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Influence of PDMS microtopographies  

on cells morphology 
 Simona Stroescu (Nistorescu)1,2, Cristina Staicu1,2, Anca Bonciu2,  Felix Sima2, Anișoara Cîmpean1, Valentina Dincă2  

1University of Bucharest, Faculty of Biology, Bucharest, Romania;  
2National Institute of Laser, Plasma and Radiation Physics, Măgurele, Ilfov, Romania; 

Corresponding author, E-mail: valentina.dinca@inflpr.ro.   
Abstract The cellular adhesion and morphology influence direct cell development in the tissue engineering mechanisms (Hashemzadeh et al., 2020; Yeh  

et al., 2017). Our work aims at knowing the impact of substrate properties  by manufacturing biocompatible microstructured in polydimethylsiloxane (PDMS). Using various roughness and topography (lines, points, or unpatterned), we systematically analyze in vitro response of the cells. Initially, we characterized the physical characteristics of the PDMS samples such as contact angle, surface free energy, roughness, and SEM images. Besides, we show how plasma can turn the PDMS surface to hydrophilic after only 5 minutes exposure. Furthermore, bioassays were performed to investigate the viability, adhesion, and morphology of the cells. In vitro biocompatibility was evaluated by visualizing the actin filaments that provide mechanical support, determine cell shape, and allow movement of the cell surface, thereby enabling cells to migrate. The wettability property has been determined to be improved for plasma-treated PDMS. Morphological observations revealed good biocompatibility with the PDMS samples, cell cytoskeleton is not affected by the substrates. Finally, we showed a correlation between roughness, surface free energy, and cell adhesion. Our results suggest that PDMS microtopographies have a very high potential for cell behavior studies and future therapies. 
 
Keywords: cells morphology, microtopographies, PDMS, wettability.  
Acknowledgements. This work was supported by PN-III-P4-ID-PCE2020-2375. 
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Low concentration of Zearalenone affects the 

biochemical and immunological parameters in swine  
 Valeria Cristina Bulgaru1, Gina Cecilia Pistol1,  Daniela Eliza Marin1 and Ionelia Taranu1  

1INCDBNA-IBNA, Balotești, Romania;  
Corresponding author, E-mail: cristina.bulgaru@ibna.ro.   

Abstract Zearalenone (ZEA) is a mycotoxin produced by fungi of the genus 
Fusarium, that frequently contaminate wheat, barley and rye crops and affects both human and animal health. Swine is one of the most susceptible species to ZEA intoxication, this fact being due to the high intake of cereals in the diet, but also to a high sensitivity to mycotoxins. The aim of this study was to investigate the effects produced by exposure of weaned piglets to a low dose of ZEA. Some immune parameters as immunoglobulins (IgG, IgA, IgM), nitric oxyde (NO) and also biochemical parameters related to energetic (glucose, cholesterol, triglyceride), proteic (total protein, albumin, ureea, creatinine), mineral (Ca, Fe, Mg, P) profile as well as the activity of some hepatic enzymes (aspartat amino-transferase, alanil-amino-transferase, gamma-glutamil transferase and alcaline phosphatase) were assesed in piglets serum. The 
in vivo experiment was performed on 12 crossbred weaned piglets (TOPIGS-40), randomly assigned to two groups (6 animals/group): control group (C) fed uncontaminated feed and experimental group (E) fed a ZEA contaminated diet (75µg/kg feed) for 21 days. The main immunological change induced by ZEA was the decrease in IgG (P=0.0428) and NO concentration (P=0.0176). The exposure to ZEA significatly decreased the bilirubin concentration (P=0.0077) and tended to decrease the serum glycemia (P=0.07). By contrast ZEA increased the triglycerides concentration (P=0.0004) and gammaGT activity (P=0.0003). In conclusion, ZEA can affect immunological and biochemical parameters in weaned piglets, even in concentrations lower than recommended by European Comission for swine feed.  

Keywords: biochemistry, immunology, swine, zearalenone. 
 
Acknowledgements. This work was supported by ADER 9.2.1 financed by Ministry of Agriculture and Rural Development. 
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Novel combined therapy based on IL-13-PEG-LCL-SIM  

and PEG-EV-DOX to reduce murine melanoma 
aggresiveness in vivo  Giorgiana Negrea1, Valentin-Florian Rauca1, Laura Pătraș1,  Lavinia Luput1, Emilia Licărete1, Vlad-Alexandru Toma1,2,  Bogdan Dume1, Alina Porfire3, Manuela Banciu1 and Alina Sesărman1  1 Department of Molecular Biology and Biotechnology, Faculty of Biology and Geology, Babeș-Bolyai 

University, Cluj-Napoca, Romania; 2 Department of Experimental Biology and Biochemistry, Institute  
of Biological Research, branch of NIRDBS Bucharest, Cluj-Napoca, Romania; 3Department of 

Pharmaceutical Technology and Biopharmaceutics, Faculty of Pharmacy, University of  
Medicine and Pharmacy "Iuliu Hatieganu", Cluj-Napoca, Romania;  
Corresponding author, E-mail: giorgiana.negrea@ubbcluj.ro.  

Abstract Melanoma is one of the most aggressive type of cancer worldwide, which rapidly develops resistance to conventional treatments, resulting in metastasis and recurrence. This study aims to test the potential of IL-13-PEG-LCL-SIM and PEG-EVs-DOX to decrease the aggressiveness of B16.F10 murine melanoma by applying an innovative therapy that targets both tumor-associated-macrophages and cancer cells. Melanoma-bearing mice intravenously received the combined therapy, or the individually formulations of SIM or DOX. In order to detect the level of expression of HIF-1α, a key promoter of hypoxia and of Bcl-xL and Bax, apoptotic proteins, western blot analysis was performed. The concentration of malondialdehyde (MDA) in tumor lysates, a marker of oxidative damage, was assessed by HPLC. Our data showed a strong inhibition of tumor development for the group treated with the combined therapy. Also, there was a substantial decrease of expression of HIF-1α due to PEG-EVs-DOX therapy, which was not noticed in the case of combined therapy. However, the concentration of MDA was highly increased, indicating a disruption of intratumor ROS levels, that alters the balance needed for HIF-1α proper activity. Thus, our findings suggest that the combined active targeted therapy which was tested, strongly inhibits tumor growth. Additional studies must be performed to understand the actions of this new active therapy on other processes which maintain the tumor development, such as angiogenesis and inflammation.   
Keywords: melanoma, targeted therapy, tumor microenvironment 
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Identifying heavy metal multi-resistant bacteria isolated 

from the rhizosphere of potential metallophytes  
 Mihai-Cristian Grimm1,2, Lucian Barbu-Tudoran3 and Dorina Podar1,2  

1Department of Molecular Biology and Biotechnology, Babeș-Bolyai University,  
Cluj-Napoca, Romania; 2Centre for Systems Biology, Biodiversity and Bioresources (3B),  

Babeș-Bolyai University, Cluj-Napoca, Romania; 3National Institute for Research and  
Development of Isotopic and Molecular Technologies, Cluj-Napoca, Romania;  

Corresponding author, E-mail: mihai.grimm@ubbcluj.ro.  
Abstract Soil heavy metal pollution has attracted considerable attention due to the negative effects on human health and on ecosystems. Decontamination of heavy metal polluted soils by engineering-based remediation technologies is -expensive and invasive as they affect the topsoil and thus the micro- and macrobiota on the site. Bioremediation technologies based on using microbiota able to survive the metal toxicity has been proposed.  The aim of the study was to identify and describe the multi-resistant bacteria present in the rhizosphere of some potential metallophytes from a heavy metal polluted site in Romania. Concentration of heavy metal in soil samples was determined via Vanta pXRF analyzer - (Olympus, - USA). Culturable soil bacteria were isolated by the plate culture method using metal supplemented media. Isolates displaying metal resistance were further identified based on 16S rDNA sequence and assessed for the presence of metal resistance molecular determinants such as merA, merB, czcA, nccA, copA. Cell morphology and heavy metal accumulation was investigated by SEM-EDX.  In this study, 309 bacterial isolates were obtained based on their resistance to different metals. More than 75% of the isolates displayed multi metal resistance. The majority (93%) of the isolates were resistant to Hg2+ that was found in very high concentrations in soil. Most of the isolates were identified as part of the genus Pseudomonas. These data support the idea that the natural rhizobiota of some plants is already developed to withstand toxic concentrations of heavy metals, making them suitable candidates for new bioremediation technologies.  
Keywords: Bioremediation, heavy metals, rhizosphere.  
Acknowledgements. This work was supported by CNCS - UEFISCDI PN-III-P2-2.1-PED-2019-5254, contract no. 390PED/2020.  
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Knowledge, habits and beliefs regarding usage  

of antibiotics - comparative study of medical and  
non-medical students from Nis University, Serbia 

 Nemanja R. Kutlesic1 and Aleksandra Jovanovic2   
1University of Camerino, Department for Biosciences and Veterinary Medicine,  

Camerino MC, Italy;  2University of Nis, Faculty of Medicine, Nis, Serbia;  
Corresponding author, E-mail: nemanja.kutlesic@studenti.unicam.it.    

Abstract 
Introduction. Many studies in the developing world have reported a high level of ignorance among youth towards proper usage of antibiotics. This study wanted to examine the knowledge, beliefs and habits of Nis University students regarding this important topic and discover whether an anticipated difference in knowledge, beliefs and habits existed between medical and non-medical students. 
Materials and methods. The data was acquired through an online questionnaire which addressed knowledge, beliefs and habits regarding antibiotics. Obtained data was classified into two groups and tested for statistical significance using the Chi-squared test. The study took into account the margin of error for the sample of 5%. The study adhered to principles of the Helsinki declaration. 
Results. The research showed that the majority of students were able to correctly identify bacteria as the main target of antibiotics. More students from non-medical faculties thought viral infections can be treated with antibiotics (37.35% vs. 7.45% of medical, SED*=0.042, p<0.05), and identified incorrectly Paracetamol as an antibiotic (42.17% vs. 8.51% of medical, SED*=0.043, p<0.05).  However, a similar percentage in both groups claimed they interrupted their regimen before the prescribed time and admitted to alcohol usage.  
Conclusion. While students of the medical faculty demonstrated much better knowledge and beliefs on antibiotics, their habits were not found to be significantly different. Overall, a large percentage of students from both                                                                * SED = Standard error of the difference (between the two groups).  
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groups uses the medicines as they please. These results are similar to available studies from the developing world. Campaigns are necessary to inform students better on the subject. 
Keywords: antibiotics, antibiotic resistance, appropriate use of antibiotics, public health, university students  
References:  Grigoryan, L., Burgerhof, J. G. M., Degener, J. E., Deschepper, R., Lundborg, C. S., Monnet, D. L., … & Haaijer-Ruskamp, F. M. (2007). Attitudes, beliefs and knowledge concerning antibiotic use and self-medication: a comparative European study. 
Pharmacoepidemiology and Drug Safety, 16(11), 1234–1243. doi: 10.1002/pds.1479 Afzal Kahn, A. K., Banu, G., & Reshma, K. K. (2013). Antibiotic Resistance and Usage— A Survey on the Knowledge, Attitude, Perceptions and Practices among the Medical Students of a Southern Indian Teaching Hospital. Journal Of Clinical And Diagnostic 
Research, 7(8), 1613-1616. doi: 10.7860/jcdr/2013/6290.3230 Jairoun, A., Hassan, N., Ali, A., Jairoun, O., Shahwan, M., & Hassali, M. (2019). University students’ knowledge, attitudes, and practice regarding antibiotic use and associated factors: a cross-sectional study in the United Arab Emirates. International Journal of 
General Medicine, Volume 12, 235–246. doi: 10.2147/ijgm.s200641 Scaioli, G., Gualano, M. R., Gili, R., Masucci, S., Bert, F., & Siliquini, R. (2015). Antibiotic Use: A Cross-Sectional Survey Assessing the Knowledge, Attitudes and Practices amongst Students of a School of Medicine in Italy. Plos One, 10(4). doi: 10.1371/journal.pone.0122476 Wang, X., Peng, D., Wang, W., Xu, Y., Xudong, Z., & Hesketh, T. (2017). Massive misuse of antibiotics by university students in all regions of China: implications for a national policy, International Journal of Antimicrobial Agents, 50 (3), 441-446. doi: 10.1016/j.ijantimicag.2017.04.009 
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Production of polyhydroxybutyrate using renewable 

carbon sources by the extremely halotolerant bacterium 
Halomonas elongata DSM 2581T  

 Andreea-Melisa Tripon1, Adorján Cristea1, Timea Kristea1, Călin Gabriel Floare2 and Horia Leonard Banciu1  
1 Babeș-Bolyai University, Faculty of Biology and Geology, Department of Molecular Biology and 

Biotechnology, Cluj-Napoca, Romania; 2 National Institute for Research and Development of 
Isotopic and Molecular Technologies, Department of Biomolecular and Molecular Physics,  
Cluj-Napoca, Romania; Corresponding author: E-mail: adorjan.cristea@ubbcluj.ro.   

Abstract Polyhydroxybutyrate (PHB) is a natural polyester which is produced under nitrogen and/or phosphorous limitation and excess of carbon (C) source. Under these conditions, the C source is converted to PHB and stored as intracellular C and energy reserves. PHB derivatives might be used as alternatives to synthetic plastics due to their biodegradability and biocompatibility. The aim of this study was to assess the ability of the extremely halotolerant bacterium Halomonas elongata DSM 2581T to synthesise PHB from two renewable C sources namely industrial (IM) and commercial molasses (CM). To induce PHB production, a liquid mineral medium with high salinity (8% w/v NaCl) was used. Three C sources where used separately in the experiments (final concentration of C-source 1% w/v) (D-glucose – as control, IM and CM) and 0.1% w/v yeast extract. Batch cultures were incubated at 37oC and 180 rpm. For cell count and PHB visualisation, DAPI and Nile Red staining where employed. 1H-NMR spectroscopy and crotonic acid assay were used for the chemical analysis of the PHB (Cristea et al., 2018). The highest PHB yield was obtained after 96 h of growth on D-glucose (2.61 g/L), followed by CM (2.63 g/L after 90 h) and IM (1.07 g/L after 48 h). The weight percentage (wt%) of PHB fraction was 85% when cultivation occurred on CM, 86% on D-glucose and 35% on IM. Our preliminary results have showed that this strain could use renewable C sources (like molasses) to produce PHB that may be further applied in sustainable circular economy strategy.  
Keywords: Halomonas elongata, high salinity, molasses, polyhydroxy-butyrate, renewable source.   
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Evaluation of selenium content in biofortified  

Allium species by chromatographic means 
 Bogdan M. Boșca1 and Augustin C. Moț1  

1Faculty of Chemistry and Chemical Engineering, Babeș-Bolyai University, Cluj-Napoca, Romania; 
Corresponding author, E-mail: bogdan.bosca@stud.ubbcluj.ro.  

