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Abstract: Consumption of animal proteins is increasingly contested by those who choose a vegetarian diet, 

but for athletes, protein quality is a key component in optimizing athletic performance. The purpose of this 

article is to provide a nutritional guide for the vegetarian athlete who does not have to give up nutritional 

preferences to achieve performance in sports, and well-informed counseling by respecting principles of 

biochemistry can overcome the already known deficiencies of vegetal proteins in certain amino acids. The 

second aim of this paper is to recommend methods to assess protein quality by consulting the 

recommendations of the world's most important regulatory agency in the field of nutrition and food quality: 

the World Health Organization (WHO) and the Food and Agriculture Organization (FAO). In conclusion, 

even though vegetal proteins have a lower anabolic effect due to their low digestibility and a limited quantity 

of essential amino acids (especially leucine) and that amino acids of vegetal origin are more likely directed 

towards oxidative metabolism than towards anabolic processes, recent studies present strategies (consuming 

higher amounts of vegetal proteins, dietary supplements with amino acids) through which a well-planned 

vegetarian diet can have similar benefits to omnivorous diet regarding stimulating endogenous protein 

synthesis. 

 

Keywords: leucine, protein synthesis, vegetal proteins, animal proteins. 

 

1. Introduction 

It is considered that in the Ancient Rome, 

gladiators were vegetarians, being called 

“hordearii (barley-eaters) - (Longo et al., 2008) 

and the first questions regarding the impact of 

diet on athletic performance have been asked 

since the 1980s (Nieman, 1988) when several 

literature studies reported enhanced muscular 

endurance in vegetarians over non-vegetarians, 

but these results have not been fully confirmed 

in subsequent studies.  

An optimal diet with a balanced ratio 

between components (45-55% carbohydrates, 

20% proteins, and 25-30% lipids) must ensure 

the energy substrates and nutritional principles 

adapted to the age and the intensity of physical 

activity. For example, it was demonstrated that 

both carbohydrates and BCAAs (branched 

chain amino acids) influence phosphorylation 

of mTOR (mammalian target of rapamycin), 

indicating that the ratio between nutrients can 
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have a huge impact on cellular processes 

(Solon-Biet et al., 2014). 

It is well documented that diet and the 

quality of food components play a key role in 

the performance and health of athletes (Phillips 

and Van Loon, 2011). Regarding athletic 

performance, in terms of energy metabolism of 

striated muscle, the main energy substrates are 

carbohydrates and lipids (Bjorntorp, 1991). In 

order to favor the increase of muscle mass, a 

hypercaloric, high protein, normal or 

moderately low glycemic and normal lipidic 

diet is necessary. Proteins are macromolecules 

indispensable to the human body which, in 

addition to their structural role, also have a 

functional, physico-chemical and energetic role 

(Bytomski, 2018). Intense physical effort 

favors muscle hypertrophy correlated with the 

protein intake and a well-balanced amino acid 

composition (Phillips and Van Loon, 2011). 

In the case of proteins, in addition to the 

quantitative requirement, there is the issue of 

their quality, the amino acid content being one 

of the most important criteria to define the 

quality of proteins (Wolfe et al., 2016). Of the 

total amino acids, 8 are considered essential for 

the body: leucine, isoleucine, methionine, 

valine, threonine, tryptophan, phenylalanine, 

and lysine. Proteins that contain all the 

essential amino acids in the required ratio are 

classified as proteins of high biological quality 

or complete proteins (Hoffman and Falvo, 

2004). Performance athletes can choose 

between animal proteins such as milk casein, 

eggs, meat, fish, vegetal proteins such as soy, 

rice, peanuts, or a combination of them. 

Recent studies confirm that plant proteins 

are inferior to animal proteins both 

quantitatively and qualitatively, and as they 

have an important role in the diet of athletes, 

serving as a substrate for sports performance, it 

is a subject that must be carefully regarded 

(Rogerson, 2017). Therefore, athletes with a 

vegetarian diet clearly consume a lower amount 

of protein than the omnivorous athletes 

(Berrazaga et al., 2019) and consequently, there 

is a lower anabolic effect of plant proteins also 

involving their incomplete content of essential 

amino acids. 

There is also conclusive evidence that a 

vegetarian diet is associated with a multitude of 

health benefits for athletes (Appleby and Key, 

2012; Marsh et al., 2012). Foods of vegetal 

origin are rich in antioxidants (polyphenols), 

micronutrients (vitamin C and E) and 

carbohydrates that can enhance sports 

performance, but have the disadvantage of a 

poor content of certain nutrients such as 

vitamin B12, vitamin D, omega-3 fatty acid 

docosahexaenoic acid, zinc, and iodine 

(Appleby and Key, 2012; Marsh et al., 2012; 

Clarys et al., 2014). On the other hand, the 

consumption of a high animal protein diet was 

associated with an increased risk of chronic 

metabolic diseases, especially cardiovascular 

diseases (Barnard et al., 2019). 

Considering that vegetarian diets are more 

and more popular among athletes, because of 

ethical, religious, or ecological reasons, as well 

as for health purposes (Lynch et al., 2018), on 

the controversy regarding the quality of vegetal 

proteins but, also, that a well-planned 

vegetarian diet can fulfill nutritional needs of 

athletes, the purpose of this article is to assess 

the impact of the protein type (vegetable or 

animal) on sports performance. With this main 

purpose a review of the scientific literature 

using keywords: “vegetarian” AND 

“performance athletes” AND “proteins” on 

PubMed database was performed selecting 34 

relevant articles for human nutrition. 

2. Vegetal proteins vs. animal proteins for 

athletic performance 

In order to improve athletic performance 

and ensure metabolic homeostasis, it is 

important to maintain the integrity of muscle 

mass. A net protein balance can be calculated 
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as a ratio between the amount of catabolized 

and the amount of synthesized proteins and this 

ratio depends a lot on physical activity, dietary 

intake of proteins and amino acids as well as on 

their quality and quantity. A high protein intake 

determined short time effects (post-prandial 

increase of protein synthesis) and longtime 

effects (increased muscle mass) (Berrazaga et 

al., 2019).  

It is considered that both in strength sports 

(weightlifting, weight throwing, etc.) (Tinline-

Goodfellow et al., 2020) and in endurance 

sports (marathon, cycling) (Kato et al., 2016; 

McKendry et al., 2019) protein intake should 

be higher than in a normal, healthy adult with 

moderate physical activity. 

Most authors consider the optimal protein 

intake for adults to be 0.8 g/kg body weight 

(Campbell et al., 2007). Normally, in the case 

of a healthy adult, there must be a balanced 

nitrogen balance, the protein nitrogen ingested 

must be found entirely in the nitrogen 

eliminated in the form of urea. Athletes need 

higher protein content in the diet, the correct 

nitrogen balance ranges from 1.2 to 2.0 g/kg 

b.w. because the need of amino acids for 

endogenous protein synthesis is higher (Joy et 

al., 2013; Phillips and Van Loon, 2011). 

Optimizing the protein intake for athletes 

to increase sports performance is a subject of 

continuous debate and requires a special 

evaluation of both the quantity and the quality 

of proteins (Berrazaga et al., 2019). 

There are several methods to determine the 

quality of proteins. In 1989, the Joint Food and 

Agriculture Organization of the United 

Nations/World Health Organization 

(FAO/WHO) Expert Consultation on Protein 

Quality Evaluation recommended a series of 

parameters to evaluate the quality of proteins 

by assessing the nitrogen balance and 

considering to the degree of digestibility, net 

protein utilization and their biological 

importance (FAO/WHO, 2013). 

2.1 Assessing the quality of proteins by 

protein digestibility-corrected amino acid 

score/digestible indispensable amino acid 

score 

The Regarding digestibility, it is known 

that vegetal proteins are less digestible than 

animal proteins (FAO/WHO, 2013). This may 

be due to structural differences between the 

two types of proteins. The secondary structure 

of plant proteins consists of high beta chain 

content and a relatively low percentage of 

alpha-helix. It is assumed that in the 

gastrointestinal tract there is a resistance to 

proteolysis of vegetal proteins due to the high 

percentage of beta-sheet conformation, thus 

explaining the low digestibility of plant 

proteins (Carbonaro et al., 2012). Moreover, 

vegetal proteins contain non-starch 

polysaccharides or fibers that prevent the 

access of enzymes to the protein, thus leading 

to a decrease in digestibility (Duodua et al., 

2003). The presence in plants of active 

compounds such as phytic acid or protease 

inhibitors can also influence the digestibility of 

proteins (Duodua et al., 2003). Vegetal proteins 

from processed foods present a higher 

digestibility rate (with 18%) compared to 

unprocessed foods (Wright et al., 2017). 

The best parameter to characterize the 

quality of proteins in terms of digestibility is 

PDCAAS (Protein Digestibility-Corrected 

Amino Acid Score) and DIAAS (Digestible 

Indispensable Amino Acid Score), more 

recently introduced into practice. For a protein 

to contain all the essential amino acids 

PDCAAS should be no less than 1. As the use 

of PDCAAS has been increasingly criticized 

due to numerous limitations (Leser, 2013), 

DIAAS was introduced for quality assessment 

of proteins. Both scores prove the superiority 

of animal proteins over vegetal ones in terms of 

protein digestibility (Lynch et al., 2018; Leser, 

2013).  
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However, these two parameters do not 

really show the anabolic potential of each type 

of protein, but rather a method to determine the 

minimum amino acids needed to prevent 

protein deficiency in the whole body. For 

example, the PDCAAS score for soybeans 

(0.91) is similar to that of beef protein (0.92). 

So theoretically both types of protein should 

stimulate approximately similar protein 

synthesis. However, a recent study by Philips et 

al. (2012) demonstrates the superior post-

prandial anabolic effect of beef proteins 

compared to soybean. Further on, other studies 

compared soy protein isolates with milk 

proteins, as both have similar PDCAAS, but as 

presented in the previous study these two types 

of proteins have different anabolic abilities 

both during rest and post-exercise (Tang et al., 

2009). Based on these data, it was 

recommended that vegetarian athletes should 

consume a higher amount of protein due to the 

poor digestibility of plant proteins (Kniskern 

and Johnston, 2011).  

Literature data are controversial, a pilot 

study conducted over 8 weeks, of High-

Intensity Functional Training, shows that both 

animal proteins (whey proteins) and vegetal 

(pea proteins) have similar effects upon body 

composition and muscle strength (Banaszek et 

al., 2019). Joy et al. (2013) and Mobay et al. 

(2017), in similar studies, using rice and whey 

proteins and whey protein and soy proteins, 

respectively, obtained no statistically 

significant difference between the groups (Joy 

et al., 2013; Mobley et al., 2017). Another 

clinical study conducted in 2015 on a larger 

number of participants compared to previous 

studies (n = 161) shows that the administration 

of vegetal protein supplements (peas) used in 

combination with resistance training could be 

just as effective as whey protein supplements in 

terms of increasing strength and muscle mass 

(Babault et al., 2015) while a recent review by 

Craddock et al. (2016) concludes that a 

vegetarian diet does not improve athletic 

performance but does not negatively influence 

it either (Craddock et al., 2016). 

2.2. Assessing the quality of proteins by 

BCAAs content 

For elite sports performance, a high-quality 

protein must contain all the essential amino 

acids and especially a proper amount of 

BCAAs. Most plant proteins do not contain all 

the essential amino acids or in the right 

amount, resulting in a decrease in their 

biological value. 

BCAAs, leucine, valine and isoleucine, 

represent more than a third of muscle protein 

amino acids (Joy et al., 2013). It commonly 

accepted that essential amino acids and 

especially BCAAs induce an anabolic effect by 

stimulating protein synthesis, and their 

deficiency can limit the synthesis process 

(Wolfe, 2017; Joy et al., 2013). A study by 

Garlick et al state that BCAAs have the ability 

to stimulate protein synthesis in the same way 

as the other 8 essential amino acids (Garlick, 

2005). High-doses of leucine can independently 

stimulate protein synthesis and inhibit 

degradation, this effect is potentiated by a small 

increase in insulinemia (Garlick, 2005; Wolfe, 

2017). However, some studies recommend the 

use of leucine in the presence of other essential 

amino acids rather than alone (Wolfe, 2017), 

therefore it can be concluded that the optimal 

composition of proteins depends a lot on 

leucine and vice versa. Recent studies have 

shown that supplementation with 2-3 g of 

leucine or 0.05 g/kg b.w. increased protein 

synthesis (Norton and Wilson, 2009; Tipton et 

al., 1999). Above this threshold, there are no 

benefits in terms of maximizing protein 

synthesis. For example, consuming 40 g of egg 

protein (4 g leucine) did not show a higher 

increase in muscle protein synthesis than 

ingesting 20 g egg protein (2 g leucine) (Tang 

et al., 2009). 



ABMJ 2020, 3(2): 1-9 

 

5 

 

Plant-based proteins contain about 6-8% 

leucine, a reduced quantity compared to 

animal- proteins that contain about 8-11% 

leucine. There are also vegetal foods with a 

high content of BCAAs such as seeds, tree nuts 

and chickpeas, so the need for BCAAs could be 

met by consuming a variety of enriched 

proteins from plant foods (Rogerson, 2017). It 

was demonstrated that adding leucine to a 

plant-based diet (Norton et al., 2012) or 

consuming a larger amount of vegetal proteins 

increasing the percentage of leucine above the 

threshold level (Joy et al., 2013), the rate of 

protein synthesis is similar to a diet based on 

animal products. This hypothesis could support 

the increasing number of vegetarians among 

performance athletes.  

A study by Yang et al. in 2012 reported a 

high rate of leucine oxidation after ingestion of 

40g of soy protein, compared to the same 

amount of whey protein. So, it can be 

concluded that plant proteins are directed more 

towards oxidation processes than towards 

protein synthesis (Yang et al., 2012; van Vliet 

et al., 2015). 

2.3 Other nutrients of vegetal origin and 

athletic performance 

Although animal proteins are considered to 

have a better quality than those of vegetal 

origin, nowadays other aspects are also 

considered as vegetal food products (from 

quinoa, hemp seeds, etc.) also contain other 

nutrients responsible for improving sports 

performance among athletes. 

A diet based on vegetal products decreases 

important parameters of lipid metabolism 

(hypercholesterolemia, hypertriglyceridemia, 

etc.), decreasing, therefore, the metabolic risk 

(Barnard et al., 2019) and, in the same time, 

increasing the maximum aerobic effort capacity 

by increasing VO2 max (maximum rate of 

oxygen consumption) (Smith et al., 2015). 

As vegetal products contain a high amount 

of carbohydrates, the major energy substrate 

during aerobic exercise, a vegetarian diet can 

increase sports endurance, both during sport 

events or on long term (Jacobs and Sherman, 

1999).  

