
PLANT GROWTH-PROMOTING BACTERIA (PGPB): A GREEN SOLUTION TO 
COMBAT SOIL HEAVY METAL CONTAMINATION

Aisha Kamba Hitshika*, Aslı Bayer, and Esra Ersoy Ömeroğlu
Department of Biology, Basic and Industrial Microbiology Section, Faculty of Sciences, Ege University, İzmir, Turkey

*Corresponding author: ahitshika@gmail.com

ABSTRACT: Heavy metal contamination in soils poses significant risks to agriculture, ecosystems, and public health due to the toxicity
and persistence of metals like lead, cadmium, mercury, and arsenic. Traditional remediation methods are often inefficient and may
harm soil quality. Plant growth-promoting bacteria (PGPB) offer a sustainable alternative by reducing metal bioavailability, enhancing
plant resilience, and supporting growth in contaminated conditions. This review explores the mechanisms and recent advances in PGPB
applications, emphasizing their potential in sustainable agriculture and environmental restoration.

II. PGPB Mechanisms in Mitigating Heavy Metal Contamination

Microbial remediation of heavy metal-contaminated soils, particularly using plant
growth-promoting bacteria (PGPB), is a cost-effective and practical approach that not
only removes toxic pollutants but also supports the recovery of local ecosystems [3].

2.1. Heavy Metal Stabilization
PGPB reduce soil metal toxicity by decreasing metal bioavailability and mobility

through surface binding and extracellular polymeric substances (EPS), which form metal
complexes and limit plant uptake (Figure 1). They also immobilize metals via
precipitation and alkalization, using secreted acids to create insoluble precipitates and
enhancing phosphate solubilization to form metal-phosphate compounds [1].

2.2. Metal Biosorption and Bioaccumulation
PGPB enhance phytoremediation by promoting metal detoxification through

biosorption and bioaccumulation, as well as producing plant-supportive compounds like
hormones and ACCD (Figure 1). Biosorption binds metals to cell surfaces, while
bioaccumulation stores them within cells, improving plant resistance to heavy metals.

2.3. Phytoremediation
Phytoremediation is an eco-friendly method that uses plants to remove, degrade, or

stabilize environmental contaminants. While effective, metal-contaminated soils pose
challenges due to harsh conditions for plant growth [1]. To enhance this process, PGPB
are employed to boost plant growth, health, and metal tolerance, making them vital for
improving phytoremediation strategies through their supportive mechanisms and
interactions with plants [2].

I. Introduction 

Heavy metal contamination in soils has become a global issue,
driven by both natural geological processes and human activities
such as mining, industrialization, and the use of agrochemicals.
These metals, being persistent and non-biodegradable,
accumulate in soils and the food chain, posing risks to human
health, environmental stability, and ecosystems. Conventional
remediation methods, while widely used, are often invasive,
costly, and ineffective for dispersed or low-level contamination
[1].

In contrast, plant growth-promoting bacteria (PGPB) offer a
sustainable alternative. These microbes reduce metal toxicity,
enhance plant tolerance to environmental stresses, and improve
soil health by regulating metal bioavailability. This review focuses
on the mechanisms through which PGPB aid bioremediation and
highlights recent advancements in their application as an eco-
friendly solution to address the challenges of heavy metal
contamination [2].

III. Conclusion 

PGPB are valuable in remediating metal-contaminated soils by
promoting plant growth, enhancing metal uptake, and reducing
toxicity through mechanisms like biosorption, biofilm formation,
and chelation. However, challenges such as poor genetic stability,
competition with native microbes, and sensitivity to environmental
factors can limit their effectiveness. While a promising eco-friendly
solution, further research and field trials are needed to optimize
PGPB-based strategies for sustainable and efficient bioremediation.
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Figure 1. Mechanism of the synergistic effects of PGPB on the bioremediation of metal-contaminated soils [1]. 
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Antibiotik Miqdarı Simptomlar 
Seftriakson (1-ci doza) 30 mg Qızarıqlıq, dərialtı qabarlar 

Seftriakson (2-ci doza) 25 mg Dodaqlarda, dilin ön tərəfində, üzün sağ 
tərəfində şişkinlik, ürək döyüntüsünün 
intensivləşnəsi. 

Epinefrin  0.04 mg Tənəffüs aktlarının stabilləşməsi 

 

   Abstract 

Cephalosporins are antibiotics  classified into five generations based on their spectrum of activity against gram-positive and gram- 
negative bacteria, as well as their onset of action. They belong to the beta-lactam class of antibiotics. Due to their high efficacy and low 
toxicity, cephalosporins  are among the most frequently used antimicrobial drugs in clinical practice. Ceftriaxone is one of the most 
commonly used antibiotics for the treatment of bacterial infections. The manin focus of my research is to observe the process of 
anaphylactic shock following ceftriaxone injection in a female mause, which had never previously been administered ceftriaxone, with 
doses of 30 mg and 25 mg, and compare these findings to poteneial autcomes in humans.  

                                                                                                                                                          

 

  Results 

Təxmini olaraq 23 qram ağırlıqda olan dişi siçana 30 mg 15 dəqiqə müddətindən sonra isə 25 mg seftriaksonu 2 
doza olmaqla qarın içi inyeksiya edirik. Sonrakı 3 dəqiqədə artıq siçanda morfoloji dəyişikliklər özünü büruzə verir 
belə ki, ilkin olaraq dəri rəngi qızarıqlaşır, kiçik qabarlar əmələ gəlir. Sadəcə dəridə müşahidə etdiyim dəyişikliklər 
4-cü dəqiqənin sonunda artıq bütün bədəndə nəzərə çarpır belə ki dodaqları, üzünün sağ tərəfi və dilin ön tərəfi 
şişməyə başlayır. 7-ci dəqiqənin sonunda qusma halı, ürək döyüntüsünün intensivləşməsi nəfəsalma aktlarının 
ləngləşməsi kimi hallar baş verir. Fikrimcə tənəffüs yolları şişməyə başladığı üçün qan bədəndə normal təzyiqdə 
axmır və sürətli ürək döyüntüsünə də məhz bu səbəb olur. Mən  artıq canlıda anafilaktik şokun baş verdiyin 
anladığım üçün bu prosesin qarşısın almaq üçün 0,04 mg adrenalin inyeksiya edirəm. Anafilaktik şok halını 
tetiklədiyi üçün qətiyyən penisilin, aspirin, ibuprofen və qeyri-steroid iltihab əleyhinə dərmanları inyeksiya 
edilməməlidir. 

 

 

Epinefrin ən təsirli anafilaktik 
dərman olduğu üçün iynəni dərhal 
buda vurmuşam. Əvvəlki 
vəziyyətinə qayıtmasına kömək 
olsun, tənəffüs aktları stabilləşsin 
deyə orqanizmin ağzına kiçik boru 
qoyuram ki nəfəs almasına kömək 
edim. Adrenalin inyeksiyasından 
sonra artıq orqanizmin tədricən 
əvvəlki vəziyyətə qayıtdığını 
müşahidə edirəm. 

Conclusion 

Tədqiqatımın sonuncu mərhələsindən sonra artıq nəticəni genişləndirsəm 
deyə bilərəm ki, infeksiyanın aradan qaldırılması üçün inyeksiya edilən 
seftriakson antibiotiki doza sərhəddini keçdikdə artıq  orqanizmdə buna qarşı 
cavab reaksiyası olaraq anafilaktik şok halı özünü büruzə verir. Anafilaktik 
şok halının aradan qaldırılması və canlının əvvəlki vəziyyətə qayıtması üçün 
ən təsirli anafilaktik dərman olan epinefrindən istifadə edirəm və qısa zaman 
intervalında orqanizmin stabil vəziyyətinə qayıtmasını müşahidə edirəm. 
Bəzi hallar vardır ki məhz anafilaktik vəziyyyətin riskini artıra biləcəyi üçün 
bunlara diqqət yetirməliyik: canlının allergiya keçmişi, astması, ürək 
xəstəliyi və s. 
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CONCLUSION

Abstract: Protection of ecological balance and sustainable agriculture approaches are of great importance in minimizing environmental impacts and efficient use of natural resources. In

this context, biological applications attract attention because they offer environmentally friendly and effective solutions. Microbial biosensors constitute important alternatives especially

in monitoring parameters such as pesticides and fertilizers used in agriculture and water quality. Because the use of microorganisms that are sensitive to environmental changes in

microbial biosensors enables early detection of pollution and development of management strategies. At the same time, these biosensors minimize the negative effects of environmental

factors on agricultural production by making low-cost, fast and high-precision measurements. At the same time, microbial biosensors contribute to the protection of natural ecosystems

by providing efficient and environmentally friendly solutions for the dissemination of practices that serve sustainable agriculture. Thus, it will be possible to contribute to the sustainable

development of agriculture without harming the ecological balance.