Abstract Selenium is an essential trace element in animals and humans. It has chemical properties similar to sulfur. In plants, selenium is involved in several important biochemical routes, including antioxidative processes (Germ et al., 2007). In animals and humans, compared to other micronutrients, there is a much thinner line between the normal concentration and the toxic amount of selenium. The inorganic forms of selenium (selenate, selenite) present a much higher toxicity than its organic combinations (e. g. selenocysteine, selenomethionine) (Herrero Latorre et al., 2013). Thus, a sensitive method is required for detection of selenium species in biological samples. A distinct method is represented by the formation of piazselenol. This kind of complexes represent the product of reaction between an aromatic o-diamine and Se(IV) species, in acidic conditions. This study describes an HPLC-based optimized, sensitive and selective method for determination of selenium in biological samples. The analyzed Allium species were grown in our laboratory in a phytochamber. Before the analysis procedures, the biofortified Allium samples have been mineralized and pre-concentrated using solid-phase microextraction technique. This analytical step affords an excellent precision and accuracy as it removes the interferences form a typical biological sample, thus allowing a limit of detection as low as 0.5 ng/mL Se.  
Keywords: Allium, biofortification, piazselenol, selenium determination  
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Abstract Phosphorus is one of the most important macronutrients needed for optimal plant growth and development. Although P compounds are relatively abundant in agricultural soils, the concentration of soluble phosphorus accessible to plants is very low. The use of phosphate solubilizing bacteria as biofertilizers is a sustainable alternative for improving agricultural productivity globally, but the efficiency of these bacteria can be affected by some abiotic factors, such as: pH, temperature and salinity. In this context, the purpose of this study was to identify bacterial strains that have the ability to solubilize tricalcium phosphate (Ca3(PO4)2) under abiotic stress. Bacterial strains were isolated from the rhizosphere of maize using the serial dilution method. The bacterial isolates were further analyzed for their ability to solubilize tricalcium phosphate in Pikovskaya liquid medium. Ten out of fifteen isolated bacterial strains solubilize Ca3(PO4)2 in quantitative assay and the amount of phosphorus varied between 9.82 and 17.06 µg P/ml. The strain that solubilized the highest amount of Ca3(PO4)2 was further subjected to abiotic stress (pH and temperature). When the bacterial strain P2.1S grew in medium with an acidic pH (4.9) it solubilized a lower amount of Ca3(PO4)2 compared to that solubilized at pH 7.2, respectively pH 9. The highest amount of phosphorus solubilized by the P2.1S strain was recorded at 28°C. In conclusion, the bacterial strain P2.1S solubilizes Ca3(PO4)2 regardless of pH and temperature values tested, but more studies are needed before this bacterial strain can be used in agriculture.  
Keywords: bacteria, pH, temperature, tricalcium phosphate.  
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and β-carotene in Rhodotorula mucilaginosa using UV-Vis 
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Abstract Carotenoids are pigments of biotechnological importance, with antioxidant and radical-scavenging properties, confered by their extensive system of conjugated double bonds. They are synthesized via the mevalonate pathway in red yeasts, such as those belonging to the genus Rhodotorula, which have been explored as natural pigment-producing living factories, a safer and more consumer-friendly alternative than chemically synthesized carotenoids.  The aim of this work was to develop a method for the simultaneous, non-destructive determination of the main carotenoids produced by Rhodotorula 

mucilaginosa (β-carotene, torulene and torularhodin), using Principal Component Regression (PCR), a multivariate chemometric technique. The fungal pigments were purified after chemical cell wall disruption via normal-phase column chromatography. PCR was used to obtain multiple regression equations for the determination of each carotenoid, using the  UV-Vis spectra of carotenoid mixtures as input data. The method was validated on samples of known pigment concentration and tested on real samples, prepared by subjecting yeast cells to sodium selenate stress, to investigate the antifungal activity of selenocompounds.  An inverse correlation between total carotenoid content and seleno-compound concentration was observed. Intermediary selenate concentrations appear to shift the carbon flux in the biosynthetic pathway of carotenoids, favoring carotene synthesis in the detriment of xanthophylls.  To our knowledge, no previous method for the simultaneous determination of Rhodotorula mucilaginosa carotenoids using PCR has been developed.   
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The method could be used in industrial settings, when optimization of the culture media for the overproduction of a specific carotenoid is desired. It could also facilitate future studies regarding selenium-mediated fungal toxicity.  
 
Keywords: carotenoids, R. mucilaginosa, simultaneous determination, selenocompounds.   
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Abstract Aquatic habitats are sharply deteriorating all over the world due to increasing human impact. The Danube River not an exception especially due to its high economically importance and therefore intense exploatation. Biodiversity inventories are needed to understand the impact of human activities on the Danube ecosystem and to detect potential early warning signals for catastrophic ecological changes in the species communities. In this work we used known physico–chemical indicators (Ilie et al., 2017) and fish diversity to assess the ecotoxicological status of the Danube River from eleven locations. Electrofishing was performed in linear 500 m transects, upstream and downstream over shore, as well as over the main water body. Most of the high levels of inorganic pollutants found could be explained by point and diffuse sources scattered along the sector such as discharged household and farm wastewater, as well as nearby agricultural areas where fertilizers have been used and then leaked in the water stream during rainfalls (Ivan et al., 2021). Although the Danube water analysis was found to be in what are considered normal ranges, heavy metals concentrations shown a slight correlation with the current status of fish communities which we surveyed, therefore requiring a more detailed investigation for future prospects.  
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Abstract 
Convolvulus persicus is a critically endangered species, endemic to the embryonic shifting dunes of the Caspian Sea and the Black Sea. The risk factors for the populations of C. persicus in Romania have an anthropic origin (Kiss and Szatmari, 2020). At the same time, natural risks are also present, such as the solidification of the sands. The efficient approach of plant conservation involves the combination of ex-situ and in-situ strategies, having as the main objective the maintenance of genetic diversity. In our case, ex-situ conservation presents a viable and even indicated alternative. In-vitro conservation has been conducted before by Holobiuc on this species using fragments of the stem or root (Holobiuc et al., 2015) but not seeds. The study aims to obtain an optimal protocol for ex-situ conservation using seeds, as well as the multiplication of plant in-vitro culture. Seeds from 20 individuals were used and kept over the winter at 18-20 °C, as well as a month at 4 °C. To initiate the in-vitro culture, the seeds were disinfected and inoculated into culture vessels containing 50 ml of MS solid medium supplemented with 20% sucrose. The infection rate after 30 days from inoculation is 8%. The germination rate is 1%. Only one of the seeds germinated, and after 20 days from germination, it was passed on a medium supplemented with phytohormones. In conclusion, we can say that germination of C. persicus is quite difficult and it is easier to induce in-vitro cultures from fragments of the stem or root as was done in Holobiuc's study. 
Keywords: critically endangered, in-vitro, seeds, endemic, ex-situ conservation. 
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Abstract 
Corythucha arcuata (Say, 1832), commonly named the Oak lace bug (OLB), is an insect that belongs to the order Heteroptera, family Tingidae, native to North America. The allogeneic species is known to be invasive and its presence was first reported on the European continent in May 2000, in the region of Lombardy, Italy (Bernardinelli and Zandigiacomo, 2000), then reached Turkey (Mutun, 2003) and spread further in most southern European countries: Bulgaria (Dobreva et al., 2013), Croatia (Hrašovec et al., 2013), Hungary (Csóka et al., 2013), Slovenia (Jurc and Jurc, 2017), Slovakia (Zubrik 

et al., 2019), progressing very rapidly and affecting very large areas of 
Quercus forests. Also, the species was detected for the first time in the southern Romania in 2016 (Chireceanu et al., 2017), and after a relatively short period, the presence of the insect was reported in several areas of Romania. The aim of the research was to evaluate the current spread status and level of infestation of the species. We used direct observation method and evaluation of leaves in situ. We also used drone photography as a technique for large areas evaluation The field work was carried out in the vegetative periods of 2020 and 2021. We made over 50 observations in 
Querqus forests and our results shows that the species was detected in over 50% of the survey points, some of the areas being highly infested.  
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Abstract Global warming has a substantial impact on aquatic ecosystems, especially on microalgae, influencing their growth and physiology (Padfield 

et al., 2015; Sandrini et al., 2015; Schaum and Collins, 2014). In this study, three strains of freshwater cyanobacterium Microcystis aeruginosa have been grown in two different conditions (22°C: A - ambient temperature and 26°C:  H - the estimated temperature for the end of the century) for a period of 12 months. In order to observe their response to global warming, thermal reaction norms were calculated in a temperature range of 20-40°C. The results showed that after 100 generations, the H lineage gained remarkable competitive skills, being able to grow even at 38°C, whereas the A lineage did not survive. Moreover, after being re-incubated in the ambient temperature, the development of H strains was reduced, representing an irreversible change suggesting adaptive evolution. This study highlights the necessity of adaptive evolution experiments during a long period of time and with multiple strains, in order to understand the effects of climate change upon aquatic ecosystems.   
Keywords: adaptive evolution, cyanobacteria, freshwater, global warming, Microcystis.  
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Abstract Karst caves are peculiar ecosystems accommodating specific biota that readily include microbial communities with key roles in the biogeochemical cycling of main elements and thus, in the functioning of trophic webs (Barton and Northup, 2007). In caves, macroscopic colonies of microorganisms are frequently encountered on the walls, ceilings, in aquatic sediments and on the surface of speleothems. To assess the cultivable microbial diversity in timely, accurately and cost-effective manner, the molecular (marker gene-based) identification of isolates is presently preferred as preceding detailed genotypic and phenotypic characterization. The revealing of microbial diversity in the cave ecosystem is crucial to the understanding of their ecological roles and, in addition, to the discovery of novel taxa and metabolic capabilities. The aim of this study was to isolate and evaluate the taxonomic diversity of bacterial strains from three Romanian karst caves, namely Cloșani, Ferice and Muierilor, located in different geographic areas. To achieve this goal, sample plating and isolation on non-selective, oligotrophic solid culture media and subsequent molecular identification of bacterial isolates have been employed. In total, 41 strains were isolated from soil sediments of the above-mentioned caves. These underwent genomic DNA extraction, 16S rRNA gene amplification, and Sanger sequencing. The retrieved 16S rRNA gene sequences were analyzed and a phylogenetic tree was constructed by bioinformatic tools. The isolates were assigned to Proteobacteria (37% of total number of isolates), followed by 

Firmicutes (36%), Actinobacteria (26%), and Bacteroidetes (2%). Pseudomonas 
glareae (Cloșani), Aeromonas sp. and Polaromonas jejuensis (Ferice) and 
Streptomyces sp. (Muierilor) were the most frequently recovered isolates. 
Bacillus sp. and Paenibacillus sp were retrieved in all caves, while Flavobacterium 
sp. was found only in Cloșani samples. Well-known as bioactive compound-producers, Actinobacteria members isolated from the floor sediments of the 
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explored cave soils were assigned to Arthrobacter sp. (Cloșani and Ferice), 
Paeniglutamicibacter kerguelensis (Ferice), and Streptomyces sp. (Muierilor). Our findings indicated that the diversity of cultivable bacteria varied among the studied caves, probably due to the geographic distances and slightly different physicochemical setting of each particular cave. However, further detailed investigations are needed to reveal the full picture of bacterial diversity and its roles in the tested cave ecosystems.  