Intense physical effort can generate free 

radicals that can then cause muscle weakness 

(Viña et al., 2000). In case of vegetarian 

athletes, a high antioxidant activity was 

observed due to the high amounts of vitamin C, 

E and beta-carotene in plants (Rauma et al., 

1995), such as beets, garlic, onions, cherry 

juice (Barnard et al., 2019). Vegetarian diet 

also presents an anti-inflammatory effect. A 

2017 meta-analysis, based on 18 previous 

studies, on vegetarian subjects, over two years, 

showed decreases in plasma C-reactive protein, 

as a marker of inflammation, thus suggesting 

that plant foods can reduce post-exercise 

inflammation and facilitate recovery 

(Haghighatdoost et al., 2017). 

Conclusions 

1. Literature data available so far 

emphasize that the "classic" nutritional 

principles don’t recommend a vegetarian diet 

for performance athletes as plant proteins have 

a lower quality than animal proteins, both in 

terms of content in essential amino acids and 

digestibility. 

2. Recent studies show that vegetarian 

performance athletes only need larger amounts 

of vegetal proteins to provide the essential 

amino acids, especially leucine which is the 

biomarker of a protein’s involvement in 

endogenic anabolic processes. 

3. Despite limited number of studies and 

study participants, literature data recommend a 

well-planned vegetarian diet, referring to 

certain nutritional strategies, in order to 

improve the quality of proteins (fortification of 

vegetal proteins with amino acids, consumption 
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of higher amounts of vegetal proteins) and, in 

the same time, highlight the presence of other 

compounds, specific for vegetal foods, 

beneficial in terms of sports performance. Still, 

this subject remains a controversial one. 

4. This paper presents biochemical aspects 

of protein metabolism and tries to balance, as 

well as possible, the “pros” and “cons” of 

adopting a vegetarian diet in performance 

athletes, in whom the protein turn-over is high 

and protein malnutrition or deficiency in 

certain amino acids, especially leucine may 

represent an intrinsic risk factor for the athlete's 

health, along with other well-known factors: 

increased cardiovascular risk, 

hyperhomocysteinemia, low intake of omega 3 

fatty acids, etc. The possibility of synergism 

between these risk factors remains a topic that 

can be further researched. 
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Abstract: The paper aims to evaluate the presence and condition of vegetation by SAGA GIS. The study 

area covers northern coasts of Iceland including two fjords, the Eyjafjörður and the Skagafjörður, prosperous 

agricultural regions. The vegetation coverage in Iceland experience the impact of harsh climate, land use, 

livestock grazing, glacial ablation and volcanism. The data include the Landsat TM image. The methodology 

is based on computing raster bands for simulating Tassel Cap Transformation (wetness, greenness and 

brightness) and Enhanced Vegetation Index (EVI) sensitive to high biomass. The results include modelled 

three bands of brightness, greenness and wetness. Greenness variation shows the least values in ice-covered 

areas (-56.98 to -18.69). High values (-23.48 to 9.12) are in the valleys with dense vegetation, correlating 

with the geomorphology of the river network, the vegetation-free areas and ocean which corresponds to the 

peak of 30.87 to 41.19. The bell-shaped data distribution shows frequency 43.19–141.74 for vegetation 

indicating healthy state and canopy density. Maximal values are in ice-covered regions and glaciers (64°N-

65°N). Very low values (0 to -20) show desertification and mountainous rocks. Moderate values (20-40) 

indicate healthy vegetation. The most frequent data: -28,17 to 11,8. The EVI shows data variations (-0.14 to 

0.04). The study contributes both to the regional studies of Arctic Iceland and methodological approach of 

remote sensing data processing by SAGA GIS. 

 

Keywords: Iceland, Landsat TM, SAGA GIS, cartography, vegetation index, machine learning, 

automatization, mapping. 

 

1. Introduction 

Geographically, the study area covers the 

northern coasts of Iceland including its two 

famous fjords, the Skagafjörður, a deep fjord 

with a valley (19.4°W-20.0°W), and the 

Eyjafjörður, (18.2°W-18.6°W) one of the 

longest fjords in Iceland (Fig. 1). The 

Skagafjörður is one of Iceland's most 

prosperous agricultural regions, with 

widespread dairy, sheep farming and horse 

breeding. Today the vegetation coverage in 

Iceland has gained more attention in landscape 

studies due to changes under the impact of 

various factors including impacts of harsh 

climate (Brombacher et al., 2020), specifics of 

land use, intensive livestock grazing, glacial 

ablation and geological processes. Active 

volcanism results in regional distribution of the 

highly erodible volcanic soils. 
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Fig. 1. Topographic map of the study area: Iceland, region of Skagafjörður and Eyjafjörður. 

Source: author. 

 

According to the recent assessment (Eckert 

and Engesser, 2013), the country's surface 

experienced a severe soil erosion on about 

40%. As a result, severe land degradation and 

desertification are considered the most severe 

environmental problems in Iceland (Eddudottir 

et al., 2020; Gísladottir, 2001). The examples 

of land cover changes in Iceland include soil 

erosion caused by grazing pressure in the 

processes of sheep farming (Arnalds and 

Barkarson, 2003), active aeolian processes 

causing the spread of the sandy areas which 

replace rich and vegetated ecosystems by lands 

with low fertility and water-holding capacity 

(Arnalds et al., 2001). This makes the 

assessment of the Arctic vegetation coverage 

by remote sensing methods as an important 

field at the cutting edge of geoscience. 

Current environmental problems in Iceland 

include severe land degradation which is 

caused by the effects of both human and 

climate factors. Land degradation results in the 

deterioration of plant growth conditions, and 

the decline of land productivity in sensitive 

Arctic ecosystems. Land degradation is 

mirrored in soil deterioration, including its 

physical, chemical, and biological aspects. 

Besides, human impacts have been severe on 

Icelandic soils and vegetation which finally 

resulted in fragmentary desertification. In turn, 

vegetation degradation induced soil erosion 

which successively caused a decline in soil 

quality. Hence, in recent years soil erosion 

became an active negative process in Iceland 

which resulted in deterioration of the grazing 

areas in the central highlands of Iceland which 

are not suitable for grazing by sheep due to the 
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poor condition. Because the land is a natural 

complex and comprehensive system of 

geomorphic landforms, geologic factors 

(mineral rocks), climate settings, hydrologic 

conditions, and ecology (vegetation and fauna), 

land degradation and desertification can have 

worrying consequences for the fragile Arctic 

environment.  

Analytical studies in the remote sensing of 

satellite images have unveiled the presence of 

indicators in plants that may be used to detect 

the healthiness of the canopy. For instance, 

chlorophyll as a health indicator of leaves 

absorbs visible light, and the leaf cell strongly 

reflects near-infrared light. Parameters of 

spectral reflectance of leaves are discussed (e.g. 

Kauth and Thomas, 1976; Broge and Leblanc, 

2001; Kim et al., 2010; Lemenkova, 2011; Gao 

et al., 2020) and widely used for detecting 

vegetation coverage stage and monitoring their 

ecological stage. The bands constituting the 

Landsat TM image scene play an essential role 

in detecting vegetation health and quality 

assessed by such indicators as greenness, 

brightness or wetness. In this context, the use 

of cartographic methods applied for the satellite 

image processing, raster bands calculation and 

visualization have shown promising results in 

experiments carried out on Landsat TM 

imagery (Lemenkova, 2015a, 2015b, 2015c; 

Taufik et al., 2016; Ahmet and Akter, 2017; 

Zaitunah et al., 2018). The purpose of this 

study was to use advanced methods of the 

remote sensing data processing (SAGA GIS) in 

order to extract information on presence and 

conditions of vegetation and to receive models 

of the wetness, greenness and brightness using 

calculation of the selected raster bands, and to 

perform calculation of the enhanced vegetation 

index using embedded formulae in the SAGA 

GIS, and finally, to visualize data distribution 

using computed and presented histograms 

aimed at the environmental monitoring of the 

selected Arctic ecosystems in Iceland.  

Benefits of the presented study include a 

contribution to the environmental monitoring 

of the selected regions of Iceland, which 

includes the two fjords, Skagafjörður and 

Eyjafjörður which can be used as information 

on the appropriate level (ecologists, 

environmentalists, authorities). Because the 

study is fully based on the open source 

software (SAGA GIS and occasional GMT) for 

mapping and data analysis, the benefits for 

broad public, scolars and students consists in 

the repeatability of the described methods, 

algorithms and advices for data capture and 

resources. Thus, this study presents a broad 

spectrum of remote sensing data processing and 

visualization by SAGA GIS, and the use of the 

standard suite of high-quality raster Landsat 

TM datasets, as demonstrated and described in 

this work. Generic Mapping Tools (GMT) was 

also used for topographic mapping (Fig. 1) 

aimed at the advanced cartographic 

visualization of Iceland using available 

mapping techniques (Lemenkova, 2020a, 

2020b, 2020c). Therefore, this study can be 

effectively reused for analysis of similar 

landscapes in Arctic regions using presented 

workflow of the SAGA GIS and calculation of 

the Landsat TM raster bands for analysis of 

vegetation. 

2. Materials and Methods 

This study presents the use of SAGA GIS 

(Böhner et al., 2006) for processing the Landsat 

TM image (Fig. 2). The Landsat TM is the 

satellite imagery of Earth, a joint program of 

NASA/USGS launched on July 23, 1972 and 

constrantly being developed since then. 

Landsat 7 satellite images have eight spectral 

bands (channels) with spatial resolution 

ranging from 15 to 60 meters depending on the 

bands, but mostly 30-meters resolution. The 

temporal resolution of the Landsat TM is 16 

days. Each Landsat scene covers a square 

approximately 185*185 km long and wide.  
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Fig. 2. Applying parameters in SAGA GIS menu. Source: author. 

 

The official website of the Landsat TM is 

https://landsat.gsfc.nasa.gov/the-thematic-

mapper/. However, the imagery can be freely 

downloaded from the GloVis website: 

https://glovis.usgs.gov/. The methods include 

two approaches of the image processing: 1) 

Tasseled cap transformation; 2) Enhanced 

Vegetation index. 

2.1 Tasseled Cap Transformation 

An algorithm for the Tasseled cap 

transformation was developed by Kauth and 

Thomas (1976) to transform the spectral 

information of the Landsat satellite data into 

indicators that turned to be useful for analysis 

of phenological stages of vegetation. In the 

menu of SAGA GIS it was applied using the 

following path: 

‘Geoprocessing>Imagery>Vegetation 

Indices>Tasseled Cap Transformation’. Using 

six of seven Landsat TM bands (except for the 

thermal channel 6) were used for the algorithm. 

As a result, three types of information were 

extracted based on a weighted sum of the 

Landsat bands: 1) Tasseled Cap Band 1 

showing brightness, which is a measurement 

value for the ground; 2) Tasseled Cap Band 2 

showing greenness, which is a measured value 

for the vegetation; 3) Tasseled Cap Band 3 

showing wetness, which is a measured value 

for interactions of soil and canopy moisture.  

In the algorithm, each band (B) was 

multiplied by a certain coefficient and the three 

characteristics of the vegetation, brightness, 

greenness and wetness, were defined as follows 

(Crist and Cicone, 1984a; 1984b): 

1. Brightness = 0.3037 (B1) + 0.2793 (B2) 

+ 0.4743 (B3) + 0.5585 (B4) + 0.5082 (B5) + 

0.1863 (B7) 

2. Greenness = −0.2848 (B1) − 0.2435 

(B2) − 0.5436 (B3) + 0.7243 (B4) + 0.0840 

(B5) − 0.1800 (B7) 

3. Wetness = 0.1509 (B1) + 0.1973 (B2) + 

0.3279 (B3) + 0.3406 (B4) − 0.7112 (B5) − 

0.4572 (B7) 

2.2. Enhanced Vegetation Index 

For The Enhanced Vegetation Index (EVI) 

was approached from the SAGA GIS menu 

using the following path: 

‘Geoprocessing>Imagery>Vegetation 

Indices>Enhanced Vegetation Index’. The 

computing of the EVI was addressed using an 

optimized numerical method, comparing to the 

traditional calculations of the vegetation 

indices, by enhancing the vegetation signal 

(Jiang et al., 2008). 

The formula of the EVI is based on the 

following equation (Huete et al., 2002): 

 EVI = G ˟ (NIR – RED)/(NIR + C1 ˟ 

RED – C2 ˟ BLUE + L), 

where NIR is a near-infrared band of the 

electromagnetic spectrum (wavelength at 750 

https://landsat.gsfc.nasa.gov/the-thematic-mapper/
https://landsat.gsfc.nasa.gov/the-thematic-mapper/
https://glovis.usgs.gov/


ABMJ 2020, 3(2): 10-21 

 

14 

 

to 2500 nm), RED is a red (wavelength at 625–

740 nm) BLUE is blue band (wavelength et 

450–485 nm). Specifically, the algorithm of 

EVI has been updated, by focusing on the 

higher biomass regions using the effects of the 

improved sensitivity in these specific areas, by 

de-coupling of the canopy background signal 

which eventually improved vegetation 

monitoring, and by a reduction in the 

atmosphere influences. 

3. Results and discussions 

The simulated Tasseled Cap 

transformations of Landsat TM data represent 

examples of linear combination features 

showing three characteristics of the vegetation: 

1) wetness (Fig. 3); 2) greenness (Fig. 4);       

3) brightness (Fig. 5). The results of the EVI 

model are presented in Fig. 6. Analysis of the 

moisture content in Fig. 3 shows the maximal 

values concentrated in the ice-covered regions 

of the glaciers stretching an as long and narrow 

sheet of ice and two glaciers on the southern 

part of the region, 64°N-65°N (bright red spots 

in Fig. 3). Very low values of wetness (0 to -

20) are notable for the areas of local 

desertification and mountainous rocks (dark 

grey areas in Fig. 4). Bright yellow colours 

correspond to moderate values (20-40) which 

indicates the healthy vegetation. According to 

the statistics (Fig. 7, upper right), the most 

frequent data of wetness vary from slightly 

negative values -28,17 to 11,8. 

 

 
Fig. 3. Wetness of vegetation, modelled by SAGA GIS. Source: author. 
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Fig. 4. Greenness of vegetation, modelled by SAGA GIS. Source: author. 

 

 
Fig. 5. Brightness of vegetation, modelled by SAGA GIS. Source: author. 
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Fig. 6. Enhanced vegetation index, modelled by SAGA GIS. Source: author. 

 

The analysis of greenness variations (Fig. 

