 

dilutions (2%, 1% and 0.5%). The median effective dose (ED 

50) is the dose or concentration that produces a effect in 50% 

of cases. ED50 values were calculated by plotting 

concentration on a log scale (X) and the reduction response 

on the Y axis. The data appear linear in a semi-log graph 

paper. ED50 is extensively applied for investigating the 

phytotoxic effect or toxic efficacy of several allelochemicals 

[24] and herbicides [25]. 

2.4. Observation and measures  

 The number of germinated seeds was counted in 

each Petri dish after ten days of incubation and the percentage 

of germination inhibition was determined according to the 

formula [26]. 

 

% germination inhibition = 100 * (N-n) / N 

 

With N: number of germinated seeds in the control at 10 days 

and n: number of germinated seeds in a treatment. 

 The evaluation of the herbicidal efficacy of the 

plant extracts was judged according to the scale established 

by the commission of biological tests of the Scientific Society 

of Phytiatrics and Phytopharmacy: 

 

      95 to 100% : Very good efficiency 

      80 to 95%   : Good efficiency 

      60 to 80%   : Average efficiency 

      40 to 60%   : Low efficiency 

      <40%   : Effectiveness without practical interest. 

The percentage of growth inhibition (radicle and aerial part) 

was also calculated: 

 

% growth inhibition = 100 * (length of control - length in 

test)/length of control 

2.5. Statistical Analyzes 

 Statistical analyses were performed with the SAS 

program. An arcsine transformation of the square root of the 

germination inhibition percentage and a conversion of 

negative means to zero values (0) were adopted before 

submitting the data to statistical analysis. The Student-

Newman and Keuls test, with a probability of 5%, was 

applied for the comparison of means. 

3. Results and Discussions 

 

 A highly significant difference was noted between 

the effects of the different extracts. Thus, a total inhibition of 

seed germination of Phalaris canariensis was recorded with 

the aqueous extracts of Lavandula sp. Moreover, an 

inhibitory effect higher than 80% was noted for canary grass 

with the aqueous extracts of Ficus carica, Myrtus communis, 

Origanum compactum and Ocimum basilicum, which 

corresponds to a good to very good herbicidal efficiency. In 

contrast, the aqueous extracts of Mentha pulegium, Nicotiana 
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glauca, Peganum harmala and Pinus pinaster showed only 

poor herbicidal efficacy or no practical value (inhibitory 

effect <40%) on weed germination (Table 2). Concerning the 

effect on Lactuca sativa, its germination was not significantly 

affected by the tested plants, except for the aqueous extract of 

Lavandula sp, which exerted a very significant inhibitory 

action on the lettuce. Indeed, some extracts had no (0% for 

Ficus carica, Juniperus communis, Mentha pulegium) or very 

weak (0 to 7% for Nicotiana glauca, Origanum compactum 

and Peganum harmala) to weak inhibition (11 to 23% for 

Myrtus communis, Mentha rotundifolia, Nerium oleander and 

Medicago sativa) effects on the lettuce. In addition, although 

aqueous extracts of Ocimum basilicum and Pinus pinaster 

caused reduction rates of over 40% on lettuce, they were not 

very effective in terms of herbicidal effect on the canary grass 

weed (Table 2). According to the results obtained, it was 

found that only the aqueous extracts of Ficus carica and 

Origanum compactum among the 13 tested plants meet the 

criteria of a bio-herbicide. Indeed, these two species showed 

a good herbicidal efficacy against canary grass seeds while 

the germination of lettuce was not affected (reduction rate of 

0 and 7% respectively).  

Subsequently, these two aqueous extracts were retested at 

different dilutions (0-4%) on germination and growth of 

Phalaris canariensis and Lactuca sativa.  

The results showed that there was no significant effect on the 

germination of lettuce. On the other hand, it was found that 

from the concentration of 1%, both extracts exerted a 

significant inhibitory effect on the germination of canary 

grass. This effect was reflected in reduction rates ranging 

from 81.5 to 96.3% by Ficus and from 31.0 to 93.1% by 

Origanum (Table 3). Concerning the growth of the canary 

grass (Table 4), a significant inhibiting effect was recorded 

for the root part from the concentration of 0.5% of the Ficus 

and Origanum extracts. This altering effect increases with the 

increase of the concentration of the extracts, to reach at the 

dose of 4%, reductions of 79 and 97% respectively. On the 

other hand, a significant inhibitory effect on the growth of the 

canary grass aerial part was recorded from 0.5% of the two 

extracts tested. At the highest concentration (4%), the 

reduction rate reached its maximum of 66 and 80% for Ficus 

and Origanum respectively (Table 4). 