 
Keywords: karst cave; microbiota; phylogeny; 16S rRNA gene; cultivable diversity 
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Abstract Retinoic acid (RA) is an important transcriptional gene expression regulator which functions as a ligand for retinoic acid receptors (RAR), which bind retinoic acid response elements (RARE) within the regulatory regions of target genes. During antenatal development, RA signaling starts at late gastrulation stages and is required for cell differentiation, cell migration, axial elongation and organogenesis. In mouse embryos, the most important source of RA is RALDH2, expressed in the paraxial mesoderm starting with E7.5. RA has been shown to travel over long distances and to activate gene expression and orchestrate morphogenetic events in axial and paraxial tissues of neuroectodermal and mesodermal origin. Several ex vivo and in vivo studies have described the impact of RA on transcriptome homeostasis; however, little is known about the post-transcriptional mechanisms altered by RA in the context of vertebrate embryo development.  The aim of this study was to provide a better understanding of these mechanisms. Here we used Exiqon qRT-PCR arrays to analyze the small RNA profile in E8.5 raldh2-/- embryos and identified a set of 26 downregulated microRNAs. MicroRNAs are small non-coding RNAs that regulate gene expression at post-transcriptional level. In order to identify the signaling pathways putatively modulated by RA-microRNAs interactions during early organogenesis stages, we combined mirWalk3.0 target prediction algorithms (for 3’UTR, 5’UTR, and CDS regions), complex network analysis, and DAVID gene ontology analysis.  Further, more complex investigations are needed in order to understand the transcriptomic impact certain microRNAs have on RA signaling during mouse embryogenesis. 
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Abstract A major transcriptional gene activator, retinoic acid (RA), exerts its function by binding to retinoic acid receptors (RAR), which recognize retinoic acid response elements (RARE) within the regulatory regions of target genes. During embryo-fetal development, RA signaling orchestrates axial elongation, organogenesis, cell differentiation, and cell migration, starting with late gastrulation stages. In mouse embryos, RA is synthesized starting with E7.5 by RALDH2 expressed in the paraxial mesoderm and diffuses over long distances to activate gene expression and initiate morphogenetic events in the adjacent tissues. The impact of RA on mouse embryo transcriptome homeostasis has already been described; however, little is known about the RA-dependent post-transcriptional mechanisms of gene expression regulation in the context of vertebrate embryo development.  MicroRNAs are small non-coding RNAs that operate as endogenous post-transcriptional gene expression regulators. Here, we used Exiqon qRT-PCR arrays to identify the set of 11 upregulated microRNAs in raldh2-/- mouse embryos at E8.5. By combining mirWalk3.0 target prediction algorithms (for 3’UTR, 5’UTR, and CDS regions), complex network analysis, and DAVID gene ontology analysis, we identified and described the signaling pathways putatively modulated by RA-microRNAs interactions during early organogenesis stages of mouse embryo development.  Our work provides a conceptual framework for future, more complex investigations of microRNAs’ role as mediators of RA signaling during mouse embryogenesis. 
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Abstract The interest for nanoparticles increased in the last few years thanks to their unique proprieties and wide use. Although, there are some concerns about the exposure to these nanoparticles because, in certain quantities, can be toxic. In the current study, the effects of graphene nanoparticles doped with titanium dioxide (TiO2) and silver (Ag) or TiO2 and copper (Cu) were identified on two human cell lines, A375 and HaCaT, in the absence and presence of visible light. Cytotoxicity and oxidative stress were investigated in the two cell lines with the help of three assays: testing cell viability, measuring the quantity of lactate dehydrogenase (LDH) released and the level of nitric oxide (NO). More precise, the two cell lines were treated with TiO2/Ag/TRGO and TiO2/ Cu/TRGO at five different concentration (0.01-1 mg/mL) and incubated for 24 hours in the absence or presence of visible light; after the treatment, three specific assays were made. The findings of this research proved that the toxicity induced by the nanoparticles, in the absence or presence of visible light, damaged the A375 cell line much more compared to the HaCaT cell line. In addition, the results also showed that the treatment TiO2/Ag/TRGO at high concentrations had the most aggressive effect. In conclusion, this study proved the antitumoral effect of nanoparticles doped with TiO2/Ag or TiO2/Cu and opened an opportunity for potential treatments of various diseases using photooxidation. However, due to the fact that the nanoparticles used in this study are known to be present in many everyday products that could come in contact with the human skin, further studies are recommended to be made regarding the toxicity of these nanoparticles on the HaCaT cell line.  
Keywords: A375; cytotoxicity; graphene; HaCaT; nanoparticles.  
Acknowledgements: The research leading to these results has received funding from the Norwegian Financial Mechanism 2014 -2021, under Project RO-NO-0616, contract no. 29/2020. 



MOLECULAR BIOLOGY AND BIOINFORMATICS ABSTRACTS   

 39 

References   Gurunathan, S., & Kim, J. H. (2016). Synthesis, toxicity, biocompatibility, and biomedical applications of graphene and graphene-related materials. International journal 
of nanomedicine, 11, 1927. Lalwani, G., D'Agati, M., Khan, A. M., & Sitharaman, B. (2016). Toxicology of graphene-based nanomaterials. Advanced drug delivery reviews, 105, 109-144. Li, Y., Chang, Y., Lian, X., Zhou, L., Yu, Z., Wang, H., & An, F. (2018). Silver nanoparticles for enhanced cancer theranostics: in vitro and in vivo perspectives. Journal of 
biomedical nanotechnology, 14(9), 1515-1542. Rabek, J. F., & Rånby, B. (1974). Studies on the photooxidation mechanism of polymers.  I. Photolysis and photooxidation of polystyrene. Journal of Polymer Science: Polymer 
Chemistry Edition, 12(2), 273-294. Siddiqi, K. S., Husen, A., & Rao, R. A. (2018). A review on biosynthesis of silver nanoparticles and their biocidal properties. Journal of nanobiotechnology, 16(1), 1-28. Wang, H., Wang, G., & Zhang, Y. (2019). Preparation of RGO/TiO2/Ag Aerogel and Its Photodegradation Performance in Gas Phase Formaldehyde. Scientific Reports 
9(1). doi:10.1038/s41598-019-52541-7. 



STUDIA UNIVERSITATIS BABEŞ-BOLYAI BIOLOGIA, 66, 1, 2021 (p. 40-41)      
CRISPR-Cpf1 system and its utility in editing the 

Paenarthrobacter nicotinovorans genome  Iustin-Tiberius Munteanu1, Fakhri Kallabi1 and Marius Mihășan1  
1 Alexandru Ioan Cuza University of Iași, Faculty of Biology, BioActive Research Group, Iași, 

Romania; Corresponding author, E-mail: marius.mihasan@uaic.ro.   
Abstract 
Paenarthrobacter nicotinovorans is a Gram-positive bacterium that is best known for its ability to metabolize nicotine. The stain has proven its potential for converting nicotine containing waste into useful chemicals (Hritcu and Mihasan, 2019; Yu et al., 2017). Its applications in biotechnology are hampered by the lack of reliable gene editing systems that would permit rational engineering of the nicotine degradation pathway.  CRISPR systems have been extensively used for genomic editing of eukaryotic cells and proved to be reliable and accurate. The applicability of CRISPR system for genomic editing of Paenarthrobacter strains remains elusive. The main goal of this work is to evaluate the applicability and functionality of the CRISPR-Cpf1 system in P. nicotinovorans. CRISPR-Cpf1 is a class 2 type V CRISPR system known to work in the closely related 

Corynebacterium glutamicum strains (Jiang et al., 2017). The draft genome of P. 
nicotinovorans was used to screen for the presence of incompatible CRISPR systems using CRISPRs web server (https://crispr.i2bc.paris-saclay.fr/). A number of 4 CRISPRs candidates were found on different contigs, but none were related to CRISPR-Cpf1. Hence, we concluded that the system might work in this strain and the pJYS3_ΔcrtYf plasmid containing a functional a CRISPR-Cpf1 system was electroporated into P. nicotinovorans. No transformants were obtained upon selection with kanamycin, indicating that the pJYS3 replicating origin might not be functional in P. nicotinovorans. Next, the CRISPR-Cpf1 genes from pJYS3_ΔcrtYf were amplified by PCR and ongoing work aims to clone these genes into a plasmid known to work in  
P. nicotinovorans – pART2 (Sandu et al., 2005).   
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Abstract The wide scale use of nanoparticles (NPs) due to their unique properties and important applications in sensor devices, clothing, alimentation and cosmetics makes human being more prone to the exposure of NPs and its potential to adverse effects. Exposure is mainly through skin. Therefore, the aim of the present study was to investigate the effects of graphene oxide nanoparticles complexed with titanium dioxide and copper or copper oxide (TiO2/CuO/GO and TiO2/Cu/TRGO) on A375 and HaCaT cell lines exposed to visible light. We explored the cytotoxicity and oxidative stress induced by nanoparticles. Cell viability, nitric oxide (NO) levels and extracellular release of lactate dehydrogenase (LDH) were assayed in A375 and HaCaT cells after 24 hours incubation with 0.01-1 mg/ml TiO2/CuO/GO and TiO2/Cu/TRGO nanoparticles. The results showed that nanoparticles under light iradiation reduced cell viability, induced nitric oxide generation and impaired cell membrane integrity of A375 and HaCaT in a dose dependent manner. It is valuable to inform that HaCaT cells appeared to be slighty more susceptible to TiO2/CuO/GO treatment than A375 cells, TiO2/Cu/TRGO nanocomposite has the potential for antitumor treatment by photooxidation, as green and blue lights intensify the toxicity. These results provide a basic comparative toxic effect of TiO2/CuO/GO and TiO2/Cu/TRGO nanoparticles on normal keratinocytes and cancerous epitelial cells. Considering the diverse results, further studies using different conditions are recommended.  
Keywords: A375, cytotoxicity, graphene, HaCaT, nanoparticles;  
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Abstract Nanotechnology is one of the fastest developing fields in science and engineering. Based on market-estimated size and online repositories listing nanoproducts (e.g., Nanodatabase), it is obvious that silver, titanium dioxide and silicon oxide nanoparticles (NPs) are widely used in day-to-day items such as cosmetic and skincare products or clothing materials. However, consumer products containing NPs may become a source of air pollution, raising concerns regarding human health. Toxic effects of NPs are relatively well documented, although experimental data regarding epigenetic alterations is limited. Our review study aims to provide a general description of the epigenetic changes induced by these three commonly used NP types. We considered recent in vivo and in vitro studies and discussed which molecular pathways associated with DNA methylation and histone post-translational modifications were impaired by NPs exposure. Knowledge gaps related to the subject were also highlighted. Our work could contribute to the improvement of knowledge about NPs toxicity by compiling the related data available so far and clearly illustrating general NPs effects observed on key molecules from epigenetic signalling pathways. Epigenetic changes play a crucial role in triggering different human disorders. Considering the widespread of NPs, all their toxic effects, including epigenetic impairment, need to be documented to completely assess their safety. We concluded exposure to NPs affects genes involved in establishing and maintaining the normal epigenetic pattern. It remains unknown whether epigenetic changes occur as an indirect consequence of other NPs toxic effects such as oxidative stress and inflammation. These data may be considered in developing appropriate public policies for nanomaterials market.  
Keywords: DNA methylation, histone modification, epigenetic, nanoparticle. 
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Abstract Glucose-dehydrogenase (GDH) is an enzyme that catalyzes the oxidation of glucose to gluconate, reducing NAD(P)+ to NAD(P)H + H+. This enzyme is of particular interest due to the fact that it can be used to regenerate the NAD cofactor using a cheap substrate such as glucose. The aim of this study was the fusion of recombinant GDH gene with the His-Tag at the N-terminus. For this purpose, the recombinant GDH gene was subcloned into the pET28a expression vector and expressed in E. coli BL21(DE3) cells. The recombinant protein was expressed both in soluble form (10% of total proteins) and in inclusion bodies. The recombinant GDH was purified by Ni-agarose affinity chromatography and tested for enzymatic activity (glucose and NAD). In conclusion, after subcloning the ORF did not change, the protein was fused with His-tag, and this fusion did not affect the activity or solubility of the enzyme. The results obtained in this study may be used to optimize glucose-dehydrogenase production so that it would increase its biotechnological importance.  
Keywords: cofactor regeneration; glucose-dehydrogenase; recombina-tion; subcloning; vector  
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Abstract Extensive evidence suggests that the utilization of ketone bodies as an alternative source of energy to carbohydrates  may have a beneficial effect on cancer treatment due to the fact that the major ketone body – β-hydroxybutyrate – directly affects inflammatory processes. The rate-limiting enzyme in ketone bodies catabolism is succinyl-CoA:3-ketoacid-coenzyme A transferase 1 (SCOT1), encoded by the OXCT1 gene. Our previous studies showed an elevated OXCT1 expression in various cancer cell lines, including cervical cancer cell line HeLa. The main aim of the research was to knockout the OXCT1 gene from HeLa cells using the CRISPR/Cas9 technique in order to analyze the proliferation rate and possible new functional characteristics of this model. The knocking-out procedure of OXCT1 was performed by CRISPR/Cas9 and gDNA transient transfection, followed by a Surveyor test to scan for the occurrence of the DNA mutation. The SCOT1 protein ablation in multiple clones was determined by Western blotting and immunofluorescent microscopy. Moreover, we performed a cytometric analysis of the cell cycle phase distribution and analyzed the gene expression of selected cell cycle determinants, including p21 and cyclins. We observed that OXCT1 knockout increases the proliferation rate of HeLa cells, suggesting that OXCT1 gene may be non-essential for cell proliferation or even involved in attenuation of cell proliferation, suggesting that a switch to an alternative energy source to glucose/carbohydrates in cancer cells may render them less susceptible to proliferation. 
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Abstract. The use of conventional insecticides is one of the most widely used methods of controlling pests of stored grains. But the presence  of toxic residues in treated commodities and the emergence of insect resistant strains are becoming a growing concern. Olive oil is well known throughout the world for its benefits to human health, but little known for its biological activity against insect pests. The aim of this work is to study the fatty acid composition and the insecticidal activity of oils according to origin of plantation, against one of the main insect pests of stored grain Rhyzopertha dominica (Coleoptera: Bostrychidae). The olive oils were obtained using an oleodoser from olives of the 'Chemlal' variety harvested in 4 olive groves in Kabylia (Algeria) and the analysis of the fatty acid composition was carried out by gas chromatography. The main fatty acids found are oleic, palmitic and linoleic acids. Biological tests conducted under laboratory conditions, at a temperature of 30±1°C and a relative humidity of 70 ± 5 %, revealed that the 4 olive oils, applied on soft wheat grains, showed a contact toxicity against R. dominica. The toxicity of the oils varied as a function of the dose and the duration of treatments. After 24 h of exposure, all oils tested at the highest dose (0.4 mL/25 g) were found to be highly toxic to adults of 
R. dominica, with mortality rates ranging from 72.5 to 95 %. The toxicity of the 4 oils based on the LD50 (mL/25 g) values for 24 h mortality is established as follows: Maatkas (213), Bachloul (232), Tadmait (234) and M'Chedellah (263).  
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The number of the F1 offspring decreases as the dose of oil is increased to reach zero with the highest dose, for all treatments. All oils tested completely preserve soft wheat seeds from R. dominica attacks using the same highest dose. On the other hand, results also revealed that treatments with olive oil do not affect the germination capacity of soft wheat seeds. 
 
Keywords: wheat grains, insect pest, Rhyzopertha dominica, olive oil, fatty acids, toxicity, damage. 
 