4) clearly shows that the lowest values of 

greenness correspond to the ice-covered areas 

(dark crimson brown colours in Fig. 4) which 

indicates the low values on the statistical 

histogram (Fig. 7) ranging from -56.98 to -

18.69. On the contrary, high values correspond 

to the peak on the histogram with values 

between -23.48 to 9.12 (Fig. 7, lower left). 

High values of greenness are notable for the 

river valleys with dense vegetation coverage, 

clearly depicting the geomorphology of the 

river network. The absence or very low 

vegetation coverage can be interpreted from the 

mustard yellow colours with values 0 to -16. 

They are typical for the water areas and rocky 

terrain. 

The analysis of brightness (Fig. 5) shows 

its variations in the range between 20 and 260 

units of surface luminosity. In particular, the 

darkest areas (brown-coloured, Fig. 5) 

correspond to the vegetation-free areas and 

ocean, which corresponds to the peak of 30.87 

to 41.19 in Fig. 7 (upper left). In contrast, light 

green colours correlating with vegetation-

covered areas (100-150) can be seen as 

depicting the river valleys (Fig. 5) and on the 

coastal areas. White regions show dominating 

ice-covered mountainous areas. The statistical 

analysis points at the bell-shaped distribution 

of the data lying in the range of 43.19 to 141.74 

for the areas of vegetation with difference 

indicating its healthy state and density of 

canopy. The analysis of the EVI (Fig. 6) shows 

the variations of the data range between -0.14 

to 0.04. Here the lowest values corresponding 

to the dark brown colours are notable for the 

ice-covered areas and glaciers, while vegetation 

in valleys and coastal areas is depicted by 

beige. The results showed SAGA GIS to be 

effective for analysis of the vegetation 

coverage by Landsat TM bands combination. 
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Fig. 7. Four statistical histograms of the data distribution: wetness, brightness, greenness, 

enhanced vegetation index, modelled by SAGA GIS. Source: author. 

 

Current environmental problems of Iceland 

include changes in vegetation coverage and 

anthropogenic pressure, such as increased 

number of tourists which may cause some 

mechanical disturbances on fragile Polar 

landscapes (Ásgeirsdóttir and Karlsson, 2016; 

Óladóttir, 2019). A complex interaction 

between various factors affect land cover and 

vegetation in Iceland, for instance 

anthropogenic (Tverijonaite et al., 2018), 

climatic factors (Haraldsson and Ólafsdóttir, 

2003). This can be illustrated by issues 

regarding the vulnerability of the Northern 

ecosystems, e.g. land use pressure and 

overgrazing. Since land degradation may affect 

land use sustainability in the future, these 

issues present the concern for the 

environmental monitoring in Iceland. 

According to previous studies (Bergþórsson et 

al., 1996), Iceland has experienced climatic 

variations over the past years which resulted in 

the changes in vegetation. Besides, due to the 

anthropogenic effects, over half of the 

Icelandic vegetation deteriorated from the time 

of Iceland's first settlement by vikings in ca. 

AD 830 (Hallsdóttir 1995) and over 90% of its 

forest cover (Þorsteinsson, 1972). In view of 

abovesaid, detailed studies of the selected 

landscapes of Iceland present a contribution to 

the monitoring of natural resources prevention 

of degradation of the Northern ecosystems. 

Conclusions 

Thanks to the advances in the remote 

sensing data processing by cartographic 

methods, the massive amount of Landsat TM 

images of 30-m resolution and high quality 

became available in agricultural studies, for 

instance for a crop or vegetation mapping. 

Reflectance curves for various land cover types 

on Earth, including healthy and unhealthy 

vegetation and its types (coniferous, broadleaf), 

have particular characteristics (Abburu and 

Golla, 2015; Knipling, 1970; Lemenkova, 

2013). Remote sensing data analysis using 

spectral reflectance curves shown a trend in 
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land cover changes and variations in vegetation 

coverage of Earth (Lemenkova, 2013, 2015d).  

The possibility of synergism between these 

risk factors remains a topic that can be further 

researched. 

Other studies upscaled the question of the 

vegetation changes and focused on the 

quantification of landscape fragmentation by 

metrics approach for environmental 

sustainability (Klaučo et al., 2013b, 2014, 

2017). Examples of the statistical analysis 

applied for geosciences provide more advanced 

methods of data visualization (Lindh, 2004; 

Klaučo et al. 2013a; Lemenkova, 2019a, 

2019b, 2019c). Other ways of geodata 

processing include machine learning, GIS 

(Suetova et al., 2005a, 2005b; Schenke and 

Lemenkova, 2008; Lemenkova, 2014). This 

review focused on the effective methods of 

Enhanced Vegetation Index and Tasseled cap 

transformation by SAGA GIS applied for 

processing of the Landsat TM scene covering 

the region of northern Iceland. 

The paper contributed both to the 

agricultural studies of vegetation coverage and 

the development of methods by presenting two-

step methodology: computing raster bands for 

visualizing the Tassel Cap Transformation and 

EVI. The application of the Tasseled Cap 

Transformation and EVI in Arctic vegetation 

monitoring showed effective methods of data 

visualization. With a context of the presented 

case study of Iceland, notable for fragile 

ecosystems, these two methods demonstrated 

usefulness for Landsat TM scene analysis of 

the vegetation canopy, health status and land 

cover parameters by cartographic means of 

SAGA GIS. 
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Abstract: Although DDT has been on the ban list by the Stockholm Convention for its environmental 
degradation, still a wave of emerging shreds of evidence has proved its circulation in developing countries. 

The intensity of environmental degradation and human health problems posed by residual DDT and its 

metabolites become of serious ecological concern, warranting a search for novel strains with a capacity to 
biodegrade these environmental contaminants. A new strain of the genus Staphylococcus was isolated from 

pesticide-contaminated soil. The 16S rRNA and phylogenetic analyses were used to identify the isolate and 

the 16S rRNA partial gene sequence was deposited in the NCBI GenBank as Staphylococcus sp. strain MY 

83295F. The isolate was capable of growing in up to 60 mg L-1 of p,p’-DDT as the sole carbon source at an 
optimum pH of 6.5 and optimum temperature of 30°C within 120 h. Zn2+ has demonstrated a stimulatory 

effect on the growth of the strain in p,p’-DDT containing medium. However, Fe, Cu, Pb, Hg, Ag, and Cr 

ions showed inhibitory effects on the strain’s growth in the medium. The strain could be a handy tool for the 

bio-cleansing of residual p,p’-DDT in the contaminated environment. 

 

Keywords: DDT biodegradation, Staphylococcus, 16S rRNA, pesticide contaminant, heavy metals. 

 

1. Introduction 

Among the most notorious and persistent 

agrochemical environmental contaminants, the 

dichlorodiphenyltrichloroethane (DDT) still 

occupies a prominent position in the ranking of 

the hazardous environmental pollutants. This 

arises due to its persistence and potential 

accumulation in both biotic and abiotic 

components of the ecosystem (Bussolaro et al., 

2012; Devi, 2020). Although DDT and other 

Persistent Organic Pollutants (POPs) have been 

on the ban list by the Stockholm Convention 

for their environmental degradation capacity, 

DDT is, still in circulation in developing 

countries (Abdul Kader, 2019). A 

comprehensive report released by the United 

Nations Environmental Protection (UNEP) on 

the current status of DDT from 2015 to 2017 in 

developing countries indicated that India, 

Mozambique, South Africa, and Zimbabwe 

reported the use of DDT (UNEP, 2019). While 

Botswana, Eswatini, Ethiopia, Eritrea, 

Madagascar, Marshall Islands, Namibia, 

Uganda, Venezuela, and Zambia have refused 

to give any response on the status of the use of 
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DDT between 2015-2017, despite all the efforts 

by the UNEP. This perhaps signals the use of 

DDT for vector control in these countries 

(UNEP, 2019). 

It was documented that in Nigeria several 

tons of chlorinated pesticides are used every 

year for both agriculture and disease-borne 

control (Asogwa and Dongo, 2009), and 

consequently, remnants of DDT were recently 

traced in domestic water samples (Ogbeide et 

al., 2015). Many studies across the world have 

reported the traces of DDT in ambient air, 

domestic water, and various food sources 

(Bussolaro et al., 2012; Mendes et al., 2019; 

Thompson et al., 2019). The levels of DDT 

reported in many food items exceeded the 

tolerable daily limits stated by the U.S. 

Environmental Protection Agency (Sheldon et 

al., 2019). 

DDT and its metabolites such as 

dichlorodiphenyldichloroethylene (DDE) have 

been implicated in many health-related 

problems. They were reported to be linked to 

endocrine disruption (Mnif et al., 2011; Piazza 

and Urbanetz, 2019). Truong et al. (2019) 

reported an association between DDT 

metabolites and long-term impairments of 

muscle health. Many studies have established 

the probable involvement of DDT in cancer 

induction (Hadara et al., 2016; Cohn et al., 

2019). DDT was also documented to induce 

cognitive decline and alteration in maternal 

metabolomes (Medehouenou et al., 2019; Hu et 

al., 2019). Yu et al. (2019) demonstrated that 

DDT is associated with some risks of triggering 

apoptosis of skin fibroblast in some aquatic 

animals. 

From the beginning of the last decade to 

date, many bacterial strains have been 

identified to degrade DDT and its metabolites; 

DDD and DDE  (Fang et al., 2010; Hug et al., 

2013; Wang et al., 2017; Pan et al., 2017; Xie 

et al., 2018). The microbial ability to degrade 

DDT have strengthened the hope of employing 

them in the bioremediation of DDT 

contaminated sites. 

Although DDT degradation was reported 

to be a multistep process (Fang et al., 2010; 

Cutright and Erdem, 2012), it mostly occurs 

either through aerobic or anaerobic 

metabolism. With favourable conditions, 

suitable strains were shown to degrade DDT to 

4-chlorobenzoic acid (4-CBA) aerobically or to 

4,4-dichlorobenzophenone (4-DBP) under 

anaerobic conditions (Nadeau et al., 1998; 

Baczynski et al., 2010; Gao et al., 2011; Bao et 

al., 2012). Alcaligenes sp. and Serratia 

marcaescens DT-1P were reported to degrade 

DDT to 4-CBA aerobically via the DDE 

metabolic pathway in the presence of additional 

carbon sources (Bidlan and Manonmani, 2002). 

However, DDT was shown to be rapidly 

degraded anaerobically to 4-DBP through the 

DDD reductive dechlorination pathway (You et 

al., 1996; Baczynski et al., 2010; Fang et al., 

2010). 

The intensity of environmental degradation 

and human health problems posed by DDT and 

its metabolites, particularly their persistent 

nature in the environment, searching a 

microbial community for novel strains with a 

capacity to bio-clean the environment is 

pertinent. This work was focused on the 

isolation and characterization of p,p’-DDT-

degrading bacterium from the tropical 

contaminated soil. 

2. Materials and Methods 

2.1 Sample collection 

A soil sample was collected from irrigation 

sites located at Phase I, Kadawa Irrigation Site, 

Hadejia-Jama’are River Basin, Kano State with 

a history of continued agrochemical farming 

activities for more than three decades. The 

sample was collected at the surface of the soil 

to the depths of 15 cm. The sampling was 

focused on these horizons because a large 
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portion of microbial activity occurs in these 

horizons. The soil sample was mixed evenly 

and 20 g was carefully put into a sterile 

container and taken to the laboratory at 4°C for 

bacterial isolation. 

2.2 Preparation of media for bacterial 

growth  

The Luria-Bertani medium (LB) was used 

for the bacterial growth. 

2.3 Preparation of p,p’-DDT-minimal salt 

enrichment medium (MSM)  

The Minimal Salt Medium (MSM) had the 

following composition as described by Pant et 

al. (2013) with some modifications: per litre of 

distilled water, 0.1 g CaCl2.2H2O, 0.08 g 

Ca(NO3)2 4H2O, 0.5 g MgCl2.6H2O, 1.0 g 

Na2SO4 and 1.0 g KH2PO4 were dissolved. 

Then before inoculation, MSM was enriched 

with p,p’-DDT (0.05 mg mL-1). The p,p’-DDT-

MSM contains p,p’-DDT as the only carbon 

source  for the bacterial growth. Thus, growth 

in this media depends only on the strain’s 

ability to metabolize the p,p’-DDT pesticide. 

2.4 Isolation of p,p’-DDT-degrading 

bacterium from soil samples  

Isolation of strain MY 83295F was carried 

out using a modified isolation procedure 

described by Pant et al. (2013). Air-dried soil 

(0.5 g) was suspended in 20 mL of the prepared 

LB medium. The suspension was kept for 48 h 

at 30°C on a shaker. After the incubation, the 

LB medium was allowed to settle down for 2 h. 

An aliquot (150 μL) from the cleared LB 

supernatant was used to inoculate 6 mL of p,p’-

DDT enrichment MSM. The culture was then 

incubated for 1 week at 30°C on a rotary shaker 

at 100 rpm. After incubation, 100 μL of the 

bacterial suspension was transferred into 4 mL 

of fresh p,p’-DDT enriched MSM and the 

incubation step was repeated. After four 

sequential cultivations, the isolate was 

inoculated on to MSM agar plates enriched 

with 0.05 mg mL-1 of p,p’-DDT and incubated 

for 72 h at 30°C and the isolate formed was 

preserved. This ensures adequate exposure of 

the isolate to the p,p’-DDT as a sole carbon 

source. 

2.5 Extraction of genomic DNA  

A single loop of the isolate was used to 

inoculate 8 mL of LB medium. Followed by 

incubation at 37°C and 200 rpm for 24 h. The 

bacterial suspension (OD600nm = 0.6) formed 

was centrifuged for 5 min at 10,000 rpm. Then 

the bacterial DNA was extracted following the 

protocol stated by Schmidt et al. (1991). 

2.6 16S ribosomal RNA gene (16S rRNA) 

amplification 

To amplify ~1.5 Kb gene from the isolated 

genomic DNA, 16S rRNA gene primers 

(BAC27F and BAC1492R) [16SRNA 

BAC27F: 5’-AGA GTT TGA TCC TGG CTC 

AAG-3’ and 16SRNA BAC1492R: 5’- GGT 

TAC CTT GTT ACG ACT T-3’] purchased 

from Sigma-Aldrich, United Kingdom, were 

used (Sangwan et al., 2005). The PCR was 

carried out using TC-E-48FA Gene Touch 

Thermocycler, Hangzhou Bioer Technology, 

(China). The total reaction volume was 15 μL, 

in which the reaction mix comprises of 1 μL of 

the genomic DNA, 1.5 μL of 10X TaqA buffer, 

0.5 μL of each of 10 μM forward and reverse 

primers, 0.75 μL of 1.25 mM of MgCl2, 0.15 

μL of 0.25 mM of dNTP and 0.12 μL of Taq 

DNA polymerase in ddH2O. The PCR protocol 

was set as follows: the initial melting 

temperature was 95°C for 5 min, 35 cycles 

each at melting temperature of 94°C for 0.5 

min. The annealing temperature was 52°C for 

0.5 min and extension at 72°C for 1 min. The 

final elongation was set for 10 min at 72°C.  