It is thought that the 
serious development of 

whole cell biosensors for 
potentially toxic 

pollutants, chemicals and 
heavy metals will be of 

great advantage, 
especially for use in 
remote or isolated 

environments that do not 
allow the transportation 

of test samples. 

INTRODUCTION

THE LINK BETWEEN SUSTAINABLE 
DEVELOPMENT AND ECOLOGICAL SECURITY

SUSTAINABLE USE OF NATURAL RESOURCES

THE ROLE OF BIOSENSORS AND MICROBIAL 
BIOSENSORS IN ENVIRONMENTAL MONITORING

It is believed that the exponential growth occurring in human activities

could lead to imbalances in critical systems on Earth. This raises concerns

that it could trigger sudden or irreversible environmental changes that

could be detrimental or even catastrophic for human well-being [1].

Therefore, the relationships involving the environment, human security,

and nature security have become the subject of numerous studies in recent

years. Due to the global significance of environmental issues, it has become

essential to establish environmental policies at both the national and

international levels [2].

In the 1987 Bruntland Report on Our Common Future (Brundtland Report), the concept of
sustainable development is defined as a development that indicates that today's needs
should be met without impairing the ability of future generations to meet their own needs
[3; 2]

Therefore, the most effective move to ensure environmental
security is to ensure sustainable development.

Degradation of 
ecosystems

Global climate 
change

Sea level rise 

MAKRO 
LEVELS

Air pollution 

Emergency resource 
scarcity 

Poor waste 
management 

MIKRO 
LEVELS

In the elaboration of environmental 
security, it has been concluded that it is 

more useful to examine it within the 
framework of the distinction made at 

macro and micro levels [2].

Ecological security is a concept based on the principle of maintaining the resilience of 
ecosystems over time and in harmony with different species [4; 2]. 

Ecological security adopts an 
ecosystem-centered approach

Environmental security is 
human-centered

The fundamental 
difference between the 

two concepts [5;2]. Figure 1- A diagrammatic representation of a whole cell biosensor [6].

As one of the alternative applications serving this field, biosensors are
increasingly being applied in environmental analysis, as well as in many other
areas such as food analysis, pharmaceutical and human health analysis. Since the
evaluation of key environmental variables, including bioavailability, mutagenicity,
genotoxicity or cytotoxicity, is only possible with the use of living cells, whole cell
(WCB) microbial-derived biosensors are gaining prominence in the detection of
toxic chemicals or pollutants of environmental concern [6;9].

Cost-efficient 

Require
less 
labor enabling the

sensitive detection of 
bioavailable 

pollutant fractions

These biosensors can 
simultaneously monitor 
multiple compounds and 

provide rapid

Precise

identification of specific 
substances. 

Developments in new biosensors
based on microorganisms such as
bacteria, fungi and yeasts provide an
excellent alternative to
physicochemical methods in the
traditional sense due to their high
sensitivity and specificity in
monitoring the bioavailable fraction of
pollutants. The main advantage of
biosensors in such analyses is that
continuous measurements can be
carried out directly at the sampling
site [10; 9].

For example, bacterial biosensor technologies are recommended as rapid methods 
for monitoring water and wastewater quality in EPA, USA, Mexico, Canada and 
European countries as an alternative to traditional techniques [9].

Microbial biotechnology provides many benefits
by contributing to crop production without the
use of high amounts of chemical fertilizers,
pesticides, etc. [8]. The widespread use of
chemicals in agricultural as well as industrial
sectors further increases the release of
potentially toxic pollutants into the environment.
These toxic pollutants, which are also
carcinogenic and mutagenic, pose significant
threats to human health and ecological diversity
due to their widespread distribution. For these
reasons, rapid and reliable detection of these
compounds is of great importance. Moreover,
the use of sensitive and cost-effective techniques
is a key requirement for methods aimed at
reducing pollution [6].

To meet global food demand, food production needs to increase by 70% by 2050 [7; 8].

Sustainable Agriculture

minimizing 
environmental 

pollution 

protecting 
natural 

resources 
against soil 
and water 

degradation

protecting 
soil health 

and 
biodiversity

http://www.un-documents.net/our-common-future.pdf
https://doi.org/10.1016/j.dwt.2024.100456


BIOECOLOGICAL FEATURES OF LEMNACEAE IN KYRGYZSTAN AND PROSPECTS FOR 

THEIR USE 

Bolotbek Karimov, Osh State University, Kyrgyzstan 

Regularities of geographical distribution and bioecological peculiarities of cassocks in Kyrgyzstan 

have not been studied by anyone so far. There is practically no data on the possibility of using species of 

the Lemnaceae family in the national economy. In this regard, the study of the influence of various 

environmental factors on the distribution and development of vegetation cover of water bodies is of great 

theoretical and practical interest. 

There are three species of cassava in Kyrgyzstan: Lemna minor L., L. 

trisulca L. and L. turionifera Landolt, as well as introduced Wolffia arrhiza (L.).  

Under the conditions of Kyrgyzstan, Lemna minor L. is propagated 

mainly by vegetative means. In nature, it forms phytocenoses, in which it is 

usually the dominant connector of the tier of emergent plants. The results of our 

observations showed that cassava minor L. participates in one-, two-, three-, and 

four-tier communities. In this case, the above-water floating tier is formed by the 

small cassock itself, while the rest are formed by plants completely submerged in 

water. These plants include Phragmites communis, Typha Latifolia, T. 

angustifolia, Scirpus Lacustrus, Geratophyllum demersum, Potamogeton Lucens, 

P. pusillus, Hydrilla verticillata.  

Lemna trisulca L. is a plant of freshwater plains water bodies; in comparison with other species, it 

is rare in Central Asia. It does not form independent thickets; it is found in the form of separate small 

fragments in the thickets of small cassava. 

The main vegetative body of Trifolium cassava is green laminae of oblong-ovate shape, 3-10 mm 

long and 1.5-4 mm wide. Under the leaflet there is a root up to 4.5 cm long.  

The results of studies have shown that from one shoot of small cassava in nature during the 

growing season (May-October) under favorable conditions can be formed 18-22 daughter leaves, and in 

cassava trifoliate - no more than 1-2. In laboratory experiments, it was found that for cassava three-valley 

optimal weakly acidic medium (pH -5.5-6.8) and temperature of 20-25 degrees Celsius. 

Lemna turionifera Landolt by morphological characteristics is very similar to L. minor, but there 

are a number of significant differences. Leaflets of this species are small (2-3 mm long and 0.8-3.5 mm 

wide), often rounded, and if more elongated, their color is dark green, olive, usually with red 

pigmentation, more intense in the basal part of the lower side of the leaflet. On the upper surface of the 

leaflet along the median ridge there is a distinct row of tubercles, and they do not differ in size. By 

autumn, the plants of this species form turions, which are small brown or olive-colored round rootless 

wintering leaves.  

The most reliable distinction of Lemna turionifera from L. minor is also the presence of turions, 

and reddish pigmentation on the upper and lower sides of the leaflets. Lemna turionifera is also 

distinguished from L. minor by the somewhat smaller size of adult leaflets (2-3 rather than 3-4 mm in 

length on average) and more or less symmetrical leaflet shape. 