 
 
Introduction  Cereals occupy a fundamental place in Algerian agriculture, with a surface area of 2.7 million hectares, i.e. nearly 40% of the country's overall agricultural area, and 3.3 million tons in 2014 (FAO, 2015).They also constitute a major part of the human diet worldwide (Chen and Dubcovsky, 2012; Merouche et al., 2014). Soft wheat (Triticum aestivum L.) is an important food crop worldwide due to its nutritional value (FAO, 2019; Valenzuela-Aragon et al., 2019). In Algeria, it ranks third in terms of production after durum wheat (Triticum durum Desf.) and barley (Hordeum vulgare L.), with an annual cultivated area of 0.8 million hectares, representing 24.2 % of the area devoted to cereals country-wide (Bellatreche et al., 2019; Kara et al., 2020; Meziani et al., 2020). The conservation of these products is the only way to ensure the link between the year's harvest and continuous consumption. During storage, various biotic and abiotic factors depreciate it qualitatively and quantitatively, the most important being insect pests (Arve et al., 2014; Hamdi et al., 2015; Abdelli et al., 2016; Aoues et al., 2017; Brahmiet al., 2017; Djidel et al., 2018). According to the assessment of Algerian Inter-Professional Office of Cereals (AIOC), losses that can exceed 35 % have been recorded in recent years (Ahmed, 2016). Among the pests of wheat grains during storage, Rhyzopertha dominica, is a serious pest of stored grain worldwide, due to the quantitative and qualitative losses that it causes (Bashir, 2002; Hagstrum and Flinn, 2014; Filomeno et al., 2020). It is considered a highly destructive pest of wheat, sarrasin rice, maize, sorghum, barley, rye, millet, etc. (Aitken, 1975; Mason and McDonough, 2012; Eydozehi and Ravan, 2013; Kakde et al., 2014; Ridley et al., 2016). As a primary colonizer, R. dominica larvae and adults can infest sound kernels (Hill, 2002; Batta et al., 2007); they spend most of their life inside the kernel, feeding on both the germ and endosperm, directly causing damage and changes the physical and 
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chemicalproperties of the grain. The adult is responsible for losses that are estimated to be eight times greater than those caused by the larvae (Toews et al., 2000; Huchet, 2017). The infestation of stocks by R. dominica causes weight loss (Park et al., 2008; Hendrival et al., 2019; Arthur et al., 2020), a decrease in essential amino acids (Jood et al., 1995; Edde, 2012 ; Boukouvala et al., 2020), a decrease in the germination capacity of grains used as seed and a reduction in plant vigor at emergence (Limonta et al., 2011; Saad et al., 2018; Waongo et al., 2018). Grains infested by R. dominica are then vulnerable to attack by secondary pests and moulds (Srivastava and Subramanian, 2016; Win and Rolania, 2020). Control measures are currently based on the application of chemicals because of their effectiveness and low cost (Boyer et al., 2012; Kumar and Kalita, 2017). Nevertheless, the use of conventional insecticides has caused adverse effects on the agro-ecosystem such as the development of insect resistance, resurgence of secondary pests and environmental contamination, affecting target pests, domestic animals and human health (Mau et al., 2012; Kim et al., 2017; Collins and Schlipalius, 2018; Daglish and Nayak, 2018; Morrison et al., 2019; Nayak et al., 2020). These drawbacks have highlighted the need for sustainable alternatives that are available, affordable, less toxic to mammals and less detrimental to the environment and plants such as botanicals (Kellouche and Soltani, 2004; Kellouche et al., 2010; Hamdi et al., 2015; García-Lara and Serna-Saldivar, 2016; Lougraimzi et al., 2018; Righi et al., 2018; Ekoja and Ogah, 2020; Nia et al., 2020). Recently, there has been an increasing interest in the use of natural oils, including vegetable, essential and mineral oils (Obeng-Ofori and Amiteye, 2005; Lal and Raj, 2012; Rayhan et al., 2014;Rolania and Bhargava, 2015; Singh et al., 2016; Baccari et al., 2020; Chenni et al., 2020; Ebrahimifar et al., 2020; Haouel-Hamdi et al., 2020; Yakhlef et al., 2020). Among vegetable oils, olive oil, due to its high oleic acid content, detected as an insecticidal component, could be used as a biopesticide in insect pest management (Abdallah et al., 2001; Kellouche et al., 2004; Uddin and Sanusi, 2013; Ekoja and Ogah, 2020; Zohry et al., 2020). The aim of the present work was to study the efficacy of four olive oils extracted from olives collected from four localities in Kabylia (Algeria), against 
R. dominica. The importance of this research resides in the development of a natural method of sustainable conservation that can be used locally to protect cereal seeds, which are strategic products in Algeria. 
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Materials and methods 

Plant material and oil extraction The extra virgin olive oils used in this work came from Chemlal, the main Algerian olive variety, at the same stage of maturity (maturity index = 3), in the 2016/2017 crop season (November). Four representative regions of olive oil production in Algeria were selected to obtain the EVOO samples Tadmaït (3. 98778 36° 36′ 44″ North, 3° 59′ 16″ East), Maatkas (3.90186 36° 44′ 34″ North, 3° 54′ 7″ East), M'Chedellah (4.24858 36° 23′ 50″ North, 4° 14′ 55″ East) and Bechloul (4.06667 36° 19′ 0″ North, 4° 4′ 0″ East). The olive fruits were randomly and manually picked from all parts of the selected fully grown olive trees (COI, 2011). The olive maturity index (MI) was determined according to the method developed by the agricultural station in Jaén (Uceda and Hermoso, 1998), on the basis of the evaluation of the olive skin and pulp colors. MI values range from 0 (100% intense green skin) to 7 (100% purple flesh and black skin). Olive oil samples were obtained using a laboratory-scale oil mill (S.I.O.L. 20240 GHISONACCIA, France), consisting of three basic elements: a hammer crusher, a thermo-beater (mixer) and a pulp centrifuge. Olives were first crushed and the resulting paste was slowly mixed for 30 min at 25 °C. Olive oil was obtained after the centrifugation of the paste at 3000 rpm for 3 min (Bengana 
et al., 2013). The oil was separated by decanting, classified according to the origin of the olives; OO1 (Tadmaït), OO2 (Maatkas), OO3 (M'Chedellah), OO4 (Bechloul), and stored at 4 °C in darkness using amber glass bottles without headspace prior to use. 

Fatty acid analysis The analytical methods for the determination of fatty acid composition were described in regulation EEC 2568/91 (EEC, 1991). Fatty acids were converted to fatty acid methyl esters before analysis by vigorous shaking of a solution of oil in hexane (0.2 g in 3 mL) with 0.4 mL of 2 N methanolic potassium hydroxide and analyzed by a GC Chrompack CP 9002 (Les Ulis, France) equipped with a FID detector, an split–splitless injector and a DB23 (50% cyanopropyl) capillary column (30 m x 0.32 mL, 0.25 µm film; Agilent Technologies, Palo Alto, California, USA). The carrier gas was nitrogen (Linear velocity, 0.5 cm/min; split ratio of 1:30, v/v). The temperatures of the injector, detector and the oven were set at 250 °C, 280 °C and 200 °C, respectively. The injection volume was 0.8 µL (EEC, 1991). One replicate was prepared and analyzed per sample. 
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Insects rearing The mass breeding of R. dominica was conducted in the laboratory, in a dark oven at 30±1°C and 70±5% relative humidity, on soft wheat (Triticum aestivum). The strain of R. dominica comes from the storage commodities of CCLS Tizi-Ouzou (Cooperative of Cereals and Dried vegetables). The same conditions of temperature and humidity were chosen to perform our experiments. 
Bioassays Soft wheat seeds of local origin, free of infestation and pesticides, were used for the biotests. Each olive oil extracted was mixed with soft wheat seeds in glass Petri dishes (13 cm diameter and 3 cm height), at three doses: 0.1, 0.2 and 0.4 mL/25 g. All trials were repeated four times for each dose and control. These Petri dishes were shaken manually for 15 min to achieve an equal distribution of the oils in the entire grain mass. Then, 20 unsexed adults <1 weeks old were introduced into each dish, which was immediately closed. Mortality was assessed 24, 48, 72 and 96 h after treatment application. Dead adults were removed and counted during each assessment. Dead insects from oil-treated grain showed signs of rapid immobilization, with their legs flexed and clinging to either the grain or the container surface. Since mean mortality in untreated control was less than 5 %, mortality data were not corrected for natural mortality (Abbott, 1925). LD50 values were determined after 24 h of exposure by Probit analysis (Finney, 1971).  At the end of the tests, all the adults (dead and alive) were removed and the Petri dishes were kept in the oven under the same conditions for an additional period of 45 days to assess emergence of F1 progenies. On day 45, samples of treated or control grains were taken to evaluate weight loss and germination capacity. The weight loss was obtained using the formula described by Tefera et al. (2011): Percent weight loss = (Initial weight - Final weight) × 100. In order to assess the viability of seeds, seed germination was tested using 50 randomly picked seeds from each Petri dish. The seeds were placed on moistened cotton in glass Petri dishes (13 cm in diameter and 3 cm in height) and incubated at room temperature (28-32°C) for 5 days (Kellouche  

et al., 2004; Kumawat and Naga, 2013). The germination percentage was calculated as follows: Germination (%) = (number of germinated seeds / 
total number of seeds) × 100. 

Statistical analysis Data were expressed as mean values and standard deviations (SD) were calculated. All data were subjected to analysis of variance, using Stat Box Pro 



S. KERBEL, I. ABDELLI, H. AZZI, J.F. DEBRAS, A KELLOUCHE   

 56 

(version 6.40). Significant differences between means were determined using Newman-Keuls test at 5% probability. 
 
 
Results  

Fatty acid composition The results obtained (Tab. 1) show that the fatty acid composition of the olive oils analyzed meets the standards set by Commission Regulation EEC/2568/91 of July 11, 1991 for the EVOO category. The major fatty acids present in Chemlal olive oil were oleic (C18:1), linoleic (C18:2), palmitic (C16:0) acids (Tab.1). Oleic acid (C18:1) is the main monounsaturated fatty acid and is present in higher concentrations (59.08–63.59 %). Palmitic acid content, the major saturated fatty acid in olive oil, varied between 17.66 and 18.81% according to the plantation zones. Concerning linoleic acid (C18:2), the highest percentage was observed in EVO2 (15.06%), whereas the lowest was found in EVO1 (12.51%). Chemlal olives also contained low amounts of linolenic acid (C18:3), arachidic acid (C20:0) and traces of palmitoleic acid (C16:1) (Tab.1). Our results are in agreement with those of previous research (Bengana et al., 2013; Bakhouche et al., 2015; Laincer et al., 2016; Medjkouh et 
al., 2016; Boudour-Benrachou et al., 2017; Guissous et al., 2018).  

Table 1. Fatty acid composition (%) of the four oils (C16:0, palmitic acid; C16:1, palmitoleic acid; C17:0, heptadecanoic acid; C18:0, stearic acid; C18:1, oleic acid; C18:2, linoleic acid; C18:3, alpha linolenic acid; C20:0, Arachidic acid; C20:1, eicosenoic acid;C22:0, behenic acid; MUFA/PUFA, monounsaturated fatty acids/ polyunsaturated fatty acids; UFA/SFA, unsaturated fatty acids/saturated fatty acids). 
Fatty acid composition (%)  Legal limits 

EEC/2568/91 
 EVO1 EVO2 EVO3 EVO4  
C16:0 17.8 18.81 17.97 17.66 7.5-20.0 
C16 :1 2.32 3.13 2.26 2.26 0.3-3.5 
C17:0 0.1 0.1 0.27 TR  
C18:0 1.88 2.19 2.12 2.58 0.5-5 
C18 :1 63.59 59.08 62.28 60.39 55-83 
C18 :2 12.51 15.06 13.68 14.81 3.5-21.0 
C18 :3 0.68 0.38 0.52 0.51 ≤1.0 
C20:0 0.48 0.64 0.59 0.73 ≤0.6 
C20:1 0.44 0.27 0.27 0.27 ≤0.4 
C22:0 0.14 0.12 TR TR ≤0.2 
MUFA/PUFA 5.03 0.71 0.52 0.53 - 
Oleic acid/ linoleic acid 5.08 3.92 4.55 4.08 - 
UFA/SFA 3.89 2.25 / / - 
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Contact toxicity of olive oils against R. dominica The results indicated that the four olive oils tested revealed contact toxicity as a function of the tested dose and the time of exposure. Variance analysis using 2 classification criteria shows that dose rate (F= 9599.58, P= 0,000) and origin of oil (F= 11.68, P= 0,000), as well as their interaction, act with a high degree of significance on the percentage of adult mortality. In contact mortality assay after 24 h, 48, 72 and 96 h, the ascending concentrations of the four oils caused increased mortality of the beetles. After 24 h of exposure, all oils, at the highest dose (0.4 mL/25 g), are very toxic to R. 
dominica, the mortality rate ranging from 72.5 to 95%. With the lowest dose (0.1 mL/25 g grains), all oils tested caused a low mortality rate ranging from 18.75 to 48.75%, even after 96 h of exposure (Fig.1A, B, C, D).The order of toxicity of the four oils, taking into account the LD50 (mL/25 g) calculated after 24 h of exposure, is as follows: OO2 (LD50 = 213), OO3 (LD50 = 232), OO1 (LD50 = 234) and OO4 (LD50 =263). 

F1 progeny emergence The four oils significantly reduced the emergence of adults, compared to the control. Variance analysis shows a highly significant effect of the factor dose (F= 1010.706, P= 0,000) on the number of emerged F1 progeny. However, the oil origin and the interaction (dose x oil origin) are not significant (F= 0.517, 
P= 0.676; F=0.424, P=0.915, respectively).   The highest numbers of emergence are observed in the control lots, with an average number of 92.5 adults. Moreover, the number of offspring is inversely proportional to the dose used. In fact, this number decreases as the dose is increased and becomes zero at the highest dose (0.4 mL/25 g grains), in all treatments (Fig.2). 