After the final elongation cycle, the size of 

the DNA fragment was compared with the 

Hyper Ladder-1K marker Bioline (Lot No: H4-
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111B). Then 3 of the μL PCR product was 

mixed with 5XDNA loading buffer blue (1.5 

μL) Bioline (Lot No: hLBB-415704) and 

loaded onto 1.5% agarose gel electrophoresis 

that has been stained with ethidium bromide. 

The electrophoresis was run for 35 min under 

120V and 300mA current. The product was 

then visualized with the Syngene Gel 

Documentation System of Ingenius, England 

(IG31459). The presence of a product of the 

expected size was considered to be a positive 

result. 

2.7 Agarose gel purification and sequencing 

of amplified 16S rRNA gene 

The gel was purified using the PrepEase 

gel purification kit (Affymetrix inc., USA) by 

following the manufacturer’s protocol. The gel-

purified product was sequenced using the 

protocols described by Sanger et al. (1977). 

Then, DNA sequence alignment was carried 

out using the ClustalW 2.0.12 version 

(http://www.clustal.org/). The sequence was 

then blasted in the National Center for 

Biotechnology Information (NCBI) nucleotide 

databases to identify the organism. The 

sequence was deposited in the NCBI GenBank 

under the accession number MN812290. 

2.8 Phylogenetic analysis of the isolates 

Phylogeny and evolutionary history of 

strain MY 83295F were constructed using the 

Neighbor-Joining method. The evolutionary 

distances were computed using the Maximum 

Composite Likelihood method (Tamura et al., 

2013). The phylogenetic tree was constructed 

using MEGA version 6 software program. 

2.9 Characterization of the isolate in 

minimal salt-p,p’-DDT enrichment medium 

During the characterization of the strain MY 

83295F in the p’p-DDT enrichment medium, 

we have determined the optimum p,p’-DDT 

concentration (as a sole carbon source), pH, 

temperature and incubation time. The 

characterization was performed by 

modifications of the methods described by 

Mwangi et al. (2010) and Pant et al. (2013). 

The isolate’s capacity to grow in the p,p’-DDT 

enrichment medium was determined in vitro 

after adjusting the OD600nm of cell density of 

the inoculum source to 0.6. The inoculum (150 

μL) was then inoculated into 4 mL of MSM 

media containing varying concentrations p,p’-

DDT (10, 20, 30. 40 50, 60 and 70 mgL-1) at 

various pH values (5.5, 6.0, 6.5, 7.0, 7.5, 8.0 

and 8.5) and incubated at different 

temperatures (20, 25, 30, 35, 40 and 45°C) 

under shaking (150 rpm) at different incubation 

periods of 24, 48, 72, 96, 120, 144 and 168 h. 

The experiments were conducted one factor at 

a time in triplicate. 

2.10 Effects of heavy metals on p,p’-DDT 

utilization capacity of the isolates 

The effect of each heavy metals (Fe, Zn, Cu, 

Pb, Hg, Ag and Cr) on p,p’-DDT degrading 

capacity of the strain MY 83295F was 

determined in vitro after adjusting the OD600nm 

of cell density of the inoculum source to 0.6, 

the cells (100 μL) were then inoculated into 

MSM-DDT enrichment media containing 

varying metal concentrations (0.2, 0,4, 0.6, 0.8 

and 1.0 mgL-1) and incubated on a rotary 

shaker (150 rpm) at 30 °C and pH 6.5 for 168 

h. This protocol is a modified version of the 

procedure described by Sandrin and Maier, 

(2003). 

3. Results and discussions 

In In this study, minimal salt-p,p’-DDT 

enrichment medium was used for the isolation 

and screening of p,p’-DDT bio-degrader 

bacterial strain that used p,p’-DDT as the sole 

carbon and energy source obtained from 

pesticide-contaminated agricultural soil. The 

biodegradation capacity of p,p’-DDT by the 

isolate was indicated by the formation of 
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turbidity as the index of the biomass formed in 

the minimal salt-p,p’-DDT enrichment medium 

(Mwangi et al., 2010; Pant et al., 2013). 

Staphylococcus sp. strain MY 83295F was 

found to be a Gram-positive, non-spore-

forming, non-motile, catalase-positive, urease, 

and cytochrome oxidase negative cocci. 

However, the strain was found to ferment D-

glucose, starch and D-mannitol while negative 

with xylose and indole (data not presented 

here). A substantial literature on the phenotypic 

and biochemical characteristics of the genus 

Staphylococcus showed clear similarities with 

the above-mentioned characteristics of strain 

MY 83295F (Bascomb and Manafi, 1998; 

Khattak et al., 2015; Karmaker et al., 2016). 

The 16S rRNA gene sequencing was found 

to maintain reasonable accuracy and reliability 

for bacterial identification (Roy et al., 2013; 

Hong and Farrence, 2015). Thus, for the 

molecular identification of this isolate to 

confirm the preceding phenotypic and 

biochemical identifications, the 16S rRNA 

gene was amplified. The amplification product 

for the isolate revealed about 1500 bp upon 

running on 1.5% agarose gel electrophoresis 

(Fig. 1.). Many researchers have earlier 

reported similar ranges of 16S rRNA gene 

amplification products between the ranges of 

1200-1500 bp for the genera Staphylococcus 

depending on the species, segment amplified or 

the type of primers used (Saruta et al., 1997; 

Jill and Clarridge, 2004; Mitra and Roy, 2010). 

The 16S rRNA gene amplicon was 

successfully sequenced, revealing 1057 bp as 

the partial gene sequence for the strain MY 

83295F. The sequence was blasted in the NCBI 

GenBank that revealed the genus of the strain 

as Staphylococcus. The 16S RNA gene partial 

sequence was deposited in public databases of 

the National Center for Biotechnology 

Information (NCBI) GenBank as 

Staphylococcus sp. strain MY 83295F under 

the universal accession number MN812290. 

The BLAST search on strain MY 83295F 

showed about 80% of the first hundred 

representatives were of the genus 

Staphylococcus, revealing the highest sequence 

similarity of 99.53% with Staphylococcus 

hominis subsp. novobiosepticus strain GTC 

1228, followed by Staphylococcus hominis 

strain DM 122 with 99.15%. 

 

 
Fig. 1. Agarose gel electrophoretic image of the 16S rRNA amplicon of MY 83295F strain. 

The gene was amplified using BAC27F and BAC1492R as forward and reverse primers 

respectively. L represents Hyper Ladder-1K marker Bioline (Lot No: H4-q111B) 

 



Ya’u Murtala et al. 

 

27 

 

The least % sequence similarity of 95.27% 

was found in Staphylococcus agenesis strain 

M4S-6 among the representatives of the genus 

Staphylococcus. The phylogeny and 

evolutionary analysis revealed a single clade of 

Staphylococcus hominis strain DM 122 and a 

cluster of strain MY 83295F and 

Staphylococcus hominis subsp. novobiosepticus 

strain GTC 1228 with a bootstrap value of 

85%, indicating a closer relatedness of these 

organisms. However, the cluster of strain MY 

83295F and Staphylococcus hominis subsp. 

novobiosepticus strain GTC 1228 indicated a 

bootsrap value of 59% (Fig. 2.). This value is 

very low to state with certainty that strain MY 

83295F belongs to the same subspecies with 

Staphylococcus hominis subsp. novobiosepticus 

strain GTC 1228. Perhaps, suggesting a new 

subspecies within the group of Staphylococcus 

hominis. Therefore, strain MY 83295F was 

tentatively designated as Staphylococcus sp. 

strain MY 83295F, where the sp. indicates an 

unclassified species of this strain, subject to in-

depth taxonomical approach. Several studies on 

the identification and taxonomy of the genus 

Staphylococcus have reported a similar 

approach in the identification and grouping of 

Staphylococcal species (Stackebrandt and 

Goebel, 1994; Takahashi et al., 1999; 

Ghebremedhin et al., 2008; Naushad et al., 

2016). 

Microorganisms are vital tools for the 

removal of various toxic contaminants 

including the persistent chlorinated pollutants 

such as DDT from the environment (Reineke et 

al., 2011). Biodegradation of DDT by bacteria 

has been well documented, and DDT-degraders 

have been isolated (Mwangi et al., 2010; Pan et 

al., 2016). Strain MY 83295F was found to 

biodegrade and utilize p,p’-DDT as sole carbon 

and energy source. Though some bacterial 

species were reported to tolerate < 20 mgL-1 of 

p,p’-DDT as sole carbon and energy (Pant et 

al., 2013; Pan et al., 2016), strain MY 83295F, 

however, demonstrated higher tolerance and 

utilization capacity of up to 60 mg L-1 of p,p’-

DDT as the sole carbon source under aerobic 

condition (Fig. 3a). 

 

 
Fig. 2. Phylogenetic and Evolutionary relationships of taxa of strain MY 83295F. The strain’s 

evolutionary position was indicated in a rectangular box. The evolutionary history was inferred 

using the Neighbor-Joining method. 
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Fig. 3. Effects of p,p’-DDT concentration (a) and incubation time (b) on the growth of strain MY 

83295F in  p,p’-DDT enrichment medium. For determination of the effect of the incubation time on 

the growth of the strain, 60 mgL-1 of p,p’-DDT was used. The turbidity of the medium is an index 

of growth of the isolate in the p,p’-DDT enrichment medium, which was determined 

spectrophotometrically as optical density (OD) at 600nm. The experinments were conducted in 

triplicate. 

 

Some isolates were also documented to 

tolerate up to 50 mgL-1 of DDT when other 

carbon sources were supplemented (Kantachote 

et al., 2003; Barragan-Huerta et al., 2007; Fang 

et al., 2010).  

The ability of a microorganism to depend 

on DDT as a carbon source depends on the 

organism’s capacity to mineralize the DDT and 

obtain energy from the process (Fang et al., 

2010; Pan et al., 2016). Strains MY 83295F 

demonstrated longer lag phases of nearly 48 h 

for the initial DDT degradation (Figure 3b). 

The delay observed in the initial rate of DDT 

degradation in the strain could be attributed to 

the delay in the production of enzyme 

machinery for the degradation. However, the 

strain was able to moderately biodegraded and 

utilized p,p’-DDT, precipitating total biomass 

of 0.130 (OD600nm) in 120 h (Fig. 3b). 

As a complex process, bacterial DDT 

mineralization is largely influenced by some 

environmental determinants such as pH, 

temperature and DDT concentration (Aislabie 

et al., 1997; Bidlam and Manonmani, 2002). 

Optimization of these parameters is therefore 

critical for the application of a microbial entity 

for the DDT biodegradation. Strain MY 

83295F demonstrated a mesophilic behaviour 

by exhibiting p,p’-DDT degradation within a 

wide range of temperatures between 20-45°C. 

However, strain MY 83295F showed an 

optimum temperature of 30°C (Fig. 4a). This is 

not surprising by considering the 

environmental conditions of the tropical region 

where this strain was isolated. A fluctuation in 

temperature, either below or above the 

optimum value, the strains’ DDT degradation 

capacity is lowered.  

Strain MY 83295F showed growth 

capacity in p,p’-DDT enrichment media in both 

slightly acidic and alkaline conditions, with 

initial pH ranging from 5.5 to 7.5. However, 

the strain demonstrated an optimum pH of 6.5 

(Fig. 4b). A substantial literature has reported 

an optimal bacterial DDT degradation within a 

range of pH close to neutral and temperature 

range around 30°C that correspond to those 

shown by this strain (Mwangi et al., 2010; 

Fang et al., 2010; Pan et al., 2016; Raju and 

Bidlan, 2018). 



Ya’u Murtala et al. 

 

29 

 

 
Fig. 4. Effect of pH (a) and temperature (b) on the growth of strain MY 83295F in p,p’-DDT(60 

mgL-1) enrichment medium. The turbidity of the medium is an index of growth of the isolate in the 

p,p’-DDT enrichment medium, which was determined spectrophotometrically as optical density 

(OD) at 600nm. The experinments were conducted in triplicate. 

 

In biological systems, including 

microorganisms, pH plays a significant role in 

changing the ionic character of the constituent 

amino acids in enzymes and other intracellular 

and membrane proteins. This perhaps, 

influences DDT degradation capacity of this 

bacterial strain, either by affecting the DDT 

membrane transport system or degradation 

enzymes. 

In most cases, organic pollutants such as 

DDT and heavy metals co-contaminate the 

environment, and more or less, the later might 

influence the degradation rate of the former as 

reported by Lovecke et al. (2015). The effects 

of heavy metals on DDT degradation capacity 

of strain MY 83295F showed both stimulatory 

and inhibitory effects. Only Zn2+ at 0.2 mgL-1 

has demonstrated enhancement effect on p,p’-

DDT degradation in Staphylococcus sp. strain 

MY 83295F, precipitating an increase in the 

biomass in p,p’-DDT enrichment medium after 

168 h. An increase in the Zn2+ concentration 

above 0.2 mgL-1 showed a dramatic decline in 

p,p’-DDT degradation, and reduction in the 

total biomass of the strain MY 83295F (Fig. 5). 

Zn2+ is physiologically essential for 

bacterial growth. It serves as a cofactor for 

many microbial metalloenzymes and other 

structural and regulatory functions. Bacteria 

have systems called cation diffusion facilitator 

(CDF) proteins that modulate their survival in 

the Zn2+ contaminated environment (Guffanti et 

al., 2012). These bacterial proteins are 

responsible for Zn2+ homeostasis via Zn2+-

uptake/import and Zn2+-efflux/export 

mechanisms (Suryawati, 2018). The genus 

Staphylococcus was reported to have these 

CDF proteins (Nies, 2003). 

Thus, Staphylococcus sp. strain MY 

83295F might have very active Zn2+ 

homeostasis systems that warrant growth 

enhancement in the Zn2+-p,p’-DDT enrichment 

medium. Indeed, the DDT degradation enzyme 

machinery might interact with the divalent ion 

such as zinc as presented by Mansouri et al 

(2017), leading to the enhancement of catalytic 

ability by the enzyme machinery. 

A pattern of inhibition demonstrated by 

Fe2+, Cu2+ (Fig. 6a and b) was more favourable 

to the growth of the strain 83295F relative to 

that of Pb2+(Fig. 7a), Hg2+ (Fig. 7b), Ag2+ (Fig. 