In the case of Lactuca sativa (Table 4), it was found 

that at 4% of Ficus and from 1% of Origanum extracts, a 

significant inhibitory effect on radicle growth was recorded. 

The maximum reduction was recorded at the concentration of 

4% (76 and 90% for Ficus and Oregano, respectively). On the 

other hand, a significant inhibitory effect was also recorded 

on the aerial part growth, starting at 4% for Ficus and 1% for 

Oregano. The reduction rate reached its maximum of 64 and 

73% for these plants aqueous extracts respectively (Table 4). 

The elongation of the root and that of the aerial part of the 

canary grass was significantly affected from 0.5% of the 

aqueous extracts of F. carica and O. compactum. On the other 

hand, the growth of lettuce was also affected by these species. 

In fact, a significant inhibitory effect on the growth of the root 

and aerial part of Lactuca sativa was recorded at 4% and from 

1% of F. carica and O. compactum extracts respectively. 

The cytotoxic effect of Ficus carica was also demonstrated 

by Zaman et al [27] who reported germination reduction rates 

of 57, 56, 46 and 38% for Trifolium repens, Triticum 

aestivum, Lactuca sativa and Zea mays respectively. 

However, the extract of another Ficus species (F. 

benghalensis), inhibited germination of Zea mays and 

Helianthus annus, without causing any inhibitory effect on 

Vigna radiata [28]. 

 Some secondary plant metabolites influence 

germination or plant growth by multiple mechanisms. They 

can act as growth regulators, interfering in metabolic 

pathways, or in the production of chlorophyll, having effects 

on the uptake of luminous energy, and changing the pattern 

of growth, multiplication and maintenance of cells [29, 30]. 

It has been reported that allochemicals suppress the mitotic 

activity of young cells, resulting in inhibition of seed 

germination [6] which has been attributed to disruption of 

mitochondrial respiration [31] and disruption of the activity 

of metabolic enzymes involved in glycolysis and the 

oxidative pentose phosphate pathway [32]. In this sense, 

Abrahim et al. [33] showed that some allelopathic 

compounds interact with the mitochondrial membrane and 

directly alter mitochondrial respiration. According to 

Almeida et al. [34], some oxygenated monoterpenes showed 

strong inhibitory activity on germination and root elongation 

of radish. It is well known that these compounds have 

phytotoxic effects that can cause anatomical and 

physiological changes in seedlings: reducing some organelles 

such as mitochondria, accumulation of lipid globules in the 

cytoplasm, may be due to inhibition of DNA synthesis or 

rupture of membranes [34].  

 In addition, the radicle elongation in lettuce and 

some weeds could be inhibited by phenolic compounds at 

higher concentration, which is caused by the blocking of the 

amylase activity [35], these compounds block also the 

progress of certain phenomena such as oxidative metabolism, 

membrane transport, reduction of the synthesis of certain 

proteins and lipids. Other works explain the action of some 

secondary plant metabolites such as benzoxazolinones as 

inhibiting substances of oat coleoptile auxin [36, 37]. The 

suppression of indole acetic acid (IAA) degradation by 

various phenols was reported by Lee et al. [38].  

Calculated ED50 

We calculate ED50 by a simple extraction of the inconu x 

from the numerical equations noted in each of the graphs 

below (Figures 1; 2; 3), thus giving y the value 50. 
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Table 1: Species studied and their botanical family 

Scientific name Vernacular Name Botanical family 

Ficus carica L. Fig Moraceae 

Juniperus communis L. Juniper Cupressaceae 

Lavandula sp Lavender Lamiaceae 

Medicago sativa L. Alfalfa Fabaceae 

Mentha pulegium L. Penny royal Lamiaceae 

Mentha rotundifolia (L.) Fragrant mint Lamiaceae 

Myrtus communis L. Myrtle Myrtaceae 

Nerium oleander L. Pinklaurel Apocynaceae 

Nicotiana glauca Graham. Glaucous tobacco Solanaceae 

Ocimum basilicum L. Basil Lamiaceae 

Origanum compactum Oregano Lamiaceae 

Peganum harmala L. Pegane Zygophyllaceae 

Pinus pinaster Aiton Pine Pinaceae 

 

 

 

 

Table 2: Allelopathic biocidal effect of aqueous extracts of some natural plants on seed germination of Phalaris 

canariensis and Lactuca sativa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

plants tests 

Reduction of germination (%) 

Phalaris canariensis Lactuca sativa 

Ficus carica L. 90 a 4 d 

Juniperus communis L. 54 bc 0 d 

Lavandula sp 100 a 96 a 

Medicago sativa L. 44bc 23 c 

Mentha pulegium L. 8 d 0d 

Mentha rotundifolia(L.) Huds 57 bc 12 cd 

Myrtus communis L. 96 a 11 cd 

Nerium oleander L. 67 bc 17 cd 

Nicotiana glauca Graham. 9 d 4 d 

Ocimum basilicum L. 96 a 56 b 

Origanum compactum Benth. 95 a 7 d 

Peganum harmala L. 32 cd 7 d 

Pinus pinasterAiton. 27 cd 40bc 
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Table 3: Effect of aqueous extracts of two medicinal plants at different concentrations on germination of Phalaris 

canariensis and Lactuca sativa. 