Grain weight loss All of the oils tested very significantly reduced the weight loss percentage, compared to the control. Variance analysis revealed a significant influence, at the 5% level, of the treatment dose on grain weight loss (F=749.465, P=0.000); however, the factor oil origin and the interaction between the two factors are not significant (F= 0.98, P= 0,411; F=0.681, P=0.723, respectively).  According to the results obtained (Fig.3), we observe that R. dominica caused higher weight loss in the control lots (9.62 %).On the other hand, in lots treated with oils from different regions, a considerable reduction in grain weight loss rates is observed as the treatment dose increases. For all oils tested, treatment with the highest dose 0.4 mL/25 g completely preserves the soft wheat seeds from pest attack. 
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Figure1. Mortality of R. dominica in contact toxicity assay with four extra-virgin olive oils. (A)24h of treatment, (B) 48h, (C) 72h, (D) 96h. N = 80 (4 × 20 insects) for each treatment. Bars with the same letter are not significantly different.24h of treatment. Kruskal Wallis test with multiple comparisons, P< 0.05.  



FATTY ACID COMPOSITION AND BIOLOGICAL ACTIVITY OF FOUR OLIVE OILS FROM KABYLIA (ALGERIA) AGAINST RHYZOPERTHA DOMINICA (COLEOPTERA: BOSTRYCHIDAE) INFESTING WHEAT SEEDS  

 59 

 
Figure 2. Mean progeny production (number of individuals/dish ±SE) on soft wheat treated with the four oils at three doses. Bars with the same letter are not significantly different. Kruskal Wallis test with multiple comparisons, P< 0.05.  

 
Figure 3. Percentage weight loss (%±SD) on soft wheat seeds treated with the four oils at three doses. Bars with the same letter are not significantly different. Kruskal Wallis test with multiple comparisons, P< 0.05.  

Seed germination  According to the ANOVA, seed germination was significantly adversely affected as olive oil concentration increased (F=29.952, P=0.000). As the olive oil dose levels increased, the soft wheat seed germination rate decreased. But the oil origin factor and the dose-origin interaction do not influence germination, F=0.367, P=0.780 and F=1.153, P=0.345, respectively.   
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The tests carried out show that the germination capacity of wheat seeds from untreated and infected control lots reaches 92.50%, while this rate decreases as the dose increases in seeds treated with the various oils, ranging from 79.5% (0.1 mL/25g) to 45% (0.4 mL/25g) (Fig.4).  

 
Figure 4. Percentage germination (%±SD) of soft wheat seeds treated with the four oils at different rates and infested by R. dominica. Bars with the same letter are not significantly different. Kruskal Wallis test with multiple comparisons, P< 0.05.   

Discussion  This study showed the bioactivity of olive oils from different localities on one of the main insect pests of stored cereals, R. dominica. These oils showed contact toxicity against adults of this pest, a significant reduction of its offspring and consequently a reduction in weight loss caused to grains. Moreover, the effectiveness of treatments varies according to the dose of these natural substances. These results confirm those of previous studies that have highlighted the efficacy of different vegetable oils to protect cereal grains against damage caused by different species of insects in stored products (Saxena and Singh 1994; Abdallah et al., 2001; Chander, 2003; Rahman et al., 2003; Yadav et al., 2008; Fogang et al., 2012; Hossain et al., 2014; Rayhan et al., 2014; Gumaa and Elamin, 2015; Wahedi et al., 2015; Chakravarty et al., 2020). The results obtained reveal that after treatment of soft wheat seeds, at the dose of 0.4 mL/25g, the adults of R. dominica live less than 24 h, thus preventing the females from laying eggs and, consequently, the emergence of new offspring. 
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Similar observations have been reported by other authors (Uvah and Ishaya, 1992; Ibrahim, 2012; Uddin and Sanusi, 2013; Parmar and Patel, 2015; Ekoja and Ogah, 2020) on the toxicity of olive oil and other vegetable oils against 
Callosobruchus maculatus (Coleoptera: Bruchidae) infesting cowpea seeds. Other authors such as Wale and Assegie (2015) found that castor bean oil (Ricinus communisL.), applied at a dose of 4mL, against Sitophilus zeamais (Motschulsky) (Coleoptera: Curculionidae) caused 85% mortality after 1 h  of exposure.In addition, groundnut, rape seed and sunflower vegetable oils, at 10 mL/kg of grain, caused considerable mortality in adults of S. granarius L. (Coleoptera: Curculionidae) (60-80%) in 14 days (Tembo and Murfitt, 1995). On the other hand, treatment of maize kernels with fixed oils from Jatropha curcas seeds (Euphorbiaceae) pretreated with different methods (cooking, roasting and raw) (1.50 μl / cm2, for 3 h) induced47.52, 46.96 and 47.36% mortality for  oil obtained from roasted, cooked and raw seeds, respectively, in S. zeamais (Babarinde et al., 2019).  Zohry et al. (2020) showed that black seed oil (Nigella 
sativa), sesame oil (Sesamum indicum) and olive oil (Olea europaea) at 1mL/100g are toxic to adults of S. granarius (83.33-100%) in 72h. The research of Kellouche 
et al. (2004) also reveals that olive oil causes total mortality of adults of  
C. maculatus after 2 h of treatment with 0.8 mL/50g cowpea seeds. The same is true for the work carried out  by Gemechu et al. (2013) who demonstrated the efficacy of mustard and cottonseed oils (0.2 to 0.5 mL/250 g wheat), which cause mortality rates ranging from 25 to 100 % and reduce egg-laying in  
S. zeamais, without affecting the germination capacity of the seeds. According to the aforementioned authors, these treatments with olive oil induce the formation of a film that causes asphyxiation of the insect pest, as also demonstrated by Ait-Aider et al. (2016) in C. maculatus. In addition, adult mortality may have been caused by the action of saturated and unsaturated fatty acids that compose the chemical profile of olive oils (Hil and Schoonhoven, 1981). Moreover, some authors (Don-Pedro, 1990; Ait-Aider et al., 2016) have highlighted the insecticidal effect of oleic acid and linoleic acid against C. maculatus. Regnault-Roger et al. (2002) also revealed the insecticidal activity of certain fatty acids such as oleic acid and undecylenic acid. These compounds cause the rupture of cell membranes, oxidative phosphorylation and insect cuticles (Weinzierl, 2000).  More recently, the insecticidal properties of certain volatile fatty acids (formic, acetic, propiopic, butyric and valeric acid) (Krzyżowski et al., 2020) and a mixture of three free fatty acids, octanoic, nonanoic and decanoic acids (C8910) (Ramadan et al., 2020) have been demonstrated against C. maculatus, 
Lasioderma serricorne (Coleoptera: Ptinidae) and R. dominica, respectively. 
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Variation in oleic and linoleic acid content observed in olive oil samples obtained from the Chemlal variety are probably related to both genetic factors and environmental conditions during fruit development and maturity (Arslan et al., 2013; Essiari et al., 2014; Rondanini et al., 2014; Piscopo et al., 2016; Borges et al., 2017; García-Inza et al., 2018).  Concerning the effect of treatments on the emergence of R. dominica, we observed a significant reduction in the number of first generation offspring when the dose is increased, regardless of the geographical origin of the oil tested. This may be a consequence of the reduction in oviposition and the ovicidal and larvicidal effects of the products tested (Shaaya et al., 1997; Rolania and Bhargava, 2015). This toxicity has also been observed by many authors such as Singh and Mall (1991) in S. oryzae exposed to soft wheat seeds treated with castor, neem, mustard and linseed oils (dose= 0.1%, v/w), Kellouche et al. (2004) with  
C. maculatus (reduction of emergence greater than 90%) in treatments carried out with 1st and 2nd pressing olive oils, and Singh et al. (2016) who demonstrated the biocidal activity of neem and castor oils and recorded a significant reduction in progeny in R. dominica.  In lots treated with olive oils, we observed a very significant reduction in weight losses of wheat seeds infested by R. dominica, which is most probably the consequence of the reduction in emergence of the insect pest as observed by Khinchi et al. (2017) in Callosobruchus chinensis (Coleoptera: Bruchidae), infesting chickpea grains treated with neem, groundnut, coconut and sesamum (4, 8 and 12 mL/kg grains), or Dey and Sarup (1993) with S. oryzae on maize seeds treated with mustard, soya bean, coconut, neem, groundnut, cotton seed, sesame and castor oils. The same observations were also reported by Kumawat and Naga (2013), Akter et al. (2019) and Chakravarty et al. (2020) on pests such as R. dominica, with wheat grains, and C. chinensis, infesting green mung pulse (Vigna radiata) or chickpeas, in treatments with several vegetable oils such as black seed (Nigella sativa), neem, castor, Karanj, coconut, sesame, soybean, and mustard, for example.  Regarding germination tests, the results obtained reveal that the treatments with the different oils affect the germination capacity of the wheat grains as olive oil concentrations increased, as reported by Tembo and Murfitt (1995) testing high doses of groundnut, rape seed and sunflower (10 mL/kg) against S. granarius, as also reported by Yun-tai and Burkholder (1981) with oils of cotton seed, soybean, maize and peanut (5 or 10mL/kg), and Ivbijaro (1984) obtaining a maize kernel viability ranging from 6 to 13% after treatment with groundnut oil (10 to 20 mL/kg), compared to the untreated control (100%). However, several authors have reported the safety of vegetable oils 
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as noted by Singh et al. (2016) testing neem and castor oils (0.1 to 0.20% v/w) on R. dominica infesting wheat grains, and Hassan (2001)testing sesame, sunflower and castor oils (0.1 to 1.25 % v/w) on Trogoderma granarium (Coleoptera: Dermestidae).  
 
 
Conclusion  The results of our tests show that the four olive oils tested are highly toxic to R. dominica. In fact, his toxicity is increased as the dose increases. Comparison of LD50 indicates that olive oil extracted from Maatkas olives is more effective than oils from other olive groves (Bachloul, Tadmait and M'Chedellah).  This study confirmed the agro-phytosanitary potential of Algerian olive oil, which can be used locally as a bio-pesticide for the protection of wheat seeds whose preservation is a major challenge for Algeria. Since Algeria has a diversified olive-growing heritage, the valorization of these plant extracts as part of an integrated control program in the eco-chemical fight against insect pests of stored grains, in order to reduce the significant economic loss recorded each year in storage warehouses, is an interesting option. 
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Abstract. Crude oil contamination is known to cause unwholesome damage to man, his environment comprising of soil, air and water bodies as well as other forms of life. This study determined the effect of crude oil polluted soils on the composition of different microorganisms and plants and the growth of Pleurotus tuberregium. Oil polluted soils in bowls were amended with sawdust from Brachystegia nigerica as substrate. Fruiting bodies and the diameter of the mushroom cap were found to increase with increasing weeks of exposure to oil as against the control which had no fruiting bodies throughout the experiment. Pepperomia pellucida was found to be the predominant weed (n = 20), followed by Asystasia 
gangetica (n = 11). The bacterial and fungal counts were higher at the oil polluted soil attached to sclerotia than the control. The growth of Pleurotus 
tuberregium in the polluted soil samples showed its ability to degrade and utilize hydrocarbon as the source of carbon and energy, thereby remediating the contaminated soil environment. This work has shown that the fungus has bioremediation and pollution control capacity.  
Keywords: crude oil, environmental sustainability, Pleurotus tuberregium, sawdust   
Introduction The rapid and progressive development of the oil industry and allied companies have led to the ever increasing release of different environmental pollutants, such as halogenated and polycyclic aromatic hydrocarbons (Prakash, 
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2017). This has posed a lot of challenges to the environment owing to the high level of contaminants in the environment (Deshmukh et al., 2016). This has brought untold hardships to individuals in the affected regions including health issues plus breathing problems and skin lesions; many have been deprived of basic human amenities of life such as food and potable water (Enerijiofi and Ikhajiagbe, 2021). Bioremediation, which is a cheap and effective process uses several agents such as microorganisms and higher plants as main tools in treating oil spills currently in the environment (Enerijiofi, 2020). However, it is still regarded as an evolving technology because despite the extensive variety of mechanisms by microorganisms, some are still not known (Adenipekun et al., 2013). Mycoremediation which involves the use of fungi mycelia to decontaminate toxic wastes from contaminated areas is gradually gaining ground. Fungi thrive in soils of diverse climatic circumstances as well as the life-threatening ones and proliferate through spores’ dispersal in the air as well as assist in sustaining ecosystem equilibrium (Khatoon et al., 2021).  The variety of habitats and the capability to release lots of enzymes avail fungi as viable nominees for bioremediation at different sites (Zhang et al., 2013). The central issue in mycoremediation is to establish the correct species of fungi to aim at the precise pollutant. Fungi such as Phanaerochaete chrysosporium and Polyporus sp. are capable applicants for bioremediation, since they possess the ability to metabolise greatly different types of recalcitrant environmental pollutants. One main benefit that fungi have over bacterial is that they do not need to get acclimatize to the pollutant of interest (Adenipekun and Lawal, 2012). The possibility of debasing pollutants that do not require a specific method just as the potential for in situ and ex situ are thoroughly examined as the reward of mycoremediation innovation which utilizes mushroom. The genus Pleurotus which belongs to the order Agaricales is considered as one of the commercially vital edible mushrooms throughout the world. Pleurotus species popularly known as Oyster mushrooms have been generally utilized in the degradation of different organic pollutants due to their applications in biotechnology and environment (Thapa et al., 2012; Mohammadi-Sichani et al., 2017). Crude oil / its derivatives contaminated soils are generally of no value to the farmer due to the attendants’ negative effects on soil, soil microorganisms and plants. The study was aimed at degrading crude oil polluted soils with the aid of a very economical and environmentally responsive substrate, Pleurotus 
tuberregium so as to guarantee environmental sustainability. 