Wolffia arrhiza L. Wimmer.- the smallest flowering plant, stem leaf plate of 

bright green color, flat, strongly convex from below, whitish-green. It is 

characterized by rapid vegetative growth and reproduction in nature and in 

culture. Optimal temperatures for growing wolfia -26-28 degrees Celsius. At 

high temperatures, its shoots shrink, acquire a spherical shape, turn yellow and 

gradually die off.  

Experimental studies on the effect of cassowaries on the organism of 

animals were conducted on 1-month-old chickens and ornamental fish, where 

10% of dry feed replaced by fresh biomass of cassowaries. 

In our experiments, we used Wolffia arrhiza L. Wimmer as a valuable 

supplement to the daily diet of fish. Throughout the study we made the following 

observations: the fish from the experimental aquariums ate Wolffia completely. Moreover, fed the fish, 

starting with small doses of wolfia. On the 1st day it was completely eaten by fish. In the future was 

adopted rationed feeding wolfia fish as a supplement to the diet. Introduced into aquariums wolfia was 

completely eaten by fish. In this case, we conducted the following studies: before the experiment and 



monthly during the experiment conducted clinical and physiological studies, and every day during the 

experiment carried out accounting given and the remains of not eaten feed. 

Observations showed that wolfia when fed to fish daily for 6 months has no negative effect on fish 

organisms. All 18 fish from three aquariums during this period led an active lifestyle. We did not observe 

any abrupt changes in the behavior and condition of fish. Throughout the time they looked clinically 

healthy and reacted normally to the environment, actively eating the main test food.  

To study the effect of Lemna minor L. on the organism of animals, we conducted experiments on 

chickens of 1 month of age, medium fatness, which were divided into 2 identical groups of 10 in each 

(Table 1). 

During the experiment, all birds of the control group received balanced complete feed three times 

a day. Birds of the experimental group received 45 g of mixed fodder and 125 g of fresh small cassava per 

head per day, which amounted to 10% of dry weight in mixed fodder.  

Table 1. Clinical and physiological studies in experimental chickens 

Groups  Indicators 

In the course of the experiment, in...days. 

In the 

beginning 

30 60 90 

Supervisory 

Pulse, per 1min 146 125 128 130 

Breathing in 1min 32 29 31 28 

Body temperature, 
0
С 40,6 40,8 41 41,5 

Experienced 

Pulse, per 1min 149 126 129 134 

Breathing in 1min 32 30 29 27 

Body temperature, 
0
С 40,6 40,7 40,8 41,3 

Weighing showed that small cassava has a positive effect on the live weight gain of birds, so, the 

live weight of chickens, in the diet of which 10% of fresh wolfberry daily, at the end of the experiment 

increased by 9648g or 24 g more than the control ones (Table 2). 

Table 2. Dynamics of live weight in experimental birds (average data on the group) 

Indicators 
Groups 

Supervisory Experienced 

Live weight at the beginning of the experiment, g. 2320 2312 

Live weight after 30 days, g. 5487 5448 

Absolute live weight gain, g. 3167 3136 

Live weight after 60 days, g. 8835 8843 

Absolute live weight gain, g. 3348 3395 

Live weight after 90 days, g. 11936 11960 

Absolute live weight gain, g. 3101 3117 

Conclusions: The results of the experiments showed that small cassava at daily feeding to birds in 

the amount of 10% per head for 90 days does not have a negative effect on the organism of experimental 

birds. Thus, during the observation period all birds were clinically healthy, willingly and completely ate 

the tested feed, actively reacted to the environment and noticeably increased in live weight. Body 

temperature, pulse rate and respiration rate of all experimental birds were within the limits of initial data 

and fluctuations of physiological norm. 

It was found that daily feeding of wolfia biomass (10%) to birds for 3 months and to fish for 6 

months has no negative effect on their organism. Thus, it is established that cassava biomass is suitable 

for use in the diet of farm birds and fish as a feed additive. 

 



ABSTRACT
 The �lora of Azerbaijan is distinguish with its rich vegetation. 
Among these plants, species of the Crassulaceae family take a 
special place. Crassulaceae DC. family is of great interest from 
a botanical, physiological and economic point of view. 
Species in this family are widespread throughout the world, 
mainly in dry, hot and temperate regions. Crassulaceae DC. 
family was elaborates in the �lora of Azerbaijan by L.I. Pilipko 
in 1953. The family includes 1,500 species collected in 33 
genera in the world, and in Azerbaijan there are 36 species, of 
which 18 species are distributed in the Lesser Caucasus. The 
main purpose of the study is to determine the taxonomy, to 
study the morphological, bioecological features and exact 
ranges of species common in the north of the Lesser 
Caucasus on the territory of Isa village and Asrik village of the 
Tovuz region, Agamaly village of Gedebey region, the village 
of Yukhari Agdzhakend and Yukhari Ballygaya of the 
Geranboy region, the village of Khoshbulag of the Dashkesan 
region.

ECOBOTANICAL	STUDY	OF	SOME	SPECIES	OF	THE
	CRASSULACEAED.C.	FAMILY	DISTRIBUTED	
IN	THE	NORTH	OF	THE	LESSER	CAUCASUS

PURPOSE	OF	THE	RESEARCH
 The main purpose of our work is to investigate the 
taxonomic composition of the Lesser Caucasus species of the 
Crassulaceae family, to discover new species, to identify new 
succulent species in interior phytodesign, and to use them 
widely.

CONCLUSION

15 samples belonging to 4 species were collected and 
herbariumized during the studies conducted in the northern 
regions of the Lesser Caucasus in the summer of 2022. 
Botanical monitoring (BM) was carried out using modern 
methods [4,5]. The latest nomenclatures were taken as a 
basis for determining the species [6,7,8]. Herbarium 
specimens of plants were studied by comparative 
morphological methods [9]. For this, herbarium materials 
stored in the herbarium funds of the Institute of Botany of 
ANAS, Baku State University and collected by us were used.

The species included in the family, due to their biological characteristics, have adapted to live in a wide range of habitats in dif�icult 
natural conditions - from forests to bare rocky and gravelly cliffs, opening up wide opportunities for decorative plants suffering 
from humidity to use this environment [10]. In medicine, species of the Sedum L. genus are used as adaptogens, wound healing 
and stress-protective agents. Due to their �lowers, leaves and relative ease of reproduction, they deserve special attention as 
decorative material used in plant cultivation in various climatic conditions.

PURPOSE	OF	THE	RESEARCH
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9. Babayev F.A. Bitki coğra�iyası, Bakı, 2004, 291 s
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Sedum	 album	 L.  - It is a 
creeping mult i -branched 
perennial plant with rhizomes. 
I t s  l e a v e s  a r e  a r r a n g e d 
alternately, �lower stalks are 
longer or shorter than the 
�lowers. Its sparsely located 

Sedum	spurium	M.Bieb - is a 
perennial short-haired and a 
thin creeping rhizome plant. 
I t s  o p p o s i t e ly  a r ra n g e d 
obovate or oval leaves are 
compressed at the base, the 
front side is ciliate [11]. It is 

Sedum	oppositifolium	Sims.-  
A long creeping rhizomatous 
perennial plant. The leaves are 
opposite, obovate and obovate-
oblong. It is common on rocks, 
rock outcrops or stony slopes. 
It blooms in July-August, and 

cylindrical, perennial herb [11]. The root is thick, 
rhizomatous and often thickened spindle-shaped. It usually 
blooms in July-August.