 

 

 

 

Table 4: Effect of aqueous extracts of two medicinal plants at different concentrations on radicle and aerial part 

length of Phalaris canariensis and Lactuca sativa 

LMR: Average length of radicle; LMA: Average length of aerial part 

 

 

Plants 

Concentrations (%) (% Réduction) 

Phalaris canariensis Lactuca sativa 

Ficus carica 0 

0,5 

1 

2 

4 

0 c 

51,88 cb 

81,55 b 

92,66 a 

96,3 a 

0  a 

0  a 

3,53 a 

7,18 a 

7,18 a 

Origanum compactum 0 

0,5 

1 

2 

4 

0 c 

6,83 c 

31,05 cb 

65,52 b 

93,16 a 

0 a 

-3,51 a 

0 a 

3,41 a 

6,83 a 

Phalaris canariensis Lactuca sativa 

Plants aqueous 

extracts 

Concentrations (%) LMR (cm)            LMA (cm) LMR (cm) LMA (cm)   

Ficus carica 0 

0,50 

1 

2 

4 

4,02 a 

1,25 b 

0,98 c 

0,66 c 

0,83 c 

4,45 a 

2,40 b 

2,76 b 

1,50 c 

1,51 c 

4,48 a 

4,19 a 

4,03 a 

3,53 a 

1,07 b 

1,69 a 

1,96 a 

2,21 a 

1,56 a 

0,60 b 

Origanum compactum 

  

0 

0,50 

1 

2 

4 

4,36 a 

0,67 b 

0,88 b 

0,25 b 

0,13 b 

9,45 a 

4,19 b 

5,31 b 

2,46 c 

1,83 c 

1,45 a  

1,36 a   

0,80 b 

0,24 b   

0,15 b 

1,55 a 

1,16 a 

0,75 b 

0,65 b 

0,41 c    
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ED50= 0,32                                                                                  ED50= 26,91 

                   

                              ED50= 1,91                                                                                   ED50= 19,44 

 

Figure 1: Effect of Ficus carica and Origanum compactum on seed germination of Phalaris canariensis 

and Lactuca sativa 
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ED50= 0,012                                                                              ED50= 1,31 

                               

ED50= 2,93         ED50= 3,55 

 

Figure 2: Effect of Ficus carica on root and aerial parts elongation of Phalaris canariensis and Lactuca sativa 
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                             ED50= 7,59.10-3                                                                            ED50= 0,39 

                      

                                 ED50= 1,59                                                                                   ED50= 1,69  

 

Figure 3: Effect of Origanum compactum on root and aerial parts elongation of Phalaris canariensis and Lactuca sativa 

 

 

 

In seed germination of Phalaris canariensis and Lactuca 

sativa, aqueous extracts of the two species tested caused 50% 

inhibition (ED50) at the following concentrations: 0.32 and 

26.91% (Ficus carica) and 1.91 and 19.44% (Origanum 

compactum). The comparison of ED50 clearly indicates that 

both aqueous extracts are more phytotoxic on phalaris seed 

germination than lettuce.  

Root part elongation: ED50 values for root elongation were 

highly variable, ranging from 7.59 .10-3 % and 0,012 for 

Phalaris canariensis treated respectively with Origanum 

compactum and Ficus carica to 1,59 and 2.93 % for Lactuca 

sativa treated, respectively with O. compactum and F. carica, 

making it impossible to establish a hierarchy of phytotoxicity. 

In particular, O. compactum (7.59 .10-3) was more toxic than 

F. carica in inhibiting phalaris. Whereas, for lettuce, the 

strongest effect was caused by O. compactum (1,6%) 

followed by F. carica (2.93%). 