MYCORESTORATION OF CRUDE OIL POLLUTED SOIL USING PLEUROTUS TUBERREGIUM   

 75 

Materials and methods  

Collection of materials Twenty seven (27) buckets were purchased and washed properly. Sclerotia of P. tuber-regium were also bought from Ikpoba Hill market in Benin City. Garden soil was collected from an area beside the Botanical garden, University of Benin, Ugbowo Campus. Waste engine oil was collected from Total Filling Station at Mission Road in Benin City. Sawdust, used as substrate was collected from Ugbowo sawmills in Benin City and the sawdust was wood shavings of Brachystegia nigerica. Ten (10kg) of the garden soil was polluted with 1kg of the waste engine oil at 10% w/w. The soils were divided into two batches; Experiment 1 and Experiment 2.  Experiment 1: Oil polluted soil (at 10%w/w of soil) that is substrate amended with sclerotia (at 6%w/w of soil) and divided into sub Experiments A1-D1. Experiment 1: A1: Oil polluted soil + Cubed Sclerotia (all mixed) B1: Oil polluted soil + Powdered Sclerotia (all mixed) C1: Oil polluted soil + Powdered Sclerotia as mulch D1: Oil polluted soil + no Sclerotia. Experiment 2: Only oil polluted soil 10%w/w and has no sawdust at all. A2: Oil polluted soil + Cubed Sclerotia (all mixed) B2: Oil polluted soil + Powdered Sclerotia (all mixed) C2: Oil polluted soil + Powdered Sclerotia as mulch In all there were 7 expts and 2 controls totaling 9x3rep =27bowls.  A total of 10kg of oil polluted soil were obtained and each combination was inoculated with 6% w/w of sclerotia of P. tuberregium (0.6kg) both cubed and powdered and then divided into 2 Expts (Expt1 and Expt2). The Expts 1 were subsequently amended with 2kg of sawdust (i.e. 20% w/w); whereas the Expt 2 was not amended with 2kg of sawdust. The entire set up was left in a screen house for observation.  
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Determination of mushroom emergence  The emergence of fruiting bodies was carefully observed 3 times a week. After emergence parameters were taken weekly (once a week). The different parameters were checked. 
Height of stipe This was done for the buckets treated with sclerotia. It was carefully observed for increase in height. This was done by using a metre rule to measure from the base of the shoot to the terminated bud and records of the length taken.  
Diameter of cap This was done using a tape to carefully measure the cap of the fruiting bodies for all the buckets respectively. 
Number of fruiting bodies The number of newly emerging fruiting bodies was carefully observed and recorded. Each treatment (in 3 replicates) was counted individually and added together to obtain a mean. The same procedure was also used to determine the number of fruiting bodies with caps. 
Number of observable weeds The number of weeds was determined by counting each weed that appeared in the buckets (> 3cm). 
Bacteria and fungi analyses  Soil samples from each replicate were collected and mixed for each concentration. Thereafter the soil was air-dried, sieved and 1g was weighed from each of the different concentrations into the test tubes. Then 9ml of normal saline was added using a syringe and stirred for 30 seconds with the Vortex Genie mixer after which it was covered with foil paper and then allowed to stay for 24 hours (that was the aliquot). Three serial fold dilution was carried out in test tubes containing 9ml of normal saline. Thereafter, aliquot 0.1ml was inoculated into Petri dishes containing already prepared Nutrient agar and 1 tablet of dissolved ketoconazole to inhibit the growth of fungi. This was incubated at 37oC for 24hrs for bacterial growth. Also, 0.1ml aliquot was inoculated into already prepared potato dextrose agar containing 
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chloramphenicol, which inhibits bacterial growth. The plates were incubated at room temperature of 25oC for 72hrs for fungal growth. The colonies observed for bacterial and fungal were counted thereafter and recorded in CFU/g (Enerijiofi et al., 2020). 
Identification of bacteria and fungi species The bacteria were identified according to the method of Holt et al. (1994) while the fungi were identified following the protocol of Fawole and Oso, 2001. 
Determination of total hydrocarbon content The total hydrocarbon content of the soil and fruiting bodies were analysed by adding 5ml of n-hexane to 1gram of the different treatments of the soil sample and the fruiting bodies respectively after two months of planting. These samples were placed in a cuvette and passed through a visible spectrophotometer with the wavelength of 460nm where the absorbance was recorded and the total hydrocarbon content was calculated (Mohammadi-Sichani et al., 2017).  
Statistical analysis Data obtained from the analysis were subjected to statistical analysis under descriptive statistics, in a Mean of 3 replicates. Single factor analyses of variance was used to evaluate the  data obtained since the soil used in the experiment was homogenized and homogeneity of the entire plot was also assumed to evaluate the data obtained. Means of 3 determiantions were presented in Tables. Mean separation was acheived by using Least significant difference (LSD) where neccessary. 

 
 

Results  In Table 1, oil polluted with Sclerotia and sawdust, A1 had the highest fruiting bodies with a cap at week 6 of 11.3 while B1, C1, and D1 had no fruiting bodies at weeks 3, 4, 5 and 6. In contaminated soils with Sclerotia, A2 had the highest number of fruiting bodies with a cap at weeks 4 and 6 of 8.3 while B2 had the lowest, 1.3 at week 6. However, the control had no fruiting bodies with caps throughout the experiment. All experimental soil samples did not support mushroom cap at weeks 3 and 4. In week 6, A2 had the highest of 4.5cm while C2 had the least of 2.2cm. It was also noted that no record was 
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observed for the control throughout the period. For the height of the stipe A1 and A2 had the highest of 8cm at week 6 while C2 had the least of 4.5cm. The weeds that grew in the setup are recorded in Table 2. Pepperomia pellucida was the most predominant weed with a count of 16 at control F. Pepperomia 
pellucida was found to be the predominant weed in all the treatments having a count of 20. This is followed by Asystasia gangetica with a count of 11. No weed was found in control E as well as treatments A1 and B1.  Table 3 recorded the bacterial and fungal count in contaminated soil after two months of planting P. tuberregium. B1 had the highest bacteria count of 3.58 x106 cfu/g while A1 had the highest fungi count of 7.4x105cfu/g in the sawdust amended soil. However, in soils without sawdust, B2 had the highest bacteria count of 7.0x105 cfu/g while A2 had the highest fungal count of 7.3 x105 cfu/g.  Table 4 above shows the bacterial and fungal identified in different treatments after two months of planting. It was observed that Bacillus sp., 
Micrococcus sp. and Staphylococci sp. were among the bacterial isolates that were identified in all soil samples while Aspergillus niger, Penicillium sp., Rhizopus sp. were the predominant fungal isolates. However, Proteus sp. was identified in only B1, Trichoderma sp. only in C2, Proteus sp. in only B1 while Microsporium sp. was present in A1 and C2. Table 5 shows the total hydrocarbon present in different soil treatment and fruiting bodies after two months of planting. It was observed that C1 had the highest THC of 1.625ppm while control, F had the least of 0.29ppm. In the fruiting bodies, A2 had the highest THC of 0.955ppm while A1 had the least of 0.395ppm.   

Table 1. Growth parameters of mushroom growing in oil polluted soil 
Treatments        Week 3 

 A      B        C 
        Week 4 
  A       B         C       Week 5 

A        B         C       Week 6 
A       B        C Control E&F  0       0        0  0         0         0  0        0        0  0        0         0 A1 (O+X+S) 3.3     0        0  7.3      0         0  9.7      0        3  11.3   4.5      8  B1 (O+X+S) 0        0        0 0          0         0 0         0        0 0         0         0 C1 (O+X+S) 0        0        0 0          0         0 0         0        0 0         0         0 D1 (O+S) 0        0        0  0         0         0 0         0        0 0         0         0 A2 (O+X) 4        0        0 8.3      0         0 8         1.5     2.5 8.3      4.5     8 B2 (O+X) 0        0        0 1          0         0 1         0        0 1.3      2.7     6 C2 (O+X) 4.7    0        0 6.7      0         0 8.3     1.9     2.0 7.3     2.2     4.5 

Legend: A= Mean number of mushrooms fruiting bodies with cap, growing in  Oil polluted soil     B= Diameter of Cap of the mushrooms growing in Oil polluted soil (cm)                  C= Height of mushrooms stipe growing in Oil polluted soil.                  O= Oil-polluted soil, X= sclerotia, S sawdust, PS= pure soil 
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Table 2. Weeds grown from soil seed bank in the Oil polluted soil,  with number per species of weed number 
Treatments Weeds Observed   Total  Control E (PS) No weed  0 Control F (O) Pepperomia pellucida (16)  , Asystasia gangética (3) 19 A1 (O+X+S) No weed   0 B1 (O+X+S) No weed  0 C1 (O+X+S) Commelina erecta (1)  1 D1 (O+S) Pepperomia pellucida (1), Cyperusspecies (1)  2 A2 (O+X) Asystasia gangetica (3)  3 B2 (O+X) Pepperomia pellucida (3), Asystasia gangetica (2)  

Eleucine indica (2)  7 C2 (O+X) Asystasia gangetica (3), Cyperusspecies (3)  6 
Legend: O oil-polluted soil, X sclerotia, S sawdust, PS pure soil.  Values presented are means of 3 determinations and rounded off to the nearest integer   

Table 3. Microbial load for bacterial and fungi count in oil polluted soil  after two months of planting 
Treatments  Oil polluted  

soil 
  Oil polluted soil  

attached to sclerotia 
Bacterial 

counts  
(x106 cfu/g) 

Fungal  
counts  

(x105 cfu/g) 

 Bacterial 
counts 

(x107 cfu/g) 

Fungi  
counts  

(x106 cfu/g) Control E (PS) 1.2 3.6  - - Control F (O) 0.77 4.9*  - - A1 (O+X+S) 2.34* 7.4*  2.19 4.45 B1 (O+X+S) 3.58* 5.3*  1.79 2.97 C1 (O+X+S) 2.34* 2.8  1.26 3.92 D1 (O+S) 0.66 3.8  - - A2 (O+X) 1.51 7.3*  2.46 2.77 B2 (O+X) 0.7 4.5  1.44 5.16 C2 (O+X) 1.15 2.7   1.4 3.57       LSD (0.05) 0.97 1.2  NA NA p-value <0.001 0.004  NA NA 
Legend: O oil-polluted soil, X sclerotia, S sawdust, PS pure soil *Means are significantly different from the control (PS), p<0.05 
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Table 4. Microorganisms present in the different oil polluted treated soil  after two months of planting 
Treatments  Oil polluted soil Oil polluted soil attached  

to sclerotia 
 Bacterial 

isolates 
Fungal  
isolates 

Bacterial 
isolates 

Fungal  
isolates Control E (PS) Bacillus sp., 

Micrococcus 
letus,S. aureus 

Penicillium sp.,  
A. flavus., Rhizopus oryzea, 
A. niger, Mucor sp.  

- - 
Control F (O) Bacillus sp., 

Micrococcus sp,  
S. epidymis 

Trichoderma sp.,  
A. niger, Mucor sp.,  
A. flavus, Penicillium sp., 
Rhizopus oryzea. 

- - 
A1 (O+X+S) Bacillus sp., 

Micrococcus sp. Penicillium sp., Rhizopus 
oryzea, Trichoderma sp., 
A. niger. 

Bacillus sp. 
Micrococcus sp 

Rhizopus sp.,  
A. niger, 
Microsporum sp., 
Mucor sp., 
Penicillium sp. B1 (O+X+S) Bacillus sp., 

Proteus sp.,  
S. aureus, 
Micrococcus sp. 

Candida sp., Penicillium sp.,  
A. niger, Rhizopus sp.,  
A. flavus. 

Bacillus sp, 
Proteus sp,  
S. aureus, 
Micrococcus sp. 

A. niger, 
Rhizopus oryzea, 
A. flavus, 
Penicillium sp.,  C1 (O+X+S) Bacillus sp, 

Staph sp, 
Micrococcus 

Mucor sp.,  
Rhizopus sp.,  
Penicillium sp., 
Tricodermal sp.,  
A. niger. 

Bacillus sp, 
Staph sp, 
Micrococcus 

Fusarium sp.,  
A. niger, 
Rhizopus sp., 
Mucor sp., 
Trichoderma sp., 
A. flavus. D1 (O+S) S. epidymis, 

Micrococcus 
A. flavus, Fusarium sp., 
Rhizopus oryzea, Mucor sp., 
Penicillium sp., Aspergillus 

- - 
A2 (O+X) Bacillus sp,  

S. aureus,  
S. epidermidis 

Rhizopus sp.,  
Penicillium sp.,  
A. flavis. 

Bacillus sp,  
S. aureus, S. 
epidermidis 

Rhizopus oryzea, 
A. niger, 
Fusarium sp., 
Penicillium sp.,  
A. flavus B2 (O+X) Bacillus sp,  

S. epidermidis 
A. niger, Trichoderma sp., 
Rhizopus oryzea,  
A. flavus, Penicillium sp. 

Bacillus sp, 
S. epidermidis 

A. flavus, 
Penicillium sp., 
Rhizopus sp., 
Fusarium sp., 
Mucor sp.,  
A. niger. C2 (O+X) Bacillus sp, 

Micrococcus sp,  
S. aureus, 

Penicillium sp., 
Aspergillus flavus, 
Trichoderma sp.,  
Rhizopus oryzea,  
Mucor sp. 

