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Dear Conference Participants,    

Welcome to  3rd International Conference on Food, Agriculture and Animal Sciences.  

On behalf of the Organizing Committee, I am very happy to open 3rd International 

Conference on Food, Agriculture and Animal Sciences. I believe that this event, which is the 

fruit of an intensive and devoted teamwork,  will have an invaluable contribution to the 

scientific world.  At the end of busy schedule of nearly one year, we have now achieved to 

organize this conference . 

However, as the COVID-19 pandemic is gaining an ever tighter grip on our daily lives, as in 

many events, we also are forced to organize our conference as online meeting. This is 

because of the fact that, we, the organizers, are concerned about your health and we want to 

do our part to keep everyone safe. The conference is going to be held with zoom platform for 

participants. All presentations will be virtual presentation. We, organizing committee 

members, wish you all good health and high spirits. Please keep social distance and try to be 

realistically optimistic in these challenging coronavirus times. 

The aim of the International Conference on Food, Agriculture and Animal Sciences is to 

bring together experts and young researchers from all over the world working in Food, 

Agriculture and Animal Sciences to present their researches, exchange new ideas, discuss 

challenging issues, foster future collaborations and interact with each other. In this sense, we 

are happy to bring together world mathematicians and exchange information with them. 

The main objective of our conference is to discuss recent results in Food, Agriculture and 

Animal Sciences and applications and their relationship with other disciplines. We expect the 

participation of many prominent researchers from different countries who will present high 

quality papers. The conference brings together about over 105 participants from 13 countries 

(Algeria, Jordan, Brazil, Iran, Pakistan, Azerbaijan, Tajikistan, Nigeria, Russia, Ukraine, 

Iraq, Egypt, Turkey), out of which 65 are contributing to the meeting with oral online 

presentations and with 29 poster presentations, including eight keynote talks.  

It is also a purpose of the conference to promote collaborative and networking opportunities 

among senior scholars and graduate students in order to advance new perspectives. The 

papers presented in this conference will be considered in the journals listed on the conference 

websites. 

I’d like to express my gratitude to all our authors, members of scientific committee, keynote 

speakers and contributing reviewers. I believe we will see the best papers of scholars in this 

event. My sincere thanks go to Prof. Dr. Ömer ÇOMAKLI, the rector of Atatürk University, 

sets the goal of being also a top-ranking university in scientific sense, for supporting and 

motivating us in every respect. Special thanks are also due to the organizing committee 

members, for completing all preparations that are necessary to organize this conference. I 

express my gratitude to the members of technical committee of the conference for the design 

and proofreading of the articles.  

We wish everyone a fruitful conference and pleasant memories in our online event. 

Thank you.  

              Assoc.  Prof. Dr. Fatih DADAġOĞLU 

                           Chair of ICAFOAS 2019 
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ABSTRACT: Microorganisms such as mold, yeast and bacteria, and viral agents can be found on all 

known surfaces. Some of these microorganisms and agents are the primary or opportunistic pathogens that 

cause infectious diseases on humans, animals and plants. Microorganisms can easily hold onto mineral, 

wood, metallic, polymeric or composite surfaces in their environment. Microorganisms that multiply using 

inorganic and organic nutrients found on the surfaces cause diseases on plants, animals and humans 

especially in the hospital where the immune system of the patients suppressed. Microorganisms and agents 

that enter the human body through respiration, natural openings, skin nourishment, environmental diseases, 

outbreaks, acute and chronic allergic reactions in living areas outside the hospital. In addition, 

microorganisms cause biological corrosion on the surfaces of the colonized building materials and reduce 

the economic life of the materials. Today, reasons such as changing living conditions and individuals 

spending most of their time outside the home, changing dietary habits, widespread use of public transport 

and increasing international travel opportunities, easily cause contamination of pathogens from individual 

to individual or between living species sharing the same habitat, and even new pandemics. Antibiotics, 

antiseptics, disinfectants and synthetic medicines are used to remove microorganisms and/or agents from 

the surfaces at risk. However, it is known that pathogens are developing resistance against the drugs and 

biocidal products over time.  They may especially lose their activity by being disintegrated in a short time 

on applied surfaces.  Therefore, the development of new antimicrobial and antiviral formulations that can 

be effective for a long time and the use of these in the production of different building materials and treated 

articles are extremely important and necessary. In recent years, many antimicrobial and antiviral 

formulations, which are plant, human and environment friendly, have been developed and successfully used 

in the production of different construction materials and treated articles as a result of scientific studies 

carried out in Yeditepe University, Genetics and Bioengineering Department. The new and long-lasting 

antimicrobial and antiviral hygiene and building materials developed have been put into use in the food, 

agriculture, textile and health sectors. 
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ABSTRACT: Actual problems of preserving the gene pool of animals are related to the growth of the 

world's population and the provision of people with qualitative food. Local and endangered breeds of cattle 

are carriers of valuable genotypes and have unique productive features. In Ukraine, one of the ways to 

preserve local breeds is the formation of micro populations of cattle with unique productive properties, in 

particular with the A2A2 genotype for beta-casein. Consequently, in the breeding herds of Ukrainian black-

and-white dairy, swan, and Simmental breeds, studies were conducted to study the polymorphism of the 

beta-casein gene and its effect on the quality of cow's milk. Genotyping of 200 head of cattle of the above 

breeds was carried out. It was figured out that the frequencies of alleles A1 (0.294-0.380) and A2 in the 

locus of the beta-casein gene in animals of different breeds differed. The population of Lebedyn cows 

(0.706) had the highest frequency of the desired A2 allele, and the Simmental (0.620) population had the 

lowest frequency. The frequency of the A1 allele was the lowest in cows of the Lebedyn breed (0.294), and 

the highest in the Ukrainian black-spotted dairy breed (0.380). Accordingly, the frequencies of genotypes 

A1A1, A1A2, and A2A2 differed depending on the origin. The desired genotype was more common in 

animals of Ukrainian black-spotted dairy and swan breeds (53-52%, respectively). Heterozygous genotype 

was more common in animals of Lebedyn and Simmental breeds (37%). The highest frequency of the 

A1A1 genotype was characterized by animals of Ukrainian black-spotted dairy and Simmental breeds 

(20%). According to genetic and statistical analysis, an excess of homozygous variants of A1A1 and A2A2 

in the beta-casein locus and a deficiency of heterozygous A1A2 were found. There was a difference in the 

quality characteristics of milk between animals of different genotypes. In animals of different breeds, the 

content of individual components of milk did not vary equally depending on the genotype of beta-casein, 

but this difference was statistically insignificant. Cows of the Ukrainian black-spotted dairy breed with 

homozygous A1A1 genotype outperformed others in terms of fat content, with heterozygous A1A2 

genotype - had an advantage in terms of protein, lactose, and skimmed milk residue (SMF). Animals of the 

swan breed with the A2A2 genotype prevailed in all studied indicators of milk quality of animals of other 

genotypes. Simmental animals with the desired A2A2 genotype have a lower fat content in milk compared 

to animals of other genotypes and the average sample size. In terms of protein content, these animals 

together with homozygotes A1A1 predominate in heterozygous animals and average values in the sample. 

 

Keywords: Breed, Fat content, Protein content, Beta-casein, Genotype, Allele, Sir. 
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ABSTRACT: Colored shading nets have been increasingly studied in semiarid crop production systems 

primarily because of their ability to reduce solar radiation with the attendant reductions in air, plant, and 

soil temperatures. However, there is a paucity of research concerning the impacts of colored shading nets 

on various crops grown under semiarid environments particularly the sweet pepper production system.  

This study aimed to investigate the effect of three colored shading nets treatments (i.e., white, green, and 

black shading nets (with 50% shading intensity), and control with unshaded conditions) on the growth and 

instantaneous water use efficiency (WUE) of sweet pepper (Capsicum annum L.) during the 2017 growing 

season under semiarid climatic conditions of Jordan. The results showed that all colored shading nets 

exhibited significantly lower daytime air temperatures and light intensities (22-28 
o
C and 9992 Lux, 

respectively) as compared to the control (32-37 
o
C and 24973 Lux, respectively). There were significant 

differences in sweet pepper growth performance between treatments, including plant height, shoot dry 

weight, leaf area, leaf chlorophyll content, and Vitamin C in ripened fruits. The enhanced photosynthetic 

rates were continuously observed in sweet pepper plants under the colored shading nets as compared to 

control plants. WUE increased among the colored shading nets treatments in the following order: control < 

white < black < green. Overall, the application of green and black shading nets to sweet pepper production 

systems under semiarid environments significantly enhanced plant growth responses and WUE. 

 

Keywords: Capsicum annum, Colored shading nets, Semiarid conditions, Abiotic stresses in plants, Water 

use efficiency.  
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ABSTRACT: In the era of climate change and pollution the marginalization of lands largely affects the 

global agro-ecosystems. The exponentially increasing population further challenges the food security and 

thereby, unsustainable agricultural practices and use of agro-chemicals becomes the default strategies 

adapted by farmers. The exposure of soil to chemical pollutants along with climate change aggravating the 

scenario, leads to salinization of lands and is currently one of the most hassling issues. The degradation of 

land due to salinity at an unprecedented rate is already impeding the targets of Sustainable Development 

Goals (SDGs) of ‗zero hunger‘, ‗life on land‘, ‗climate action‘ and therefore, requires an urgent and 

sustainable agricultural management practices to maintain the equilibrium. BioAgriculture, a holistic 

approach, encompassing microbial technology and cohesively focusing on integrated crop management 

(ICM) is the way forward to achieve sustainability and equilibrium in the environment. Soil microbes have 

tremendous ability to adapt under various environmental stresses including salinity. Rhizosphere houses the 

rich community of ‗plant growth promoting microorganisms (PGPM)‘. PGPM respond to environmental 

stresses and initiate tolerance mechanisms aiding the growth and survival of plants under stress conditions. 

Among the beneficial and heterogeneous groups of PGPM, fluorescent pseudomonads and symbiotic 

nitrogen fixers (rhizobia) have immense potential as biostimulants even under saline conditions. Employing 

different responses such as phytohormone production, nutrient chelation, root and soil architectural 

modification along with imbibing salt tolerance mechanisms in plants, the two groups of microbes are 

important candidates for reclamation of saline fields. Research work has illustrated that the consecutive 

application of microbe-based bioformulations to salt-affected lands, improved the growth of plants and 

remediated the barren lands in a sustainable and eco-friendly manner. The isolates were additionally found 

to be potent biocontrol agents against the phytopathogens in saline fields. Stress tolerant PGPM can be a 

‗complete package‘ in designing microbial products for reclamation of salt-affected lands at large scale. 

 

Keywords: Agriculture, PGPB, Salinity stress 

   
 

 

 

 

 

 

 

mailto:nkarora.bbau@gmail.com


 

International Conference on 
Food, Agriculture and Animal Sciences 

13-17 October 2021, Erzurum, TURKEY 
 

 

5 

Climate Change Mitigation by Improving Municipal Organic Wastes 

Management: Practices of The Europe and Ukraine  
 

Olena MELNYK
1,*

 

Sumy National Agrarian University, Department of Ecology and Botany, Sumy, Ukraine 

*Corresponding author e-mail: olena.melnyk@snau.edu.ua 

 

 

ABSTRACT: Today, about one-third of all food produced in the world is wasted; it is enough to feed all 

the malnourished people around the world. Instead of it, billion tons of fruits, vegetables, grains, meat, 

dairy products and seafood go to the landfills and rot and cause producing potent greenhouse gas methane. 

We could decrease all human-caused greenhouse gas emissions up to 6%-8% if we stop wasting food. 

Wastes management is a key environmental concern across Europe. The European Green Deal poses on 

reducing the environmental impact of the food processing and retail sectors. According to ―Farm to Fork‖ 

strategy countries must make food systems more sustainable by tackling food loss and producing organic 

wastes. Since Ukraine confirmed the European path of development, Ukrainian wastes management system 

now needs to be modified to reflect the positive European experience in the field. According to the official 

data, Ukraine is now included in the list of the countries with the highest level of wastes accumulation. 

More than 11-13 million tons of household wastes (40% organic ones) are annually exported to 6700 

specialized landfills, which occupy 9 thousand hectares and contain about 40 billion tons of wastes. 

Landfilled organic wastes make up the cause of methane emissions as well as using huge amounts of water, 

land resources and energy for waste transportation also affect climate change. The impact of food wastes on 

global warming can be avoided on condition of responsible consumption which is a must for every 

household. For the effective development of the state in modern situation a number of conditions are 

required. The key condition is the development of the regions, since providing the efficient service to the 

public is usually dependent on the regional authorities. In order to meet the EU requirements for the 

management and efficient disposal of wastes, especially household organic wastes, there should be 

introduced modern systems of their separating, collecting and using or destroying which should also be 

environmentally friendly and energy efficient. Collecting more wastes via source separation, wastes 

collection systems make up the essential part of increasing resource efficiency, achieving the European 

recycling targets and closing the loop in the circular economy. Reducing organic wastes production can 

turn green goals to concrete action, decrease our carbon footprint and help to make Europe carbon neutral 

by 2050. 

Keywords: Wastes management, Organic wastes, Climate change. 
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ABSTRACT: This research was conducted to study the protective effect of bee honey on the 7,12-

dimethylbenz(α)anthracene (DMBA)- induced breast cancer in rat model. The study consisted of three 

groups: honey group, positive control group (PC), and negative control group (NC) to which the carcinogen 

was not administered. All rats were fed the diet recommended by the American Institute of Nutrition for 

growing rats (AIN-93G), with addition of honey (50 g/kg diet) to the honey group. All Rats were fed their 

diets ad libitum on 12 hours dark/light cycle. At the age of 50 days all rats in the honey and PC groups were 

gavaged once by the carcinogen DMBA with a dose of 80 mg/kg body Wt. After three weeks of carcinogen 

administration, rats were palpated weekly to detect any tumor growth. After 18 weeks, all rats were 

sacrificed. The palpable structures and the mammary glands along with associated lymph nodes were 

removed and fixed in saline formalin and prepared for histopathological examination. The results revealed 

that the honey group diet significantly (p < 0.05) reduced the incidence rate of mammary cancer, palpable 

tumor multiplicity, tumor size and weight compared to the PC group. In conclusion, multi floral honey has 

a protective effect against DMBA- induced mammary cancer in the initiation, promotion, and progression 

stages of DMBA-induced mammary carcinogenesis. However, further research is needed to reveal the 

mechanisms that might have contributed to the preventive effect of honey against mammary cancer. 

 

Keywords: Multifloral honey, Mammary Cancer, 7,12-Dimethylbenz(a)Anthracene, DMBA, Sprague 

Dawley Rats 
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INTRODUCTION 

Breast cancer can be defined as a neoplastic change in the epithelial cells of mammary 

tissue, particularly in the epithelium of mammary ducts (Hieger, 1961). It is considered an 

important cause of women suffering and mortality worldwide (Coughlin & Cypel, 2013). 

Incidence and death rates of breast cancer increase with age. About 95% of new cases occur 

in women 40 years of age and older. In the United States, incidence rates of breast cancer 

continue to rise after menopause and are highest in the older age categories (Wingo et al., 

2008). Also, Forouzanfar et al. (2011) reported that more than two-thirds of breast cancer 

cases are diagnosed in women aged 50 years and older, and that the majority of these cases 

belong to developed countries. The Ministry of Health (MOH) in Jordan published in their 

15th annual (2010) report on cancer incidence and epidemiology that the total number of new 

cancer cases was 6820, of them 4921 were Jordanians (72.2%). Of the cancer cases, 19.6% 

had breast cancer, making it number one among cancers in Jordanian females (MOH, 2010). 

The etiology of breast cancer is largely unknown (Debruin & Josephy, 2002). About 90-95% 

of all cancer cases can be attributed to environmental and lifestyle factors, whereas the 

remaining 5-10% belong to genetic defects (Anand et al., 2008). Because of this high 

contribution of environmental factors, the health care providers always search for food 

components that may act against cancer. One of the successful strategies for cancer 

prevention is through increasing the consumption of functional foods which can be found 

naturally in foods or added to them as functional ingredients (Zeng et al., 2013). Honey is 

known for centuries for its medicinal and health promoting effects. It contains various kinds 

of phytochemicals with high phenolic and flavonoid contents which contribute to its high 

antioxidant activity (Pyrzynska & Biesaga, 2009). Among the functional components of 

honey are: chrysin and other flavonoids which exert beneficial effects against tumor cell 

proliferation (Tonks, Cooper, Price, Molan, & Jones, 2001). Due to its strong antioxidant 

property, honey may have the potential to prevent the development of cancer, as free radicals 

and oxidative stress play a significant role in the induction of cancers (Valko et al., 2007). 

Additionally, honey was reported to be a natural immune booster, natural anti-inflammatory 

agent, natural antimicrobial agent, natural promoter for healing chronic ulcers and wounds, 

and natural cancer vaccine (Othman, 2012). The carcinogen 7,12-dimethylbenz(α)anthracene 

(DMBA) is one of the two most commonly used substances to study mammary cancer in 

rodents (Guzman et al., 1999). Therefore, the aim of this experiment was to study the effect of 
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honey on the incidence of breast cancer in rat model in which cancer was induced by 

(DMBA) through examining their effects on the multiplicity of tumors, tumor size, and tumor 

latency. 

MATERIAL AND METHOD 

2.1 Animals Thirty nine weanling female Sprague Dawley rats, three weeks of age (40-50 

g), were used in the study. They were purchased from the Animal House of Jordan University 

of Science and Technology and were transferred to the animal unit/Department of Nutrition 

and Food Technology/Faculty of Agriculture/The University of Jordan. They were placed at a 

controlled temperature of 23±2 o C, humidity of 49±5%, and 12-hour light-dark cycle. The 

rats were divided into three experimental groups 13 rats in each: honey group, positive control 

group (PC), and negative control group (NC).  

2.2 Preparation of the Experimental Diets Animals were fed isocaloric and isonitrogenous 

diet which was prepared according to the Guidelines of the American Institute of Nutrition 

1993 for growing animals (AIN-93 G), recommended by Reeves (1997) (Table 1) with some 

modifications as follows: 1) Soybean oil was replaced by an oil mixture that consists of 

canola oil and sunflower oil in a ratio of 0.7:1.0 (Al-Sayyed & Takruri, 2016), since soybean 

has been documented to be protective against breast cancer. 2) Multifloral honey was added to 

the honey group diet in a concentration of 50 g/kg diet. For this group we added only 50 g of 

sucrose instead of 100 g to have an isocaloric diet. 

Table 1. Components of test diets for the different experimental groups 

Component (g or mg/kg diet) Experimental groups 

AIN Diet Honey 

Corn starch 529.5 529.5 

Casein 200 200 

Sucrose 100 100 

Oil mixture 70 70 

Fiber 50 50 

Mineral mix 35 35 

Vitamin mix 10 10 

L-Cystine 3 3 

Choline bitartarate 2.5 2.5 

TBHQ (mg) 14 14 

Honey - 50 

Note. TBHQ: Tertiary Butylatedhydroquinone. Source: Reeves (1997). 

2.3 Preparation and Administration of Carcinogen  

DMBA carcinogen (Santa Cruz Biotechnology/USA, purity ≥ 98%) was prepared by 

dissolving it in acetone and suspending it in sesame oil as described by Daniel and Richard 

(1964) and Lin et al. (2008). Then acetone was evaporated gently under liquid nitrogen. At 50 
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days of age rats in the PC and honey groups (but not the NC group) were gavaged with a 

single dose of the sesame oil containing DMBA in a concentration of 80 mg/kg BW. After 

three weeks of carcinogen administration, the rats were palpated once weekly by a 

veterinarian to record the appearance of any abnormal masses or tumors (Bradly, Kledzig & 

Meites, 1976). At the termination of the experiment after 18 weeks of carcinogen application, 

all rats were killed by chloroform anesthesia.The palpable structures, mammary tissues 

(cervical, thoracic, abdominal, and inguinal) and associated lymph nodes were removed with 

the help of a veterinarian, and then stored by submerging in 10% saline formalin. The 

dimensions of the masses were determined via digital caliper (TRESNA, USA) and weighed 

before storing them in formalin until histopathological examination. 

Tissue slides were prepared according to the procedure of Russo and Russo (2000) and 

were examined to confirm the presence of tumor, and identify its type under light microscope 

(OLYMPUS, USA) (40, 100X power) by a histopathologist. 

2.4 Statistical Analysis 

The statistical analysis was performed by using SPSS program. The data of tumor 

latency, and tumor size were analyzed by one way analysis of variance (ANOVA) test. 

Different treatment groups were compared to detect the statistical significance using Fischer 

test for mean separation. Differences were considered significant at p < 0.05.The data of 

tumor incidence, as well as malignant and benign tumor multiplicities were analyzed by Chi 

square test (X2) for equal proportions. Differences between treatments were considered 

significant at p < 0.05. 

RESULT 

1. Incidence of Malignant Tumors and Adenosis 

Results of histopathological examination showed that the malignant mammary tumors 

that were developed in the rats are invasive mammary carcinomas (IMC); these are of the 

same histological type of human tumors. Table 2 presents the incidence of invasive mammary 

carcinoma (IMC) and adenosis in the study groups. It shows that the PC group had the highest 

incidence of tumors (4 rats out of 13, (30.8%)) among the experimental groups with 

significant differences (p < 0.05) from the negative control and honey groups. There was no 

incidence of IMC neither in the NC group nor in the honey group. Figure 1 demonstrates the 

presence of IMC in the PC rats. 
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Figure 1. Histology of mammary tissue with (A) IMC in the PC rat group compared to (B) Normal mammary 

tissue (H&E stain, 100X) 
 

 

The histopathological examination of rat tissues also revealed that adenosis had occurred 

(Table 2). The PC group had the highest incidence of adenosis cases (7 out of 13 rats making 

up 53.9%). The incidence of adenosis in this group was significantly higher (p < 0.05) than 

that of the NC group which had no adenosis incidence (0%). The honey group, on the other 

hand, had 4 (30.8%) cases of adenosis, which is significantly lower than that of the PC group. 

Table 2. Incidence of IMC, and adenosis among the experimental         

Group                     

NC group (13) 0       0       

PC group (13) 4          7          

Honey group (13) 0       4          

 

Note: 
1
Data: expressed as number of cases and percentages, values with different litters within 

a column differ significantly at (p < 0.05) using Fischer test; 
2
n: number of rats used within 

each experimental group; 
3
Incidence of invasive mammary carcinoma; 

4
Adenosis: pro-

carcinogenic or initiation stage. 

2. Multiplicity of IMC, Site and Latency  

Table 3 shows the multiplicity of IMC (expressed as total number of IMC/group) among 

the experimental groups. Only the PC group rats had high multiplicity of IMC (4 rats) 

whereas the NC and honey groups did not have any IMC as they did not have any tumors. 

Table 3 also expresses the tumor latency (days) for the PC group (54.33±10.81 days) in 

opposite to the NC and honey groups which did not have any malignant growths after 18 

weeks of DMBA administration. Regarding the site of palpable tumors, in this experiment 

IMC was developed in the inguinal and thoracic mammary glands. Three tumors (IMC) were 
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developed in the inguinal mammary glands, whereas 1 tumor was developed in the thoracic 

mammary gland in the PC group rats. 

Table 3. Multiplicity of IMC, site and latency 

Group      Multiplicity of      Site          

NC group (13)                        0                                              0                                             No 

Tumors Detected                                       

PC group (13)                         4                                              2 right inguinal 

                                                                                                 1 left inguinal 

                                                                                                 1 right thoracic 

Honey group (13)                  0                                              0                                              No 

Tumors Detected   
 

Note. 
1
n: number of rats used within each experimental group; 

2
multiplicity of invasive 

mammary carcinoma; 
3
Latency: Number of days after carcinogen administration till the onset 

of the palpable tumor, expressed as mean day ± SEM. 
 

3. Average of the Largest Diameter and Average Weight of Palpable Tumors  

Table 4 shows that the largest average diameter of palpable tumors in the PC group was 

(20.81±4.18 mm) and that the average tumor weight (expressed as g/tumor/ tumor bearing rat) 

in this control group was (3.23±1.58 g). 

Table 4. Average largest diameter and average weight of the palpable tumors 

Group (n)
1 

IMC
2 

Largest diameter of the 

palpable-tumors 

(mm/tumor/tumor bearing 

rat)
3 

Average tumor weight 

(g/tumor/tumor bearing 

rat)
3 

NC group (13) 0 No tumor No tumor 

PC group (13) 4 20.81±4.18 3.23±1.58 

Honey group (13) 0 No tumor No tumor 

Note: 
1
n: number of rats used within each experimental group; 

2
multiplicity of invasive 

mammary carcinoma; 
3
Values of size of tumor and its weight are expressed as mean ± SEM. 

4. Incidence and Multiplicity of Benign Palpable Structures (BPS) among the 

Experimental Groups 

Table 5 shows that 2 incidences of BPS occurred only in honey group (15.4%), with 3 

multiplicities whereas the NC and PC groups did not develop any BPS. There was no 

significant difference (p > 0.05) between the experimental groups. 

Table 5. Incidence and multiplicity of benign palpable structures (BPS) among the experimental groups
1 

Group (n)
2 

Incidence of BPS Multiplicity of BPS 

NC group (13) 0 (0%) 0 

PC group (13) 0 (0%) 0 

Honey group (13) 2 (15.4%) 3 

Note: BPS: benign palpable structure, data are expressed as total number of BPS/group and% 

from the number of animals in the group; 
2
n: number of rats used within each experimental 

group. 
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DISCUSSION 

1. Incidence of Malignant Tumors and Adenosis among the Experimental Groups  

The incidence of IMC, which represents the malignant tumors, occurred only in the PC 

group rats (4, 30.8%). The results of this study also showed that the honey group had no 

incidence of IMC which suggests that honey has protective effect against mammary cancer in 

rats. Several studies reported that honey has a strong antioxidant capacity (Yao, Datta, & 

Tomas-Barberan, 2003; Lurlina, Saiz, Fritz, & Manrique, 2009). These antioxidant effects of 

honey have the potential to prevent the development of cancer (Valko et al., 2007). Honey is 

rich in phytochemicals such as phenolic acids and polyphenols. The different polyphenols in 

honey were reported to have antiproliferative effects against several types of cancers 

(Jaganathan & Mandal, 2009). 

These results are in agreement with those obtained in a Malaysian study, in which it was 

found that Tualang honey positively modulated the progression of DMBA-induced breast 

cancer in rats. Tumors were much less in number, volume, and weight in honey-treated rats 

compared to rats in the control group (AbdKadir, Sulaiman, Yahya, & Othman, 2013). 

Phenolic compounds, such as quercetin, were reported to induce apoptotic effects through 

estrogen receptors alpha and beta dependent mechanisms (Bulzomi et al., 2012). It is 

noteworthy that the amount of quercetin in honey is relatively high, making up 43 μg/100 g 

honey (Kurtagic, Redzig, Memic, & Sulejmanovic, 2013). Fauzi, Norazmi, and Yaacop 

(2011) mentioned that honey has cytotoxic effects in the human breast cancer cell lines MCF-

7, and these effects were not shown in normal breast cell lines MCF-10 A. This suggests that 

the cytotoxic effects of honey are selective and specific to the breast cancer cell line only 

unlike most of anticancer drugs. Therefore, flavonoids and phenolic compounds in honey 

seem to be responsible for the cytotoxic effects on cancer cells (Erejuwa, Sulaiman, & 

Wahab, 2014). Antimetastatic, antiproliferative, and anticancer effects of honey against breast 

cancer in rodents were also reported in other studies. Honey flavonoids particularly chrysin 

was shown to have antimetastatic effects against human breast cancer cells (Yang et al., 

2013). Also it was reported that the anticarcinogenic activity of honey is due to its 

antiestrogenic effects and its potential in inducing mitochondrial membrane depolarization 

and apoptosis in breast cancer cells (Erejuwa et al., 2014). It was mentioned that the higher 

the phenolic content in honey, the greater its antitumor effects are (Jaganathan, Mondhe, 

Wani, Pal, & Mandal, 2010). The histopathological examination in this experiment revealed 
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an incidence of adenosis in the mammary tissues of the rats. The American Cancer Society 

ACS (2015) describes adenosis as an enlargement of breast lobules which contain more 

glands than usual. Other names of adenosis include: aggregate adenosis, tumoral adenosis, or 

adenosis tumor. However, adenosis is not a cancer, but can be developed later into a cancer. It 

is an early stage of the carcinogenesis process and keeping the tumor in the initiation stage. 

The enlarged lobules may be distorted by a scar- like fibrous tissue in a condition known as 

sclerosing adenosis (SA) which is a special type of adenosis. In humans, having an SA 

increases the woman‘s risk for having breast cancer by two fold (ACS, 2015). SA is 

considered as an important entity for clinicians, because it mimics breast carcinoma clinically 

and on mammography. Some studies reported that SA represents a proliferative process which 

can lead to carcinomatous changes (Azzopardi, 1979). The results of this study showed that 

the percentage of adenosis cases was in the PC group (58.3%), followed by the honey group 

(30.8). It has been reported that spontaneous tumors of different types and different body sites 

could happen in female Sprague Dawley rats with age, even with no induced carcinogenesis 

(Morii & Fujii, 1973). However the NC group rats in our study did not develop any tumor or 

even adenosis probably because of the short period of the experiment (18 weeks; 126 days) in 

comparison with 701 days in Morii & Fujii study. 

2. Multiplicity of IMC and Tumor Latency 

The progression stage of carcinogenesis is characterized by further metabolism of the 

carcinogen which leads to additional lesions, malignancy, and growth of the tumors (Tsuda et 

al., 2004).Tumor growth can occur as a result of the proliferation of cancer cells (Ju et al., 

2001). The results of this study showed that there was tumor multiplicity in 4 rats of the PC 

group, whereas the other experimental groups (negative control and honey groups) did not 

develop any cancer growth. Tumor latency represents the period between DMBA 

administration and the appearance of palpable tumors. Latency period in DMBA- induced 

mammary cancer is a function of the promotion stage of carcinogenesis (Hieger, 1961). The 

promotion stage represents the time period starting after carcinogen administration. This 

period is characterized by the growth of mammary tumors (Welcsh, 1992). The delay in the 

appearance of palpable tumors indicates lower growth rate of tumor (Kodell & Chen, 2001). 

Also, this period is characterized by a loss of cell differentiation and disordered cell growth 

(Tsuda et al., 2004). In this experiment tumor latency for the PC group was 54.33±10.81 days, 

which is similar to the results obtained by Al-Sayyed, Takruri, and Shomaf (2014) who 
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reported a latency period of 50 days in Sprague Dawley rats in which cancer was induced by 

DMBA. 

3. Incidence and Multiplicity of Benign Palpable Structures among the Experimental 

Groups  

The incidence of benign palpable structures (BPS) was reported by several researchers. 

They reported that a single intragastric dose of DMBA could induce benign mammary tumors 

in SD female rats (Noble & Cutts, 1959; Dias et al., 1999). Dias et al. (1999) documented an 

incidence rate of 34% for the benign mammary tumors after a single dose of 65 mg of DMBA 

administered into female Wistar rats. The variation in the incidence rates and multiplicities of 

BPS among different studies might be related to experimental conditions. In the present study, 

Sprague Dawley rats were used, the DMBA dose was 80 mg and the experimental period was 

18 weeks only, whereas the experimental period in the Dias etal study was 24 weeks. Mann, 

Boorman, Lollini, Mc Martin, and Goodman, (1996) reported that there are three types of 

benign neoplasms in rat mammary glands including: fibroadenoma, fibroma, and adenoma. 

The most common benign neoplasms that occur in rat mammary gland is fibroadenoma. This 

type of neoplasm consists of both connective tissue and mammary epithelial cells. The 

proportion of these two cell types varies considerably from one tumor to another. Some 

tumors consist mainly of epithelial cells, whereas others are composed almost entirely of 

connective tissue. Fibroma is another type of benign neoplasms in which the tumors are 

composed entirely of collagenous connective tissue without any epithelial component and 

which arise in the subcutaneous regions. The third type of benign neoplasms in rat mammary 

gland is adenoma. Tumors which represent this type are composed almost entirely of 

glandular epithelial structures with a scant connective tissue stroma. The epithelium is usually 

uniform with a cuboidal to columnar shape (Mann et al., 1996). Abd El-Aziz et al. (2005) 

mentioned that mammary carcinogenesis can lead to hormonal disturbances, and accordingly, 

DMBA may induce hormonal disturbances. These disturbances might have led into the 

development of BPS, but not to adinocarcinoma. Other researchers reported that the incidence 

of BPS might be attributed to endocrine influences, particularly the estrogen hormone (Nobel 

& Cutts, 1959; Santner, Pauley, Tait, Kasenta, & Santen, 1997). In the present study, the 

incidence of BPS occurred only in the honey group which might indicate a protective effect of 

honey against carcinosis. 

CONCLUSION 
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Based on the results of this study, it can be concluded that multifloral honey has 

protective effects against DMBA- induced mammary cancer in the initiation, promotion, and 

progression stages of DMBA-induced mammary carcinogenesis, as indicated by incidence 

rate, tumor latency, multiplicity and size.This effect was probably due to the strong 

antioxidants activity of honey. 
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ABSTRACT: The reduction in the production of crops resulted from environmental, physiological, and 

biological factors is well documented. Indeed, several complex physiological mechanisms are involved in 

the stress tolerance of crops to cope with the harmful effects of environmental stresses. Crop tolerances 

under abiotic stress conditions are achieved by increasing the production of compatible osmolytes, 

compatible solutes, reactive oxygen species (ROS) and regulation of ion homeostasis, etc. However, the 

knowledge about the crop responses under abiotic stress environments is still not properly explicit. 

Eventually, the development of tolerant cultivars has become a challenge now. Nowadays, the importance 

of various crops, present improvements and future directions for enhancing yield and nutritional quality 

under different environmental stress conditions and climate change scenarios should be considered.  In light 

of the past and current research on the possible impact of climate change, researchers must initiate new 

strategies using recent genetic and production techniques to define the present limits and achieve these 

resistances rapidly. It minimize adverse effects of agricultural practices, environment and human health and 

improve productivity and food security. In this context, we studied the recent trends of technology that 

could provide benefits for sustainable agriculture. Therefore, it is appropriate to reiterate once again that 

new technologies are in tumultuous evolution. It means that applications currently under development will 

soon be overtaken by other ideas that will solve other issues in sustainable agriculture. 

 

Keywords: Abiotic stress, Yield, Quality, Climate change, Stress tolerance 
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ABSTRACT: Current study focused on  the adsorbent capacity of coffee bean  waste  from contaminated 

agricultural soils and  popular  leafy vegetable ―Coriandrum Sativum‖ . In recent years, the use of low-cost 

bio-adsorption has been considered which is mainly due to agricultural waste. It is worth mentioning that 

coffee consumption is over eleven billion tons per year around the world. Coffee bean waste (canephorat, 

Arabica) is solid and insoluble in water, which is why it is racked up and compiled in nature. Packed 

potting soil purchased from Tehran market. Meanwhile in 56  vases the Coffee waste (from 0% to 3%) dry 

weight percentage were mixed by soil, due to observing the effect of Coffee waste as adsorbent and in 

defined times: 1, 10, 20, 30, 40 days in the study. The Cadmium ( Cd)  contents in aerial parts of vegetable 

in treated and untreated samples were determined by ICP-MS. Ion concentration was addressed in three 

replicates. The soil, leaves of vegetable was digested by wet method according the standard protocol 

(AOAC). Mean values were calculated using Analysis of Variance, (ANOVA) and adsorption capacity 

varied by considering the effects of assorted parameters like contact time, initial concentrations, and 

adsorbent dose. It was acknowledged by the results that coffee bean waste (CBW) has more potential to 

adsorb Cd during the first 10  days of the study (p < 0.001) and adsorption capacity was diversified by 

considering the effects of various parameters like contact time, initial concentrations, pH, and absorbent 

dose. Coffee bean waste could acquire high level of Cadmium  in a short time and the uptake rate by edible 

vegetable plant is significantly afflicted by their concentrations in the contaminated soil (p< 0.03). A 

contact time of 30 days by %3 corianders was resulted to be optimum.  

 

Key words: Food safety , Detoxification, Coffee bean waste, Bio-adsorbent,  Soil, Cadmium. 
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ABSTRACT: The study to investigate the frequencies of some morphological features and haemoglobin 

type in adultmuscovy duck, frequencies of the haemoglobin type were obtained using cellulose acetate 

electrophoresis and some morphological features (sex, body carriage, shank colour, beak colour, beak 

shape, bean colour, feet type, presence of crest, carunclecolour, presence of caruncle, skin colour, eye 

colour and body weight) were obtained using visual appraisal as described by Sola-ojoet al., 2019. 34 adult 

Muscovy ducks were used for this research and they were tagged and partitioned according to feather 

colour and sex. Data analyses was performed using the SPSS statistical software 2013 (version 20.0). The 

results showed that82.4% of the ducks hadhaemoglobinHbAB, while 17.6% were of haemoglobinHbAA, 

67.6% of the population were female and 32.4% were male. The chi square analysis(X
2
) showed that the 

observed population of the ducks either with black/white, white/brown, brown/black, black, white, brown 

are of HbAA or HbABhaemoglobinand this was significant ( p ˂ 0.05). Among the black/white, 

brown/black, and black, feather colourHbAB had the highest population while HbAA was 

thelowesthaemoglobin observed. The white/brown, white, brown feather colourhaemoglobinHbAB were 

dominant. The morphological features shows that the female had lower BW than it male counterpart 

(1.7522±0.29675) and (3.0364±0.53343) respectively.The predominant shank colour observed was black 

with 70.6% followed by black/pink with 20.6%, the body carriage was distributed between slightly upright 

and upright with 47.1% and 52.9% respectively. The predominant beak colour was pink/black with 52.9% 

followed by black/white with 26.5%. All the ducks had smooth beak shape, 97.1% had palmate foot with 

2.9% been left palmate, 67.1% of the ducks had no caruncle while 32,4 had caruncle, the following eye 

colours were observed brown, navyblue, black, dark blue and blue in the following proportions 32.4%, 

41.1%, 14.7%, 2.9%,  and 5.9% respectively. This study shows that the population of these Muscovy duck 

is mostly heterogeneous HbABand thus, suggest that the population of duck with homozygous HbAA is 

low among the Muscovy duck which should be looked into by animal breeders to ensure that more of ducks 

with single faster band which is HbAA genotype are breed. 

 

Keywords; Frequencies, Morphology, Haemoglobin, Muscovy duck   
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ABSTRACT: Doogh (Yoghurt drink) is a traditional Iranian drink prepared through adding water and salt 

to yoghurt. Doogh‘s instability is a major problem which is the result of low pH (<4.00) and aggregation of 

casein. One solution is to employ hydrocolloids to improve the stability of the product. The aim of this 

study was to investigate the effect of psyllium husk gum on the stability and sensory properties of Doogh. 

Two different edible colors (β-lain and curcumin) were added to the product to enhance sensory properties. 

The hydrocolloid was also used at three concentrations (0.25, 0.75 and 1.25%). Serum separation, zeta 

potential, flow behavior, colorimetry and sensory properties were carried out. The results showed that as 

the concentration of hydrocolloid increases, instability in Doogh decreases and the most stable sample 

contained 1.25% hydrocolloid (the highest) and 5% color (the least). In the case of sensory analysis, 

hydrocolloid and color at the level of 1.25% and 10%, respectively, achieved the highest scores. 

Viscometry measurements showed that, Newtonian behavior of Doogh samples is not affected by 

hydrocolloid concentration. Finally, it was concluded that the best sample with highest scores was the one 

which containing 0.75% hydrocolloid and 10% for both edible colors. 

 

Keywords: Doogh, Yoghurt drink, Psyllium husk, Stability, Sensory properties 
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ABSTRACT : Canine leishmaniasis (CanL) caused by L. infantum is a zoonotic disease that affects 

millions of dogs. In 2018, 92 and 83 countries or territories were considered endemic or previously reported 

for CL and VL, respectively, including Algeria containing mainly the visceral, cutaneous and 

mucocutaneous form and which considers the Leishmaniasis as a re-emerging disease who seems to spread 

because of a combination of factors: environmental changes as well as factors related to the immune status 

of the host and drug resistance and the significant number of stray dogs. We find that Algeria is on the 

shortlist of the countries most affected for leishmaniasis. Zoonotic visceral leishmaniasis (ZVL) is caused 

by Leishmania infantum, with dogs serving as the primary reservoir and Phlebotomus longicuspis and P. 

perniciosus acting as the primary vectors. In Algeria, six zymodemas infect dogs. In Algeria twenty-four 

species of sandflies. Despite the epidemiological and economic importance of the disease, studies and 

research in Algeria on leishmaniasis remain very insufficient. 

 

Keywords : Canine leishmaniasis, Viscérale leishmaniasis, Cutanuous leishmaniasis. Phlebotomus, Algeria 
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ABSTRACT:  Garlic (Allium sativum L.) is an important vegetable crop that is consumed worldwide for 

its bulb medicinal and nutritional quality. Its cloves are good source of minerals and rich source in health-

promoting bioactive compounds that have positive effects on health. Garlic bulb yield and nutritional value 

are greatly affected by imbalanced and low availability of soil nutrients such as phosphorus (P) especially 

in alkaline soils.  The aim of this study was to evaluate bulb yield, mineral content, total phenols and 

flavonoids contents and antioxidant activity of field grown garlic (cv. Local) under three P fertilizer levels: 

"P0"- no fertilization, "P1"- 100 kg P2O5/ha, and "P2"- 200 kg P2O5/ha as di-ammonium phosphate (18-46-

0).   Results showed that P levels affected plant growth, mainly the total bulb yield, bulb weight, cloves 

number per bulb and plant height; while no differences were found between P1 and P2 levels for plant 

height, bulb weight and cloves per bulb.   Clove total phenols and flavonoids contents and antioxidant 

activity were enhanced with application of 100 kg P2O5 ha
-1

 in comparison to no added (P0) or 200 kg P2O5 

ha
-1

.  Regarding cloves mineral content, the highest content of P was observed at the highest P level (P2), 

while Ca content was highest at P1 level.  No differences were observed for clove N, Mg and K contents 

among P fertilizer applications. In conclusion, the results of this study indicate that garlic grown with 100 

kg P2O5 ha
-1

 of P was appropriate for the phytochemicals production while the 200 kg P2O5 ha
-1

 of P were 

more appropriate for garlic cultivation for fresh bulb yields under conditions of this study.  

 

Keywords: Allium sativum, Phosphorus, Phenolic, Alkaline soil 
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ABSTRACT: The aim of this study was to investigate the effects of lyophilized extract of oleander 

(Nerium oleander L.) plant flower on serum insulin, c-peptide, glucose levels, antioxidant and α-

glucosidase activities of small intestine tissue against streptozotocine-induced in diabetic rats. Following 

the toxicity tests, 49 rats were separated into seven experimental groups: Control, N. oleander (50 mg/kg), 

Diabetes mellitus (DM), DM+Glibenclamide (Gly) (3 mg/kg), DM+ N. oleander (25 mg/kg), DM+ N. 

oleander (75 mg/kg) and DM+ N. oleander (225 mg/kg). In consequence of 21 days treatment, the levels of 

insulin and c-peptide in serum, MDA content and levels of GST, CAT, SOD and GSH antioxidant defence 

system enzymes of small intestine were analysed. According to the obtained results, there are increasing in 

the levels of blood glucose, MDA, GST and α-glucosidase activities in DM group and these parameters 

significant decreases in treatment groups (DM+N. oleander) compared to DM group. In addition, CAT 

(DM+N. oleander (225 mg/kg) and SOD (in all treatment groups) activities showed significant increases in 

the treatment groups (DM+N. oleander). Serum insulin levels of DM, DM+Gly and DM+N. oleander (25 

mg/kg) groups had decreases according to control groups, but it was observed that they were regulated to 

control levels in middle and high dosed treatment groups (DM+N. oleander 75 mg/kg and DM+N. oleander 

225 mg/kg). Consequently, it was determined that lyophilized flower extract of oleander had lipid 

peroxidation suppressive, antioxidant, insulin secretion stimulant and antihyperglycemic effects on small 

intestine tissues of diabetic rats.  

 

Keywords: Oleander, Diabetes mellitus, Antioxidant, α-Glucosidase, Insulin, c-peptide  
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ABSTRACT: The Nigerian guinea fowl, after the domestic fowl, is the most important poultry specie in 

Nigeria with reference to population size, protein supply and acceptability. Taxonomical classification of 

these birds plays a key role in their evulotionary history and relationship, which helps to investigate their 

productivity so as to conserve important genetic resources. This study was conducted using 10 adult 

Nigerian guinea fowls. Genomic DNA was extracted from their blood and then sequenced using Multiple 

Sequence Alignment tool, Clustal Omega. The phylogenetic tree of the sequenced guinea fowl (Guinea 

fowl 12s rRNA) was constructed along with 13 most related sequences on the NCBI database to show how 

closely related they are. The result shows that the sequenced adult guinea fowl is closely related to the 

Numida meleagris 12s mitochondria ribosomal RNA, and it establishes the fact that, at DNA genomic 

level, guinea fowl can be characterized taxonomically using 12s rRNA mitochondria genes. 

 

Keywords: Evolutionary relationship, Phylogenetic tree, Mitochondria 12s rRNA Gene, Guinea fowl 
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ABSTRACT:  Green onion (Allium cepa L.), as one of the leafy vegetables, is usually used for fresh 

consumption worldwide. It is a rich source of biologically valuable substances which has a positive effect 

on human health. However, onion yield and nutritional value are greatly affected by ecological factors and 

farming practices.  This study evaluated the fresh yield, leaf mineral contents and quality of green leaves 

(total phenols, flavonoids and antioxidant activity) of onion plants in response to soil organic (4 ton/ha 

cow-sheep manure) and inorganic (150 kg/ha N-P-K 30-10-10) fertilization as compared to soilless 

cultivation (full strength Hoagland's solution) under greenhouse conditions.  Plant fresh weight and total 

leaf fresh weight were higher in the soilless treatment compared with the organic and inorganic treatments 

by 36.2 and 29.6% (plant fresh weight) and 29.6 and 22.7% (leaf fresh weight), respectively. These growth 

parameters were higher in inorganic than organic treatment by 11.2% (plant fresh weight) and 11.9% (leaf 

fresh weight), respectively.  Contents of leaf N and P were higher with soilless farming; Leaf K and Mg 

were higher with organic farming, while Ca content was higher with inorganic fertilization.  Inorganic 

farming increased total phenols content and antioxidant activity in onion leaves than other two cultivation 

systems.  However, no significant differences in total flavonoids contents were observed between soilless, 

inorganic and organic methods.  Our results show the advantages of the soilless farming from plant growth 

and some mineral uptake perspectives in comparison to other cultivation methods. However, with inorganic 

fertilization, the phenolic compounds and antioxidant activity were higher than other cultivation methods.  

The less response to organic fertilization might be due to slower nutrient uptake at early stages (green 

leaves) which might be improved at later stages of development, which need to be considered in the future 

studies. 

 

Keywords: Allium cepa, Antioxidant activity, Phenols, Farming system 
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ABSTRACT: Ruminant Pestivirus are widely distributed worldwide, causing congenital disease and 

massive economic losses. Although ruminant production is an important economic sector in North Africa, 

the knowledge about Pestivirus is scarce. The present study aimed at assessing the presence of Pestivirus in 

cattle in Algeria, and to review the data available on ruminant Pestivirus in North Africa. A cross-sectional 

study was conducted on dairy farms from North-Western Algeria. Blood samples from 234 dairy cattle 

from 31 herds were collected. All sera were analysed for the presence of antibodies using a commercial 

iELISA. The presence of Pestivirus RNA was also assessed by using a Reverse Transcription-PCR, and 

PCR-positive samples were sequenced. Risk factors related to Pestivirus infection were also analysed. The 

review of the presence of ruminant Pestivirus in North Africa was performed using a systematic search and 

compilation methodology of the peer-reviewed literature available in order to identify gaps of knowledge 

for future research. The seroprevalence at population and farm levels obtained in the present study (59.9% 

and 93.5%, respectively) concur with data reported in neighbouring countries. Risk factors associated with 

Pestivirus infection in cattle were the presence of sheep in the herd and the animal category (cow vs 

heifer). Furthermore, we confirmed the presence of BVDV-1a in Algeria. The scarce data suggest an 

endemic epidemiological scenario of Pestivirus in livestock. The lack of studies about the epidemiology 

and molecular variability of ruminant Pestivirus in livestock and wildlife in North Africa is of concern for 

animal health and wildlife conservation, and needs to be addressed. 

 

Keywords: Algeria, BDV, BVDV, Livestock, North Africa, Pestivirus 
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ABSTRACT: A parasitical survey of Elasmobranchs Cestoda from the Algerian basin allowed 

us to inventory for the first time in Algeria and the western Mediterranean basin, the 

Cestodotofauna of Leucoraja circularis (Couche, 1838), a species rarely collected on this coast. 

Among the intestinal parasites of this Selacien, two species belonging to the family of 

Echinobotthriidae Perrier, 1897 are describe, it is Echinobothrium affine Diesing, 1863; and 

Echinobothrium harfordi Mc vicard, 1976. Besides, the histological study of the intestinal 

microhabitat, established for the first time, reveals that the morpho-anatomy of the spiral 

intestine of L. circularis is remarkably complementary with the attachment mode of these 

cestodes, its structure ensuring their fixation and maintaining them efficiently in this dynamic 

biotope. This work has allowed to make a list of Echinobothrium of L. circularis parasites, to 

define their attachment mode as well as the structure of their microbiotope for the first time in 

Algeria and in the Mediterranean basin. 
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ABSTRACT: Quedius, belonging to Staphylinidae, is one of the most speciose genera with more than 700 

identified species in Palaearctic region, and Quedius (Raphirus) cohaesus Eppelsheim, 1888 is among the 

most widely distributed species in Turkey. In this study, morphological characters used to detect the degree 

and significance of intraspecific variation. Examined material is composed of specimens collected from 

three regions of Turkey: Eastern Black Sea, Central Anatolian and Aegean regions. In recent studies, Q. 

(R.) kirklarensis Korge, 1971 was synonymized with Q. (R.) pseudonigriceps Reitter, 1909, and the latter 

one with Q. (R.) cohaesus Eppelsheim, 1888. Available specimens belonging to those species were also 

examined in the study. It could be understood that the species has a diverse morphology among different 

regions. In order to investigate interpopulation variation, at least 10 specimens were measured from each 

region. Despite the total head and pronotum length is longer, they have relatively shorter elytra, resulting 

that the Eastern Black Sea population is slightly shorter in forebody length. Even though there seem to be 

morphological differences, these differences are mostly individual and due to climatic conditions, and they 

are not significant with respect to head length/width and pronotum length/width ratios, and forebody length. 

 

Keywords: Coleoptera, Staphylinidae, Staphylininae, Quedius, Turkey, Morphology 
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ABSTRACT: Gamma aminobutyric acid (GABA) is a bioactive molecule that has attention in recent years 

due to its physiological functions. GABA, a major inhibitory neurotransmitter, is a four carbon non-protein 

amino acid that is widely present in plants, microorganisms, and the vertebrates. GABA, which provides 

chemical nerve transmission in the brain, plays a important role in the nervous system by tranquilizer effect 

in cases such as anxiety, insomnia and nervousness caused by excessive stimulation of neurons. In addition, 

it is known to have effects such as antihypertensive, antidepressant, antidiabetic and diuretic. GABA is 

synthesized by the decarboxylation of L-glutamate which catalyzes by enzyme glutamate decarboxylase 

(GAD). GABA is naturally present in low amounts in some grains, fruits and vegetables but its amount is 

insufficient to provide the desired physiological effects. It is known that GABA can be produced by 

microorganisms such as bacteria, yeast and molds. Especially lactic acid bacteria, LAB, have significant 

potential because they are accepted as GRAS. Due to the diversity of microbiota in fermented foods, it‘s 

important to identify LAB strains capable of producing GABA from these foods. The aim of this study is to 

determine the GABA production abilities of lactic acid bacteria isolated from home-made yogurt (264) and 

kefir grains (158) at the gene level. For this purpose, lactic acid bacteria stored at -80
o
C were revived, 

controlled for purification and analyzed by PCR based method using Core F and Core R primers obtained 

from highly conserved regions of the GAD gene. According to the results, GAD gene was not found in 422 

LABs isolated from kefir grains and yogurt, so it was determined that they did not have the ability to 

produce GABA. As a result, considering the important physiological effects on human health; it has been 

concluded that it is necessary to identify strains capable of producing GABA from different fermented 

foods and conduct research on the enrichment of foods with GABA using the determined strains. 

 

Keywords: Gamma aminobutyric acid, Lactic acid bacteria, Glutamate decarboxylase, Fermented foods 
 

 

 

 

 

 

 

 

 

 

                                                           
*
 This research was performed from a part of project no FDK-2020-7548 supported by Atatürk University BAP commission 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

33 

A New Ichneumonid Parasitoid of the Sawfly Cimbex quadrimaculata (Muller) 

(Hymenoptera: Cimbicidae) in Turkey 
 

Mustafa ATAġ
1, *   Saliha ÇORUH2 

1
Diyarbakır Plant Protection Research Institute, Diyarbakır, Turkey 

2
Atatürk University, Faculty of Agriculture, Department of Plant Protection, Erzurum, Turkey 

*Corresponding author e-mail: mustafa.atas@tarimorman.gov.tr 
 

 

ABSTRACT: Sawflies are the insects of the suborder Symphyta within the order Hymenoptera alongside 

ant, bees and wasps. Cimbex (= Palaeocimbex) quadrimaculata (Müller) is, in Turkish, commonly known 

as ―badem yaprak testereli arısı‖ and is an important pest in fruit-growing areas. It is a pest mainly on 

almond, but also feeds on apricot, peach, pear, and cherry in Turkey. In this study, we investigated the 

parasitoids of Cimbex quadrimaculata (Muller) (Hymenoptera: Cimbicidae) which fed on almond 

production areas in Diyarbakır and Mardin between 2019 and 2020. Meringopus titillator (Linnaeus) 

(Hymenoptera: Ichneumonidae) was obtained from as larva–pupa parasitoids of C. quadrimaculata. T his 

species is new parasitoid for Cimbex quadrimaculata and it is a new record for the Southeastern Anatolia.  