Elongation of aerial part: ED50 values for elongation of 

aerial part varied from 0.39% and 1.31 for Phalaris 

canariensis treated respectively with Origanum compactum 

and Ficus carica to 1.69 and 3.55% for Lactuca sativa treated 

respectively with O. compactum and  F. carica. It is clear that 

the aqueous extracts of the two plants tested are more 

phytotoxic on the elongation of the aerial part of phalaris than 

that of lettuce. Furthermore, the strongest effect was caused 

by O. compactum with an ED50 of 0.39 and 1.69% for 

phalaris and lettuce respectively; followed by F. carica with 

an ED50 of 1.31 and 3.55% for phalaris and lettuce, 

respectively. When seed germination is not inhibited, we 

observed other effects on seedling growth (inhibition or 

stimulation). In this sense, it has been shown that the effect of 

allelochemicals is manifested by morphological variations 

that are most often observed in the early stages of 

development, effects on radicle and coleoptile elongation [4], 

so the different effects of extracts on seed germination and 

seedling development can be explained by the differences in 

quantities (concentrations) and physicochemical 

characteristics (allelopathic species) that possibly involve 

specific allelochemical substances [39]. 

In most cases, the reduction in seedling length can be 

attributed to the reduction in the rate of cell division and 

elongation due to the presence of allelochemicals in the 

aqueous extracts [40]. Dore et al. [41] reported that a lot of 

substances with allelopathic effect act as inhibitors of auxins 
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and gibberellins which are phytohormones responsible for 

cell elongation in plants, which can induce a reduction in root 

development, something that will prevent the roots from 

absorbing water and mineral salts from the soil, and 

consequently affect the growth, and yield [42]. Aqueous 

extracts of allelopathic plants have more pronounced effects 

on root growth than on shoot growth [43]. Other researchers 

[3, 44] also found that root length was the most sensitive trait 

to allelochemicals. However, this can be explained by the fact 

that roots are the first to absorb allelochemicals from the 

environment [20]. Blum [45] reported that allelopathic 

compounds are most often phenolic compounds and have an 

inhibitory effect on seed germination and sprout growth, 

these substances affect fundamental mechanisms of target 

plants such as respiration and protein synthesis [6], 

photosynthesis [46, 47], membrane permeability [48], cell 

division and germination [5]. They target hormones (auxin, 

gibberellins, abscisic acid) that control the major stages of the 

plant life cycle (germination, growth, and flowering) and 

membranes (disruption of their permeability) [49]. They can 

also influence the biological nitrogen fixation and reduce the 

number and size of nodules, which affect the growth of the 

host culture [50, 51]. They also can disturb the weeds growth 

by inhibiting the synthesis of proteins, the transport of amino 

acid and by decreasing the integrity of their RNA and DNA 

[52, 53]. The qualitative and quantitative distribution of 

phenolic compounds in plants may be influenced by different 

technical (method and solvent of extraction), environmental 

(climate, humidity, temperature, dehydration and light 

intensity), and biological (genotype, organ and ontogeny) 

factors [54]. 

4. Conclusions 

Extracts of some plant species showed negative allelopathic 

effects on the germination of Phalaris canariensis, without 

having a significant negative effect on the germination of 

Lactuca sativa. Indeed, we tested the allelopathic effect on the 

germination and growth of canary grass and lettuce of 

aqueous extracts at different concentrations of two species 

(Ficus carica and Origanum compactum) that we retained in 

this work because they met the criteria of a bioherbicide. The 

plant extracts of F. carica and O. compactum did not show a 

significant effect on lettuce germination. However, they had 

a significant inhibitory effect on canary grass germination, 

and this effect was reflected in reduction rates that increased 

with increasing concentrations. The allochemicals 

responsible for the allelopathic properties of plants need to be 

identified for use as natural herbicides in weed management. 

References   

 

[1] F. Bouton. (2005). Mise en évidence du potentiel 

allélopathiques de la graminée Festuca paniculata 

dans les prairies subalpines. Master. Université 

Joseph Fourier. 

 

[2] F. Anwar, R. Naseer, M.I. Bhanger, S..Ashraf, F.N. 

Talpr  & F.A. Aladedunye. (2008) Physico-chemical 

characteristics of citrus seeds and seed oils from 

Pakistan. Journal of the American Oil Chemical 

Society. 85. 321-330. 

https://doi.org/10.1007/s11746-008-1204-3 

 

[3] A. Scavo, G. Pandino, A. Restuccia, S. Lombardo, 

G. R. Pesce & G. Mauromicale. (2019). Allelopathic 

potential of leaf aqueous extracts from Cynara 

cardunculus L. on the seedling growth of two 

cosmopolitan weed species. Italian journal of 

agronomy. 14 (2), 78–83. 

https://doi.org/10.4081/ija.2019.1373 

 

[4] M Kruse, M Strandberg & B Strandberg. (2000). 

Ecological Effects of Allelopathic Plants: A Review. 

NERI Technical Report No. 315. National 

Environmental Research Institute. Silkeborg. 