Bacillus sp, 
Micrococcus sp,  
S. aureus, 

A. niger,  
A. flavus, 
Rhizopus sp., 
Microsporium sp., 
Mucor sp., 
Trichoderma sp., 
Penicillium sp. 

Legend: O oil-polluted soil, X sclerotia, S sawdust, PS pure soil 
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Table 5. Total Hydrocarbon Content of the soil sample and  fruiting bodies after two months of planting 
Treatments Total Hydrocarbon Content (ppm) 

Soil Fruiting bodies 1st control (E) PS 1.375 - 2nd control (F) O 0.29* - A1 O+X+S 1.55 0.395 B1 O+X+S 1.42 - C1 O+X+S 1.63 - D1 O+S 0.65* - A2 O+S 0.77* 0.955 B2 O+S 2.53* 0.640 C2 O+S 1.42 0.590    LSD (0.05) 0.59 NA p-value 0.024 NA 
Legend: O oil-polluted soil, X sclerotia, S sawdust, PS pure soil *Means different from the control (O), p<0.05   

Discussion  The research was carried out to demonstrate the ability to utilize fungi for remediation purposes despite its importance as food to man. Three parameters: fruiting bodies, cap diameter and height of stipe were used to monitor the ability of the mushroom to grow in crude oil amended soil environment. The result as stated in Table 1 revealed that the mushroom was able to utilize crude oil in the presence of sawdust as a substrate over time for growth and proliferation. This could be responsible for the higher fruiting bodies recorded (Thenmozhi et al., 2013). The increasing concern of the human population on the indiscriminate deposition of agricultural wastes into the environment has made focus on assessing the biodegradation ability of the white-rot fungi (mushrooms) on these waste (Isikhuemhen et al., 2010). Bioremediation of polluted soils by white-rot fungi is another area, using both local and exotic species to remediate different types of soils polluted with materials such as crude oil and its products of fractional distillation (Jonathan et al., 2010). The usefulness of the treated soil was attested to by (Isikhuemhen et al., 2011) where they reported its application on the cultivation of vegetables.  The ability of fungi to utilize crude oil profusely in the presence of sawdust is as also shown in Table 1. The isolates were found to proliferate with an increasing period of exposure. Similar work by Lawal et al. (2011), reported the cultivation of white-rot fungi which assessed the ability of white-rot fungi to degrade 
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agricultural wastes which are a nuisance to the environment. Also, Isikhuemhen 
et al. (2011) reported that white-rot fungi, Pleurotus species which are know to break down Polyaromatics (PAHs) and Polychlorinated biphenyls (PCB) into different fractions due to their ability to secrete lignocellulolytic enzymes are important in oxidizing persistent pollutants. Oluwafemi et al. (2011) reported that the use of Gas Chromatography-Mass Spetrophotometry and cation-exchange on sample analysis would enable one to characterize the genes that are regulated during growth and give a better understanding of the gene fractions involved by white-rot fungi during bioremediation. The height of the stipe as recorded same Table 1 shows increased growth with prolonged exposure to the contaminated soil, which means that the mushrooms are able to utilize crude oil. The weeds that grew in the setup are recorded in Table 2. Pepperomia pellucida was the most predominant weed with the count at the oil polluted soil. This shows that the soil supported the growth of Pepperomia pellucida more than other experimental soils particularly the pure soil and oil polluted soil, and soil with soils with sclerotia and sawdust. This shows that the crude oil amended soil contained toxic substances that do not support the growth of weeds, hence no growth was recorded. Table 3 recorded the bacterial and fungal count in contaminated soil after two months of planting. The results of the bacterial and fungal counts revealed the ability of the isolates to grow profusely in the oil polluted soil particularly in the presence of sclerotia and sawdust. However, in general, the fungal isolates were observed to be more in numbers. This point to the obvious that fungi are better able to utilize and crude oil than bacterial species.  Table 4 above shows the bacterial and fungal identified in different treatments after two months of planting. It was observed that Bacillus sp., 
Micrococcus sp. and Staphylococci sp. were among the bacterial isolates that were identified in all soil samples while Aspergillus niger, Penicillium sp., 
Rhizopus sp. were the predominant fungal isolates. However, Proteus sp. was identified in only B1, Trichoderma sp. only in C2, Proteus sp. in only B1 while 
Microsporium sp. was present in A1 and C2. The bacterial and fungal isolates reported were not surprising as previous reports have documented them to be indigenous isolates in soil especially Bacillus, Micrococcus, Staphylococci  
Aspergillus, Penicillium and Rhizopus species. (Prakash, 2017; Thenmozhi et al., 2013). The fungal species reported were more than the bacterial isolates which also point to their robust morphology and diverse metabolic capacity. This makes fungal better agents of bioremediation and pollution control. Table 5 shows the total hydrocarbon present in different soil treatment and fruiting bodies after two months of planting. It was observed that C1 had the highest THC of 1.625ppm while control, F had the least of 0.29ppm. In the fruiting bodies, A2 had the highest THC of 0.955ppm while A1 had the least of 0.395ppm. It was observed that the crude oil polluted soil containing sclerotia and amended 
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with sawdust contained more hydrocarbons than the oil polluted soil with sawdust. This shows that fungi (sclerotia) are better degraders of hydrocarbons. In corroboration, Davis and Wilson (2005) reported that for efficient bioremediation, soil amendments are added to increase microbial activities. Also, Pleurotus 
tuberregium has been used to improve bioremediation of soils contaminated with crude oil (Adedokun and Ataga, 2007). The technology of bioremediation employed was simple, cheap, effective and environmentally friendly, whose biostimulant is pleasant and mainly of organic origin, i.e., sawdust, which is mostly referred to as waste and is of no economic value to the ordinary man.  

 
Conclusions This work has showed the potential of Pleurotus tuberregium in the degradation of crude oil polluted sites and confirmed the significant ecological role of fungi in petroleum-polluted environments.   
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Abstract. In July 2020 we analyzed the terrestrial isopod assemblages from different (mostly abandoned) railway constructions in Dobruja, eastern Romania. We identified 10 terrestrial isopod species, of which the most abundant and frequent were Porcellionides pruinosus (Brandt, 1833) and Armadillidium vulgare Latreille, 1804. We identified species that, in Romania, are present only in Dobruja: Leptotrichus pilosus Dollfus, 1905 and Trachelipus squamuliger (Verhoeff, 1907). Most of the species are common, generalist or synanthropic, connected to dry and open habitats. In abandoned railway-stations the number of species/samples was low (at most two), but at the base of a stone railway bridge in Babadag forest six species were found.  
Key words: transportation network, habitats, artificial structures.  
Introduction  Dobruja is a region from eastern Romania with a warmer and drier climate than other areas in the country (e.g. Mândruț, 2006; Croitoru et al., 2013; Prăvălie and Bandoc, 2015). However, in Dobruja, there are numerous isopod species (Radu, 1983; 1985; Giurginca and Ćurčić, 2003; Tomescu and Teodor, 2018) compared with other regions in the country (Radu, 1983; 1985), even if their distribution is determined by humidity (Hornung, 2011). 
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Nevertheless, previous studies focused mainly on natural habitats (Giurginca and Ćurčić, 2003; Tomescu and Teodor, 2018), including caves (Tăbăcaru and Boghean, 1989; Gruia et al., 1994; Gruia and Giurginca, 1998). However, it is known that isopods can use disturbed habitats, as they are present in large number in urban areas (Vilisics and Hornung, 2009; Ferenți et al., 2015; Giurginca et al., 2017; Laza et al., 2017; Pop et al., 2019), but also on highways edges (Vona-Túri et al., 2016; 2017; 2018; 2019). Thus, considering the rich terrestrial isopod fauna of Dobruja (Radu, 1983; 1985; Giurginca and Ćurčić, 2003; Tomescu and Teodor, 2018), we supposed that some of these species are present in artificial habitats too, like transportation network infrastructure. For this, we chose the railways, which have a dual relation with the fauna: on one hand they favor certain animals, like herpetofauna, isopods, spiders or pollinators (e.g. Covaciu-Marcov et al., 2006; 2017; Wrzesień et al., 2016; Graitson et al., 2020), but on the other hand they cause the mortality of some animals, both vertebrates (e.g. Budzik and Budzik, 2014; Heske, 2015; Dornas 
et al., 2019; Joshi and Puri, 2019) and invertebrates (Pop et al., 2020). In Dobruja many railway stations were abandoned in the last years (C.F.R., 1993; C.F.R., 2019). Thus, our objective was to collect preliminary data about the terrestrial isopod fauna from Dobruja which populates different railway constructions.  

Material and methods  The field work was realized at the end of July 2020. We investigated two secondary railway lines, which cross Dobruja on the north-south direction, diverging from the main line at Medgidia, namely Medgidia - Tulcea line and Medgidia - Negru Vodă line (C.F.R., 2019). The Tulcea line has a low number of passenger trains (maximum of six trains / day (C.F.R., 2019) and freight trains. On the Negru Vodă line passenger trains were suspended (C.F.R., 2019). We searched for terrestrial isopods around various constructions along these lines, especially in railway stations abandoned in the last years (C.F.R., 1993; C.F.R., 2019). We collected terrestrial isopods from five disused railway stations and from abandoned constructions belonging to two functional stations. Also, we collected isopods at the base of a stone railway bridge in Babadag forest. Under the bridge there is a tunnel with a road that leads to a stone quarry. The isopods were collected under the debris from the abandoned stations, or under the stones that fell at the base of the bridge. In each locality, the sampling took approximately 20 minutes, as in other cases (Ferenți and Covaciu-Marcov, 2016; Pop et al., 2019). The isopods were determined in the laboratory.  On the railways from Dobruja we collected 113 terrestrial isopod individuals, who belonged to 10 species (Hyloniscus riparius (Koch, 1838), 
Haplophthalmus danicus Budde-Lundt 1879, Porcellium collicola (Verhoeff, 1907), 
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Leptotrichus pilosus Dollfus, 1905, Trachelipus nodulosus (Koch, 1838), Trachelipus 
squamuliger (Verhoeff, 1907), Porcellionides pruinosus (Brandt, 1833), Cylisticus 
convexus (De Geer 1778), Armadillidium vulgare Latreille, 1804, and one 
Armadillidium species that could not be determined, as we collected only one juvenile). The species number / locality was reduced; in the case of the abandoned stations, we registered one, at most two species / locality. In the case of the stone bridge from Babadag forest, we identified six terrestrial isopod species. The percentage abundance differed between localities. The highest percentage abundance was registered by P. pruinosus, followed by A. vulgare (Tab. 1).  
A. vulgare also registered the highest frequency of occurrence.   

Table 1. Percentage abundance and frequency of occurrence of terrestrial isopods in the studied railway constructions in Dobruja (1. – Istria, 2. Ciocârlia,  3. – Nazarcea, 4. – Târgușor Dobrogea, 5. – Ceamurlia de Jos, 6. – Zebil, 7. – Mihail Kogălniceanu, 8. – Babadag forests: S – station, B – Bridge, P% – Total percentage abundance, f% – Total frequency of occurrence) 
Locality   1. 2. 3. 4. 5. 6. 7. 8. P% f% Type  S S S S  S  S S  B 
H. riparius - - - - - - - 4.42 4.42 12.5 
H. danicus - - - - - - - 0.88 0.88 12.5 
P. collicola - - - - - - - 0.88 0.88 12.5 
L. pilosus  - - - 6.19 - - - - 6.19 12.5 
T. nodulosus - - - - - - - 2.65 2.65 12.5 
T. squamuliger - - - - - - - 8.84 8.84 12.5 
P. pruinosus 8.84 - - 3.53 21.2 3.53 - - 37.1 50 
C. convexus - - - - - - 0.88 2.65 3.53 25 
A. vulgare 3.53 - 0.88 - 1.76 12.3 15.9 - 34.5 62.5 
A. sp. - 0.88 - - - - - - 0.88 12.5 Species number 2 1 1 2 2 2 2 6   P% 12.3 0.88 0.88 9.73 23 15.9 16.8 20.3   