Akberova Chichek, Mammadova Afet
Department of Botany and Plant Physiology, Baku State University, Baku, Azerbaijan 

cicekekberova59@gmail.com 

�lowers are collected in a climbing �lower group [11]. It is 
widespread in many areas of Azerbaijan on rocky, stony and 
gravelly soils [10].

widespread on stony and gravelly soils [10].

bears fruit in August-September.
Sedum	caucasicum	(A.Grossh,	A.Bor)	– was �irst named by 

A l e x a n d e r  A l f o u s o v i c h 
Grossheim, but was revised and 
c l a s s i � i e d  b y  A n t o n i n a 
Georgievna Borissova in 1939. 
The plant height is 30-50 cm, its 
stem is a straight or slightly 
curved, erect, smooth, 

https://doi.org/10.1038/s41597-021-00997
http://www.ipni.org/
mailto:cicekekberova59@gmail.com


 

 
 

 
 

 

        - Urbanization: The rapid development of Baku city and the renewal of urban                

infrastructure have led to the destruction of natural habitats for reptiles.                                                         

        - Public Transport Density: Anthropogenic factors influencing reptiles in the city area 

are increasing. 

         - Research: The reptile fauna of Baku has not been studied for 45-50 years. To date, the 

level of reptile adaptation to urbanization must be examined. 

 

 

     

 

 
           Selected Stations:                                       Methods:  

      - Botanical Institute Garden                          - Visual observations 

      - Badamdar Settlement                                 - Route method and zigzag surveys 

      - Binagadi District                                          - Morphological studies 

      - Ahmadli Plateau 
    

 
 

     
 

 

        Fauna: Seven genera and eight species of reptiles have been recorded in Baku 

city: 

       - Snakes: Natrix tessellata, Macrovipera lebetina 

       - Lizards: Eremias velox, Teudacyclus caspius 

       - Turtles: Testudo graeca, Emys orbicularis 

         Urbanization and Adaptation: 

       - The Green Lizard and Caspian Gecko have adapted to the urban environment. 

       - Levantine Horned Viper and water snakes have migrated away from the city. 

       - Mediterranean Tortoise is kept as an exotic pet in single-story houses. 

     

 

 

 

 

       - Ecosystem Balance: Reptiles are crucial organisms that ensure the flow of    

energy in ecosystems and guide the evolution of other species. 

      - Biological Functions: 

      - Reptiles regulate the populations of other animals in ecosystems. 

      - By feeding on insects, amphibians, and rodents, they control the populations   

          of these species. 

 

 

 

 

 

- Urbanization and Construction: The establishment of new residential areas in         

the city destroys reptiles' natural habitats. 

- Ecosystem Threats: Pollution (air, water, soil) and increasing transportation 

density. 

     - Conservation Measures: 

      Protection of habitats and preservation of natural environments within the city. 

      Awareness programs: Ecological seminars and exhibitions should be organized     

to raise awareness about reptile conservation. 

             

             

             

             

             - 

Urbanization and Reptiles: The urbanization process in Baku city alters and    

destroys the natural habitats of reptiles. However, some species have adapted to 

the urban environment. 

- Conservation and Research: Further research and awareness campaigns are 

necessary to preserve the role of reptiles in ecosystems. 
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Biomorphological and Bioecological Characteristics of the Lamiaceae Family Distributed 

in the Southern Region of Azerbaijan
Ibadullayeva S.C., Guliyeva A.A 
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Azerbaijan's rich floristic diversity plays a vital role in
supporting industries such as food production, pharmacology,
cosmetics, and preservation. Among these, the Lamiaceae
family is notable for its extensive applications in food and
pharmaceutical sectors; however, comprehensive research on
this family within Azerbaijan remains limited. This study
focuses on the conservation of biodiversity and the practical
utilization of Lamiaceae species, such as thyme, basil, and
mint, recognized for their aromatic, flavorful, and
bactericidal properties. The primary objectives include
assessing the natural resources of aromatic plants and
identifying potential new applications.

The research aims to systematically analyze the
distribution, endemism, and ecological significance of
Lamiaceae species in Lankaran, highlighting their
geographical elements, economic potential, and role in
biodiversity conservation and sustainable use.

Introduction

The study employed contemporary geobotanical
methods (2023–2024), combining field surveys,
phenological observations, and classical and modern
analytical approaches to investigate aromatic
Lamiaceae species in the Lankaran region. Plant names
were verified using authoritative floristic sources and
aligned with modern nomenclature, while species
distribution maps were prepared to illustrate their
ranges.

Azerbaijan, Lamiaceae, Lankaran, 

biodiversity,bioecological,biomorphological

Index Terms

Table 1

During the expedition and fieldwork, the 
selected study areas are presented in the table 
below.

Table 2

This classification highlights the 
biomorphological and ecological diversity of 
the family.

Table 3 

This classification based on Raunkiaer’s
opinion underscores ecological adaptations 
and dominance of Lamiaceae biomorphs in 
various habitats.

Table 4

This system provides insights into plant 
adaptations through biomorph classification. 
The analysis of the Lamiaceae family in 
Azerbaijan demonstrates considerable 
biomorphological diversity,underscoring the 
ecological significance and adaptive diversity 
of this family within the regional flora.

Figure 1

The geographical classification of the 
Lamiaceae family offers a foundational 
framework for understanding species ecology 
and distribution patterns. This analysis, 
specific to the Lankaran region, highlights the 
spatial distribution and relative representation 
of various geographical elements within the 
local flora.

Figure 2

This finding indicates ongoing evolutionary 
processes in Azerbaijan's flora, similar to 
those in past geological periods, with active 
form development. Notably, 19 Lamiaceae
species are endemic to Azerbaijan, while 26 
species are unique to the Caucasus region.

Objective

Methodology

Result/findings

№
Administrative 
Districts

Regions Date Altitude (in 
meters)

1. Lankaran Adjacent 
Villages

15.08.2024-30.08.2024 0-500 m

1. Hyrcanian National 
Park

Forest Areas 15.08.2024-30.08.2024 500-1500 m

1. Astara District Sandy Habitats 15.08.2024-30.08.2024 0-500 m

Life Form Indicators
Abundance

According to Azerbaijan According to Lankaran
Absolute 
Quantity

% Absolute 
Quantity

%

Main biomorphs
Shrubs 2 0,89 1 0,9
Subshrubs 36 16,11 11 10,3
Herbaceous plants 186 83 95 88,8

Duration of the Major Life  Cycle
Polycarpic Plants 193 86 90 84,1
Monocarpic Plants 31 14 17 15,9

№ Life forms

İn Azerbaijan İn Lankaran

Number of 
Species

Percentage of
Total Count

Number of 
Species

Percentage of
Total Count

1. Chamaephytes (Ch) 38 17 12 11

1. Hemicryptophytes
(Hk)

157(159) 70(71) 79 (78) 74(73)

1. Therophytes (Th) 29(27) 13(12) 16(17) 15(16)

Total 224 100 107 100

№
Life Forms

Number of 
Species 

Distributed in 
Azerbaijan

Percen
tage 
Accordi
ng to 
the 
Count

Number of Species 
Distributed in the 
Lankaran
Botanical-
Geographical 
Region

Percent
age 
Accordi
ng to 
the 
Count

Shrubs 2 0,89 1 1
Subshrubs 36 16,07 11 10
Perennial Herbs 159 71 78 73
Annual Herbs 27 12,04 17 16

Total: 224 100 107 100
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The study identified the distribution of 224 species from
42 genera of the Lamiaceae family in Azerbaijan's flora,
with 107 species from 30 genera concentrated in the
Lankaran region. These species were categorized by their
ecological roles, biomorphological traits, and practical
applications, such as aromatic, medicinal, and technical
uses. Most species are perennial herbs (78), and their
distribution aligns with key geographical elements,
including the Palaearctic, Iran-Turan, Atropatene, and
Caucasus regions. Notably, 26 species are endemic to the
Caucasus, 19 to Azerbaijan, and 8 are specific to the
Lankaran region.
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2.Asgarov A.M. Higher Plants of Azerbaijan (Lamiaceae,
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Essential Oil Properties of Some Species of the Lamiaceae
Lindl. Family. Scientific Works of the Institute of Botany,
AMEA MBB. Baku, 2017, Volume 1, pp. 61-64.
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Analysis of the ecological situation of some
rivers flowing into the Caspian sea
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Abstract
 In the article, the Samur and Gudyalchay rivers and the areas where they

are located are involved in the study from the point of view of studying
the condition of surface and groundwater. As a result of the study of the

river systems flowing into the Caspian Sea in the coastal part of the
northeastern slope of the Greater Caucasus, it was found that a specific
habitat of heterotrophic microorganisms capable of breaking down a
wide range of petroleum hydrocarbons is formed in the coastal zone,

which is constantly polluted by oil and oil products. It has been noted that
pollutants can accumulate in the soil cover and penetrate into the

groundwater during irrigation, and then seep into the coastal zones of the
Caspian Sea and have a negative impact on the biological resources of the
Caspian Sea. It has been suggested that groundwater in the studied area
could be potentially contaminated with organic pollutants including oil,

petroleum products and phenols in irrigated agricultural areas.