 

[5] J.J. Ferguson, B. Rathinasabapathi & C.A. Chase. 

(2013). Allelopathy: How Plants Suppress Other 

Plants. https://doi.org/10.32473/edis-hs186-2013 

 

[6] E.L. Rice. (1984) Allelopathy. 2nd Edition. 

Academic Press. New York. 422.  

 

[7] H. Singh, D.R. Batish, J.K. Pandher & R.K. Kohli. 

(2003). Assessment of Allelopathic Properties of 

Parthenium hysterophorus Residues. Agriculture, 

Ecosystems & Environment. 95, 537-541. 

https://doi.org/10.1016/S0167-8809(02)00202-5 

 

[8] T. Takemura, E. Sakuno, T. Kamo, S. Hiradate & Y. 

Fujii. (2013). Screening of the Growth-Inhibitory 

Effects of 168 Plant Species against Lettuce 

Seedlings. American Journal of Plant Sciences. 4. 

1095-1104. 

https://doi.org/10.4236/ajps.2013.45136 

 

[9] S. Gaba, X. Reboud & G. Fried. (2016). 

Agroecology and conservation of weed diversity in 

agricultural lands. Botany Letters. 163. 351-354. 

https://doi.org/10.1080/23818107.2016.1236290  

 

[10] O.A. Ani, O.V. Onu, G.O. Okoro & M.I. Uguru. 

(2018). Overview of Biological Methods of Weed 

Control. Biological Approaches for Controlling 

Weeds. http://dx.doi.org/10.5772/intechopen.76219    

 

[11] A. Uludag, G. Gbèhounou, J. Kashefi, M. Bouhache, 

M.C. Bon, C. Bell & A.L. Lagopodi. (2016). Review 

of the current situation for Solanum elaeagnifolium 

in the Mediterranean Basin. Eppo Bulletin. 46. 139-

147. https://doi.org/10.1111/EPP.12266  

 

[12] A. Guglielmini, A.Verdú & E. Satorre. (2017). 

Competitive ability of five common weed species in 

competition with soybean. International Journal of 

Pest Management. 63. 30-36. 

https://doi.org/10.1080/09670874.2016.1213459  

 

[13] H. Kraehmer, B. Laber, C. Rosinger & A. Schulz. 

(2014). Herbicides as weed control agents: state of 

the art: I. Weed control research and safener 

technology: the path to modern agriculture. Plant 

https://doi.org/10.1007/s11746-008-1204-3
https://doi.org/10.4081/ija.2019.1373
https://doi.org/10.32473/edis-hs186-2013
https://doi.org/10.1016/S0167-8809(02)00202-5
https://doi.org/10.4236/ajps.2013.45136
https://doi.org/10.1080/23818107.2016.1236290
http://dx.doi.org/10.5772/intechopen.76219
https://doi.org/10.1111/EPP.12266
https://doi.org/10.1080/09670874.2016.1213459


IJCBS, 22(2022):164-175 

 

About et al., 2022     173 
 

physiology. 166(3). 1119–1131. 

https://doi.org/10.1104/pp.114.241901  

 

[14] T. Böcker, N. Möhring & R. Finger. (2019). 

Herbicide free agriculture? A bio-economic 

modelling application to Swiss wheat production. 

Agricultural Systems. 173. 378-392. 

https://doi.org/10.1016/j.agsy.2019.03.001 

 

[15] J.H. Westwood, R. Charudattan, S.O. Duke, S.A. 

Fennimore, P.G. Marrone, D.C. Slaughter, C.J. 

Swanton & R.K. Zollinger. (2018). Weed 

Management in 2050: Perspectives on the Future of 

Weed Science. Weed Science. 66. 275 - 285. 

https://doi.org/10.1017/wsc.2017.78  

 

[16] M. Moss, D.T. Huang, R.G. Brower, N.D. Ferguson, 

A.A. Ginde, M.N. Gong, C. Grissom, S. Gundel, 

D.L. Hayden, R.D. Hite, P.C. Hou, C.L. Hough, T.J. 

Iwashyna, A. Khan, K.D. Liu, D. Talmor, B.T. 

Thompson, C.A. Ulysse, D. Yealy & D.C. Angus. 

(2019). Early Neuromuscular Blockade in the Acute 

Respiratory Distress Syndrome. The New England 

journal of medicine. 380. 21. 1997-2008. 

https://doi.org/10.1056/NEJMoa1901686     

 

[17] F. Varah, M. Mahongnao, B. Pani & S. Khamrang. 

(2021). Exploring young consumers’ intention 

toward green products: applying an extended theory 

of planned behavior. Environ Dev Sustain. 23. 