8a) and Cr2+ (Fig. 8b). This could be linked to 

the essentiality of Cu2+ for some metabolic 

processes in bacteria. However, it has been 

observed that presence of both organic and 

metal pollutants resulted in metal toxicity in 
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bacteria, mostly by interacting and inhibiting 

the bacterial enzymes and thus, inhibiting 

organic pollutant biodegradation (Angle and 

Chaney, 1989; Sandrin and Maier, 2003; 

Murata et al., 2005). Also, metal oxyanions, 

such as chromate, mimic the structure of 

essential non-metal oxyanions, such as sulfate, 

and interfere with their biological functions 

(Sandrin and Maier, 2003). Furthermore, 

mercuric and silver cations form strong toxic 

complexes which make them dangerous for any 

physiological functions, in addition to their 

inhibitory binding to the SH group of the 

variety of bacterial proteins (Nies, 1999). Metal 

ions generally affect organic biodegradation by 

altering both the physiology and ecology of the 

organic bio-degraders (Sandrin and Maier, 

2003). The net effect of exposure to Cu2+, Pb2+, 

Hg2+, Ag2+ and Cr2+ on the p,p’-DDT 

degradation by strain MY 83295F was thus, 

reduced biodegradation rates and failure to 

effectively degrade the p,p’-DDT. 

 

 
Fig. 5. Effect of Zn2+ concentration on the growth of strain MY 83295F in  p,p’-DDT (60 mgL-1) 

enrichment medium. The turbidity of the medium is an index of growth of the isolate in the p,p’-

DDT enrichment medium, which was determined spectrophotometrically as optical density (OD) at 

600nm. The experinments were conducted in triplicate. 

 

 
Fig. 6. Effect of Fe2+ (a) and Cu2+ (b) concentrations on the growth of strain MY 83295F in 

p,p’-DDT(60 mgL-1) enrichment medium. The turbidity of the medium is an index of growth of the 

isolate in the p,p’-DDT enrichment medium, which was determined spectrophotometrically as 

optical density (OD) at 600nm. The experinments were conducted in triplicate. 
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Fig. 7. Effect of Pb2+ (a) and Hg2+ (b) concentrations on the growth of strain MY 83295F in p,p’-

DDT(60 mgL-1) enrichment medium. The turbidity of the medium is an index of growth of the 

isolate in the p,p’-DDT enrichment medium, which was determined spectrophotometrically as 

optical density (OD) at 600nm. The experinments were conducted in triplicate. 

 

 
Fig. 8. Effect of Ag2+ (a) and Cr2+ (b) concentrations on the growth of strain MY 83295F in p,p’-

DDT(60 mgL-1) enrichment medium. The turbidity of the medium is an index of growth of the 

isolate in the p,p’-DDT enrichment medium, which was determined spectrophotometrically as 

optical density (OD) at 600nm. The experinments were conducted in triplicate. 

 

Conclusions 

A strain MY 83295F of the genus 

Staphylococcus was isolated from pesticide-

contaminated soil. The strain was capable of 

growing in up to 60 mg L-1 of p,p’-DDT as the 

sole carbon and energy source at an optimum 

pH of 6.5 and optimum temperature of 30 °C 

within 120 h. Zn2+ demonstrated a stimulatory 

effect on the growth of the strain in the p,p’-

DDT enrichment medium. However, Fe, Cu, 

Pb, Hg, Ag and Cr ions showed various 

patterns of an inhibitory effect on the growth of 

the strain. Thus, a simultaneous incidence of 

p,p’-DDT and the inhibitory heavy metals in 

same environment may alter the p,p’-DDT 

biodegradation potentiality of the strain. This 

strain could be a handy tool for the 

bioremediation of residual p,p’-DDT 

contaminant. 
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Abstract: Acetaminophen (APAP) is a commonly used over-the-counter (OTC) drug known to induce 

hepatotoxicity when consumed in excess. Formation of reactive oxygen species (ROS) and oxidation of 
cellular proteins and enzymes are directly involved in its toxic mechanisms. However, antioxidants can be 

helpful to inhibit or restrict the oxidative damage. Besides synthetic antioxidants, naturally-derived 

substances can be used to serve the purpose. In this paper, a thorough literature review revealed that APAP 

combined with food-derived natural antioxidants exhibit a protective effect against APAP-induced 

hepatotoxicity. 

 

Keywords: acetaminophen, chemoprevention, hepatotoxicity, free radical, natural antioxidants, redox 

homeostasis. 

Introduction 

Acetaminophen (APAP) is a well-known 

and frequently used antipyretic and analgesic 

drug by people all over the world (Bessems et 

al., 2001; Dargan & Jones, 2002; James et al., 

2003; Yang et al., 2013). It is normally 

prescribed to relieve conditions such as mild to 

moderate pain from headaches, muscle aches, 

toothaches, backaches, menstrual cramp, 

common colds, sore throats, reaction to 

vaccines and fever reduction (Medline Plus 

drug information). At therapeutic dose, 

acetaminophen is conjugated to glucuronic acid 

and eliminated in bile as part of metabolism. 

Nevertheless, 7.0 mg/day for adults and 150 

mg/kg for children are considered to be toxic 

for the liver (Hazai et al., 2002; Kon et al., 

2007). 

The liver is one of the most vital organs of 

the body, carrying out over 500 functions 

including metabolism of ingested substances 

and detoxification of toxic substances (Almeer 

et al., 2018). Extensive use of acetaminophen 

in thousands of prescriptions and over-the-

counter drugs has escalated the risk of 

hepatotoxicity (Larson, 2007; Hinson et al., 

2010). 
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Though the exact mechanism of APAP-

induced liver injury is yet unclear, the idea is 

that hepatotoxicity starts from the moment its 

metabolic activation is set in motion. About 

95% of the therapeutic dose is converted into 

inactive metabolites however, CYP1A2, 

CYP2E1 coverts the rest of the dose into a 

toxic metabolite named N-acetyl-p-benzo-

quinone imine (NAPQI) (Corcoran et al., 1985; 

Esterline et al., 1989; Nelson, 1990; James et 

al., 2003) (Fig. 1.). In some cases involving 

APAP overdose, alcohol abuse, hepatic 

impairment, and starvation, a low reduced 

glutathione (GSH) level is seen which 

exponentially multiplies the pernicious effect 

of NAPQI. As the GSH level is always low, the 

NAPQI targets cytosolic and mitochondrial 

proteins and lipids and disrupts the function of 

several pro (Bcl-Xs, Bad, Bax, Bid, BAK, 

BIM) and anti-cell death (Bcl-2, Bcl-XL) 

genes. This series of incidences gradually leads 

to mitochondrial dysfunction and results in 

hepatotoxicity and hepatocellular death (Ray & 

Corcoran, 2009; Ghosh et al., 2010; Jaeschke et 

al., 2012; McGill et al., 2012). NAPQI on the 

other hand can also increase the formation of 

reactive oxygen species (ROS) that includes- 

superoxide ions, hydrogen peroxide, and 

hydroxyl radical leading to lipid peroxidation 

and decreased antioxidant enzymes (Michael et 

al., 1999; Hinson et al., 2002; Hinson 2004). 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1. Acetaminophen (APAP) metabolism and induction of hepatotoxicity

 

As the redox reaction is directly involved 

with hepatotoxicity, antioxidants application 

could be a potent alternative. Antioxidants are 

generally known as substances or compounds 

that have free radical scavenging capacity 

while inhibiting oxidative progression 

(Antioxidants: In Depth. NCCIH. 2010). 

Different naturally-derived compounds like 

organosulfur compounds, triterpenoids, 

sulphoraphae, resveratrol, saponins, lipids and 

different acids are more likely to act as potent 

antioxidants (Adeyemi et al., 2018; Atolani et 

al., 2019; 2020; Wang et al., 1996; Kumari & 

Kakkar, 2012; Noh et al., 2015; Du et al., 2015; 

Xu et al., 2017; Pang et al., 2016; Elshazly et 

al., 2014). These compounds generally inhibit 

the acetaminophen-induced oxidative reaction 

in the liver and confer hepatoprotection. This 

review aims to enlighten the capacity of 
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naturally-derived antioxidants against APAP-

induced hepatotoxicity. 

 

Hepatoprotective activity of naturally-

derived antioxidants: 

Several naturally derived substances 

showed great antioxidant activity when tested 

on animals with APAP-induced liver toxicity. 

Kumari & Kakkar (2012) claimed in their study 

that, lupeol (150 mg/kg), a naturally occurring 

triterpenoid derived from olive, mango, 

crataeva, strawberry, and fig reduced oxidative 

damage by scavenging free radicals and 

prevented alteration in the antioxidant defense, 

inhibited depolarization of the mitochondria, 

prevented down-regulation of Bcl-2, up-

regulation of Bax and activation of caspases, 

prevented DNA damage and cell death in rats 

(Fig. 2.). Honey is another natural substance 

derived from the floral nectar that prevented an 

increase of the serum levels of hepatic enzyme 

markers, reduce both oxidative stress and 

inflammatory cytokines thus confirming 

hepatoprotection (Galal et al., 2012). Different 

acids derived from natural sources also have 

great antioxidant activity when tested against 

APAP-induced hepatotoxicity. Arjunolic acid 

(AA) found in the bark of Terminalia 

arjunapotentially inhibited P450-mediated 

APAP bio-activation, and c-Jun N-terminal 

kinase (JNK)-mediated activation of 

mitochondrial permeabilization (Ghosh et al., 

2010). Alpha-Lipoic acid another naturally 

derived compound is found to have 

hepatoprotective activity at a dose of 20 or 100 

mg/kg (Elshazly et al., 2014). Caffeic acid 

generally found in coffee decreases Kcap 1 

expression, inhibits binding of Kcap 1 to 

nuclear factor erythroid 2-related factor 2 

(Nrf2) which activates Nrf2, increases 

expression of anti-oxidative signals including 

heme oxygenase-1 (HO-1), NAD(P)H Quinone 

Dehydrogenase 1 (NQO1), thus protects the 

liver from APAP-induced toxicity (Pang et al., 

2016). 

 

 
Fig. 2. Protective effect of lupeol in acetaminophen induced hepatotoxicity 
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Extracts of different fruits and plants are 

reported to have free-radical scavenging 

capacity. Yen et al (2008), reported that 

ethanolic extract of Cuscuta chinensis (CE) and 

nanoparticles are potential antioxidants as they 

enhanced antioxidant enzymes superoxide 

dismutase (SOD), catalase (CAT), glutathione 

peroxidase (GPx), and diminished lipid 

peroxidation (MDA) that resulted in 

hepatoprotective and antioxidant activity. 

Polyphenol extract of Hibiscus sabdariffa L. 

(HPE) at a dose of 100, 200, or 300 mg/kg 

reduced APAP-induced death of BABL/c in 

normal liver cells (BNLs), restored lost 

mitochondrial potency, and improved anti-

oxidative status (Lee et al., 2012). Polyphenol 

enriched fraction from Folium Microcos (FM) 

also acts as a great antioxidant and safeguards 

the liver (Wu et al., 2017). A detailed summary 

of the hepatoprotective tendencies of some 

naturally derived molecules is presented in 

Table 1. 

Table 1. Some reported hepatoprotective potencies of naturally-derived antioxidants 

Antioxidants  Sources  Dose/ 

concentration  

(R/A) 

Protective effect 

(possible mechanism 

of action) 

 

Reference  

Fresh garlic 
homogenates 

(FGH) and related 

organosulfur 
compounds 

Garlic bulbs 2.5 or 5.0 g/kg Inhibited P450 2E1-
mediated APAP bio-

activation displays 

protective activity. 

Wang et al., 1996 

Cuscuta chinensis 

ethanolic extract 

(CE) &Cuscuta 
chinensis 

nanoparticles (CN) 

Seeds of Cuscuta 

chinensis Lam. 

(Convolvulaceae) 

125 & 250 

mg/kg for CE, 

25 & 50 mg/kg 
for CN 

Enhanced antioxidant 

enzymes (SOD, CAT, 

GPx), and diminished 
lipid peroxidation 

(MDA) results in 

hepato-protective and 
antioxidant activity. 

Yen et al., 2008 

Sesamol Sesame oil 10 mg/kg, i.p. Maintained 

mitochondrial 

aconitase activity in 
the liver, ferrous ions 

(Fe2+), hydrogen 

peroxide levels, and 
inhibited hydroxyl-

radical-associated lipid 

peroxidation and 

hepatic injury. 

Chandrasekan et 

al., 2009 

Spirulina fusiformis Spirulina 

fusiformis 

800 mg/kg/b. 

wt 

Decreased liver marker 

enzymes activity, 

tumor necrosis factor-
alpha (TNF-α), and 

lipid peroxidation level 

with increased 

antioxidant status. 

Sabina et al., 2009 

Anthocyanin 

fraction (AF) 

Purple fleshed 

sweet potato 

800 mg/kg Blocked bio-activation 

of APAP by inhibiting 

CYP2E1 activity, up-
regulated GSH level, 

and glutathione (GST) 

Choi et al., 2009 
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activity which 

increases free radical 

scavenging capacity 
and inhibits lipid 

peroxidation.  

Arjunolic acid (AA) Bark of 

Terminalia arjuna 

80 mg/kg Inhibited P450-

mediated APAP bio-
activation and JNK-

mediated activation 

inhibition of 
mitochondrial 

permeabilization. 

Ghosh et al., 2010 

Curcumin (CUR; 

diferuloylmethane) 

Curcuma longa  

 

17 mg/kg  Blockage of APAP 

induced oxidative 
stress by decreasing 

the several pro-injury 

parameters (alanine 
aminotransferase 

(ALT), nitrate/ nitrite 

levels, lipid 
peroxidation, DNA 

fragmentation), and 

several protective 

parameters (GSH 
content, SOD activity). 

Bulku et al., 2012 

Honey  Honey  5, 10 and 20 

g/kg 

Prevention of increase 

in the serum levels of 
hepatic enzyme 

markers, reduction in 

both oxidative stress 

and inflammatory 
cytokines. 

Galal et al., 2012 

Polyphenol extract 

of Hibiscus 
sabdariffa L. (HPE) 

Hibiscus 

sabdariffa L. 

100, 200 or 

300 mg/kg 

Reduced APAP-

induced death of 
BABL/c in normal 

liver cells (BNLs), 

restored lost 

mitochondrial potency, 
and improved anti-

oxidative status. 

Lee et al., 2012 

Lupeol, a naturally 

occurring 
triterpenoid 

Olive, mango, 

crataeva, 
strawberry, and 

fig. 