Result
The studied area differs according to the density of the river network. Thus,
the Absheron-Gobustan region is characterized by the minimum density of
the river network - less than 0.05 km/km2 (Sumgait River, etc.), and only in
the Khachmaz region, the density of river systems is up to 0.3-0.4 km/km2
increases. (Garachay, Gudyalchay, etc.). These rivers originate from lower

watersheds and therefore provide significantly less water. As you move
north along the coastal zone, the density of the river network increases to

0.6-0.7 km/km2 (Gusarchay, etc.)
The conducted studies show that Samur and Gudyalchay are more affected
by anthropogenic influence among the rivers on the northeastern slope of
the Greater Caucasus. Thus, the Samur-Devachi canal with a length of 182
km passes through the entire studied area. It starts from the Samur river
and ends in the northwest of the Absheron peninsula. It irrigates nearly

100,000 hectares in the Samur-Devachi plain. At the same time, the waters of
the Samur River are heavily polluted with organic substances - oil, oil

products, pesticides, surfactants, as well as heavy metals.

Rivers located in the northeastern part of the
Greater Caucasush

Table 1. Pollution of Samur and
Gudyalchay rivers

Conclusion
Conclusion:Thus, the systematic analysis shows that in the studied

coastal areas of the Caspian (Siyazan-Sumgait massif and Absheron
peninsula, about 300 km), organic pollutants can penetrate the

surface and underground water from the surface of the land cover
of dry oil fields and then enter the Caspian Sea. As a result, it can

have a negative impact on the ecology and biological resources of
the Caspian Sea. According to all these data, in order to improve

the ecological condition of the river systems located on the coastal
part of the northeastern slope of the Greater Caucasus, regular

ecological monitoring should be carried out, as well as the use of
living organisms (microorganisms) as bioindicators for the

analysis of the ecological condition of river systems. etc.) can be
suggested to be used.

Table 2. Microbiological analysis of
coastal seawater
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ISOLATION AND SCREENING OF MICROORGANISMS 
FROM SEWAGE SLUDGE WITH PLASTIC 
COMPOUNDS-DEGRADING POTENTIAL
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Abstract

1. 30% H2O2    
2. NaCl 1,2g/cm3

20 µL Inoculum
110 µL Culture Medium 

(M9) or
µL M9 + 5 g L¯¹ Glucose

40 µL BPA / DEHP

Vaccum filtration with 90mm 
paper filter

Methods

Observation
under optical
microscope

Results

Conclusions
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Figure 3. Effect size on growth (%) in the eight morphotypes of
bacteria growth with DEHP (with and without glucose).
Different letter indicate different morphotypes, alphabetically
ordered (L1-L8). Error bars represent the standard deviation of
an average of 3 replicates.

Figure 2. Effect size on growth (%) in the eight morphotypes
of bacteria growth with BPA (with and without glucose).
Different letter indicate different morphotypes,
alphabetically ordered (L1-L8). Error bars represent the
standard deviation of an average of 3 replicates.

Figure 4. Effect size on growth (%) in the four morphotypes
of fungi growth with BPA (with and without glucose).
Different letter indicate different morphotypes,
alphabetically ordered (HI-H4). Error bars represent the
standard deviation of an average of 3 replicates. Remaining
morphotypes were omitted due to the negative effect
results.

Figure 5. Effect size on growth (%) in the four morphotypes of
fungi growth with DEHP (with and without glucose). Different
letter indicate different morphotypes, alphabetically ordered
(HI-H12). Error bars represent the standard deviation of an
average of 3 replicates. Remaining morphotypes were
omitted due to the negative effect results.

Figure 1. Classification of the MPs found in “El Ejido” SS based on: A:
Shape, and B-C: Colour within irregular (B) and (C) Fibres MPs.

Objectives

The increasing presence of microplastics MPs in the environment has generated great concern in recent years due to
their potentially negative effects on human health and ecosystems. The lack of specific protocols for their extraction
and elimination, has meant their dissipation and accumulation in water and sludge. Thus, this study aimed to
characterize MPs in sewage sludge and to isolate potentially degrading microorganisms from the "El Ejido" wastewater
treatment plant. Most MPs founded, resulted irregularly shaped (75%) and orange dyed (38%). Eight bacterial and twelve
fungal morphotypes were isolated and growth tested in bisphenol A (BPA) and di(2-ethylhexyl) phthalate (DEHP). The
effect of their presence on microbial growth were positive on eight bacterial and four fungal isolates.

i) To characterize the different MPs from
sewage sludge collected from the “El
Ejido” wastewater treatment plant.
ii) Isolate and evaluate potentially
degrading fungi and bacteria within the
sludge based on BPA and DEHP
phthalate effect on microbial growth

This study identifies microplastics in sewage sludge, which are often hard to degrade, yet the sludge also contains
microorganisms with potential for bioremediation. Eight bacterial and four fungal morphotypes were found to grow in the
presence of BPA and DEHP. The addition of glucose enhanced their growth, suggesting promising microorganisms for
microplastics degradation, though further research is needed

Sewage Sludge

ISOLATION OF 
MICROORGANISMS

Serial dilution TSA : Bacteria
PDA : Fungi

GROWTH TEST

SIZE EFFECT 
CALCULATION

λ = 600 nm
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AZӘRBAYCANDA YETİŞӘN TӘRӘ YARPAQLARINDAN (CHENOPODİUM ALBUM L.) MAYE 
EKSTRAKTININ TEXNOLOGİYASININ İŞLӘNMӘSİ VӘ ANALİZİ 

Tәqdim etdiyimiz tәdqiqat işimizdә Azәrbaycanda, Şimal
bölgәsindәn toplanan tәrә yarpaqlarından maye ekstraktı
әldә etmәk üçün ultrasәs üsulu tәqdim olunur. Tәrә
yarpaqlarından alınan ekstraktın keyfiyyәt vә kәmiyyәt
tәhlili aparıldı vә optimal texnoloji hasilat parametrlәri
müәyyәn edildi: 43°C, 30 dәq, 35 Hs. Ekstraktın
xromatoqrafik analizinin nәticәlәrinә әsasәn
(Chenopodium album L.) doymamış yağ turşuları (9,12
oktadekadien turşusu -13,43 %, 9-oktadetsen turşusu-,(E)-
7,34%) , fitosterollar (ϒ-sitosterol-8,33%) metil vә etil
efirlәri (4,46%) çox miqdarda tәcrid olunmuşdur.

Tәrә bitkisinin antioksidan, iltihab әleyhinә, antimikrob vә
sedativ xüsusiyyәtlәrinin olması, onun qida mәhsullarının
hazırlanmsında tәtbiqini perspektivli bir tәdqiqat obyekti edir.
Bundan başqa dәrman bitkilәri seçimi, bitki mәnşәli dәrman vә
ya bitki müalicәsi әnәnәvi bir tibb formasıdır vә dünyanın
müxtәlif mәdәniyyәtlәrindә geniş istifadә olunur. Bәzi hallarda
bitki mәnşәli dәrmanlar sintetik dәrmanlara yaxşı alternativ ola
bilәr. Fitopreparatların sayının artması tendensiyası fonunda
yeni bitki mәnşәli antioksidantların tәdqiqi vә inkişafı aktual vә
inkişaf etmәkdә davam ediri

Bu tәdqiqatın mәqsәdi tәrә yarpaqlarından (Chenopodium
album L.) maye ekstraktı әldә etmәk vә fitokimyәvi analizin
aparılması. Tәrә bitkisi antioksidan, antiinflamatuar, antimikrob
vә sedativ xüsusiyyәtlәr göstәrir, buna görә dә hәm әczaçılıqda,
hәm qida mәhsulları hazırlanmsında BAM kimi perspektivli bir
tәdqiqat obyektidir.