9181–9195. https://doi.org/10.1007/s10668-020-

01018-z  

 

[18] I. Heap & S. O. Duke. (2018).  Overview of 

glyphosate-resistant weeds worldwide. Pest 

management science. 74(5). 1040–1049. 

https://doi.org/10.1002/ps.4760  

 

[19] F. Cheng & Z. Cheng. (2015). Research Progress on 

the use of Plant Allelopathy in Agriculture and the 

Physiological and Ecological Mechanisms of 

Allelopathy. Frontiers in plant science. 7. 1697-. 

https://doi.org/10.3389/fpls.2015.01020 

 

[20] M.A. Turk & A.M. Tawaha. (2003). Allelopathic 

effect of black mustard (Brassica nigra L.) on 

germination and growth of wild oat (Avena fatua 

L.). Crop Protection. 22. 673-677. 

https://doi.org/10.1016/S0261-2194(02)00241-7 

 

[21] T.E. El-Kenany & M.S. El-Darier. (2013) 

Suppression effects of Lantana camara (L.) aqueous 

extracts on germination efficiency of Phalaris minor 

(Retz.) and Sorghum bicolor (L.) Moench. Journal 

of Taibah University for Science. 7. 64-71. 

https://doi.org/10.1016/j.jtusci.2013.04.004  

 

[22] A. Ben Ghnaya, L. Hamrouni, I. Amri, H. Ahoues, 

M. Hanana & A. Romane. (2015) Study of 

allelopathic effects of Eucalyptus erythrocorys (L.) 

crude extracts against germination and seedling 

growth of weeds and wheat”. Formerly Natural 

Product Letters. 30. 2058-2064. 

https://doi.org/10.1080/14786419.2015.1108973  

 

[23] S. Benzarti, I. Lahmayer, S. Dallali, W. Chouchane 

& H. Hamdi. (2016).  Allelopathic and antimicrobial 

activities of leaf aqueous and methanolic extracts of 

Verbena officinalis (L.) and Aloysia citrodora 

(Palau.) (Verbenaceae): A comparative study. Med 

Aromat Plants (Los Angeles). 5. 280. 

https://doi.org/10.4172/2167-0412.1000280  

 

[24] J. Petersen, R. Belz, F. Walker & K. Hurle. (2001). 

Weed Suppression by Release of Isothiocyanates 

from Turnip-Rape Mulch. Agronomy Journal. 93. 

37-43. 

http://dx.doi.org/10.2134/agronj2001.93137x  

 

[25] O. Nielsen, C. Ritz & J. Streibig. (2004). Nonlinear 

Mixed-Model Regression to Analyze Herbicide 

Dose–Response Relationships. Weed Technology. 

18. 30-37. http://dx.doi.org/10.1614/WT-03-070R1  

 

[26] J. Ahn & I. Chung. (2000). Allelopathic potential of 

rice hulls on germination and seedling growth of 

barnyardgrass. Agronomy Journal. 92. 1162-1167. 

http://dx.doi.org/10.2134/AGRONJ2000.9261162X  

 

[27] S. Zaman, T Yaseen, A.M Shah, M. Matiullah Khan 

Ahmad, R. Gul, K. urRahman & G. Nawaz. (2020). 

Allopathic effect of Ficus carica L. against Triticum 

aestivum L., Zea mays L., Lactuca sativa L. and 

Trifolium repens L.  Pure and Applied Biology. 10. 

1-11. 

http://dx.doi.org/10.19045/bspab.2021.100001  

 

[28] N. Mohsin, M. Tariq, M.J. Zaki, M.W. Abbasi & M. 

Imran. (2016). Allelopathic effect of Ficus 

benghalensis L. leaves extract on germination and 

early seedling growth of maize, mung bean and 

sunflower. Int. J. Biol. Res. 4. 34-38. 

 

[29] F.M. Carmo, E.E. Borges & M. Takaki. (2007). 

Alelopatia de extratos aquosos de canela-sassafrás 

(Ocotea odorifera (Vell.) Rohwer). Acta Botanica 

Brasilica. 21. 697-705. 

http://dx.doi.org/10.1590/s0102-

33062007000300016  

 

[30] R.B. Steffen, Z.I.  Antoniolli & G.P. Steffen. (2010). 

Efeito estimulante do óleo essencial de eucalipto na 

germinação e crescimento inicial de mudas de 

Eucalyptus grandis. Pesquisa Florestal Brasileira. 