150 mg/kg Reduced oxidative 

damage by scavenging 
free radicals and 

preventing alteration in 

the antioxidant 
defense, inhibited 

depolarization of the 

mitochondria, 
prevented down-

regulation of Bcl-2, up-

regulation of Bax and 

activation of caspases, 
prevented DNA 

damage and cell death. 

 

Kumari & Kakkar, 

2012 
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Red ginseng extract Roots of Panax 

ginseng C. A 

Meyer 

10, 30, 100, 

300, 500 mg/kg 

Suppressed 

hepatotoxicity, 

suppressed hepatic 
CYP2E1 leading to 

high retention of intact 

APAP in plasma and 
GSTA2 gene induction 

with transcriptional 

activation of  Nrf2 and/ 
or C/ EBPb 

downstream of 

multiple signaling 

pathways that facilitate 
conjugation of GSH 

with NAPQI. 

Gum & Cho, 2013 

Silymarin Silybum 
marianum (milk 

thistle) 

100 mg/kg Inhibition of migrating 
neutrophils, protection 

against GSH depletion 

that elevates nitric 

oxide (NO) levels in 
tissue along with 

antioxidant and free 

radical scavenging 
properties. 

Bektur et al., 2013 

Ginger  Zingiber officinale 

Roscoe 

100 mg/kg Reduced hepatic 

marker enzymes 

(aspartate 
aminotransferase, 

serum alanine 

aminotransferase, and 
arginase) and total 

bilirubin in plasma, 

improved paracetamol 

(PARA)-induced 
oxidative stress by 

inhibiting lipid 

peroxidation 
malondialdehyde 

(MDA), restored 

triacylglycerols 
(TAGs), and total 

protein levels. 

Abdel-Azeem et 

al., 2013 

Apigenin Parsley, onions, 

oranges, tea, 
and chamomile 

100 and 200 

mg/kg 

Increased hepatic 

glutathione reductase 
(GR) activity, reduced 

GSH content, and 

decreased hepatic 
malondialdehyde 

content. 

Yang et al., 2013 

Glossogyne 

tenuifolia (GT) 
Cassini 

Glossogyne 

tenuifolia 

100 or 300 

mg/kg 

Decreased ALT, 

aspartate 
aminotransferase 

(AST) in serum, 

alleviated GSH 
depletion, and 

Tien et al., 2014 
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inhibited lipid 

peroxidation leads to 

free radical scavenging 
and antioxidant 

activity. 

Alpha-Lipoic acid Naturally found in 

plants and 
animals. 

20 or 100 

mg/kg 

Reduction in APAP-

induced liver injury is 
seen by restoring the 

changes in ALT, total 

protein, GSH, MDA, 
GSH synthase, 

crystathionine β-

synthase, NADPH 
oxidae, and nuclear 

factor kappa B (NF-

κB) towards control 

value. Also improves 
the hepatic 

histopathology with an 

increase in the 
expression of HO-1, 

Nrf2. 

Elshazly et al., 

2014 

Aloe vera Aloe vera 150 mg/kg Improved level of 

serum alanine 
aminotransferase, 

hepatic MDA, number 

of interleukin-12 (IL-
12), and interleukin-18 

(IL-18) positive-

stained cells, and 

hepatic GSH along 
with improved liver 

histopathology. 

Werawatgann et 

al., 2014 

Sulphoraphae 
(SFN) 

Cruciferous 
vegetables of the 

genus Brassica 

such as 

cauliflower, kale, 
broccoli, cole 

crops, cabbage, 

collards, brussels 
sprout, mustard, 

cress, and even 

radish. 

5 mg/kg Antioxidant activity 
against APAP-induced 

liver injuries by 

blocking ROS 

generation, GSH 
depletion, and lipid 

peroxidation followed 

by up-regulation of 
Nrf2-targeted 

cytoprotective genes 

such as HO-1. 

Noh et al., 2015 
 

Resveratrol Skin of grape 50 mg/kg Reduced 

hepatotoxicity by 

scavenging 

peroxynitrite and 
preventing apoptosis-

inducing factor (AIF), 

EndoG release from 
mitochondria, and 

subsequent nuclear 

DNA fragmentation. 

Du et al., 2015 
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Caffeic acid  Coffee, some 

fruits, and 

traditional 
Chinese 

medicines 

10, 30 mg/kg Decreased Kcap 1 

expression, inhibited 

binding of Kcap 1 to 
Nrf2 which activates 

Nrf2, increased 

expression of anti-
oxidative signals 

including HO-1, 

NQO1.  

Pang et al., 2016 

Black ginseng (BG) Roots of Panax 
ginseng C. A 

Meyer 

600 mg/kg Decreased level of 
ALT, AST, decreased 

lipid peroxidation, 

increased hepatic 
antioxidants GSH, 

apoptotic pathway 

suppression by 
increasing Bcl-2, and 

decreasing Bax protein 

expression which 

resulted in inhibited 
APAP-induced 

necrosis and 

inflammatory 
infiltration in the liver 

tissue. 

Hu et al., 2017 

Saponins 

(ginsenosides) 

Leaves of Panax 

quinquefolius 
(PQS) 

150 and 300 

mg/kg 

Ameliorated oxidative 

stress via lipid 
peroxidation 

suppression, down-

regulation of pro-
inflammatory factors 

disrupted apoptotic 

signal pathway by Bcl-

2 overexpression, and 
Bax low-expression, 

prevented caspase-3 

release. 

Xu et al., 2017 

Polyphenol 

enriched fraction 

from Folium 

Microcos (FM) 

Leaves of 

Microcos 

paniculata L. 

100, 200 & 400 

mg/kg body 

weight 

Modified ROS/ 

mitogen-activated 

protein kinase 

(MAPK)/ apoptosis 
axis, and Nrf2-

mediated antioxidant 

response by four 
phenolic compounds: 

narcissin, 

isorhamnetin-3-O-β-D-
glucoside, isovitexin, 

and vitexin. 

Wu et al., 2017 

Nutmeg  Kernel extract of 

Myristica 
fragrans 

300 mg/kg Suppressed oxidative 

stress, inflammation, 
and apoptosis, 

promoted 

Nrf2/antioxidant 
responsive element 

Dkhil et al., 2019 
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(ARE) pathway which 

leads to 

hepatoprotection. 

Sonneratia apetala Sonneratia 

apetala 

100, 200 & 400 

mg/kg 

Decreased ALT, AST 

level in serum, reduced 

MDA in the liver, 

increased glutathione 
(GSH), glutathione 

peroxidase (GPx) 

activity, enhanced 
catalase and 

antioxidant capacity, 

and inhibited TNF-α, 
IL-6, myeloperoxidase 

(MPO) formation in 

liver inhibits APAP 

induced liver injury. 

Liu et al., 2019 

Conclusions 

The liver is a major organ of our body that 

performs several functions including 

metabolism and detoxification of substances. 

Acetaminophen is a globally used drug for 

different health issues. Exceeding the 

therapeutic level, a higher dose may often 

induce severe toxicity in the liver. Researchers 

from time to time have discovered the direct 

connection of redox reaction with 

hepatotoxicity. However, this situation can be 

controlled by using antioxidants that scavenge 

free radicals produced during the oxidative 

reaction. As enumerated in this review, 

antioxidants derived from natural sources like 

saponins, acids, triterpenoids, polyphenols 

seem to have a significant effect against APAP-

induced hepatotoxicity. 
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Abstract: The germination of seed batches of two rapeseed (Brassica napus L.) hybrids (‘Hybrirock’ and 

‘Factor’) were investigated in response to priming in aqueous solutions of ascorbic acid (10 mM), L-cysteine 

(10 mM) and triacontanol (1 μM ), respectively tap water (as control treatment). Investigations were focused 

on seed quality parameters, such as germination percentage, mean germination time, germination index, 

uniformity of germination, and seedling shoot and root growth. Germinated seeds were counted every 24 

hours for a period of seven days, recording the final germination percentage (FGP), mean germination time 

(MGT), the coefficient of velocity of germination (CVG), germination rate index (GRI), germination index 

(GI), uncertanty (U), and synchrony (Z). In a separate trial fresh shoot- and root length, respectively the dry 

weight of the shoots and roots were also determined after a 14 day period. Germination tests were performed 

to examine the quality of seeds in response to different priming treatments. The results demonstrated that 

priming improved the germination parameters of seeds of both hybrids. Furthermore, the use of ascorbic 

acid, L-cysteine and triacontanol also enhanced seedling growth. The results may be used to rank seed lots 

by vigor, and decisions can be made regarding planting potential of each seed lot. 

 

Keywords: seed priming, germination, rapeseed, ascorbic acid, triacontanol, L-cystein. 

 

1. Introduction 

Rapeseed or canola (Brassica napus L.) 

belongs to the Brassicaceae family, and it is the 

second most important oilseed crop of the 

world, with an oil content of 40% (Bhuiyan et 

al., 2019). Rapeseed is used as an oil plant for 

nutritional and industrial purposes, and also as 

protein crop for animal feed (Nesi et al., 2008).    

Plants are regularly exposed to various 

adverse environmental conditions. The abiotic 

stresses (drought, salinity, frost, and high 

temperatures) adversely affect the plant growth 

and productivity. High-quality seeds have the 

capability to germinate under adverse growing 

conditions (Ozbay, 2018). 
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Rapid germination, high seed germination 

percentage, low mean germination time, 

respectively rapid and uniform seedling 

emergence are important aspects of canola 

production (Devaiah et al., 2007). Slow, 

delayed germination results in slow growth, 

and decreased number of normal seedlings 

(Walters, 1998). 

Seed priming is an effective technique that 

can be used to enhance germination percentage 

and growth, and to achieve uniform plant stand 

and better yield in stress conditions (Kandil et 

al., 2018). 

Poor and/or uneven germination followed 

by an unsynchronized seedling emergence are a 

major cause of losses in crop productions and 

yields (Dutta, 2018). Priming with nutrients is 

an innovative practice that holds positive 

influences in terms of enhanced nutrient 

supply. Plants with better nutrient supply 

possess greater potential to tolerate abiotic 

stress (Ashraf et al., 2018). 

Priming with ascorbic acid, an important 

antioxidant and a promising priming agent 

(Jisha et al., 2013), showed significant effects 

on germination percentage, shoot- and root 

length, vigor index in case of rapeseed plants in 

drought conditions (Razaji et al., 2014). 

Triacontanol, a long-chain aliphatic 

alcohol was found in 1933 (Ries et al.) as a 

component of the epicuticular waxes of alfalfa 

(Medicago sativa L.). Since then, its growth 

regulating effects have been shown in several 

greenhouse and field experiments and a number 

of attempts were made to clarify its mode of 

action as well. Growth stimulating effects of 

triacontanol in the micropropagation process of 

Melissa officinalis L. and fruit rootstocks are 

already demonstrated (Tantos et al., 1999). 

Cellular redox state regulates important 

processes that mediate growth and 

development under stressful environment 

(Miller et al., 2009). Sulfur (S) is a key 

ameliorating agent for reducing the effect of 

heavy metals in plants. It is one of the essential 

micronutrients that regulate photosynthesis 

under normal and stress condition (Saha et al., 

2019). Sulfur forms the basic structural 

component for certain amino acids e.g cysteine 

and methionine (Khan et al., 2014). Seed 

priming with cysteine alleviated injury due to 

gamma radiation, and caused more conspicuous 

effects in the elongation of primary roots 

(Reddy and Smith, 1978). 

Many experiments investigated the effects 

of seed treatments on germination parameters. 

Ansari et al. (2013) and Seiadat et al. (2012) 

reported that priming improves germination 

parameters in many crops. 

The result is measured in terms of the 

extent to which seeds have germinated. But not 

just the final germination percentage attained is 

of great interest, but also the mean germination 

time, germination index, germination rate 

index, coefficient of velocity of germination, 

synchrony, and uncertainty are often used to 

judge the agronomic relevance of treatments 

(Al-Mudaris, 1998). 

Various parameters for measuring or 

estimating germination speed have been 

developed. Mean germination time can be used 

as an indicator of seed vigor in canola 

(Amirmoradi and Feizi, 2017). The 

germination index (GI) emphasizes on both the 

percentage of germination and its speed. A 

higher GI value denotes a better percentage and 

rate of germination (Kader, 2005). The velocity 

of germination (CVG) coefficient indicates the 

rapidity of germination (Al-Mudaris, 1998). 

Higher germination rate index (GRI) values 

indicate higher and faster germination (Kader, 

2005). 

Based on germination characters and 

seedling growth parameters it can be concluded 

which varieties are more tolerant, under salinity 

stress. Seedling growth parameters as shoot and 

root length, fresh weights, and dry weights, 

were affected significantly by the interaction 
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between cultivars and salinity concentrations 

(Kandil et al., 2016). 

The aim of the study was to test priming 

with ascorbic acid, L-cysteine, and triacontanol 

solution, at very low (millimolar/ppm) 

concentration, on germination and seedling 

growth processes of two rapeseed hybrids in 

order to optimize the rapeseed plants growth. 

2. Materials and Methods 

The experiment was performed in the 

laboratory of Sapientia Hungarian University 

of Transylvania, Faculty of Technical and 

Human Sciences, Târgu-Mureș, in 2019. 

2.1 Seed materials 

Seeds of two rapeseed (Brassica napus L.) 

hybrids, (Hybrirock and Factor) provided by 

KWS Romania were used in this study. 

2.2 Priming 

Priming was made with the following 

substances: 

 1. Ascorbic acid ≥99.0% (ASA) was 

purchased from VWR, 

 2. L-Cysteine 97.0% (L-cyst) was 

purchased from Merck, 

 3. Triacontanol 2.5% (Tria) was 

purchased from Nutri-Tech-Solution. 

During the experiment batches of 25 seeds 

each, in four replications were used. The seeds 

were immersed prior to the start of the 

germination trial for 24 hours at 24 ºC in the 

priming solutions of ascorbic acid (10 mM), L-

cysteine (10 mM) or triacontanol (1 μM). Seeds 

of the control treatment were submersed in tap 

water.  

2.3 Germination test 

After priming, the seed cohorts were 

placed in Linhardt vessels in laboratory 

conditions (20°C, 75% relative humidity, 16 h 

photoperiod), according to national 

germination standards (SR 1634/ 1999). To 

determine the germination indices, 

observations were performed every 24 hours 

for a seven day period. The germination indices 

and seed growth including final germination 

percentage (FGP), mean germination time 

(MGT), the coefficient of velocity of 

germination (CVG), germination rate index 

(GRI), germination index (GI), uncertanty (U), 

and synchrony (Z) were calculated. 

2.4 Seedling growth rate 

Twenty-five seeds per each replication 

were placed in Linhardt vessels under the same 

conditions (20°C, 75% relative humidity, 16 h 

photoperiod) for a 14 days period. At the end of 

the growth period the seedlings shoot and root 

lengths were measured using a caliper and 

expressed in mm. 