Samples collection was carried out in two ways: In the first way, pupae of pests from previous year were 

collected in 10 cm depth of the soil or surface soil or among the grasses in February, March and April. 

These pupae (Figure 2) stored at 27 ± 2 
o
C and relative humidity in climate chambers. In the second way, 

larvae were collected with leaves and branches in April and May. Every 2 days, withered leaves were 

replaced with fresh ones. They were fed fresh leafy branches up until turned into pupae. All specimens are 

deposited in Diyarbakır Plant Protection Research Institute. In this study our aims were to, determine to 

species parasitoids associated with Cimbex quadrimaculata in study area and natural parasitism rates 
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ABSTRACT: In this study Ichneumonidae (Hymenoptera) species collected from Black Sea Coast 

(Rize) of Turkey are presented. Rize is a province located in the northeastern Turkey and has a coast to 

the Black Sea. In total 15 species (Colpotrochia cincta (Scopoli), Exochus alpinus (Zetterstedt), 

Exochus prosopius Gravenhorst), Enicospilus ramidulus (Linnaeus), Cylloceria borealis (Roman), 

Orthocentrus patulus Holmgren, Oxytorus luridator (Gravenhorst), Clistopyga rufator Holmgren, 

Pimpla aquilonia Cresson, Pimpla rufipes Brullé, Pimpla spuria Gravenhorst, Scambus nigricans 

Thomson, Zatypota albicoxa (Walker), Ctenochira angulata (Thomson), Oedemopsis scabricula 

(Gravenhorst)] belonging to the subfamilies Metopiinae, Ophioninae, Orthocentrinae, Oxytorinae, 

Pimplinae and Tryphoninae were determined. Adult ichneumonid samples were collected by 

entomological net on flowering plants in six different localities and altitudes at sea level (10-200 m) of 

Rize in Turkey during 2016-2017 summer. Collected specimens were preserved in 70 % ethanol. All 

examined material was collected by second author and Halil Çoruh and determined by authors and 

deposited in the Entomology Museum Erzurum, Turkey (EMET). Of these, Exochus alpinus 

(Zetterstedt), Cylloceria borealis (Roman), Orthocentrus patulus Holmgren and Zatypota albicoxa 

(Walker) are new records for the Turkish fauna. Now, the number of Ichneumonidae species has 

reached 1,309. The purpose of this study is to identify the Ichneumonidae species collected from sea 

region, to make this data available to researchers and relevant people and to contribute the biodiversity 
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ABSTRACT: The importance of organic fertilizers in agricultural production has increased due to the 

negative effects of intensive chemical fertilizer use on soil, the environment and human health. Commonly 

used organic fertilizers include farm manure, green manure, various compost products and biological 

fertilizers. In addition, humic acid is an important source of organic fertilizer and a soil regulator with 

positive effects on plant growth and improvement of soil properties. The aim of this study is to investigate 

the effects of different doses of humic acid and treatments of PGPB including superior traits on growth and 

yield in wheat (Triticum aestivum). In the study, 14 different applications consisting of 3 bacterial strains 

and 2 humic acid doses and their different combinations were applied in a completely randomized design 

with 3 replications during the 2017-2018 and 2018-2019 cropping season. Plant height, number of the tiller, 

number of the spike, hectoliter weight and seed yield parameters were examined and statistically significant 

changes were determined in all properties depending on the treatments. Plant height, number of the tiller, 

number of the spike, hectoliter weight and seed yield varied between 72.9-85.4 cm, 2.5-4.7, 17.5-21.5, 

53.8-75.5 kg and 156.9-366.7 kg/da, respectively. According to the results, the highest seed yield was 

obtained from optimum inorganic fertilization (8 kg N and 6 kg P), 50 kg/da humic acid, or bacterial 

inoculation with Stenotrophpmonas maltophilia (TV14B) as 359.1-366.7 kg/da during the first cropping 

season. In general, it has been observed that humic acid applications promote the effect of bacterial 

inoculation and crop yield. In conclusion, bacterial inoculation with humic acid applications increases 

wheat growth and seed yield under field conditions. 
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ABSTRACT: Plant Growth Promoting Bacteria have functions such as free nitrogen fixation, 

phosphate dissolution in the soil, production of hormones such as indole acetic acid, gibberellic acid and 

cytokinin, as well as promoting plant transport system and ion uptake. It is of great importance to 

fertilize hoe plants such as maize, which need intense fertilizer, with microbial preparations, which are 

the most appropriate source that provides plant nutrients in a balanced and continuous manner. In this 

study, it was tried to determine the effects of bacteria with nitrogen-fixing and phosphate-dissolving 

properties and their binary combination on plant growth, yield and yield under main crop conditions in 

3 different corn cultivars. As a result, the highest corn grain yield was obtained in 100% full dose 

inorganic fertilizer application, but the closest grain yield to this value was obtained from the binary 

combination of plant growth promoting bacteria application. This result is that plant growth promoting 

bacteria are more economical and environmentally friendly; It has been found hopeful because of the 

possibilities of using it within the scope of sustainable and organic agriculture. Although it was 

concluded that bacteria can be applied with reduced fertilizer dose in corn cultivation, it was concluded 

that it would be beneficial to carry out more in-depth studies on this subject.  

 

Keywords Maize, Plant Growth Promoting Bacteria (PGPB), Yield, Yield components 
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ABSTRACT: Wheat is a basic nutrient source that has the most cultivation area in the world and has been 

used as a source of carbohydrates since the existence of humanity. Chemical fertilizer is a main step for 

high crop yield, however, it leads to adversely impacts on soil quality, human and animal health. Thus, 

organic and biological fertilizers such as farm manure, green manure, composts and microbial fertilizers 

have a pivotal role in agricultural production. Two synthetic fertilizer (50% and 100%), two bacterial 

strains (B1: TV60D and B2: TV119E), three vermicompost doses (V1: 50, V2: 100 and V3: 200 kg da
-
) 

and different combinations of them were used in the study which is arraged in completely randomized 

factorial design with three replications under field conditions at 2017-2018 and 2018-2019. Plant height, 

spike length, number of tillers, number of spikes per square meters, number of grain per spike, spike 

yield per plant, hectoliter weight, biological yield, 1000-grain weight, grain yield and harvest index 

varied between 69.0-86.4 cm, 5.63-7.88 cm, 2.73-4.87, 248.3-446.7, 37.3-64.0, 16.0-41.5 g, 69.3-81.4 

kg, 480.6-990.3 kg da
-
, 35.5-44.6 g, 112.5-419.0 kg da

-
 and 22.9-46.1%, respectively. According to 

results, the lowest grain yield was obtained from B1+B2+V3 treatment while the highest one was 

observed in 100% sythetic fertilizer or B2+V3 treatment at mean of years. In conclusion, vermicompost 

application and biological fertilizer are considered as a sustainable alternative compared with inorganic 

fertilizer in wheat cultivation.  

 

Keywords Biological fertilizer, Plant Growth Promoting Bacteria (PGPB), Triticum durum, Sustainable 

agriculture, Vermicast 
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ABSTRACT: Sustainability and upgrading of agricultural into Agri entrepreneurship are challenge and 

it needs to promote rural entrepreneurship to encouraged farmers and fisherfolks through enhancing 

their personal entrepreneurial competency for them to engage in community-based enterprise. The study 

aimed to assess the level of personal entrepreneurial competencies of farmers and fisherfolks towards 

community-based enterprise engagement. Specifically, it determines which personal entrepreneurial 

competencies they excel, and which needs improvement. It also recognizes the differences of 

entrepreneurial competency in terms of gender, business experience and educational attainment of 

farmers and fisherfolks and its correlation to age. Furthermore, it developed training design to augment 

the level of personal entrepreneurial competencies. A descriptive type of research was adopted; two 

hundred six (206) farmers and one hundred (100) fisherfolks are the respondents of this study; they 

were surveyed, and their level of personal entrepreneurial competencies were measured using Personal 

Entrepreneurial Competencies (PEC) Questionnaire with fifty-five (55) questions through likert scale. 

Findings indicated that farmers and fisherfolks have an overall moderate entrepreneurial competency. It 

was noted that both farmers and fisherfolks rank first the risk taking in their entrepreneurial competency 

and goal setting as the least.  It shows that farmers entrepreneurial competency for self-confidence 

increases as they aged while for fisherfolks it declines; male farmers are more persuasive than their 

counterpart, farmers with business experience has higher competency for opportunity seeking and risk 

taking than those without business experience, and for farmers entrepreneurial competency for risk 

taking; information seeking; persuasion and networking; and self-confidence differ in term of their 

educational attainment. While for fisherfolks shows no difference on entrepreneurial competency for 

both men and women, with or without business experience, and only the competency for persistence 

differ in terms of their educational attainment. 

 

Keywords: Entrepreneurial competency, Farmers, Fisherfolks, Community-based enterprise 
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ABSTRACT: Erythrocytes are inevitably exposed to oxidative agents such as toxic substances, drugs, and 

reactive oxygen species during their constant movement in the circulatory system. These situations lead 

to deterioration in the structure of the cell membranes of erythrocytes and further shorten the lifespan of 

erythrocytes already limited. In recent years, the use of plant-derived phenolic compounds as exogenous 

antioxidants in order to eliminate the oxidative damage in all tissues has shown positive and remarkable 

results in many studies. Accordingly, this study aimed to reveal the effect of myricetin on oxidative 

damage to the cell membranes of erythrocytes. In the assay, myricetin was added to the erythrocyte 

medium simultaneously with H2O2 used as an oxidant agent in experimental designs. After the 

erythrocytes were incubated for 24 hours at 37°C to simulate their habitat in the body, the change in 

lipid peroxidation levels of cell membranes, which is a good indicator of oxidative damage was 

determined. According to results, lipid peroxidation significantly increased in H2O2 application and, 

myricetin application with H2O2 significantly reduced the lipid peroxidation level compared to the 

application of H2O2 alone, and thus myricetin contributed to the reduction of membrane damage 

resulting from oxidative stress. Myricetin could achieve this effect by its own antioxidant effect and/or 

by increasing the activity of antioxidant defence systems of erythrocytes. 

 

Keywords: Erythrocyte, Oxidative damage, Myricetin, Flavonoid, Lipid peroxidation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

40 

Frequencies of Haemoglobin Polymorphism in Normal and Rare Feather Type 

Adult Nigerian Local Chickens 
 

Babalola F.A
1,*

 
1 
Department of Animal Production, Quantitative, Molecular and Functional Genomics Unit, Faculty of 

Agriculture, University of Ilorin, Kwara State, Nigeria 

*Corresponding author e-mail: fatimahbabalola1@gmail.com 

 

 

ABSTRACT: Haemoglobin polymorphism was studied in some adult Nigeria local chickens with (normal 

and rare feather types) of the north central region of Nigeria using Cellulose Acetate Electrophoresis. Blood 

samples were collected brachial veinal-puncture and subjected to cellulose acetate electrophoresis to reveal 

the activities of haemoglobin(Hb). Genotype frequencies was calculated using simple descriptive statistics 

and subjected to Chi-square analysis to determine how the observed distribution of the haemoglobin types 

in the chicken fits with the expected. The Chi square analysis results indicated that all the populations were 

of different haemoglobin type and distribution of observed frequencies fits into the expected with lower Chi 

test values obtained for all genotypes in the factors considered. Haemoglobin genotypes detected affected 

body weight, body girth, and beak length, while feather types affected body height and shank diameters 

among the population of chickens studied. This study indicated that the population of chickens with 

adaptive rare feather gene is low. Also, majority of the Nigerian local chickens studied had more of 

heterozygotes HbAB and homozygotes recessive HbBB haemoglobin type, thus concerted effort to 

conserve Nigerian local chickens with homozygote HbAA haemoglobin type is recommended. 

 

Keywords: Electrophoresis, Haemoglobin, Normal, Rare feather type 
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ABSTRACT: Endometriosis is a chronic inflammatory condition of reproductive age which can lead to 

infertility and chronic pelvic pain. It is characterized by the presence and proliferation of ectopic 

endometrial-like tissue outside the uterus. Endometriosis affects 6-10% of reproductive aged of women. 

It means that more than 175 million women are related with endometriosis in all of the world. Oral 

contraceptives and progestins or danazol and Gonadotropin-Releasing Hormone agonists are used the 

treatment of endometriosis, to relieve short-term levels symptoms of endometriosis. However, these 

types of treatments can give rise to harmful side effects such as thromboembolism, androgenic changes, 

menopausal symptoms. Because of those reasons, we aimed to review the natural products could be 

used for the treatment of endometriosis. According to the literature survey, it has been concluded that 

some plants for instance Andrographis paniculata, Viburnum opulus, Angelica sinensis, Achillea 

biebersteinii, Vitex negundo, Uncaria tomentosa, Alchemilla vulgaris, Anthemis austriaca, Urtica 

dioica, Melilotus officinalis can be used for the treatment of the endometriosis without serious side 

effects. 
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ABSTRACT: Nanotechnology focuses on the creation of nano-sized particles using chemical, 

biological and physical methods. Synthesis of gold, silver, palladium, platinum, titanium oxide and zinc 

oxide have been reported. They have a broad application area such as biological probes for diagnostic, 

optoelectronics, catalysis, biological sensors, drug discovery etc. Biological synthesis or biosynthesis of 

silver nanoparticles using plant extracts and microorganisms is an alternative method to physical 

(radiation, sonication and laser ablation) and chemical (reduction, condensation and solgel method) 

syntheses which are toxic and hazardous.  The aim of this study was to optimize microwave assisted 

synthesis of silver nanoparticles using infusion of bearded lichen (Usnea longissima Ach.). 5 gr of 

lichen infusion extract was prepared in 100 mL distilled water. Lichen concentration, silver nitrate 

concentration, pH, microwave force, application time were optimized. Synthesized silver nanoparticles 

were corrected screening between 200-1000nm with UV-vis spectrophometer. As a conclusion, silver 

nanoparticles were successfully synthesized and characterized with UV spectrophotometer. The 

validation of silver nanoparticles with scanning electron microscopy, XRD, FTIR, and some biological 

tests such as antimicrobial activity could be considered as further study.  

 

Keywords: Nanoparticles, Lichen, Silver nanoparticles 
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ABSTRACT: A variety of biotechnological studies on the bacteria can be made and benefits and 

products can be obtained from these studies. The enzyme production, which is obtained from bacteria 

and has a very high industrial size, is increasingly becoming popular. Phytase is known as myo-inositol 

hexakisphosphate phosphohydrolase, with its chemical name. The ability of the bacteria used in our 

study to produce phytase enzyme was determined. It was aimed to investigate the molecular 

identification of 16 strains of Lactococcus lactis and Lactobacillus brevis strains isolated from naturel 

resources, respectively, by 16S rRNA, to test phytase enzyme production activities of bacteria and to 

investigate the industrial suitability of their probiotic properties. The identification of the bacteria was 

performed using the 16S rRNA method. The optimum pH of the extracellular phytase enzyme produced 

from Lactococcus lactis identified at 99% level was 8.0, while the optimum temperature was 60 °C. The 

optimum pH of the extracellular phytase enzyme produced from Lactobacillus brevis was 3.0, while the 

optimum temperature was 50 °C. Due to the wide pH range of L. lactis and L. brevis, the suitability of 

their optimum temperatures to industrial applications and their superior probiotic properties, this study 

confirmed its suitable use in industry. 
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ABSTRACT: A total of 20 eggs collected at random daily from a pigeon flock in a private owned farm. 

Egg external traits measured were egg weight, egg width, egg height, shell weight and shell thickness. Egg 

weight was 16.19g, while egg height, egg width, egg shell weight and shell thickness were 5.85mm, 

9.01mm, 1.74g and 23.90mm respectively. The internal egg parameters were albumen weight (9.26g), 

albumen width (4.29mm), albumen height (0.33mm), yolk length (2.29mm), yolk height (0.67mm), and 

yolk weight (4.35g) respectively. The correlation between egg weight (EW), egg height (EH), and egg 

weight (EW) were high, positive and significant (P<0.05). The relationship between egg weight and shell 

weight, shell color and shell thickness observed in this study were highly significant, therefore selection 

targeting egg weight will also improve them. Significant  (P<0.05)  correlation value was found  between 

egg weight and albumen weight, thus an indication that as egg weight increases, the weight of the albumen 

also increases. Significant correlation was also found between egg weight and yolk weight which indicated 

that as egg weight increases, yolk weight also increases. This study indicated that it could be feasible to 

asses some egg quality traits through the egg weight. 
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ABSTRACT: Bisphenol A (BPA) is an important industrial chemical that is used extensively. BPA is 

used to synthesize polycarbonate plastics, epoxy resins and polyester. These polymers are widely used 

in the production of food and beverage cans, water pipes, thermal paper. BPA, which is in the 

packaging material used in the packaging of foods, can pass into the food. The European Union (EU) 

has determined the specific migration limit (SML) of BPA from plastic materials as 0.05 mg BPA/kg 

food. He also determined the tolerable daily intake (TDI) as 4 μg BPA/kg body weight. However, even 

in low doses, it can cause various health problems due to continuous intake. BPA affects the endocrine 

system of people, it is also carcinogenic, has negative effects on the brain and nervous system, and 

poses a problem for public health. In this review, the importance of BPA on health will be explained.   

 

Keywords: Bisphenol A, Plastic, Migration 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

46 

Nematicidal Effects of some Bacterial and Fungal Entomopathogenic Agents on 

Meloidogyne incognita 
 

AyĢenur ASLAN
1,*

   Cenk KESKĠN
1
   Elif TOZLU

1
   Fatih DADAġOĞLU

1
   Dilek DĠNÇER

2
   Önder 

ÇALMAġUR
1 

1
Atatürk University, Faculty of Agriculture, Department of Plant Protection, Erzurum, Turkey 

2 Biological Control Research Institute, Ministry of Agriculture, 01321, Yüreğir, Adana, Turkey. 

*Corresponding author e-mail: aysenur.aslan@atauni.edu.tr 

 

 

ABSTRACT: Root-knot nematode Meloidogyne is one of the most important nematode species that 

cause yield and quality loss in crop plants worldwide. Because it is soil-borne, its control is quite 

difficult and uneconomical. Environmental problems caused by intensive use of pesticides in the control 

of plant pests; has led to an increase in research on the determination of alternative control methods. 

One of these alternative control methods is biological control. This study was designed to determine the 

larvicidal effects of isolates of fungal and bacterial species, whose bio-insecticidal effects are known 

and widely studied, against the second instar larvae of the root-knot nematode M. incognita. In the 

experiments, fungal isolate of B. bassiana (ET 10) and bacterial strains FD-1 (Brevibacillus brevis), 

FDP-42 (Bacillus thuringiensis subsp. kenyae) and FD-63 (Bacillus cereus) were used. Fungal isolate 

were prepared from the stock suspension (1X) at 3 different concentrations diluted with sterile distilled 

water to 5X and 10X doses, while bacterial strains were prepared at 1 x 10
8
, 1x10

7
 and 1x10

6
 cfu mL

-1
 

concentrations. In vitro experiments were set up with 3 replicates, sterile distilled water was used in the 

negative control and a commercial nematicide (Velum Prime® SC 400, Bayer) was used in the positive 

control. At the end of the 1st, 3rd and 7th days, the results of the applications were evaluated according 

to the percentage mortality rates by counting the dead and alive larvae. When compared with the 

negative control, according to the percent mortality rates obtained at the end of the 7th day in 

entomopathogen applications against M. incognita (J2); the most effective bacterial isolate was 65.07% 

at FD-63 (10
8
). In conclusion, it is thought that ET 10 fungal isolate (B. bassiana) and FD-63 bacterial 

isolate (B. cereus) used in this study have the potential to be effective biological control agents against 

M. incognita larvae. After field experiments of these isolates, it was concluded that they can take place 

in integrated pest management (IPM) strategies against root-knot nematodes. 
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ABSTRACT: Salmonella is one of the major foodborne pathogens responsible for infections in both 

humans and animals. Chickens are considered as reservoir for this pathogen, hence many cases have 

been reported worldwide due to the consumption of contaminated chicken meat to this date. The goal of 

this study was to determine a pooled prevalence of Salmonella in chicken meat in Turkey. A systematic 

search was performed using three different databases. Thirty-three articles were found eligible for 

inclusion to the meta-analysis, and a total of 3292 samples of chicken carcass, chicken parts, chicken 

giblets and chicken ready-to-eat foods were examined. As a result, pooled prevalence of Salmonella 

was determined as 24.4% in chicken parts, 21.9% in chicken carcass, 20.1% in chicken giblets and 

5.4% in chicken ready-to-eat foods. The results of this study highlight the potential risk of Salmonella 

in chicken meat and underline the significance of this foodborne pathogen for public health once again. 
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ABSTRACT: Current butyrylcholinesterase (BChE) inhibitors have some unfavourable side effects and 

are only effective against the mild type of Alzheimer's disease. Therefore, there is a great need to develop 

new natural BChE inhibitor drugs to combat this neurodegenerative disease (Orhan et al., 2004) as several 

recent studies indicate that BChE plays a more important role in the brain of people with Alzheimer's 

disease and that selective BChE inhibitors could be promising drug candidates (Bajda et al., 2018). 

 This study focuses on the evaluation of anti Alzheimer activity by measuring their inhibitory abilities 

(BChE) according to the method of Ellman et al., (1961) ,by determining the inhibitory concentrations IC50 

against a standard galantamine .The results showed a good activity of the extract. We plan to use these 

results as a first step in the research and isolation of new molecules, validating the results in vivo. 
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ABSTRACT: The present study is an evaluation of the antioxidant activity of a plant widely used for 

scabies, rheumatic pain, colic, diabetes, fever in order to develop natural treatments that minimize side 

effects. The presence of natural antioxidants provide protection against certain diseases, they are 

compounds capable of slowing down or preventing oxidation processes with less risk of toxicity, used for 

the stabilization of polymers, petrochemicals, food, cosmetics and pharmaceuticals. The antioxidant 

activity of the extracts of this plant was carried out by four methods: DPPH Phenanthroline , reducing 

power and the β-carotene essays , using five standards: BHA, BHT, ascorbic acid, quercitin and α-

Tocopherol. The results showed a good activity of the extract with high levels of polyphenols and 

flavonoids. We plan to use these results as a first step in research and isolation of new molecules and 

validation in vivo 
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ABSTRACT: The chitinases are capable of degrading chitin, the most abundant biopolymer in nature 

after cellulose. Therefore, the chitinases have an important place in the biocontrol of plant pathogenic 

fungi and insects in agriculture, in the separation of wastes in the environmental industry, in food and 

feed industry, in human health and in the pharmaceutical industry. In this study, firstly, chitinase was 

partially purified from bacterium Pantoea agglomerans RK-79 by the method of ammonium sulfate 

precipitation. Optimum pH and stable pH values for 24 hours were determined in the pH 2-11 range of 

the enzyme whose ammonium sulfate precipitation range was determined. In addition, optimum 

temperature in the range of 10-90°C and stable temperature for 2 hours were determined. As a result of 

the studies, the optimum pH and optimum temperature respectively of the partially purified bacterial 

chitinase was determined as 4 and 70°C. It was determined that the chitinase activity is protected at the 

rate of 100% at 70°C and 77% at 90°C for 2 hours, and also at the rate of 60% at pH 11 for 24 hours. 

Partially purified bacterial chitinase enzyme activity is thought to can be used in many industrial 

applications since it maintains its stability in extreme conditions at a high level. 
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ABSTRACT: Siderophores are secondary metabolites with a very high and specific affinity to chelate 

iron (Fe), produced by bacteria and fungi living in low iron conditions. The most common qualitative 

solid test for siderophores production is blue agar chrome azurol sulfonate (CAS) assay test. Since this 

medium is very sensitive to variations in pH and FeCl3 concentrations, it is useful as qualitative test for 

screening of microorganism with respect to siderophore production. Also, the fact that the universally 

accepted content of this medium is relatively complicated and expensive has led us to search for media 

with simpler and economical ingredients for a high number of bacterial screening. Therefore, simply LB 

medium was used with CAS blue dye when preparing CAS blue agar. In this study, both media were 

used simultaneously in qualitative screening of 83 endophyte bacteria isolated from Poaceae family in 

Van, Turkey for siderophores production potential. The pure cultures of the isolates were inoculated on 

both solid media by four isolated droplets. Enzyme Index (EI) is a practical tool that compares the 

siderophore production of different isolates. The EI for each isolate was calculated at the end of the 

incubation time. EIs were calculated as a mean ratio of yellow-clear zone diameter indicating the 

siderophore activity to colony diameter. EI values up to a maximum of 6 were observed in LB-CAS 

agar medium, while values of up to an average of 4 were read in Universal-CAS agar medium. Despite 

giving different mathematical EI values, both media successfully demonstrated the siderophore 

production potential of the isolates qualitatively. In this presentation, the results and suitability of using 

two different media for siderophore production potential of bacterial isolates will be presented and 

discussed. 
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ABSTACT: Camel's milk, like mammals, is a complex chemical and physical medium composition which 

enables young camels to meet their energy and nutritional needs during the first stage of their existence. 

Camel milk has been an important source for nomadic tribes nutrition in deserts since the domestication of 

this species. Camel milk provides enough essential nutrients for food needs like proteins, minerals, and 

vitamins. The aim of this study was to quantifiy a protein after exposure to differents hot temperatures. 

Camels milk simples were colected from western south area of Algeria. Proteins milk was isoled by 

precipitation after exposure the milk at diffents temperaturs 63°C, 72°C or 90°C. A total proteins, whey 

protein and casein  was quantified by a fluorometric assay. The preliminary results of this study show that 

no significative variation in the total proteins, whey protein and casein after exposure to differnts 

temperatures.  
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ABSTRACT: Methane is a greenhouse gas with a global warming potential of 28 times that of CO2. 

Enteric methane accounts for 17% of global methane emissions and 3.3% of total global greenhouse gas 

emissions from human activities. Over the last five decades, global enteric CH4 emissions from dairy 

cattle grew by 12 %, with increases of 21 % in developing countries and decreases of 48 % in 

developed countries, thus highlighting a different contribution and a potential for reduction at a global 

level. Identifying efficient strategies to lower enteric CH4 production could result in a significantly 

reduced carbon footprint from animal production and provide the cattle industry with a way to meet 

legislative requirements; calling for a reduction of CH4 emission of ~ 40% by 2030. Extensive research 

has been performed on the effectiveness of feed supplements including inhibitors, ionophores, electron 

receptors, plant bioactive compounds, dietary lipids, exogenous enzymes, and direct-fed microbial, low 

fiber diet, methane inhibitors indicating reductions on CH4 production. The rumen supports a diverse 

range of microorganisms including bacteria, archaea, protozoa, fungi, viruses and methanogens. This 

paper aims at examining the past trends in emissions, the sources and mitigation strategies of the 

methane and specifically the use of anti-methanogenic substances in-vitro and its effect on rumen 

microbiota. 
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ABSTRACT: In this study, the usability of biological control of bacteria was investigated against 

Hyalopterus pruni Geoffroy, 1762 (Homoptera:Aphididae), an important pest of apricot trees. For this 

purpose, a total of 4 bacterial strains were determined which were previously effective in biological 

control against different pests: Bacillus thuringiensis subsp. kenyae (FDP-8), Bacillus thuringiensis 

subsp. kurstakii  (FDP-41), Bacillus cereus GC alt grup B (FD-63) and Brevibacillus brevis (FD-1). 

Culture medium was used as negative control and red sunny (Lambda-Cyhalothrin) was used as positive 

control. In the first stage, the strains that were determined to be successful under laboratory conditions 

were then tested in field conditions. 72 hours after in vitro application, FDP-8 and FD-63 were shown to 

reduce the pest population by 100% and 90%, respectively, compared to the negative control. Likewise, 

after 72 hours, the positive control was 100% successful, but the difference with the effective bacteria 

was not statistically significant. These two effective bacteria were applied to the shoots and leaves 

where the pest population is dense under field conditions and the first five leaves and shoots of 10 cm 

from the tip were counted. 72 hours after the application, FDP-8 and FD-63 strains were effective 

against the pest with 100% and 72.72% on shoot, 100% and 62.71% on leaf, respectively. Likewise, the 

positive control was 100% successful after 72 hours, but the difference was not statistically significant 

when compared to the FDP-8. As a result; It is thought that the FDP-8 strain can be used successfully in 

biological control against H. pruni, an important apricot pest, and can be an alternative to chemicals that 

threaten human and environmental health. 
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ABSTRACT: Determination of the biology and damage of Nematus (=Croesus) septentrionalis (L., 1758) 

on Betula pendula Roth tree. The material of the study consists of larvae and adults of Nematus (=Croesus) 

(L.,1758) septentrionalis from the family Tenthredinidae (Hymenoptera, Symphyta) collected from birch 

(Betula pendula Roth) trees in Erzurum City Center, Campus of Atatürk University, Tekederesi and 

Aziziye Campus, and pupa samples taken from the root regions. The samples were collected in 2019 and 

2020, between 20 June - 20 September. A preliminary study was conducted in 2018 to determine the pest's 

biology. The adults sample were collected from B. pendula in sunny weather and daytime by sweep net. 

Larvae were collected by cutting leaves of the branch on which they were fed with the help of pruning 

shears. Pupa stage was obtained by digging four fingers deep (10-15 cm) with the help of anchor in the root 

and crown projection area of the Betula pendula tree. The adults collected were placed in a jar and killed 

with the aid of ethyl acetate. The killed samples were transferred to small cardboard boxes, which has label 

the location, height and date of collection were written, and they were brought to the laboratory and pinned. 

The larvae were taken into a desiccator with soil at the bottom, along with the leaves they were fed on, 

cotton moistened with water was placed to provide moisture, and fresh leaves were brought every other day 

to ensure that the larvae are fed, matured and become pupae. As a result of the study, the egg laying times, 

hatching time, larvae time and number of generations of Nematus (=Croesus) septentrionalis were 

determined in field conditions. In addition, damaged trees were counted to determine the contamination 

rate, then the number of damaged leaves on a branch randomly selected from the trees was determined, and 

the number of eggs and larvae in the leaf was also determined. With this study, the biology of Nematus 

(=Croesus) septentrionalis and its damage on Betula pendula has been detected. Information that will be 

useful for researchers who will conduct study on this subject in the following years has been presented. It 

was determined that the pests gave one generation in a year under Erzurum conditions. 

 

Keywords: Nematus (=Croesus) septentrionalis, Tenthredinidae, Hymenoptera,  Betula pendula, Erzurum, 
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ABSTRACT: For long time man has created different methods to preserve food, but it have an 

influence on the organoleptic and nutritional characteristics; therefore they were developed using new 

technologies such as refrigeration, packaging methods and chemical preservatives, but despite their 

effectiveness, they have an impact on human health. The current trend aims to limit the use of these 

preservatives and opens up new ways based on natural products such as bioactive substances from 

plants, the aim of this study is to determine the antimicrobial activity and the antioxidant power of 

phenolic compounds in the carob pulp (Ceratonia siliqua). The plant was crushed into flour to lead to 

the extraction of phenolic compounds, these polyphenols will be used for the evaluation of 

antimicrobial activity on Escherichia coli, the results showed that the carob pulp has significant 

antibacterial activity with an inhibition zone of 10 to 14 mm, for concentrations ranging from 5 to 50%. 

Polyphenols have a strong antioxidant activity having EC50 = 0.3438 mg/ml. It can be deduced from 

these results that carob can be considered as a prebiotic and introduced as a substitute or food additive. 
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ABSTRACT: The effect of music on people has been known for years and is still being researched from 

different aspects. The effects of music and sound waves on ornamental plants, whose effects on some 

vegetables, fruits and grain group plants are also examined, are also important. Particularly, the positive 

change in the development and showiness of the flowers of ornamental plant species with commercial 

importance will increase the market value of the plant. Again, in order to show this development with the 

effect of this sound wave, the planting environment and growing conditions should be utilized to the 

maximum extent. This study was set up according to the factorial design in randomized plots with 3 x 3 x 2 

factors and 3 replications. In the study, the sensitivity of bird, bee and vehicle sounds at different sound 

levels (intensities) in decibels (low, medium and high) of hyacinth (Hyacinthus orientalis L. 'Delft Blue'), 

which is an ornamental plant, was determined according to the application times (1 hour and 3 hours). The 

effects of sound type, intensity and duration on the development of the flowers of the hyacinth plant were 

revealed. In the study, number of leaves, leaf length (mm), leaf width (mm), plant height (mm), flower 

height (mm), flower spike width, floret number ( number), floret length (mm), floret width, stem thickness 

(mm), bulb weight (g), bulb width (mm) and bulb length (mm) properties were investigated. The values 

obtained from these data were expressed statistically. 
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ABSTRACT: In this study, correlation and regression analysis were made with SPSS software to 

determine the relationship between the linear body parameters, vital signs, heat stress indices and body 

weight of 150 adult homing pigeons selected from different poultry markets in Ilorin metropolis. The linear 

parameters showed positive and significant correlations with the body weight while the vital signs and heat 

stress indices indicated no significant relationship at P<0.01. Beak length in this study was discovered to 

have the highest coefficient of determination (r²) value in predicting the body weight of pigeon. Other 

values (BG, THL, BL, KL and SDL) were added which increased the R² value to 0.29 and the equation to 

predict the weight of the birds was gotten from those parameters. This study shows that body weight of an 

adult homing pigeon can be estimated in the absence of a weighing scale. In the absence of one, farmer can 

easily use measuring tape to predict the body weight of an adult homing pigeon. 
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ABSTRACT: Sphyraena jello (Teleostei, Perciformes, Sphyraenidae) is one of the most important 

commercial species in the Persian Gulf. In order to investigate prevalence and intensity of nematoda, 150 S. 

jello from three sites (Khuzestan, Bushehr and Hormozgan) off the Iranian coast of the Persian Gulf were 

monthly investigated in the period from August 2012 to December 2013. In the present study, an anisakid 

belonging to Hysterothylacium sp. was isolated from the abdominal cavity of the fish, with a prevalence of 

12% and mean intensity of 4.8. Intensity of infestation was increased with the size of the host (P <0.05). 

This study is the first interpretation connected to an unreported type of Hysterothylacium larvae in S. jello 

from the Persian Gulf. Accordingly, S. jello might act as paratenic host for this parasite.  
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ABSTRACT: Q fever is a zoonosis widely reported in the world. The causative agent is Coxiella 

burnetii, an obligate intracellular bacterium with highly resistance in the environment. In humans, the 

disease occurs in either an acute form or a severe chronic form following an early infection that may be 

unnoticed, it could be fatal in absence of adequate therapy. Most cases are associated with exposure to 

ruminants via aerosols, but transmission may also occur by ingestion of unpasteurised milk or other 

contaminated derivatives. The detection of C. burnetii in milk is not included in food hygienic quality 

controls; it follows upon the declaration of cases, what explains the sudden appearance of outbreaks. 

The main objective of this study is to review the major epidemics of Q fever in relation to a 

consumption of raw milk or its products. The most species implicated are bovine and caprine, because 

they shed C. burnetii in milk for several months or years, this shedding is less in ewes. Through 

countries where the disease was declared, the number of cases in relation with the consumption of milk 

is minor, which partially clarifies the less consideration of this disease as a food zoonosis. 
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ABSTRACT: In the first months of 2020, the COVID-19 pandemic spread around the world and 

claimed more than six hundred thousand deaths with millions of confirmed cases. The objective of this 

review is to investigate the role of wild animals in triggering this pandemic. Health systems are trying to 

control the epidemic as soon as possible with the possibility of practicing a "One Health" approach, 

using methods from animal health to improve surveillance of COVID-19 and those, to ensure better 

decision-making at local, national and global levels. The discovery of several viral sequences linked to 

SARS-CoV-2 in several species of bats of the genus Rhinolophus has led to the hypothesis that the 

zoonotic origin of SARS-CoV-2 is probably due to one of these species but with a significant difference 

in the receptor binding domain of the spike protein. In addition to the wide variety of SARS-CoV-

related Coronaviruses reported in bats, closely related viruses have also been found in several species of 

carnivores, such as the masked civet and the dog marten. The diversity of species susceptible to viruses 

linked to SARS-CoV and SARS-Cov-2 suggests a strong predisposition of these viruses to cross the 

species barrier, especially in the context of frequent encounters between carnivores and other small 

mammals that may facilitate interspecific transmission. 
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ABSTRACT: The present work was carried out to enhance biomass production of Spirulina platensis in a 

modified medium and to investigate ―in vitro” its ability to produce antimicrobial substances against 

pathogenic bacteria and phytopathogenic fungi. The antibacterial activity was evaluated by the solid 

medium diffusion method on two pathogenic bacteria (Bacillus cereus & Klebsiella sp.), And the antifungal 

activity was evaluated on three phytopathogenic fungi (Alternaria solani, Cladosporium sp., Fusarium 

culmorum). The antibacterial test showed that the aqueous extract produced by S. platensis was more active 

against Gram-positive than on Gram-negative bacteria, the highest antibacterial activity was recorded 

against Bacillus cereus. Moreover, the Antifungal test showed that the aqueous extract was active against 

all the three tested fungi and the highest antifungal activity was recorded against Fusarium culmorum with 

over 90% inhibition of mycelial growth. The results of this research proved that cyanobacteria could be a 

good source for the production of antimicrobial agents which could be effective when compared with 

contemporary antimicrobial compounds and it can be used in the Biocontrol of several plant fungal 

diseases. 
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ABSTRACT: Durum wheat is the manly source of food in most parts of the world. unfortunately, it is the 

target of several diseases that can reduce the yield and the quality of the grains. The most used method to 

control the diseases caused by the different species of Fusarium is the coating of the seeds by the 

fungicides. The present study was carried out in order to evaluate the ―In vitro‖ efficacy of two fungicides, 

namely Celest extra and Dividend (Syngenta), on the mycelium growth of two Fusarium culmorum strains. 

The results showed that the two tested fungicides inhibited significantly the two Fusarium isolates with 

different and dose-dependent efficacy. The Celest extra better inhibited the two isolates of F. culmorum 

with an inhibition rate of more than 90% after 15 days of the dishes inoculation. the inhibition rates 

obtained with the Dividend were not far, where an inhibition rate of 80% was recorded, after the same time 

of the dishes inoculation. based on these results, we can conclude that the Celest extra seems to better 

protect the seeds of wheat, against the Fusariosis agents, through greater persistence compared to the 

Dividend. 
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ABSTRACT: A total of 320 serum samples from dromedary camels in the south-Eastern Algeria, were 

tested for Toxoplasma antibodies by the ELISA test. Fifteen percent of the camels were seroreactive. The 

prevalence rate of seroreactivity increased significantly with age (P< 0.003) and was highest among camels 

aged over 10 years (21.3%). There were no sex-linked differences in seroreactivity. Camels from Biskra 

(29.57%) are 3.91 times more likely to be seropositive than camels of Ourgla (10.34%), Ghardaia (9.78%) 

and El-Oued (7.59%) [P < 0.0001], respectively. Determination of risk factors serve to indicates type of 

measures and strategies to be undertaken to reduce, control and prevent T. gondii infection in dromedary 

camels and thereby reducing human infection. 
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ABSTRACT: Heavy metals are among the most important sorts of contaminant in the environment. 

Therefore, the main objective of this study were to evaluate the effects of three Hg levels (0, 75 and 150 

mg.1
-1

) in a saline soil on the growth parameters of the turnip. Pots were filled with 3 kg of soil (ECe: 8.65 

dS.m
-1

). Turnip (Brassica rapa L.) seeds were sown in all the pots. After 10 days, the soils were treated 

with either 0, 75 or 150 mg.1
-1

 of Hg until the final Hg concentration in soil. The pots were arranged in a 

completely randomized design in a greenhouse. After 60 days of planting, soluble sugars, carotenoid 

content, peroxidase activities, chlorophylls a (Chla) and b (Chl b) and catalase enzymes (CAT) in leaf 

samples were determined while dry weights of roots and shoots and Hg concentration in turnip were 

determined 70 days. The results showed that the maximum concentration of Hg occurred in roots followed 

by shoots. Soluble sugars in shoot were reduced significantly, Chla and Chlb, Carotenoid content and CAT 

and peroxidase activities were significantly reduced with 75 and 150 mg.l
-1

 Hg treatments compared to 

control. But shoots and roots dry weights were decreased with increasing Hg levels compared to control. 

 

Keywords: Hg toxicity, Photosynthetic pigments, Soil saline, Brassica rapa L. 
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ABSTRACT: 131 adult chickens comprising of 91 adult local chickens (39 yoruba ecotype chickens and 

52 fulani ecotype chickens) and 40 broilers were used for this study. The objective of this study is to 

compare the body weight, linear body measurement, vital signs and blood parameters and to estimate the 

phenotypic correlation between body weight, cloca temperature, respiratory rate, heat stress index, and 

blood parameters of adult local chickens and exotic broilers. The result shows that there was a significance 

difference in the serum value of the three breeds of chickens. Broiler had the highest mean value of body 

weight, body length, body girth, drum stick length, beak length, wing length and shank diameters. 

Conclusively, there was a significance difference between the WBGT and UTCI of the three breeds of 

chickens, broiler had the highest value of WBGT while Fulani had the highest UTCI which means Fulani 

and broiler respond to environmental heat stress than Yoruba ecotype chickens. 

 

Keywords: Chicken, Growth trait, Blood parameters, Local, Exotic 
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ABSTRACT: Food containing peanut ingredients can be allergenic and may even cause life-

threatening allergic reactions.  Peanut allergy is triggered by several proteins known as allergens.  In the 

present study, we sought to identify and characterize these allergens.  The proteins were extracted in 

water by peanut crude defatted flower. The level of protein fraction was determined. The protein 

fraction was concentrated and analyzed by one and two dimensional SDS-PAGE and the IgE-binding 

capacity was studied by immunoblotting assay. The water-soluble protein content was estimated of 9.99 

per cent which correspond to 20 % compared to the total proteins. Two-dimensional SDS-PAGE 

demonstrated at least 28 distinct proteins with a pI varying from 3 to 7. This is the Ara h1, Ara h2,    

Ara h3 and Ara h6.  These entities were characterized by a low molecular weight ranging from 16.9 to 

73.1kDa. The identification by 1D electrophoresis was confirmed by the previously performed 2D 

electrophoresis. One of these proteins bound IgE from pooled peanut-allergic patient sera. This is the 

Ara h1.   From the present study, we conclude that peanut extract contain various allergens including 

Ara h1. The characterization of these allergens may contribute to the improvement of diagnostic tests 

and treatment for peanut sensitivity.  
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ABSTRACT: Shiga toxin producing Escherichia coli, procaryote species that form part of humans and 

warm-blooded animals gut flora. Although most Escherichia coli considered harmless, certain strains and 

serotypes can cause severe humans illness, Shiga toxin producing Escherichia coli (STEC) are recognized 

as responssables of bloody diarrhoea, haemolytic ureamic syndrome (HUS) which can be fatal in humans. 

Study aimed to establish a review of current knowledges, by analysis of scientific data relating to STEC 

Escherichia coli, their properties, virulence, transmission, bacteriological data related to enumeration, 

isolation technics in food and environment microbiology field, to review, gather recent recommendations 

from the relevant international organizations (Codex Alimentarius, FDA, ISO, AFNOR, FAO, WHO). The 

main modes of transmission of STEC to humans are consumption of contaminated food and water, human-

to-human transmission and contact with animals and envirenement.Currently five serotypes, identified as 

dominate the group of STEC Escherichia coli: O157: H7, O26: H11, O103: H2, O111: H8 and O145: H28. 

However, scientific data claim that there are a large number of other serotypes although rarely involved in 

epidemics are potentially virulent. Actually genetic techniques, in particular those based on research / 

amplification of stx genes (stx1, stx2, etc.) remain the reference. In Algeria, absence of legal texts, national 

standards, strict control measures are urgently needed to reduce the contamination risk at different levels : 

Industrial first, to avoid products contamination, reducing the products contamination risk during 

packaging, preparation, handling and storage; Legislative measures, by establishing guidelines, 

recommendations, standards, issued by the authorities to ensure food safety. 

 

Keywords: Escherichia coli, Shiga toxin STEC, O157: H7, Methods, Bacteriology, Food 
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ABSTRACT : In Algeria, ticks have a cosmopolitan distribution as shown by several studies, including the 

present study, which was carried out in two farms in Mila and five farms in the region of Guelma. This 

study ran from May 28 to June 10, 2021. We obtained a total of 221 ticks, in the first region that of 

Chalghoum El Aïd (Mila). Out of a total of 172 ticks, Rhipicephalus predominates over Hyalomma (171 vs 

1). Rarely observed result, male ticks are more abundant than females (107 vs 65). In the genus 

Rhipicephalus there is a predominance of Rh.sanguineus 75 (43.6%); in the genus Hyalomma, we found 

only one species H. excavatum 1 (0.58%). We note the presence of Rhipicephalus camicasi found for the 

first time in Algeria at a rate of 48 (27.9%). We also studied the age of the infected cattle represented in the 

form of age groups as well, it is the youngest cattle (9 months-1 year), which are the most infested followed 

by the (2 years-4 years) to rate of 68 and finally 32 for the age group (5 years - 6 years) this shows that 

immunity sets in from year to year as the animals become infected. In the second study region, Guelma, the 

total tick count was 49, Rhipicephalus dominated over Hyalomma (38 vs 11) and Rh.sanguineus 20 

(43.6%) dominated over other species. in this region we also notice the presence of Rh.Camicasi at a rate of 

10 (20.40%), and finally Rh.bursa at a rate of 6 (12.24%). There is a predominance of Hy.marginatum 

marginatum at 4 (8.16%). Hy.detritum detritum, found at a rate of 1 (2.04%), Hy.anatolicum anatolicum 1 

(2.04%), Hy.anatolicum exavatum 3 (6.12%) Hy.trunctatum 2 (4.08%). To control ticks, cattle must be 

protected before tick activity is active, and cracks in farms should be whitened to prevent nymphs from 

settling there. 
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ABSTRACT: Santolina chamaecyparissus is an important medicinal plant growing in the mediterranean 

region and has been reported as a potent anti-inflammatory, antibacterial, antioxidant, and antifungal agent. 

The purpose of the current research is to measure the total amount of phenolic compounds from the aerial 

part of S. chamaecyparissus, and to evaluate in vitro antioxidant and antihemolytic activities of their 

extracts. The total phenolic contents of different fractions were mearured. The crud extract was thus further 

partitioned with solvents to yield chloroform, ethyl acetate and water fractions. In vitro antioxidant studies 

were performed in terms of free radical scavenging activity by DPPH assay. EAE is the most rich in 

polyphenols (373.83 ± 0.23 mg EGA/ g E). The results of antioxidant study suggested that EAE  possessed 

significant free radical scavenging capacity with IC50 equal to 0.01± 0.0001 mg/ml as more effective as 

BHT. In antihemolytic activity the results have shown that S. chamaecyparissus extracts can effectively 

protect or stimulated erythrocytes against hemolytic injury induced by AAPH. When EAE was the most 

protective extract with % of antihemolysis value of 56%, howhever CrE and CHE induced 

hemolysis. Present results suggested the therapeutic potential of S. chamaecyparissus, in particular EAE 

fraction as therapeutic agent against free-radical associated damages.  

 

Keywords: Santolina chamaecyparissus, Antioxidant, Antihemolytic, Phenolic content 
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ABSTRACT:  Isoamyl acetate represents one of the most important flavor compounds used in food 

industries with an annual demand of about 74,000 Kg. In this work, the transesterification reaction of 

isoamyl alcohol obtained from fusel oil and leading to the synthesis of isoamyl acetate was conducted 

simultaneously with in situ ethanol removal, which allows to shift the reaction equilibrium toward ester 

synthesis. Immobilized lipase from A. oryzae catalyzing the transesterification reaction of isoamyl alcohol 

and ethyl acetate to produce isoamyl acetate was applied in fluidized bed reactor. The effects of the most 

influent parameters affecting the reaction have been also investigated using a Doehlert matrix design. The 

better operating conditions for isoamyl acetate synthesis were:a temperature of 68.5°C and a respective 

isoamyl alcohol and A. oryzae lipase concentration of 0.72 M and 2.39 g/L. At these conditions, the 

resulting reaction conversion and ethanol extraction yields were of 89.55 and 69.60%, respectively. The use 

of the fluidized bed reactor with continuous ethanol removal has allowed to improve the reaction 

conversion which was two times than the conversion higher obtained in batch reactor. Furthermore, under 

the optimized conditions in the fluidized bed reactor, the reaction conversion and the ethanol extraction 

yields were increased by 44.8 and 36.2%, respectively. 
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ABSTRACT: Hertia cheirifolia is a well-known plant in Algerian traditional medicine for treating several 

anti-inflammatory deseases. This properties make it a logical adjuvant to improve analgesic and wound 

healing activities. In the present study, the wound healing potential of Hertia cheirifolia methanolic and 

aqueous extracts was evaluated on induced cutaneous wounds in rats. Moreover, the analgesic effect of 

methanolic and aqueous extracts was assessed in Swiss albino mice by acetic acid-induced writhing and 

formalin assays.  Results showed that topical application of 2% of methanolic and aqueous extracts reduced 

wound area by 80-90% after 15 days of treatment. Moreover, the treatment of rats with 200 or 400 mg/kg 

of  methanolic and aqueous extracts inhibited significantly (p<0.01) the pain induced by acetic acid (18-

48%) and produce a reduction in the paw licking and paw jumping response with 25-98% in formaldehyde 

assay when compared to controls.  These results indicate that both extracts of Hertia cheirifolia possess 

analgesic and wound healing properties. All these effects and the changes in the behavioural activities 

could be suggested as contributory effects to the use of Hertia cheirifolia leaf extracts in the management 

of inflammation, wound healing and painful conditions. 

 

Keywords: Analgesic, Inflammation, Hertia cheirifolia, Wound healing 
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ABSTRACT: This study aimed to evaluate the anti-inflammatory activity of Capparis spinosa L.. The 

effect of the aqueous extract of the flower buds of this plant was tested on the production and activity of 

some inflammatory mediators such as myeloperoxidase (MPO), superoxide anion (O2
.-
), IL1β, IL-8 and 

IFN-γ released from stimulated neutrophils. Firstly, human neutrophils were isolated from the 

peripheral blood and cultivated with different concentrations (1, 10, 50 and 100 μg/ml) of the extract in 

the presence of 10
-6

/10
-5

M of formyl-methionyl-leucyl-phenylalanine /cytochalasin B or 5 μg/ml of 

concanavalin A. The effect of the extract on MPO activity and O2
.-
 generation were determined using 

3,3',5,5'-tetramethylbenzidine as substrate and SOD-inhibitable cytochrome C reduction assay, 

respectively. Results showed that at highest concentrations (50 and 100 μg/ml), MPO activity was 

significantly inhibited by 63% and 59%, respectively. The capacity of the cells to produce O2
.-
 was also 

inhibited in dose dependent-manner. The maximal effect obtained at 100 μg/ml was about 67%. On 

another hand, the extract reduced significantly the release of all cytokines tested. The inhibitions values 

were dose-independent and range between 19% and 42%. In conclusion, our data revealed an 

interesting anti-inflammatory action of the plant extract, which could explain their traditional use. 

 

Keywords: Capparis spinosa L., Cytokines, Inflammatory mediators, Myeloperoxidase, Neutrophils, 

Superoxide anion 
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ABSTRACT: This study was conducted to determine changes in serum progesterone (P4), Estradiol 

17β (E2) profiles and some biochemical indices during pregnancy in single- and twin foetus-bearing 

Ouled Djellal sheep in semi-arid and arid regions of Algeria. Twenty and thirty ewes aged 1 to 4 years 

from semi-arid and arid zones, respectively, were used. In semi-arid zone, 15 ewes were pregnant (eight 

carrying one fetus and seven carryingtwins). In arid zone, 14 ewes carried singleton and 10 carried 

twins. Blood samples were collected one month before mating, at the early (1st month), mid (3rd 

month) and late pregnancy (last month), and after lambing (20-30 days postpartum). Significant effect 

(p < 0.05) of litter size was found during early gestation on progesteronemia in arid region and on 

estradiolemia (p < 0.05) in both regions. During late pregnancy  number of foetuses significantly 

influences P4 profile in semi-arid (p < 0.05) and arid (p < 0.001) area and E2 in arid zone (p < 0.05). No 

significant effect of litter size was noted on blood metabolites (energetic, proteic, enzymatic) in both 

regions. Reproductive hormones and blood metabolites profiles in pregnant ewes raised in arid zone are 

more altered than those in semi-arid one. 

 

Keywords: Ouled Djellal ewe, Estradiol 17-β, Progesterone, Blood metabolites, Pregnancy, Litter size 
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ABSTRACT: Mosquitoes are vectors of several diseases like malaria, dengue, yellow fever and 

arboviruses, including Japanese encephalitis virus (JEV) and West Nile virus (WNV). Biological control is 

an important strategy that has been utilized in mosquito management. In this context, we have contributed 

to the determination of the predator potential of the species Eylais hamata Koenike 1897, against different 

larval stages of two mosquito species: Culex  pipiens Linnaeus 1758 and Culiseta longiareolata Aitken 

1954;  in two environments: filtered and composed, in the function of the exposure time (24h, 48h, 72h). 