30. 199-206. 

http://dx.doi.org/10.4336/2010.PFB.30.63.199  

 

[31] E.E. Podesta & W.C. Plaxton. (1994). Regulation of 

cytosolic carbon metabolism in germinating Ricinus 

communis cotyledons. I. Developmental profiles for 

the activity, concentration, and molecular structure 

of the pyrophosphate and ATP-dependent 

phosphofructokinases, phosphoenolpyruvate 

carboxylase and pyruvate kinase. Planta. 194. 374-

380. 

https://doi.org/10.1104/pp.114.241901
https://doi.org/10.1016/j.agsy.2019.03.001
https://doi.org/10.1017/wsc.2017.78
https://doi.org/10.1056/NEJMoa1901686
https://doi.org/10.1007/s10668-020-01018-z
https://doi.org/10.1007/s10668-020-01018-z
https://doi.org/10.1002/ps.4760
https://doi.org/10.3389/fpls.2015.01020
https://doi.org/10.1016/S0261-2194(02)00241-7
https://doi.org/10.1016/j.jtusci.2013.04.004
https://doi.org/10.1080/14786419.2015.1108973
https://doi.org/10.4172/2167-0412.1000280
http://dx.doi.org/10.2134/agronj2001.93137x
http://dx.doi.org/10.1614/WT-03-070R1
http://dx.doi.org/10.2134/AGRONJ2000.9261162X
http://dx.doi.org/10.19045/bspab.2021.100001
http://dx.doi.org/10.1590/s0102-33062007000300016
http://dx.doi.org/10.1590/s0102-33062007000300016
http://dx.doi.org/10.4336/2010.PFB.30.63.199


IJCBS, 22(2022):164-175 

 

About et al., 2022     174 
 

 

[32] A. Muscolo, M. Panuccio & M. Sidari. (2001). The 

Effect of Phenols on Respiratory Enzymes in Seed 

Germination. Plant Growth Regulation. 35. 31-35. 

http://dx.doi.org/10.1023/A:1013897321852  

 

[33] D. Abrahim, L. Takahashi, A. Bracht & E. Iwamoto. 

(2003). Effects of phenolic acids and monoterpenes 

on the mitochondrial respiration of soybean 

hypocotyl axes. Allelopathy Journal. 11. 21-30. 

 

[34] L. F. De Almeida, F. Frei, E. Mancini, L. De Martino 

& V. De Feo. (2010).  Phytotoxic activities of 

Mediterranean essential oils. Molecules. 15(6). 

4309–4323. 

https://doi.org/10.3390/molecules15064309  

 

[35] A.A. Alqarawi, A. Hashem, A. Kumar, A..F. Al-

Arjani, E.F. AbdAllah, B.A. Dar, S.Wirth, K. 

Davranov & D. Egamberdieva. (2018). Allelopathic 

effects of the aqueous extract of Rhazya stricta on 

growth and metabolism of Salsola villosa. Plant 

Biosystems. 152. 1263 - 1273. 

https://doi.org/10.1080/11263504.2018.1439117   

 

[36] H. P Bais, S. W. Park, T. L. Weir, R. M. Callaway 

& J. M. Vivanco. (2004). How plants communicate 

using the underground information superhighway. 

Trends in plant science. 9(1). 26–32. 

https://doi.org/10.1016/j.tplants.2003.11.008  

 

[37] F. Lesuffleur. (2007). Rhizodéposition à court terme 

de l’azote et exsudation racinaire des acides aminés 

par le tréfle blanc (Trifoluim repense L.). Thèse de 

doctorat. Institut de Biologie Fondamentale et 

Appliquée. Université de Caen. Basse-Normandie. 

France. 

 

[38] D.L. Lee, M.P. Prisbylla, T.H. Cromartie, D.P. 

Dagarin, S.W. Howard, W.M. Provan, M.K. Ellis, 

T.E. Fraser, & L.C. Mutter. (1997). The discovery 

and structural requirements of inhibitors of p-

hydroxyphenylpyruvate dioxygenase. Weed 

Science. 45. 601-609. 

https://doi.org/10.1017/S0043174500093218  

 

[39] T. Benmeddour. (2010). Etude du pouvoir 

allélopathique de l’Harmel (Peganum harmala L.), 

le laurier rose (Nerium oleander L.) et l’ailante 

(Ailanthus altissima (Mill.) Swing.) sur la 

germination de quelques mauvaises herbes des 

céréales. Master, université Ferhat Abbas. 

 

[40]  A. Javaid & T. Anjum. (2006). Control of 

Parthenium hysterophorus L.  by aqueous extracts 

of allelopathic grasses. Pakistan J. Bot. 38. 139-145. 

 

[41] T. Dore, M. Sene, F. Pellissier & C. Gallet. (2004). 

Approche agronomique de l'allélopathie. Cahiers 

Agricultures. 13. 249-256. https://hal-

agroparistech.archives-ouvertes.fr/hal-01357168 

 

[42] S. Ben-Ghabrit, M. Bouhache & M. Akkif. (2017). 

