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ABSTRACT  
The objective of this literature study is to review notions related to tests that are 

commonly used to assess the phytotoxicity of the various compounds. A comparative 

analysis of the tests was conducted, with emphasis placed on elements of originality. 

Considering the escalating prevalence of such analyses, necessitated by the 

proliferation of novel chemical compounds, the publication of such a paper which 

comprises the predominant tests that can be conducted using vegetal organisms is of 

paramount importance. Furthermore, a range of biochemical methods that can be 

utilized to complement the fundamental tests is emphasized to provide a comprehensive 

overview of the effects of the test compounds. 

KEY WORDS: OECD, Lemna, seedlings test, stress enzymes 

 

INTRODUCTION 

Phytotoxicity describes the toxic effects that chemical substances exert on plant 
growth, physiology and development (Alghofaili et al. 2025; Dar et al. 2024; Huang et 
al. 2024; Klátyik et al. 2024). It is typically characterized by symptoms such as delayed 
germination, reduced root or shoot elongation, chlorosis, necrosis, and in severe cases, 
plant mortality (Hasanussaman et al. 2020, Lewis 1995). With the continual emergence 
of synthetic chemicals, pharmaceuticals, nanomaterials, and complex industrial 

byproducts, phytotoxicity testing has become a cornerstone of ecotoxicological 
assessments (Cestin et al. 2021; Tumurbaatar et al. 2024). Plants, as primary producers, 
serve not only as sensitive bioindicators of environmental stress but also as critical 
components of ecosystem function, necessitating robust methods to evaluate their 
responses to potential contaminants (Boxall et al. 2012, Rico et al. 2011, Wilkinson et 
al. 2022). 
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To ensure standardized and reproducible phytotoxicity evaluations, international 
regulatory bodies such as the Organisation for Economic Co-operation and Development 
(OECD) and the United States Environmental Protection Agency (EPA) have developed 
validated test guidelines targeting terrestrial and aquatic plant species. Among the most 
widely implemented protocols is OECD Test No. 208 (OECD 2006), the Seedling 
Emergence and Seedling Growth Test, which assesses the influence of chemicals on the 
early development of crop plants by monitoring parameters such as germination rate, 
biomass accumulation, and visible phytotoxic symptoms over a 14- to 21-day period 

(OECD 2006). 
Complementary to this, OECD Test No. 227, the Vegetative Vigour Test, 

evaluates the impact of foliar application of test substances on mature, actively growing 
plants, focusing on growth metrics like shoot height and dry weight (OECD 2006). For 
aquatic environments, OECD Test No. 221 targets the growth inhibition of Lemna 
species (duckweed), which are highly responsive to a broad range of waterborne 
toxicants, providing valuable insights into the phytotoxicity of effluents and water-

soluble compounds (OECD 2006). 
The EPA also offers parallel guidelines for phytotoxicity assessment under its 

Office of Chemical Safety and Pollution Prevention. Notably, EPA 850.4100 outlines 
the Seed Germination and Root Elongation Test, suitable for evaluating toxicity in soils 
and leachates using endpoints such as germination percentage and root length. EPA 
850.4150, the Vegetative Vigor Test, measures sublethal effects on plant biomass and 
growth rates, while EPA 850.4230, akin to OECD 208, focuses on Seedling Emergence 
under exposure to soil-applied chemicals. These assays are designed for use with both 

crop species and native plants, ensuring ecological relevance and regulatory compliance. 
(EPA 2012) 

In recent years, bibliometric tools such as VOSviewer have gained traction in 
environmental research, offering visual and quantitative analysis of scientific literature. 
By mapping co-occurrence networks of keywords, authorship clusters, and citation 
linkages, VOSviewer enables researchers to identify prevailing methodologies, 
influential publications, and research gaps within a given field. While bibliometric 

studies using VOSviewer are well-established in domains such as neuropsychiatry and 
public health, their application in phytotoxicology remains relatively underexplored. A 
bibliometric assessment of phytotoxicity testing can offer valuable insights into 
methodological trends and innovation potential within this dynamic area of 

environmental science (Tang et al. 2023). 

https://www.oecd.org/en/publications/test-no-208-terrestrial-plant-test-seedling-emergence-and-seedling-growth-test_9789264070066-en.html
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This study aims to present a comparative analysis of phytotoxicity test methods 
with a focus on standardized protocols such as OECD and EPA guidelines, 
supplemented by biochemical approaches that enhance mechanistic interpretation. 
Through a synthesis of methodological strengths and limitations, as well as insights 
drawn from bibliometric mapping, this review seeks to provide a comprehensive 
perspective on current and emerging strategies for assessing phytotoxicity using plant-
based systems. 
 