XÜLASƏ

MATERİAL VƏ METODLAR

Tәdqiqat obyekti tәrә (Chenopodium album L.)
qurudulmuş yarpaqlarının nümunәlәri olmuşdur.
Xammalın toplanması bitkinin çiçәklәnmәsi zamanı
(may ayında) hәyata keçirildi, yarpaqlar gövdәdәn
ayrıldı vә hava kölgә üsulu ilә otaq temperaturunda 3
gün quruduldu.
Quruduqdan sonra xammal 5-10 mm hissәcik ölçüsünә
qәdәr xırdalandı. Tәrә yarpaqlarından (Chenopodium
album L.) maye ekstraktı әldә etmәk üçün ekstraktorlar
olaraq etil spirtinin mәhlulları 50% vә 70%
konsentrasiyasında istifadә edilmişdir. Yarpaqlarda
ekstraktiv maddәlәrin tәyini (Chenopodium album L.)
vә quru qalıq, pH әdәbiyyatlarda göstәrilәn metodika
ilә aprılmışdır. Maye ekstraktındakı flavanoidlәrin
miqdarının tәyini "60 UV-Vis" Ucary (Agilent)
spektrofotometrindә spektrofotometrik üsulla
aparılmışdır. Bitki ekstraktında BAM-in tәyini
spektrometrik aşkarlama ilә qaz xromatoqrafiyası
(8860C System) (Agilent)ilә aparılmışdır.

NӘSRULLAYEVA Günәş, MӘHӘRRӘMOVA Mehriban, YUSIFOVA Mehriban, Fәrzәliyev Elsevәr
Azәrbaycan Dövlәt İqtisad Unversiteti (UNEC)

Gunash_Nasrullayeva@unec.edu.az

NƏTİCƏLƏR

Tәdqiqatlar tәrә yarpaqlarından maye ekstraktının hazırlanması
әczaçılıq vә qida sәnayesindә perspektivli vә aktual bir istiqamәt
olduğu qәnaәtinә gәlmәyә imkan verir. Tәrә müxtәlif qida
mәhullarında qidalıq dәyәrinin artırılmas, I vә II nahar xörәklәrinin
haırlanması üçün tәtbiqi qida sәnayesindә uzun bir istifadә tarixinә
malikdir.
Yaranan ekstraktın xüsusiyyәtlәrini öyrәnәrkәn, maksimum
flavonoid verimini tәmin edәn ekstraksiya parametrlәri tәyin edildi:
temperatur 43°C, vaxt 30 dәq, tezlik 35 Hs. Keyfiyyәt
göstәricilәrinin tәhlili göstәrdi ki, flavonoidlәrin әn yüksәk
mәhsuldarlığı 4-ci ekstrakt modelindә idi. Tәrkibindә BAM da
olduğu tәdqiq edildi: doymamış yağ turşuları (9,12-oktadekadien
turşusu, 9 oktadetsen turşusu, (E) , marqarin turşusu), fitosterollar
(y-sitosterol), metil vә etil esterlәri.
Belәliklә, tәrә yarpaqlarından (Chenopodium album L.) maye
ekstraktının hazırlanması bioloji aktiv maddәlәrin tәbii mәnbәlәri
sahәsindә perspektivlәr açır vә insan sağlamlığı vә rifahı üçün yeni
qida mәhsulları әlavәlәrinin yaradılmasına sәbәb ola bilәr.
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Abstract

The aim of the research is to determine the ecological situation of the 
Binagadi district of Baku city, identify areas affected by anthropogenic 
and technogenic impacts, assess the toxicity levels of soils due to 
contamination, evaluate the condition of vegetation, and examine 
potential rehabilitation methods for the polluted soils.
In the Binagadi district, 95 industrial enterprises operate in various 
sectors. Specifically, the area hosts several entities that negatively 
impact the environment, such as the "Binagadi Oil Company," a 
machine‐building plant, a factory for the production of iron and steel 
products, paint manufacturing companies, and others.
In the process of conducting the research, a complex of field, laboratory, 
and information‐analytical research methods was used. The following 
information‐analytical methods were used:
• AR Ecological Atlas, 2009 ;
• National Atlas of the Republic of Azerbaijan, 2014 ;
• Internet sources .
To determine the phytotoxicity of soils, 12 soil samples were taken from 
the 0‐10 cm depth of an oil‐contaminated area. To assess the 
phytotoxicity level of the oil‐contaminated soils, germination tests using 
indicator plants that exhibit toxic or inhibitory effects were employed 
[1]. 
The study of the phytotoxicity of the oil‐contaminated soils was 
conducted under laboratory conditions. As a model plant, *Lepidium 
sativum* (cress), which possesses characteristics indicative of soil 
contamination, was used [2]. The phytotoxicity level of the soil was 
evaluated based on the ratio of germinated to non‐germinated seeds, 
and the results were expressed as a percentage [3].

Result

Biomonitoring conducted in the oil‐contaminated area of the Binagadi
district showed that in the majority of the oil‐contaminated soils, 
ephemeral plants and ephemeroids are rare, and the projected cover 
does not exceed 5‐8%. One of the main plant species growing in the 
contaminated soil is *Aeluropus littoralis* (Gouan) Parl (fig. 1).

Figure 1 ‐ The growth of *Aeluropus littoralis* (Gouan) Parl in oil‐
contaminated soils.

After the soils are cleaned from the main portion of oil contamination 
and reach a level of moderate contamination with low phytotoxicity, 
these soils can be used for phytoremediation technologies with those 
plants.

These measures will enable the cleaning of approximately 2042‐2627 
hectares of oil‐contaminated soils in the Binagadi district within a specific 
period, as well as improve the district’s sanitary and hygienic indicators, 
significantly increase green spaces, reduce the incidence of diseases, 
enhance the area’s oxygen production potential, and more. 
In addition, the green spaces in the "Binagadi Oil" Oil and Gas Extraction 
Directorate area will align with modern concepts and contribute to 
enhancing the natural resource potential of the entire district.
Currently, a new "Development Plan" for Baku city is being prepared for 
implementation by 2040 [5]. In this context, the second priority of the 
"Development Plan" ensures continuous attention to ecology . It can be 
assumed that in the coming years, when the measures outlined in this 
"Plan" are implemented, the issue of cleaning oil‐contaminated soils in the 
"Binagadi Oil" area will also be addressed within the framework of the 
second priority. The methods and approaches we propose could be useful 
in implementing these actions.

Conclusion

The "Binagadi Oil Company" located in the 
Binagadi district covers an area of 4,615 hectares, 
of which 2,627 hectares are contaminated soil 
(56.9% of the total area occupied by the company 
is polluted).
Only 1.7% of the Binagadi district area is covered 
by green spaces.  

All 12 soil samples taken from the oil‐contaminated area of the Binagadi
district exhibited high levels of phytotoxicity. The absolute germination rate 
of the test seeds did not exceed 25‐41% (fig.2). The research results 
indicated that the average phytotoxicity of all selected soil samples was 75‐
61%, which demonstrates their high phytotoxicity.

1‐ forest‐park zone; 2‐ transport zone; 3 ‐ residential zone.
Figure 2 ‐ The phytotoxicity level of soils based on the germination of *Lepidium 

sativum* (cress) seeds in the Binagadi area.

In the oil‐contaminated soils, the germination of *Lepidium sativum* seeds 
was inhibited: after 17 days, a toxic effect was observed on the test plants 
in the oil‐contaminated soils, as evidenced by a 33‐36% decrease in seed 
germination compared to the control samples.
Currently, remediation methods for oil‐contaminated soils in Azerbaijan, 
including bioremediation techniques, have been reviewed and proposed 
[4]. 
Considering the current and future development trends of ecological 
issues, the solution to the problem of cleaning the soil cover contaminated 
with hydrocarbons and other waste in the district area by using modern 
complex bioremediation, specifically the “controlled sequential succession 
" method, is becoming increasingly relevant (fig.3).

