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The problems associated with the continuous use of synthetic chemical herbicides are numerous. 

Synthetic chemical herbicides impact negatively on biodiversity and ecology, and in general, on the 

environment1. Weeds are also evolving and developing resistance to synthetic chemical herbicides due 

to their prolonged overuse2. This has caused serious concerns for all stakeholders in the agricultural and 

forestry sectors including farmers and foresters. The focus is on finding natural bioherbicide sources as 

alternatives for replacing or augmenting synthetic chemical herbicides3. 

The Rhodophyta species (red seaweeds) is one of the three classes of seaweeds that encompass a 

widely distributed variety of morphologically-complex algal species which has yielded diverse bioactive 

metabolites such as terpenes and phenols, usually characterised by the presence of halogen atoms4. The 

presence of these metabolites have given the red seaweeds as well as other macro- and microalgae 

huge relevance, making them vital tools for natural product research, which could be possibly applied to 

prevent and control the occurrence of weed species in agricultural and forestry plantations5. 

 

This study evaluates the phytotoxicities of ethyl acetate extracts of two Irish red seaweeds, Mastocarpus 

stellatus (MEE) and Porphyra dioica (PEE) with the aim of exploring their potential as novel, greener and 

sustainable bioherbicide sources. 
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Conclusions 

In vitro phytotoxic studies to evaluate the activities of the red seaweed 

extracts against some common weed species using pre– and post-plant 

emergence bioassay (5) 
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  Results & Discussion 
Table  1: Effect of varying extract concentration on phytotoxicity of MEE and PEE against seed germination and 

seedling growth of white clover  

Fig. 1:  White clover seed germination rates at varying concentrations of MEE (A) and PEE (B) 

• The higher the concentration of MEE and PEE, the slower the speed of germination of white clover 

seeds (Fig. 1A and 1B). 

Data (n=3) is presented as the mean ± SD; data that do not share a common superscript for a particular measured parameter along  

the rows are statistically different (ρ < 0.05; One-way ANOVA followed by post-hoc analysis using Tukey’s multiple comparison test) 

• A concentration-dependent phytotoxicity was noted for both MEE and PEE. Increasing their 

concentrations resulted in a greater inhibition of white clover seed germination and growth (Table 1). 

(A) (B) 

Fig. 2:  Pre-plant emergence phytotoxic effects of MEE and PEE at 5 mg/ml. Germination rates of  ryegrass 

seeds (A), and white clover seeds (B). White clover and ryegrass seed germination (C) and seedling growth 

(D). Representative plates of White clover seeds (E) treated with solvent (control) only (i), MEE (ii) and PEE (iii) 

Fig. 3:  Post-plant emergence phytotoxic effects of MEE and PEE at 5 mg/ml.  Inhibition of growth of ryegrass  

plants (A), and white clover plants (B). Representative plates of White clover plants (C) treated with solvent 

only (control) (i), MEE (ii) and PEE (iii) 
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• Overall, MEE produced a stronger phytotoxic effect than PEE in the pre-plant emergence assay, while 

PEE exhibited a stronger activity in the post-plant emergence assay. The herbicidal activities exhibited 

by both seaweed extracts are indicative of the presence of phytotoxins, which they likely contain in 

varying concentrations. This might possibly explain the difference in activity against the different test 

seeds/plants.  

• These current findings could lead to the development of novel greener, sustainable alternatives for 

replacing or augmenting the current use of synthetic chemical herbicides. 

• MEE and PEE treatment decreased the rates of germination of ryegrass and white clover seeds (Fig. 2A and 

2B). This inhibitory effect on germination rates was weaker on ryegrass seeds (Fig. 2B). 

• MEE and PEE exhibited a stronger phytotoxicity against white clover seed germination and seedling 

growth than against ryegrass germination and growth (Fig. 2C and 2D). 

• In the solvent control plate, seeds are germinated and well grown to seedlings (Fig. 2Ei), whereas in 

MEE and PEE treated plates, most seeds either remain ungerminated or become poorly developed 

seedlings (Fig. 2Eii and 2Eiii). 

• MEE and PEE inhibited the growth of ryegrass and white clover plants (Fig. 3A and 3B). The inhibitory 

effect was stronger on the roots than on the shoots of white clover and ryegrass plants (Fig. 3A and 3B) 

• PEE treatment also resulted in the decolourization of the leaves of white clover plants, suggesting the 

inhibition of chlorophyll synthesis or enhanced chlorophyll breakdown (Fig. 3Ciii). 
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