According to the results, the predatory activity of Eylais hamata is important against the first and the 

second stages (L1; L2) and weakened against the more advanced stages (L3; L4) of Culex pipiens. As well, 

the species is endowed with a potential predator low in respect of all larval stages of Culiseta 

longiareolata.  
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ABSTRACT: The breeding of small ruminants is one of the most important agricultural activities, Algeria 

has about 5 million goat heads, or 2% of the workforce of African countries, 28% of that of EU countries 

(FAO, 2017) The breeding of this species is 90% traditional, made up of local goat populations perfectly 

adapted to the conditions of the mountainous, steppe and Saharan regions of the country. The remainder, or 

10%, represents imported breeds, which are bred intensively. The emergence of an awareness of the dairy 

potential of the goat is recent in our country, hence the enthusiasm to promote this breeding. In fact, goats 

value local natural resources more and better than other ruminants thanks to their particular skills. Also, it 

plays an important role in the supply of animal proteins. Goat farming is the third source of red meat for the 

Algerian consumer after cattle and sheep, with a rate of around 8%. Goat meat production is an asset for 

Algeria with an advantage. comparison with the major producing and exporting countries, particularly in 

Southern Europe where the consumption of goat meat is more traditional. 
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ABSTRACT: The objective of this study was to investigate the effect of a commercial phytogenic 

product, based on oregano oil, on the performance and the Campylobacter jejuni counts in challenged 

broiler chicks. A total of one hundred and forty-four (144) 1-day old chicks were randomly allocated to 

4 treatment groups, with 4 replicates, according to the following experimental design: group A; the 

negative control, group B; birds challenged with C.jejuni, group C; birds challenged and received 0.1% 

a commercial antibiotic of enrofloxacin, and group D; birds challenged and received the commercial 

phytogenic product by drinking water in concentration of 0.15%. The statistical analysis and evaluation 

of experimental data revealed that birds in group D had significantly (Ρ≤0.05) higher body weight 

compared to group A, at the 9
th

 day of age. Furthermore, the C.jejuni counts in the crop were 

significantly (Ρ≤0.05) lower in group C compared to group B and D, at 25
th 

day of age, whereas C.jejuni 

counts in caeca were significantly (Ρ≤0.05) lower in group C and D compared to group B. The 

commercial product evinced, to be a useful tool for the control of Campylobacteriosis in broiler chicks. 
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*
 This research has been co-financed by Greece and the European Union (European Regional Development Fund) within the Operational 

Program ―EPIRUS 2014-2020‖. Project Code: 5033112. MIS: ΗΠ1ΑΒ-0028212. Acronym: EpirORNIS 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

78 

The Effect of a Commercial Water Acidifier on the Performance and 

Campylobacter jejuni Colonization in Experimentally Challenged Broiler Chicks
*
 

 
Tilemachos MANTZIOS

1,**
   Vasilios TSIOURIS

1
   Konstantinos KISKINIS

1
   Vangelis ECONOMOU

2
   

Evanthia PETRIDOU
3
   Georgios PAPADOPOULOS

4
   Apostolos PATSIAS

6
   Ilias GIANNENAS

5
   

Paschalis FORTOMARIS
4
 

1
Unit of Avian Medicine, Clinic of Farm Animals, 

2
Laboratory of Food Hygiene of Animal Origin, 

3
Laboratory 

of Microbiology and Infectious Diseases, 
4
Laboratory of Animal Science, 

5
Laboratory of Animal Nutrition, 

School of Veterinary Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki, Stavrou 

Voutyra 11, 54627, Thessaloniki, Greece. 
6
Agricultural Poultry Cooperation of Ioannina ―PINDOS‖, Rodotopi, 

Ioannina, Greece. 

**Corresponding author e-mail: mantzios@vet.auth.gr 
 

 

ABSTRACT: The present study was designed to determine the potential of a commercial water 

acidifier, blend of organic-acids, essential oils, and glycerol esters, on the performance and 

Campylobacter jejuni colonization, in experimentally challenged broiler chicks. A total of 144 one-day 

old Ross 308® broiler chicks were randomly allocated in 4 treatment groups, with four replicates, 

according to the following experimental design: Group A (negative control), Group B (challenge with 

C.jejuni), Group C (challenge with C.jejuni + 0.1% of an enrofloxacin-based commercial antibiotic) and 

Group D (challenge with C.jejuni + 0.1% of the commercial water acidifier). C.jejuni counts in crop and 

caeca were evaluated on mCCDA plates, with presumptive colonies confirmed by PCR. Results 

revealed that the bodyweight in group D, on 23
rd

, 25
th

, and 38
th

 day, was significantly(Ρ≤0.05) lower  

compared to group A. On 25
th

 day, C.jejuni counts in the crop and caeca in group C were 

significantly(Ρ≤0.05) decreased, compared to the other groups, whereas at 38
th

 day C.jejuni counts in 

the crop in group D were significantly(Ρ≤0.05) increased, compared to group B and C. The study 

provides evidence that the tested product has no effect against C.jejuni colonization and its continuous 

use could suppress the performance in broiler chicks. 

 

Keywords: Campylobacter jejuni, Broilers, Water acidification, pH, Viscosity 
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ABSTRACT: Reactive oxygen species (ROS) play an important role in various diseases. Since red blood 

cells contain high amount of polyunsaturated fatty acids, they are targets for ROS attacks leading to their 

membrane lipid-peroxidation and hemolysis and eventually to diseases such as thalassemia and sickle cell 

anemia. This study is designed to evaluate antioxidant, free radical scavenging, anti-lipid peroxidation and 

antihemolytic activities of the medicinal plant Paronychia argentea. The extracts of Paronychia argentea 

were obtained using solvents of increasing polarity, and the quantification of total polyphenols and 

flavonoids was carried out using Folin-Ciocalteau and AlCl3 methods respectively, the results of both 

contents are in the order of ethyl acetate extract (EaE) > chloroform (ChE) > crude (CE). In the AAPH-

induced hemolysis assay, all extracts exhibit marked antihemolytic activity. The EaE which have the 

highest effect was powerful than the standard vitamin C, followed by the CE. This antihemolytic activity 

may be due to the scavenger effect on peroxyl radicals generated during the thermal decomposition of 

AAPH or to the inhibition of this thermal oxidation. In conclusion, Paronychia argentea possesse 

considerable antioxidant, antiradical, anti-lipid peroxidation and antihemolytic activities due to their 

polyphenolic compounds, and can used as a new medicinal drug. 

 

Keywords: Paronychia argentea, Anti-hemolytic activity, Flavonoids, Oxidative stress, Lipid peroxidation 
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ABSTRACT: Polyphenolic compounds prevent oxidative damage via different mechanisms, such as 

electron donation (reducing power), free radical scavenging and transition metal chelation. The quantity 

and structure-activity relationship of phenolic compounds extracted from plants depends on the polarity of 

the solvent. The aim of this work is to study the relationship between polyphenolic contents and antioxidant 

properties of Paronychia argentea extracts using ferric reducing antioxidant power (FRAP) assay. After 

extraction with increased polarity solvents, Folin-Ciocalteu and aluminum chloride methods were used to 

determine the total polyphenols and flavonoids contents of the extracts, respectively. The results of both 

methods revealed that ethyl acetate extract (EaE) is the richest fraction followed by chloroform (ChE) and 

crude (CE) extracts. In the FRAP assay, either at 4 min and 30 min all the extracts (EaE, CE and ChE, 

respectively) possess a powerful reducing ability higher than the used standards gallic acid, quercetin, rutin 

and ascorbic acid. The richness of EaE in total polyphenols and flavonoids may explain its strongest 

reducing capacity. This significant correlation can be attributed to the form of flavonoids detected in the 

EaE (glycosidic form). Therefore, Paronychia argentea extracts can constitute a promising source of 

different flavonoids with different antioxidant abilities. 

 

Keywords: Polyphenolic compounds, Flavonoids, Paronychia argentea, Ferric reducing antioxidant power 
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ABSTRACT: This study aims to evaluate the in-vitro and in-vivo antioxidant activity of different extracts 

prepared from Hypericum perforatum (HP) Leaf. Acute toxicity of the crude extract was carried out based 

on OECD guidelines to determine the LD50. In sub-acute toxicity, 100, 300 and 500 mg/kg/day of the 

extract were orally administrated for 21 days  consecutively; Catalase activity and MDA and GSH levels 

were evaluated in the homogenats of the mice livers. Antioxidant activity was evaluated in vitro by the use 

of Anti-Hemolytic and β-carotène bleaching tests. Four extracts were prepared: crude extract (CrE), 

chloroformic extract (ChE), ethyl acetate extract (EAE) and aqueous extract (AqE).  Results demonstrated 

that EAE was the richest in phenolic compounds and flavonoids. Concerning the antioxidant activity, in the 

case of hemolysis of red blood cells, ChE extract showed the greatest efficiency in the protection of Red 

blood cells from hemolysis. The results of the β-carotene / linoleic acid test revealed that HP extracts 

significantly inhibited the β-carotene oxidation. Acute toxicity test demonstrated that the crude extract of 

HP has an LD50 of 1065.49 mg / kg. Administration of HP during 21 days leads to a decrease in the CAT 

activity, an increase of 9.52% in GSH levels and a reduction of 58.38 %  in MDA level. These results show 

that H. perforatum possess high antioxidant properties, which explains its use in traditional medicine. 

 

Keywords: Hypericum perforatum, Polyphenols, Antioxidant activity, Acute toxicity, Sub-acute toxicity 
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ABSTRACT: In this article is presenting about the results of a scientific research on the 

integratedprotection of apple trees from the apple moth (Cydiapomonella L.) in the Hissar valley of 

Tajikistan.The article presents the results of scientific research on the study of the structure of the 

species compositionof the entomocomplex of flowering nectar-bearing crops. At the same time, 

overseedingof nectar-bearinggrasses will be economically beneficial, since theimprovement of the food 

supplyfor parasitic insects canbe combined with the improvement of the foodsupply for honey bees. Asa 

result of the research, it wasfound that 6 species of coccinellidsand other types of 

entomophageswereidentified in the crops of nectar-bearing crops.The highest efficiency of 

thehabrobracon was noted at the rate of release of 1200individuals./ha against the second and third 

generation of the pest, - 67.8 and 66.2%, respectively, and the effectiveness of the common goldeneye 

against theeggs of the pest was 74.6 and 92.2%, respectively, andagainst younger caterpillars – 74.6 

and84.8%. 

 

Key words: Agrobiocenosis, Nectar-bearing plant, Entomophage, Biological defense, Fruit crops,  

           Beneficial insects. 

 

INTRODUCTION 

The system of integrated plant protection from harmful organisms-manages the currently  

occurring phenomena of transformation of agroecosystems as a result of  changes in the 

species composition of their entomofauna, changes of dominants, expansion of ranges and 

increase in cases of mass reproduction of many types of pests, phytopathogens and weeds, 

intensification of micro evolutionary processes in their 2populations, introduction of new 

adventive (alien) species under the influence of 30increased anthropogenic influences in 

recent decades (Sukhoruchenko and Dolzhenko, 2000). 

The observed negative processes aggravate the phytosanitary situation in agrobiocenoses, 

which requires a review of the entire strategy and tactics of plant protection from harmful 

organisms. This is especially true for agrobiocenoses of crops such as apple trees, which for 

many decades have been subjected to intensive treatment with pesticides and have lost the 
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ability to regulate the processes occurring in them. Horticulture is an important branch of the 

agro-industrial complex, which plays a major role in solving food security, improving the 

well-being of the population and providing rural people with jobs. 

In the general system of agriculture of the Republic of Tajikistan, fruit growing is given a place 

of honor. The conditions of Tajikistan are extremely favorable for the development of fruit 

growing. In the Hissor Valley and the surrounding mountainous areas, the proportion of apple 

orchards prevails over the planting of pears and other fruit trees. This is due to the fact, that 

the climatic conditions of the Hissor Valley were suitable for the cultivation of apple trees. 

          Strengthening and further development of horticulture in the Republic of Tajikistan     

requires a comprehensive study and elimination of all factors that reduce the viability and 

yield of apple trees. Among such factors, the most important place is occupied by harmful 

insects, of which the most dangerous pest is the apple moth (Cydia pomonella L.) Cydia 

pomonella L.it is one of the most serious pests of pome fruit crops in the Republic of 

Tajikistan.  The apple moth is widespread all over the globe and is found everywhere where 

there are gardens.  

     Therefore, in order to preserve fruit orchards, it is necessary to carry out a system of 

measures against this pest in a timely and regular manner. Therefore, in order to preserve        

fruit orchards, it is necessary to carry out a system of measures against this pest in a timely 

and regular manner. For the correct planning and timely organization of protective      

measures against the apple moth, data on its geographical distribution, the timing of their      

appearance, the biology of the pest, harmfulness, etc., play an important role. Only on the      

basis of deep knowledge can we build a scientifically based system of measures to combat it. 

Currently, an integrated protection of apple trees from the apple moth in the Hissar 

Valley of Tajikistan has been developed and proposed, including methods of using 

pheromones to disrupt mating (male disorientation), preserve and attract entomophages, by 

means of strip placement of nectar-bearing crops on the outskirts of apple orchards, the   

settlement of entomophages and the use of insecticides recommended for integrated plant 

protection. 

Integrated plant protection (IPP) is not just a comprehensive application of control 

methods It also covers measures (e.g., prevention, monitoring, prognosis, early diagnosis) that 

contribute to slowing the development of pest populations. One of the important aspects of 

IPP is making informed decisions about the use of control measures. All decisions must be 
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justified from both an economic and an environmental point of view. The IPP focuses on 

growing healthy crops with the least possible disturbance to Agro-ecosystems and encourages 

the use of natural methods to control harmful organisms." 

         One of the important environmental factors needed to encourage the development of 

beneficial insect species is the availability of a reliable food source for each feeding stage in 

the entomophage's life cycle at the appropriate time of year. Providing an appropriate diet for 

the imago is an important, but often impossible, requirement. Especially in parasitic groups 

(for example, in Diptera, Hymenoptera), only immature forms feed at the expense of the host, 

and adults need other food sources, often pollen and nectar (or only nectar) of flowering 

cultivated or wild species (Koppel and Mertins,1980). 

MATERIAL AND METHOD 

         The object of the study was the dominant pest of fruit crops - the codling moth 

(Cydiapomonella L., Lepidoptera: Tortricidae). Observations were carried out weekly 

throughout the growing season. The research was carried out in the garden on the Renet 

Simirenkovariety. Pheromone traps are triangular in cross-section made of laminated thin   

cardboard. Its main parts: 1) a rectangular longitudinal insert almost equal in length and width 

to those of the bottom of the trap, on which a non-drying glue of the pestifix type is applied; 

2) a dispenser with a synthetic pheromone of a female codling moth that attracts males, which 

is a piece of rubber tube no more than 1 cm long. The traps are hung on the branches of apple 

trees approximately at the level of the observer's face – about1.6-1.7 m from the soil level, 

taking into account the fact that the catchability of low-hanging traps (below 1.5 m) 

decreases. The usual number of traps per site is 4. To install them, a row of trees is selected 

approximately in the middle of the site. The distance between the traps depends on the length 

of the tree row - from 20 to 50 steps; the main condition is the uniformity of their location. 

The number of captured male butterflies is counted at least once a week on a certain day. In 

this case, the average number of butterflies per trap is established (average per catch / week) 

(Sugonyaev et al., 2013). 

            The spring census of the codling moth population began at an average daily air 

temperature of 10-13 ° C. The determination of the beginning of summer and the study of the 

dynamics of the population of the imaginal stage of the codling moth was carried out using 

Chinese pheromone traps. As a preparative form of pheromone, rubber dispensers 

(evaporators) with a diameter of 0.5 cm and a length of 1.2 cm were used, which were 
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impregnated with a synthetic analogue of the pheromone of a female codling moth. 

Pheromone traps were placed 10 days before the expected start of insect 107summer at the 

rate of 1 trap per 3 hectares. The traps were placed on the crown of a tree 108at a height of 

1.8-2 meters. Since summer, male traps have been monitored weekly. Dispensers were 

replaced every 30 days (Sazonov et al., 1991). 

To assess the number of fruits damaged by caterpillars of the codling moth, damage was 

recorded by examining 100 fruits in different parts of the garden with further translation of 

the results into percentages. One of the indicators of the biological effectiveness of protective 

measures (disorientation) is a decrease in damage to the fruits of the codling moth. The 

possibility of controlling the codling moth by disorienting males was studied by hanging 

pheromone vaporizers in the pest's habitats with synthetic analogs of the sex pheromone. The 

evaluation of the method was carried out on a plot of 1.2 hectares by manual distribution of 

synthetic pheromone preparative forms. 

       Each dispenser contained 2 mg of pheromone. The total dose of pheromone per hectare 

was 300-1000 mg. At the experimental and control plots, pheromone traps were placed at the 

rate of 10 traps per plot. The males involved were counted weekly for twomonths. The 

disorientation effect was calculated by the number of males attracted bypheromone traps in 

the experimental plots, in comparison with the control, using the Chamberlain formula 

(Emelyanov and Bulyginskaya, 1999). 

RESULTS AND DISCUSSION  

As a result of research (2014-2016), it was found that the pest in apple orchards in the 

Iskichjamoat of the Hissor district of Tajikistan develops in three generations, the last two 

usually overlap one another. The results of pheromone monitoring show that the clearest 

summer peaks of all three high-density generations (on average, from 30 to60 specimens per 

trap per day of mass summer) were observed in 2014-2016. During these years, all three 

generations were observed in 2 peaks, the maximum number of males per day of mass 

summer per 1 trap of the first generation was from 21.4 to 32.6 specimens; 2 and 3 

generations - from 30.8 to 60.8 instances. The number of years of the apple moth in 2015 was 

more active compared to 2014. Its 3rd generation developed most intensively in 2015 – the 

peak of summer was observed in the second half of August – the maximum number of males 

that arrived on 1 trap per day of mass summer was 22.0 specimens. 
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The assessment of the harmfulness of the apple moth was carried out by us in the areas of 

the apple orchard with three times treatment with insecticides and in the area without 

treatment. The results of the research showed, that the removable fruits of the apple variety 

RenetSimirenko in the untreated area can be damaged from 25.4% to 31%. At the same time, 

when carrying out protective measures (three-time treatment with insecticides), the damage to 

the fruits ranged from 5.2% to 7.4%. The biocenotic relationships of entomophages with 

plants are not limited to the triotropha system, where they are manifested mainly through 

entomophagy. Many entomophages, especially parasitic species, require additional imaginal 

nutrition due to nectar, pollen, and other secretions of various plants.  

The improvement of integrated plant protection systems by providing conditions for the 

effective participation of entomophages in the regulation of the number of pests of 

agricultural crops can be most successfully and mainly solved only on a biocenoticbasis 

(Voronin, 1992). 

Our studies showed that Chelocorus bipustulatus was present on all entomophilic culture 

species, which turned out to be the dominant species (fugure1). Common species were Scimus 

frontalis, Coccinella septempunctata. Other coccinellid species Adalia bipunctata, Adonia 

varigata, Sinharmonia conglobata, Brumus octosignatus were rare. 

 

Figure 1.Occurrence and ratio species of Coleoptera of the Coccinellidae family (Coccinellidae) in % on 

entomophilic cultures (averaged data for 2014-2016). 

The research has shown that in the conditions of the Hissar Valley, Anthocoruspilosus 

Jak. was the dominant species of anthocorid sin fruit orchards-52.9%. The  most common 

species in terms of population was Oriusniger Wolff., whose size was 36.8% (figure 2). 

63,1 

16 11,7 
3,8 2,4 1,5 1,5 
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Figure 2. Occurrence and number ratio of species of Hemiptera (Heteroptera) of the family Anthocoridae 

(Anthocoridae) and Nabidae (Nabidae) in % on entomophilic cultures (averaged data for 2014-2016). 

Our research found, that of the five identified species of braconids in entomological 

mows, the most common species were Apantelestelengai Tobias., Braconhebetor Say 

(fugure3). And Habrobraconvariator Nees which accounted for 34.3, 23.2, and 20.6%, 

respectively, of the total number of braconid species. 

Thus, it becomes obvious that, among other factors, the practical side of increasing the 

efficiency of entomophages is the development of techniques for conducting attractive crops 

of special nectar-bearing plants in order to ensure the mass reproduction of parasites in 

natural conditions. The results of the studies show (Table 1.), that with the release of 820 

persons. the maximum efficiency against the first generation was 24.2%, and with an increase 

in the norm to 1230individuals. / tree it was 36.4%, and at 1640 individuals./ tree-48.6%.The 

results of the activity of trichograms with an increase in the concentration of pest eggs are 

obvious. 

However, with a higher egg density, despite the high level of parasitism, a certain number 

of caterpillars that harm apple plantations are still reflected. Therefore, the increase in the 

release rate is directly proportional to the number of eggs of the host. So, based on the 

53% 
37% 

7% 3% 0% 

Total caught in% 
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Figure 3. Occurrence and population ratiospecies of Hymenoptera of the Gabrobracon family (Braconidae) in 

% on entomophilic cultures. 

available materials, we recommend to produce 200.000 individuals (4g/ha) of 

trichograms per 1 ha. The same rate of release of trichograms is maintained with a decrease 

in the number of pests due to the difficulty of finding eggs. At the same time, the 3-fold 

treatment should remain. When the apple moth caterpillars appear, additional measures 

should be taken. 

Table 1. Biological efficacy of Trichogramma evanescens West against the eggs of the apple moth in the 

dehkan farm "Khusrav" of the jamoat of M. Tursunzade of Hissor district (averaged data for 2014-2016) 

Releaserate, 

individuals/tree 

Biologicalefficiency, % Averagevalue,% Least 

significantdifference I II III 

2.0 g / ha 

820 individuals/tree 

 

22.4±0.08 

 

24.6±0.18 

 

25.8±0.10 

 

24.2±0.14 

 

2.68 

 (3.0 g /ha) 

1230 individuals/tree 

 

34.2±0.16 

 

36.4±0.26 

 

38.6±0.28 

 

36.4±0.22 

 

3.18 

4.0 g /ha 

1640 individuals/tree 

 

45.4±0.16 

 

48.8±0.18 

 

51.6±0.24 

 

48.6±0.18 

 

3.42 

Although a high percentage of infection is achieved with a high egg-laying density, the 

remaining number of caterpillars is sufficient to cause damage to the crop. Therefore, another 

way to increase the effectiveness of the trichogram is to repeatedly release other types of 

entomophages (gabrobracon and goldeneye). 

34% 

23% 

21% 

17% 

5% 

0% 

Total caught in % 

Apanteles telengai Tobias.

Habrobracon hebetor Say.

Bracon (Glabrobracon)

variator Nees.

Macrocentrus collarus

Spin.

Сhelonus oculator Parz. 
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In the apple orchard, we have established a high biological effectiveness of gabrobragon 

against the apple moth. The use of gabrobragon is most effective at the rate of release of 1000 

and 1200 individuals/ha, against the second and third generation of the apple moth (Table 2.). 

Each subsequent release of the gabrobrakon increased its effectiveness. The  

Table 2. Biological efficacy of Habrobracon hebetor Say. against the apple moth in the dehkan farm "Khusrav" 

of the jamoat of M. Tursunzade of the Hissor district (average data for 2014-2016) 

Releaserate, 

individuals/ 

tree 

Biologicalefficiency, % Averagevalue

, % 

Least 

significantdiffer

ence 

I II III 

800 individuals/ha, 

6.5 individuals/ tree 

 

38.4±0.16 

 

42.8±0.28 

 

46.6±0.18 

 

42.6±0.20 

 

3.52 

1000 individuals/ha, 

8.2 individuals/tree 

 

51.8±0.24 

 

54.6±0.16 

 

56.8±0.22 

 

54.4±0.22 

 

4.34 

1200 individuals/ha, 

9.8 individuals/tree 

 

62.4±0.26 

 

68.6±0.32 

 

67.8±0.28 

 

66.2±0.28 

 

5.22 

highest efficiency was noted at the rate of release of1200 individuals / ha against the second 

and third generation of the pest - 67.8 and66.2%, respectively. 

Thus, the use of the ectoparasite Habrobracon hebetor Say. against the apple moth, it 

allows you to regulate the number of pests, excluding the use of chemical insecticides. Thus, 

the role of entomophages in limiting the number of apple moth in an apple     orchard is 

evaluated by the totality of their actions and the final result of their biological effectiveness. 

As a result, the use of chemical treatments is sharply reduced or they are completely canceled. 

Biological suppression of the apple moth only by the activity of entomophages without the 

use of pesticides creates a balance between the harmful object and the useful components of 

the agrobiocenosis of the orchard, which eliminates sudden outbreaks of the pest.  

The problem of preserving entomophages during chemical treatments has become 

important in recent years, due to the revealed high toxicity to beneficial organisms of many 

insecticides that have entered the practice of plant protection. However, a complete or even 

partial rejection of the chemical control of phytophages, based on the natural regulation of the 

number of harmful species in agrobiocenoses to an economically insignificant level, is often 

impossible. However, there are a number of ways of targeted use of chemical treatments that 

ensure maximum preservation andenhancement of the effectiveness of entomophages with 

high mortality of phytophages (Novozhilov and Shapiro, 1974). 
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In this regard, in our experiments against the apple moth, selective insecticides were 

tested, recommended for the integrated plant protection system Avant-150 g / ls.c., Coragen-

200 g/l е.с. and Dimilin 25% pp. (Table 3). 

The biological activity of the insecticide Avant and Coragen against the apple moth on 

the fifth day after treatment was 76.2% and 78.6%; on the 10th day-88.6% and 90.2% and on 

the 15th day, respectively, - 98.6% and 99.6%.  The biological activity of the insecticide 

Dimilin at first, on the fifth day after treatment, was low and amounted to-48.8%. This is due 

to the fact that the mechanism of action of the insecticide is aimed at blocking the enzymes 

involved in the formation of chitin, the skin of the caterpillar. Which takes a certain amount of 

time. After 10 days of Dimylin treatment, we noted an increase in its effectiveness to 88.6%, 

and after 15 days, its biological effectiveness approached the insecticides Avant and Coragen 

and amounted to 97.8%. Less effective was the use of the insecticide Karate, 5% e.c. (200g / 

l), the use of this drug 15 days after treatment, provided the death of 90.8% of the 

Table 3.  Biological effectiveness of insecticides against the apple moth in the Mirzo-Rizojamoat of the Gissar 

district (averaged data for 2015-2017 years) 

Insecticides 

C
o

n
su

m
p

ti
o

n
ra

te
 

l 
/ 

h
a

 

The number of 

damaged ovaries 

of the apple fruit 

moth pcs. / 1 tree 

The number decline adjusted for control, 

percentage by day after processing 

5 10 15 

Avant, 150 g / l 

s. c. 

0.40 12.2±0.4 76.2±0.6  88.6±0.6 98.6±0.8 

Coragen, 200 g 

/ l e.c. 

0.25 13.8±0.3 78.6±0.4  90.2±0.8 99.6±1.0 

Dimilin, 25% 

pp. 

1.0 11.4±0.5 48.8±0.4  88.6±0.8 97.8±0.6 

Karate, 5% 

e.с.(standard) 

 

0.20 

 

12.6±0.3 

 

70.8±0.3 

 

76.8±0.7 

 

90.8±1.2  

caterpillars of the apple moth. 

       Thus, the results of the conducted studies indicate the high effectiveness ofselective 

insecticides recommended for the integrated plant protection system in the fight against the 

apple moth. The most effective insecticides were Coragen, Avant and Dimilin, their use 

regulates the number of apple moth and has a minimal negative effect on the entomophages of 
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the apple orchard. The calculation of the cost-effectiveness of insecticides recommended for 

the integrated protection of apple trees from the apple moth has shown that their use in the 

protection of apple orchards is economically profitable. 

The calculation data showed that when using insecticides, the increase in the yield of 

apple fruits compared to the control was from 45.0 c / ha to 76.0 c / ha. When using the 

insecticides Avant and Coragen, the highest yield increases were observed, which amounted 

to 74 and 76 c / ha, respectively. The profit per hectare for insecticide use increased from US 

$ 1,400 to US $ 2,440 per hectare compared to the control. 

CONCLUSION 

Thereby, to develop an integrated protection of the apple tree from the apple moth, it is 

necessary to take into account the entire agro ecological system of the orchard. It is important 

to study the ecological features of this pest, its relationshipwith predators, parasites, and other 

organisms, that inhabit the garden agrocenosis. It is important to optimize the agrotechnical 

measures aimed at improving the growth and fruiting of trees while placing nectar-bearing 

plants in the garden and in its surroundings. It is necessary to provide for the use of selective 

biological and chemical plant protection products. 
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ABSTRACT: In recent years, solutions for agricultural water scarcity such as reducing water losses 

and leakages, expanding alternative water resources such as treated wastewater, and applying water-

saving technologies have been presented within the scope of adaptation to climate change. Among these 

solutions, no-tillage technique also has been investigated to enhance agricultural sustainability since it 

improves the structure of the soil and ensures the preservation of soil moisture. This research was 

conducted to investigate the effects of tillage techniques (conventional and no-tillage) and water quality 

(freshwater and wastewater) on chlorophyll content, leaf area index, leaf relative water content and 

electrolyte leakage of silage maize. Chlorophyll content, leaf area index, and electrolyte leakage of 

silage maize found statistically significant at different levels for measured parameters. However, leaf 

relative water content found statistically non-significant. Using wastewater as irrigation water increased 

chlorophyll content by 4.5% as compared to freshwater irrigation and no-tillage practice increased 

chlorophyll content roughly 2.1% as compared to conventional tillage practice. Leaf area index 

increased by 5% under wastewater irrigation as compared to freshwater irrigation. Electrolyte leakage 

occurred 15.2% more under wastewater irrigation as compared to freshwater irrigation while it was 

4.8% more under no-tillage practice as compared to conventional soil tillage. 

 

Keywords: Wastewater irrigation, No tillage, Conventional tillage, Silage maize, Physiological 

properties 

INTRODUCTION 

Sustainable management and effective use of soil and water resources are strategically 

important all over the world as they are the main elements of food security and therefore 

agriculture. In addition, due to anthropogenic effects such as the increase in population, 

uncontrolled urbanization, industrialization and excessive consumption of fossil fuels, these 

limited resources are getting polluted and decreasing day by day (Sahin et al., 2016). In 

addition to all concerns, water scarcity problems arise with the increasing effect of global 

warming and the severity of drought is increasing (Song et al., 2018). Burak et al. (2016) 

stated that the global water demand would increase in the range of 23% to 42% in 2050 

compared to 2010. 
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 Agriculture is the sector in which water is used the most, accounting for 69% of the 

world's freshwater use (FAO, 2020). Considering both the inadequacy of clean water 

resources and global warming in the world, the necessity of using alternative water resources 

for irrigation emerges. Under these circumstances, major attention has been paid to reusing 

wastewater for irrigation of various crops (Hajihashemi et al., 2020) and the use of 

wastewater has been accepted as a necessity (Gourbesville, 2008). One of the ways to use 

water effectively in agriculture is practicing no-tillage in the field, which preserves moisture 

in the soil for a longer time and thus reduces the amount of irrigation water. De Vita et al. 

(2007) reported that there is less evaporation from the soil in no-tillage practice than in 

conventional tillage, thus, the crop yield increases. 

This study aimed to investigate the effects of water quality (wastewater and fresh water) 

under conventional tillage and no-tillage practices on chlorophyll content, leaf area index, leaf 

relative water content, and electrolyte leakage of silage maize in the province of Van, Turkey. 

MATERIAL AND METHOD 

This study was conducted at the experimental field of Faculty of Agriculture, Van 

Yuzuncu Yil University in 2020. The study area, with an altitude of 1670 m from the sea, is 

located in the continental climate zone, however, the Lake Van, which is approximately 2 km 

from the study area, causes a microclimate effect in the region. According to the values 

obtained from the climate station in the study area, the average highest and lowest 

temperatures during the vegetation period (May-September) were in July (32.5°C) and 

September (13.7°C), respectively. Within the vegetation period, the total amount of 

precipitation was 37.0 mm, and the highest precipitation occurred in August (15.3 mm).  

The soil in the study area was sandy clay loam with a bulk density of 1.31-1.40 g cm-3 at 

different depths. Soil field capacity and the wilting point differed between the range of 

percentages 29.1 -30.6% and 17.1-17.6%, respectively. The freshwater used in the study 

obtained from tap water and the wastewater obtained from Edremit Wastewater Treatment 

Plant, Van province. 

The size of experimental pilots was 3.5x7.2 m with 5 rows. The experiment was carried 

out according to the split plots, the main-plot factor of the experiment includes 2 different 

tillage practices (conventional and no-tillage) and sub-plot factors include 2 different water 

quality (treated wastewater and freshwater) together with random blocks trial plan with 3 
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replications. Irrigations were performed when soil moisture decreased below 40% of available 

water in the root zone by drip irrigation.  

The leaf chlorophyll content of the silage maize was determined by a portable chlorophyll 

meter (SPAD-502; Konica Minolta Sensing, Inc., Japan) between two irrigation events. Three 

different plants were chosen from each treatment and an average of 10 reading from each 

plant were recorded (Tunalı et al., 2012).  

Three plants were chosen from each plot at harvest and all the leaves of the plant were 

measured by Licor 3000C to measure leaf area and then the average leaf area divided to per 

unit ground surface area to obtain leaf area index (Stewart and Dwyer, 1999).  

Just before the harvest, the fresh weights (FW) of three randomly selected leaf samples 

from each plot were weighed, then kept in distilled water for 4 hours and removed and 

weighed, and turgor weights were obtained (TW). Finally, they were kept in an oven at 65°C 

for 24 hours and their dry weights were found (DW). Values of FW, TW and DW were used 

to determine leaf RWC (%) using the following equation: RWC = [(FW- DW) / (TW- DW)] × 

100 (Kaya, 2011). 

During harvest, 10 leaf discs (10 mm in diameter) for measurement of electrolyte leakage 

(EL) were put in 50 mL glass vials. Vials were then filled with 30 mL of distilled water and 

allowed to stand in the dark for 24 h at room temperature. The EC (EC1) of the bathing 

solution was obtained at the end of the incubation period. Vials were heated in a temperature-

controlled water bath at 95 °C for 20 min and then cooled to room temperature and the EC 

(EC2) was measured. EL was calculated as a percentage of EC1/EC2 (Jamei et al., 2009). 

RESULTS AND DISCUSSIONS 

The effects of water quality on silage maize under different tillage practices were given in 

Figure 1. The results showed that there are statistically significant differences (p<0.01) in 

chlorophyll content depending on the water quality. Using wastewater as irrigation water 

increased chlorophyll content by 4.5% as compared to freshwater irrigation. The increase in 

SPAD values could be related to high Fe concentration in wastewater since Fe is an important 

element that provides the formation of chloroplast and takes part in the synthesis of 

chlorophyll pigments (Yerli et al., 2020). Petousi et al. (2015) also stated that wastewater 

irrigation provides higher SPAD values as compared to freshwater.  

Different tillage practices also caused significant differences (p<0.05) on chlorophyll 

content. No-tillage practice increased chlorophyll content by roughly 2.1% as compared to 
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conventional tillage practice. Higher SPAD values under no-tillage practices can be explained 

by longer preservation of soil moisture in the soil profile and accumulation of N from the 

residual plants in the soil. Liu and Wiatrak (2011) stated that using N fertilizer increased 

SPAD values of silage maize. Janos (2010) also reported that the amount of N in the soil is 

highly correlated with plant SPAD values. Moreover, higher Fe concentration thanks to 

having more plant residual under no-tillage practice could be another reason to have higher 

SPAD values as compared to conventional tillage practice. 

 
Figure 1. Effects on water quality on chlorophyll content of silage maize under different tillage practices 

Effects of water quality on leaf area index of silage maize under different tillage practices 

were given in Figure 2. While the effect of water quality on leaf area index was statistically 

significant at p<0.05 level whereas the effect of tillage practices was found to be non-

significant. 

Leaf area index increased by 5% under wastewater irrigation as compared to freshwater 

irrigation. It is thought that the increase in leaf area index under wastewater irrigation could 

be explained by the nutritive and fertilizing effect of wastewater, especially N.  Paudel et al. 

(2018) reported that using wastewater as irrigation water has increased the leaf area of the 

plant due to its high nutrient content. It is likely that increase in leaf area index will cause an 

increase in plant chlorophyll content and thus plant yield will increase. 
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Figure 2. Effects of water quality on leaf area index of silage maize under different tillage practices 

Results leaf relative water content of silage maize with different water quality under 

different tillage practices were given in Figure 3. The leaf relative water content of the silage 

maize under different tillage practices with different water qualities found statistically non-

significant. Previous studies stated that leaf relative water content varies depending on the 

drought stress level of the plant (Sahin et al., 2015; Ors et al., 2016). Cakmakci (2018) 

reported that increased water stress in both wastewater and freshwater irrigation caused a 

decrease in leaf relative water content in silage maize and there was a high correlation 

between leaf relative water content, irrigation water amount and plant water consumption. 

However, in our experiment, the amount of water was the same for wastewater and freshwater 

irrigation treatments, and plants were subjected to full irrigation. Under these circumstances, 

leaf relative water content supposed to be similar apart from tillage practices.   

Effects of water quality on electrolyte leakage of silage maize under different tillage 

practices were given in Figure 4. The result of the experiment indicated that water quality 

effects on electrolyte leakage found statistically significant at p<0,01 level, while soil tillage 

practices found significant at p<0.05 level. Electrolyte leakage occurred 15.2% more under 

wastewater irrigation as compared to freshwater irrigation while it was 4.8% more under no-

tillage practice as compared to conventional soil tillage practice. 

Higher electrolyte leakage in wastewater irrigation as compared to freshwater irrigation 

can be attributed to its high salt content. Kusvuran (2010) investigated the effects of saline 
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water on melon and found out that increased salinity levels caused increased electrolyte 

leakage.  

The higher electrolyte leakage values under no-tillage practice as compared to 

conventional tillage practice might be related to using less irrigation water amount in no-

tillage practice. It is stated earlier that electrolyte leakage increased due to the decrease in the 

irrigation water level (Cakmakci, 2018).   

 
Figure 3. Effects of water quality on leaf relative water content of silage maize under different tillage practices 

 

 
Figure 4. Effects of water quality on electrolyte leakage of silage maize under different tillage practices 

CONCLUSION 

The benefits of using treated wastewater have been investigated earlier with different 

crops and its nutritive and fertilizing effects were found quite challenging for the 
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sustainability of agriculture. Under global warming conditions, soil tillage also became an 

important issue for both the protection of soil moisture and using less energy. In this study, 

we evaluate the effects of water quality under conventional tillage and no-tillage practices on 

chlorophyll content, leaf area index, leaf relative water content and electrolyte leakage of 

silage maize. Using wastewater as irrigation water and no-tillage practice increased 

chlorophyll content as compared to control treatments. However, leaf relative water content 

under different tillage practices with different water qualities found statistically non-

significant. Leaf area index increased with wastewater irrigation as compared to freshwater 

irrigation while the effect of tillage practices was found to be non-significant. Electrolyte 

leakage occurred more under wastewater irrigation as compared to freshwater irrigation and it 

was more under no-tillage practice as compared to conventional tillage practice. 
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ABSTRACT: Management of applied practices in the field such as, water quality, irrigation amount, 

fertilizer use, and soil tillage etc. has considerably impact on the amount of CO2 emissions in 

agricultural systems. The principal objective of this research was to discover how CO2 emissions 

respond to water quality and amount under different soil tillage practices. For this aim two years field 

experiment was carried out under no-tillage (NT) and conventional tillage (CT) practices on silage 

maize with wastewater irrigation at different water levels (WW100%, WW67% and WW33%) and 

freshwater irrigation (FW100%) as control treatment. The results revealed that the interaction of 

irrigation and tillage practices was statistically significant at all measurement time intervals. CT 

increased CO2 emission as compared to NT under all irrigation treatments. Irrigation with wastewater 

increased CO2 emission as compared to freshwater irrigation in both NT and CT. In both soil tillage 

treatments, the measured CO2 emissions from WW100% and WW67% were higher as compared to 

FW100% whereas WW33% treatment released less CO2 than FW100%. Our results showed that with 

different scenarios depending on the amount and quality of available water and soil tillage practices, 

different solutions could be applied to improve climate resilience for a given region. 

 

Keywords: Wastewater irrigation, No-tillage, Conventional tillage, CO2 emissions, silage maize 

 

INTRODUCTION 

Increases in air temperatures, the carbon dioxide rate, drought, and desertification have 

revealed the reality of climate change in a way that everyone can accept, thus global warming 

became a crucial subject.  The rise in the amount of gases such as carbon dioxide, methane 

and nitrous oxide, hydrofluoride carbon, perfluoro carbon and sulfurhexa fluoride, which are 

called greenhouse gases, in the atmosphere pose a danger and cause the climate to change 

over time. Although CH4 and N2O cause global warming 21 times and 310 times more than 

CO2, respectively (Forster et al., 2007), 82% of CO2's share among greenhouse gases 

considers CO2 as the most important greenhouse gas (Thangarajan et al., 2012). 

While 75% of the greenhouse gases that cause global warming occur with the 

consumption of fossil fuels depending on the industry, the remaining share comes from the 
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agriculture sector (Tubiello et al., 2015). The majority of agricultural CO2 emissions come 

from the breakdown of soil organic matter (Marland et al., 2001). When organic carbon in 

soils is exposed to more O2 with various interventions, it turns into CO2 form (Yerli et al., 

2019). One of the reasons that increase the O2 level of the soil is intensive tillage, which 

triggers the activity of microorganisms. It also affects the physical properties of the soil and 

causes CO2 release (De-Oliveira Silva et al., 2019). However, minimum tillage or direct 

sowing ensures a decrease in CO2 emissions and thus increases soil fertility by providing 

carbon conservation in the soil (Kocyigit, 2008). 

Soil moisture is an important factor in CO2 release from the soil. The high amount of 

water in the soil increases plant growth and provides more carbon gain from roots and plant 

residues to the soil (Entry et al., 2008). In addition, with increasing humidity, the activities in 

the soil quicken and CO2 release increases with the decomposition of organic matter (Liu et 

al., 2008). Therefore, deficit irrigation practices are a crucial approach that reduces CO2 

emissions. Sinaie et al. (2019) stated that with the increasing amount of irrigation water, 

microorganism activities quicken, CO2 emissions increased, and in their study, the lowest 

CO2 release was obtained from the application of 50% water deficit treatment. Similarly, 

Zornoza et al. (2016) reported that deficit irrigation reduces CO2 release from the soil. 

Gerten et al. (2013) reported that with this rapid increase in the severity of global 

warming, the regional distribution of freshwater resources will change significantly, and the 

amount will decrease crucially. For this reason, the use of low-quality water resources in the 

agricultural sector can be considered a necessity.  The use of wastewater, on the other hand, 

will not only meet the need for irrigation but also reduce the need for chemical fertilizers and 

provide sustainable waste management. Nevertheless, although the advantages of wastewater 

are high, its disadvantages in terms of CO2 emissions should also be considered. The high 

organic carbon in the wastewater is a source for CO2 release when applied to the soil. 

The aim of our study is to find a better management between using wastewater in 

agriculture under different tillage practices in order to use water resources effectively and at 

the same time keeping CO2 emissions at the desired level to increase climate resilience. For 

this purpose, we conduct a silage maize irrigation experiment with wastewater at different 

water deficit levels (100%, 67% and 33%) under no-tillage or conventional tillage practices. 

The principal objective of the research was to discover how CO2 emissions respond under 

different water and soil dependent variables.  



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

104 

MATERIAL AND METHOD 

This study was conducted at the experimental field of Faculty of Agriculture, Van 

Yuzuncu Yıl University in 2020 and 2021. The study area, with an altitude of 1670 m from 

the sea, is located in the continental climate zone, however, the Lake Van, which is 

approximately 2 km from the study area, causes a microclimate effect in the region. 

The seeds of silage maize (cv ‗OSSK 644‘, TAREKS) were sown in May 2020 and May 

2021.  The conventional tillage plots were plowed, then the clods were broken down by using 

a cultivator-rotary harrow combination, and the parcel was leveled. Seeds were sown with a 

sowing machine on the same day after tillage. As for the no-tillage treatment, the seeds were 

sown directly by a sowing machine. The freshwater used in the study obtained from tap water 

in the university campus and the wastewater obtained from Edremit Wastewater Treatment 

Plant with a capacity of 10 400 m
3
 day

-1
, Van province. 

All plots till the plants get 40-50 cm height were irrigated with freshwater equally. After 

this stage, irrigation with wastewater at different water-deficit levels (100%, 67%, 33%) was 

started. Irrigations were performed each time soil moisture decreased below 40% of available 

water in the root zone by drip irrigation.  

The soil in the study area was sandy clay loam and the bulk density of the soil was 

between the ranges of 1.29-1.33 g cm
-3

 at 30 cm depths after the 2020 harvest. Soil field 

capacity and the wilting point differed between the range of 29.7-31.2% and 17.3-18.3%, 

respectively. Soil electrical conductivity, pH, content of CaCO3 and organic matter were 

differed between the range of 0.421-0.718 dS m
-1

, 7.95-8.14, % 9.24-10.58 and % 1.50-2.02, 

respectively.    

The size of experimental pilots was 3.5x7.2 m with 5 rows. The experiment was carried 

out according to the split plots, the main-plot factor of the experiment includes 2 different 

tillage practices (conventional tillage; CT and no-tillage; NT) and sub-plot factors include 

freshwater full irrigation (FW100%), wastewater full irrigation (WW100%), wastewater with 

% 67 water deficit (WW67 %) and wastewater with % 33 water deficit (WW33 %) with 3 

replications.  

CO2 measurements were made in the second year of the study, May 2021, as soon as the 

tillage-sowing application was completed (0 hours), and the subsequent measurements were 

made at different time intervals (4, 24 and 48 hours) after the tillage-sowing applications. 

Measurements were made by an EGM-5 (CFX-2, PPSystems, Stotfold, UK) from 3 different 
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points randomly selected from each plot with 3 replicates between two plants, approximately 

15-20 cm far from the dripper. The circle (1334 cm
3
, 78.5 cm

2
) was driven 1-1.5 cm into the 

soil to provide complete insulation with the external environment at selected points (Morell et 

al., 2010). 

RESULTS AND DISCUSSIONS 

The results of CO2 measurements after tillage-sowing at different time intervals under 

different tillage practices and various water deficit levels with wastewater were given in 

Figure 1. The interaction of irrigation and tillage practices was statistically significant at the 

p<0.01 level at all measurement intervals (0, 4, 24 and 48 h). Conventional tillage increased 

CO2 emission as compared to no-tillage practice under 100% fresh water. This increase was 

even more in the measurements after 4 hours, and then decreased gradually in all applications.  

Figure 1. CO2 emission at different time intervals. 

CT: conventional tillage, NT: no-tillage, FW100%: full irrigation with fresh water, WW100%: full irrigation 

with wastewater, WW67%: 33% limited irrigation with wastewater, WW33%: 67% limited irrigation with 

wastewater. p<0,01 

 

Irrigation with wastewater increased CO2 emission as compared to freshwater irrigation 

in both conventional and no-tillage practices. It is thought that the higher CO2 emission in 

wastewater irrigation conditions is due to the high organic carbon in the wastewater. It is 

known that the amount of organic carbon in soils irrigated with wastewater increases (Kudal 

and Muftuoglu, 2014), and the amount of organic carbon in soils irrigated with wastewater is 

approximately 24% higher than in soils irrigated with freshwater (Biswas and Mojid, 2018). 

Under wastewater irrigation, the increased organic carbon in the soil comes into contact with 

O2 and turns into CO2 form and spreads to the atmosphere. Xue et al. (2012) and Gonzalez-
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Mendez et al. (2015) stated that irrigation with wastewater increases CO2 emissions. 

Fernandez-Luqueno et al. (2010) reported that CO2 release in plots irrigated with wastewater 

is approximately 2.4 times higher than plots irrigated with freshwater. The reason for this 

increase was explained by the oxidation of nitrogen and carbon sources, which are abundant 

in the wastewater content a few days after irrigation (Mahmoud et al., 2012). 

The lowest emission values from were obtained from NT-WW33% (0.3380 g m
-2

 h
-1

) 

among all wastewater irrigation treatments. This can be explained by the lower amount of 

organic carbon input into the soil. In addition, since deficit irrigation will affect the 

microorganism activities at a lower rate than full irrigation, it can reduce the oxidation level 

of organic matter and reduce the emission. Mancinelli et al. (2015) reported that CO2 release 

from the soil increased as the amount of irrigation water increased.  

According to the results of average CO2 emission values, the interaction of irrigation and 

tillage practices was significant at the p<0.01 level (Figure 2). The CO2 emission was found 

higher by 31.7% and 9.3% in WW100% and WW67%, respectively as compared to 

FW100%. Conventional tillage released more than two times greater CO2 than no-tillage 

practice. The higher CO2 emissions in conventional tillage compared to no-tillage practice 

have been evaluated to be related to the intense physical degradation of the soil in 

conventional tillage, thus increasing both the oxygen level of the soil and the increase in 

microbial activity by the closer contact of surface residues with soil particles. It is also 

thought that less emission under no-tillage practice is related to the direct sowing of the seed 

and thus to the more superficial intervention in the soil. Talantimur (2014) stated that the 

depth of tillage is highly correlated with CO2 emissions. Jacinthe et al. (2002) reported that 

conventional tillage produces 43% more CO2 emissions than no-tillage. Similarly, Akbolat et 

al. (2016) pointed out that the CO2 emissions are 0.036 and 0.025 g m
-2

 h
-1

, respectively, in 

conventional tillage and no-tillage conditions, and that CO2 release from the soil is also less 

due to less O2 entry into the soil. 
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Figure 2. Mean CO2 emission values during soil tillage-sowing period. 

FW100%: full irrigation with fresh water, WW100%: full irrigation with wastewater, WW67%: 33% limited 

irrigation with wastewater, WW33%: 67% limited irrigation with waste water. p<0,01 

CONCLUSION 

This research is one of the few experimental field studies where the impact of water 

quality, tillage practices and various water deficit levels are evaluated on soil CO2 emissions 

on silage maize production. The results revealed that conventional tillage increased CO2 

emission as compared to no-tillage practice under 100% fresh water. As average, 

conventional tillage released more than two times greater CO2 than direct sowing with no-

tillage practice. Irrigation with wastewater increased CO2 emission as compared to freshwater 

irrigation in both conventional and no-tillage practices. The increase in CO2 emission was 

higher in both full irrigation and 67% water deficit treatments under conventional tillage as 

compared to full irrigation with freshwater whereas CO2 emissions from 33% water deficit 

with wastewater treatment was less than full irrigation with freshwater treatment. We 

conclude that with different scenarios depending on the amount and quality of available water 

and soil tillage practices, different CO2 emissions could be obtained from the cultivated soil. 

Knowing the impact of controllable parameters will be strategic for sustainable management 

and improving resilience to climate change for a given region. 
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ABSTRACT: Viticulture and winemaking occupies a special place in the agriculture of the republic. The 

research was carried out in the vineyards of the Goygol region in 2017-2020, laboratory analyzes of soil 

samples taken from 51 sections were carried out, as well as a mathematical-statistical analysis of soil 

fertility indicators, and the soil bonitet scores under vineyards were calculated. Using the methodology of 

D.Bulgakov and S.Mammadova, first, special rating scales were compiled according to the degree of 

appearance of separate signs in accordance with the ecological needs of a grape plant, then using these 

scales, an agroecological assessment of 9 subtypes of grape-suitable soils of the study area was carried out. 

According to the research results, it was found that the most favorable conditions for growing grapes are in 

the low-mountain and foothill zone of the Goygol region. It has been determined that the main limiting 

factors for the foothill zone are the steepness of slopes, erosion processes; for the plain zone are the climate 

aridity, heavy granulometric composition and soil salinization It is calculated that the best agroecological 

data for the cultivation of grapes are possessed by mountain-gray-brown dark (92 points) soils and gray-

brown dark (94 points) soils. 

Keywords: Agroecological Assessment, Soils Under Vineyards, Limiting Factors, Bonitet Score 

INTRODUCTION 

Grapes are one of the most profitable industrial crops with the highest number of new 

jobs per 100 hectares of land and gross output among other agricultural products. Considering 

this, in many countries, numerous studies are being carried out to determine the degree of 

compliance of the country's territory with the ecological needs of grape plants, on the 

influence of various environmental factors on the assessment of soils under vineyards, and so 

on (Fragoulis et al., 2009; Irimia and Patriche, 2011; Scannavino et al., 2011; Stoimenov et 

al., 2012, Campos et al., 2012; Sadigova et al., 2019) . 

Azerbaijan is one of the ancient countries that is engaged in the cultivation and 

processing of grapes. Archaeologists discovered wine-making tools around the 2nd century 

BC in the Goygol zone of the Ganja-Gazakh region. The modern history of winemaking in 

Goygel began in the German colony of Helenendorf in the first half of the 19th century, but 

developed from the middle ages of the 19th century (Yusifova and Nuriyeva, 2015). The 
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Goygol region is situated along the foothill plain zone of the  Lesser Caucasus mountain 

province in the western part of Azerbaijan. The height parameters fall from 500-600 m above 

sea level in the northwest to 100-200 m in the southeast direction. This region is considered 

one of the largest viticulture zones in the republic and occupies the foothill and plain parts of 

the Goygol region (Ismayilov, 1991).  

Goygol is situated in the central subtropical arid steppe climatic zone, possesses hot arid 

climate an average annual temperature is 11,7-13,5
0
C, an amplitude is 24,9

0
C , a temperature 

of the hottest month (July and August) is 28
0
C, a maximum temperature is 39,4

0
C, the coldest 

month temperature (January) is 8,7
0
C. Annual precipitation is 250-450 mm. A quantity of the 

active temperatures is 3500-4500
0
C. The no-frost days are 240-245. The air relative humidity 

is 48-55% in the zone at a grape vegetation period. 10
0
C higher temperatures which are 

required for beginning of the grape vegetation period are formed in the 1st decade of April 

(Ismayilov, 1991). The zone vineyards are irrigated because the yearly rainfalls quantity 

don‘t ensure a need for water at a grape vegetation period. The Kur river tributaries, subsoil 

waters, underground water-pipes are used for irrigation. A natural vegetation of the Goygol 

region was mainly represented by wormwood formations keeping in the limited places. The 

main part of the zone's soils is used for ploughing agricultural crops. 