Fresh and dry shoot and root mass were 

weighed using an analytical balance, and 

expressed in g. The shoots and roots of the 

seedlings were cut from the axis and were dried 

in an oven at 75ºC for 48 h. 

2.5 Methods of calculation of germination 

parameters 

Seven different germination parameters 

were assessed. The methodology of 

calculations of parameters (2), (3), (4), (5) 

followed Al-Mudaris (1998), (6) and (7) Ranal 

et al. (2009), and (1) followed Aravid et al. 

(2020).  

(1) Final germination percentage (FGP) 

 
100x

Nt

Ng
FGP 

 
       Ng = Number of germinated seeds 

       Nt = Total number of seeds 

(2) Mean germination time (MGT) 

 MGT=Σf ·x/Σf 

f=Seed germinated on day x 

(3) Coefficient of velocity of germination 

(CVG) 

 CVG= 100 × ΣNi / ΣNiTi 

Ni = Number of germinated seeds per day 



Katalin Molnár et al. 

 

51 

 

Ti = Number of days from the start of the 

experiment 

(4) Germination rate index (GRI) 

 GRI = G1/1+G2/2+....+Gx/x 

 G1 is the germination percentage on 

day 1, G2 is the germination percentage at day 

2; and so on 

(5) Germination index (GI) 

 GI = (7 × N1) + (6 × N2) + .... + (1 × 

N7) 

 N1, N2 ...N7 is the number of 

germinated seeds on the first, second and 

subsequent days until 7th day: 7, 6… and 1 are 

weights given to the number of germinated 

seeds on the first, second and subsequent days, 

respectively. 

(6) Uncertanty (U) 

          





k

i

fifiU
1

2log

 
Where, fi is the relative frequency of 

germination (estimated as 




k

i

i

Ni

Ni
f

1  ),  

Ni is the number of seeds germinated on 

the ith time interval, and k is the total number 

of time intervals 

7. Synchrony (Z) 

              




2,

2,
1

NiC

Ni

Z

k

i

 
 

Where, CNi,2 is the partial combination of 

the two germinated seeds from among Ni, the 

number of seeds germinated on the ith time 

interval (estimated as

 
2

1
2,




NiNi
CNi

), and 

CΣNi,2 is the partial combination of the two 

germinated seeds from among the total number 

of seeds germinated at the final count, 

assuming that all seeds that germinated did so 

simultaneously. 

2.6 Statistical Analyses 

The SPSS software was used to perform a 

descriptive analysis based of means of each 

germination index. The data obtained were 

subjected to one-way Analysis of Variance 

(ANOVA). After assessing the distribution of 

the datasets, post-hoc tests were run, namely 

Tukey pairwise test in the case of normally 

distributed data and Mann-Whitney pairwise 

test, in the case of non-normally distributed 

data (p≤0.05). 

3. Results and discussions 

In the majority of cases the final 

germination percentage (FGP) of both hybrids 

was improved due to priming (Table 1). 

Positive effects were observed on ‘Factor’ 

hybrid seeds in case of treatments with ASA 

and L-cyst, while treatment with Tria had 

negative effect on the seeds, although the 

differences were not significant. The seeds of 

‘Hybrirock’ variety also responded positively 

to priming, the FGP having higher values 

compared to the control. The differences were 

significant in case of ASA and L-cyst (p≤0.05). 

The mean germination time (MGT) 

decreased in both hybrids in response to 

priming, excepting ’Factor’ hybrid treated with 

L-cyst, where the MGT value increased 

compared to the control (Table 1). ’Factor’ 

hybrid had higher MGT values than 

’Hybrirock’ and also, the differences among 

treatments had higher variation. The lowest 

(ASA treatment) and highest (L-cyst) values of 

MGT parameter varied significantly (p≤0.05) 

for ’Factor’ seeds. 
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Table 1. The results of one-way ANOVA analysis and the Tukey post-hoc test, (in the case of 

the * Mann-Whitney test) on the germination parameters; different letters denote significant 

differences at p≤0.05. 

Hybrid 

 

Treatment 

 

FGP 

% 

MGT * 

(day) 
GI CVG* 

GRI 

(%/day) 

U 

(bit) 

Z 

 

‘Factor’ 

ASA 99 a 1.202 a 118.75 a 83.83 a 23.41 a 0.4375 b 0.8435 a 

L-cyst 96 a 1.532 b 106.25 b 66.21 b 19.70 b 1.1300 a 0.5285 b 

Tria 93 a 1.315 ab 109.75 ab 79.28 ab 21.80 ab 0.4350 b 0.8432 a 

Control 94 a 1.365 ab 108.75 ab 74.13 ab 20.92 ab 0.8187 ab 0.6810 ab 

 
Treatment 

 
FGP % 

MGT * 

(day) 
GI CVG* 

GRI 

(%/day) 

U 

(bit) 

Z* 

 

‘Hybrirock’ 

ASA 99.5 ab 1.04 ab 124.50 a 96.36 ab 24.68 a 0.121 ab 0.9600 ab 

L-cyst 98 ab 1.08 ab 123.00 ab 93.01 b 24.38 a 0.148 ab 0.9207 ab 

Tria 99 b 1.00 a 123.70 ab 100 a 24.75 a 0.0142 b 1.0000 a 

Control 90 b 1.19 b 108.25 b 86.48 b 21.27 b 0.471 a 0.8420 b 
Note: FGP-final germination percentage; MGT-mean germination time; GI-germination index; CVG-coefficient of 

velocity of germination; GRI-germination rate index; U-uncertanty; Z-synchrony 

 

Tria and Control treatments had similar 

values and no significant differences were 

observed. All of the used substances have 

reduced the MGT of ’Hybrirock’ seeds but 

only seeds treated with Tria differed 

significantly from untreated seeds. In case of 

ASA and L-cyst treated seeds no significant 

differences were found regarding the MGT 

compared to control. 

The seeds of rapeseed varieties responded 

differently to priming regarding the 

germination index (GI). The used substances 

increased the GI parameter of ‘Hybrirock’ 

seedbatches in a more pronounced manner than 

in the case of ‘Factor’ variety. ‘Factor’ seeds 

had the highest GI values when treated with 

ASA, followed by Tria and the Control 

treatment, while seeds of L-cyst presented the 

lowest GI values. Among ASA and L-cyst 

treatments there were statistically significant 

differences (p≤0.05). All treatments resulted in 

higher GI values for ‘Hybrirock’ variety 

compared to the untreated batch. Furthermore 

the ASA and Tria treatments values differed 

significantly from the control batch (Table 1). 

‘Hybrirock’ variety had higher values than 

‘Factor’ also regarding the CVG parameter. 

Seeds treated with L-cystein had the lowest 

CVG in the case of ‘Factor’ hybrid, followed 

by the untreated seed batch, seeds treated with 

Tria and ASA, respectively. There were 

statistically significant differences among the 

lowest (L-cyst) and highest (ASA) values. 

‘Hybrirock’ seeds reacted differently to the 

different treatments. In this case the untreated 

seeds were characterized with the lowest CVG 

values, followed by L-cyst, ASA and finally 

Tria treatments. The results with Tria were 

significantly different from the untreated seeds 

and those of L-cyst treatment (Table 1). 

‘Hybrirock’ variety also had superior 

germination rate index (GRI) compared to 

‘Factor’ variety. ‘Factor’ seeds responded 

negatively to L-cyst treatment, the GRI values 

of this treatment being lower than those of the 

untreated seeds. On the contrary, with Tria and 

ASA superior results were obtained compared 

to control treatment. ASA treatment resulted in 

significantly higher GRI values compared to 

those of L-cyst treatment. In the case of 

‘Hybrirock’ variety, all of the used substances 

had positive effect on the GRI parameter. The 

results of the three treatments presented higher 

variation, but all of them differed significantly 

from the control seeds (Table 1). 
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Table 2. The results of the one-way ANOVA analysis and the Tukey post-hoc test (in the case 

of the * Mann-Whitney test) on seedling growth parameters of ‘Hybrirock’ variety, different letters 

denote significant differences at p≤0.05. 

Hybrid 

 

Treatment 

 
SL (mm) 

RL 

(mm) 

SFW* 

(g) 

RFW* 

(g) 

SDW * 

(g) 

RDW* 

(g) 

‘Hybrirock’ 

ASA 22.99 b 48.95 a 0.499 ab 0.245 a 0.085 a 0.0165 a 

L-cyst 22.61 bc 38.61 b 0.368 b 0.167 ab 0.062 b 0.0082 b 

Tria 31.48 a 41.32 b 0.531 a 0.226 ab 0.080 ab 0.0117 ab 

Control 18.97 c 24.90 c 0.401 ab 0.128 b 0.069 ab 0.0092 b 
Note: SL- shoot length, RL- root length; SFW- shoot fresh weight; RFW- root fresh weight ; SDW- shoot dry 

weight; RDW- root dry weight 

 

The uncertainty (U) values of ‘Factor’ 

variety are at least two times higher than the 

values of ‘Hybrirock’ variety. L-cystein had 

negative effects on ‘Factor’ seeds, raising their 

U values, while ASA and Tria treatments 

decreased the parameter, compared to the 

control seeds. The differences between L-

cystein, respectively ASA and Tria treatments 

were statistically significant (p≤0.05). 

‘Hybrirock’ seeds reacted in a positive manner 

to all treatments, thus the U value decreased at 

least three folds (Table 1). 

The synchrony (Z) of germination was also 

higher in ‘Hybrirock’, and lower in ‘Factor’ 

variety. As a result of priming in L-cyst 

solution, the Z value of ‘Factor’ hybrid 

decreased, on the other hand, priming in Tria, 

or ASA solutions increased the Z value of the 

seed cohorts. Statistically significant 

differences can be spotted among the results of 

L-cyst, respectively Tria and ASA treatments. 

‘Hybrirock’ seeds reacted positively to all 

substances, with Tria treatment having the most 

positive effect, resulting in significant 

differences compared to the untreated seeds 

(Table 1). 

Due to an unexpected fungal 

contamination of the dishes containing the 

seeds of ‘Factor’ variety, the results of shoot 

and root biometrics are not presented.  

Priming had a positive effect on shoot 

length of ‘Hybrirock’ seedlings. Tria treatments 

produced the highest shoot elongation and 

shoot fresh weight (SFW), the results being 

significantly different of those of control 

treatment. Also all of the priming substances 

had positive effect on root fresh (RFW) and dry 

weight (RDW) excepting L-cyst. In this case 

the most remarkable results were obtained in 

seed cohorts treated with ASA, followed by 

Tria. There were statistically significant 

differences among ASA, respectively Tria and 

L-cyst group, and the control treatment (Table 

2). The results regarding the dry weights of 

shoots (SDW) and roots (RDW) of the 

seedlings were somewhat similar. Seed batches 

treated with L-cystein have developed organs 

with smaller dry weight than the untreated 

seeds. On the contrary seeds treated with Tria 

and ASA are characterized with superior dry 

shoot and root weights. There are significant 

differences in both cases, namely between the 

results of L-cyst and ASA treatments in the 

case of SDW, respectively between L-cyst-

treated and untreated and ASA treated seeds 

(Table2). 

Altogether it can be concluded that to 

maximize seedling establishment and 

germination parameters in 'Factor' and 

'Hybrirock' hybrids, priming with ASA or Tria 

are recommended. 

Conclusions 

The results of the study show that canola 

seeds respond differently to the priming 

substances. In most of the cases the 
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germination and seedling growth parameters 

were increased compared to the control due to 

priming. 

Overall, it can be said that seed priming 

with ascorbic acid performed better in ‘Factor’ 

rapeseed hybrid, by indicators MGT, GI, CVG, 

GRI, and Z. Triacontanol priming produced 

also good results, while L-cysteine treatments 

results were weaker compared to the control. 

‘Hybrirock’ seeds responded better to 

triacontanol treatments, followed by priming 

with ascorbic acid and L-cystein. 

Results concerning seedling biomass 

production indicate that the average shoot and 

root length were lowest in the untreated seeds, 

while shoot and root dry weight gain was the 

lowest in the L-cyst treated group of seeds of 

‘Hybrirock’ variety.  

The seed priming can improve the seeds 

germination parameters and induce early, 

synchronized and healthier crop stand. Priming 

with ascorbic acid, L-cysteine and triacontanol 

could also invigorate the seeds at early seedling 

stage. 

Further experiments are required to clarify 

the effects of the above mentioned substances. 
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Abstract: The aim of the research was to examine the effect of different fertilizers on the floristic 

composition and biomass yield of the semi-natural grassland used as hayfield near Vlăhița locality (Harghita 

County, Romania) in order to improve its management. In the same time the qualitative structure of the 
studied grassland was evaluated after the first application of the fertilizers. The vegetation survey was made 

before mowing, and a total of 84 plant taxa were identified. The studied plant community belongs to the 

association Festuco-Agrostetum capillaris Horv. 1951. From the 31 fodder species, 13 had very good or 
good nutritional value. The qualitative structure analysis indicates that the vegetation has developed under 

moderate anthropogenic pressure. Beside the Euro-Asian elements the Circumpolar and the Cosmopolite 

elements were well represented. Many species with high tolerance for temperature, soil pH, and soil mineral 
nitrogen content were registered. After the first application of fertilizers in all treated plots the biodiversity 

increased compared to the control plot. Fertilized plots also had a significantly higher biomass yield than the 

control plot. All fertilizers reduced the proportion of the species with good nutritional value from the 

Poaceae family. Organic fertilizer affected positively the proportion of other plant families than Poaceae and 
Fabaceae. Long-term experiments are necessary to evaluate the response of the vegetation on treatment with 

organic fertilizer in order to optimize productivity of the hayfield and sustain species richness. 

 

Keywords: fertilizers, grasslands, floristic composition, biomass yield, Festuca rubra, Agrostis capillaris. 

1. Introduction 

Vlăhița locality is situated in Harghita 

Mountains, in the upper part of Homorodul 

Mic and Pârâul Vârghiș Rivers. It is the city 

with the highest altitude (860 meters above sea 

level) from Harghita County, Romania 

(Vofkori, 1998). According to the geological 

map (http://atlas.anpm.ro/atlas#) the territory is 

characterized by volcanogenic-sedimentary 

formations, pyroclastic breccias, agglomerates, 

pyroclastic microbresches, microconglomerates 

and tuffs alternating with conglomerates, 

microconglomerates, sandstones, and sands of 

andesitic nature. In the area haplic luvisols and 

albic luvisols (World Reference Base for Soil 

Resources, WRB-SR-1998) are dominating, 

that correspond to luvosol according to the 

Romanian Soil Taxonomy System (Florea and 

Munteanu, 2012). The average annual 

temperature is 4-6 °C, while the average annual 

rainfall is 1000-1200 mm (Burus, 2007). The 
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herbaceous vegetation is represented by various 

associations dominated mostly by Agrostis 

capillaris, Festuca rubra, and Nardus stricta 

(Csűrös, 1963). 