Discussions  The number of terrestrial isopod species identified on the railways from Dobruja is reduced compared with the one recorded in the region’s natural habitats, where more than 40 species are present (Giurginca and Ćurčić, 2003, Tomescu and Teodor, 2018). Nevertheless, the species number identified on the railways in Dobruja is close to the one registered in some towns in Romania (Ferenți et al., 2015; Laza et al., 2017). Thus, as railways are artificial habitats, the species richness is close to the one registered in other artificial areas with more diverse habitats, like towns (Ferenți et al., 2015; Laza et al., 2017). This could be a consequence of the high isopod diversity in Dobruja 
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(Giurginca and Ćurčić, 2003), some of the local species colonizing railways. Compared to abandoned railway tunnels (Covaciu-Marcov et al., 2017) the number of isopods species identified on the railways in Dobruja was smaller, but the number of tunnels was higher compared with the number of railway constructions from Dobruja. At the same time, tunnels were situated in different (usually mountain) areas and the study was made in different periods (Covaciu-Marcov et al., 2017). The low number of isopod species registered on the railways does not necessary reflect the assemblages’ poverty, but could be a consequence of the study period, as temperature and humidity also influences isopods near highways (Vona-Túri et al., 2019). The study was made in summer, in the warmest and driest region of Romania (Mândruț, 2006; Croitoru et al., 2013; Prăvălie and Bandoc, 2015), and terrestrial isopods are related to humidity (e.g. Warburg et al., 1984; Hornung et al., 2011). Previously in one of the investigated railway-stations the feeding of two frog species was studied in the spring (Covaciu-Marcov et al., 2012) and those frogs consumed more isopod species than we identified now. Probably in the spring more species are active, but in the middle of the summer only the most drought-resistant ones were present. Probably in other seasons, the number of isopod species would have been higher than in many towns.  Compared with the isopods identified near highways (Vona-Túri et al., 2017; 2019), the number of species registered near the railways from Dobruja was smaller. However, it is difficult to make such comparison, because we have fewer samples, from a smaller area, while near highways more road-areas were investigated, from a larger area, and at different distances from the roads (Vona-Túri et al., 2017). Because the isopods near highways were sampled with pitfall traps, the individual number was huge (Vona-Túri et al., 2017; 2019), and this reduced the species diversity compared with the railways from Dobruja, in the case of roads, the lowest species richness was near forests (Vona-Túri et al., 2017), but in Dobruja in such habitats it was the highest. This could be a consequence of the species different ecological demands. Also, it could be caused by the differences between roads and railways, as roads generally have a more intense traffic, are wider and more polluted than railways (see in: Borda-de-Água et al., 2017). In the same time, on roads the maximum species richness was registered at 40 meters from the roads (Vona-Túri et al., 2017), but in Dobruja the isopods were collected at only few meters from the line. Most of the terrestrial isopod species from the railways in Dobruja are common, generalist species, a fact which was also mentioned in the case of roads (Vona-Túri et al., 2016; 2017; 2018). The most common species (P. pruinosus and A. vulgare) are synanthropic species, frequently mentioned in artificial, or at least partially modified habitats (e.g. Vilisics and Hornung, 2009; Laza et al., 2017; Bodog et al., 2018) even on the roads’ edges (Vona-Túri et al., 2018). 
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Both are considered species with Mediterranean affinities (e.g. Cochard et al., 2010), thus their presence and high abundance in Dobruja and on the railways, should not be surprising. However, we also registered rare species with a limited distribution in Romania. This is the case of T. squamuliger, a species recently recorded for the first time in Romania, only in a few localities in Dobruja (Tomescu et al., 2015, Tomescu and Teodor, 2018). T. squamuliger is rare also on railways, as it was encountered only on the bridge from Babadag forest. This is the fifth distribution record of this species in Romania, representing a connection between its previous distribution localities in northern and southern Dobruja (Tomescu et al., 2015). At the same time, is seems to clarify at least partially its ecology (Tomescu et al., 2015), indicating that in Dobruja it is probably related with forests. At Babadag it was encountered in an oak and hornbeam forest, at the base of a stone bridge, in a relatively humid habitat with humid soil and fallen leaves. Another rare species, present in Romania only in Dobruja is L. pilosus (Radu, 1985; Giurginca and Ćurčić, 2003; Schmalfuss, 2003). It was recorded only in central Dobruja, in the ruins of the abandoned water tower from Târgușor Dobrogea station, in an open and arid region, which seems to be characteristic for this species (Radu, 1985). L. pilosus is rare also in Dobruja, as it seams missing in the Danube Delta (Tomescu and Teodor, 2018). Also, in the case of this species the new locality seems to be a connection between the previously known ones (Radu, 1985; Giurginca and Ćurčić, 2003). The terrestrial isopod fauna from the abandoned railway stations is poor, comprising numerous individuals from few species. As an exception, the stone bridge from Babadag forest shelters numerous species. Those species have different ecological demands compared with the ones from the railway stations, as species like H. riparius, P. collicola or H. danicus, are considered related to wet areas (e.g. Radu, 1983; 1985). This different fauna is a consequence of different neighboring areas, as the habitats from Babadag is the only one surrounded by forests. This fact confirms the importance of forests for the native terrestrial isopods in Romania (e.g. Ferenți et al., 2013; Ferenți and Covaciu-Marcov, 2016), as the species identified in this habitat are generally native, many related with humid habitats. At the same time, it seems to indicate that also in the case of railways the neighboring areas are important for isopods, fact already mentioned in the case of towns (e.g. Herle et al., 2016; Bodog et al., 2018). Thus, a railway structure from natural areas will have a richer and more diverse terrestrial isopod fauna compared with an affected dry and open area. Terrestrial isopod assemblages vary according to the neighboring habitats characteristics on roads too (Vona-Túri et al., 2017). As it is situated in a forest, the stone bridge from Babadag was colonized by the richer isopod fauna from the forest. Probably, in this way, the stone bridge is similar with the entrance of a tunnel (see in: Covaciu-Marcov et al., 2017). Nevertheless, in this habitat we also recorded 
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species like T. nodulosus, which is related to dry and grassy areas (Farkas, 2010; Tomescu et al., 2015). Moreover, T. nodulosus missed from the other localities, although it was common on the highway edges in Hungary (Vona-Túri et al., 2019). Even if it is common in other regions from Romania, T. nodulosus seems rare in Dobruja (Tomescu et al., 2015). This seems surprising since nowadays most of this region is covered with open grassy habitats, as forests were not a majority in the region even in the past (see in: Feurdean et al., 2021). Probably, the climate in Dobruja, with hot and dry summers is too much for this species, which at least in summers needs more humidity, thus it remains active only in forests.   
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Abstract. The aim of the present paper was to analyze the measurements of the Eurasian Coot (Fulica atra) eggs in order to evaluate if the local conditions, presented here, differ in some way from older data found in references dating to 1955 in Romania. The data were collected from the Eurasian Coot nests identified (N=8) at Câmpenești fishponds, located in North-Western Romania, in May 2018. The clutch size was 7.5 ±1.6, ranging from 5 to 10 eggs. The mean egg length was 50.81 mm, and the mean egg breadth was 34.5 mm with higher variability in case of the first measurement. The mean egg volume was 31.3 cm3 which is much smaller than reported in the Romanian references (36.13 cm3). Regarding intra-clutch variance, we found that some clutches manifest a higher length, breadth and volume variance than others which can be a result of the intraspecific nest parasitism or environmental variances. The results brought some extensions of egg length and egg breadth limits and also may reflect a decrease in egg size over time.  
Keywords: egg length, egg breadth, egg volume, intraspecific variation    
Introduction  The present paper aims to analyze the Eurasian coot (Fulica atra) egg morphometry and to compare our data with similar findings from the literature dating to 1955 from Romania and also from Poland (Polak, 2010). In birds, the 



V.A. KISS   

 94 

genotype, laying date, laying order, and ambient temperature just before laying may influence the egg size variation (Custer and Frederick, 1990; Polak 2010). Clutch size and egg characteristics also vary among and within bird species (Figuerola and Green, 2005). Intraspecific and intraclutch variation may give a hint about the nestling hatching and its survival (Blackburn, 1991; Profus et al., 2004). It is known that larger eggs contain more nutrients, thus hatchlings from larger eggs are more sizeable, grow faster, and also show a higher survival rate than those from smaller eggs (Mitrus and Rogala, 2001). The egg size variation can also provide information about intraspecific brood parasitism (Cheng et al., 2016). Regarding the clutch size, the larger the clutch the lower the survival rate of the offspring due to an increased possibility of being detected by predators (David et al., 2018). The Eurasian coot is a sexually monomorphic, monogamous water bird of the family Rallidae (Cramp and Simmons, 1980; Samraoui and Samraoui, 2007). It breeds in inland wetlands where emergent vegetation is present. In this species, a pair’s breeding success each season is positively related to the abundance of submerged vegetation (Nieoczym and Kloskowski, 2018) because emergent vegetation presumably provides nesting habitats and protection against aerial predators (Salathé, 1986). Coots are generally nesting on wet vegetation stands with rich food (plant or animal) resources (Glutz et al., 1981).  Egg size varies in relation to a lot of factors such as the age of the females, some anatomical and physiological features of the females or the mass of the oviduct and endogen proteins (Christians, 2002). The size of the clutch is influenced by the distance from shore of the nest emplacement and the weight of the egg is also dependent on this parameter (Uzun et al., 2010). The Carp population may also influence the clutch and egg measurements (Nieoczym and Kloskowski, 2018). In this context, our samples may seem insufficient (N=60 measured eggs can be interpreted as insufficient) but this number can reflect the situation found at Câmpenești and can reflect the general values that can be identified in the local conditions of those wetlands. The interpretation of data does not involve correlation in order to insist and isolate one parameter. Moreover, our results obtained through measurement, not calculation or statistical interpretation, bring novelty in relation to the existing data in the bibliography.   
Materials and methods  Câmpenești fishing complex is in the North-Western Transylvania, Romania (46°50’01.60”N, 23°43’12.92”E). Seven fishponds are found at Câmpenești fishing complex, each of them having different ecological particularities (Kiss and Pripon, 2019a, b). In this study, we chose two of those ponds based on observations 



MORPHOMETRIC ANALYSIS OF FULICA ATRA FROM CÂMPENEȘTI, NORTH-WESTERN ROMANIA   

 95 

indicating they the highest number of breeding pairs of coots. The distance between the two ponds where the nests were identified was 1.36 km. The data was collected between 8 and 9 May 2018. For the nest searching, we used the line transect method (Gregory et al., 2004). We measured the length and the breadth of the egg with a digital caliper. The volume was determined after Hoyt’s formula: 𝑉 = 𝑘 𝑥 𝐿 𝑥 𝐵 1000⁄  where k = 0.51 (Hoyt, 1979), L = length and B = breadth. Standard deviation was calculated using standard statistical equations, as square root of the variance.   
Results and discussion  At Câmpenești fishing ponds, the Eurasian coot is one of the most abundant species of waterbird (Kiss and Pripon, 2019a). A total of 60 eggs from 8 complete nests were identified and measured (Table 1 and Table 2) at Câmpenești. Regarding the clutch size, the mean value was 7.5 eggs/clutch with a variation similar to that found in eastern Poland in a similar habitat type in 2005 – 2008 (Polak, 2010). Regarding the minimum number of eggs per clutch, this was identical to the one mentioned by Polak (Polak, 2010) and lower than the one mentioned by Linția in 1955 (Linția, 1955). On the other hand, the maximum number of eggs per clutch was lower than the maximum number mentioned by Polak and by Linția (Table 1). We observed a negative trend regarding clutch size based on the minimum number and the maximum number of eggs mentioned 60 years ago in Romania. This trend should be studied more comprehensively for a longer period and museum collections should be also analyzed. In comparison with other studied Rallidae species (David et al., 2018), we found that the mean number of eggs in coot nests (7.5) is lower than in Water rails (Rallus aquaticus) – 8.36 and higher than in Little crakes (Porzana parva) – 6,22 (David et al., 2018).  

Table 1. Clutch size characteristics in Eurasian Coot nests identified  at Câmpenești in 2018 in comparison with other studies  from Romania (Linția, 1955) and Poland (Polak, 2010) 
 Linția (1955) Polak (2010) This study  
Total number of clutches - 106 8 
Minimum number of eggs/clutch 7 5 5 
Maximum number of eggs/clutch 12 14 10 
Mean of eggs/clutch ±SD - 7.52 ± 1.59 7.5 ±1.60  
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Table 2. Egg measurements from Eurasian Coot clutches identified  at Câmpenești in 2018 in comparison with other studies  from Romania (Linția, 1955) and Poland (Polak, 2010) 
  Linția (1955) Polak (2010) This study  
N (samples)  100 797 60 
Length (mm) Minimum 48.9  43.09 Maximum  59.4  55.69 Mean ±SD 57.41 52.70 ±2.33 50.81 ±2.54 
Breadth (mm) Minimum 32.1  32.22 Maximum  39  43.38 Mean ±SD 35.13 36.52 ±1.22 34.55 ±1.48 
Volume (cm3) Minimum   24.73 Maximum    50.3 Mean ±SD 36.13 35.72 ±3.44 31.3 ±3.74   We obtained almost the same values for the egg dimensions as Polak’s study (Polak, 2010 - Table 2) but in all cases, we obtained a slightly lower value and a slightly pronounced variation (Table 2). We can notice that a high difference is present between the data obtained from Câmpenești and those from 1955 obtained by Linția (Linția, 1955). Comparing the differences between the mean values, we saw an 11% decrease in length and a 13% decrease in volume. Regarding egg breadth, the difference is insignificant (1%) which shows that this dimension presents higher stability. On the other hand, we can observe that the minimum and maximum values for egg length at Câmpenești are considerably lower than those mentioned by Linția (Linția, 1955). Regarding egg breadth, we see that the minimum value is approximately identical to the one from 1955, but the maximum value is larger, meaning some eggs at Câmpenești are wider. If we compare our results with ones obtained for other species from the Rallidae family (David et al., 2018), we ascertain that the minimum egg length in the Eurasian coot is 3.5 mm larger than the maximum length of a Water rails’ egg. The difference between the maximum and minimum egg length values for the Eurasian coot it is 12.6 mm, which makes the interspecific difference approximatively three times smaller than the intraspecific difference. Regarding the breadth of the little crake’s eggs, some of the eggs have a bigger breadth (max: 36.93 mm (David et al., 2018)) than the Eurasian Coot’s eggs (min: 32.22 mm – Table 2). Concerning the egg volume, the minimum value was considerably lower compared with both Polak (Polak, 2010) and Linția’s studies (Linția, 1955), showing a difference of 4.4 cm3 in the first case and 4.83 cm3 in the second 
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case (Table 2). The minimum value of the volume in Eurasian coot’s egg at Câmpenești (24.73 cm3 – Table 2) it is approximatively equal with the maximum value of the Water Rail’s egg – 24.14 cm3 (David et al., 2018) which reflects a reduced interspecific difference regarding this parameter. Until now the discussions were focused on the intraspecific and interspecific differences regarding the clutch and the egg dimensions of the Eurasian Coot. Some interesting aspects can be observed from the variation of those parameters between clutches.  
Inter-clutch analysis of the length, breadth and volume  In every clutch, the egg length varies to some degree (Fig. 1). Clutch number 8 contains 7 eggs and is the most variable clutch, while clutch numbers 1 (10 eggs) and 5 (6 eggs) are the least variables (Fig. 1). The rest of the clutches vary approximately equivalently.  The egg breadth does not vary as much as egg length (Fig. 1).  For egg breadth, the most stable clutches are number 1 and number 7 and the most variable clutches are number 8 and 2 (Fig. 1). We can observe that in the case of breadth and length, clutch 8 varies considerably, reflecting that the nest may be intraspecific parasitized. The most pronounced variation regarding the egg breadth was found in clutch 2 where the egg length has an intermediary variation as shown in Figure 1. If we compare clutch number 2 to the rest of the clutches which were influenced by the same environmental factors, we can also question the status of the clutch (if it was intraspecific parasitized or not). Regarding the volume of the eggs, we notice a similar spectrum of variance between the clutches (Fig. 1), where the eggs from clutches 2 and 8 have more variable eggs than clutches 1, 6, 5, and 7 where the egg volume is relatively constant even though clutch 1 has more eggs than the others.   
Conclusions  In conclusion, we can say that the measured values for egg length, egg breadth and egg volume are similar to the eastern Poland study, but they are different from the ones in Romania in 1955, showing an evident decrease in egg length and egg volume in the latter case. A negative trend is also present in both egg dimensions, with the length of the egg being more variable and the breadth more stable. In both cases, we found high variation which goes over the limits stipulated by Linția in 1955, stretching the limits for the maximum value of breadth by + 4.38 mm and the minimum value for length by -5.81 mm. 
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Regarding Eurasian coot and Water rail egg volumes, the interspecific differences are very small even though the body size difference between those species is significant. We can also say that the length, breadth and volume vary considerably between some clutches which can be a sign of intraspecific parasitism but also a result of the environmental influences during the laying period.  

  

 
 
 

Figure 1. The variation of length (top), breadth (middle) and volume (down) of Coot (Fulica atra) eggs in 8 clutches identified at Câmpenești.  
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