MATERIAL AND METHODS 

The research was carried out in the vineyards of the Goygol region in 2017-2020, 

laboratory analyzes of soil samples taken from 51 sections were carried out, as well as a 

mathematical-statistical analysis of soil fertility indicators, and the soil bonitet scores under 

vineyards were calculated. Agroecological assessment of soils under vineyards in the study 

area was carried out using special rating scales according to the degree of manifestation of 

individual characteristics in accordance with the ecological requirements of grapes. The 

methodological instructions of Mammadov (1998), Mammadova (2006), Bulgakov (2002) 

and other authors (Maltabar, 2010;  Martinez-Casasnovas et al., 2006) were used. 

RESULTS AND DISCUSSION  

The soil cover  of Goygol region was investigated by Zakharov, Akimtsev, Aliyev, 

Hasanov, Salayev (1966) and other  researchers (Alizade, 1995; Sadigova et al., 2018). 

M.E.Salayev (1966) considered that the zonal soil types of the Goygol region are mountain-

brown and gray-brown soils, gaja, solonetzificated and irrigated varieties of gray-brown soils 

are widespread in the zone. 
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First, a mathematic-statistical scientific analysis was performed, initially collecting of the 

latest research materials over the soil, climate and relief indices for setting up an 

agroecological assessment of the Goygol region soils and the bonitet scores were found on 

the basis of these soils fertility parameters, at this time the dark mountain gray-brown soils 

possessing the highest fertility as a standard soil (Yusifova and Nuriyeva, 2016).  

Then, according to the methodology, special soil assessment scales were developed 

according to the severity of individual characteristics in accordance with the ecological 

requirements of grapes (Table 1). 

The results of agroecological evaluation of the soils under vineyards of the Goygol 

region were reflected in the Table 2. 

Stepped mountain-brown soils are located between  mountain-forest calcareous soils 

mountain gray-brown soils on the low border of the forest zone in the Lesser Caucasus.  As is 

shown from the table the stepped mountain –brown soils got 90 scores for the height of the 

(300-600 m), a reason is the slopes sea-level, erosion, soil thinness in connection with soil 

washing out, and  difficulties and  limitations in vineyards building in the areas where 

microrelief is less convenient. These soils got 90 scores for the rainfalls quantity, if we take 

into account that  a need  of the grape plant for water is 600-700 mm, this shows incomplete 

requirement, therefore development of the half-un irrigated  vine-culture yield good 

consequences.  
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Table 1. Soil evaluation scales for winegrowing 

Characteristic Evaluation,grade 

6,0-6,5 70 

6,5-7,0 90 

7,0-7,5 100 

7,5-8,0 100 

8,0-8,5 90 

8,5-9,0 80 
 

Sum of temperatures >10°C 

Characteristic Evaluation,grade 

2500-3000 80 

3000–3500 90 

3500–4000 95 

4000–4500 100 

 

pH 

Dry residue, % 

Characteristic Evaluation,grade 

<0,10 100 

0,10-0,25 80 

0,25-0,50 70 

0,50-1,00 40 

1,00-2,00 < 20 

Soil texture (particles <0.01 mm, %) 

CaCO3 content, % 
 

Characteristic Evaluation,grade 

5-10 70 

10-15 90 

15-20 100 

20-25 100 

25-30 95 

Characteristic Evaluation,grade 

20-30 80 

30-40 100 

40-50 90 

50-60 80 
 

Height, m a.s.l. 

Characteristic Evaluation,grade 

1000-1500 40 

500-1000 80 

200-500 100 

>28-200 100 
 

Precipitation, mm 

Characteristic Evaluation,grade 

<200 <50 

200-300 80 

300-500 90 

500-700 100 

700-1200 60 
 

Md index 

Characteristic Evaluation,grade 

<0,10 <50 

0,10-0,15 70 

0,15-0,25 90 

0,25-0,35 100 

0,35-0,45 70 
 

  

A main heat provision of the grape growing got 95 scores for  ∑t>10
0
C tons sum (3500-

3800
0
C), this shows profitability of the quick and mean growing grape sorts on the upper  

borderline of the foothill zone. Md index -0,25 (Eyyubov et al., 1981) shows placement of 

these soil in the  semiarid climatic zone (Sadigova et al., 2018). 

The stepped mountain-brown soils got 89 scores, the other physico-chemical indices-pH, 

a quantity of carbonates, physical clay, dry residue completely ensure an ecological need of 

the grape plant and got 100 scores. An average agroecological score of the stepped mountain-

brown soils is equal to 96. Thus, the main limiting factors for cultivation grapes on the 

stepped mountain-brown soils of the Goygol region include the difficulties of growing grapes 

due to soil washing  out, erosion processes, and the steepness of slopes. 

Mountain-gray-brown soils. The Little Caucasus arid steppe zone is on 200-500 m of 

height, the whole foothill zone of the Coygol region concern here, the main zonal soil type is 

mountain gray-brown soils. These soils spread among semidesert steppe (low borderline) and 
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mountain-forestry steppe (upper borderline) zones in the province. According to the table the 

height indices of the dark mountain-gray brown soils are lower than optimum (90 scores), it is 

connected with eroding of same soils to a different degree on the upper borderline. 90 scores 

show a need of the vineyards for irrigation (especially light mountain gray-brown soils) for 

the rainfalls quantity.  

Getting 95 scores the  active temperatures render limitation of the late-ripening grape 

sorts on 500 m of the height. When we pay attention to the soils bonitet score we see that they 

are the most fertile-dark mountain gray-brown soils (100 scores). Being heavy loamy and 

clayey of the mechanical composition of the ordinary and light subtypes in the mountain-gray 

brown soils influences on bonitet score and was a reason for falling till 80 scores.  

As is obvious from the table the using ecological parameter scores reduced a bonitet 

score in the dark mountain gray-brown soils-97 scores but bonitet scores rose in the ordinary 

and bright mountain gray-brown soils: they changed from 80 scores (a bonitet score) to 94 

scores (an agroecological score) and from 62 scores to 92 scores,  a reason is in connection 

with fitness of the environment  factors and other soil indices (CaCO3, pH, a quantity of dry 

residue) for the grape plant growing though the fertility parameters of the ordinary and bright 

mountain gray-brown soils are low. 
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Table 2. Agroecological estimation of the Goygol region soils 
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Stepped mountain gray-brown 200-600 

90 

350-450 

90 

3500-3800 

  95 

0,25 

100 

 

89 

10,27-18,16 

 100 

7,8-8,1 

100 

42,92-56,64 

  100 

   - 

 100 

 

96 

Dark mountain gray-brown 300-500 

90 

350-450 

90 

3500-3800 

  95 

0,25 

 100 

 

100 

9,28-17,55 

  80 

7,8-8,1 

100 

43,05-56,80 

   100 

   - 

 100 

 

97 

Ordinary mountain gray-brown 300-400 

100 

350-450 

90 

3600-3900 

  95 

0,20 

 90 

 

80 

11,23-19,56 

  100 

7,8-8,1 

100 

45,68-58,12 

   80 

0,05-0,07 

 100 

 

94 

Light mountain gray-brown 200-350 

100 

300-400 

90 

3800-4000 

  100 

0,20 

90 

 

62 

13,61-21,31 

 100 

7,9-8,2 

100 

45,60-58,64 

  80 

0,08-0,12 

 100 

 

92 

Dark gray-brown 200-350 

100 

300-400 

90 

3800-4000 

  100 

0,20 

90 

 

85 

7,57-14,05 

 90 

7,9-8,2 

100 

42,92-53,32 

  100 

0,08-0,12 

 100 

 

96 

Ordinary gray-brown 200-350 

100 

300-400 

90 

3900-4200 

  100 

0,15 

80 

 

77 

8,16-18,91 

 100 

8,0-8,4 

90 

49,16-59,48 

  80 

0,12-0,18 

 80 

 

89 

Light gray-brown 150-300 

100 

250-300 

80 

4000-4400 

  100 

0,15 

80 

 

58 

8,5-18,91 

 100 

8,0-8,4 

90 

52,04-60,20 

  80 

0,14-0,22 

 80 

 

86 

Caja gray-meadow 150-200 

100 

250-300 

80 

3900-4400 

  100 

0,15 

80 

 

69 

4,3-8,55 

 80 

7,8-8,1 

100 

37,56-52,08 

  100 

0,12-0,20 

 80 

 

88 

Meadow gray-brown 100-200 

100 

250-300 

80 

4000-4400 

  100 

0,15 

 80 

 

83 

5,46-15,52 

  90 

8,0-8,4 

90 

53,88-65,64 

   80 

0,12-0,34 

 70 

 

87 
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Gray-brown soils are among the largest zonal soils of the Lesser Caucasus, they are 

divided into plain and mountain soils. Plain soils were formed in drier climatic conditions due 

to the transition from steppes to arid steppes and semi-deserts compared to mountain soils 

(Hajidi, 2004). These soils are found as large massives in the Goygol region. If we pay 

attention to the gray-brown soils agroecological value scores we see their change in 85-86 

score limit (Table 2).  

Though the bonitet scores are low these soils fertility indices (58-85 scores) the high 

agroecological scores were got during evaluating by paying attention to the all ecological 

factors. The zone got 100 scores for  the height and temperatures sum indices, 80 scores were 

got because of being less of the rainfalls quantity than optimum in the arid zone and naturally, 

Md parameter shows a need for irrigation in order to get the highest crop from these soils (80 

scores).  

The dark and gaja soils for calcareous content, and ordinary and light gray-brown soils 

for pH value were low. In terms of density on the illuvial horizon of these soils, 90 points 

were obtained, in terms of the amount of dry residue - 80 points for saline varieties of gray-

brown soils. 90 scores were got for density on the illuvial  horizon of these soils, 80 scores 

were got the salinization sorts of the gray-brown soils according to dry residue  quantity.  

Generally, a total agroecological score was high according to grape-fruitfulness degree of 

these soils because of soil indices for growing  of the grape plant and gray-brown soils 

environment factors in the plain zone because of being high of an average agroecological 

score over other parameters not including the bonitet score (87 scores): dark gray-brown soils 

got 96 scores, ordinary gray-brown soils -89 scores, bright gray-brown -86 scores, gaja gray-

brown soils-88 scores. Getting 100 scores for active temperatures sum of this zone shows 

non-limitation to grow quick-, middle- and late growing sorts, it is necessary to grow 

corresponding grape sorts to produce table grape and to process high-qualitative table grape 

and dessert wines and grape juice (Neznayeva, 2009). 

Meadow-gray-brown soils are formed under high subsoil humidification on the river 

valleys and inclined foothill plains of the Little Caucasus. If we pay attention to the ecological 

value scores of the meadow-gray-brown soils, the relief indices of these soils were evaluated 

by 100 scores because of  being good for grape, 80 scores of  the rainfalls and the Md index 

indicates the need for irrigation for vineyards. 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

118 

 The meadow-gray-brown soils are fertile soils and a bonitet score  was 83 scores over 

the main diagnostic parameters, the following scores were obtained over other soil indices: 

the soil calcareous and pH index got 90 scores because of being less than optimum for a 

grape, heaviness of soil mechanical structure and finding density reduced its score-80 scores. 

As the salinization traces are met in these soils, they were evaluate by 80 scores taking 

sensitivity of grape plant against salts into account. A total agroecological score of the 

meadow-gray-brown soils is high and equal to 87. These soils have a good soil-climatic 

condition for grape growing, only it is necessary to pay attention to subsoil waters level 

during finding of density in soil mechanical structure and irrigation.  

CONCLUSION 

Based on the research results, it was determined that the main limiting factors for the 

foothill soils of the Goygol region are the steepness of the vineyard slopes, erosion processes, 

soil leaching; for the soils of the plain zone are climate aridity, heavy particle size distribution 

and soil salinization. It has been established that this region has high prospects in the 

development of viticulture, depending on the climate, the state of the relief. Dark mountain 

gray-brown (97 points) and dark gray-brown (96 points) soils with high fertility and good 

water-physical characteristics are useful for growing grapes from an agroecological point of 

view. 

As for the selection of grape varieties, in the foothills of the study area it is better to 

cultivate Rkasiteli, Bayanshira, Kakhet, Tavkveri, Madrasa and other technical grape varieties 

for the production of high-quality white, red, light table wines, champagne and cognac, and it 

is recommended to grow Rkasiteli, Bayanshira, Hindogni for the production of desserts, dark 

and table wines, champagne and grape juice and Tabrizi, Ag Khalili, for the production of 

table grapes and raisins. 
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ABSTRACT: Particular attention should be paid to physiological studies to increase resistance to drought and 

other stress factors of the wheat genotypes and identify sustainability mechanisms, on the other hand, to 

determine the physiological and genetic changes occurring in genotypes. The study of the effects of drought 

resistance on fertility measurements and the effect of fertility indicators on typical wheat investigated based 

on different soil and climatic conditions. In the 2019-2020 academic year, 90 different wheat genotypes 

were measured in the Absheron Experimental Base of the Institute in three groups (early, medium and late 

maturing). As a result, two genotypes from each group were compared, including durum and bread wheat.  

The net photosynthesis rate (Pn), stomatal conductance (gs), transpiration rate per leaf area (E), leaf 

temperature (Tl) and intercellular CO2 concentration (Ci) were measured using a portable photosynthesis 

system LI-6400 (LI-COR, USA) on the flag leaves on midday (09:00-12:00) at after anthesis. In the 

genotypes studied as a result of water stress generated after the flowering phase during the determination of 

productivity, it resulted in a decrease in grain yield and weight of 1,000 grains by an average of 34% and 

27%, respectively. This is mainly determined by the number of grains in each spike and the number of 

spikes per 1m
2
. In the control variant in different genotypes, grain yield per 1 m

2
 and weight of 1000 grains 

were determined in the range of 607 ± 36 gm2 and 38.5 ± 1.6 g, respectively. Under water stress 

conditions, these values differed significantly (496 ± 57 gm2 and 42.9 ± 1.5 g), respectively, due to a 

significant decrease in grain yield due to water stress after the flowering stage, a decrease in the production 

of photoassimilates in cells. During the study, we analyzed changes in gas metabolism and some 

physiological features of different wheat genotypes responding to drought stress. Such research will 

provide valuable information that can be used as a genetic basis for wheat production to increase 

productivity and productivity from stress. On the other hand, the differences between the variants in late-

grown samples coincide with the prolongation of maturation and the occurrence of acute drought. This also 

leads to loss of product. It is important to pay attention to the reproduction of such genotypes as parent 

species in the creation of new breeding varieties in the future. 

Keywords:  Wheat genotype, Morphophysiological parameters, Drought stress, Productivity indicator, 

Spike elements 
 

INTRODUCTION 

As we know, drought is one of the strongest negative factors affecting the development 

dynamics of wheat as an extreme factor. This is due to the fact that wheat, one of the main 

mailto:tamraz.tamrazov@mail.ru


 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

122 

priority crops, especially winter wheat, has a period of vegetation, which occurs mainly 

during periods of severe drought.  

Therefore, researchers have developed agro-technical measures to combat drought for a 

long time, and carried out selection work to create sustainable wheat varieties. 

Most scientific works devoted to the study of the process of productivity in plants, 

especially wheat, in drought conditions focus only on the study of changes in physiological 

and biochemical parameters as a result of drought, which characterize the degree of drought 

tolerance of plants (Abdoli, M. and Saeidi, M. 2013; Тамразов Т.Н. 2020). 

In some studies, the effect of drought on productivity is assessed only by the final result 

of the product. (Ahmadi, A. and et al., 2009; Fischer, R. A., et al., 1978) Thus, it remains 

unclear which physiological process plays a leading role in productivity to one degree or 

another (Tamraz H. Tamrazov, Faiq A. Khudayev. 2020;337). 

In most studies, the basic physiological functions of plants, such as photosynthesis and 

respiration, were characterized by measuring the intensity of carbon dioxide exchange of 

individual leaves. It should be noted that the determination of the intensity of gas exchange in 

the leaves can completely characterize the physiological state of plants (Roohi, E., et.al.2013; 

Tamraz H. Tamrazov- NABB-2016). 

From the biochemical and physiological basis of drought tolerance in plants, it is clear 

that plant selection plays an important role in assessing the drought tolerance of agricultural 

crops (Gürel, A., et al., 2001; Siddique, R. B., et al., 2000; Chaves, M. M., et al., 2003) 

In this regard, our current research directly addresses the intensive way to increase 

agricultural production in this area by creating high-yielding and high-quality local wheat 

genotypes that are resistant to drought (Moral et al., 2002). 

A sharp decrease in photosynthesis during the ongoing drought was discovered as a result 

of research conducted on wheat leaves under different conditions (B. Shafazadeh and et al., 

2004; Тамразов Т.Н., 2020). The rate of decrease in the intensity of photosynthesis in wheat 

leaves depends on the time of onset of soil drought in ontogeny. It is noted that during 

drought, the intensity of photosynthesis decreases most during the post anthesis. In general, 

more depression of photosynthesis has been observed during droughts during critical periods 

(Sharkey T. D., et al., 1989). 

Post anthesis water stress reduces carbon assimilation and, hence, the availability of current 

assimilates for grain filling (B. Shafazadeh, and et al., Tamraz H. Tamrazov, and et al.,2020). 
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Drought stress generally prevails during grain filling in wheat due to shortage of irrigation, low 

winter rainfall, and high evaporation demand. Under this terminal drought condition, leaf 

senescence is accelerated and photosynthetic activity declines. 

Wheat genotypes vary both in the timing of senescence initiation and the subsequent rate of 

leaf senescence. Delaying leaf senescence has become an agronomically desirable trait (Ahmadi, 

A. and et al., 2009; Fischer, R. A., et al., 1978). 

Flag leaf photosynthesis in wheat contributes about 30% to 50% of the assimilates for 

grain filling (Тамразов Т.Н., 2020) and initiation of grain filling coincides with the onset of 

senescence, therefore, photosynthesis of the flag leaf is an important component of the 

formation of grain yield, and the onset and rate of senescence are important factors for 

determining grain yield. The primary signs of leaf senescence are the breakdown of 

chlorophyll and the decline of photosynthetic activity (Siddique, R. B., et al., 2000). 

It is accepted that genotypes that can sustain photosynthesis in the flag leaf tend to 

produce more (Tamraz H. Tamrazov, 2016; Gürel, A., et al.,2001). Under drought, there is a 

rapid decrease in photosynthesis after anesthesia; limits the contribution of current 

assimilations to the grain due to reduced leaf stomatal permeability and net CO2 assimilation. 

Most of the decrease in CO2 assimilation due to drought is due to dental closure. Another part 

of this was the direct effect of water stress on the inhibition of CO2 fixation (Roohi E., T., et 

al., 2013). 

The relative magnitude of stomatal and non-stomatal factors that limit photosynthesis 

depends on the severity of stress. 

MATERIALS AND METHODS 

  It is well known that drought-resistant genotypes should be considered the samples 

which are tolerate to small amount of water in the soil and in the air and are able to give the 

best yield. 

The research was conducted on wheat genotypes at Absheron Experimental Base Station, 

of Research Institute of Crop Husbandry. 

As shown in the Figure 1, four samples are presented in each group. It is known that 

ripening period considered as the most important factor in the development stage of the plant. 

Thus, for different soil - climatic conditions in different regions of the country there is a 

need to conduct a study and research in this trend. In this regard, it can be noted that should 

be given priority to the early and late mature samples. In general, early mature wheat 
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genotypes more specific for regions where the spring and summer drought occurs rapidly. In 

other words major part contains mid mature samples. This feature is also justified in most 

wheat growing regions of the country (Siddique et al., 2000). 

During the study, 90 samples of local wheat genotypes introduced from international 

selection nurseries and adapted to local conditions were studied. Out of 90 samples studied, 

more resistant genotypes were selected and placed in 3 groups. 

Despite the research was carried out on 3 groups in 3 region the results of the analysis 

given in the article, based on only one group. 

1. Genotypes of early ripening wheat varieties 

2. Genotypes of midle ripening wheat varieties 

3. Genotypes of late-ripening wheat varieties 

Grain Yield and Its Components 

Grain yield, biomass, and number of spikes per m2 for each cultivar were measured by 

harvesting 10 m
2
 of the central part of each plot at crop maturity. Harvest index was measured 

by dividing grain yield to biomass production. The number of grains per spike and 1,000-

grain weight were measured on 10 randomly selected main shoots. 

Table 1. The monthly air minimum, maximum and mean temperature, relative humidity, and precipitation at the 

site of experiment during 2019-2020 

Month  Temperature (C°)  Precipitation 

 

RH (%)  

 Min. Max. Mean             (mm) Min. Max. Mean 

October 8.5 27.3 17.9 8.5 75.8 78.4 77.1 

November 6.6 15.4 11 33.9 65.9 80.5 73.2 

December 4 11.6 7.8 49.5 62.4 77.8 70.1 

January 1 8.4 4.7 33.7 65 91.0 78 

February 3 9.8 6.4 62.1 53.2 94.2 73.7 

March 5 11.4 8.2 24.2 72.0 82.0 77 

April 9 16 17.5 11 59.2 78.8 69 

May 12 29.2 20.6 4.6 41.6 87.4 64.5 

June 13.8 35 24.4 1.6 51.1 63 57 

July 21.7 37.5 29.6 2.7 32.1 84.7 58.4 

August 20.6 31.2 25.9 0.3 35.6 89.7 62.3 

September 16.4 29.4 22.9 0 38.6 77.6 68.1 

Stress Susceptibility Index 

Stress susceptibility index (SSI) was used to differentiate the resistant and susceptible 

cultivars and was defined as: 

SSI= [1-(Ys/Yp)]/SI 
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Where, Ys and Yp are grain yield of each cultivar under control and water deficiency, 

respectively, while SI is Stress index= 1-(Ys)/(Yp), where, Yp and Ys are the mean grain 

yield of all cultivars under the control and water deficiency, respectively.   

Gas Exchange Parameters 

The net photosynthesis rate (Pn), stomatal conductance (gs), transpiration rate per leaf 

area (E), leaf temperature (Tl) and intercellular CO2 concentration (Ci) were measured using a 

portable photosynthesis system LI-6400 (LI-COR, Lincoln, USA) on the flag leaves on 

midday (09:00-12:00) at after anthesis. Photosynthetically- active radiation (PAR) of 1,200-

1,600 µmol (photon) m
-2

 s
-1

 was provided at each measurement by the ambient CO2 

concentration of 380-400 ppm and full sunlight. Photosynthetic water use efficiency (PWUE) 

was calculated by dividing Pn to gs. Mesophyll conductance (gm) was calculated by dividing 

Pn to Ci. 

RESULTS AND DISCUSSION 

Grain Yield and Its Components: The results obtained from mean comparison analysis of 

grain yield and its components are shown in Table 2. Post anthesis water stress caused 34 and 

27% reduction in grain yield and 1,000 grain weight in average, respectively. It had no 

significant effect on the number of grains per spike and number of spikes per m
2
. Averages 

grain yield and 1,000 grain weight of different cultivars in the controlled condition were 

696±36 g m
-2

 and 43.1±0.8 g, respectively. Under water stress, these values significantly 

decreased to 452±57g m
-2

 and 31.6±1.4g. That significant reduction in grain yield due to 

post-anthesis water stress may result from a reduction of the production of photo-

assimilates (source limitation), the sink power to absorb photo-assimilates, and the grain 

filling duration. 

Therefore, grain weight and grain yield reduction under post anthesis water 

deficiency may reflect more the lack of photo-assimilates supply for grain filling. 

Table 2. Mean comparisons of grain yield and its components and some morphological traits of wheat cultivars 

under post anthesis water stress 

Cultivars Grain yield (g m
-2

) R
c
 

 

Biomass (g m
-2

) 

 

Harvest index (%) 

WW WD %  WW  WD  WW WD 

Erly mature wheat genotypes 

8
th

 W WEERYT 672±39 440±75 -34.5 1620±98 1186±75 41.5±0.4 37.1±2.8 

17
th

 FAWWON-

IR 

750±28 472±35 -37.01 1614±92 1255±82 46.5±1.0 37.6±1.5 

   Nurlu-99 725±43 497±52 -31.4 1590±82 1144±83 45.6±1.8 43.4±1.2 

CWANA 18
th

 725±37 448±50 -38.2 1670±100 1124±92 43.4±2.2 39.9±1.9 
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DSBWYT 

 Middle mature wheat genotypes 

20
th

 IWWYT-IR 500±35 385±35 -11 1360±90 1152±112 36.8±1.2 33.4±1.8 

24
th

 FAWWON-

IR 

728±33 446±63 -38.7 1485±80 1056±100 49.0±0.9 42.2±1.7 

AZAMETLI-95 780±45 497±70 -36.3 1655±102 1189±98 47.1±2.8 41.8±1.2 

T N5; N36 (2) 670±25 415±25 38.05 1419±85 1082±100 47.2±2.6 38.4±1.0 

Late mature wheat genotypes 

T N1; N28 (1) 675±26 415±65 -38.5 1560±47 1145±92 43.2±1.2 36.2±1.0 

T N2; N35 (1) 685±40 470±68 -35.8 1785±105 1198±100 38.4±1.0  39.2±1.2 

GIRMIZIGUL-1 700±18 400±70 -42.9 1452±38 1085±89 48.2±1.7 36.9±1.1 

TN 16; N73 (2) 750±62 515±74 -31.3 1685±95 1285±88 44.5±2.1 40.1±1.2 

Mean 696±36    452±57                       1574±84.5    1158.4±92.6   44.3±1.6    38.9±1.5 

Decrease(%)  -33.9 -26.4 -12.2 

 
 Cultivars 1000 grain weight R Number of grain per 

spike 

Number of spike   

per m2 

SSI 

WW WD %  WW  WD  WW WD 

Erly mature wheat genotypes 

8
th

 W 

WEERYT 

42.1±0.6 31.9±2.7 -24.4 45.2±1. 41.2±3.4 516±19 465±23 1.014 

17
th

 

FAWWON-IR 

45.4±1.5 29.8±0.4 -34.3 37.2±0.8 36.5±2.8 500±28 423±29 1.086 

   Nurlu-99 46.6±1.4 32.3±2.3 -30.8 38.3±2.5 34.1±0.8 503±17 428±44 0.871 

CWANA 18
th

 

DSBWYT 

43.2±0.8 32.4±1.8 -24.9 46.2±3.3 41.6±4.0 445±34 351±20 1.116 

          Middle mature wheat genotypes  

20
th

 IWWYT-

IR 

43.2±0.5 36.2±1.8  -16.0 32.6±1.1 35.4±2.2 438±27 416±51 0.602 

24
th

 

FAWWON-IR 

39.2±0.2 27.7±0.8 -29.4 47.5±1.1 36.3±4.1 467±38 385±45 1.125 

AZAMETLI-

95 

45.5±0.7 32.7±2.9  -28.3 39.8±0.3 32.6±0.8 523±10 451±19 1.078 

T N5; N36 (2) 36.7±1.3 24.5±0.5  -33.4 56.5±1.1 45.2±5.2 405±32 328±31 1.102 

         Late mature wheat genotypes  

T N1; N28 (1) 39.9±0.4 33.7±0.7 -15.6 44.9±2.0 45.0±3.6 512±33 409±46 0.923 

T N2; N35 (1) 46.2±0.4 31.5±0.3 -31.8 35.2±3.8 31.5±4.8 520±28 401±58 0.313 

GIRMIZIGUL

-1 

45.7±0.8 32.3±1.4 -29.3 38.5±3.4 30.1±4.6 518±31 403±59 0.428 

TN 16; N73 (2) 43.5±1.2 34.2±1.2 -21.3 40.3±4.1 32.1±4.7 483±29 315±49 0.385 

Mean 43.1±0.8      31.6±1.4                 41.9±2.3      36.8±3.4     485.8±10.1  397.9±39.5           0.837 

Decrease(%)  -26.7 -12.2 -18.1  

Well Water; Water Deficiency; Percentage decrease down control when water deficiency 

was applied at post anthesis (%), Stress Susceptibility Index.
 
The data are shown as means ± 

SE (n= 3). 

Harvest index can be expressed as the ability of plants to allocate photosynthetic 

assimilates to produce economic yield. A significant variation was noted for this trait among 

cultivars, under both well-watered and post-anthesis water stress conditions. Post anthesis 

water stress significantly decreased harvest index in most cultivars (Table 2). 
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Table 3. Photosynthesis and Gas Exchange     

Cultivars  le
a

v
es

 phases of wheat 

flowering phase under post anthesis 

Pn Gs Ci E Pn Gs Ci E 

Erly mature wheat genotypes 

17
th

 FAWWON-IR 

    

WW 8 10,1 0,331 313 4,15 16,2 0,393 370 5,42 

7 11,8 0,375 395 5,12 14,8 0,343 395 7,55 

WD 
8 10,8 0,339 323 5,21 19,1 0,385 362 5,33 

7 12,3 0,401 405 6,21 22,3 0,355 388 8,36 

 NURLU-99 

WW 8 13,8 0,423 358 5,25 21,2 0,385 379 8,92 

7 12,4 0,385 372 6,13 18,6 0,376 385 8,43 

WD 
8 11,6 0,442 364 4,38 20,9 0,442 368 7,63 

7 12,8 0,379 381 6,42 19,7 0,451 392 8,21 

                        Middle mature wheat genotypes 

20
th

 IWWYT-IR 

  

 

WW 8 10,9 0,523 276 7,12 15,8 0,362 295 6,9 

7 13,9 0,478 325 5,81 10,2 0,345 322 5,98 

WD 
8 13,2 0,503 289 6,8 16,8 0,402 288 7,21 

7 20,3 0,423 345 6,42 22,4 0,396 341 6,38 

 AZAMETLI-95 

WW 8 15,8 0,395 383 6,22 21.2 0,391 425 8.9 

7 25,4 0,461 257 6,72 20,9 0,648 301 7,63 

WD 
8 15,2 0,385 385 5,18 18.6 0,386 456 8.4 

7 22,2 0,442 285 6,12 19.7 0,656 322 8.21 

                         Late mature wheat genotypes 

T N2;N35 (1) 

 

WW 8 8.7 0.366 258 4,13 7.2 0.216 303 6.52 

7 13,5 0,368 281 5,42 12,9 0,301 290 5,76 

WD 
8 9,1 0,341 247 5,61 10,1 0,301 358 8,1 

7 12,8 0,347 275 7,21 13,2 0,355 310 9,3 

GIRMIZIGUL-1 

WW 8 9,4 0,461 287 5,72 6,55 0,648 301 7,92 

7 10,8 0,401 352 5,28 20,3 0,298 335 4,53 

WD 
8 10,2 0,402 301 4,25 8,2 0,547 300 8,2 

7 11,3 0,388 381 6,32 19,7 0,321 342 5,1 

 

 From the early maturity 17
th

 FAWWON-IR bread wheat genotype, both in the two 

versions, separately on the 8th and 7th layer leaves, (Pn)- 10,1-11,8/ 10,8-12,3 (mmol CO2 m-

2s-1), CO2g 313;395/323;405 (mmol CO2 moll/2) and finally E-value 4,15; 5,12 /5,21; 6 (mol 

H2O m-2s-1), bread wheat genotypes of Nurlu-99 type Pn-13,8;12,4/11,6;12,8 (mmol CO2 m-

2s-1), CO2g-358; 372/ 364; 381mmol of CO2 moll / 2 and finally E-5,25; 6,13/4,38; 6,42 (mol 

H2O 
m-2s-1

). At the under post anthesis Pn- 21,2; 18,6/20,9; 19,7 (mmol CO2 m-2s-1), E- 8,92; 

8,43/ 7,63; 8,21 (mol H2O
m-2s-1

), compared to the previous measurements, the difference 

between the variants was significantly lower compared to those observed in the third measure. 

From the mid matures durum wheat 20
th

 IWWYT-IR, both in the two versions, separately 

on the 8th and 7th leaves, Pn-24%; 36,7%, bread wheat genotypes of Azametli-95, CO2 g 3.6; 

2,6%, 18,2; 14,2 % and finally E-value 3,6; 2,6 / 5,06; 0,68%. 
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From the late mature wheat genotypes the difference in the rate of photosynthesis 

according to the results of measurements in the genotype durum wheat T N2; N35 (1) and 

Girmizigul-1the bread wheat of the characteristic wheat was 7.8; 4.4% / 5.1%, 4.4%, CO2 

content in cells; 4.6%; 7.6% /4.2; 2.1%, the difference between the speed of transpiration and 

25.6; 16.4 - 26.3 and 24.8% respectively. 

During the study, we analyzed changes in gas metabolism and some physiological 

features of different wheat genotypes responding to drought stress.   Such research will 

provide valuable information that can be used as a genetic basis for wheat production to 

increase productivity and productivity from stress. 

From here, it can be concluded that there is a difference between durum and bread wheat 

genotypes, compared to the other varieties within the group. This is due to the fact that early 

maturing genotypes complete their development before the severe drought occurs, which 

leads to a small difference in variants. On the other hand, the overlap between the variants in 

the late mature samples coincides with the prolongation of ripening period and occurrence of 

severe drought.  

Table 4. Correlation analysis of the spike elements  

 

 

 

 

Spike 

weight 

(y)  

 

Width of  

spike 

(x1) 

Length of  

spike, 

(x2) 

Number of 

spikelets 

( x3) 

Number of 

grains per 

spike 

(x4) 

Weight of 

grain per 

spike  

(x5) 

Spike weight (y) 1      

Width of  spike (x1) 0,68 1     

Length of  spike, (x2) 0,32 0,43 1    

Number of spikelets ( x3) 0,62 0,53 0,62 1   

Number of grains per spike (x4) 0,71 0,49 0,55 0,76 1  

Weight of grain per spike  

(x5) 

0,82 0,59 0,32 0,54 0,73 1 

First of all, were calculated correlation among the spike weight and other indicators. As 

seen from the Table 3 spike elements were created correlation separately with each of other. If 

the relation is below 0.3 so correlations between indicators is poor. On the other hand if 

relation is between 0,5-0,7 so correlation is close and finally if more than 0.9 so correlation is 

strong and almost appeared longer functional correlation. 

According to the average quantitative indices can be noted that the smallest value was 

observed at width of the spike, the highest at the number of seeds per spike. This is also due 
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to the fact that at all the samples, the average indices were calculated based on the smallest 

figure which is the width of the spike. 

Abbreviations 

Pn: Net photosynthesis rate, gs: Stomatal conductance, E: Transpiration rate, Tl: Leaf 

temperature, Ci: Sub-stomatal CO2concentration Photosynthetic Water Use Efficiency, RWC: 

Relative Water Content, SI: Stress Index, SSI: Stress Susceptibility Index, WUE: Water Use 

Efficiency. 
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ABSTRACT: The article provides results of researches on evaluation of bread wheat breeding materials 

obtained from CIMMYT and ICARDA joint programs and local varieties in Jalilabad RES. The drought 

effect on the structural indicators of spike, on the accumulation of protein, on yield, also the relation of 

these parameters to the 1000 kernel weight and the height of the plants have studied. It was revealed that 

the yield of bread wheat samples varied between 327,2-510,0 q/m
2
. The yield of the most of  samples 

mentioned above exceeded the standard Azamatly-95. The protein content of the bread wheat samples 

ranged from 13.8 to 14.8%. For bread wheat samples, the maximum content of protein is higher at 

Gunashly (14.4%), Pirshahin (14.5%), and the minimum at RBWON SAA-75 (13,8%) and 130№120 

(13.9%). The yield of protein per hectare at bread wheat samples varied from 467,9  to 703,8 kg/ha. It was 

revealed that the proportion of protein (r =-0.499*) between yield and yield of protein per hectare (r =-

0.475*) and yield of protein per hectare (r =0.995**) and yield  had a straight-line dependency. Selected 

samples can be used in breeding for creation of high yielding, tolerant to a drought, and resistant to diseases 

varieties with high breadmaking quality. 

 

Keywords: Wheat, Yield, Spike, Structural indicators, Drought. 

INTRODUCTION 

The most important task determined by the Food Security Doctrine is the state guarantee 

of the quality of food consumed (Peltonen et al.,1990). 

From this point of view, the issues of high food quality grain formation, processing and 

first of all bakery production, aimed at ensuring food security of the country remain one of the 

actual problems (Huseynov, 2009; Timms et al.,1981). The quality of wheat is a complex 

understanding (Kazartseva,1993). The main foodstuff in the food basket of our country is 

bakery products. Bread provides almost 30% of human energy and protein needs 

(Shchekoldina, 2015). Bread is the most valuable source of carbohydrate diets.  Bread making 

from wheat (Triticum aestivum L.) is one of the important foods that supply energy and 

several vitamins to human body. 

Wheat bread has the highest taste and all-round advantage (Jacobs,1993). Wheat breads 

in general share about 50% of calories in many developing communities. There are different 

mailto:seyfullahuseynov1955@gmail.com
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kinds of breads differ with the traditions of the society (Elsahookie, et all, 2021). Therefore, 

increasing the production of wheat garin, with high  baking quality, remains an urgent issue. 

Protein plays a significant role in wheat bread quality. This could be as in percent and 

quality of grain protein. It has been reported that baking quality of wheat breads is complex 

and is determined not only by grain protein content but also by its composition (Chaudhary, et 

al, 2016). 

The aim of the research was to study of biochemical properties, nutritional value, and 

breeding importance of high quality grain yield of wheat varietysamples and varieties 

obtained from international cernters CIMMYT and ICARDA and selected  from local wheat 

genofond on productivity, quality, drought tolerance, resistance to disease and pest, planted in 

dry rainfed conditions.  

MATERIAL AND METHODS 

As a research material have taken 150 bread wheat varietysamples obtained from 

international cernters CIMMYT and ICARDA and selected  from local wheat genofond 

grown in Jalilabad Regional Experimental Station (RES) of our Institute.  Plant height was 

measured from the base of stem up until the tip of emerged spike (excluding awns) at 

physiological maturity. Grain yield was determined by hand harvest. Spikes were cut at the 

lowest spikelet level, counted, weighed, and threshed. Grains were counted using an 

electronic counter. Grain weight per spike and 1000 kernel weight were determined with 

electronic balance. Grain weight per square meter was calculated. The nitrogen content in 

grain have determined by the modified Kjeldahl micrometode by use  of "Keltek 1003 (LKB 

firm)". To convert nitrogen content to protein content the spesific factor NX5.7 used 

(Pleshkov,1976). Grain vitreouseness determined by DZC-2 Diofonoscope, gluten quantity by 

hand washing, qluten quality by use of IDC-I device, sedimentation by method of measuring 

the volume of inflamed high molecular particles in the 2% acetic acid (Technique. 1986). 

RESULTS AND DISCUSSION 

It has been hypothesized that the wheat spike adapts to stress and environmental 

conditions by balancing the relationships between different components of the spike (Guo, et 

al, 2018). As the key targets of wheat breeding grain yield associated mainly with the number 

of grains per unit area, so the spike structural indicators analysis is important.  
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 Spike structural indicators of bread wheat varietysamples and varieties  have studied 

(Table 1). 

Table 1. Spike structural indicators of local and obtained from international  centers bread wheat samples. 
 

Name of  sample Spike 
width, cm 

Spike 
length, cm 

N. of spikl 
/per spike 

     Grain per spike 

number weight, gr 

3
rd

WWONIR-43 1.02-1.50 8.26-12.8 12.6-23.0 29.9-48.5 1.04-1.62 

2
rd

WWONIR-64 1.12-1.38 9.10-10.9 17.4-19.4 33.6-39.5 1.14-1.61 

3
rd

WWONSA-67 1.04-1.22 8.92-10.7 13.8-21.0 30.0-34.1 1.14-1.70 

RBWONSAA-75 1.04-1.16 9.02-10.9 17.0-19.8 41.8-50.0 1.63-1.95 

RBWONSAA-35 1.02-1.28 8.10-9.86 16.2-20.6 29.0-45.2 1.06-1.59 

2
nd

FAWWEYT FRC9918 0.90-1.12 8.00-9.04 16.6-17.0 30.5-44.2 1.30-1.71 

Gunashly 0.92-1.06 9.66-14.2 14.2-21.4 36.3-52.2 1.09-1.98 

1
st

WWERYT-43 1.16-1.28 10.2-11.5 19.0-21.8 47.8-53.6 1.67-1.76 

Gilavar 1.04-1.10 9.98-11.1 20.1-22.5 37.5-53.5 1.75-2.09 

2
nd

WWERYT-4 1.02-1.14 9.10-9.84 17.0-19.8 31.2-31.4 1.17-1.53 

7
th

HRWSH 184-127 0.92-1.20 9.16-11.4 18.2-23.0 29.0-48.3 1.34-1.74 

RBWHADTON-4 1.06-1.32 9.02-10.6 19.4-20.6 37.1-48.3 1.47-2.04 

130 N 53 1.12-1.20 9.20-11.1 17.0-20.2 32.6-40.0 1.43-1.56 

130 N 58 0.96-1.20 9.38-11.4 19.0-21.4 36.9-37.4 1.38-1.73 

130 N 60 0.94-1.38 9.28-11.5 17.4-20.6 33.2-39.6 1.38-1.50 

130 N 68 1.00-1.36 8.70-11.3 16.2-21.4 26.4-38.3 1.38-1.51 

130/N 120 1.00-1.26 10.2-11.0 17.0-20.2 35.4-49.3 1.40-1.92 

Yuk/key N10 1.20-1.40 9.26-10.3 15.8-21.4 28.5-32.2 1.35-1.58 

SA3.055 0.92-1.28 9.86-10.9 19.4-20.6 33.5-41.8 1.34-1.59 

F.02.N3.N1.07A 1.26-1.30 12.6-13.1 20.6-23.0 45.4-61.0 1.50-2.02 

F.02.N8.N9.07 1.22-1.50 9.10-11.0 17.4-21.0 40.5-41.3 1.52-1.98 

Pirshahin  0.99-1.30 11.6-13.2 18.2-21.4 31.9-53.5 1.66-2.11 

N5(030153) 1.12-1.26 9.54-10.5 17.8-20.2 35.0-41.7 1.60-1.97 

Azamatly-95(st) 1.00-1.28 8.80-9.64 16.2-19.4 32.5-37.1 1.24-1.55 

The 5-year average of spike width ranged from 0.90 to 1.50 cm, and length from 8.0 to 

14.2 cm. The lowest value for spike width recorded at 2
nd

 FAWWERYT FRC 9918 (0.90 

cm), the highest value at 3
rd

 WWONIR 43 (1.50 cm) and F.02.N8.N9.07 (1.50 cm). The 

lowest value for spike length recorded at 2
nd

 FAWWERYT FRC 9918 (8.00 cm), and the 

highest at variety Gunashly (14.2 cm). The number of spikelets per spike ranged from 12.6 to 

23.0, the number of seeds per spike varied from 26.4 to 61.0, and weight of seeds per spike 

varied from 1.04 to 2.11 gr. 

The lowest value for number of spikletes per spike recorded at 3
rd

 WWONIR 43 (12.6), 

and the highest at 7
th

 HRWSN 184 127 (23.0), according to the weight of seeds per spike, the 

lowest  value recorded at WWONIR 43 (1.04gr), and the highest value recorded at Pirshahin 

(2.11 gr), the lowest value for number of seeds per spike recorded at 130 N68 (26.4), and the 
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highest walue at F.02.N3.N07A (61.0). During the study, have revealed that the yield of 

different bread wheat varietysamples and varieties varied from 327.2 to 510.0 gr/m
2
. Yield of 

the most, above mentioned bread wheat samples surpassed the standard variety Azamatly-95. 

At the studied bread wheat varietysamples and varieties, the heigth of plants ranged from 63.5 

to 120.5 cm. The 1000 kernel weight of  wheat varietysamples and varieties studied for five 

years changed from 24.8 to 55.3 gr. 

The highest value of 1000 kernel weight of bread wheat varietysamples and varieties 

recorded at N5 (030153) (55.3gr), Gunashly (55.2gr), Pirshahin (52.9gr), and the lowest value 

at the 3rd WWONSA 67 (24.8gr) (Table 2).  

The 5-year average values for the 1000 kernel weight varied between 30.8-44.7gr, the 

highest value was at Pirshahin - 44.7gr. The protein content at studied bread wheat 

varietysamples and varieties ranged from 13.8 to 14.8%. The highest value determined at 2nd 

FAWWERYT FRC 9918 (14.8%), F.02N8.N9.07 (14.6%), and the lowest value at RBWON 

SAA-75 -13.6%, 130№120 -13.9%. 

At studied bread wheat varietysamples and varieties, the 5-year average value of protein 

yield per hectare varied from 467.9 to 703.8 kg/ha. The highest value of protein yield per 

hectare recorded at RBWON SAA-35-703.8 kg/ha and Gunashly -691.3 kg/ha, the lowest 

value at Azamatly-95 (st) -467.9 kg/ha and 3rd WWONIR-43 -595.0 kg/ha. However, the 

highest value of protein content recorded at  2nd FAWWURE FRC 9918 -14.8%. 

Nevertheless, inspite of the lovest value of protein content -13.8%, varietysample 

RBWONSAA-75 surpassed others on the highest protein yield per hectare (703.8 kg/ha). 

Table 2. Productivity and grain quality indicators of local  and obtained from international  centers bread wheat 

samples. 

 

Name of sample 

Plant 
height, 

cm 

Weight 
of seeds, 
gr/m

2
 

1000 
kernel 
weight, 
gr 

Nitr 
ogen 
,% 

Prote
in, % 

Protein yield 
per hectare, 
kg\ha 

3
rd

WWONIR-43 82.9 422.0 34.7 2.47 14.1 595.0 

2
rd

WWONIR-64 91.4 417.0 34.6 2.50 14.3 596.3 

3
rd

WWONSA-67 85.4 383.1 35.0 2.54 14.5 555.5 

RBWONSAA-75 89.4 510.0 35.2 2.42 13.8 703.8 

RBWONSAA-35 86.1 496.7 35.1 2.42 13.8 685.5 

2
nd

FAWWEYT FRC9918 89.4 382.1 38.0 2.59 14.8 565.5 

Gunashly 84.1 480.1 42.5 2.52 14.4 691.3 

1
st

WWERYT-43 73.1 483.7 30.8 2.49 14.2 696.5 

Gilavar 81.4 498.1 39.2 2.43 13.9 692.4 

2
nd

WWERYT-4 82.7 436.0 34.4 2.45 14.0 610.4 
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So, carried out research gives grounds to say that the most important factors in collecting 

of protein from hectare is plant productivity. 

Grain technological quality indicators (protein content, viroueseness, sedimentation,  

gluten quantity and quality) of studied bread wheat varietysamples and varieties have 

determined (Table 3). 

Table 3.  Grain technological quality indicators of local and obtained from international  centers bread wheat 

samples 

7
th

HRWSH 184-127 82.5 417.0 38.4 2.54 14.5 604.7 

RBWHADTON-4 88.6 450.6 38.9 2.49 14.2 639.9 

130 № 53 87.5 488.0 36.3 2.45 14.0 683.2 

130 № 58 87.9 487.9 38.8 2.49 14.2 692.8 

130 № 60 87.2 446.1 36.7 2.50 14.3 637.9 

130 № 68 84.6 454.2 37.2 2.45 14.0 635.9 

130№120 85.8 482.0 35.4 2.43 13.9 670.0 

Yuk/key N10 85.2 416.0 39.5 2.50 14.3 594.9 

SA3.055 87.1 481.7 37.6 2.49 14.2 684.0 

F.02.N3.N1.07A 83.4 490.6 35.2 2.45 14.0 686.8 

F.02.N8.N9.07 79.9 441.4 33.5 2.56 14.6 644.4 

Pirshahin  92.5 456.8 44.7 2.54 14.5 662.4 

№5(030153) 92.0 485.3 32.4 2.49 14.2 689.1 

Azamatly-95 (st) 80.5 327.2 36.7 2.50 14.3 467.9 

 
Name of  sample 

Protein, % Virouese
ness  
,% 

Sedimen
tation, 
ml 

Gluten 
quantity 
,% 

Gluten 
quality, 
device 

unit 

3
rd

WWONIR-43 14.1 71.2 31.6 31.2 114.1 

2
rd

WWONIR-64 14.3 41.4 30.1 30.5 99.5 

3
rd

WWONSA-67 14.5 48.4 28.8 28.2 99.1 

RBWONSAA-75 13.8 72.2 34.2 29.1 95.8 

RBWONSAA-35 13.8 68.4 33.3 31.3 103.3 

2
nd

FAWWEYT FRC9918 14.8 69.8 36.0 31.4 102.0 

Gunashly 14.4 82.3 35.6 30.1 99.4 

1
st

WWERYT-43 14.2 37.0 38.4 31.0 94.4 

Gilavar 13.9 61.4 34.0 32.1 100.8 

2
nd

WWERYT-4 14.0 66.2 37.2 29.7 93.5 

7
th

HRWSH 184-127 14.5 64.4 33.3 29.1 99.8 

RBWHADTON-4 14.2 64.5 33.0 28.7 95.7 

130 N 53 14.0 71.0 40.8 32.3 94.8 

130 N 58 14.2 72.9 32.4 30.5 99.9 

130 N 60 14.3 65.8 27.9 29.9 100.9 

130 N 68 14.0 65.8 33.0 28.3 93.1 

130/N 120 13.9 55.6 30.3 30.8 95.4 

Yuk/key N10 14.3 72.6 25.9 30.9 107.7 

SA3.055 14.2 70.5 29.9 31.1 98.6 

F.02.N3.N1.07A 14.0 70.5 28.4 30.4 97.0 

F.02.N8.N9.07 14.6 67.8 27.0 32.9 107.5 

Pirshahin  14.5 81.9 50.1 33.3 96.5 
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Vitreouseness of bread wheat varietysample and variety seeds varied from 37.0-82.3%, 

while the lovest content recorded at 1st WWERYT-43 (37.0%) and the highest at Gunashly 

(82.3%). The sedimentation  content of bread wheat varietysamples and varieties ranged from 

25.3 to 50.1 ml, whereas the lovest content of sedimentation observed at standard variety  

Azamatly – 95 (25.3 ml) and  the highest  at Pirshahin - 50.1 ml. 

The gluten content of studied bread wheat varietysamples and varieties varied in the 

range of 28.2-33.3% and gluten quality in the range of 91.4-114.1 device unit, the lovest gluten 

content recorded at the 3rd WWONSA-67 (28.2 ml), and the higest content at Pirshahin (33.3 

ml). The lovest value of gluten quality recorded at №5(030153)  (91.4 device unit) and the 

highest at the 3rd WWONIR-43 (114.1 device unit). 

Also correlation coefficients for the studied indicators were determined (Table 4). At 

studied wheat varietysamples and varieties between protein content and protein yield per 

hectare (r = -0.499 *), and yield (r = -0.475 *) negative, between  yield and  protein yield per 

hectare (r = 0.995 **) positive correllation, between protein content and 1000 kernel weight (r 

= -0. 272) negative, between protein content and gluten content, sedimentation and 

vitreousness of grain positive correllation have revealed. 

Table 4. Correlation coefficients among the grain technological quality indicators  of  local  and obtained from 

international centers bread wheat samples 

 

Indicators Number 

of spike 

lets per 

spike 

Number 

of seeds 

per 

spike 

Weight 

of seeds 

per 

spike 

 

Plant 

height 

Weig 

ht of 

seeds 

per m2 

(yield) 

1000 

kernel 

wei 

Ght 

Protein 

content 

Protein 

yield 

per 

hectare Vitroueseness 

Sedi 

mentation 

Glu ten 

quantity 

Number of 

seeds per 

spike 

0,415
*
           

Weight of 

seeds per 

spike 

0,244 0,701
**

          

Plant height -0,422
*
 -0,137 0,100         

Weight of 

seeds  per m
2 
 

(yield) 

0,310 0,478
*
 0,408

*
 0,099        

1000 kernel 

weight 
0,106 0,147 0,251 0,349 -0,036       

N5(030153) 14.2 71.8 30.9 30.4 91.4 

Azamatly-95(st) 14.3 58.2 25.3 29.5 102.6 
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Protein 

content 
-0,217 -0,169 0,037 0,061 -0,475

*
 -0,272      

Protein yield 

per hectare 
0,311 0,500

*
 0,456

*
 0,098 0,995

**
 0,003 

-

0,499
*
 

    

Viroueseness 0,086 0,107 0,222 0,396 0,257 0,584
**

 0,022 0,270    

Sedimentation -0,013 0,338 0,261 0,196 0,315 0,378 0,007 0,357 0,244   

Gluten 

quantity 
0,023 0,256 0,254 0,014 0,254 0,142 0,110 0,305 0,251 0,380  

 Gluten 

quality 
0,195 -0,096 -0,195 -0,214 -0,392 0,078 0,268 -0,386 0,135 -0,388 0,294 

*Correlation is significant at the 0.05;     

**Correlation is significant at the 0.01       

Thus, as a result of carried out research is possible to make recommendations to breeders 

for the creation of new high productive and high quality bread wheat varieties that are 

resistant and tolerant  to biotic and abiotic stress factors of environment by targeted breeding, 

using yield, quality and technological quality indicators of studied wheat samples.  