The grasslands from Vlăhița locality are 

commonly used for mowing, thus fertilizers are 

applied every second or third year.  

The aim of the research was to examine the 

effect of different fertilizers on the floristic 

composition and biomass yield of the semi-

natural grassland used as hayfield near Vlăhița 

locality (Harghita County, Romania) in order to 

improve its management. In the same time the 

qualitative structure of the studied grassland 

was evaluated after the first application of the 

fertilizers. 

2. Materials and Methods 

The experiment was conducted in 2020 

near Vlăhița locality (46°20'44.85"N; 

25°32'39.76"E) on a plane territory used as 

hayfield, at 857 m above sea level. In the 

hayfield, five experimental plots were 

delimited, with 10 m distance between them. 

The size of one plot was of 225 m2 (22.5 m 

long and 10 m wide). In each plot different type 

of fertilizer was applied. One plot was kept as 

control. The utilized fertilizers and the doses 

were: NPK 12:12:17, 150 kg/ha + NH4NO3 150 

kg/ha (chemical fertilizer), diluted cattle 

manure 50 m3/ha (diluted fertilizer type I), 

diluted cattle manure 100 m3/ha (diluted 

fertilizer type II), and cattle manure 20 t/ha 

(organic fertilizer). All fertilizers were applied 

on one occasion in spring (of the year 2020). In 

the previous years, on the studied territory, 

diluted manure from cattle was applied for one 

time every second year. 

The identification of the studied 

association was made based on the Braun-

Blanquet method and the work Les 

associations vègètales de Roumanie Tome 2 

Les associations anthropogènes (Coldea, 

2012). The qualitative structure of the 

grassland was assessed before mowing (when 

grasses were in flowering stage), according to 

Cristea et. al (2004), but also the work of 

Păcurar and Rotar (2014) was used. The relevés 

size was 25 m2, and 2 relevés were effectuated 

in case of all experimental plots. 

The produced biomass was estimated by 

sampling with mowing from 1 square meter 

surface. In case of all plots 4 biomass samples 

were taken. The obtained biomass was 

immediately weighed and expressed as biomass 

yield in t/ha. To compare biomass yields One-

way-ANOVA and Tukey’s pairwise test of the 

software Past (version 4.03) were used. 

3. Results and discussions 

The studied association was included in the 

following phytocoeno-system (Coldea, 2012): 

Cls. Molinio-Arrhenatheretea R. Tx. 1937 

Ord. Arrhenatheretalia R. Tx. 1931 

All. Cynosurion R. Tx. 1947 

Ass. Festuco-Agrostetum capillaris Horv. 

1951 

 

All vegetation surveys were made at one 

time, before mowing, and a total of 84 plant 

taxa were identified: 38 taxa in the control plot, 

50 taxa in the plot with chemical fertilizer, 48 

taxa in the plot with diluted fertilizer type I, 44 

taxa in the plot with diluted fertilizer type II, 

and 55 taxa in the plot with organic fertilizer. 

The diversity index (Shannon) was higher in 

the fertilized plots (2.575-chemical fertilizer, 

2.642-diluted fertilizer type I, 2.752-diluted 

fertilizer type II, and 2.637-organic fertilizer) 

than in the control plot (1.825). This result is in 

accordance with other studies that report the 

increase in species richness by the utilization of 

organic fertilizer (Tong et al., 2019) or 

different type of fertilizers (mineral nitrogen or 

manure) (Samuil et al., 2013). However 

mineral fertilizers are responsible for long-term 
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nitrogen deposition and can decrease 

biodiversity (Stevens et al. 2004; Pallett et al., 

2016). 

The characteristic and dominant species of 

the association were Agrostis capillaris and 

Festuca rubra. In the composition of the 

association many species from the Cynosurion 

alliance (Trifolium repens, Cynosurus cristatus, 

and Phleum pratense) and from the 

Arrhenatheretalia order were present (Achillea 

millefolium, Leucanthemum vulgare, Lotus 

corniculatus, Trifolium hybridum, Senecio 

jacobaea, Leontodon hispidus, Plantago media, 

Veronica chamaedrys, Knautia arvensis, 

Daucus carota, and Dactylis glomerata). Other 

species with high abundance-dominance values 

were: Deschampsia cespitosa, Holcus lanatus, 

Centaurea nigrescens, Anthoxanthum 

odoratum, and Carex hirta. 

The spectrum of bioforms shows that 

hemicryptophytes (H) are in high number (Fig. 

1). The altitudinal index (Ka = 12.69) indicates 

that the vegetation has developed in a mountain 

area, with moderate climate, and moderate 

anthropogenic pressure (Cristea et. al 2004). 

The spectrum of floristic elements shows 

that the Euro-Asian (Euras.) elements are in 

high number. The species number is high also 

for the European (Eur.), Circumpolar (Circ., 

cold climate species), and Cosmopolite 

(Cosm.) elements (Fig. 2). 

 

 
Fig. 1. The spectrum of bioforms in function of the applied fertilizer 

 

 
Fig. 2. The spectrum of floristic elements in function of the applied fertilizer 



Katalin Molnár et al. 

 

59 

 

In the association two adventitious species 

(Cuscuta campestris and Erigeron annus) were 

identified. One taxa listed in the Romanian Red 

List was found (Achillea ptarmica) (Oltean et 

al., 1994). 

The spectrum of edaphic humidity, 

highlights the slightly (U4) and moderately 

moist soil species (U5), together with the well-

drained soil species (U6). The euryhydric 

species (Ux) are also in high number. The plot 

with organic fertilizer had the highest number 

of wet soil species, while the plot with 

chemical fertilizer had the highest number of 

slightly and moderately moist soil species (Fig. 

3). 

In the spectrum of air temperature the 

euriterm species (Tx) are in high number, 

followed by species of temperate zones, 

characteristic to the hilly (T6) and sub-

mountainous floor (T5) (Fig. 4).  

In all plots the euryionic species (Rx) were 

in high number, followed by the species of 

moderately and slightly acid soils (R5, R6) (Fig. 

5). 

 

 
Fig. 3. The ecological spectrum for the edaphic humidity in function of the applied fertilizer 

 

 
Fig. 4. The ecological spectrum for the air temperature in function of the applied fertilizer 
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Regarding the spectrum for soil mineral 

nitrogen content, in all plots the eurinitrofil 

species (Nx) were better represented, followed 

by the species spread on soil with moderate 

mineral nitrogen content (N5). However in case 

of the organic fertilizer and diluted fertilizer 

type II, the species spread on soil with poor 

mineral nitrogen (N2 and N3) were in higher 

number compared to the other treatments. 

According to the field observations in the 

studied plots the species spread on excessive 

nitrogen-rich soil indicating deposition and 

pollution were not present (Fig. 6).  

The values of the diploid index (the ratio 

between diploid and polyploid species) varied 

between 0.44 and 0.58. In all plots the 

polyploid species were in higher number (Fig. 

7). 

The fodder plants from the studied 

Festuco-Agrostetum capillaris Horv. 1951 

association were listed in Table 1, together 

with their nutritional values (Pop, 1982; Cristea 

2004). 

 

 

 
Fig. 5. The ecological spectrum for soil reaction in function of the applied fertilizer 

 

 
Fig. 6. The ecological spectrum for soil mineral nitrogen content in function of the applied 

fertilizer 
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Fig. 7. The caryologic spectrum in function of the applied fertilizer 

 

Table 1. Fodder plants identified in the Festuco-Agrostetum capillaris Horv. 1951 association 

near Vlăhița (Harghita County, Romania) and their nutritional values: 

1-poor; 2- mediocre; 3-good; 4-very good (Pop, 1982; Cristea 2004) 

Species 
Nutritional  

value 
Species  

Nutritional  

value 

Dactylis glomerata 4 Plantago lenceolata 2 

Festuca pratensis 4 Sanguisorba officinalis 2 

Phleum pratense 4 Trifolium montana 2 

Trifolium hybridum 4 Anthoxanthum odoratum 1 

Trifolium pratense 4 Carex hirta 1 

Trifolium repens 4 Chenopodium album 1 

Trisetum flavescens 4 Deschampsia cespitosa 1 

Agrostis capillaris 3 Holcus lanatus 1 

Cynosurus cristatus 3 Leontodon hispidus 1 

Festuca rubra 3 Plantago major 1 

Lotus corniculatus 3 Plantago media 1 

Taraxacum officinale 3 Potentilla erecta 1 

Alchemilla xanthochlora 2 Symphytum officinale 1 

Daucus carota 2 Tragopogon pratensis 1 

Elymus repens 2 Vicia cracca 1 

Phleum phleoides 2   

 

The proportion of the main fodder plants 

(species from the Poaceae and Fabaceae 

family) was determined considering the 

abundance-dominance values of the species. In 

plots with diluted fertilizer type II and organic 

fertilizer a lower proportion of the family 

Poaceae and a higher proportion of other plant 

families (Fig. 8) could be observed. The 

differences in floristic composition could be 

partially explained by the differences found at 

the level of the abiotic factors. Most of the 

identified species from both plots indicated the 

poor mineral nitrogen content of the soil. In 

case of the plot with organic fertilizer a higher 

number of plants indicated the wet soil. In the 

plot with diluted fertilizer type II the species 

Carex hirta presented high abundance-

dominance values compared to the other 

studied plots. 

Although plant diversity increased in all 

treated plots compared to the control, the 

coverage (abundance-dominance) of the 
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species with good nutritional value decreased (Table 2). 

 
Fig. 8. The proportion (considering the abundance-dominance indices) of the main fodder 

species (Poaceae and Fabaceae) in function of the applied fertilizer 

 

Table 2. The composition in economical categories: N-number of species; %-proportion of the 

categories considering the abundance-dominance indices 

    
Control 

 

Chemical 

fertilizer 

 

Diluted 

fertilizer I 

 

Diluted 

fertilizer 

II 

Organic 

fertilizer 

 

    N % N % N % N % N % 

Fodder 1 8 2.56 9 20.61 6 26.45 8 31.06 8 30.98 

  2 5 2.42 5 3.90 6 7.52 5 6.06 7 9.56 

  3 4 57.37 4 29.11 4 23.16 5 18.08 5 7.75 

  4 5 7.11 5 6.07 6 7.82 2 4.73 6 4.46 

Melliferous 1 2 0.09 3 0.35 2 0.36 1 0.04 2 0.06 

  2 7 5.26 9 5.85 8 2.02 7 2.62 6 1.78 

  3 1 0.47 1 0.32 1 3.26 1 4.30 2 3.00 

Toxic 
 

11 16.20 12 15.76 11 15.31 10 12.03 14 8.43 

Spiny 
 

2 0.95 3 3.55 2 0.65 2 4.73 2 3.00 

Medicinal 
 

8 2.56 6 4.89 8 7.30 10 6.66 8 6.65 

Industrial Tc 2 0.09 3 0.38 3 0.39 3 0.90 3 0.36 

Alimentary Cu 2 0.52 3 6.74 2 3.29 3 0.90 2 0.33 

  Ol 0 0 0 0 0 0 0 0 1 0.03 

Decorative 
 

1 0.47 2 0.35 2 0.65 3 0.52 3 0.62 

Other plants 
 

7 3.93 12 2.11 11 1.82 10 7.39 13 22.99 

Note-Fodder and melliferous plant categories: 1-poor, 2-mediocre, 3-good, 4-very good; Industrial plants: Tc-

tinctorial; Alimentary plants: Cu-culinary, Ol-oleifer.   

 

In a similar study with grassland edified by 

Agrostis capillaris and Festuca rubra it was 

found that manure improved mainly the growth 

of plants from other botanical families and no 

or less influence on the functional groups was 

observed. Manure had the highest positive 
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effect on biodiversity by changing the soil 

nutrient composition and also by introducing 

new species that were present in the applied 

fertilizer (Samuil, 2013).  

The biomass yield varied between 18.9 and 

29.1 t/ha. All fertilized plots produced a 

significantly higher biomass yield compared to 

the control plot (F = 14.4, p < 0.0005) (Fig. 9). 

The positive effect of fertilizers on green 

biomass and floristic composition was 

observed after two years treatments in the 

Festuca rubra-Agrostis capillaris grassland 

from Băișoara (Cluj County, Romania). 

Application of manure (from cattle and horses) 

and/or mineral fertilizers increased the 

coverage of the Poaceae and Fabaceae family 

in the second and the third fertilization year 

(Rotar et al., 2016; Cirebea et al., 2020). 

Substantial increases in biomass yield in the 

following years after manure application were 

reported in many other grassland studies 

(Djukic et al., 2008; Štýbnarová, 2014; Botiș et 

al., 2015). Long-term studies (87-150 year) on 

the utilization of fertilizers demonstrated that 

chemical fertilizers reduce the soil pH, increase 

soil organic carbon stock mainly in the soil 

fractions with coarse particle- and fine particle 

size, and have a negative effect on diversity 

and abundance of plants from the Fabaceae 

family and other forbs. Farmyard manure, 

instead increases soil organic carbon stock also 

in the very fine particle size soil fractions, 

prevents soil acidification, and has a positive 

effect on hey yield (Silvertown et al., 2006; 

Hejcman et al., 2014; Kidd et al., 2017).  

 

 
Fig. 9. Biomass yield (t/ha) in function of the applied fertilizer (different letter indicate 

significant differences) 

 

Conclusions 

The studied semi-natural grassland 

presented a relatively high number of plant 

species, considering other similar associations. 

The qualitative structure analysis indicates that 

the vegetation has developed under moderate 

anthropogenic pressure. Beside the Euro-Asian 

elements the cold climate species 

(Circumpolar) and the Cosmopolite elements 

were well represented. Many species with high 

tolerance for temperature, soil pH, and soil 
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mineral nitrogen content were registered. No 

mineral nitrogen content deposition or 

pollution indicating species were found. After 

the first application of fertilizers in all treated 

plots the biodiversity increased compared to the 

control plot. Fertilized plots also had a 

significantly higher biomass yield than the 

control plot. Organic fertilizer reduced the 

proportion of the species with good nutritional 

value from the Poaceae family, but affected 

positively the proportion of other plant families 

than Poaceae and Fabaceae. Long-term 

experiments are necessary to evaluate the 

response of the vegetation on treatment with 

organic fertilizer in order to optimize 

productivity of the hayfield and sustain species 

richness. 
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