MATERIALS AND METHODS 

The main scope of this paper was to comparatively analyze different methods 
that were successfully proven to be appropriate for phytotoxicity assays. A specific 
literature investigation was accomplished during 2025 using Google Academic 
(https://scholar.google.com/) and Web of Science 
(https://www.webofscience.com/wos/woscc/basic-search), and articles in other 
languages, not English, were excluded. Data processing was accomplished using 
Microsoft Office Excel. 

Moreover, a logical graphical representation was created using VOSviewer 

website (https://www.vosviewer.com/), in order to integrate the obtained material, 
resulting in a network map that presents the links between numerous notions related to 
phytotoxicity, based on co-citation or co-occurrence of phrases in the examined data 
corpus.  

 
RESULTS AND DISCUSSIONS 

Starting with 2000 and continuing until 2024, there are over 68400 research 
articles related to phytotoxicity available on Google Scholar (GS), with a clear growing 

interest in the past years (Figure 1). 
The VOSviewer co-occurrence map shows that phytotoxicity is the central 

theme, with a related focus on plant growth, soil, and oxidative stress. Frequent terms 
like tolerance, stress, and responses highlight interest in how plants cope with toxic 
conditions. Keywords such as photosynthesis, germination, and phytoremediation point 
to effects on key plant functions and potential for environmental remediation (Figure 2). 

 

https://scholar.google.com/
https://www.webofscience.com/wos/woscc/basic-search
https://www.vosviewer.com/


AGACHI et al: Comparative evaluation of standardized methods for phytotoxicity testing 

 

42 

 

 
FIG. 1. The amount of phytotoxicity-related papers published between 2000 and 2024 

 
FIG. 2. Map of the co-occurrence network of keywords in Web of Science articles related to phytotoxicity 

 

In order to accomplish quantitative analysis, a series of analytical techniques can 
be utilized (Table 1). The data highlights that plant toxicity tests vary by growth stage, 
environment, and plant type—ranging from simple germination tests to mature plant 
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assessments in soil, soilless, or aquatic systems. While some methods overlap, each 
offers specific insights based on species and exposure conditions. 

 
TABLE. 1: Comparative table of standardized tests used to assess phytotoxicity 

Test Short Description 
Similarities and 

differences 
References 

OECD 208  

Seedling 

Emergence and 

Seedling 

Growth Test 

 

Evaluates the effects of 

substances on the 

germination and growth 

of seedlings in soil. 

Similar to EPA 

850.4230; both test for 

emergence in soil. 

OECD 208 allows for 

a wider choice of 

species and can use 

natural or artificial 

soil. 

OECD (2006), Test No. 208: Terrestrial Plant 

Test: Seedling Emergence and Seedling 
Growth Test, OECD Guidelines for the 

Testing of Chemicals, Section 2, OECD 

Publishing, 

Paris, https://doi.org/10.1787/9789264070066-

en. 

OECD 221 

Lemna sp. 

Growth 

Inhibition Test 

Evaluates the toxicity 

of various substances to 

genus Lemna, which 

includes small aquatic 

plant species. 

Developed on aquatic 

species. Similarities 

with OECD 201, 

developed on 

Freshwater Alga and 

Cyanobacteria 

OECD (2006), Test No. 221: Lemna sp. 

Growth Inhibition Test, OECD Guidelines for 

the Testing of Chemicals, Section 2, OECD 

Publishing, 

Paris, https://doi.org/10.1787/9789264016194-

en. 

OECD 227 

Vegetative 

Vigour Test 

 

Test on already 

developed plants, in the 

vegetative phase. 

Similar to EPA 

850.4150; both 

evaluate mature 

plants. OECD 227 is 

applied in controlled, 

soilless environments, 

usually by foliar 

application. 

OECD (2006), Test No. 227: Terrestrial Plant 

Test: Vegetative Vigour Test, OECD 

Guidelines for the Testing of Chemicals, 

Section 2, OECD Publishing, 

Paris, https://doi.org/10.1787/9789264067295-

en. 