CONCLUSIONS 

Average yield of 150 bread wheat varietysamples and varieties cultiviated during 5 years 

research study in dry rainfed condition of Jalilabad RES varied in the range of 327.2-510.0 

gr/m
2
, 1000 kernel weight varied in the range of 30.8-44.7gr. The protein content of grains of 

studied bread wheat samples ranged from 13.8 to 14.8%, the protein yield per hectare varied 

within the range of 467.9-703.8 kg/ha. In the studied bread wheat samples, gluten content 

varied within the range of 28.2-33.3%, gluten quality  from 91.4 to 114.1 device unit, and 

vitreouseness within the range of 37.0-82.3%. The sedimentation content of bread wheat 

samples varied within the range of  25.3-50.1 ml. Results presented in this material will 

provide a reliable guarantee to farmers for prevail to produce high quality grains with high 

protein and gluten content. 
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ABSTRACT: Probiotics are ―live bacteria that, when supplied in appropriate numbers, bestow a health 

benefit on the host,‖ according to the Food and Agriculture Organization of the United Nations (FAO) 

and the World Health Organization (WHO). Recent studies reported that bacterial viability is not 

necessary for probiotic benefits. Therefore, new terminology like paraprobiotic and postbiotic have 

been created to describe health advantages that go beyond the probiotic microorganisms being alive. 

Postbiotics and paraprobiotics are defined as extracts that do not contain non-living microorganisms or 

bacteria that benefit the host by providing additional beneficial bioactivities to probiotics. Live bacteria 

secrete postbiotics, which are soluble substances released after bacterial lysis. On the other hand, 

paraprobiotics are inactivated microbial, intact cells. Although the emergence of the terms postbiotic 

and paraprobiotic is new, it has also been rapidly adopted in the field of food science and technology, 

human and animal health, and nutrition. It has begun to receive intense attention from the food, 

biotechnology, and pharmaceutical industries for its potential applications as functional foods, 

nutraceuticals, and pharmaceuticals. Some postbiotics and parabiotics have been found to have 

bioactivities such as anti-inflammatory, anti-proliferative, immunomodulatory, antioxidant, and 

antibacterial in vitro and in animal investigations. In addition, their structural formula of chemical 

compound, safe dose parameters, and long shelf life provide advantages. This study aims to provide an 

overview of the scientific evidence supporting postbiotics and their bioactivity, in addition to 

elucidating the possible mechanisms of the positive effects on the host. 

 

Keywords: Bioactivity, Immunomodulatory, Parabiotic, Postbiotic  

INTRODUCTION 

The concept of probiotics has been developing with the passing years, and as far as the 

currently accepted definition, probiotics are defined as "live microorganisms that benefit the 

host when applied in sufficient quantities" (Hill et al., 2014). In this regard, probiotics have 

beneficial effects in many diseases such as diarrhea, lactose intolerance, colitis, irritable 

bowel syndrome, some types of cancer, insulin resistance, decreased cholesterol, low blood 

pressure, and obesity (Hill et al., 2014; Vallejo-Cordoba et al., 2020). Although the definition 

of probiotics implicates those microorganisms must be viable to achieve their useful effects, a 

study indicates that cell viability is not required to obtain the beneficial effects. It has been 

reported that in addition to the beneficial effects of the inactivated or non-viable cells of 
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probiotics, the metabolic products named paraprobiotics or postbiotics can have a positive 

effect (Martín and Langella, 2019). These metabolic products that may have a beneficial 

impact on the host's metabolic and signaling pathways can show antiproliferative, anti-

inflammatory, antioxidant, and immunomodulatory activities (Sharma and Shukla, 2016). 

Therefore, it can be stated that Postbiotics and paraprobiotics might be useful in a variety of 

areas, including food and nutrition (Ramkrishna et al., 2019). However, despite these 

recommendations, more studies need to clarify the mechanism of the contribution of 

postbiotics and paraprobiotics in certain systems or disorders (Barros et al., 2020). 

Postbiotics likewise named probiotic cell fragments (PCFs), metabiotics, 

metabolites/cell-free supernatants, or biogenics is obtained from a microorganism that can be 

cell component, nonviable or metabolic products having biological activity on the host (Wegh 

et al., 2019). Secreted and/or extracellular polysaccharides (EPS), teichoic and lipoteichoic 

acids, short-chain fatty acids SCFAs, cell lysates, functional proteins/enzymes, microbial 

fractions, and peptidoglycan-derived muropeptides are examples of such 

products/components. In recent studies, these byproducts may have physiological advantages, 

including improved gut barrier integrity and mucosal immunity, as well as anti-tumor and 

anti-inflammatory properties (Bedford and Gong, 2018; Wu et al., 2018; Vallejo-Cordoba, et 

al., 2020). 

POSTBIOTIC DRUGS THAT ARE CURRENTLY AVAILABLE 

Cell-free supernatants 

Biologically active cell-free supernatants excreted by microorganisms including mold, 

yeast, and bacteria can produce in the cell culture. The bacteria are centrifuged after 

incubation, and the supernatant is sterilized by filtration. The supernatant secreted by specific 

microorganisms shows unique biological activity. For instance, it has been reported that 

Lactobacillus casei and L. acidophilus supernatants display anti-inflammatory and antioxidant 

effects on macrophages, intestinal epithelial cells, and neutrophils by diminishing 

proinflammatory transforming growth factor α (TNF-α) cytokine and expanding the cytokine 

interleukin 10 (IL-10) (de Marco et al., 2018; Żółkiewicz et al., 2020). In addition, it has been 

reported that Lactobacillus acidophilus has a positive effect on cell regeneration in the 

intestinal tract (Izuddin et al., 2019).  
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Exopolysaccharides 

Microorganisms release biopolymers with various chemical characteristics that can be 

secret out of the cell in the exopolysaccharide structure in the growth phase. Although the 

mechanisms of these substances have not been fully elucidated, they are used as stabilizing, 

emulsifying, and water-binding agents in the food industry (Singh and Saini, 2017). 

Enzymes 

Microorganisms have defense mechanisms including antioxidant enzymes, such as 

superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase, and NADPH oxidases 

that can escape from reactive oxygen species (ROS), which adversely affect the lipid, protein, 

carbohydrate, and nucleic acids in their structures (Żółkiewicz et al., 2020). Lactobacillus 

species with expanded catalase action were much more powerful in mitigating aggravation in 

a mice model of inflammatory gut infection than species of a similar bacteria creating 

superoxide dismutase (Tomusiak-Plebanek et al., 2018). 

Cell Wall Components 

Many structures containing lipoteichoic acid (LTA) in the bacterial cell wall are 

immunogenic, that is, they stimulate an adaptive immunity. Lipoteichoic acid is present in 

Gram-positive bacteria's cell walls and can be discharged into the environment. Even though 

LTA has been reported to stimulate the immune system, some studies have shown that it 

reduces IL-12 production and damages intestinal tissue (Zadeh et al., 2012; Żółkiewicz et al., 

2020). 

Short-Chain Fatty Acids 

Short-chain fatty acids (SCFAs) are produced in the rumen flora because of bacterial 

fermentation of plant polysaccharides. Acetic, propionic, and butyric acids are short-chain 

fatty acids. Butyric acid is an essential source of energy for enterocytes, which helps the 

regeneration of the intestinal epithelium, has an immunosuppressive effect. For example, by 

advancing the expression of butyric acid immunosuppressive cytokines (type 1 interferons 

[IFNs], TGF-β, IL-10) and increasing the expression of various cytokines (toll like receptor 

(TLR)2/4, IL-1β, IL-18, IL-25, IL-33, NLRP3, Caspase-1,) has been found to cause food 

tolerance (Lee et al., 2017). Rectal administration of butyrate has been reported to cause a 

significant improvement in patients with ulcerative colitis. Propionic acid is the main 

substrate of gluconeogenesis in the liver and inhibits the cholesterol synthesis pathway 

(Żółkiewicz et al., 2020).   
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Health Benefits of The Application of Postbiotics  

In recent studies, it has been reported that postbiotics may provide physiological effects 

such as strengthening intestinal barrier function and mucosal immunity, anti-inflammatory 

and anti-tumor effects in colon epithelium, prevention of immune system diseases, 

simultaneous inhibition of pathogens, obesity control, glucose homeostasis, modulation, and 

activity of intestinal microbiotic composition (Bedford and Gong, 2018; Wu et al., 2018; Gill 

et al., 2018; Wegh et al., 2019).  

Production Technologies for Postbiotics and Parabiotics  

The inactivation of the microorganism needs for the production of postbiotics and 

parabiotics. Probiotic cells can be rendered inactive utilizing several technical approaches that 

change the microbe's cell structure and/or physiological activities. However, the inactivation 

process used to make the beneficial effects of the viable form should be preserved by 

postbiotics and paraprobiotics (Ramkrishna et al., 2019). It has been reported that the various 

cell lysis techniques, including chemicals (e.g. formalin), enzymatic treatments, solvent 

extraction, and sonication were used to produced/obtained the postbiotics and paraprobiotics 

(Piqué et al., 2019; Vallejo-Cordoba, et al., 2020). The technologies used for producing 

postbiotics and parabiotics can be divided into three main groups. First, the thermal 

application including pasteurization (<100°C) and sterilization (≥100°C) mostly used for the 

development of the postbiotics and parabiotics. These methods damage the cell membrane, 

ribosome aggregation, loss of nutrients and ions, essential enzyme inactivation, breaking of 

DNA bonds, and protein coagulation. The second is the non-thermal application that 

including gamma irradiation, ultraviolet (UV) rays, high pressure, sonication, dehydration, 

and modification of pH. The last is the newly applied methods that containing pulsed-field gel 

electrophoresis (PFGE), ohmic technology, and supercritical fluids-CO2 technology. Those 

techniques mainly focus on disruption of the cell membrane to obtain postbiotics and 

parabiotics (Vallejo-Cordoba, et al., 2020). 

The Characterization of Postbiotics and Paraprobiotics 

New studies allow understanding the identification, chemical compounds, and 

characterization of different postbiotics and parabiotics. Because these molecules consist of 

complex structures, their characterization can only be possible with complex analytical 

approaches and the selection of appropriate methods (Aguilar-Toalá et al., 2018, Barros et al., 

2020). 
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First, the main method used in the identification of probiotic bacteria is the colony count 

method. This technique is accepted as the "gold standard" for evaluating cell viability (Hill et 

al., 2014; Vallejo-Cordoba, et al., 2020). Later, with the developing technology in recent 

years, flow cytometry has started to be used as a method that can evaluate changes in vitality 

(paraprobiotic count) and physiological status (Wilkinson, 2018). For instance, A flow 

cytometry method for detecting cell viability depended on membrane integrity was developed 

probiotic counts of Bifidobacterium and Lactobacillus species. However, this technique does 

not currently allow for the detection and identification of postbiotics (Michelutti et al., 2020). 

In vitro and In vivo Biological Activities of Postbiotics and Paraprobiotics 

It is not clearly known by which mechanisms postbiotics and parabiotics have a positive 

effect on the host. However, many microbial compounds, including teichoic and lipoteichoic 

acids, exopolysaccharides, peptidoglycans, cell-free supernatants, and lipopolysaccharides, 

are naturally capable of stimulating adaptive immunity. Therefore, they play a role in the 

regulation of immunity. It has been reported that postbiotic lipoteichoic acid obtained from 

Lactobacillus plantarum induced an anti-inflammatory response in studies on porcine 

intestinal epithelial cell lines (Liu et al., 2017; Piqué et al., 2019). It was thought that this 

prepared compound suppressed IL-8 production induced by poly I: C, thus inhibiting 

inflammation caused by a viral pathogen in intestinal models (Kim et al., 2017). 

Lysates and cell-free supernatants prepared from lactic acid bacteria (especially S. 

thermophilus, Lactobacillus species, and Pediococcus acidilactici) showed significant anti-

oxidative effects in cell cultures, indicating that this situation could treat a number of diseases 

caused by free radicals with the effect of intracellular antioxidants (Xing et al., 2015; Bharti et 

al., 2017; Shehata et al., 2019). Besides, intracellular lysate acquired from 14 potential 

probiotic bacteria was found to provide a protective effect against oxidative damage caused 

by acrylamide in human erythrocytes (Cuevas-González et al., 2020).  

A study was conducted heat-inactivated Saccharomyces boulardii (109 CFU/ml) in 

intestinal obstruction (IO) model in mice. It has been reported that the prepared lysate 

maintains physiological permeability of the intestine, reduces bacterial transmission 

(especially E. coli), and protects the intestinal barrier by reducing mucosal lesions (Generoso 

et al., 2011). In a study investigating the effect of the heat-killed lysate (ADR-159) obtained 

using two Lactobacillus species (Lactobacillus delbrueckii and L. fermentum) on behavior 

and microbiota in non-infected mice, it was observed that animals fed ADR-159 were more 
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social and had lower corticosterone (stress hormone) levels. In addition, ADR-159 

supplemented group was showed to cause minor differences in the microbiome profile 

compared to the control group (Warda et al., 2019).  

In another study, postbiotics obtained from different Lactobacillus strains (Lactobacillus 

delbrueckii subsp. lactis, Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus 

helveticus) and commercial cultures by spray drying were compared with the control group 

(live cells), showing that the probiotic group increased secretory IgA synthesis in mouse feces 

and protected the mice from salmonellosis (Dunand et al., 2019). 

A study has been conducted to analyze the gut morphology, carcass yield, gut microbiota, 

immune effect, growth performance, and gene stimulation of growth hormone receptor 

(GHR), and insulin-like growth factor 1 (IGF-1) against different postbiotic feeds (RI11, RS5, 

and UL4 postbiotics obtained from Lactobacillus plantarum strains) under heat stress broilers. 

The results showed that broilers given RI11 diets exhibited greater total weight gain, final 

body weight, and average daily growth when compared to the other feed additive groups. In 

addition, this group demonstrated importantly higher caecum total bacteria load and 

Lactobacillus species and lower salmonellosis and caecal pH. The immunoglobulin M (IgM), 

IgG levels, and hepatic GHR and IGF-1 mRNA expressions, were significantly raised, even 

though control groups were had a lower level. In addition, however, no change was detected 

in the IgA level (Humam et al., 2019).  

The effect of a cocktail postbiotic mixture containing Pediococcus acidilactici, 

Lactobacillus reuteri, Enterococcus faecium, and Lactobacillus acidophilus was investigated 

against to Clostridium perfringens. It has been reported that the postbiotic group decreases 

mortality, increases weight gain in the most at risk broilers, stimulates the immune response 

and exerts an immunomodulatory effect, reduces proinflammatory responses, and is an 

alternative product to antibiotics to promote poultry health in the face of the C. perfringens 

pathogen (Johnson et al., 2019). 

In a study, postbiotics derived from Lactobacillus plantarum have been shown to have a 

substantial impact on broiler final body and total weight growth (Kareem et al., 2016). It has 

also been reported that the addition of a postbiotic mixture prepared from L. plantarum strains 

(RI11, RG14 and RG11) in chickens significantly raised daily egg production (Loh et al., 

2014). In another study, in postweaning pigs, treatment of a postbiotic combination of L. 
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plantarum strains (TL1, RG14, and RS5) increased protein digestibility, daily feed gain, and 

feed intake, whereas reducing diarrhea frequency (Thu et al., 2011). 

Application of Postbiotic and Parabiotic Nowadays 

To convert scientific data into commercially viable applications and build a connection 

between research and industry, postbiotics and paraprobiotics must be used in the animal 

feed, pharmaceutical industries, and human food. Several paraprobiotic products have been 

marketed as dietary supplements with proven efficacy in the prevention or treatment of 

specific illnesses (Cuevas-González et al., 2020). Some commercial products are summarized 

in Table 2.  

Table 2. Commercial paraprobiotic and postbiotic products for human use (Cuevas-González et al., 2020) 

Brand Paraprobiotic Manufacturer (Country) 

Pylopass™ Spray-dried dead of L. reuteri DSMZ 17648. Novozymes (Germany) 

Lacteol® Fort Non-viable cells of L. acidophilus LB. Carnot Laboratories (France) 

Brand Postbiotic Manufacturer (Country) 

Bactistatin® Metabolites of B. subtilis VKPM V-2335. Kraft (Russia) 

Pro-

Symbioflor® 

Lysate and supernatants from E. faecalis DSM 16,440 and E. 

coli DSM 17252. 

SymbioPharm (Germany) 

Hylak® Forte Metabolites of E. coli DSM 4087, E. faecalis DSM 4086, L. 

acidophilus DSM 414, and L. helveticus DS 4183. 

Ratiopharm/Merckle 

(Germany) 

CytoFlora® Cell wall of diverse Lactobacillus, Bifidobacterium, 

Streptococcus strains. 

BioRay Inc. (USA) 

Del-Immune 

V® 

Cell wall peptidoglycans and DNA fragments of L. rhamnosus Pure Research Products 

(USA) 

CONCLUSION 

Non-living microbes and non-bacterial extracts are known as paraprobiotics and 

postbiotics, and they can help the host by providing additional biological effects to probiotics. 

Some postbiotics and paraprobiotics have been found to have antioxidant, anti-inflammatory, 

antiproliferative, immunomodulatory, and antibacterial properties. These bioactivities might 

be responsible for the health-supporting benefits seen in clinical studies. However, its 

mechanisms of action and related pathways need to be clarified. More data, supported by 

placebo-controlled clinical intervention trials, well-designed randomized as well as 

metabolomics investigations, is needed to promote health claims on paraprobiotics and 

postbiotic supplements. The design of large-scale production processes to produce 

paraprobiotics and postbiotics at the manufacturing level, along with the production process, 

requires standardized approaches. 
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ABSTRACT: The tree growth models have an extremely important role in forest activities. They could be used 

to predict future yields and to explore silvicultural options. For such study a sample of 35 trees was purposely 

selected, of which 21 from Baroshky and 14 from Hasan Ava, Duhok governorate, Iraq.The complete stem 

analysis was used for collecting the diameter increment as a response variable and diameter as explanatory 

variable. Cross sectional disks were taken at stump height, breast height and then at 1m interval up to the 

diameter of 4cm. From each disc a number of diameter and diameter growth were taken.  The result became 603 

observations, which were used for developing of allometric equations between the above mentioned variables. 

These data were keyed to the computer. Using Statgraphic package and Excel tool, the parameters of 18 

regression equations were estimated of which four were weighted functions. Using number of statistical criteria 

the regression model:  Dg = 5.87935 – 1.34816*ln(D), was selected being the most appropriate equation which 

fits the collected data. The selected regression model has the following statistics:     of 0.801, RMSE of 0.5504, 

MAE of 0.4449, and D-W of 1.62. 

 

Keywords: Tree diameter growth, Linear regression equation, Valonia Oak trees 

INTRODUCTION 

About 2.9 % of the total area of Iraq is covered by forest trees and shrubs (Assessment, 

2010). The distribution of such natural forests is restricted in northern Iraq (Chapman 1950).  

The forests of Iraq have been exposed to retardation under the last 60 years because of 

the   political conflict in the region, shifting cultivation, forest fires, and the unscientific cut of 

the trees (Chapman, 1948; Chapman, 1950; Nasser, 1984) 

Oak trees constitute 90% of the total forest area of Kurdistan of Iraq (Shahbaz, 2010).  

Although, four different oak species exists in the region, Valonia oak trees, (Quercus aegilops 

L.) is the most prevalent one in natural landscape of Iraq 

It is well known that the forest functions are classified into direct functions, which hangs 

with wood production and, indirect functions, which does not deals with wood production. 

Some examples of indirect functions are the role in moderating the climate. They also have a 

significant role in removing the carbon dioxide from the atmosphere, supply wildlife habitat, 
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increase both the permeability of the soil surface, and therefore increase the penetration of 

water in the soil and decreasing both runoff water and soil erosion, and hence ensure 

watershed preservation.   

Problem Statement  

Although the primary function of our naturally grown forests is not wood production, it 

does not mean that it is not necessary to have quantitative information including estimation of 

the standing volume of our forest to see the amount of growth annually per both individual 

tree and per unit area. Such information can be used to make sound management plans to 

ensure the most important goal, the sustained yield of various goods and services provided by 

forest to the society. Tree growth is defined as the increase of the size of tree under a period 

of time (Vanclay, 1994; Husch et al., 2003; Weiskittel et al., 2011). The growth takes place in 

all parts of tree simultaneously and independently. The width of annual rings is an indication 

for how well the growth condition of the previous years was. The growth could be measured 

in different parameters such as in diameter, height, basal area, or in volume (Philip, 1994). 

The annual rings that appear in the cross sectional area of a trunk are the result of variation of 

rate of growth at different seasons within each year. Growth modeling is defined as a 

mathematical expression used to quantify the tree attributes as a function of the related 

factors. Unfortunately, there are no local allometric models to estimate the growth of oak 

trees.  

Many investigations have been conducted to see the trend of relationship between the 

diameter increment and the diameter, among them (Contreras et al., 2011) found that the 

simple regression model was better than the others equations. Lhotka and Leowenstein 

(2011), studied the relationship between the diameter increment with both initial tree diameter 

and the age of uneven-aged oak-shortleaf pine stands in the Ozark Highlands of Missouri, 

USA.  Amateis et al. (1989), used both potential diameter increment and modified factor for 

estimating the diameter increment.  Budhathoki et al. (2008), used nonlinear regression 

equations for studying the relationship between the diameter increment and the diameter of 

the tree. If all factors affecting the diameter increment are kept constant except the initial 

diameter of the tree, then theoretically the relationship between diameter increment and 

diameter will be negative, because the tree with larger diameter will have larger lateral space 

area of the cylinder and therefore the volume increment will be distributed over a larger area 
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and hence diameter increment will be smaller. This fact could be extracted if one analyses the 

some developed regression between these two variables (Salih et al., 1989). 

                  

In this model one could conclude that the maximum diameter increment is 1.7203, and the 

diameter increment will decrease with          for each unit of increase in diameter. 

Research Questions 

This study is looking to answer the following question: 

Which of the allometric model form gives the most appropriate estimation of the diameter 

growth? 

Objectives and Tasks 

1. The most important purpose of this study is to develop allometric models of diameter 

growth and diameter of oak trees to be used for prediction purpose. 

2. The diameter growth function can be used for determination of volume increment, being 

the ultimate forest product (Van Laar and Akça, 2007 and Perez, 2008).   

Hypothesis 

a. The diameter growth of a tree is strongly correlated with its attributes. 

b. The diameter growth of a tree decreases as its diameter increases. 

Construction of Growth Models  

Construction of growth models is not an easy task even if the needed data being 

available. The following points are to be taken in consideration: 

a) What is the purpose of making the model? 

b) What inputs will be provided? 

c) What outputs are required? 

d) Testing of the developed model? 

There is no need to include unnecessary variables and parameters in the model (Vanclay, 

1994), and keep the model as simple as possible. Complexity does not improve the model, 

and may create other problem (Oderwald, 1990). 

Types of Growth Models 

In general, the growth models could be classified in to two different forms; 1) Implicit 

form, and 2) Explicit form. The main difference between them is in the first one the shape of 
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the relationship is unknown, while in the second one the relationship is determined. The 

following form is an example of the first one, (Kershaw et al., 2016; Salih et al 2020). 

        

This model says the diameter growth is a function of (depends on) diameter of the tree. Here 

it does not mention the value of diameter growth for any given specific value of diameter. 

This equation could be converted to explicit form, by quantifying the relationship in a 

specified model, such as: 

            1.34816*lnD 

                                              Breast height 

As we know there is a negative relationship between the diameter increment and the 

diameter because if the same volume increment will be distributed on two trees, with different 

diameter the width of diameter increases will not be the same, because they have two different 

diameters. 

The Diameter Increment 

It is the difference between the diameter of a tree at the beginning and end of a period. 

The diameter increment could be calculated either, by re-measuring the diameter of the same 

trees at different periods, and finding out the difference between them, using either the 

diameter tape or caliper, and (in such cases the measurements must be taken from the same 

direction), or by using the stem analysis (Husch et al., 2003; Van Laar and Akça, 2007; West 

and West, 2009). Measuring diameter increment is not an easy task, (even if it is easier than 

other tree attributes), it needs much effort, expensive, and time consuming, therefore it is a 

costumed to regress it in a model with some easily measured tree attributes such as initial 

diameter or age, and used the developed models for prediction of the diameter increment. 

Diameter increment model is the most suitable models for predicting the volume increment.   

The increase of the diameter of a tree is due to the activity of lateral meristems (Punches, 

2004). The size of trees of the same age may be of a great difference and are strongly 

depending on many factors, including the availability of needed resources for each tree.  

The diameter increment could be expressed in different forms depending on the length of 

measuring period. Current annual diameter growth is the difference between diameter of the 

tree between two successive years (Husch et al., 2003; Van Laar and Akça, 2007; Kershaw et 

al., 2016). The current annual increment of diameter could be expressed as follows: 
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Where:         Current annual increment of diameter,                 the diameter of tree 

at any year and the year before. 

The other expression of the diameter increment is the mean periodic diameter increment, 

(    ) which is the difference between the diameter of the tree at the end (    and beginning 

(    of the period divided by the length of period in years (Van Laar and Akça., 2007; 

Kershaw et al., 2016). 

        
       

                        
 

 The third expression of diameter increment is called mean annual increment, which is 

calculated by dividing of the diameter at any age by the age of the tree ((Husch et al., 2003; 

Van Laar and Akça, 2007). 

     
 

 
 

Where D, and A are the diameter and age of the tree respectively. Rewriting the last equation 

leads to the possibility of determination of the age of the tree, with the known of the D and 

     as follows: 

    
 

    
 

This method has been used as a method of age determination of trees, if the mean annual of 

diameter increment is known. 

MATERIALS AND METHODS 

The Study Area Description  

The data used in this study came from Valonia Oak trees exist in two different regions in 

Duhok province; Baroshke and Hasan Ava. In Kurdistan region of Iraq (Table 1), which 

includes the geographical description of the study area that was used in this study. 

Table 1: Geographical and climatic descriptions of the studied area 

Locations Longitude Latitude Altitude (m) Mean precipitation (mm) 

Baroshky① 37°3‘40.65‘‘N 43°4‘24.49‘‘E 1080 646.5 

Hasan Ava② 37°0‘64.44‖N 42°6‘91.48‘E 1046 602.6 

Sources: Directorate of the Environment in Duhok Governorate. 

①: Which is an area located close from Mangish, ②: Which is an area located close from Zakho  
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Figure 1. Locations of the studied area 

 Field Data Collection and Its Methods 

 The sample trees used in this study came from two groups; 21 Valonia oak trees were 

selected from Baroshky and 14 trees from Hasan Ava, Duhok province. The stem analysis, 

constituted the main technique for data collection in this study.  

The selected trees were felled and the following measurements were taken. 

1. The over bark diameter at breast height for each tree was measured and recorded to 

nearest millimeter using diameter tape. 

2. The total height of the tree was measured and recorded to nearest 1dm.using ordinary 

measuring tape 

3. The main trunk of each tree was cut into many logs. The first one was at the height of 

0.30 m and the second one was at breast height and then at an interval of one meter 

until reaching a diameter of 4cm. 

4. From each log a disc of about (2 cm–4 cm) thick was taken for performing of stem 

analysis.  

a. Office work 

1) One surface of each disc was smoothened perfectly using sandpaper and electrical 

device called, grinder, (which is a tool used for smoothening of the disc surface). 
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2) The water was sprayed on the smoothed surface of the discs in order to get better 

appearance of the annual rings before taking the images. 

3) The age of the tree was determined by counting the number of rings at the stump 

surface plus the number of years needed for the tree to attain the stump height, which 

was (almost 3 years) 

4) The average diameter on each cross section was found by taking the geometric mean 

of the measured diameters as follows: 

Gm= √               
 

 

                                                                                   

                                                                

5)  The bark thickness of the section was measured using veneer with the help of 

magnification lens. 

6) The average radius under bark was  calculated  according the following formula: 

         
       

 
  

Where                                                      

                               

7)  Measurements were taken on the radius which was almost equal to the calculated 

value of      

8)  Such sections were undergone photographing with a high resolution camera. 

9)  These images were transferred to the computer for counting the number of rings on 

each disc as well as measuring the width of annual rings. 

10)  The CDendro and CooRecorder, program which is a software package was used in 

stem analysis for cross sectional areas instead of performing such task manually with 

high risk for biased estimation in addition to the much more needed time.    

11)  Using the above mentioned software package, the number of annual rings from the 

cambium inward was counted and recorded, to be used for age determination.(which is 

the number of years needed to reach the total height from the level of measurement 

12)   Using the same Software Package, and starting from the center of each cross section 

and along the marked average radius, the distance was taken and recorded to all annual 

rings in the cross section. 

The whole procedure can be summarized in the following figure 
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b.  Stem Analysis 

After taking all above mentioned measurements, the data from each tree were 

summarized in the table (2) having the following form. 

Table 1. Form list for data collection for each tree 

Data 
Section number 

1 2 3 4 5 

Length of the section (m)      

Height above the ground to the top of the 

section (m) 
     

Number of rings on the top of the section      

Number of year to grow to the height of the 

section 
     

Number of years to attain the height at the 

top of the section 
     

Extraction of diameter and diameter growth on each cross- section 

In each cross–section, there were many concentric annual rings Cherubini, et al 2003). Fig. 2 

 
Figure 2. Diameter and height increments at different levels After (Möttönen and Västilä, 2016), with 

some modifications 

From such section much data could be extracted as follows: 

1. Starting from the center of each disc, the diameter of the second ring was considered 

as the diameter of the first tree,   . The width of the first ring along the average radius 

was considered as half diameter increment. Multiplication of this value with 2 yields 

the diameter increment of that diameter;     . This data represents the diameter and 

diameter increment of the first tree.  

2. From these two measurements, the data about another tree was extracted, as follows:  
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The diameter growth (     of this tree will be the twice of distance between the 

second and third annual ring along the average radius. 

3. In the same way the data about the diameter and diameter increment was extracted 

from the same cross – section, which could be formulated as follows: 

           The general formula for such concept could be summarized as 

follow: 

              

Where       the diameter of any tree in the cross – section,                = diameter of a 

tree and the diameter increment of the previous tree. 

4. The number of extracted trees depended on the available numbers of annual rings, on 

the cross- section, which in turn depended on the diameter of the cross – section.  

5. The same procedure was applied to all sections and all trees. 

Table (3), summarizes the above mention procedure for constructing the dataset. 

Table 3. Data summarized for development of diameter and diameter growth 

                                                               Diameter 

                                =       

   = diameter of the third tree =         

  = diameter of the fourth tree =        

    = diameter of the     tree =          

It could be concluded that a single tree could be developed to form many trees, for 

example if the main trunk of a tree is divided to 4 sections, and the number of annual rings in 

these sections is 14, 10, 7, and 3 rings, this means that about 34 trees could be made from 

such individual tree. Information about diameter, diameter increment, height increment, and 

age could be extracted using a simple arithmetic. 

The difference between the number of rings at the stump and the disc cut at any other 

height represents the number of years taken for the tree to grow from the stump to the height 

at which the disc was taken. This information could be used to calculate the height increment. 

This technique has many benefits: 

1. There is no need to cut so many trees for getting information for such study. This, in turn, 

has many other benefits such as (a) being less expensive. (b) It needs less time to be 
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consumed to get the needed data from the field, and (c) it needs less effort, but more office 

work. 

2. Utilizing few numbers of trees to develop huge number of trees have other benefits.  All 

information extracted from a single tree has (i) the same geographic characteristics. (ii) The 

same site productivity. (iii) The same soil, and (iv) to some extent, even stand density. This 

means that the only variables remained are the diameter of each developed tree and the 

annual diameter increment. This point is the most important and beneficial one for this 

concept. Table (4), and (5) 

Table 4. Statistical description of measured and calculated the sample of 35 Valonia oak trees 

Variables Mean S.D. C.V.  %  Minimum Maximum 

Diameter 17.75 8.19 1.64 6.76 38.80 

Diameter increment  2.69 0.38 4164 1.88 3.40 

Table 5. Statistical description of measured and calculated the sample of 603 trees 

Variables Mean S.D. C.V.% Minimum Maximum 

Diameter 11.14 8.55 8.67 1.06 38.18 

Diameter increment 3.04 1.23 1.64 0.78 5.66 

 

 
Figure 3. The whole procedure from data collection to statistical analysis and development of equations 

Criteria used for testing the performance of allometric equations in prediction 

The following criteria were used in this study: 
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1. Coefficient of Determination (  ) 

It represents the percentage of variation in the dependent variable explained by the 

independent variable/variables in an equation. The value of the coefficient of determination 

ranges between zero and one (      ) (Neter et al., 1996).   

The value of zero means that there is no relationship between the dependent variable and 

independent variable/variables. While the value of one, means there is a perfect dependency 

of the response variable on the explanatory variable. The R2 and adjusted R2 were calculated 

using the following formula: 

    (
      

    
)    

       ∑    ̂   ̅ 
        

             (  
        

            
        

            

)   

    ∑      ̅

 

   

         

Where Reg. SS is the regression sum of square,  ̂  is the estimated value of y for the j
th

 

observation. 

                                                      
              , TSS is total sum 

of square, Error SS is error sum of square, which represents (                         and 

d.f is the degree of freedom. The value of R
2 

and R'
2
 for each developed equation was 

calculated. All equations which undergone this test must have the same form of the dependent 

variable (Furnival, 1961). 

2. Root Mean Square of Error (RMSE) 

The precision of an equation increases as this value decreases (Neter et al., 1996; 

Hussein., 2016; Salih et al., 2019). The following formula is used for calculating it. 

     √
           

     
 

Where n is the number of observation, while p is the number of independent variables. The 

values of the RMSE for each developed equations was obtained. 

3. Furnival Index (FI) 

This measure of precision was used because all developed equations in different parts of 

this study have different form of the dependent variables (Furnival 1961; Amin, M.H., 2016; 

Younis, et al  2019). The value of this criterion is calculated as follow: 
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FI =     ́          

3. Ohtomos Unbiased Test 

This measure of precision was used in this study because the dependent variables in 

different parts of study appeared in many different forms. This test could be summarized as 

follows: 

1) For the equation that will undergo this test, the original value/values of independent 

variable/variables were substituted in the equation in order to estimate the expected y- 

value that corresponds, each value of independent/ independents value. 

2) A simple regression equation were done between the original values of the dependent 

variable as independent variable and the estimated values of dependent variable as 

dependent variable, as follow:  

 ̂                 

      Where m is the value of y – intercept, and k is the slope of the regression equation. 

3) As, it could be concluded that, the best equation, among candidates, is the one which has 

the closest values of  ̂ to values of Y. This happened if the value of m and k is close to 

zero and one respectively. 

4) In this study a modification was done on this criterion so that the values of both m and k 

were taken together instead of treating them separately, and the following index was 

proposed: 

               |   |+|   | 

The equation which had the lowest value of this proposed index was considered as the best 

candidate among all equations in the competition list. 

RESULTS AND DISCUSSION 

Table 6. The developed regression equations for the sample of 603 observations of Valonia oak trees collected 

from Baroshky and Hassan Ava Dg = f (D) 

No Equations R
2
 RMSE MAE D-W 

1. Original Form Equations 

a. Simple regression equations 

1 Dg = 4.40112 - 0.121497*D 0.710 0.6637 0.5270 1.38 

2 Dg = 5.87935 - 1.34816* Ln (D) 0.801 0.5504 0.4449 1.62 

 b. Polynomial 

3 Dg = 5.06206 - 0.258342*D + 0.00438082*D
2
 0.789 0.5657 0.4521 1.53 
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 c. Non- linear regression equations 

4 Dg = 6.86683*D
-0.411632

 0.764 0.5986 0.4966 1.58 

5 Dg = 0.301656*(1 - 22.0303*D
-0.450473

) 0.757 0.6068 0.5069 1.55 

6 Dg = 6.01744*D 
(-0.269048) -0.0408652*D

 0.797 0.5551 0.4474 1.60 

7 Dg = 2.68934E7/(1 + 5.28973E6* EXP(0.0548602*D)) 0.788 0.5665 0.4518 1.50 

8 Dg = 5.09095*EXP (-0.0547683*D) 0.789 0.5660 0.4511 1.50 

9 Dg = 60.9146*(1 - 0.92819*Exp(0.0030316*D) 
0.682109

) 0.704 0.6700 0.5317 1.38 

10 Dg = 23.57*(1 - 0.757098* Exp(0.08678*ln(D)) 
0.75936

) 0.801 0.5494 0.4418 1.60 

2. Y-Reciprocal Equations 

a. Simple regression equation 

11 1/(Dg) = (0.168635 + 0.0192343*D) 0.806 0.5436 0.4363 1.60 

b. Polynomial regression equation 

12 1/(Dg) = (0.173141 + 0.0175361*D + 0.0000975563*D
2
) 0806 0.5430 0.4402 1.60 

c. Logarithmic Form Equations 

a. Non-linear regression equation 

13 Ln (Dg) = 1/(0.628603 + 0.00743273*D
1.71049

) 0.80 0.2650 0.1622 1.33 

b. Simple regression equation 

14 Ln(Dg) = 1.5506 - 0.0476789*D 0.793 0.2079 0.1626 1.32 

a) Testing of the performance of homogeneous equations  

 As it could be seen that 14 regression equations were developed to relate the different 

transformed forms of diameter increment as response variable with different transformed form 

of diameter as explanatory variables. One could even see that the first two equations of this 

group belonged to simple regression equation. The third equation is a polynomial equation of 

the second grade. The equations (4–10) are non-linear regression equations, table (4-1). 

However, it could be seen that the response variable, in the first 10 equations appeared in 

original from, while the equation number 11 and 12, appeared, in reciprocal transformed 

form. Moreover, the equation number 11 is simple regression equation with the reciprocal 

form of the response variable, and the other one is a polynomial regression equation of the 

second power with the same dependent variable. The third group consisted of two logarithmic 

equations. They belong to two different type of regression equation; the first one is non-linear, 

while the other one is a simple regression.  

On the other hand, these equations could be classified in to three groups: Original form, 

reciprocal form, and logarithmic form. As they appeared in so different transformed form, a 
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direct comparison between them is statistically not correct, because of having different means 

of the response variables (Ohtomo, 1956; Furnival, 1961). In such cases, the comparison 

between them must be done in at least two stages. In the first stage, all equations having the 

same Y-form could be tested with each other and the most appropriate one is to be elected. In 

the second stage, the selected candidate, from each group is to be compared with the other. 

This could be done by using either using Ohtomos unbiased test (Ohtomo, 1956), or Furnival 

Index (Furnival, 1961). If it happened that more than one equation is at the same level of 

precision in estimating the response variable, then another measure of precision must be 

introduced. The procedure of Ohtomos test is given in the materials and methods. Table 4-3 

shows four different groups of equations based on their response variable: 

In the first group, which consisted of only ten equations, (eq. 1 – eq. 10) the dependent 

variable appeared in the original form, in untransformed form. The adjusted coefficient of 

determination (     is ranged from 0.70467 to 0.8014. The Root of Mean Square Error, 

(RMSE) ranges from 0.5464 to 0.6700, while the Mean Absolute Error (MAE) value for these 

ten equations ranged from 0.4418 to 0.5317.  It is well known that the most precise candidate 

is the one having the highest value of     and lowest value of RMSE, and MAE. Returning to 

the same table and studying the measures of precision, one could see that the efficiency, of the 

equations (2, 6, 7, 8, and 10) in estimating the diameter increment is very close to each other. 

The next tools used here is the simplicity of the equation in application (Neter et al., 1996). 

Accordingly, the second equation was selected as the most appropriate candidate from this 

group. 

The response variable in the second group of equations appeared in Y – reciprocal form. 

This group consisted of only two equations (11 and 12). Their (    , (RMSE) and (MAE) are 

very close to each other. But they have different structure. The first one is a simple regression 

equation, while the other one is polynomial of the second grade, table (6). The equation 

number 11 was selected from this group as a best candidate because of being easiest in 

application. 

The third group has the logarithmic form of the response variable, and also constitutes of 

two equations. Their                  ranged from (07936 to 0.8001), (0.2060 to 0.2679), 

and from (0.1622 to 0.1626) respectively. The precision of these candidates is almost the 

same, and therefore the equation number 14 was selected as the best candidate of the group 

because of being very easy in application as compared with equation number 13. The last 
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group of equations is belonged to weighted functions, which consisted of four equations with 

four different weighting factors with D, ln D,        √ . The reason of selecting the 

mentioned factors for weighing is that these factors appeared to be significant in explaining 

the total variation in the response variable, (Dg) (See table 7). The equations belonging to the 

last group were selected for further analysis with the other selected equations for two reasons; 

the first one because they have different forms of response variable, and they have high value 

of   . 

In the second stage, the selected equations from the first stage were undergone another 

test to determine the most appropriate one, for estimation of diameter increment for a tree 

with a known diameter. Therefore the equation number 2, 11, and 14 was tested with each 

other, using Ohtomo‘s unbiased test. 

b) Development and evaluation of weighted functions 

The table 6 shows that the most important explanatory variables are (D), ln (D), (D2), 

and√ . Therefore such variables were used as weighted factors to develop the weighted 

functions. 

Table 7. Weight equations for diameter increment as a function of diameter for the sample of 603 observations 

of Valonia oak trees 

Equations R
2
 RMSE 

15 
  

 
          

       

 
 0.964 0.1315 

16 
  

      
          

       

      
 0.990 0.4176 

17 
  

  
          

       

  
 0.976 0.0568 

18 
  

√ 
         

     

√ 
 0.937 0.2461 

c) Mathematical analysis of weighted functions 

Before taking these weighted functions for further analysis with other selected equation, a 

mathematical analysis was done for each one to see how well they fit the biological 

characters. 

This is considering the first one: 
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This equation could be transformed to the original form by multiplying this equation with 

the variable (D). 

Dg = 4.986 – 0.1904D 

This entails that the maximum value of diameter increment is 4.986 cm and the diameter 

increment decreases with 0.1904 cm for each cm increase of diameter. Solving the equation 

Dg = 4.986 – 0.1904D, for D to find the value of D at which the Dg become zero. 

      –               D = 26.18        

This means, that the estimated values of Dg according to this equation become negative 

for all diameters which are greater than 26 cm. Therefore this equation was excluded from the 

competition list of equations, because this character is not accepted biologically. 

The second weighted equation is the following:  

  

      
        

     

      
 

This could be written as: 

  Dg = 5.689 -1.252 ln D   

A mathematical analysis of this equation shows that the maximum diameter increment of 

the tree is 5.689 and the diameter increment decreases with 1.252 cm for each cm increase of, 

ln(D) (or for each 3.497 cm of diameter,                In the same way, one could show that 

the diameter increment approaches zero, when D approaches 94cm. 

 5.689 -1.252 ln(D) = 0              = 5.689   ln(D) = 4.544        . This is accepted 

biologically. 

The third weighted equation developed was: 

  

           
     

    

 This equation could be written as: 

Dg = 4.784 – 0.0226     

According to this equation the diameter increment (Dg) approaches zero when D 

approaches (14.5 cm) (0 = 4.784 – 0.0226                         =
     

      
     

        This means that this equation has disadvantages of underestimating the response 
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variable for large trees i.e. when the diameter exceeds 15 cm. Therefore this weighted 

equation was also excluded from the competed equations. 

The forth weighted equation was:  

  

√ 
         

     

√ 
   

This equation could be written as,  

Dg = 6.052 - 0.9749 √    

Solving of this equation for D, one could see that Dg approaches zero when D approaches 

13545 cm. (6.052 - 0.9749  √   = 0               √      √              

       which means that the decrease of diameter increment diminish rapidly.  This finding 

could be considered as demerit for the equation, and therefore it was also excluded from 

competition list. This means that the most appropriate weighted equation is equation number 

16: 

  

      
        

     

      
. Which was undergone the Ohtomo‘s unbiased test with other selected 

equations 

d) Ohtomo’s Unbiased Test for the Selected Equations 

The Ohtomo‘s unbiased test was conducted for all selected equations from the first stage 

of competition. The procedure of conducting such test is already given in materials and 

methods (Table 8).    

Table 8. Ohtomo‘s test for the selected equations of diameter increment as a function of diameter for Valonia 

oak trees 

Equations R
2ˈ

 RMSE MAE 
D-

W 

P-

Value 

Modified Ohtomo’s Index 

| |  |   | 

2   ̂ = 0.6062+ 0.8010* Dg 0.80 0.492 0.394 1.6 0.000 |     |  |       |   0.805 

11   ̂ = 0.806762 + 0.7137* Dg 0.78 0.463 0.376 1.2 0.000 |    |  |       |  1.086 

14   ̂ = 0.8351 + 0.7073* Dg 0.77 0.478 0.384 1.2 
0.000

0 
|    |  |       |  1.133 

16   ̂ = 0.792 + 0.744* Dg 0.80 0.458 0.399 1.4 
0.000

0 
|     |  |       |   1.048 

The table above shows the simple regression equations developed between the estimated 

values   ̂   and the actual values (  ) of the response variable for the four selected 
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candidates. As it could be seen that all these regression equations have the same transformed 

form and a direct comparison of their accuracy is possible. 

The general form of the Ohtomos test is,  ̂      . , or more specific, for this part of study 

is: 

 ̂        

The best equation is that having the values of  ̂  as close to the values of    as possible, 

and this condition meets when the values of (m) and (k) very close to zero and one 

respectively. For doing such test a modified value of Ohtomo‘s Index were calculated for 

each remained equation in the competition list. In this index, the value of both (m) and (k) is 

taken in consideration (|   |  |   |). The equation which has the lowest value of this 

index is the most precise. Accordingly the equation 14 was removed from competition list 

because of having comparatively high value of the mentioned measure of precision. The 

remaining equation were undergone both aggregate sum of deviations, and the sum of 

absolute deviations between the estimated values and actual values of the response variable 

(Table 9). 

Table 9. Accumulative and absolute differences between estimated and actual values of diameter increment as a 

function of diameter for Valonia oak trees 

Equation 

number 

Sum of 

estimated values 

Sum of actual 

values 

Difference between 

estimated and 

actual values 

Absolute difference 

between estimated and 

actual values 

2 1837.31 1837.32 0.01 268.27 

11 1840.73 1837.32 3.41 265.42 

16 1844.49 1837.32 7.17 274.69 

The equation which has the lowest value of both ∑    
̂   ∑   , and ∑|   

̂       |  is 

considered the most accurate in estimation. It seems that the eq. number 2 is slightly better 

than the others because of having higher value of coefficient of determination and a better 

value of D-W (1.6) (is much more close to 2.00), the minimum value of ∑   
̂   ∑       and 

an acceptable value of ∑|   
̂       |. Statistical description of the selected equation in table 

4-5. 

Table 10: ANOVA table for the selected equation of diameter increment as a function of diameter 

Source Sum of Squares Df Mean Square F-Ratio P-Value 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

168 

Model 584.733 1 584.733 2370.36 0.0000 

Residual 148.258 601 0.246686   

Total (Corr.) 732.991 602    

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant 

relationship between   ̂ of the 2
nd

 equation and Dg at the 95.0% confidence level.  

The shape of relationship between the diameter increment of the trees of Quercus 

aegilops L. and the tree diameter according to the selected equation is shown in Fig. 4. 

 

Figure 4. Relationship between diameter increment and diameter of Valonia oak trees using selected equation 

This graph shows that there is a negative curvilinear association between the two 

mentioned variables. This result agreed with what was found by Teck et al., 1991 who 

concluded that there is a negative relationship between the diameter increment and diameter 

of tree in Northeast USA. The same type of result was gained by the (Kershaw et al., 2016).  

In this study, the best regression equation that fits our data was a simple non-linear regression 

equation. This result agreed with what (Contreras et al., 2011) has found. He used several 

mathematical models including linear and non-linear regression, to study the diameter 

increment of red pine in Wisconsin plantations and concluded that the simple empirical 

models were superior to the other models developed in estimating of the diameter increment. 

The result of this study agreed also with what was proposed by (Bergh et al., 1999) who 
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found that there is a nonlinear relationship between the diameter increment and the diameter. 

(Wykoff, 1986 and McElhinny, 2005) found that the relationship between the diameter 

increment and diameter could linear or curvilinear, depending on many factors, such as 

growth habits of the species, stand structure and stand age. Pinus radiate at Kowen, while the 

curvilinear relationship was found for some pine species in Greek State Forest.  

This study shows that the diameter increment was 4mm when the diameter is equal to 

4cm, and it decreases with1.35mm for each unit of increase of ln (D). 

Vanclay (1994) proposed the quadratic equation of the second grade      Dg = b0 + b1D + 

b2D2 to regress the diameter increment to diameter, but argued that such model may 

overestimate the diameter increment because of positive sign of the coefficient b2.  

Ln Dg = -1.41 + 0.314 lnD - 0.000101 D
2
, while Vanclay (1991) selected the equation: ln (Dg 

= -1.48 + 0.439 lnD - 0.0142 D as best regression for estimation of ln Dg. This can be 

summarized as follow:  

 Ln (Dg = b0+b1lnD+b2 
   

e) Test of normality of the residual for the selected equation 

Plotting of residuals against ln(D), figure 5 

 
Figure 5. Residual distribution of the selected equation of diameter increment as a function of diameter 

One of the most important characters that must be met by an equation that will be used 

for estimation purposes is the consistency of the precision for the whole range of the data, in 

addition to the autocorrelation. This entails in other words that there should be no trend of 

relationship between the residuals       ̂  and the values of the explanatory variable/ 

variables. The figure 4-2 shows that there is a scattered diagram between the residuals and the 

ln (D), which necessitates that the selected equation is statistically, accepted for estimation the 

diameter increment corresponding tree diameter. 
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    The shape of this figure explains that the error term of the selected equation does not 

depart from the least square assumption of the homogeneity; this could be formulated as 

follows: 

                     

This statement could be read as: the difference between the actual values of the response 

variable (Dg) and the estimated values from the selected equation       ̂   is normally and 

independently distributed with a mean of zero and a variance of     

Table 11. The expected values for diameter increment as a function of diameter from the selected equation for 

Valonia oak trees 

D (cm) Dg (mm) D (cm) Dg (mm) 

2 4.85 38 0.89 

4 3.92 40 0.82 

6 3.37 42 0.75 

8 2.99 44 0.69 

10 2.69 46 0.63 

12 2.44 48 0.57 

14 2.23 50 0.52 

16 2.05 52 0.46 

18 1.89 54 0.41 

20 1.75 56 0.36 

22 1.62 58 0.32 

24 1.50 60 0.27 

26 1.40 62 0.23 

28 1.30 64 0.18 

30 1.20 66 0.14 

32 1.12 68 0.10 

34 1.04 70 0.06 

36 0.96 72 0.02 

Tabular values derived from the following regression equation: 

Dg = 5.87935-1.34816* Ln D, Coefficient of determination = 0.801, Root mean square error 

= 0.5504, Mean absolute error = 0.4449, Durbin-Watson = 1.62 and Date of development Jan. 

2020. 

Locations: Hassan Ava and Baroshky 

Number of observations used for development of the equation: 603 
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ABSTRACT: This work explores the white peony, Paeonia lactiflora Pall. as a potential source of 

inhibitory phytochemicals against the main protease (Mpro) of the recently emerging coronavirus disease 

(COVID-19). Overall, 6 structurally varied metabolites were subjected to a computational screening study 

where the binding energy and molecular interactions were studied using the Molecular docking, chemical 

descriptors were also explored. These ligands are showing well drug-likeliness. Benzoic acid, catechin, 

gallic acid and paenol were fully in agreement to Lipinski‘s rule of five. Albiflorin  and Paeoniflorin 

ligands exhibited single violation regarding hydrogen acceptor. Molecular docking results demonstrated 

that the top three docked compounds formed relatively stable complexes within the active site of Mpro; 

showing lower binding energy scores (-6.33 to -7.44 kcal/mol). These compounds were the most effective 

compounds and displayed remarkable binding energy in the order of Paeoniflorin, Albiflorin and Catechin 

(-7.44, -6.94, and -6.33 kcal/mol, respectively). The binding interactions of these docked complexes 

indicated that Paeoniflorin had three hydrogen bonds with Mpro, at Met 49, Gly 143 and His 163. 

Albiflorin exhibited a higher number of hydrogen bonds, forming seven, three at Gln 189, and two at Met 

165, one at His 164 and one at Gly 143. 

 

Keywords: COVID-19, SARS-CoV-2, Main protease, Paeonia lactiflora, Molecular docking 

INTRODUCTION 

In December 2019, the first cases of a novel coronavirus were reported in Wuhan (China) 

and since named SARS-CoV-2, which causes the respiratory syndrome COVID-19, 

characterised by fever, dry cough, breathing difficulties and in severe cases, pneumonia (Zhou 

et al., 2020). COVID-19 has affected millions of people. Although many drugs are in use to 

combat this disease, there is not any sufficient treatment yet. SARS-CoV-2-Mpro cleaves the 

viral polyprotein to produce a variety of non-structural proteins, but in human host it also 

cleaves the nuclear transcription factor kappa B (NF-κB) essential modulator (NEMO), which 

suppresses the activation of the NF-κB pathway and weakens the immune response 

(Propopoti et al., 2021).   While Mpro cleaves subunits of virus at no less than 11 cleavage 

sites on 1 ab, this specific cutting makes Mpro an attractive drug target since no human 
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proteases have a similar cleavage property. With the emergence of the COVID-19 pandemic, 

a quick drug development against SARS-CoV-2 Mpro is immediately needed. Plants are 

sources of phytoconstituents which has the potential to be developed as antiviral agents for 

SARS-CoV-2, as has been reported by previous studies (Abian et al., 2020; Prateeksha et al., 

2021). Targeting SARS-CoV-2 Mpro with natural compounds is an attractive strategy for 

SARS-CoV-2 therapy. Paeonia lactiflora is a perennial herb peony that belongs 

to Paeoniaceae and is widely used worldwide as an ornamental plant. The plant is commonly 

known as ―Bai Shao Yao.‖ P. lactiflora is predominantly used for menstrual disorders, viz. 

dysmenorrhoea or menorrhagia and various painful inflammatory conditions such as 

cholecystitis. However, it is also recommended for dysentery, hypertension, and 

spermatorrhoea. Thus, this study is an initiative to facilitate development of antiviral drug 

discovery model that could help to pave the way to the worldwide effort s to combat SARS-

CoV-2. We have performed an in-silico study by using 06 phytoconstituents of P. lactiflora 

which were obtained from the litterature (Jian et al.i 2010). 