Effets allélopathiques d’une adventice envahissante 

(Verbesina encelioides (Cav.) Benth. et Hook.f.) sur 

la germination et la croissance du blé dur. Revue 

Marocaine de protection des plantes. 11. 17-28. 

 

[43] C. Han, K. Pan, N. Wu, J. Wang  & W. Li. (2008). 

Allelopathic effect of ginger on seed germination 

and seedling growth of soybean and chive. Scientia 

Horticulturae. 116. 330-336. 

https://doi.org/10.1016/J.SCIENTA.2008.01.005  

 

[44] M.A. Balah, W.M. Hassany & A.A.  Kobici. (2022). 

Allelopathy of invasive weed Solanum 

elaeagnifolium: an investigation in germination, 

growth and soil properties. Journal of Plant 

Protection Research. 62. 58-70. 

https://doi.org/10.24425/jppr.2022.140297   

 

[45] B.J. Blum. (2004). Perspectives pratiques du 

contrôle biologique des adventices. Dix-neuvième 

conférence du COLUMA, Journées internationales 

sur la lutte contre les mauvaises herbes. Dijon. 

France. pp.1-8.  

 

[46] F.A. Einhellig & J.A. Rasmussen. (2004). Effects of 

three phenolic acids on chlorophyll content and 

growth of soybean and grain sorghum seedlings. 

Journal of Chemical Ecology. 5. 815-824. 

https://doi.org/10.1007/BF00986566  

 

[47] D.T. Patterson. (1981).  Effects of allelochemicals 

on growth and physiological responses of soybeans 

(Glycine max). Weed Science. 29. 53-59. 

 

[48] J.P. Harper  & N.E. Balke. (1981). Characterization 

of the inhibition of K+ absorption in oat roots by 

salicylic acid. Plant Physiol. 68. 1349–1353. 

https://doi.org/10.1104/PP.68.6.1349 

 

[49] J.F. Dobremez, C. Gallet & F. Pellissier. (1995). 

Guerre chimique chez les végétaux. La Recherche. 

279 (26). 912-916. 

 

[50] L.A. Weston & A. R. Putnam.  (1985). Inhibition of 

growth, nodulation, and nitrogen fixation of 

legumes by quackgrass. Crop Science. 25. 561-565. 

https://doi.org/10.2135/CROPSCI1985.0011183X0

02500030031X  

 

[51] L. Weston & A. Putnam. (1986). Inhibition of 

Legume Seedling Growth by Residues and Extracts 

of Quackgrass (Agropyron repens). Weed Science. 

34(3). 366-372. 

https://doi.org/10.1017/S0043174500066996  

 

[52] R. Zeng, S. Luo, Y.H. Shi, M.B. Shi & C. Tu. 

(2001). Physiological and Biochemical Mechanism 

of Allelopathy of Secalonic Acid F on Higher Plants. 

Agronomy Journal. 93. 72-79. 

https://doi.org/10.2134/agronj2001.93172x  

 

http://dx.doi.org/10.1023/A:1013897321852
https://doi.org/10.3390/molecules15064309
https://doi.org/10.1080/11263504.2018.1439117
https://doi.org/10.1016/j.tplants.2003.11.008
https://doi.org/10.1017/S0043174500093218
https://hal-agroparistech.archives-ouvertes.fr/hal-01357168
https://hal-agroparistech.archives-ouvertes.fr/hal-01357168
https://doi.org/10.1016/J.SCIENTA.2008.01.005
https://doi.org/10.24425/jppr.2022.140297
https://doi.org/10.1007/BF00986566
https://doi.org/10.2135/CROPSCI1985.0011183X002500030031X
https://doi.org/10.2135/CROPSCI1985.0011183X002500030031X
https://doi.org/10.1017/S0043174500066996
https://doi.org/10.2134/agronj2001.93172x


IJCBS, 22(2022):164-175 

 

About et al., 2022     175 
 

[53] J. John & S. Sarada. (2012). Role of phenolics in 

allelopathic interactions. Allelopathy Journal. 29(2). 

215-230.  

 

[54] R. Ksouri, W. Megdiche, H. Falleh, N. Trabelsi, M. 

Boulaaba, A. Smaoui & C. Abdelly. (2008). 

Influence of biological, environmental and technical 

factors on phenolic content and antioxidant 

activities of Tunisian halophytes. Comptes rendus 

biologies. 331 11. 865-73. 

https://doi.org/10.1016/j.crvi.2008.07.024  

 

 

 

 

 

https://doi.org/10.1016/j.crvi.2008.07.024