Oil 
contaminated 

soils

Bioremediation 
up to 1% of the 

PL

Leguminous 
plants

Final stage: 
grasses, 

shrubs, trees
Trees Shrubs

Figure. 3. Bioremediation of oil‐contaminated soils in the Binagadi district of 
Baku city using the "controlled sequential succession" technology.

Note:  PL – permissible limit.
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CONCLUSIONS Although the results presented in this work correspond to the first phase of the composting process during the first 45 days, they

show in this short period of time a notable decrease in the content of phenols, phytotoxicity, as well as absence of pathogens. Demonstrating the

efficiency of the proposed composting system: Semipermeable cover and forced aeration to obtain agricultural amendments free of phytopathogenic

effect from the waste from the olive oil extraction process, both in the two-phase and three-phase systems. However, the assays will continuous until 90

days, to the maturity of the compost.

AL-COMPOST PROJECT:

ENHANCING THE KINETICS OF OLIVE MILL WASTES COMPOSTING 

THROUGH DEPHENOLIZATION AND BIOAUGMENTATION 

STRATEGIES
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Chicken manure
(20% w/w)

Alperujo       
(60% w/w)

Alpechin
(10% w/w)

Orujo             
(50% w/w)

Olive leaves
(20% w/w)

The evolution of the composting process was evaluated through physico-
chemical and microbiological analysis, such as humidity and organic matter
content, phenolic content, phytotoxicity and presence of pathogenic
microorganisms. All analysis were carried out in triplicate.

MATERIAL AND METHODS

Pile 1 Pile 2

The AL-COMPOST project aims to optimize the composting valorisation process
of olive mill wastes reducing operational time and improving the technical and
economic viability of the process through different strategies: The use of
semipermeable cover and forced aeration, a phenolic compound removal
pretreatment (dephenolization), and a bioaugmentation process by the inoculation
of the ligninolytic fungus Pleurotus eryngii. This project has been divided in
different phases to test the viability of each treatment.

• Phase 1: Composting processes of both olive mill wastes from the two and
three-phase extraction systems.
• Phase 2: Composting processes of olive mill wastes with a pretreatment of
liquid phase dephenolization obtained after the three-phase system.
• Phase 3: Composting process of olive mill wastes with bioaugmentation.

The following work will present the results obtained in Phase I of the project,

which analysed the kinetic of composting from olive mill wastes obtained in

two and three phase oil extraction systems.

The composting process of both olive mill wastes was performed using olive
leaves as a bulking agent and chicken manure as an amendment, in a static
pile with forced aeration under a semipermeable cover. The composting pile
dimensions were 8 m (length) × 2 m (width) × 1 m (height), divided into two by
an intermediate 1-meter zone, allowing the evaluation of the two conditions at
the same phase. The ratio between alpechin and orujo was determined by the
proportions generated after the olive mill extraction. Aeration was set to
operate continuously for 2 minutes every 10 minutes, at a rate of 20 m³/h.

OBJECTIVES

INTRODUCTION

Pile 1

Pile 2

Pile 1

Pile 2

Currently, the two-phase olive oil extraction system is the most widely used. It
generates a paste-like residue known as alperujo. A common management
method for this residue is composting, which produces a substrate that can be
used as an agricultural amendment. Due to the characteristics of this residue,
other management methods include a secondary extraction of oil, such as
applying a three-phase extraction system to the alperujo.

Funding: The AL-COMPOST project is funded by

the European Agricultural Fund for Rural

Development (EAFRD), through the Government

of Andalusia via the Ministry of Agriculture,

Fisheries, Water, and Rural Development

(Reference: GOPO.JA.23.0006).
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CSIC), agents from the agri-food sector (ASEAL), a

management company (Grupo Consule S.L.), and

public sector agents (Fundación del Común de

Segura).

Figure 1. Schematic representation of the olive oil two-phase extraction system and the three-phase 
extraction system applied to alperujo. Solid lines indicate main product and dashed lines indicate wastes.
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Figure 2. Evolution of germination index (GI) (bars) and phenolic content (lines) in Pile 1 “Alperujo”
(Orange) and Pile 2 “Alpechín + orujo” (green). The error bars represent the standard deviation of the
triplicates.

Table 1. Physico-chemical parameters and pathogenic microorganisms in Pile 1 and Pile 2 at initial 
time and after 30 days of composting.  

Pile 1 - Alperujo Pile 2 - Alpechin + orujo

Day 0 Day 30 Day 0 Day 30

pH (1:10) 7.0 ± 0.0 8.1 ± 0.1 7.0 ± 0.1 7.9 ± 0.1
EC (dS/m) 1.9 ± 0.1 3.0 ± 0.2 1.4 ± 0.1 1.9 ± 0.1
Moisture (% w/w) 38 ± 2 26 ± 0 40 ± 1 36 ± 1
Total Solid (% w/w) 63 ± 2 74 ± 0 60 ± 1 64 ± 1
Volatile Solid (% w/w) 46 ± 2 51 ± 3 46 ± 1 48 ± 2
Mineral Solid (% w/w) 16 ± 2 23 ± 4 15 ± 2 16 ± 2
Total Organic Matter dry (% w/w) 74 ± 3 69 ± 5 76 ± 2 75 ± 3
Total Organic Carbon (% w/w) 27 ± 1 32 ± 1 27 ± 1 31 ± 1
N (% w/w) 1.1 ± 0.1 1.5 ± 0.1 0.9 ± 0.1 1.2 ± 0.0
C/N ratio 25 ± 1 21 ± 1 29 ± 3 25 ± 1
P (% w/w) 0.43 ± 0.04 0.87 ±0.04 0.30 ± 0,02 0.46 ± 0.04
K (% w/w) 1.72 ± 0.16 2.59 ± 0.04 1.38 ± 0,14 1.69 ± 0.07
Ca (% w/w) 3.37 ± 0.34 5.99 ± 0.76 2.91 ± 0,44 3.89 ± 0.47
Mg (% w/w) 1.25 ± 0.17 2.17 ± 0.42 1.26 ± 0,21 1.18 ± 0.19
Na (% w/w) 0.08 ± 0.01 0.12 ± 0.02 0.07 ± 0,00 0.09 ± 0.01
Escherichia coli (CFU/g) 243 ± 40 20 ± 0 20500 ± 2121 260 ± 14
Salmonella spp. n.d n.d n.d n.d

n.d: Non detected; CFU: Colony forming unit:

The compost reduced its phytotoxicity to GI values above 60% at different times for both piles, coinciding in both cases with a reduction in phenolic content to around 0.3%
(w/w). Some parameters, such as C/N ratio, moisture and organic matter content were reduced trough the experiment, especially in Pile 1. Other parameters increased,
such as pH, electric conductivity and macronutrient content. After 30 days, the presence of pathogenic microorganisms was below the limits established for proper
sanitization.

RESULTS

Two-pase olive oil
extraction system

Olive oil

Semisolid residue
or alperujo

Three-pase 
extraction system

Orujo oil

Liquid pase or
alpechin (high

phenolic content)

Solid phase or
orujo
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Abstract

1. 30% H2O2    
2. NaCl 1,2g/cm3

20 µL Inoculum
110 µL Culture Medium 

(M9) or
µL M9 + 5 g L¯¹ Glucose

 40 µL BPA / DEHP

Vaccum filtration with 90mm 
paper filter

Methods

Observation
under optical
microscope

Results

Conclusions
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Figure 3. Effect size on growth (%) in the eight morphotypes of 
bacteria growth with DEHP (with and without glucose). 
Different letter indicate different morphotypes, alphabetically 
ordered (L1-L8). Error bars represent the standard deviation of 
an average of 3 replicates.