2. MATERIAL AND METHOD 

2.1. Drug Like Properties 

The drug likeliness of the 06 phytoconstituents of P. lactiflora is specified by the Lipinski‘s 

rule and molecular properties prediction was calculated by the using Molecular Operating 

Environment (MOE) version 2019.10 molecular modelling software. 

2.2. Molecular docking  

Molecular docking studies were performed using Molecular Operating Environment 

(MOE) version 2019.10 molecular modelling software. 

1. Evaluation test of the program used  

The performance of the docking approach were evaluated by the root mean square 

deviation (RMSD) corresponds to the mean of the deviation of each of the ligand atoms of the 

software-designed model compared to those of the original molecule. The allowed ratio is a 

maximum difference of 2 angstroms beyond which the prediction is considered inadequate.  

2. Process of molecular docking  

The docking procedure by Molecular Operating Environment (MOE) is broken down into 

5 steps:  

 a. Preparation of the protein  
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The three-dimensional protein structure of the SARS CoV-2 main protease was procured 

from PDB format (PDB ID: 6LU7) from protein data bank of the Research Collaboration for 

Structural Bioinformatics (RCSB), website (http://www.rcsb.org/pdb. The water molecules in 

protein were removed and the protein was prepared by adding H-atoms, connecting receptor 

types and faced fixing the potential energy. This step followed by site-finder and establishing 

dummies over helix (Althagof et al., 2019). 

 
Figure1. 3D structure of SARS-Cov-2 Protease (PDB ID: 6LU7) 

b. Preparation of the ligand  

The ligands used in this work are downloaded as SDF from the PubChem databank 

(http://pubchem.ncbi.nlm.nih.gov). Next, the two-dimensional (2D) chemical structure of the 

six compounds obtained from Pubchem , should be prepared and was followed by hydrogen 

addition, conversion into 3D structures, pH-based ionization and charge neutralization. 

Energy minimizing was done under the following conditions: temperature = 300 K, pH = 7. 

Furthermore, the geometry was performed using the field strengths in the MMFF94x 

implanted in MOE and Austin model 1 (AM 1) with gradient value of 0.0001 kcal/mol. Then, 

the compounds were saved in mdb format as a new database. 

c. Detection of the binding site  

The sites present in the protein are identified using the command: compute-site finder 

(Figure. 10).  

d. Docking  

The obtained Ligand–Receptor complex models were used to study the predicted 

attachments at the target sites and their binding energies. The inhibition grade was judged 

based on the data extracted particularly that reflect true interaction validity. The H-bond 

lengths must be not exceeding than 3.5 Å in true cases. 

http://www.rcsb.org/pdb
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e. Results analysis  

The best ligand deposited in the active site of the enzyme was chosen according to the 

best energy binding (score).  

RESULTS AND DISCUSSION  

Drug Like Properties  

Drug-like properties and pharmacokinetic properties are intrinsic characteristics of drugs. 

These molecular properties such as membrane permeability and bioavailability are always 

connected to some basic molecular descriptors such as lipophilicity log P less than or equal 

five, molecular weight (MW) not greater than 500 g/mol, hydrogen bond acceptors (HBA) (O 

and N atoms) not exceeds ten and donors (HBD) (NH and OH groups) not greater than five 

count in a molecule. The phytoconstituents of P. lactiflora were obtained from the references 

(Jian et al., 2010). The data on the drug-likeness of the ligands based on Lipinski‘s rule of five 

are listed in Table 1. The selected compounds are showing well drug-likeliness. Four of the 

tested ligands namely, benzoic acid, Catechin, Gallic acid and paenol were fully in agreement 

to Lipinski‘s rule of five. Albiflorin  and Paeoniflorin ligands exhibited single violation 

regarding hydrogen acceptor. Despite violation of some rules, approved anticancer and anti-

infective drugs from natural products or their semisynthetic derivatives such as taxol and 

amphotericin B have also some violations but are biologically effective as drugs. Therefore, 

these results don‘t interfere with the development of these compounds as potential SARS-

CoV-2 therapeutic agents (Sayed et al., 2020). 

Table 1. Chemical descriptors of ligands 

no Compounds PubChe

m 

CID 

Formula MW Lip 

acc 

lip-Don Log p 

(o/w) 

Lip 

drug

- like 

Violation 

1.  Albiflorin 24868421 C23H28O11  480.466 11 5 -0.949 1 1 

2.  benzoic acid 243 C7H6O2  122.122 2 1 1.5829 1 0 

3.  Catechin 9064 C15H14O6  290.270 6 5 1.9790 1 0 

4.  Gallic acid 370 C7H6O5  170.119 5 4 0.7290 1 0 

5.  paenol 11092 C9H10O3  166.175 3 1 1.4420 1 0 

6.  Paeoniflorin 425990 C23H28O11  480.466 11 5 0.0290 1 1 

Docking study  

A number of previous reports have presented a variety of plants as talented sources of 

antiviral compounds (Zhang et al., 2020). Consequently,we have studied complex of SARS 

CoV-2 main protease formed with 6 ligands. These ligands are the Paeonia lactiflora 

Phytochemicals. The results of docking represented by binding energy which are reported in 

https://pubchem.ncbi.nlm.nih.gov/#query=C23H28O11
https://pubchem.ncbi.nlm.nih.gov/#query=C7H6O2
https://pubchem.ncbi.nlm.nih.gov/#query=C15H14O6
https://pubchem.ncbi.nlm.nih.gov/#query=C7H6O5
https://pubchem.ncbi.nlm.nih.gov/#query=C9H10O3
https://pubchem.ncbi.nlm.nih.gov/#query=C23H28O11
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the Table 2. The table represented, the score obtained with the top 3 ligands, of which the first 

one is the ligand with high score compared to others. 

Among coronaviruses, an alluring drug target is the ~ 306 amino acids long main 

protease (Mpro, 3CLpro), to forestall the spread of disease by restraining the cleavage of the 

viral polyprotein. Mpro is essential for processing the polyprotein that led to the proteolytic 

activation of the viral functional proteins (Zhang et al., 2020). This enzyme contains two 

identical subunits with a cysteine residue (CYS145) and another nearby histidine (HIS41) in 

its active site to help perform different proteolytic reactions (Jin et al., 2020) 

In the main, the results mentioned in Table 2 demonstrated that the top three docked 

compounds formed relatively stable complexes within the active site of Mpro; showing 

moderate to promising energy scores in the range of -6.33 to -7.44 kcal/mol. These 

compounds was the most effective compounds among six different metabolites and displayed 

remarkable binding affinities in the order of Paeoniflorin, Albiflorin and Catechin with energy 

scores of -7.44, -6.94, and -6.33 kcal/mol, respectively (Table 2).  

Table 2. Molecular docking results and interactions of the top 3 scoring compounds of Paeonia lactiflora with 

SARS-CoV-2 proteins 

Ligand Binding 

energy 

Score 

(Kcal/m

ol) 

RMSD 

refine 
Bonds between atoms of compounds and residues of 

active site 

Atom of 

ligand 

 

Involved 

Receptor 

residues 

 

Bond type Bond length 

(A°) 

Paeoniflorin -7.4461 1.6495 C31 

O1 

O7 

Met 49 

Gly 143 

His 163 

H-donor 

H-acceptor 

H-acceptor 

3.63 

3.27 

3.12 

Albiflorin -6.9410 1.9681 O3 

O8 

C24 

O2 

O5 

O6 

O8 

His 164 

Met 165 

Met 165 

Gln 189 

Gly 143 

Gln 189 

Gln 189 

H-donor 

H-donor 

H-donor 

H-acceptor 

H-acceptor 

H-acceptor 

H-acceptor 

3.25 

3.63 

3.52 

2.97 

2.88 

3.10 

3.27 

Catechin -6.3348 0.8999 O2 

O3 

O5 

Glu 166 

Arg 188 

Cys 145 

H-donor 

H-donor 

H-donor 

3.09 

2.98 

3.37 

The formation of hydrogen bonds defines the integrity and stable nature of each protein–

ligand complex. Table 2, demonstrates that the three complexes formed stable hydrogen 

bonds. The binding interactions of these docked complexes demonstrated that Paeoniflorin 

had three hydrogen bonds with Mpro, at Met 49, Gly 143 and His 163 (Figure 2). Albiflorin 
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exhibited a higher number of hydrogen bonds, forming seven hydrogen bonds three at Gln 

189, and two at Met 165, one at His 164 and one at Gly 143 (Figure 3). Catechin formed three 

hydrogen bond with Glu 166, Arg 188 and Cys 145. The three molecules exhibited significant 

hydrogen bonding interactions with many key amino acid residues, of the Mpro active site 

such as MET 49, GLY 143, Cys145, HIS 164, Met165, Glu166, ARG 188, and GLN 189. 

These amino acids are predicted to play a major role during chemical interactions with 

Paeoniflorin, Albiflorin and Catechin.  

Paeoniflorin, (C23H28O11), a water-soluble monoterpene glycoside, is the main and the 

active component of Paeonia lactiflora, has been widely studied as an anti-inflammatory, 

antioxidant (Chen et al., 2011), antithrombotic (Ye et al., 2016), anticonvulsive (Hino et al., 

2012), analgesic (Zhanq et al., 2009), cardioprotective (Chen et al., 2018), neuroprotective 

(Mao et al., 2012), hepatoprotective (Jiang et al., 2014), antidepressant-like (Qiu et al., 2013), 

antitumoral (Lu et al., 2014), and immune-regulatory effects lbiflorin, is able to cross the 

blood-brain barrier. it protects neurons against Aβ-induced toxicity in vitro (Ho et al., 2015) 

and mitochondria through its anti-apoptotic and antioxidant properties in vitro (Suh et al., 

2013). Catechin has been proven to be an excellent anti-glycation natural substance and has 

been studied in many different proteins and models (Li et al., 2018; Poojory et al., 2020); 

whereas this is the first report on their possible inhibitory role against SARS-CoV-2 main 

protease. 

           

Figure 2. Binding mode of Paeoniflorin with the SARS CoV-2 main protease. 2D interaction diagram and Fisher 

projection. 
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Figure 3. Binding mode of Albiflorin with the SARS CoV-2 main protease. 2D interaction diagram and Fisher 

projection. 

CONCLUSION 

In this study, we first short-listed 6 Paeonia lactiflora plant-based phytochemicals 

through  literature mining. The inhibitory effects of these Phytochemicals on the SARS CoV-

2 main protease were studied and the Chemical descriptors was also explored. The binding 

interactions of these docked complexes demonstrated that Paeoniflorin was the best scored 

ligand through all ligands with a binding free energy of -7.45 kcal/mol. Other promising 

ligands are Albiflorin and catechin. Docking studies indicated that the potency of inhibition is 

probably due to the formation of hydrogen bonds and hydrophobic interactions between 

ligands and active amino-acids site of Mpro. 
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ABSTRACT: An increased risk of acidosis in animals is associated with a high dry matter intake, which in 

turn results in the consumption of more fermentable organic matter in the rumen leading to a high 

production of volatile fatty acids. This is verified in lactating dairy cows and animals in a feedlot. Acute 

acidosis occurs when there is a severe drop in the pH of the rumen. A prolonged period when pH of in 

rumen remains low, it leads to sub-acute ruminal acidosis, which is a temporary imbalance between acid 

production and absorption. An associated change of an acute increase in the ruminal osmolarity and the 

accumulation of glucose and lactate in its stereo isomeric forms (D-lactate and L-lactate), is observed in the 

rumen fluid. However, in the sub-acute form, the accumulation of lactic acid occurs in the rumen. To a 

great extent, these changes in the rumen are due to high concentrations of VFA. The best way to avoid 

problems with ruminal acidosis is an adequate supply of neutral detergent fiber in the diet, preferentially 

with large particle size and length to stimulate rumination and consequently greater buffering efficiency, 

thus maintaining the balance between pH and microorganisms in the rumen. 

 

Keywords: D-lactate; metabolic disorder; sub-acute ruminal acidosis 

 

INTRODUCTION 

Acidosis is defined as a state of high pathological acidity of the blood, increasing in 

ruminants and may include situations of acidity ruminal or systemic, representing the most 

important nutritional disorder in dairy cattle and beef cattle in feedlot. Caused by a rapid 

production and absorption of acids in the rumen when excessive starch consumption (grains) 

or sugar in a short period of time (Russell, 2002; Pan et al., 2016). This disease is relatively a 

common form of metabolic acidosis, characterized by a blood lactate level greater than 5 

mmol/L (normal:1,2 mmol/L) (Plaizier et al., 2009). Acidosis takes the animal to a stress 

condition that can lead from anorexia to reducing the production potential of the animal 

reaching pathological conditions such as milk fat depression, low feed intake, laminitis and 

could result in the death of the animal (Hernandéz et al., 2014) affected animals suffer from 

tachycardia (increased heart rate), diarrhea, and anuria (disuria) (Mikhailova et al.,2017). 

However, the opinion that a reduced ruminal pH is the sole reason for digestive and metabolic 

disorders in dairy cattle is likely an oversimplification of the complexity of the ruminal 

mailto:tiago.valente@ifgoiano.edu.br
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ecosystem. The include more long fibrous material in the diet maintaining rumen health. 

Despite, an increase in the consumption of concentrates and sometimes the use of highly-

fermentable forages can lead to alterations in the normal rumen fermentation leading to 

digestive disturbances (Owens & Basalan 2016).  Diet can also have a wider impact on the 

rumen populations of protozoa, fungi, cellulolytic bacteria and proteolytic bacteria (Belanche 

et al. 2019).  

Acute acidosis occurs when rumen pH drops severely and remains low for an extended 

period of time and sub-acute ruminal acidosis (SARA) is a temporary imbalance between acid 

production and absorption. Second Van Vuuren et al., (2012) propose to re-name SARA the 

―high-concentrate syndrome‖. The term SARA suggests that increasing ruminal pH per se 

will prevent or reduce the negative consequences. However, dietary supplements that 

neutralize or buffer ruminal pH can not always result in a complete recovery of the animal. 

On the other hand, SARA fermentation profiles can develop when high concentrate diets are 

supplied even when pH is above the SARA threshold. Therefore, they suggest a combination 

of pH modulating strategies and microbial population control to reduce the consequences of 

this syndrome. Healthy functioning of the reticulo-rumen is a crucial pre-requisite for 

performance and health of cattle. Rumen fermentation accounts for 0.8 of total fibre digestion 

in cattle (Archimède et al., 1997). 

Ruminal acidosis is caused by an imbalance between the production of acids in the rumen 

from the ruminal fermentation of carbohydrates and the removal of these organic acids for the 

absorption by the rumen epithelium, passing through the abomasum and/or neutralization with 

buffer (Bannink et al., 2012). In acute or sub-acute form (more common in dairy cows), there 

is a high concentration of lactic acid in the rumen, especially in animals in feedlot receiving 

finisher diets with high concentrations of starch and other fermentable carbohydrates (Pan et 

al., 2016). Due to a high dry matter intake and VFA production in the rumen, the profile of 

rumen microbial population changes and thereafter absorption of acids in the blood stream 

leads to acidosis (Enemark, 2008). Cattle that are fed high levels of concentrate tend to 

develop ruminal acidity rapidly which can lead to ruminal wall necrosis and reduced nutrient 

absorption, thus decreasing animal productivity. The clinical and behavioral patterns of 

feeding of affected animals serve to understand the pathogenesis of the disease and clinical 

responses. Subacute acidosis led to a reduction in food consumption and rumination time, 

with increased recumbency time. In addition, subacute acidosis caused different degrees of 
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depression that were more pronounced with higher ruminal lactic acid concentration (Minami 

et al., 2021). In general, the symptoms of acidosis are increased levels of lactic acid in rumen 

and blood, decreased pH of blood and in rumen, increased osmotic pressure in rumen, death 

of gram-negative bacteria and the proliferation of gram-positive bacteria in rumen, reduction 

of the number of protozoa, changes in ruminal epithelium, reduction of urine pH, dehydration, 

and hemoconcentration (Nagaraja & Lechtenberg, 2007).  An increase in motor activity 

contributes to a decrease in the pH of the rumen environment. In its turn, an increase in 

physical activity leads to an increase in the temperature of the cicatricial environment. 

However, an increase in physical activity leads to an increase in rectal temperature. Thus, a 

decrease in the pH of the rumen environment leads to an increase in its temperature, while a 

decrease in the pH of the rumen environment leads to an increase in rectal temperature. As the 

temperature of the rumen contents increases, the rectal temperature increases too (Dorokhov, 

et al. 2021) 

2. Ruminal microorganisms 

After the consumption of a high grain diet, non-structural carbohydrates appear in the 

rumen (by the physiological process), which after fermentation by the amylolytic bacteria 

which in turn leads to the production of pyruvate and finally VFA that result in the drop in 

ruminal pH. This drop implies that many gram-negative bacteria, being sensitive to low due 

to their pH sensitivity, disappear, including lactate-consuming bacteria, like Megasphaera 

elsdenii and Selenomonas ruminantium (which convert lactate to pyruvate). The lactic acid 

bacteria growing under conditions of low rumen pH utilize lactic acid as an energy substrate, 

in addition to other substrates (Marx et al., 2011). Conversely, there is an increase in the 

population of some gram-positive bacteria, especially Streptococcus bovis, also known as 

lactate-producing bacteria. This change in the ruminal bacterial population further reduces 

ruminal pH by that is the increase in L-lactic acid, which is a very potent acid (10 times 

stronger than VFA). This to a leads to allowing the growth of only the pH resistant bacteria, 

such as, Lactobacillus spp., which are an (efficient lactate producer, especially of D-lactate). 

Thus, that leads ton additional in ruminal pH eventually drops to 3.8, which is the isoelectric 

point of this acid. At this pH, at which the acid remains un-dissociated that results in the 

movement of the acid via the ruminal wall into the bloodstream leading to metabolic acidosis 

(Hernández et al., 2014). 

Protozoa may represent 50% of the total microbial mass in the rumen. The significance of 
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protozoa in the rumen is its their ability to engulf starch granules, which prevents rapid 

digestion and excessive acid production in the rumen (Van Soest, 1994). Therefore, protozoa 

possess the ability to modulate digestion of starch and reduce the chances of rumen acidosis. 

However, the slow replication time (5 to 24 hours) and the preference of pH above 5.8 for 

maximum growth lead to a decrease in the population of protozoa in rumen during acidosis 

(Valente et al., 2016). Extended periods of low rumen pH are probably more detrimental to 

the survival of ciliate protozoa in the rumen than the other factors (Franzolin & Dehority 

2010). 

3.VFA production in rumen 

The animals with a high consumption of dry matter tend to intake more fermentable 

organic matter in the rumen, which results in the high production of volatile fatty acids, 

thereby increasing the risk of acidosis in lactating dairy cows and animals in a feedlot. The 

cattle fed exclusively on forage do not demonstrate digestive disorders, such as, acidosis. On 

the other hand, the supply of feed concentrates in the form of grains in the diet (to enhance the 

animal performance and energy consumption) increases the amount of carbohydrates to be 

fermented by rumen microorganisms that consequently promotes VFA production (Pourazard 

et al., 2016). The grains, which are rich in starch and sugars, increase ruminal fermentation. In 

addition to changing the diet composition, DMI also influences acid production in the rumen. 

The cattle with the highest feed intake produce the increased amount of VFA by ruminal 

fermentation and consequently are more susceptible to acidosis (Enemark, 2008). 

When cellulolytic microorganisms digest cellulose, acetate production increases. The 

ratio of the main VFA, acetate, propionate and butyrate, is approximately 75:15:10. In the 

case, when starch and sugars are pre-dominant in the diet, the amylolytic microorganisms 

digest these carbohydrates and produce acetate, propionate, and butyrate in different 

proportions, in which the propionate keeps increasing, and the acetate and butyrate attain low 

molar concentrations (65:30:5). The microorganisms that digest starch and sugars proliferate 

faster than the cellulolytic and hemicellulolytic bacteria, as the rate of digestion of these 

carbohydrates is faster than the fermentation of cellulose and hemicelluloses (Valente et al., 

2015; Pan et al., 2016). The ruminal pH is lower during digestion of starch as compared to 

cellulose. Such a change in the pH affects ruminal microbial growth as the cellulolytic 

microorganisms prefer pH above 6.5, while the amylolytic microbes prefer a pH between 5.5 

and 6.5 (Dijkstra et al., 2012).  
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4. Lactate yield in rumen 

Lactic acid, when produced, is immediately absorbed and converted into glucose in the 

liver or oxidized to provide energy to tissue. However, the lactic acid uptake is slower than 

that of the volatile fatty acids, such as acetic, propionic and butyric acids. In addition to its use 

for the synthesis of glucose, lactate is also important for the synthesis of acetate, which is 

required for lipogenesis in mammary glands. However, when animals suffer from acute 

acidosis, there is an increase in the stereoisomer of lactic acid, D-lactate, representing 10 to 

20% of the total lactic acid concentration in rumen at an appropriate pH (pH higher than 5.8). 

With a decline in the ruminal pH, L-lactate concentration drops decreases, while that and the 

of D-lactate shows exaggerated increases excessively  (representing 40% to 50% of lactic 

acid) in the rumen fluid. When absorbed, D-lactate is eliminated by oxidation (45%), 

gluconeogenesis (14%), and renal excretion (13%). However, during acute acidosis, while D-

lactate absorption increases, a greater fraction of the acid is excreted in urine (Van Soest, 

1994; González et al., 2012). The differences between D-lactate and L-lactate molecules are 

shown in Figure 1. 

 

             D-Lactic acid molecule              L-Lactic acid molecule 

Figure 1. D-Lactic acid molecule and L-Lactic acid molecule (black ball = carbon; red ball = 

oxygen, white ball = hydrogen) 

 

5. Ruminal pH 

The pH can vary according to the diet. However, it typically remains between 5.5 and 

7.0, when the ruminants are predominantly on a forage diet. Acidosis in animals can influence 

blood pH since there is an increase in the absorption rate of rumen acids (Aschenbach et al., 
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2014). The plasma pH is maintained at a constant value with little variation, from 7.35 to 

7.45, which represents an H
+
 concentration of 36–42 nmol/L. The dissociation constant (pKa) 

of a substance is the pH at which the protonated and non-protonated forms are in equilibrium 

or in other words 50%   fraction is in its dissociated form. A weak acid or a weak base is more 

effective as a buffer when the pH approaches its pKa. The pKa of propionic acid is 4.9, that of 

acetic acid and butyric acid have pKa is 4.8, and that for of lactic acid is 3.9. The pKa of these 

acids is low; therefore, the pH of organic acids that can have buffer action in the rumen is 

very low and incompatible with the physiological conditions of animals, especially in the case 

of lactic acid. The lactic acid dissociation constant is about 10 times higher than that of the 

main VFA. It is considered one of the strongest acids and thus has a greater influence on 

ruminal pH (Russell, 2002). 

The VFA is are not completely absorbed in the rumen. Some of these acids are taken to 

the omasum and abomasum by the movement of the solid and liquid phase of the rumen after 

ruminal contractions. However, the continuous absorption of VFA by rumen epithelium is 

essential for maintaining osmotic balance and the appropriate pH of the rumen. VFA are 

absorbed by passive diffusion in the digestive tract and the rate of absorption of VFA is 

influenced by ruminal pH. This primarily affects the acid dissociation rate (Krause & Oetzel, 

2006). When rumen pH is alkaline, small amounts of fatty acids are present in undissociated 

forms. As the pH of the liquid drops, the dissociation rate of fatty acids decreases, which 

promotes absorption through rumen epithelium, since only the undissociated form has the 

capacity to cross the basal membrane of the ruminal epithelium (Krause et al., 2014). 

Therefore, lower the ruminal pH, greater is the rate of VFA absorption, which may affect 

blood pH, especially when the lactic acid is present in the rumen. In addition to VFA 

accumulation in rumen during the rumen acidosis, glucose accumulates in the rumen fluid 

during acute acidosis. The digestion of starch by amylase results in the bacterial production of 

glucose, which is rapidly converted to pyruvate during glycolysis (Van Soest, 1994; Russell, 

2002; Pan et al., 2016). Yet, in the period of acute acidosis, the glucose accumulation, is 

observed in ruminal fluid, does not go beyond 160 mg/dL, which is still 2.5 to 3.0 times of 

blood plasma. The exact reason of glucose accumulation in the rumen is still unknown; 

despite, it seems that glycolysis may be partially blocked. The lactic acid concentration is 

high in dairy cows or animal feedlot, where rumen pH between 5.0 and 5.8 corresponds to 

<2.0 mM (Horn et al., 1979). However, the intake of NDF can have a positive effect on the 
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ruminal pH, and can effectively increase ruminal pH. The presence of glucose in the rumen 

fluid may favor the proliferation of Streptococcus bovis accumulation, which, according to 

Hungate (1968), is the main responsible microorganism for lactic acidosis. Besides this, 

Lactobacillus spp. also promotes thes conversion of glucose/pyruvate into lactic acid affecting 

the pH of rumen. Meanwhile, the concentrations of these organisms in the cattle diets that are 

high in the concentrate are very low (Russell, 2002). Furthermore, the presence of glucose in 

the ruminal fluid reduces the adhesion of microorganisms to feed particles, especially the 

fibers, which extends the initial phase of NDF digestion, affecting the ruminal fiber digestion 

(Valente et al., 2016). 

At dietary starch content below 20% of DM, grain type was insignificant in affecting 

ruminal pH. However, increasing dietary starch contents by using corn as the sole grain 

source could lead to more severe drops of pH compared with using grain mix based on barley 

and wheat, as underlined by an interaction between starch content and grain type (Khorrami et 

al. 2021). 

6. Modern pH measurement 

The modern wireless radio transmission mediated pH measurement system was used 

employed to continuously monitor the ruminal bottom pH in the cows. No significant 

difference was observed in the pH measurement by modern pH measurement system and the 

pH values determined by the spot-sample method (Sato et al., 2012). Penner et al., (2006) 

developed a pH tracing device for a lactating dairy cow that experienced SARA. The duration 

at which pH remained below the threshold value of 5.8 in a 24-h period was used to 

characterize SARA. The events of sub-acute ruminal acidosis were noted as 6.4, 6.5, and 11.8 

h/d on Aug 5/6, 6/7, and 7/8, respectively. Although, indwelling ruminal pH monitoring 

systems are widely used in research, there is no reliable system for continuous measurement 

of ruminal pH in commercial dairy cows. The limitation to developing such a system is the 

need of the regular standardization of pH electrodes to avoid faulty errors results. More over. 

In addition, this technique will require cannulation of the rumen in cattle (Sato et al., 2012). 

7. Saliva and buffering 

Saliva maintains normal rumen pH by neutralizing acids in the rumen, which influences 

the liquid passage rate by the removal of large amounts of acids. In fact, some researchers 

believe that one of the main functions of saliva is to increase the rate of passage of the liquid 

phase of the rumen and not necessarily to neutralize the acids produced by ruminal 
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fermentation. When ruminants are fed on the diets that are rich in fiber, the rate of rumination 

and saliva production is increased (Hernández et al., 2014; Pan et al., 2016). This increases 

the rate of passage of the liquid phase by up to 20% per hour. This means that the large 

amounts of VFA are transferred from the rumen to the omasum and abomasum without being 

accumulated in the rumen, thereby providing insufficient time to VFA to cause changes in the 

rumen (Krause et al., 2014). The addition of bicarbonate and phosphate salts leads to 

recycling of urea in the rumen, which is readily hydrolyzed and converted into ammonia, 

which contributes to the buffering effect of the saliva in the rumen. If the consumption of 

fermentable organic matter (OM) increases in the rumen, it reduces the chewing rate and 

rumination of the ingested fermentable OM (Enemark, 2008; Aschenbach et al., 2014). This 

results in the elevated VFA production in the absence of a compensatory increase in the saliva 

buffering. Therefore, in such cases, an increase in the VFA absorption rate by ruminal 

epithelium and the increase in the rate of passage of the liquid and solid phases of the rumen 

mechanisms are critical to evaluate a possible accumulation of acids in the rumen (Hernández 

et al., 2014). 

8. Prevention of ruminal acidosis 

Ruminant animals are adapted to digest and metabolize predominantly forage diets. Thus, 

the growth rates and milk production are substantially increased when ruminants consume 

high-grain diets. One of the consequences of feeding excessive amounts of rapidly 

fermentable carbohydrates together with inadequate fiber to ruminants is the sub-acute 

ruminal acidosis, which is characterized by an episode of low ruminal pH that resolves 

without treatment and is rarely diagnosed (Krause et al., 2014). Dairy cows and feedlot cattle 

are at risk of developing such a condition. Acidosis can be prevented by formulating a diet 

that avoids excessive acid production in the rumen, and by adopting a suitable nutritional 

management that does not change microorganisms in the rumen (Liu et al., 2016). A gradual 

adaptation to the diet with higher amounts of grain is essential to avoid acute acidosis. 

Feedlots using termination diets with large amounts of starch should initially be adapted by 

giving two or even three diets with increasing concentrations of grain. The use of fatty by-

products may be an alternative to decrease the use of starch-rich feeds without compromising 

the energy levels offered by provided by a diet (Lima et al., 2015; 2016). The cattle 

undergoing dietary restriction for several hours may have acidosis due to an increase in the 

initial intake. The frequency of feed supply is important in feedlots, especially in finishing 
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diets. In certain cases, the use of diets that restrict consumption by 90% to 95% may improve 

feed efficiency and minimize the chances of excessive DMI and the risk of acidosis. A 

gradual adaptation to the diets those are rich in starch reduces the variation in the ruminal pH 

during the day, which results in the maintenance of a high pH and the reduction of the risk of 

acidosis (Dijkstra et al., 2012). 

The use of additives, such as ionophores, monensin, and lasalocid, in the feed is a 

common practice not only to reduce the incidence of rumen acidosis but also to improve feed 

conversion efficiency due to an increase in the energy content of the ruminant diet. 

Ionophores, in the rumen, form soluble complexes with cations, facilitating movement of 

these ions across the cell membrane of rumen bacteria (Russell & Strobel 1989; Lana & 

Russell, 1996). Other feed additives, such as, buffering agents (sodium bicarbonate) are 

constantly used in feedlot diets. The addition of 0.5% to 1.0% of sodium bicarbonate in the 

dry diet reduces ruminal pH fluctuations, offers a buffering effect, and increases in sodium 

ion concentration in the rumen, which affects the passing rate of the liquid phase. The supply 

of NDF in the diet demonstrated various effects in reducing ruminal acidosis. First, an 

increase in the amount of NDF in the diet led to the reduction of starch, thereby leading to the 

dilution of fermentable carbohydrates in the rumen (Bampidis & Robinson 2006). The 

ruminal fermentation by the cellulolytic microorganisms does not result in the production of 

lactic acid, and the incidence of lactic acidosis tends to be minimized when NDF or pectin is 

added to the diet (Ariza et al., 2001; Arthington et al., 2002). The fact that the addition of 

NDF in diet dilutes the ruminal fermentation of other carbohydrates implies that seems 

imperative that NDF must possess a physical structure that is able to stimulate rumination and 

salivation. The particle size and density or the supply of forage NDF affects the effective 

capacity of a feed to stimulate rumen motility (Valente et al., 2011). The particle size of NDF 

is the most important feature for the stimulation of fermentation, as at least 1.2 mm sized 

particles are necessary to render NDF physically effective for the stimulation of rumination 

(Mertens, 1997; Liu et al., 2016). 

The use of living or dead yeast cultures, such as certain strains of Saccharomyces 

cerevisiae, favors ruminal fiber digestion, which increases the population of microorganisms 

that utilize lactic acid and reduce the pH fluctuation of ruminal fluid (Gonzalez et al., 2014). 
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9. Treatment of acidosis 

The treatment of acute acidosis is based on the removal of the cause of the problem (the 

removal of the source of starch) and the restoration of acid-base balance in the animal. The 

main measures need to be taken are for the intake of a proper diet and taking care of 

dehydration and acidosis. The use of alkali laxatives (magnesium carbonate or bicarbonate, 

200–450 g/animal) is satisfactory only in mild cases. In certain cases emptying the rumen by 

using a tube (cannula) is required. The use of oils and fermentation controller may be useful 

to assist evacuation and reduce absorption of acids and toxins. An oral administered of 

antibiotics, such as penicillin (5–10 million IU/adult animal) or tetracycline (8–10 g/adult 

animal), orally can control the growth of lactic acid producing bacteria (Michell, 1990). It is 

important to restrict the consumption of water in the diseased animals, as an excessive 

consumption of water can cause the undesirable distribution of body fluids, with worsening 

the electrolyte imbalance. Anti-histamines can be used to prevent intoxication and laminitis, 

although its use is now controversial. The use of thiamine hydrochloride is indicated in some 

reports. During the recovery period, animals must receive water and good quality roughage 

with gradual re-introduction of grains to the cattle diet. 

Pan et al., (2016) studied the effects of grain-induced SARA on thiamine status in blood 

and rumen fluid in dairy cows. A The diet composed of 33.2% starch, dry matter, and 

thiamine (180 mg of thiamine/kg of dry matter intake) was fed to the dairy cows. The ruminal 

pH and the concentrations of thiamine, acetate, and VFA in the rumen were reported to 

increase, whereas ruminal lactate contents were reduced by thiamine supplementation. The 

concentrations of lactate and the activity of lactate dehydrogenase in blood were reduced due 

to thiamine supplementation. Thus, it can be stated that thiamine status was affected by 

SARA in dairy cows and the ruminal infusion of thiamine could help attenuate SARA by the 

improvement of in the proportions of ruminal VFA and the reduction of lactate contents in 

rumen fluid and blood (Russell, 2002).  

10. Conclusion 

The low ruminal pH is caused by the excessive accumulation of VFA without persistent 

lactic acid accumulation and is restored to normal by the physiological processes in animals. 

To prevent SARA acidosis, a ruminal adaption to high-grain diets is required along with 

limited intake of readily fermentable carbohydrates. This requires both, a good diet 

formulation wherein fiber and non-fiber carbohydrates are appropriately balanced and a good 
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feed bunk management. 

An adequate supply of NDF in the animal diet with larger particle size and length is 

recommended so as to stimulate rumination and subsequent enhancement of buffering, thus 

maintaining the balance between pH and microorganisms in the rumen. 
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ABSTRACT: In this study, the effects of dopamine application at different doses on the hormone 

content and mineral substance content of tomato seedlings under salt stress were investigated. In the 

study, dopamine solutions prepared at different doses (0, 50, 100 and 200 µM) were applied to the 

seedling leaves by spraying. Irrigation was done with different doses of salty water (0 and 100 mM 

NaCl). In the study, plant hormone contents (giberallin, cytokinin, salycilic acid, zetain and jasmonic 

acid), leaf and root mineral contents (P, K, Ca, Mg, S, Mn, Fe, Zn, B, Cl and Na) were investigated. In 

the study, while plant hormone contents decreased with salt stress, this decrease was lower with 

dopamine application. In addition, there was a significant decrease in leaf and root mineral contents, 

except for Na, with salt stress. However, depending on the dopamine doses, this negative effect of salt 

stress on mineral content was less. In the study, it is thought that the effects of salt stress damage on the 

hormone and mineral content of tomato seedlings can be changed by dopamine application and the 

tolerance of plants against salt stress membrane can be increased. 

 

Keywords: Salt stress, Mineral content, Hormone, Tomato, Dopamine 

INTRODUCTION 

Plants are exposed to numerous stresses during their entire life cycle. Abiotic stresses are 

generally factors that limit plant growth and survival; It is linked to the climatic, edaphic and 

physiographic components of the environment. Salinity is one of the abiotic stress factors that 

significantly affect plant growth and development. It is estimated that the amount of world 

agricultural land destroyed by salt deposition each year is 10 million hectares (Farooq et al., 

2009). This is a serious threat to agricultural production. The source of the negative effect of 

salinity on plant growth is the low osmotic potential of the soil solution and high sodium (Na) 

toxicity, and it causes multiple damage to plant metabolism, growth and development at 

physiological, biochemical and molecular levels (Ketehouli et al., 2019). Cultivation of 

tolerant species or cultivars is considered first in order to carry out plant production in a 

healthy way under abiotic stress conditions. However, classical breeding methods are not 

preferred because salinity tolerance is a multi-gene trait, breeding methods are time-

consuming and labor-intensive, and sometimes undesirable traits may occur. Molecular 
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breeding, genetic engineering and various biotechnological approaches seem to be more 

attractive alternatives (Hanin et al., 2016). 

Many researchers have been working on different plants about salinity stress so far, and it 

has been emphasized that some substances (hormones, nitric oxide, etc.) applied to plants in 

recent years can alleviate the damage caused by salt stress on the plant. One of them is 

dopamine, which has been emphasized in recent years. Dopamine (3,4-

dihydroxyphenethylamine) is a non-protein amino acid belonging to the catecholamine and 

phenylethylamine families. Dopamine functions as a neurotransmitter in humans and animals 

and plays an important role in many physiological processes (Wang et al., 2018). It affects 

dopamine N-fixation, prevents oxidation of auxins (Gomes et al., 2014), plays a role in 

ethylene anabolism (Elstner and Heupel, 1976), regulation of ion permeability and 

photophosphorylation in chloroplasts (Odjakova and Hadjiivanova, 1997; Roshchina, 2001). 

Dopamine controls reactive oxygen species (ROS) production by activating the antioxidant 

defense system. It can maintain plant growth and productivity under different stress 

conditions by acting as an antioxidant and acting during photosynthesis (Abdelkader et al., 

2012). 

The tolerance-enhancing effects of dopamine against abiotic stresses (drought, low 

temperature, nutrition deficiency, salinity etc.) in plants have been determined by various 

researchers (Abdelkader et al., 2012; Liang et al., 2017; Liang et al., 2018; Gao et al., 2020; 

Jiao et al., 2021), but studies in tomato are not sufficient in this sense. In this study, the 

contributions of dopamine during the seedling development period of tomatoes in salty 

conditions were determined through various hormones and mineral substances. 

MATERIAL AND METHOD 

Tomato (Solanum lycopersicon L cv H2274) were used as plant material in the research. 

The experiment was conducted in the greenhouse and laboratory of Atatürk University 

Faculty of Agriculture, Department of Horticulture, Turkey. They were located in a 

greenhouse under ambient light, at 20–35 °C, and with a relative humidity of 50–75%.  

Tomato seeds were sown into multi-celled plastic trays containing peat. When the seedlings 

had two true leaves, they were transplanted to the pots with soil:sand:peat in the ratio of 2:1:1 

(v:v:v). The experimental layout was completely randomized and consisted of combined 

watering and dopamine treatments. 
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Dopamine solutions of 0, 50, 100 and 200 µM were made up with distilled water 

containing 0.02% Tween 20. Dopamine solutions were applied during late afternoon hours 

with 7 d intervals using a hand-held sprayer when the seedlings had four complete true leaves. 

In order to avoid interferences with different moisture levels, a control spray treatment 

consisting of 0.02% Tween 20 in deionized water was applied to those treatments not 

receiving dopamine at a given time. During spraying, care has been taken to ensure that both 

surfaces of the leaves are completely wet. 

Before transplanting field capacity of soil was determined by a portable moisture meter 

(HH2 Moisture Meter, WET Sensor, Delta-T Devices, Cambridge, England). Seedlings were 

watered twice at a week to 90% of field capacity during the experiment. After two days from 

transplantation, the salinity treatments were applied with a nutrient solution containing 0 and 

100 mM NaCl. Half-strength Hoagland solution was given once a week with saline solutions. 

At the end of the study, the electrical conductivities in soils applied S0 and S1 salt were 

determined with a portable EC meter. Electrical conductivities (EC) of the control soils were 

1.54 dS/m for 0 mM NaCl application and 5.68 dS/m for 100 mM NaCl application.  

Nitrogen (N) content of plant leaf and root was determined by micro kjheldahl method 

after wet burning with salicylic-sulfuric acid. The contents of the plant and root samples P, K, 

Ca, Mg, S, Mn, Fe, Zn, B, Cl, and Na were subjected to combustion with nitric acid-hydrogen 

peroxide (2: 3) acid in 3 different steps (1st step; 5 minutes at 145ºC and 75% microwave 

power, 2nd step; 10 minutes at 180ºC at 90% microwave power and the 3rd step at 100ºC for 

10 minutes at 40% microwave power) in a microwave wet combustion unit resistant to 40 bar 

pressure (Speedwave MWS-2 Berghof products + Instruments Harresstr.1. 72800 Enien, 

Germany) and following they were determined by reading in the spectrophotometer (Optima 

2100 DV, ICP/OES; Perkin-Elmer, Shelton, CT) (Mertens, 2005a, 2005b). 

The hormones were analyzed by high performance liquid chromatography (HPLC) using 

a Zorbax Eclipse-AAA C-18 column (Agilent 1200 HPLC) and by absorbance at 265 nm in a 

UV detector. Flow speed was set to 1.2 mL min–1 at a column temperature of 25 °C. 

Hormones levels were determined using 13% acetonitrile (pH 4.98) as the mobile phase.  

The data obtained as a result of the experiment were subjected to variance analysis with 

the help of the SPSS 18 package program, and the differences of the mean were determined 

by Duncan multiple comparison test (SPSS., 2010). 

RESULTS AND DISCUSSION 
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In the study, the effect of exogenous applied dopamine on the hormone content of tomato 

seedlings under salt stress is given in Table 1. In the study, there was a significant decrease in 

the content of gibberellic acid, salicylic acid, zeatin and jasmonic acid together with salinity, 

however, this decrease was lower with dopamine application. Gibberellic acid content 

decreased by 32% at S1T0 compared to the control (S0T0), while salicylic acid, cytokinin, 

zeatin and jasmonic acid content increased by 15%, 9%, 22% and 21%, respectively.  

However, there was a significant increase in hormone contents with dopamine treatments. In 

conditions without salt application, gibberellic acid content by 0.3% (T2)-112% (T3), 

salicylic acid content by 134% (T2)-470% (T3), cytokinin content by 73% (T1)-174% (T3), 

zeatin content by 52% (T1)-203% (T3) and jasmonic acid content 90% (T1)-579% (T3) in 

rates increased compared to control. On the other hand, in salt medium, there was a decrease 

in gibberellic acid content (except T3), and the decrease in T1 (23%) and T2 (5%) was lower 

than T0 (32%). The salicylic acid, cytokinin, zeatin and jasmonic acid contents of the plants 

in the conditions with salt application increased as well as in the conditions without salt 

application. In saline conditions, there was increased on salicylic acid content between 57% 

(T1)-514% (T3) ratio, cytokinin content between 87% (T1)-183% (T3) ratio, zeatin content 

between 45% (T1)-190% (T3) ratio and jasmonic acid content between 53% (T1)-510% (T3) 

ratio, compared to S0T0 (Table 1). 

Table 1. The hormone content of tomato seedling under salinity with dopamine treatments  

Salt  

(mM NaCl) 

Treatment 

(µM) 

Gibberellic 

acid 

(ng/g DW) 

Salicylic acid 

(ng/g DW) 

Cytokinin 

(ng/g DW) 

Zeatin 

(ng/g DW) 

Jasmonic acid 

(ng/g DW) 

 

 

S0 

T0 3,73 c 3,75 f 4,34 e 2,24 f 10,67 f 

T1 5,61 b 13,04 c 7,52 d 3,41 d 20,35 d 

T2 3,74 c 8,81 d 8,70 bc 4,88 b 32,72 c 

T3 7,91 a 21,39 b 11,90 a 6,80 a 72,55 a 

 

S1 

T0 2,53 d 4,33 f 4,75 e 2,74 e 12,99 ef 

T1 2,86 d 5,88 e 8,11 cd 3,24 d 16,32 e 

T2 3,56 c 8,04 d 9,12 b 3,94 c 24,09 d 

T3 8,01 a 23,01 a 12,29 a 6,49 a 65,09 b 

There was no statistically significant difference between the means given in the same column with the same 

letter (p<0.001). S0: 0 mM NaCl, S1: 100 mM NaCl, T0: 0 µM dopamine, T1: 50 µM dopamine, T2: 100 µM 

dopamine, T3: 200 µM dopamine 
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With salinity, the leaf N, P, K, Ca, Mg and S contents decreased by 30%, 31%, 26%, 

29%, 30% and 19%, respectively. There was an increase in the content of this mineral 

substance with dopamine applications in plants without salt application, and an increase was 

determined at the rates of 31% (T2), 3% (T3), 33% (T3), 57% (T3), 48% (T2) and 6% (T1, 

T2 and T3), respectively. An increase occurred in leaf N (13%-18%), K (7%), Ca (11%) and 

Mg (43%) contents with applications in saline conditions when the compared with S0T0. 

However, there was a decrease in leaf P content (9-15%), however, this decrease was lower 

than the untreated T0 (Table 2). 

Table 2. The leaf P, K, Ca, Mg and S content of tomato seedling under salinity with dopamine treatments (%) 

Salt Treatment N P K  Ca  Mg  S  

 

 

S0 

T0 2,53 d 0,32 a 1,74 d 1,17 de 0,23 b 0,16 a 

T1 2,80 c 0,31 ab 1,82 cd 1,23 cd 0,26 b 0,17 a 

T2 3,32 a 0,28 cd 2,03 b 1,24 c 0,34 a 0,17 a 

T3 3,23 a 0,33 a 2,31 a 1,84 a 0,31 a 0,17 a 

 

S1 

T0 1,75 f 0,22 e 1,29 f 0,83 f 0,16 c 0,13 c 

T1 2,28 e 0,27 cd 1,65 e 1,18 cde 0,26 b 0,17 a 

T2 2,95 bc 0,26 d 1,79 cd 1,13 e 0,33 a 0,14 bc 

T3 2,99 b 0,29 bc 1,87 c 1,30 b 0,26 b 0,14 bc 

There was no statistically significant difference between the means given in the same column with the same 

letter (p<0.001). S0: 0 mM NaCl, S1: 100 mM NaCl, T0: 0 µM dopamine, T1: 50 µM dopamine, T2: 100 µM 

dopamine, T3: 200 µM dopamine 

With salinity, the leaf Mn, Fe, Zn and B contents decreased by 9%, 17%, 30% and 23%, 

respectively while the leaf Cl and Na contents increased by ratio of 264% and 229%. There 

was an increase in the of leaf Mn, Fe, Zn, B, Cl and Na content with dopamine applications in 

plants without salt application, and an increase was determined at the rates of 16% (T2), 2% 

(T2), 80% (T3), 157% (T1), 35% (T2) and 33% (T3), respectively. The decrease in these 

mineral substances with salinity was lower than the control, and even an increase occurred 

with some applications. While leaf Mn content decreased with T3 (8%) and T2 (0,2%) 

applications, it increased with T1 application in saline conditions. In saline conditions, leaf Fe 

content decreased with T1, T2 and T3 dopamine applications, and this decrease was lower 

than T0 application. While leaf Zn content decreased with T1 (20%) and T2 (10%) 

applications, it increased with T3 application in saline conditions. In saline conditions, leaf B, 

Cl and Na contents increased with all dopamine applications, but the increase in Cl and Na 

contents was lower than T0 application (Table 3). 
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Table 3. The leaf Mn, Fe, Zn, B, Cl and Na content of tomato seedling under salinity with dopamine treatments 

(mg/kg) 

Salt Treatment Mn  Fe Zn B Cl Na 

 

 

S0 

T0 40,31 cd 116,01 ab 9,21 c 5,77 f 0,78 d 145,62 d 

T1 46,39 a 113,09 abc 10,57 b 14,84 a 0,83 d 148,11 d 

T2 47,05 a 118,17 a 11,00 b 12,73 b 1,05 c 190,74 c 

T3 44,54 ab 106,54 d 16,61 a 8,58 d 0,96 c 193,91 c 

 

S1 

T0 36,73 d 95,75 e 6,48 e 4,47 g 2,84 a 478,96 a 

T1 41,88 bc 109,30 cd 7,40 de 9,60 cd 1,26 b 348,67 b 

T2 40,24 cd 111,47 bcd 8,30 cd 9,91 c 1,22 b 343,02 b 

T3 37,27 d 108,86 cd 11,37 b 7,18 e 1,28 b 360,61 b 

There was no statistically significant difference between the means given in the same column with the same 

letter (p<0.001). S0: 0 mM NaCl, S1: 100 mM NaCl, T0: 0 µM dopamine, T1: 50 µM dopamine, T2: 100 µM 

dopamine, T3: 200 µM dopamine 

Under salinity conditions, the root N, P, K, Ca and Mg contents decreased by 30%, 28%, 

33%, 25% and 48%, respectively. There was an increase in the content of this mineral 

substance with dopamine applications in plants without salt application, and an increase was 

determined in N, K, Ca and Mg at the rates of 27% (T3), 8% (T3), 50% (T3) and 13% (T2), 

respectively. The decrease in the N, P, K and Mg content of the plant root in the salty 

environment with dopamine applications was lower than the control (T0), they decreased by 

3%-7%, 19%-23%, 8% and 13%-44%, respectively, compared to S0T0 (Table 4). 

Table 4. The root P, K, Ca, Mg and S content of tomato seedling under salinity with dopamine treatments (%) 

Salt Treatment N  P K Ca Mg S 

 

 

S0 

T0 0,30 bc 5,68 a 0,12 ab 0,08 c 0,023 ab 0,0096 ns 

T1 0,30 bc 5,63 a 0,12 ab 0,08 c 0,016 bc 0,0099 

T2 0,33 b 5,09 b 0,12 ab 0,08 c 0,026 a 0,0109 

T3 0,38 a 5,45 ab 0,13 a 0,12 a 0,019 abc 0,0104 

 

S1 

T0 0,21 d 4,06 d 0,08 c 0,06 d 0,012 c 0,0086 

T1 0,28 c 4,37 cd 0,11 b 0,08 c 0,014 c 0,0120 

T2 0,29 c 4,59 c 0,12 ab 0,08 c 0,020 abc 0,0109 

T3 0,30 bc 4,58 c 0,11 b 0,09 b 0,013 c 0,0108 

There was no statistically significant difference between the means given in the same column with the same 

letter (p<0.001). S0: 0 mM NaCl, S1: 100 mM NaCl, T0: 0 µM dopamine, T1: 50 µM dopamine, T2: 100 µM 

dopamine, T3: 200 µM dopamine 
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With salinity, the root Mn, Fe, Zn and B contents decreased by 25%, 17%, 19% and 29%, 

respectively while the leaf Cl and Na contents increased by ratio of 143% and 182%. There 

was an increase in the of leaf Mn, Fe, Zn and B content with dopamine applications in plants 

without salt application, and an increase was determined at the rates of 12% (T2), 15% (T3), 

45% (T3) and 113% (T2), respectively. The decrease in these mineral substances with salinity 

was lower than the control, and even an increase occurred with some applications. While root 

Mn content decreased with T3 (17%) and T2 (3%) applications, it increased with T1 

application in saline conditions. In saline conditions, root Fe content decreased with T1 and 

T3 dopamine applications, and this decrease was lower than T0 application. The root Zn 

content increased with applications under saline conditions. In saline conditions, root B and 

Cl contents increased with all dopamine applications, but the decrease in Na contents (Table 

5). 

Table 5. The root Mn, Fe, Zn, B, Cl and Na content of tomato seedling under salinity with dopamine treatments 

(mg/kg) 

Salt Treatment Mn  Fe  Zn  B Cl  Na 

 

 

S0 

T0 2,58 c 6,49 c 0,64 c 0,38 d 3,16 e 673,68 b 

T1 2,78 ab 7,01 b 0,70 bc 0,69 bc 3,21 e 432,17 d 

T2 2,89 a 7,35 a 0,74 b 0,81 a 2,38 f 367,83 de 

T3 2,55 c 7,46 a 0,93 a 0,69 bc 2,52 f 153,52 f 

 

S1 

T0 1,93 d 5,40 d 0,52 d 0,27 e 7,69 a 1902,51 a 

T1 2,66 bc 6,41 c 0,65 c 0,63 c 7,20 b 727,82 b 

T2 2,50 c 6,54 c 0,70 bc 0,74 ab 6,53 c 525,79 c 

T3 2,12 d 6,32 c 0,73 b 0,70 bc 3,81 d 328,59 e 

S1 2,30 B 6,17 B 0,65 B 0,58 B 6,31 A 871,18 A 

There was no statistically significant difference between the means given in the same column with the same 

letter (p<0.001). S0: 0 mM NaCl, S1: 100 mM NaCl, T0: 0 µM dopamine, T1: 50 µM dopamine, T2: 100 µM 

dopamine, T3: 200 µM dopamine 

The adverse effects of salinity on plant growth are associated with the low osmotic 

potential of the soil solution and high Na toxicity, and cause multiple damage to plant 

metabolism, growth and development at physiological, biochemical and molecular levels 

(Ketehouli et al., 2019). The ionic effect of salinity changes the K
+
/Na

+
 ratio in plant cells, 

increasing Na+ concentrations and disrupting cellular homeostasis (James et al., 2011). The 

osmotic and ionic effects of salinity and salt stress can cause K
+
 and Ca

2+
 deficiency, 

disruption of metabolism and ultimately death of the plant (Ġbrahimova et al., 2021). 

Therefore, with salinity, deterioration of hormonal balance and nutrient deficiency occur in 
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plant. Dopamine has many effects on physiological processes in plants and also provides 

important effects under stress conditions. Similarly, a study reported that 100 μM dopamine 

application promotes the uptake of N, P, K, Ca, Mg, Fe, Mn, Cu, Zn, and B, while 

maintaining the photosynthetic capacity of plants and the development of the root system. It 

has also been reported that exogenous dopamine has a significant antioxidant and anti-aging 

effect that may help improve nutrient intake (Liang et al., 2017). Similarly, it has been 

reported that dopamine application significantly reduces Na
+
 and Cl

−
 uptake in the roots and 

leaves of Malus hupehensis and increases K
+
 uptake (Li et al., 2015). Plant hormones are 

essential endogenous molecules that play a role in regulating plant growth and tolerance or 

sensitivity to various stresses such as salinity stress (Ryu and Cho, 2015). One of the 

important effects of salt stress on plant metabolism is the change in hormonal balance. 