EPA 850.4100  

Seed 

Germination / 

Root 

Elongation 

Test 

Laboratory test for 

effects on germination 

and root elongation. 

Similar to OECD 208, 

but simpler and 

shorter, performed in 

inert media (e.g. Petri 

dish). Used as a 

screening test. 

U.S. Environmental Protection Agency. 

Seedling Emergence and Seedling Growth; 

OCSPP 850.4100; EPA: Washington, DC, 

USA, 2012. Available online: www.epa.gov 

EPA 850.4150 

Vegetative 

Vigor 

Evaluates the effects of 

substances on the 

growth of developed 

plants. 

Similar to OECD 227; 

uses standardized 

species, usually with 

foliar application. 

U.S. Environmental Protection Agency. 

Vegetative Vigor; OCSPP 850.4150; EPA: 

Washington, DC, USA, 2012. Available 

online: www.epa.gov 

EPA 850.4230 

Seedling 

Emergence 

 

Tests seedling 

emergence and growth 

in soil 

Almost equivalent to 

OECD 208; species 

specific to EPA 

requirements are used 

U.S. Environmental Protection Agency. Early 

Seedling Growth Toxicity Test; OCSPP 

850.4230; EPA: Washington, DC, USA, 2012. 

Available online: www.epa.gov 

 

 
Phytotoxicity tests are often complemented by a range of additional analyses, 

including microscopic, morphometric, gravimetric, and biochemical methods. 

https://doi.org/10.1787/9789264070066-en
https://doi.org/10.1787/9789264070066-en
https://doi.org/10.1787/9789264016194-en
https://doi.org/10.1787/9789264016194-en
https://doi.org/10.1787/9789264067295-en
https://doi.org/10.1787/9789264067295-en
http://www.epa.gov/
http://www.epa.gov/
http://www.epa.gov/
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Microscopic evaluations typically involve the analysis of features such as stomatal 
density and diameter, as well as the number and turgidity of trichomes (Mushtaq et al. 
2020; Yadav et al. 2021). Morphometric methods include measurements of root and stem 
length (Begum et al. 2012), but also determination of root growth index (de Souza et al. 
2025), while gravimetric analyses commonly involve the determination of fresh and dry 
weights but also sample humidity (Amin et al. 2013). Moreover, there are numerous 
studies in which germination tests are done (Bone et al. 2023; Garrido et al. 2025), due 
to the fact that these offer responses to different chemicals quite quick. Frequently 

assessed biochemical parameters include photosynthetic pigments content (Li et al. 
2022), completed by other indices as photosynthetic rate (Chohra et al. 2025), 
concentrations of reducing sugars, starch, and proteins (Chatteriee et al. 2003; Hasan et 
al. 2021), as well as the enzymatic activity of key enzymes involved in oxidative stress 
(such as catalase, guaiacol peroxidase, glutathione peroxidase, and superoxide 
dismutase) (Li et al. 2022). 

 

CONCLUSIONS 

 The growing number of publications on phytotoxicity between 2000 and 2024 
reflects an increasing global concern regarding the impact of environmental pollutants, 

natural compounds, and synthetic substances on plant health. Bibliometric analysis 
confirms that phytotoxicity remains a central theme in plant stress research, particularly 
in relation to plant growth, soil interactions, and oxidative responses. 

Phytotoxicity testing has evolved to incorporate a wide array of techniques 
tailored to different plant species, developmental stages, and environmental contexts. 
The integration of classical tests—such as seed germination and root elongation—with 
complementary microscopic, morphometric, gravimetric, and biochemical analyses 

offers a comprehensive understanding of toxicological effects. These multidimensional 
approaches enable the evaluation of physiological, structural, and metabolic responses 
of plants to various stressors. 

Notably, key biochemical markers such as photosynthetic pigments, sugars, and 
antioxidant enzyme activities serve as reliable indicators of phytotoxic stress. The use of 
advanced visualization tools like VOSviewer further enhances our ability to detect 
emerging research trends and connections among key terms and concepts in the field. 

Altogether, this work underscores the importance of integrated phytotoxicity 

assessment frameworks that not only inform ecological risk evaluation but also guide 
the development of sustainable strategies for environmental protection and 
phytoremediation. 
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