Figure 2. Effect size on growth (%) in the eight morphotypes 
of bacteria growth with BPA (with and without glucose). 
Different letter indicate different morphotypes, 
alphabetically ordered (L1-L8). Error bars represent the 
standard deviation of an average of 3 replicates.

Figure 4. Effect size on growth (%) in the four morphotypes 
of fungi growth with BPA (with and without glucose). 
Different letter indicate different morphotypes, 
alphabetically ordered (HI-H4). Error bars represent the 
standard deviation of an average of 3 replicates. Remaining 
morphotypes were omitted due to the negative effect 
results.

Figure 5. Effect size on growth (%) in the four morphotypes of 
fungi growth with DEHP (with and without glucose). Different 
letter indicate different morphotypes, alphabetically ordered 
(HI-H12). Error bars represent the standard deviation of an 
average of 3 replicates. Remaining morphotypes were 
omitted due to the negative effect results.

Figure 1. Classification of the MPs found in “El Ejido” SS based on: A: 
Shape, and B-C: Colour within irregular (B) and (C) Fibres MPs.  

Objectives

The increasing presence of microplastics MPs in the environment has generated great concern in recent years due to 
their potentially negative effects on human health and ecosystems. The lack of specific protocols for their extraction 
and elimination, has meant their dissipation and accumulation in water and sludge. Thus, this study aimed to 
characterize MPs in sewage sludge and to isolate potentially degrading microorganisms from the "El Ejido" wastewater 
treatment plant. Most MPs founded, resulted irregularly shaped (75%) and orange dyed (38%). Eight bacterial and twelve 
fungal morphotypes were isolated and growth tested in bisphenol A (BPA) and di(2-ethylhexyl) phthalate (DEHP). The 
effect of their presence on microbial growth were positive on eight bacterial and four fungal isolates.

i)    To characterize the different MPs from 
sewage sludge collected from the “El 
Ejido” wastewater treatment plant. 
ii)    Isolate and evaluate potentially 
degrading fungi and bacteria within the 
sludge based on BPA and DEHP 
phthalate effect on microbial growth

This study identifies microplastics in sewage sludge, which are often hard to degrade, yet the sludge also contains 
microorganisms with potential for bioremediation. Eight bacterial and four fungal morphotypes were found to grow in the 
presence of BPA and DEHP. The addition of glucose enhanced their growth, suggesting promising microorganisms for 
microplastics degradation, though further research is needed

Sewage Sludge

ISOLATION OF 
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      Heterosis refers to the phenomenon in which the first hybrid
generation exhibits superior indicators for a number of traits and
characteristics than both parents. Although various models have
been proposed to explain heterosis, including dominance,
superdominance, and pseudo-superdominance, none of them
have been able to explain the mechanism of heterosis. Heterosis
is a very widespread phenomenon in nature. Plant breeders use
heterosis as an effective genetic strategy to improve yield and
stress tolerance in wheat. Current article was devoted to the
study of heterosis effect in the F1 hybrid plants obtained from
hybridization between substituted wheat-rye lines and common
wheats. As a result for recommendation, it was revealed that
wheat-rye lines 384/1D and 384/2D exhibit heterosis effect on
spike length trait when they were used asmaternal, but the
common wheat varieties and stable lines as paternal plants in
the appropriate crosses.

Results

Heterosis study of spike length
in F1 hybrids of wheat-rye

substited lines with common
wheats

Samira Mustafayeva, Sakina Abbasova, Rehim Rehimov
Genetic Resources Institute, e-mail: mustafayeva.samire18@gmail.com

Abstract

  Thus, as a result of the
conducted research, it was
determined that it is considered
appropriate to use 384/1D and
384/2D lines as mothers, and soft
wheat varieties and stable strains
as fathers, to obtain heterozygous
offspring according to spike length
in F1 plants.  Location: Azerbaijan, Baku,

Baku State University
Tel.:(+994 12) 539-10-91

Acad. Z. Khalilov str.33
e-mail: acb2024biology@gmail.com

Diagram 1.The frequency of heredity
types appeared in F1 hybrids of wheat-
rye substituted lines with common
wheats: ƏD - depression of trait; AD -
dominance of the lower value of trait;
QD - partial dominance; ND - incomplete
dominance; ÜD - advanced dominance.



Effect of copper ions on photosystem II oxygen evolution
                                          Suleymanov Ruslan
Photobioenergetics Laboratory, Institute of Molecular Biology & Biotechnologies, 
Ministry of Science and Education of the Republic of Azerbaijan, Baku, Azerbaijan

The paper presents findings on the impact of copper ions (CuSO₄) on the photochemical activity of Photosystem II (PSII). It was observed that the presence of Cu²⁺ ions in the 

medium causes a notable inhibition of oxygen evolution in thylakoid membranes, indicating a clear relationship between Cu²⁺ concentration and reduced PSII activity. Interest-

ingly, the inhibition of O₂ evolution by Cu²⁺ ions was also found to be time-dependent, with an initial rapid decrease of 20-40% in oxygen evolution immediately following the 

addition of Cu²⁺, followed by a slower, prolonged decline in PSII photochemical activity. These results suggest that PSII contains at least one high-affinity copper binding site, 

which likely contributes to the complex inhibitory effects of copper on photosynthetic function.

Fig. 1. Effect of copper ions on oxygen evolution in thylakoid membranes at different pH values. The concentration of chlorophyll was 15 μg/ml. The photochemical reaction was 

initiated by white light with an intensity of ~1000 μmol photon m-2s-1. The rate of oxygen evolution 350 μM O2 (mgChl·hour)-1 of control samples was assumed to be 100%.

Figure 1 demonstrates the inhibition of oxygen evolution in PSII with increasing concentrations of Cu2+ ions (0–50 mM) at three pH levels (6.5, 7.0, and 7.5). At lower concen-

trations of Cu2+ ions (0–1.0 mM), oxygen evolution declined rapidly, indicating an immediate inhibitory effect of Cu2+ on PSII. However, beyond approximately 1.0 mM Cu2+, 

further increases in concentration did not result in a significantly greater inhibition, suggesting the presence of distinct high- and low-affinity binding sites for Cu2+ ions in the 

PSII complex.

Fig. 2. Time-dependent inhibition of oxygen evolution in thylakoid membranes incubated with Cu2+ ions (1.0 mM) at different pH values. Incubation temperature ‒ 4C chloro-

phyll concentration ‒ 15 μg/ml. The photochemical reaction was initiated by white light with an intensity of ~1000 μmol photon m-2 s-1. ● –Cu2+ was added; ○ – control.

Fig. 2 illustrate the impact of Cu2+ ions on oxygen evolution over time at different pH levels (6.5, 7.0, and 7.5). In all cases, open circles represent control data, while filled 

circles indicate the presence of Cu2+. At pH 6.5 in the presence of Cu²⁺, oxygen evolution rapidly declines to approximately 20% within the first 20 minutes, then further 

decreases, eventually stabilizing around 5-10%. Across all pH levels tested (6.5, 7.0, and 7.5), Cu²⁺ ions cause a rapid and sustained inhibition of oxygen evolution in Photosys-

tem II. The initial sharp decline in oxygen evolution is followed by a stabilization at lower levels, with slightly more pronounced inhibition at lower pH. This suggests that Cu²⁺ 

has a strong, pH-dependent inhibitory effect on Photosystem II activity, with the greatest suppression observed at pH 6.5 and 7.0.

Investigating copper’s effects on Photosystem II (PSII) is critical to understanding the complex responses of plants to inorganic pollutants. The findings of this study demon-

strate that copper ions exert a multifaceted impact on PSII photochemical activity, likely through the inhibition of binding sites with both high and low affinities for copper 

ions. This understanding contributes to our broader knowledge of how heavy metal exposure can affect photosynthetic processes, providing insight into potential mechanisms 

plants use to cope with such environmental stressors

1. Muh F., Zouni A. (2011) Light-induced water oxidation in photosystem II. Front. Biosci., 16: 3072-3132; doi: 10.2471/3900
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chem-070511 100425.
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