However, in this respect, dopamine can be effective in relieving stress damage by regulating 

the effects of salt stress in plant hormone content. It has been determined that exogenous 

dopamine administration alleviates chlorophyll degradation and improves photosynthesis 

under salt stress, can regulate sugar metabolism and ABA content. It has also been stated that 

dopamine regulates gene expression under salt stress (Abdelkader et al., 2012). The regulation 

of the effect of salt stress damage on hormones and nutrients in tomato seedlings by dopamine 

may be due to these properties. 

CONCLUSION 

In this study, it was observed that the changes caused by salt stress on plant hormone and 

mineral content were regulated by exogenous dopamine application. It is thought that these 

effects in dopamine, plant hormone and mineral substance content may increase the plant's 

tolerance to salt stress. Based on the results obtained from this study, it would be beneficial to 

conduct more detailed studies on the effects of dopamine in the plant. 
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ABSTRACT: Melatonin play an essential role in improving salt stress tolerance and are closely related 

in plants. In this study, the role of exogenous application of melatonin on the amino acid and organic 

acid content of chickpea seedlings under salt stress were investigated. For this purpose, chickpea 

seedlings under salt stress (0, 75 and 150 mM NaCl) were pretreated with three different concentrations 

of melatonin (0, 25 and 100 µM) and the effects of melatonin on the amino acid and organic acid acids 

content of chickpea seedlings were analyzed to explore the effect of melatonin on salt tolerance. The 

effect of salt and melatonin applications was statistically significant. Salinity has occurred an increase in 

the amino acid content of chickpea seedling. As the salt level increased organic acid content increased. 

In general, an increase in the amino acid content of has occurred with applications. In the study, the 

effect of melatonin application on organic acid content of chickpea grown under salt stress was found to 

be statistically significant (except for oxalic, tartaric acid, butyric acid and lactic acid). The organic acid 

content of chickpea generally increased with increasing salt stress (75 mM NaCl) and in the highest salt 

level (150 mM NaCl) decreased again (except succinic acid, tartaric acid, butyric acid). As a result of 

the study, it is thought that the effect of salt stress on the amino acid and organic acid content of 

chickpea plant changes with exogenous melatonin applications, and this change in the internal 

metabolism of the plant may be beneficial in increasing the tolerance of the plant to salt stress. 

 

Keywords: Chickpea, Salinity, Amino acid, Organic acid, Melatonin 

INTRODUCTION 

Environmental problems such as global warming, drought, and salinity severely limit 

agricultural productivity in many parts of the world (Tester and Langridge, 2010). Among 

these, soil salinity is an increasingly serious problem.  Excessive concentrations of sodium ion 

(Na
+
) inhibit potassium ion absorption (K

+
), which in turn affects plant growth and yield 

(Zhu, 2003). Under salt stress, a large amount of reactive oxygen species (ROS) are produced 

in plants. Salt stress affects the morphological, physiological and biochemical properties of 

the plant and causes negative effects on growth and development (Dadasoglu et al. 2021). 

Melatonin (N-acetyl-5-methoxytryptamine) play an important role in plant growth, 

development, and regulation of environmental stress responses and are closely related in 

plants. Melatonin was found to have many physiological functions similar to indole-3-acetic 
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acid (IAA), such as regulating plant photoperiod and protecting chlorophyll (Wang et al., 

2016). More importantly, it acts as a powerful antioxidant, thus protecting plants from various 

biotic/abiotic stresses (Tan et al., 2012; Yu et al., 2018). Exogenous applications of melatonin 

alleviate oxidative damage induced by salt stress by enhancing the expression of genes related 

to ABA and GA biosynthesis (Zhang et al., 2014). 

Chickpea plant (Cicer arietinum L.) is a popular crop in arid and semiarid areas and one 

of the important legumes cultivated under salinity stress conditions (Rao, et al., 2002; Ahmed 

et al., 2016; Sadak et al. 2017). It has been mentioned that chickpea is very sensitive to 

salinity, the tolerance varied according to genotypes (Dadasoglu et al. 2019). Chickpea plant 

is highly nutritional value because it is rich in protein so, it is an important source of protein 

for human (Zaccardelli et al., 2013). The nutritional value of chickpea in terms of nutrition 

and body health has been recently emphasized frequently by nutritionist in health and food 

area in many countries around the world (Merga and Haji 2019).  

In this study, it was aimed to reduce the effect of salt stress on seedling period in 

chickpea with melatonin application.  These effects were determined by changes amino acid 

and organic acid content in chickpea seedling. 

MATERIAL AND METHOD 

Chickpea (cv. Çağatay) seeds were used as a plant material. The study was carried out in 

greenhouse conditions, 3 different doses of NaCl (0, 75 and 150 mM) and 3 different doses of 

melatonin (0, 25 and 100 µM) were used. Seeds were sown into pots mixture of soil: sand: 

peat (2:1:1) after keeping in melatonin solutions. Irrigation was done with different doses of 

saline water after the seedling emergence. 

Chickpea seedlings were sprayed with melatonin three times at intervals of one week 

during plant development. The NaCl applications were made with irrigation water. The salt 

application was initially started with 25 mM dose and gradually increased and fixed at the 

actual dose. The pot experiment was made according to randomized block designs with three 

replications and four plants in each replicate.  

50 days after seed sowing, amino acid analyzes were performed on fresh leaf samples 

taken from plants. Amino acid analysis: 0.1 N HCl was added in one-gram fresh sample, 

homogenized with ultraturraks, and incubated in 4ºC at 12 hours. Samples were vortexed. 

After samples were centrifuged at 1200 rpm for 50 min, supernatants were filtered through 

0.22 μm (Millex Millipore). Then amino acids were determined by HPLC using Zorbax 
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Eclipse-AAA 4.6 × 250 mm, 5 μm column (Agilent 1200 HPLC) and absorbance of 220 nm 

in UV detector (Aristoy and Toldra, 1991; Antoine et al., 1999; Henderson et al., 1999). 

Organic acid analyzes were performed on fresh leaf samples taken from plants. Organic 

acid content of chickpea seedling was made according to Siddiqui et al. (2015). Deionized 

water (10 mL) was added to 1 g of fresh leaf sample and the solution was homogenized with 

ultraturraks. After centrifugation at 1,200 rpm for 50 minutes, supernatants were filtered 

through 0.22 μm filters. In vials, supernatants were subjected to HPLC using a Zorbax 

Eclipse-AAA 4.6 × 250 mm, 5-μm column (Agilent 1200 HPLC) and recorded at an 

absorbance of 220 nm in a UV detector. The flow speed was 1 mL·min
-1

 and the column 

temperature was 25°C. Organic acid were determined using 25 mM potassium phosphate (pH 

2.5) as the mobile phase. For statistically analysis of data SPSS program was used (SPSS 

2010).  The differences among the means were compared using the Duncan multiple range 

tests (DMRT). 

RESULTS AND DISCUSSION  

In the study, the effect of melatonin on amino acid content in chickpea was found to be 

statistically significant (Table 1, 2, 3 and 4). As the salt level increased amino acid content 

increased. The highest increase in amino acid content in the most severe salt stress (150 mM 

NaCl) was determined to occur with the application of 25 μM melatonin. Increases with 

melatonin application compared to control at the highest salt level were 71% (aspartate), 40% 

(glutamate), 151% (asparagine), 99% (serine), 57% (glutamine), 50% (histidine), 173% 

(glycine), 73% (theonine), 86% (arginine), 65% (alanine), 70% (tyrosine),199% (cysteine), 

228% (valin), 84% (methionine), 152% (tryptophan), 63% (phenylalanine), 90% 

(isoleucine),113% (leucine), 265% (lysine), 136% (sarcosine) at 150 mM NaCl. But, 

hydroxyproline and proline content increased by 229% and 118% at 75 mM NaCl. 

Table 1. The aspartate, glutamate, asparagine, serine, glutamine and histidine amino acids content of chickpea 

seedling under salt stress with melatonin treatments 

NaCl   Melatoni

n 

Aspartate Glutamate Asparagine Serine Glutamine Histidine 

mM μM   pmol μl
-1

    

 0 11921.54 f  7037,79 cd 12224,73 g 15741,79 f 12807,24 d 4703,16 e 

0 25 14954,38 d 8208,88 bc 15334,70 f 18361,22 ef 14938,37 cd 5794,77 cd 

 100 13375,96 e 6897,04 d 13740,60 fg 17504,87 ef 14331,31 d 5229,92 de 

 0 13250,44 e 6071,18 d 18544,85 e 20488,53 de 12345,43 d 5769,19 cd 
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75 25 16621,35 c 8392,80 b 23665,96 c 23897,82 cd 14399,70 d 7108,21 a 

 100 14866,99 d 5949,76 d 20844,41 d 22783,24 d 13814,53 d 6415,33 a-c 

 0 16209,78 c 8407,98 b 24471,54c 26809,88 bc 17262,99 bc 5725,07 cd 

150 25 20333,55 a 9807,07 a 30697,10 a 31271,04 a 20135,55 a 7053,86 ab 

 100 18187,38  

b 

8239,82 bc 27506,01 b 29812,58 ab 19317,28 ab 6366,28 bc 

Salt *** *** *** *** *** *** 

Melatonin *** *** *** *** *** *** 

***: p<0,001, Data followed by a different letter in column were significantly different 

according to the DMRT (p<0,001) 

Table 2. The glycine, threonine, arginine, alanine, tyrocine and cysteine amino acids content of chickpea 

seedling under salt stress with melatonin treatments 

NaCl   Melatonin Glycine Theonine Arginine Alanine Tyrocine Cysteine 

mM μM   pmol μl
-1

    

 0 3322,49e 8311,93 e 15999,20 d 17667,35 e 1770,55 d 1637,22 e 

0 25 3875,35 e 9695,04 c-e 19712,61 cd 20607,19 de 2065,17 c 1909,66 e 

 100 3256,04 e 9242,87 de 17791,11 d 19999,44 de 1735,14 d 1820,59 e 

 0 5148,84 d 10135,56 c-e 20369,20 cd 19329,27 de 2108,99 c 2344,53 d 

75 25 6005,60 c 11822,12 a-d 25096,90 b 22545,66 cd 2459,94 b 2734,66 c 

 100 5045,86 d 11270,74 b-e 22650,55 bc 21880,74 cd 2066,82 c 2607,12 cd 

 0 7786,75 b 12315,70 a-c 24108,04 bc 25048,45 bc 2585,10 b 4191,09 b 

150 25 9082,46 a 14365,04 a 29703,51 a 29216,52 a 3015,26 a 4888,49 a 

 100 7631,01 b 13695,06 ab 26808,14 ab 28354,85 ab 2533,40 b 4660,50 a 

Salt *** *** *** *** *** *** 

Melatonin *** ns *** *** *** *** 

ns: p>0,05, ***: p<0,001, Data followed by a different letter in column were significantly 

different according to the DMRT (p<0,001) 

Table 3. The valin, methionine, tryptophan, phenylalanine, isoleucine and leucine amino acids content of 

chickpea seedling under salt stress with melatonin treatments  

NaCl   Melatoni

n 

Valin Methionine Tryptopha

n 

Phenylalanin

e 

Isoluecine Leucine 

mM μM   pmol μl
-1

    

 0 641,18 e** 4372,93 e** 1707,47e*

* 

3924,21cd** 2070,85 f** 3514,91 d** 

0 25 747,87 e 5387,88 de 1991,59 e 4577,19c 2415,44 ef 4330,72 d 

 100 712,99 e 4862,69 e 1932,85 e 4363,72 cd 2302,78 ef 3978,88 d 

 0 1411,35 d 6067,31 cd 2566,39 d 3665,20d 2688,08 de 5769,21 c 

75 25 1646,20 b- 7475,53 ab 2993,44 c 4275,08 cd 3135,38 cd 7108,24 a 
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d 

 100 1569,42 cd 6746,85bc 2905,16 c 4075,70 cd 2989,15 cd 6530,74 a-c 

 0 1804,98 a-

c 

6542,51 b-d 3685,68 b 5468,07 b 3372,63 bc 6065,43 bc 

150 25 2105,33 a 8061,02 a 4298,98 a 6377,95 a 3933,83 a 7473,21 a 

 100 2007,13 ab 7275,27 ab 4172,19 a 6080,49ab 3750,36 ab 6866,06 ab 

Salt *** *** *** *** *** *** 

Melatonin ns *** *** *** *** *** 

ns: p>0,05, ***: p<0,001, Data followed by a different letter in column were significantly 

different according to the DMRT (p<0,001) 

Table 4. The lysine, hydroxyproline, sarcosine and proline amino acids content of chickpea seedling under salt 

stress with melatonin treatments  

NaC

l   

Melatonin Lysine Hydroxyproline Sarcosine 

 

Proline  

mM μM   pmol μl
-1

   

 0 4838,12 e** 1760,32 d** 6633,15 e** 362,98e**  

0 25 5643,19 e 2053,24 d 7736,90 e 423,38e  

 100 5379,99 e 1992,68 d 7376,06 e 403,63 e  

 0 11165,58 d 4962,48 b 10421,88 d 678,01 b-d  

75 25 13023,54 c 5788,24 a 12156,09 cd 790,83 a  

 100 12416,13 cd 5617,53 a 11589,14 cd 753,95 ab  

 0 15141,16 b 2994,69 c 13438,51 bc 592,66 d  

150 25 17660,64 a 3493,01 c  15674,68 a 691,28 bc  

 100 16836,97 a 3389,99 c 14943,62 ab 659,04 cd  

Salt *** *** *** ***  

Melatonin *** * * ***  

*: p=0,05, ***: p<0,001, ns: p>0,05, ***: p<0,001, Data followed by a different letter in 

column were significantly different according to the DMRT (p<0,001) 

In the study, the effect of melatonin application on organic acid content of chickpea 

grown under salt stress was found to be statistically significant (except for oxalic acid, tartaric 

acid, butyric acid and lactic acid) (Table 5 and 6). The organic acid content of chickpea 

generally increased with increasing salt stress (at 75 mM NaCl) and in the highest salt level 

(150 mM NaCl) decreased again. But as salt stress increased organic acid content decreased in 

maleic acid.  However, the effect of the treatments in terms of organic acid content varied 

depending on the salt dose and the application dose. Especially at 75 mM salt stress, the effect 

of melatonin on organic acid content was more. 
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Table 5. The oxalic acid, propionic acid, tartaric acid, butyric acid, malonic acid and malic acid acid content of 

chickpea seedling under salt stress with melatonin treatments 

NaCl   Melatonin Oxalic 

acid 

Propionic 

acid 

Tartaric 

acid 

Butyric 

acid 

Malonic 

acid 

Malic acid 

mM μM   ng.mg
-1

    

 0 5,80 
ns

 11,69 b
*
 22,33 

ns
 72,76 

ns
 56,42 b

***
 22,94 a-c

***
 

0 25 6,44  12,97 ab 24,79  78,58  60,93 b 25,47 ab 

 100 6,45  12,99 ab 25,28  80,91  62,74 b 25,97 ab 

 0 6,40  14,40 ab 22,45  72,16  78,54 a 25,80 ab 

75 25 7,10  15,99 a 24,91  77,94  84,82 a 28,64 a 

 100 7,11  16,02 a 25,41  80,24  87,34 a 29,21 a 

 0 5,99  12,54 ab 22,90  70,58  58,10 b 17,94 c 

150 25 6,65  13,92 ab 25,42  76,23  62,74 b 19,91 bc 

 100 6,66  13,94 ab 25,92  78,49  64,60 b 20,31 bc 

Salt ns * ns ns ** ** 

Melatonin ns ns ns ns ns ns 

ns: p>0,05, *: p<0,05, ***: p<0,001, Data followed by a different letter in column were 

significantly different according to the DMRT 

Table 6.  The lactic acid, citric acid, maleic acid, fumaric acid and succinic acid content of chickpea seedling 

under salt stress with melatonin treatments 

NaCl   Melatonin Lactic  acid Citric acid Maleic acid Fumaric acid Succinic acid 

mM μM   ng.mg
-1

   

 0  94,89 
ns

 68,27 c 
***

 33,42 a
***

 23,75 b
*
 104,94 bc

*
 

0 25 105,32  75,78 bc 36,09 a 25,66 ab 113,33 a-c 

 100 105,51  77,29 bc 37,16 a 26,42 ab 116,69 a-c 

 0 100,51  88,02 ab 20,76 b 32,01 ab 97,03 c 

75 25 111,57  97,70 a 22,42 b 34,57 a 104,79 bc 

 100 111,77  99,63 a 23,09 b 35,60 a 107,90 bc 

 0 90,83  81,83 a-c 18,68 b 21,34 b 126,92 ab 

150 25 100,83  90,83 ab 20,17 b 23,05 b 137,08 a 

 100 101,01  92,63 ab 20,77 b 23,73 b 141,14 a 

Salt ns *** *** *** *** 

Melatonin ns ns ns ns ns 

ns: p>0,05, *: p<0,05, ***: p<0,001, Data followed by a different letter in column were 

significantly different according to the DMRT 

Plant growth and development are affected by many environmental factors. Among them, 

salinity is more destructive; and responsible for worldwide crop losses. These stresses are also 
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responsible for several biochemical and physiological changes in the plants (Khan et al. 

2020).  

Salinity may affect various metabolic processes such as photosynthesis, protein synthesis, 

respiration, N assimilation, and phytohormone turn over (Arshi et al., 2002). One of the 

effects of salt stress on plant metabolism is the changes in plant endogenous metabolism. 

Changes in amino acids and organic acids, which are one of them, have also been emphasized 

in recent years. Amino acids are used in protein biosynthesis in plants, form the building 

blocks for many other biosynthesis pathways, are effective in signaling processes, and are 

involved in the plant's response to stress (Hildebrandt et al., 2015). It was reported some of 

the plant amino acid (alanine, arginine, glisine, serine, losine, valine, amino acids, prolin, 

glutamine and asparagines) contents increased under salt stress (Mansour 2000). Organic 

acids found in all plants have important functions in plant physiology. The amount and type 

of organic acids can be different according to the plant species, tissue and plant development 

stage (Vallarino and Osorio, 2019). Organic acid metabolism also plays an important role in 

plant salinity tolerance (Sheng et al., 2011). Organic acids can be affected differently by 

salinity depending on the plant species. For example, in cucumber, malic acid concentration 

increased as a function of salinity level (Martinez et al., 1994). Similarly, in our study, 

significant changes occurred in plant amino acid and organic acid content of chickpea 

seedling under salinity. Melatonin is an important molecule that has a regulatory role in plant 

growth and development and responds to abiotic stresses. It has been determined by many 

researchers in different plant species that melatonin has an important function in plants under 

salt stress (Li et al., 2017; Chen et al., 2018; Altaf et al., 2020; Zhang et al., 2020). Plant salt 

stress resistance provided by melatonin; It acts by directly scavenging reactive oxygen 

species, increasing antioxidant enzyme activity, photosynthetic efficiency and metabolite 

content, and regulating stress-related transcription factors (Li et al., 2019). In addition, other 

melatonin-related precursors and metabolite molecules can increase the tolerance of plants to 

salt stress. It was determined that the negative effect of salt stress in chickpea in the plant 

could be alleviated by the effects of melatonin on amino acids and organic acids. Some 

studies have shown that melatonin is effective in plant abiotic stress tolerance through amino 

acids and organic acids. The effect of melatonin on organic acid in plants under stress 

conditions was also investigated in soybeans under aluminum stress. In the study, it was 

stated that Al stress decreased with the increase of malate and citrate exudation with 1 μM 
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melatonin root application (Zhang et al., 2017). In a study, exogenous melatonin application 

at low temperature caused the up-regulation of glutamate, threonine, isocitrate and myo-

inositol in the plant (Hu et al., 2016). The increase in non-enzymatic antioxidant organic acid 

and amino acid levels caused by the application of melatonin in salt stress provided increased 

antioxidative activity (Huangfu et al., 2021). In this study, it is thought that with this effect 

created by melatonin,  may be involved in a process that includes many biological, 

physiological and molecular mechanisms in plant and may provide an effect on stress 

tolerance. 

CONCLUSION 

The effect of melatonin on the tolerance mechanism against various abiotic stresses in 

plants was also obtained in salt stress in chickpea in this study. To reduce the negative effect 

of salt stress on chickpea seedlings, the application of melatonin can be achieved by the 

change in plant amino acid and organic acid content. With the effect of melatonin on the 

internal metabolism of the plant in chickpea seedlings under salt stress, it provides an increase 

in stress tolerance by supporting plant growth and development with a number of mechanisms 

including various biological and physiological processes such as enzyme activity, 

photosynthesis capacity, hormonal balance etc. 
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ABSTRACT: Gamma aminobutyric acid (GABA) is a bioactive molecule that has attention in recent years 

due to its physiological functions such as antihypertensive, antidepressant, antidiabetic and diuretic. 

GABA, a major inhibitory neurotransmitter, can be produced by microbial fermentation. Therefore, 

fermented foods can be considered as potential sources for identifying GABA-producing strains. In this 

study, 422 LAB strains isolated from home made yogurts and kefir grains were screened for GABA 

production. The molecular anaylysis of the GAD gene was performedsing Core F and Core R primers 

obtained from highly conserved regions for the GAD gene. 

 

Keywords: Gamma aminobutyric acid, lactic acid bacteria, glutamate decarboxylase 

INTRODUCTION 

Gamma aminobutyric acid (GABA) is a bioactive compounds that is widely distributed in 

microorganisms, plants and mammals. GABA, a non-protein amino acid with four-carbon, is 

synthesized by the irreversible decarboxylation of glutamic acid or its salts, and the reaction is 

catalyzed by a pyridocal-5‘-phosphate (PLP)-dependent enzyme glutamate decarboxylase 

(GAD) (Quilez and Diana 2017). GABA is an important inhibitory neurotransmitter that 

provides nerve transmission in the brain of mammals. It has a tranquilizer effect in situations 

such as nervousness, stress, depression and seizures caused by excessive stimulation of 

neurons. In addition, it has many physiological functions such as antihypertensive, 

antidiabetic, anticarcinogenic and diuretic effects (Cui et al 2020; Dhakal et al. 2012; Sahab et 

al. 2020). 

GABA is naturally present in low amounts in some grains, fruits and vegetables but its 

amount is insufficient to provide the desired physiological effects. It can be also synthesized 

using chemical or biochemical means. The chemical synthesis is considered hazardous due to 

corrosive nature of used reagents therefore the application in the food industry is limited. 

Moreover, synthetic GABA is considered as unnatural and unsafe (Yogeswara et al. 2021). 

Different biotechnological techniques such as immobilized cell technology, batch 

fermentation technology, microbial fermentation, molecular design of GAD enzyme have 
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been developed for the biological synthesis of GABA (Dhakal et al. 2012). Microbial 

fermentation is accepted as an effective method for the biological synthesis of GABA because 

it is natural and safe (Rashmi et al 2018). Numerous studies have confirmed that 

microorganisms such as bacteria, yeast, and mold can produce GABA by fermentation 

because they have the GAD enzyme (Özer, 2019; Sahab et al.2020). It is known that 

microorganisms synthesizes GABA from glutamate using the GAD system for resistance to 

acidic conditions. This system maintains the pH balance in the cell by consuming H
+
 ions in 

the decarboxylation of glutamate to GABA (Yogeswara et al. 2020).   

Lactic acid bacteria (LAB) are widely used in the foods industry, particularly in 

manufacturing fermented foods. GABA-producing LAB have received extensive attention in 

recent years because of the recognized as safe (GRAS) of LAB and their high application 

potential in the fermentation industry (Cui et al. 2020). Hence, it is important to identify LAB 

strains capable of producing GABA from these foods due to the diversity of microbiota in 

fermented foods. Many studies recently have focused on the isolation of GABA-producing 

LAB from fermented foods such as yoghurt, cheese, pickles, sourdough, and fermented 

beverages (Lu et al. 2008; Liu et al. 2014; Das and Goyal 2015; Franciosi et al. 2015; Barla et 

al. 2016).  It has been reported that Lactobacillus brevis and Lactobacillus plantarum are the 

most isolated strains among the GABA-producing LABs, and they are good GABA-producers 

(Binh et al. 2014; Zhang et al. 2017). In addition, the strains of Streptococcus thermophilus, 

Lactobacillus paracasei, Lactococcus lactis and Lactobacillus helveticus isolated from 

various fermented foods also were able to produce in GABA (Siragusa et al. 2007; Sun et al. 

2009; Liu et al. 2014; Santos-Espinosa et al. 2020).  

Screening of LAB strains with high GABA- producing ability could be of interest for 

food and pharmaceutical industry in order to obtain probiotic products and exploit the 

functional properties of GABA. Therefore, the aim of this study is to determine the GABA 

production abilities of lactic acid bacteria isolated from home-made yogurt and kefir grains.  

MATERIAL AND METHOD 

1. Material 

A total of 422 LAB strains previously isolated from home-made yogurt (264 isolates) and 

kefir grains (158 isolates) also Lactobacillus plantarum 56, known for its high GAD enzyme 

activity, was used as a control strain and was obtained by Culture Collection of Atatürk 

University, Department of Food Engineering, Microbiology Laboratory. 
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2.  Method 

2.1. DNA isolation 

Firstly, the stock cultures kept at -80°C were activated onto MRS or M17 agar. Then the 

plates were incubated at 37-42
o
C for 24-48 h. After incubation isolates were checked and a 

loop colony was transfered into sterile distilled water (500 μL) for DNA isolation and stored 

at -20°C (AktaĢ, 2018). Suspension centrifuged 3 min at 5000×g and washed 3 times with 

phosphate buffer. 0.5 mL of 6 M urea and 0.1 mL of 10% SDS were added to the bacterial 

suspension and incubated at 37°C for 20 min. Samples were kept at 95°C for 5 min and 

centrifuged at 8000×g for 10 min at 25°C. After centrifugation, the supernatant was discarded. 

Then, 0.1 mL of 0.2 N NaOH was added to the pellet and incubated at 37°C for 10 min. The 

supernatant was removed after centrifugation at 3000×g for 3 min at 25°C. In order to purify 

the DNA, 2.5 volumes of absolute alcohol were added and kept at -20°C for 2 h. At the end of 

time, was centrifuged at 13200×g, 4°C for 15 min and washed with 70% ethanol. After the 

DNA pellet was dried at room temperature, was resuspended in 20 µL of Tris-EDTA (TE) 

buffer (Singh and Ramesh 2009). The purity of the isolated template DNA was detected by 

measuring absorbance (260nm/280nm). 

2.2. Determination of GAD gene by PCR  

The molecular detection of GAD gene in LAB strains were performed using primers Core 

F (5‘-CCTCGAGAAGCCGATCGCTTAGTTCG-3‘) and Core R (5‘-

TCATATTGACCGGTATAAGTGATGCCC-3‘) obtained from highly conserved regions of 

the GAD gene (DemirbaĢ et al 2017). Each PCR mixture contained 7.5 µL PCR master mix, 1 

µL template DNA, 1 µL Core F primer, 1 µL Core R primer and 4.5 µL water. The PCR was 

performed under the following conditions: 15 min at 95°C, 35 cycle, 20 s at 95°C, 30 s at 

65.5°C and 30 s at 72°C. 

RESULTS AND DISCUSSION  

The GAD activity of a total of 422 strains was evaluated qualitatively. Results of PCR 

analysis showed that the peaks of the 422 LAB strains were not similar to the peaks of the 

GABA-producing control strain (Figure 1). That is, GAD gene was not found in LABs 

isolated from kefir grains and yogurts, so it was determined that they did not have the ability 

to produce GABA.  
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Figure 1. PCR images of control strain and LAB strains (A: yogurt isolates, B: kefir grains isolates) 

It has been reported that Streptococcus thermophilus strains isolated from yogurt and 

cheese are GABA producers (Liu et al. 2014; Franciosi et al. 2015). However, in our study, it 

was determined that none of S. thermophilus (171) and L. bulgaricus (93) strains isolated 

from yogurt were able to produce GABA. This may be due to the lack of microbial diversity 

in yoghurt or the use of commercial yoghurt in the fermentation of home-made yoghurts. This 

result was in agrement with Santos-Espinosa et al. (2020) who reported that Streptococcus 

spp. strains isolated from traditional Mexican Cheeses did not show the capacity to synthesize 

GABA . In the other study, Park et al. (2014) reported that only 9 strains of 3000 presumptive 

LAB strains isolated from kimchi were identified as producer of GABA.  
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Kefir grains have recently been investigated as a source of health-related strains. For this 

reason, kefir grains were selected to determine the GABA producer strains in this study. 

However, the presence of the GAD gene has been determined in none of the presumtive 

lactobacilli, streptococci, lactococci strains. Contrary to our study, Hurtado-Romero et al., 

(2021) reported that strains of L. lactis BIOTEC006, BIOTEC007, BIOTEC008, K. lactis 

BIOTEC009, L. pseudomesenteroides BIOTEC012 and L. kefiri BIOTEC014, isolated from 

Mexican kefir grains, was classifed as medium level GABA producer in MRS broth. These 

differences in research results can be attributed to the strain-dependent nature of GABA 

production. As a matter of fact Siragusa et al. (2007) stated that strains of L. plantarum and L. 

paracasei constituted to the major part of the GABA-producing isolates from the 22 Italian 

cheese varieties and the capacity of synthesizing of GABA was markedly strain dependent. 

CONCLUSION 

As a result, considering the important physiological effects on human health of GABA; it 

has been concluded that it is necessary to identify strains capable of producing GABA from 

different fermented foods. Besides, the production of GABA-enriched functional foods with 

the use of these strains is also important. Thus, new functional foods can be produced that has 

positive effects on health and contains bioactive components. 
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ABSTRACT: Our analysis of the obtained results related to the evaluation of growth performance, 

conformation, fattening and carcass traits of young Pietrain pigs has provided evidence of high genetic 

potential of Pietrain pigs of French origin, bred in the South of Ukraine. We have found some specificity 

(polarity) or vice versa, the uniformity, in the context of the studied genealogical lines; though, in general, 

representatives of all genealogical lines are marked by good weight gains (with the live weight at 87 days 

of age being about 30 kg while exceeding 109 kg at 180 days of age), excellent fattening characteristics 

(the time needed to reach the target live weight of 100 kg is 163-169 days with the average daily gains 858-

920 g/day amid feed costs of 3.09-3.21 FU per 1 kg of weight gain), carcass traits (the back-fat thickness at 

the P1 position near the 6
th

 and 7
th

 thoracic vertebrae is 7.08-11.08 mm) and conformation traits (scored 

from 4.0 to 5.0). 

 

Keywords: Pietrain breed; Genealogical lines; Growth performance; Fattening, Carcass and Conformation 

traits. 

INTRODUCTION 

 Pietrain pigs are quite widely used at the current stage of the pig sector development in 

order to improve carcass traits of other breeds and produce crosses through commercial 

crossbreeding (hybridisation) with other breeds in many countries, including France, UK, 

Germany, Poland, Argentina, Spain, etc. (Susol, 2015). The Pietrain unambiguously leads the 

pack of pig breeds with regard to the lean meat proportion; however, it is quite commonly 

associated with the presence of the RYR1 (Ryanodine Receptor 1) gene, which is, in fact, one 

of the limiting factors for extensive pure breeding of Pietrain pigs in many countries. For 

instance, the number of purebred Pietrain herds used to supply stock for the existing breeding 

programmes in the United Kingdom is quite small as compared to those of other pig breeds; 

nevertheless, Pietrain sires are frequently used to create synthetic lines and produce terminal 

commercial crosses. Breeding pedigree Pietrain pigs is particularly popular in Germany (in 

order to produce terminal commercial hybrids when, for instance, Pietrain sires are mated 

with sows of other breeds, especially Belgian landrace) and Spain [4]. Curiously, Pietrain pigs 

mailto:r.susol@ukr.net
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lose ground in their motherland - in Belgium, though it is in this country this breed is 

regularly tested to select the best pig lines at eight experimental stations [5]. 

In general, as of today, Pietrain pigs are widely distributed all over the world and in 

Ukraine in particular as this breed holds out the prospects for creating modern synthetic lines 

of pigs, as well as for having relatively wider use in hybridisation system. Therefore, a 

comprehensive assessment of Pietrain pigs, bred in Ukraine at the current stage of 

development of the genotype imported from France in 2009, which are the subject of our 

research, is a topical issue nowadays. 

The aim of this study is to examine growth performance, fattening, carcass and 

conformation traits of young Pietrain pigs, taking into consideration their genetic ancestry. 

MATERIALS AND METHODS 

The research experiment aimed at studying performance, fattening, carcass and 

conformation traits of young Pietrain pigs of different genetic ancestry was conducted on the 

nucleus pig farm ―Artsyz Meat Company Ltd‖ in Odesa region that has been breeding Pietrain 

pigs produced by the ADN hybrid breeding centre and imported from France in 2009. 

Initially, the nucleus breeding herd included four genealogical lines, namely 22KRW081416, 

22KRW081475, 22KRW081436 and 22KRW081430. In 2014, the nucleus herd was 

expanded by adding two genealogical lines (62ND62012501925Pi and 

29CSR2013501963Pi); in 2018, two more genealogical lines (FR62ND6201802262 and 

FR62ND6201802200) were imported. 

The evaluation of genealogical lines was carried out stepwise: the young stock of four 

first genealogical lines was evaluated at stage I in 2018; those of the next added two lines – at 

stage II in 2019 and those of the last imported two lines – at stage III in 2020. 

The evaluation of growth performance, fattening, carcass and conformation traits of 

young Pietrain pig was carried out using standard methods conventionally employed in pig 

industry (Rybalko et al., 2005). In particular, the evaluation of growth performance of animals 

included measurements of the average live weight in each genealogical group at the age of 28, 

60, 87, 120, 150 and 180 days. The fattening traits of young stock were studied individually 

for each animal in the experimental groups reared on ―Artsyz Meat Company Ltd‖ by 

assessing the time in days needed to reach the target live weight of 100 kg and average daily 

gains during the period from 87 to 180 days of age; feed costs were factored in as the 

respective average for each genealogical group. 
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The live weight of young pigs to be removed from the experimental rearing group should 

reach 100 kg; thus, the parameters were adjusted accordingly for the animals whose live 

weight was 95 or 105 kg. The adjustment of actual data by the time needed to reach the target 

live weight of 100 kg was performed using the following formula: 

G

w
AХ




100 , 

where A is the animal‘s actual age in days on the last weigh date; w is the animal‘s actual live 

weight in kilograms on the last weigh date; G is the animal‘s average daily weight gain in 

kilograms during the experimental rearing period. 

Upon the animals‘ reaching the target live weight of 100 kg, the back-fat thickness at the 

P1 position near the 6
th

 and 7
th

 thoracic vertebrae was measured individually using a pulsing 

ultrasonic apparatus «Renco Lean-Meater» manufactured in USA. The conformation traits of 

pigs were scored using a 5-point scale (from one to five), with scoring five representing the 

best muscling. 

All diets for the young stock were formulated in accordance with the existing 

requirements with respect to the age and body weight, taking into account recommendations 

of the breeding company wherein the purebreds had been produced. Pigs were fed a 

concentrated feed. Feeding and housing conditions were identical for all experimental groups 

of different genetic ancestry. 

The results of the study were processed using statistical methods. The computations were 

made in MS Excel 2010 spreadsheet application using techniques reported in S. Kramarenko 

et al. (2013). 

RESULTS AND DISCUSSION 

Performance indicators of young Pietrain pigs with regard to their genetic ancestry are 

presented in Table 1; the analysis of the results obtained shows some specificity in the context 

of genealogical lines, though, in general, representatives of all four genealogical lines exhibit 

good growth performance, excellent fattening, carcass and conformation traits. 

For instance, representatives of genealogical lines 22KRW081416 and 22KRW081475 

can be classified as those suitable specifically for meat productions since they are somewhat 

slower growing, but have better back-fat thickness and conformation (muscling) score as 

compared to their age-mates of 22KRW081436 and 22KRW081430. Among all four 
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genealogical lines considered at this stage of the study, the period of time needed to reach the 

target live weight of 100 kg is the longest for representatives of genealogical line 

22KRW081416 – 167.3 days. Young representatives of genealogical line 22KRW081475 

show similar growth rates. 

Meanwhile, it took the pigs of the same age representing genealogical lines 

22KRW081436 and 22KRW081430 4.2 days or 2.5% less (p< 0.01) and 2.3 days or 1.4% less 

(p < 0.05), respectively, to reach the target live weight of 100 kg. Such a difference is 

associated with the average daily gains, which are 42.4 g/day or 4,8% (p <0.01) and 22 g/day 

or 2.5% (p <0.05) greater for the representatives of genealogical lines 22KRW081436 and 

22KRW081430, respectively, as compared to those of genealogical line 22KRW081416, for 

which the average daily gain is 877.8 g/day. 

Table 1. Performance indicators of young Pietrain pigs with respect to their genetic ancestry, (
Х

SХ  , n=12) 

Performance indicators 
Genealogical lines 

22KRW081416 22KRW081475 22KRW081436 22KRW081430 

Growth performance of the young stock 

Live weight at 87 days 

of age, kg 
29.6±0.36 29.4±0.40 30.1±0.39 29.8±0.47 

Live weight at 180 days 

of age, kg 
111.4±0.54 111.8±0.86 115.8±1.08** 113.4±0.48* 

Fattening traits 

The time needed to 

reach the target live 

weight of 100 kg, days 

167.3±0.52 166.8±0.81 163.1±0.85 ** 165.0±0.41* 

Average daily gains, 

g/day 
877.8±7.15 886.2±11.44 920.2±11.8 ** 899.8±7.69* 

Feed costs, FU 
 

3.23 

 

3.19 

 

3.11 

 

3.14 

Carcass traits 

Back-fat thickness, mm 8.50±0.42 8.92±0.53 
11.08±0.41 

*** 
9.17±0.37 

Conformation (muscling) traits 

Conformation score, 

points 
5.0±0.00 5.0±0.00 4.0±0.25*** 4.5±0.15** 

Notes: hereinafter * р < 0.05; ** р < 0.01; *** р < 0.001. 

Feed costs are negatively correlated with the time needed to reach the target live weight 

of 100 kg, hence it is natural that the feed costs per kilogram of weight gain for the young 

pigs of earlier maturing genealogical lines 22KRW081436 and 22KRW081430 are 3.7% and 

2.8% lower than for the representatives of genealogical line 22KRW081416, for which the 

feed costs are 3.23 FU per 1 kg of weight gain. As to the carcass traits represented by the 
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back-fat thickness at the P1 position near the 6
th

 and 7
th

 thoracic vertebrae, the best 

parameters are shown by the young stock of genealogical line 22KRW081416 that have the 

lowest value of back-fat thickness of 8.50 mm, which is 0.42 mm or 4.7%, 2.58 mm or 28%, 

0.67 mm or 7.3% better than those of their age-mates of genealogical lines 22KRW081475, 

22KRW081436 and 22KRW081430, respectively. 

The results obtained enable us to conclude that the back-fat thickness can be considered 

as a parameter that fully reflects the growth performance and level of adaptability of the pig to 

environmental factors. Slower growing genotypes with better back-fat thickness tend to have 

the maximum conformation score; in particular, each representative of genealogical lines 

22KRW081416 and 22KRW081475 were allocated the highest scoring five for the muscle 

growth in the absence of variability. 

The conformation traits of representatives of genealogical lines 22KRW081436 and 

22KRW081430 were also scored quite high; however, there were some animals with scoring 

four, which did not allow them to receive the highest muscling score and increased the level 

of variability of this characteristic. The young stock of the afore-mentioned two genealogical 

lines have 1.0 (p<0.001) and 0.5 (p<0.01) points lower scoring for the conformation traits, 

respectively. 

Performance indicators and conformation scoring of the young Pietrain stock of the next 

two genealogical lines (estimated at stage II) are given in Table 2.  

Table 2. Performance indicators of young Pietrain pigs with respect to their genetic ancestry (

Х
SХ  , n=12)  

Performance indicators 
Genealogical lines 

62ND62012501925Pi 29CSR2013501963Pi 

Growth performance 

Live weight at 87 days of age, kg 29.6±0.74 29.8±0.75 

Live weight at 180 days of age, kg 109.6±0.45 113.8±1.05** 

Fattening traits 

The time needed to reach the target live 

weight of 100 kg, days 
169.1±0.43 164.8±0.95*** 

Average daily gains, g/day 858.4±12.35 903.1±15.43* 

Feed costs, FU 3.15 3.09 

Carcass traits 

Back-fat thickness, mm 7.08±0.43 9.83±0.39*** 

Conformation (muscling) traits 

Conformation score, points 5.00±0.00 4.60±0.15* 

The analysis of the results obtained is also indicative of some specificity (polarity) of 

these genealogical lines, though, in general, the representatives of these lines exhibit good 
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growth performance, fattening, carcass and conformation traits. In particular, representatives 

of genealogical line 62ND62012501925Pi should be classified as those suitable specifically 

for meat production since they are somewhat slower growing, but have better back-fat 

thickness and higher conformation (muscling) score as compared to their age-mates of 

genealogical line 29CSR2013501963Pi.  It took the young stock of genealogical line 

62ND62012501925Pi 169.1 days to reach the target live weight of 100 kg, which is 4.3 days 

or 2.6% (p<0.001) longer than the time needed for their age-mates of genealogical line 

29CSR2013501963Pi; for the latter, the average daily gains are 44.7 g/day or 5.2% (p<0.05) 

better while the feed costs per 1 kg of weight gain are 1.6% lower as compared to the 

representatives of genealogical line 62ND62012501925Pi, for which the feed costs are 3.15 

FU per 1 kg of weight gain. The young stock of genealogical line 62ND62012501925Pi tend 

to have lower values of back-fat thickness – 7.08 mm in average, which is 2.75 mm or 28% 

(p<0.001) better than that of their age-mates of genealogical line 29CSR2013501963Pi. 

The live weight of the young stock of genealogical line 29CSR2013501963Pi at 180 days 

of age is 4.2 kg or 3.8% (p<0.01) higher as compared to the representatives of genealogical 

line 62ND62012501925Pi. 

The young pigs of genealogical line 62ND62012501925Pi have 0.4 points (p<0.05) 

higher scoring for the conformation traits as compared to their age-mates of genealogical line 

29CSR2013501963Pi. 

Performance indicators and conformation scoring of the young Pietrain stock of the other 

two genealogical lines (estimated at stage III) are listed in Table 3. The analysis demonstrated 

a sufficient consistency of the results of both genealogical lines in the context of similarity of 

most of the studies traits. Taking into account the observed performance and all examined 

traits, representatives of both genealogical lines, namely FR62ND6201802262 and 

FR62ND6201802200, can be classified as those suitable specifically for meat production. 

Amid practically similar the highest conformation scoring, the time needed for the young pigs 

of genealogical lines FR62ND6201802262 and FR62ND6201802200 to reach the target 100 

kg live weight was 165.0 and 164.1 days, respectively; the average daily gains were 892.4 

g/day and 904.0 g/day, respectively, with the feed costs 3.21 and 3.15 FU per 1 kg of weight 

gain, respectively. Note that there is some advantage of the young pigs of genealogical line 

FR62ND6201802262 with regard to their back-fat thickness being equal to 8.2 mm, which is 
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1.05 mm or 12.8% (p<0.05) better as compared to that of their age-mates of the other line 

FR62ND6201802200. 

Table 3. Performance indicators of young Pietrain pigs with respect to their genetic ancestry (
Х

SХ  , n=12) 

Performance indicators 
Genealogical lines 

FR62ND6201802262 FR62ND6201802200 

Growth performance 

Live weight at 87 days of age, kg 30.5±0.44 30.4±0.54 

Live weight at 180 days of age, kg 113.8±0.96 114.6±1.00 

Fattening traits 

The time needed to reach the target live 

weight of 100 kg, days 

165.0±0.89 164.1±0.91 

Average daily gains, g/day 892.4±11.25 904.0±12.20 

Feed costs, FU 3.21 3.15 

Carcass traits 

Back-fat thickness, mm 8.2±0.37 9.25±0.28* 

Conformation (muscling) traits 

Conformation score, points 5.00±0.00 5.00±0.00 

At 180 days of age, young pigs of genealogical line FR62ND6201802200 tend to 

outweigh their age-mates of genealogical line FR62ND6201802262 as their live weight is 0.8 

kg higher. 

CONCLUSIONS 

The analysis of the resulting performance indicators of the young stock has provided 

evidence of high genetic potential of Pietrain pigs of French origin bred in the South of 

Ukraine. However, we have detected  some specificity (polarity) or vice versa, the uniformity, 

in the context of the studied genealogical lines; though, in general, representatives of all 

genealogical lines are marked by good weight gains (with the live weight at 87 days of age 

being about 30 kg while exceeding 109 kg at 180 days of age), excellent fattening 

characteristics (the time needed to reach the target live weight of 100 kg is 163-169 days with 

the average daily gains 858-920 g/day amid feed costs of 3.09-3.21 FU per 1 kg of weight 

gain), carcass traits (the back-fat thickness at the P1 position near the 6
th

 and 7
th

 thoracic 

vertebrae is 7.08-11.08 mm) and conformation traits (scored from 4.0 to 5.0). 

The detected specificity (polarity) of genealogical lines enables us to obtain a relatively 

high performance at the herd level, taking into account the Pietrain breed specificity itself, 

when crossing different lines with each other – it results from the heterosis effect on 

reproductive and fattening traits and the effect of selection for conformation traits. For 

instance, certain genealogical lines can be classified as those suitable specifically for meat 
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production; representatives of such lines are somewhat slower growing, but have better back-

fat thickness and conformation (muscling) score as compared to their age-mates of other 

genealogical lines, which are slightly faster growing with muscling manifested to a milder 

extent; however, representatives of the lines in the latter group show better reproductive traits. 
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ABSTRACT: In the study, the effect of exogenous hydrogen sulfide (H2S) application on mineral 

element content of cucumber seedlings under salt stress was investigated. In the greenhouse study, 3 salt 

levels (0, 50 and 100 mM NaCl) and 5 hydrogen sulfide doses (0, 25, 50, 75 and 100 µM) were applied 

to the seedlings in the pots. Hydrogen sulfide application was done by spraying a solution of NaHS (as a 

H2S donor) on the leaves. Irrigations were made with the above-mentioned salt concentrations. At the 

end of the study, the mineral content of the leaves and roots of the plant was examined. The results of 

the study showed that while there was a decrease in the mineral content of the leaves and roots of the 

plant with salt stress, there was an increase in the Na content. However, exogenous H2S applications 

with varying doses alleviated the decrease in the mineral element content of plant under salt stress. As a 

conclusion of the study, it was determined that H2S on reducing salt stress damage in plants may be 

effective in terms of mineral element content. 

 

Keywords: Salinity, Mineral, Hydrogen sulfide, Stress 

 

INTRODUCTION 

Salinity is one of the most important abiotic stresses and severely limits crop production 

efficiency worldwide. In addition to natural conditions, salinity problems have increased with 

irrigation (Leyva et al., 2011). Problems arise when the amount of soluble salt in the soil 

exceeds the amount required for plant growth and development. When the salt concentration 

in the soil solution increases and the water potential decreases, the osmotic potential of the 

plant cell decreases and the division or elongation of the plant cell abruptly slows down. 

Under these stress conditions, stomata usually close, so photosynthesis is reduced. If stress 

conditions continue, plant growth may stop completely (Kusvuran et al. 2008). Salinity causes 

osmotic stress by reducing plant water potential. Salinity increases the formation of reactive 

oxygen (ROS) and stimulates oxidative stress, which causes serious damage to membranes 

and other cellular structures (Gao et al. 2008). High salt concentrations negatively affect seed 

germination, seedling growth, plant growth, flower and fruit formation, and photosynthetic 

activity and reduce economic efficiency and quality (Yu et al. 2018).  



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

235 

Some applications can be used to reduce the harmful effects of salt. The applications such 

as reclaiming salty soils, improving saline irrigation water, using species and varieties with 

high salt tolerance, planned fertilization as a result of analysis, using some special techniques 

during cultivation are very expensive and usually temporary applications. In addition, it is 

stated that the negative effects of salt stress can be alleviated and plant tolerance can be 

increased with some applications that are also included in the endogenous metabolism of the 

plant and can be applied to the plant from the exogenous. Hydrogen sulfide application is an 

application on which many researches have been investigated in this sense. It has been 

determined that the exogenous application of H2S to the plant at certain concentrations 

reduces the damage of salt stress significantly. Hydrogen sulfide is known as a colorless and 

malodorous toxic gas produced from industrial processes (Ding et al., 2019). It has been 

stated that plants can synthesize and secrete H2S and play an important role as a third gas 

signaling molecule after nitric oxide (NO) and carbon monoxide (CO) in plants (Hancock, 

2017). The effects of H2S against salt stress in some plant species were investigated at the 

morphological, physiological and molecular level and it was determined that it had a positive 

effect in this sense (Shi et al., 2013; Shan et al., 2014; Deng et al., 2016: Ding et al., 2019). 

In this study, the effects of H2S on the mineral element content of leaf and root of the 

cucumber seedlings grown in a salty environment were investigated. 

MATERIAL AND METHOD 

It was used cucumber (Cucumis sativus cv. Beith Alpha) as plant material in this study. 

The experiment was conducted in the greenhouse and laboratory of Atatürk University, 

Faculty of Agriculture, Department of Horticulture, Turkey. Cucumber seeds were sown into 

multi-celled plastic trays containing peat. When the seedlings had two true leaves, they were 

transplanted to the pots with soil:sand:peat in the ratio of 2:1:1 (v:v:v).  

Hydrogen sulfide (H2S) doses with 0, 25, 50, 75 and 100 µM were made up with distilled 

water containing 0.02% Tween 20. H2S solutions were foliar applied with sprayer when the 

seedlings had two complete true leaves. The irrigation was done with salt solutions at 

different levels (0, 50 and 100 mM NaCl). Mineral analyzes were performed on the samples 

taken from the plants approximately 30 days after the seedlings were planted in the pots. 

The content of N was determined by micro kjheldahl method after wet burning with 

salicylic-sulfuric acid. The mineral contents of the plant and root samples were subjected to 

combustion with nitric acid-hydrogen peroxide (2: 3) acid in 3 different steps (1st step; 5 
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minutes at 145ºC and 75% microwave power, 2nd step; 10 minutes at 180ºC at 90% 

microwave power and the 3rd step at 100ºC for 10 minutes at 40% microwave power) in a 

microwave wet combustion unit resistant to 40 bar pressure (Speedwave MWS-2 Berghof 

products + Instruments Harresstr.1. 72800 Enien, Germany) and following they were 

determined by reading in the spectrophotometer (Optima 2100 DV, ICP/OES; Perkin-Elmer, 

Shelton, CT) (Mertens, 2005a, 2005b). 

The data obtained as a result of the experiment were subjected to variance analysis with 

the help of the SPSS 18 package program, and the differences of the mean were determined 

by Duncan multiple comparison test (SPSS., 2010). 

RESULTS AND DISCUSSION  

In the study, with increasing salt stress, there was a significant decrease in leaf mineral 

content except Na and Cl (Table 1 and 2). With S1T0 and S2T0 applications, the decrease in 

leaf N, P, K, Ca, Mg, S, Mn, Fe, Zn and B contents compared to S0T0 application is 33%-

35%, 25%-38%, 13%-30%, 21 -38%, 25%-50%, 18%-32%, 25%-36%, 15%-28%, 17%-26% 

and 25%-43%. However, the rates of increase in Cl and Na contents were 39%-207% and 

107%-570% in S1T0 and S2T0 applications, respectively. In the absence of salt application 

(S0), the highest N (45%), Ca (52%) and Fe (81%) contents were in T3, the highest P (3%), 

Mg (31%), S (29%), Mn (561%), Zn (114%) and B (129%) contents were in T4 and the 

highest K (20%) content was in T1. In the 50 mM salt application (S1), the highest N (64%), 

Ca (68%), Mg (50%), S (17%), Mn (700%) and Fe (72%) contents were in T4, the highest P 

(17%) content was in T1, the highest K (25%) content was in T2 and the highest B (31%) 

content was in T3. In the 100 mM salt application (S2), the highest N (74%), P (20%), K 

(44%), Mg (113%), S (32%) and B (184%) contents were in T4, the highest Ca (74%) content 

was in T1 and the highest Fe (83%) and Zn (112%) contents were in T3 (Table 1 and Table 

2). 

Table 1. Leaf N, P, K, Ca, Mg and S content of cucumber seedlings under salinity with H2S treatment 

Salt Treatment N P K Ca Mg S 

  % 

 

 

S0 

T0 2,03 c 0,32 ab 2,33 cd 0,63 d 0,16 de 0,28 c 

T1 2,01 cd 0,30 bc 2,80 a 0,90 b 0,18 bc 0,27 cd 

T2 1,99 cde 0,33 a 2,73 a 0,64 d 0,20 ab 0,27 cd 

T3 2,96 a 0,32 ab 2,78 a 0,96 a 0,18 bc 0,31 b 

T4 2,26 b 0,33 a 2,66 ab 0,92 ab 0,21 a 0,36 a 
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S1 

T0 1,37 h 0,24 de 2,02 ef 0,50  fg 0,12 h 0,23 fgh 

T1 1,90 ef 0,28 c 2,31 cde 0,81 c 0,15 ef 0,26 c-f 

T2 1,93 def 0,25 de 2,53 abc 0,55 ef 0,15 ef 0,23 fgh 

T3 1,87 f 0,26 d 2,19 de 0,57 e 0,16 de 0,24 e-h 

T4 2,25 b 0,25 de 2,41 bcd 0,84 c 0,18 bc 0,27 cd 

 

 

S2 

T0 1,32 h 0,20 f 1,63 g 0,39 h 0,08 ı 0,19 ı 

T1 1,75 g 0,24 de 1,85 fg 0,68 d 0,14 efg 0,23 fgh 

T2 1,84 f 0,23 e 2,20 de 0,48 g 0,13 gh 0,22 hı 

T3 1,70 g 0,24 de 2,17 de 0,52 efg 0,13 gh 0,22 hı 

T4 2,03 c 0,24 de 2,35 cd 0,63 d 0,17 cd 0,25 d-g 

There was no statistically significant difference between the means given in the same column 

with the same letter (p<0.001). S0: 0 mM NaCl, S1: 50 mM NaCl, S2: 100 mM NaCl, T0: 0 

µM H2S, T1: 25 µM H2S, T2: 50 µM H2S, T3: 75 µM H2S, T4: 100 µM H2S. 

Table 2. Leaf Mn, Fe, Zn, B, Cl and Na content of cucumber seedlings under salinity with H2S treatment  

Salt Treatment Mn Fe Zn B Cl Na 

  mg/kg 

 

 

S0 

T0 20,78 f 164,88 f 9,57 f 7,35 de 1,61 jk 412,50 ef 

T1 19,47 f 222,83 d 15,94 bc 8,45 d 1,54 k 400,86 ef 

T2 94,10 d 230,63 cd 16,41 bc 8,35 d 1,74 ıj 395,15 f 

T3 134,45 a 298,32 a 20,48 a 10,97 c 1,74 ıj 408,77 ef 

T4 137,49 a 277,41 b 20,10 a 16,85 a 1,81 hı 450,39 ef 

 

 

S1 

T0 15,52 f 140,95 g 7,99 g 5,52 fgh 2,23 d 853,72 b 

T1 17,98 f 198,20 e 15,06 cd 6,35 efg 1,87 ghı 556,39 d 

T2 87,78 d 194,76 e 13,72 d 7,27 de 1,97 efg 453,04 e 

T3 93,18 d 241,73 c 16,86 b 6,85 ef 2,10 de 504,55 d 

T4 124,29 b 242,83 c 17,28 b 14,67 b 1,95 fgh 669,38 c 

 

 

S2 

T0 13,21 f 118,74 h 7,12 g 4,17 h 4,95 a 2761,81 a 

T1 14,96 f 165,38 f 11,58 e 4,38 h 1,93 fgh 689,97 c 

T2 78,32 e 175,77 f 11,07 e 5,21 gh 2,06 ef 533,23 e 

T3 89,66 d 216,94 d 15,12 cd 5,27 gh 2,64 b 672,76 d 

T4 106,08 c 198,66 e 14,35 d 11,85 c 2,42 c 717,43 c 

There was no statistically significant difference between the means given in the same column 

with the same letter (p<0.001). S0: 0 mM NaCl, S1: 50 mM NaCl, S2: 100 mM NaCl, T0: 0 

µM H2S, T1: 25 µM H2S, T2: 50 µM H2S, T3: 75 µM H2S, T4: 100 µM H2S. 

 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

238 

In the study, with increasing salt stress, there was a significant decrease in root mineral 

content except Na and Cl (Table 3 and 4).  According to root mineral contents; with S1T0 and 

S2T0 applications, the decrease in root N, P, K, Ca, Mg, S, Mn, Fe, Zn and B contents 

compared to S0T0 application is 12%-31%, 15%-28%, 17%-33%, 27 -46%, 50%-67%, 13%-

50%, 22%-35%, 32%-52%, 42%-54% and 37%-63%. However, the rates of increase in Cl 

and Na contents of root were 60%-76% and 67%-90% in S1T0 and S2T0 applications, 

respectively.  Under no-salt application (S0), the highest N, Mg and S contents of root were in 

T4, the highest P, Mn and B contents were in T3, the highest K and Ca contents were in T1 

and the highest Fe and Zn contents were in T2. On the other hand, in the 50 mM salt 

application (S1), the highest N, P and Zn contents were in T2, the highest K and Ca content 

was in T1, the highest Mg content was in T2 and the highest s, Mn, Fe and B contents were in 

T3. In the 100 mM salt application (S2), the highest N, P, K, Mg, Fe and Zn contents were in 

T2 and the highest Ca, Mn and B content was in T3 (Table 3 and Table 4). 

Table 3. Root N, P, K, Ca, Mg and S content of cucumber seedlings under salinity with H2S treatment 

Salt Treatment N P K Ca Mg S 

  % 

 

 

S0 

T0 0,89 e 1,54 b 0,86 def 0,26 d 0,06 c 0,08 b 

T1 0,98 bcd 1,62 a 1,36 a 0,43 a 0,07 b 0,08 b 

T2 1,06 a 1,61 ab 0,96 c 0,31 c 0,09 a 0,09 a 

T3 0,94 cde 1,67 a 0,90 de 0,36 b 0,06 c 0,09 a 

T4 1,01 ab 1,60 ab 0,91 cd 0,34 b 0,09 a 0,09 a 

 

 

S1 

T0 0,78 fg 1,31 de 0,71 ı 0,19 g 0,03 de 0,07 c 

T1 0,80 fg 1,29 e 1,07 b 0,37 b 0,05 c 0,08 b 

T2 0,99 bc 1,36 d 0,85 ef 0,21 efg 0,06 c 0,08 b 

T3 0,76 g 1,29 e 0,77 gh 0,29 c 0,04 d 0,09 a 

T4 0,90 e 1,35 de 0,82 fg 0,26 d 0,06 c 0,08 b 

 

 

S2 

T0 0,61 h 1,11 g 0,58 j 0,14 h 0,02 e 0,04 d 

T1 0,75 g 1,10 g 0,62 j 0,22 ef 0,05 c 0,07 c 

T2 0,92 de 1,47 c 0,74 hı 0,20 fg 0,06 c 0,07 c 

T3 0,74 g 1,20 f 0,71 hı 0,26 d 0,06 c 0,07 c 

T4 0,83 f 1,28 e 0,74 hı 0,22 ef 0,05 c 0,07 c 

There was no statistically significant difference between the means given in the same column 

with the same letter (p<0.001). S0: 0 mM NaCl, S1: 50 mM NaCl, S2: 100 mM NaCl, T0: 0 

µM H2S, T1: 25 µM H2S, T2: 50 µM H2S, T3: 75 µM H2S, T4: 100 µM H2S. 
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Table 4. Root Mn, Fe, Zn, B, Cl and Na content of cucumber seedlings under salinity with H2S treatment  

Salt Treatment Mn Fe Zn B Cl Na 

  mg/kg 

 

 

S0 

T0 6,83 c 54,07 cde 5,89 c-f 3,44 de 5,48 g 450,30 c 

T1 7,17 bc 52,94 cde 6,30 c 3,54 d 5,44 g 435,58 c 

T2 8,49 a 65,71 a 7,57 a 4,24 b 5,62 g 638,42 bc 

T3 8,84 a 63,36 a 7,18 ab 5,64 a 5,77 g 441,68 c 

T4 8,67 a 58,07 bc 6,02 cde 4,09 bc 5,54 g 456,41 c 

 

 

S1 

T0 5,35 f 36,90 g 3,40 h 2,16 h 8,78 b 753,30 bc 

T1 6,33 d 44,93 f 6,18 cd 3,02 f 6,54 f 475,91 c 

T2 6,84 c 56,45 bcd 6,59 bc 3,62 d 6,57 f 1109,46 b 

T3 7,45 b 60,75 ab 6,09 cde 3,98 c 6,60 f 515,16 c 

T4 7,35 b 54,17 cde 5,30 efg 2,97 f 7,59 e 611,54 bc 

 

 

S2 

T0 4,43 g 25,77 h 2,72 h 1,28 ı 9,67 a 854,64 bc 

T1 5,26 f 36,67 g 5,15 fg 2,54 g 7,75 de 517,81 c 

T2 5,91 e 52,35 de 5,42 d-g 2,97 f 8,30 c 1788,45 a 

T3 5,84 e 51,09 de 5,34 efg 3,29 e 8,02 cd 606,56 bc 

T4 5,41 f 49,56 ef 5,01 g 2,79 f 8,03 cd 813,51 bc 

There was no statistically significant difference between the means given in the same column 

with the same letter (p<0.001). S0: 0 mM NaCl, S1: 50 mM NaCl, S2: 100 mM NaCl, T0: 0 

µM H2S, T1: 25 µM H2S, T2: 50 µM H2S, T3: 75 µM H2S, T4: 100 µM H2S. 

The decrease in plant leaf and root content with salt stress was also stated in the studies 

conducted by Yildirim et al. (2008), Rouphael et al. (2012) and Zhu et al. (2008). In previous 

studies, as in our study, it was determined that the amount of Na and Cl in plant tissues 

increased with salt stress. Salinity directly affects nutrient intake as Na
+
 decreases K

+
 uptake 

and Cl
–
 reduces NO

-3
 uptake (Grattan and Grieve, 1998). This makes the plant more 

susceptible to osmotic and specific ion damage, and nutritional deficiencies that cause yield 

and quality reduction (Grattan and Grieve, 1998). These effects of salt stress on the plant 

mineral content of cucumber varied with the H2S applications used in the study, and H2S 

application alleviated the decrease in the mineral content of salt stress. Mostofa et al., (2015) 

also stated that H2S in rice is effective in reducing Na
+
 uptake and Na

+
/K

+
 ratio, balancing 

mineral contents, and ion homeostasis under salt stress. In another study, it was determined 

that the exogenous application of H2S in strawberry increased the endogenous H2S and iron 

levels in the roots and leaves, and it increased the Zn
2+

, Ca
2+

 and Mg
2+

 levels in both the 

leaves and roots of strawberry plants grown in Fe deficiency (Kaya and Ashraf, 2018). 
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It has been investigated in different plants that H2S acts as a signal molecule against 

many abiotic stress factors. In this study, it is shown that H2S application can increase the 

tolerance of salt stress in the development stage of the plant with its effect on reducing the 

negative effect of salt stress on the mineral substance content of cucumber seedlings. 

However, both the mechanism of endogenous H2S production in plants and the signal 

transmission pathways between plant cells and tissues and the mechanisms of exogenous HS 

application need to be investigated further. 

CONCLUSION 

In the study, it was determined that salt stress in cucumber seedlings caused nutrient 

deficiency by affecting the plant leaf and root mineral content. In addition, the exogenous 

application of H2S to the plant provided an increase in the mineral content of cucumber 

seedlings, which is important for plant development, and alleviated the damage caused by salt 

stress in this sense. 
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ABSTRACT: Quercetin (3,3′,4′,5,7-penta hydroxyl flavone) is, a flavonol, subclass of flavonoids, widely 

distributed in plant and have been demonstrated to have strong anti-inflammatory, antioxidant, antibacterial 

and neuroprotective activities. Thus, this study aimed to investigate the antioxidant activity of quercetin by 

measuring the scavenging free radical, the ferrous iron chelating and the ability to prevent erythrocyte 

hemolysis. A colorimetric method was used to determine free radical scavenging activity by evaluating the 

capacity of quercetin to reduce DPPH. In ferrous anion chelating, the capacity of quercetin to inhibit 

ferrozine-Fe
2+ 

complex formation was measured. hemolysis test focus on ability of quercetin to prevent 

lysis of erythrocytes which were submitted to a thermo-controlled free radical AAPH (2,2'-Azobis(2-

amidinopropane) dihydrochloride aggression. The results showed that quercetin is a potent antioxidant, at 4 

µg/mL only it is able to scavenge until 90% of DPPH radical, also it exerted a high capacity to prevent 

AAPH induced hemolysis, a 25µg/ ml is able to protect the membrane of erythrocytes from radical attack 

for 4 hours. This compound is also able to chelate ferrous ions in a concentration-dependent manner. These 

results show that these flavonoids may be promising agents for the prevention and the treatment of damage 

caused by oxidative stress. 

 

Keywords: AAPH, Antioxidant activity, Chelating activity, DPPH, Quercetin. 

 

INTRODUCTION 

Flavonoids are one of the major families of secondary metabolites derived from the plant 

phenylpropanoid pathway (Wang et al., 2020). Quercetin (3,3‘,4‘,5,7-pentahydroxyflavone) is 

a bioactive component belonged to the natural flavonoids group, it is found in various food 

products and plants including kales, onions, berries, apples, red grapes, broccoli, and cherries, 

as well as tea with different concentrations (Xu et al., 2019). The daily human intake of 

quercetin is around 10–100 mg (Darband et al., 2018). Quercetin as others flavonoids has 

common flavone nucleus composed of two benzene rings linked through a heterocyclic 

pyrone ring (Baghel et al., 2012) (Figure 1). It is known that quercetin has anti-inflammatory, 

antibacterial, antiviral, anticancer, hepatoprotective and antioxidant properties (Jaisinghani, 
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2017; Batiha et al., 2020) .Thus, the current study aimed to examine the antioxidant activity 

of this molecule. 

 

Figure 1. Quercetin‘s chemical structure (Xu et al., 2019). 

MATERIAL AND METHOD 

CHEMICALS  

2,2'-diphenyl-1-picrylhydrazyl (DPPH), Iron chloride (FeCl2), 2,2'-Azobis (2-

amidinopropane) dihydrochloride (AAPH), Ethylenediaminetetraacetic acid (EDTA), Trolox, 

Quercetin, and Methanol were purchassed from Sigma-Aldrich (Germany). Sodium 

dihydrogen phosphate (NaH2PO4), Disodium hydrogen phosphate (Na2HPO4) and Sodium 

chloride (NaCl) were obtained from Panreac (Spain). Spectrophotometric analysis was 

performed with UV-VS spectrophotometer (Thermo Spectronic, USA) and microplate reader 

(ELX 800, Bio-TEK instruments, Winooski, VT, USA). 

DPPH scavenging activity  

The ability of this molecule to scavenge DPPH radical was evaluated as describe by Que 

et al. (2006). Practically 0,5 mL of DPPH 0,1 mM, prepared in methanol, was mixed with 0,5 

mL of different concentrations of quercetin (0,1- 30 µg/ mL). The mixture was incubated in 

obscurity for 30 minutes. The absorbance was measured at 517 nm. The Trolox was used as 

standard and the percentage of radical scavenging activity was calculated as following 

formulation:  

DPPH scavenging activity (%) = (A 
control

– A 
sample

) x 100/A 
control 

A 
control

: absorbance of the control reaction mixture without the test compounds  

A 
sample: 

absorbance of sample reaction mixture with test compounds 

Ferrous anion chelating 

Quercetin chelating ferrous anion was evaluated as describe by Le et al. (2007). Briefly, 

700 µL of quercetin in different concentrations (0,25- 5 mg/ mL) were added to 50 µL FeCl2 
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0.6 mM. After 5 min of incubation, the reaction was initiated by addition of 50 µL of 

ferrozine 5mM (prepared   in 80% methanol). The reaction was incubation again for 10 min, a 

necessary time for complex (Fe (II)-Ferrozine) formation with violet color which have a high 

absorbance at 562 nm. EDTA (1- 30 µg/mL) was used as reference.  

The chelating activity of quercetin and Trolox was calculated according to the equation: 

Chelating activity (%) = (A 
control

– A 
sample

) x 100/A 
control

 

A 
control

: absorbance of the control 

A 
sample: 

absorbance of sample 

Anti-hemolytic activity  

Anti-hemolytic effect of quercetin was assessed according to the procedure described by 

Meziti et al. (2019). Briefly, blood of Swiss albino mouse was collected using heparinized 

syringe through direct heart puncture and then diluted to 2% in physiological buffer (NaCl 

125 mM, sodium phosphate 10 mM, pH 7.4). In a 96 well plate, 120 μL of mouse 

erythrocytes suspension (2%) were pre-incubated with 60 μL of different concentrations of 

the quercetin (1, 5, 10 and 25 μg/ mL) for 30 min at 37°C. To each well, 120 μL of AAPH 

(120 mM) prepared in cold physiological buffer were then added and the mixture was 

incubated at 37°C. The kinetic of hemolysis was monitored for 4 hours by measuring 

reductions in turbidity at 630 nm. The physiological buffer served as the positive control 

while erythrocyte not treated by AAPH used as negative control to remove auto hemolytic of 

erythrocytes. 

Statistical analysis 

The results obtained were analyzed by GraphPad Prism 9 software and expressed as mean 

± SD, the statistical analysis was performed using one way ANOVA and the differences were 

considered statistically significant at p<0.001. 

RESULTS AND DISCUSSION  

DPPH scavenging activity 

 DPPH scavenging activity is widely used to evaluate the free radical scavenging ability 

of various samples. Figure 2 shows that quercetin presents a highest DPPH scavenging 

activity, only 8 µg/mL was sufficient to trapping 97% of DPPH radical with IC50 value 1,98 

± 0,20 µg/ mL, this capacity may be explained by abstraction of the H-atoms (3
‘
-
 
OH, 4

‘
-
 
OH 

and 3-OH) from the quercetin or by electron-donating (Dehghan and Khoshkam, 2012; 
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Bajracharya et al., 2020). Trolox shows also a high DPPH scavenging with IC50 value of 4,60 

± 0,15 µg/ml, the same value was reported by Boudoukha et al. (2019). 
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Figure 2. Free radical scavenging activity of quercetin and Trolox. Values are expressed as means ± SD (n=3) 

Ferrous anion chelating 

An important mechanism of antioxidant activity is the ability to chelate/disactivate 

transition metals, which possess the ability to catalyze hydro peroxide decomposition and 

Fenton-type reactions (Sahreen et al., 2010). Among the transition metals, iron which is 

known as the most important lipid oxidation pro-oxidant due to its high reactivity (Ozen et al., 

2011). The quercetin inhibited the formation of Fe
2+

 - ferrozine complex in a dose dependent 

manner. Therefore, this activity was less important than EDTA which exerted a highest 

chelating activity (Figure 3) with EC50 value 8,043 ± 0,9 µg/ ml, the low activity of quercetin 

may be explained by the poverty of this molecule to suitable groups that could chelate the 

cations. The capacity of phenolic compounds to chelate metal ions depend on the availability 

of properly oriented functional groups (Wong et al., 2006) 
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Figure 3. Ferrous anion chelating activity of quercetin (A) and EDTA (B). Values are expressed as means ± SD 

(n=3) 

Antihemolytic activity 

Oxidative hemolysis in erythrocyte membranes represents a good model to study 

antioxidant activity because erythrocytes are prime targets for free radical species owing to 

the presence high membrane concentration of polyunsaturated fatty acids (García-Becerra et 

al., 2016; Gonçalves et al., 2017). The principle of this essay is to submit erythrocyte to a 

thermo-controlled free radical aggression, since the decomposition of AAPH gives rise to 

molecular nitrogen and alkyl radicals that react with molecular oxygen to give rise to peroxyl 

radicals which are responsible for predominantly attacking the erythrocyte membranes and at 

a certain stage during oxidation, these radicals permeate the cells causing hemolysis 

(Elizondo-Luévano et al., 2021). When erythrocytes were cultured under normal incubated 

without addition of AAPH, they were very stable with limited hemolysis observed for up to 4 

hours (figure 4), and when they were cultured with AAPH the thermal free radical resulting 

attack the membrane and cause hemolysis in 2 hours. According to (Gonçalves et al., 2017), 

quercetin is the most efficient phenolic for erythrocytes protection reported until now, this 

results was justified by our experimental results which show that quercetin at 1, 5 and 10 

µg/mL prevent significantly (p<0.001) erythrocyte hemolysis with half hemolysis times (HT 

50) of  150,8± 1,89,   170,76 ± 1,98,  202,62 ± 2,84 min, respectively. However, at 25 µg/mL 

it prevents hemolysis for more than 4 hours compared with control which represent 50% 

hemolysis at 106,52 ± 1,21 min.  



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

248 

0 100 200

0.0

0.5

1.0

1.5

Time (min)

A
b

s
o

r
b

a
n

c
e
 
a
t
 
6
3
0
 
n

m

Control

1 µg/ml

5 µg/ml

10 µg/ml

25 µg/ml

Cell without AAPH

(A)

control 1 5 10

0

50

100

150

200

250

                  Quercetin (µg/ml)

5
0
%

 
h

e
m

o
l
y
s
i
s
 
t
i
m

e
 
(
m

i
n

) ✱✱✱✱

✱✱✱✱

✱✱✱✱

(B)

 

Figure 4. (A). Kinetic of erythrocytes hemolysis. (B).  Half hemolysis time resulting from different 

concentrations of quercetin. Values are expressed as means ± SD (n=3) P<0.001. 

CONCLUSION 

Quercetin is a typical flavonoid that is abundant in fruits and vegetables. In this study, 

quercetin   exhibits a good antioxidant activity and prevent against erythrocytes hemolysis, 

these properties could be a key in fighting several chronic degenerative diseases. 
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ABSTRACT: Sous vide (under vacuum), a French is the term. The sous-vide method is a technique 

that has the potential to produce high-quality foods, in which vacuum bags are cooked under controlled 

temperature and time conditions. Sous-vide method, food is cooked for longer at lower temperatures 

(usually below 100°C) according to traditional cooking methods The sous vide method can be used to 

prepare foods with a long shelf life for retail and catering. Sous-vide packaged products have a wide 

usage area all over the world, especially in market aisles, hospitals, factories, schools, hotels and 

military food services. The food in the vacuum bag is quickly refrigerated or deep refrigerate to be 

consumed later can be preserved for In the sous vide technique, many foods such as meat, poultry, eggs, 

fish and seafood, vegetables, fruits used in cooking group. Products without losing their own water and 

nutritional value, without deteriorating their structure,. Although the technique has been applied in meat 

and fish, the use of the technique has been very effective in its popularity. Cooking with the sous vide 

method, which provides controlled conditions due to its structure that requires special processing, both 

It is preferred in terms of contributing to its sensory properties and ensuring food safety. 

 

Keywords: Sous-vide, Vacuum, Cooking Technique 

INTRODUCTION 

The sous-vide technique is the process of adding by-products to the product, optionally, 

and vacuum packaging in plastic bags and pasteurizing it at a certain temperature and time. In 

other words, it is the process of packaging and cooking the product with low oxygen (Bilici 

and Yılmaz, 2014) 

This technique was first developed by George Pralus in 1970 by applying low heat to raw 

product. Afterwards, Ready put the product in vacuum packages in 1971 and applied cooking 

using different temperatures and times (Mol and Özturan, 2009). 

Generally, 60-80  C temperature and 20-40 minutes parameters are used more frequently. 

Both the sensory and chemical properties of the products cooked with this technique are 

mostly preserved, and products with a long shelf life are obtained as the microbial activity is 

minimized (Ceylan and ġengör, 2017). 

With the sous-vide cooking technique, it is ensured that the product is cooked without 

adversely affecting the quality criteria. No crust formation is observed and homogeneous 

cooking is ensured. The closest cooked product to the fresh product is obtained. It is more 
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effortless and more preferable than traditional cooking. It is a suitable method for the product 

to be cooked and rapidly cooled, stored and subsequently heated and consumed, which is one 

of the important advantages of this technique (Haskaraca and Kolsarıcı, 2013). 

This technique; It can be used in cooking products such as meat, fish, vegetables, soups 

and sauces (Bilici and Yılmaz, 2014).  

The number of scientific studies on the application of sous vide technology to aquaculture 

in our country is quite limited. This technology is a technique that provides high quality 

products within the ready-to-eat food industry. In addition, it has many advantages such as 

being easily served in a short time, being practical, easily applied to foods such as meat, 

chicken and fish that are susceptible to spoilage, increasing the shelf life of the product, 

making the product more appealing in terms of sensory and preventing microorganism 

activity (Creed and Reeve, 1998). 

In this review, sous-vide technology and its applications in aquaculture will be 

mentioned. 

SOUS-VIDE PROCESS STEPS 

The product is first cleaned, washed and purified from foreign materials. Afterwards, the 

vacuum is placed in the bag to be packed and by-products (olive oil, salt, pepper, garnish, 

vegetables, etc.) are added upon request, and the mouth of the bag is hermetically sealed by 

drawing the air inside. It is cooked in a hot water bath at certain temperature-time 

combinations (pasteurization) and quickly cooled in a cold water bath or in ice water. It is 

stored at 0-4  C until it is served, and it is heated in the microwave or in a hot water bath 

before being served (Yaz, 2013).  

ADVANTAGES AND DISADVANTAGES 

Advantages of Sous-Vide Technique 

-It can be applied to products such as meat, fish, chicken, which tend to spoil quickly, 

-Prolonging the shelf life of the products cooked with this technique and thus remaining 

suitable for consumption for a long time, 

-Easy to be ready for consumption, saving time, 

-The process steps are easy to implement and do not require too much labor, 

- Minimizing the contact with oxygen (vacuum packaging), keeping the microorganism 

growth mostly under control, 
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-Being a technology that serves the ready-made food industry, it provides both convenience 

and diversity in places where there is mass food distribution such as schools, hospitals, 

factories, restaurants, planes, 

-It prevents the development of pathogenic microorganisms, 

-It is possible to count the advantages such as preventing moisture that may occur in the 

product with packaging (Mol and Özturan, 2009). 

Disadvantages of Sous-Vide Technique 

-The tools and equipment used bring additional costs to the businesses, 

- The cold chain should be carefully followed and no disruptions should be experienced, 

- Inadequate applied time and temperature, in case of insufficient pasteurization, the toxic 

effect of C.botulinum cannot be prevented, 

-Contamination of the product, adversely affecting the shelf life and quality losses due to 

faults in the cold chain, 

-There are also disadvantages such as the need for qualified personnel (Mol and Özturan, 

2009). 

Sous-Vide Applications in Aquaculture 

Garcia-Linares et al. (2004) in their study, in which they compared the sous-vide cooking 

technique with the traditional cooking technique, it was reported that trout and salmon cooked 

with the sous-vide technique were more successful and their shelf life was significantly 

extended. 

Gonzales- Fandovs et al. (2004), they cooked the filleted trout (Oncorhynchus mykiss) by 

mixing salt and oil at three different temperatures and times. These groups are; 5 minutes at 

90  C, 15 minutes at 90  C and 10 minutes at 70  C. Trout fillets were pasteurized at these 

temperatures and times, then cooled to 0-2  C and stored at 2  C and 10  C. Afterwards, sensory, 

nutritional and microbiological analyzes were performed on these fish on the 3rd, 14th, 21st 

and 45th days. As a result of these analyzes, it was stated that most of the analysis results of 

the trout fillets cooked at 90  C for 15 minutes and stored at 2  C during a 45-day period were 

in appropriate parameters. 

Ceylan and Ünal ġengör (2019) dried basil (0.5%), fresh garlic (0.25%) and dill (0.5%) 

were added to the fish fillets. Sea bass fillets (Dicentrarchus labrax, Linnaeus, 1758) were 

cooked by sous vide technique and the samples were stored at 3ºC. Total volatile basic 

nitrogen (TVBN), pH, sensory and color measurement analyzes were carried out to reveal the 
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quality differences. The use of basil, fresh garlic and dill reduces the chemical quality 

deterioration of fish cooked with sous vide technique proved to be delayed. In addition, this 

combination successfully delayed sensory deterioration. Sensory and physicochemical quality 

tests were performed using the sous vide cooking technique and the combination of fresh 

garlic and dried basil. proved to be effective against degradation. Treated with fresh garlic, 

dried basil and fresh dill and sea bass fillets cooked at 65ºC for 20 minutes have a shelf life of 

42 days.  

Bozova and Ġnci (2021) investigated the changes in some quality properties of meagre 

(Argyrosomus regius) fillets by treating them with rosemary and thyme extracts, applying 

sous vide technology and keeping them cold (4±1 °C). Total volatile basic nitrogen (TVB-N), 

thiobarbituric acid (TBA) and trimethylamine nitrogen (TMA-N) values did not exceed the 

limit values during the storage period in the control group and treated with oregano and 

rosemary extracts groups.  In the control, rosemary and thyme applied groups, the total 

number of mesophilic aerobic bacteria and total psychrophilic aerobic bacteria did not exceed 

the limit values on the 42nd day. During storage, lactic acid bacteria, yeast and mold were not 

detected in the groups treated with sous vide. It was determined that rosemary and thyme 

extracts improved the sensory quality of the product in terms of taste and smell. 

Özturan (2009) found that the quality of haddock (Merlangius merlangus euxinus, 

Nordmann, 1840) and bonito (Sarda sarda, Bloch, 1793) cooked by the sous-vide method. It 

reduces the microorganism load, TVB-N and TMA-N values in the groups treated with sous 

vide. Haddock and bonito cooked at 70°C for 10 minutes and stored in cold reported that the 

shelf life of fish is 35 days.  

Çetinkaya et al. (2017)  rosemary applied on the surface of trout fillets (Oncorhynchus 

mykiss Walbaum, 1792), packed in vacuum and subjected to sous-vide process. Chemical 

composition, pH, TVB-N, TBARS analyzes and sensory evaluation were performed on the 

samples. The highest TBARS value was detected in the group applied to rosemary. With 

rosemary treatment, the shelf life and acceptability of the samples were extended up to at least 

5 days.  

In the light of all these results, it has been determined that the fish are suitable for 

cooking with sous-vide cooking technique and an increase in shelf life has occurred. Fisheries 

are sensitive foods in terms of their rapid deterioration, but they are sensitive foods as well as 

high in nutritional values. Studies to increase the consumability of these products and to 
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present them safely to the consumer have increased recently. Since seafood products have 

high nutritional value, it has gained importance to produce commercially packaged products 

with a long shelf life, easy to prepare and high quality in order to increase their consumption. 

Sous-vide technology also serves this purpose, and studies should be focused on other aquatic 

products. 
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ABSTRACT: Ergesterol and 7-dehydrocholesterol are provitamins of vitamin D, which is a group 

compounds of fat-soluble, oxygen and light sensitive, and antirachitic-acting. Cholecalciferol is formed 

by photolysis of 7-dehydrocholesterol in the skin under the influence of ultraviolet rays. Vitamin D is 

concentrated in fish liver oil. Vitamin D is naturally found in liver, egg yolk, oily fish (salmon, 

mackerel, tuna fish etc.) and milk. Phytoplanktonic algae, reindeer lichen and fungi are among the 

organisms that produce high amounts of vitamin D with the effect of UVB. Vitamin D, which plays an 

important role in calcium homeostasis, innate and adaptive immune system in our body, provides 

protection against viral infections and helps regulate cytokine levels in young and elderly populations, 

respectively. Vitamin D plays an important role in strengthening the immune response and suppressing 

the cytokine storm. It has been reported that vitamin D deficiency is associated with an increased risk of 

hypertension, autoimmune diseases, diabetes, and cancer, and its deficiency results in increased 

susceptibility to viral infections. There are data linking vitamin D deficiency with the severity of 

COVID-19 and suggesting a correlation between insufficient vitamin D level and COVID-19 mortality. 

It is reported that vitamin D can theoretically reduce the risks of COVID-19 infection and mortality 

through regulation of three mechanisms: (I) regulation of the renin-angiotensin system (RAS), (II) 

cellular innate and adaptive immunity, and (III) physical barriers. 

 

Keywords: Vitamin D, Nutrition, COVID-19, Health 

INTRODUCTION 

Vitamin D is the common name for a group of fat-soluble, oxygen and light-sensitive 

substances with antirachitic properties. Ergosterol and 7-dehydrocholesterol are vitamin D 

provitamins. Cholecalciferol (vitamin D3) is generated by photolysis of 7-dehydrocholesterol 

(provitamin D3) present in the skin under the influence of ultraviolet rays (Saldamlı, 2005). 

Fish liver oil contains a lot of vitamin D. Vitamin D is naturally found in liver, egg yolk, oily 

fish (salmon, mackerel, herring, tuna, etc.) and milk (Saldamlı, 2005; Šimoliūnas et al., 2019; 

Chandran et al., 2020). Phytoplanktonic algae, reindeer lichen, and fungi are also among the 

organisms that create a lot of vitamin D when exposed to UVB (Çobanoğlu Özyiğitoğlu, 

2020). 
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60-90% of dietary vitamin D2 is absorbed by the small intestine. Vitamin D absorption 

increases with bile because it is a fat-soluble vitamin. Absorbed vitamin D passes into the 

lymphatic system and participates in the structure of chylomicrons. After entering the 

systemic circulation, vitamin D is carried to the liver in the blood, where it is digested and 

catabolized (Çağlar Ġpek, 2019). When 7-dehydrocholesterol, the immediate precursor in the 

cholesterol biosynthesis pathway, is exposed to ultraviolet B radiation (290–315 nm), the 

bond between carbon 9 and carbon 10 atoms is broken, resulting in the production of pre-

vitamin D3. Once generated, the triene structure of this thermodynamically unstable second 

steroid is rearranged to form the thermodynamically stable vitamin D3, which is then 

transported to the liver and transformed to 25-hydroxyvitamin D 25(OH)D. This metabolite 

then returns to the circulation and goes to the kidneys, where it is converted to the hormonally 

active metabolite 1,25-dihydroxyvitamin D, also known as calcitriol. This metabolite is 

subsequently recirculated and transported to the kidneys, where it is converted to the 

hormonally active metabolite 1,25-dihydroxyvitamin D, also known as calcitriol (Šimoliūnas 

et al., 2019). The biosynthesis of vitamin D is schematically depicted in Figure 1. 

 
Figure 1. Biosynthesis of vitamin D (Šimoliūnas et al., 2019) 

The optimal range for 25(OH) D in serum is 25-80 ng/mL. If 25(OH) D level is ≤10 

ng/ml, it is considered as severe deficiency, if it is between 10-20 ng/ml, considered as 

deficiency, if it is between 20-30 ng/ml, considered as moderate deficiency or insufficiency, if 
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it is ≥30 ng/ml, considered as sufficient, if it is between 40-50 ng/ml, considered ideal and 

lastly if it is >150 ng/ml, considered toxic (Kennel et al., 2010; Lavie et al., 2011). Limited 

skin synthesis caused by dark skin color or inadequate sunlight exposure and inadequate 

dietary intake are the main causes of low 25(OH) D levels. Because of the shift in angle of the 

sun rays and the decrease in exposure to sunshine, vitamin D absorption through the skin 

reduces throughout the winter months. Melanin, which is abundant in dark-skinned persons, 

prevents UVB rays from being absorbed. Therefore, it is reported that skin pigmentation also 

plays a crucial role in vitamin D deficiency (ÇalıĢkan Özçelik et al., 2012). Aside from these, 

it has been reported that atmospheric characteristics, cloud layer and cloud height, sunscreens, 

aging, obesity, and lifestyle are also key factors in vitamin D deficiency (Çağlar Ġpek, 2019). 

For example, in a study with ethnic groups in Russia conducted by Kozlov et al. (2014), it has 

been reported that the traditional diet of the Nenets and Komi indigenous Arctic people, 

which included large amounts of venison, reindeer oil, and fish, effectively prevented vitamin 

D deficiency when compared to western-style diets. 

Vitamin D and sun rays are necessary for a healthy and powerful immune system. The 

most important function of vitamin D is to keep vertebrates' calcium levels balanced. Vitamin 

D deficiency is associated with an increased risk of hypertension, autoimmune diseases, 

diabetes and cancer (Çobanoğlu Özyiğitoğlu, 2020). 

Vitamin D has regulatory effects on both the innate and adaptive immune systems, and so 

plays a critical role in the battle against invading pathogens. Vitamin D suppresses cytokine 

synthesis while simultaneously strengthening the innate immune system and reducing the 

burden of invading pathogens. It can also aid the body's response to pathogen burden by 

lowering the adaptive immune system's overactivation that happens during infections 

(Chandran et al., 2020; Razdan et al., 2020). 

Apart from its traditional role in calcium and phosphorus homeostasis and bone 

metabolism, vitamin D also has paracrine and intracrine actions on dendritic cells, inhibiting 

the proliferation of T helper cells (Th1) and shifting cytokine production to T helper 2 (Th2) 

cells. It has an endocrine effect on the activation of antigen presenting cells such as 

monocytes and the motility of neutrophils and contributes more to its antibacterial activity 

(Bikle et al., 2018; Singh et al., 2020). 

Vitamin D's Importance in Covid-19 Disease 
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The COVID-19 pandemic caused by SARS-CoV-2 infection has spread to all continents 

with the infection transmitted by droplets in the air, first identified at a seafood market in 

Wuhan, China. Fever (88.5%), cough (68.6%), myalgia or fatigue (35.8%), expectoration 

(28.2%), shortness of breath (21.9%), headache or dizziness (12.1%), diarrhea (4.8%), and 

nausea and vomiting (3.9%) are all common symptoms in COVID-19, which has a wide 

clinical spectrum from no symptoms to acute respiratory distress syndrome (ARDS). Those 

who develop ARDS require respiratory support as well as various forms of long-term 

intensive care. Such respiratory complications may result in systemic deterioration, leading to 

poorer outcomes in these people (Brito et al., 2021). The number of studies linking vitamin D 

to the occurrence of these symptoms has increased, and data suggesting a correlation between 

vitamin D level and COVID-19 mortality is also on the rise (Hu et al., 2020; Daneshkhah et 

al., 2020). Furthermore, Laird et al. (2020) reported that there is a statistically significant 

correlation between lower mean serum 25(OH)D levels and a higher COVID-19 mortality 

rate per million population. This is the way vitamin D may reduce the risk of COVID-19 

infection and mortality by at least three mechanisms: (i) regulation of the renin-angiotensin 

system (RAS), (ii) cellular innate and adaptive immunity, and (iii) physical barriers (Grant et 

al., 2020). In a study with rats with chemically induced acute respiratory distress syndrome 

(ARDS), it was reported that vitamin D supplementation raised the mRNA and protein levels 

of ACE2. When compared to controls, rats supplemented with vitamin D have been reported 

to exhibit milder symptoms of ARDS and moderate lung changes (Yang et al., 2016). Again, 

a negative correlation was observed between the mean levels of vitamin D and COVID-19 

cases and death in a million people in a cross-sectional observational prognostic study 

conducted in the general population (Ilie et al., 2020). 

According to recent studies, there are inverse connections between 25(OH)D 

concentrations and the incidence and mortality of COVID-19, and vitamin D can alleviate 

COVID-19 through its gene-expression effects. It has been demonstrated that increasing 

vitamin D concentration improves prognosis in COVID-19 cases, and it has been emphasized 

that the use of vitamin D supplements as adjuvant therapy for COVID-19 should be 

investigated promptly (Annweiler et al., 2020a; Grant et al., 2021). Grant et al. (2021) 

emphasized that people who are at risk of influenza and/or COVID-19 should take 10000 IU 

of vitamin D each day to reduce the risk of infection. Furthermore, evidence supporting the 

role of vitamin D in reducing COVID-19 risk includes the fact that the outbreak occurred 
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during the winter months when 25(OH)D concentrations were lowest, the number of cases in 

the Southern Hemisphere towards the end of summer was low, and that vitamin D deficiency 

contributes to acute respiratory distress syndrome. 

They have reported 11 survivals of 21 critically ill COVID-19 patients in the clinical 

evaluation research, and they found low serum levels of vitamin C and vitamin D in the 

majority of the intensive care unit (ICU) patients. Advanced age and a low vitamin C content 

in the samples were found to be independent risk factors for COVID-19-related mortality. In 

this pilot study, it was revealed that the majority of critically ill COVID-19 ICU patients had 

low serum vitamin C and vitamin D levels, and older age and low vitamin C levels were 

found to be co-dependent risk factors for death (Arvinte et al., 2020). 

Chronic comorbidities such as diabetes, systemic arterial hypertension, obesity, and 

cardiovascular illnesses are known to be linked to higher morbidity and death in COVID-19 

cases (Brito et al., 2021). Diabetes is defined as one of the most important co-morbidities 

associated with the severity of COVID-19 infection. It has been reported that there is a 

common pathophysiological and mechanical link between diabetes and COVID-19 infection, 

which is more obvious in the presence of vitamin D levels below 10 ng/ml. An optimal 

metabolic control level should be provided for all diabetic patients infected with the COVID-

19 virus, and adequate vitamin D supplementation should be provided as it offers a relatively 

safe, inexpensive and simple adjuvant treatment in such a case (Singh et al., 2020). 

The epidemic has been shown to occur in the northern hemisphere, at a time when 

sedentary populations' vitamin D levels are at their lowest, blacks and minority ethnic 

individuals with lower vitamin D levels are disproportionately affected and have more serious 

disease complications, and vitamin D deficiency has been linked to acute respiratory distress 

syndrome. In populations with concomitant diseases such diabetes, hypertension, and 

cardiovascular disease, case fatality rates rise with age (Chandran et al., 2020). It has been 

reported that the mortality rate in people with diabetes is approximately three times higher 

compared to the overall COVID-19 mortality in China (Yang et al., 2020). In earlier SARS, 

MERS (Middle East Respiratory Syndrome), corona virus infections, and severe influenza A 

H1N1 pandemics, diabetes has also been reported as a risk factor for serious illness and death 

(Hughes and Norton, 2009). Whittemore (2020) discovered a highly substantial positive 

correlation between low mortality rates and a country's closeness to the equator, indicating 

that sunshine exposure and lower mortality are linked. In a retrospective study, it was shown 
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that exposure to sunlight and vitamin D are probably associated with reduced risks for both 

COVID-19 cases and mortality (Li et al., 2020). In a study of COVID-19 cases, vitamin D 

status was found to be significantly lower in Asian, Black and Mixed ethnicities compared to 

white ethnicity. Being overweight or obese, living in London, being male, and being of Asian, 

Black or Mixed ethnicity were associated with higher rates of positive cases (Darling et al., 

2020). 

Elderly and male patients with pre-existing medical disorders and low vitamin D levels 

were found to have increased mortality rates in a recent retrospective cohort study. Vitamin D 

levels were strongly associated with COVID-19 mortality after adjusting for confounders 

(age, gender and comorbidity) (Raharusuna et al., 2020). In a retrospective study of COVID-

19 patients, researchers discovered that they had a considerably lower mean vitamin D value 

and higher vitamin D deficiency than control participants, with the difference being even 

more severe in male COVID-19 patients (De Smet et al., 2020). 

In a retrospective multicenter study, it was reported that differences in mean vitamin D 

levels were significant in mild, ordinary, severe and critical cases of COVID-19, and vitamin 

D status had a strong link with clinical outcomes (Alipio, 2020). In their retrospective 

observational study, Lau et al. (2020) reported that ICU patients (84.6%) had higher vitamin 

D deficiency than other covid patients (57.1%). Glicio et al. (2020), on the other hand, 

reported that severe patients had lower vitamin D levels compared to mild patients, and 

subjects with pre-existing medical problems had low vitamin D levels. 

According to the results of a case-control study in Parkinson's disease patients, 22.4% of 

those who took vitamin D supplements did not develop COVID-19, while 12.4% of those 

who did not take vitamin D supplements developed COVID-19 (Fasano et al., 2020). 

A quasi-experimental study was conducted to determine if bolus vitamin D3 

supplementation during or just before COVID-19 was effective in survival and recovery 

among frail elderly nursing home residents diagnosed with COVID-19. This quasi-

experimental study comprised 66 COVID-19 residents from a French nursing home, with the 

"Intervention group" defined as those who received bolus vitamin D3 supplementation during 

COVID-19 or the prior month, and the "Comparative group" was used to identify all other 

participants. Only 44.4% of patients in the Comparative group survived COVID-19, 

compared to 82.5% in the Intervention group. In the fragile elderly, bolus vitamin D3 
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supplementation during or just before COVID-19 has been linked to less severe disease and a 

higher survival rate (Annweiler et al., 2020b). 

Aygun et al. (2020) reported that COVID-19 infection causes multi-organ damage that 

can be prevented with vitamin D supplementation. Vitamin D supplementation was found to 

minimize the risk of acute respiratory tract infection in all participants in 25 randomized 

controlled studies including 10.933 people from 14 different countries (Martineau et al., 

2017). In another multivariate analysis, it was reported that patients who took vitamin D, Mg 

and vitamin B12 required oxygen therapy in a smaller number of people at the later stage of 

the disease compared to the controls (Tan et al., 2020). 

CONCLUSION 

Vitamin D is a fat-soluble vitamin that is light and oxygen sensitive. Vitamin D 

deficiency is caused by inadequate food intake and limited skin synthesis induced by dark 

skin pigmentation or insufficient sunshine exposure. Apart from its classical role in calcium 

and phosphorus homeostasis and bone metabolism, vitamin D also plays a crucial 

immunomodulatory role in the normal course of viral and bacterial respiratory tract 

infections. In the literature review, it was seen that the level of vitamin D is important in those 

who have COVID-19 disease and people with vitamin D insufficiency have worse clinical 

outcomes.  

There is still no solid evidence for the prophylactic and therapeutic role of vitamin D in 

COVID-19, additional clinical research is needed to show its efficacy against infection. It is 

recommended that the mean serum concentration be maintained at ≥30 ng/mL, which is 

regarded an appropriate level in those who have COVID-19 and in the general population. 
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ABSTRACT: In this study, drought stress was applied to maize during the seedling period. It was 

aimed to determine the effect of drought stress on plant growth and some physiological characteristics. 

It was carried out in Atatürk University, Plant Production Application and Research Center 

greenhouses, Faculty of Agriculture, Horticulture Department Laboratories in 2021. The research was 

carried out in a pot experiment with 4 irrigation levels [full irrigation (100%) (S0), 80% (S1), 60% (S2), 

40% (S3) and 20% (S4)] of field capacity according to the randomized plots experimental design. was 

carried out. At the end of the trial period, plant growth parameters and some physiological 

measurements and analyzes were made in maize plants and the differences between the applications 

were evaluated. According to the research findings, significant differences emerged between practices 

and levels. It was determined that the effect on plant growth (plant height, stem diameter, fresh, dry 

weight, etc.) and some plant physiological parameters [tissue electrical conductivity (DEI)] in maize 

grown at different irrigation levels was significant. At the end of the study, it was determined that arid 

conditions negatively affected plant growth in maize. 

 

Keywords: Drought, Maize, Plant growth, Stress 

INTRODUCTION 

The negative effects of global warming are seen in our country as well as all over the 

world. Each region is affected by this temperature increase in different dimensions. It is 

reported that this situation will affect agriculture and animal husbandry at a significant level, 

and water problems will be experienced especially in regions such as Southeast and Central 

Anatolia (TürkeĢ, 1998; Öztürk, 2002). The fact that the annual usable water per capita in 

Turkey in 2015 is around 1450 m3 has enabled us to be among the countries experiencing 

water scarcity (Anonymous, 2015). Plant stress defines the factors that disrupt the normal 

functions of the plant (ÖdemiĢ and BaĢtuğ, 1999). In other words, they are external factors 

that negatively affect the plant (Büyük et al., 2012). Considering that only 10% of the 

terrestrial areas on earth are suitable for agriculture, it is seen how other stress factors, 

especially water stress, negatively affect the yield (Kadıoğlu, 2007; Blum, 1986). When 

usable agricultural lands in the world are evaluated according to stress factors, drought stress, 

which is a natural stress factor, takes the first place with a share of 26% (Kalefetoğlu and 
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Ekmekçi 2005). For these reasons, it is of great importance to identify and develop plants 

with a high tolerance threshold for stress factors. 

Corn is one of the few plants cultivated for thousands of years (Ecem, 2010). With a 

share of 21%, it ranks third in grain cultivation in the world after wheat and paddy, and ranks 

first in production with a share of 31% (FAO, 2004). Drought stress is one of the most 

important abiotic stresses that negatively affect corn yield and quality all over the world 

(Erdal, 2019). Studies have shown that drought stress affects maize in all periods. However, 

the most significant damage occurs during flowering (Denmead and Shaw, 1960; Classen and 

Shaw, 1970; Grant et al. 1989; Banziger et al. 2000). 

Irrigation is considered to be the most important yield factor for corn production 

(Gençoğlan and Author, 1999). In today's conditions, where the importance of irrigation is 

increasing day by day and water resources are decreasing, it is essential to keep the use of 

existing resources at an optimum level. This study was carried out to determine the effect of 

drought stress on plant growth and some physiological properties of maize, which is widely 

grown in Turkey. 

MATERIALS AND METHOD 

This study was carried out in the greenhouses of Atatürk University Crop Production 

Application and Research Center and in the laboratories of the Faculty of Agriculture, 

Department of Horticulture in 2021. Corn (Zea mays) 'DKC6442' cultivar was used as plant 

material in the research. The pots were filled with a 2-liter mixture of garden soil: peat: sand 

(40%, 30% and 30%, respectively), after which the field capacity was determined. It was 

planted in pots at a depth of 1-1.5 cm, with 7 seeds per pot. During planting, standard 

fertilization was made with the calculation of 10-20 kg/da and 8-10 kg P2O5/da (Tan et al., 

2013, Anonymous, 2010). After seedling formation, thinning was done so that 4 plants with 

homogeneous appearance were left in each pot. Moisture level was increased to field capacity 

by giving water equally to all pots until the seedling stage. In the same period, 100% (S0), 

80% (S1), 60% (S2) and 40% (S3), 20% (S4) irrigation of the field capacity, which is aimed 

to see the effects of drought, started to be irrigated. The study was carried out with 5 irrigation 

levels (100%, 80, 60, 40 and 20), three replications, 2 replications, with a total of 30 pots. 50 

days after planting, the plants were cut from the soil surface and their fresh and dry weights 

were weighed. Again, the roots were removed from the pots with the utmost care and washed, 

and the fresh and dry weight and length of the roots were determined. 
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RESULTS AND DISCUSSION  

The results of pre-harvest and post-harvest measurements, weighing and observations are 

given in Tables 1 and 2. Considering the irrigation levels, the highest seedling length was 

determined in S1 (80% irrigation) and the lowest in S4 (20% irrigation) application. As the 

drought level increased, it was observed that the seedling length shortened. The difference 

between these two irrigation levels was found to be significant according to Duncan multiple 

comparison test (p<0.05). The average seedling height in S0 (100% irrigation) application 

was lower than S1 (80 irrigation) application. Arshad (2017) reported that over or under water 

application reduces crop yield. Plant fresh weight decreased as the drought level increased. 

Similarly, Karaca Bilgen et al., (2018) reported that the yield decreased with the decrease in 

irrigation levels in their studies on cucumber. When the plant fresh weight was grouped, very 

significant differences were found according to the duncan multiple comparison test 

performed with S4, S3 and S2 and also with S0 and S1 (p<0.01). While the highest value of 

plant dry weight was seen in S1 (80% irrigation), the lowest value was seen in S4 (20% 

irrigation). S0, S1, S2 are in the same group statistically (100%, 80% and 60%), respectively 

(no statistical difference is observed between the groups). Root fresh and dry weights 

decreased as the drought increased. When the root fresh and dry weights were compared 

statistically, it was determined that there were significant differences (p<0.01). Root length S4 

(20%) irrigation level was significantly different from other irrigation levels (p<0.05). Except 

for S4, other irrigation levels were statistically in the same group (Table 1). 

Table 1. The effect of drought applications on plant growth in Corn 

Treatments Seedling 

size (cm) 

Plant fresh 

weight (g 

plant-1) 

Plant dry 

weight (g 

plant-1) 

Root fresh 

weight (g 

plant-1) 

Root dry 

weight (g 

plant-1) 

Root 

length 

(cm) 

SO 
39,83 

abc
 32,45

a
 4,61

a
 

48,72
a
 3,49

a
 24,06

a
 

S1 
52,86 

a
 31,69

a
 4,95

a
 

36,98
a  

 3,17
ab

 27,71
 a
 

S2 
43,06 

ab
 17,20

b
 3,25

ab
 

19,89
b
 2,09

bc
 23,49

 a
 

S3 
33,76 

bc
 13,27

b
 1,65

bc
 

15,20
b
 1,52

cd
 23,15

 a
 

S4 
25,92

 c
 1,88

c
 0,74

c
 

7,79
b  

 0,76
d
 16,21

 b
 

S0: 100% irrigation, S1: 80% irrigation, S2: 60% irrigation, S3: 40% irrigation, S4: 20% irrigation. Intragroup is 

shown in lowercase to show the difference between parameters. **:p<0.01, ***:p<0.001 
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The number of leaves was highest in S1 (80% irrigation). S1 was not statistically 

different from S0, but significant differences were found with other irrigation levels (p<0.05). 

The lowest number of leaves was seen in S4 (20% irrigation). The highest value of 

chlorophyll content was determined in S1. Due to the increase in the drought level, the 

chlorophyll content also decreased. No statistically significant difference was observed 

between drought levels in leaf area (p<0.01). Except for electrical conductivity S0 (100% 

irrigation), statistically other irrigation levels are in the same group. A significant difference 

was found between S0 and this group (p<0.01). There is no statistically significant difference 

in trunk diameter value in drought levels. 

Table 2. Effect of Drought Applications on leaf number, chlorophyll value, electrical conductivity in Corn 

Treatments  Leaf number 

no plant-1 

Stem diameter 

(mm) 

Chlorophyll 

SPAD 

Leaf area 

cm2 plant-1 

Electrical 

conductivity 

(%) 

SO 5,89 
a
 6,57

 a
 

44,18
ab

 762,35
 c
 

24,45
 a
 

S1 6,58 
a
 7,71

 a
 

45,80
a
 1083,65

 a
 

24,02
 b
 

S2 5,71 
ab

 6,32
 a
 

44,45
ab

 890,29
 b
 

23,03
 b
 

S3 5,50 
ab

 10,77
 a
 

45,13
ab 

  501,92
 d
 

25,30
 b
 

S4 4,51 
b
 4,96 

a
 

42,12
b  

 63,38
 e
 

38,27
 b
 

 

CONCLUSIONS 

This study was carried out to determine the effects of different drought levels on plant 

growth and some physiological properties in maize. The findings obtained from the study 

showed that plant growth was negatively affected by the increase in drought stress. Likewise, 

the amount of water given with the headlight has a negative effect on the corn plant. Drought 

stress in the root zone causes the plant to close its stomata to conserve water. This reduces the 

photosynthesis efficiency and negatively affects the development of the plant (S Söylemez, 

2020). As a matter of fact, the findings obtained in our study are in this direction. In the 

experiment with different drought levels in the Egypt study, the drought level recommends 

giving water at 80% of the field capacity, and giving water at 60% irrigation level in regions 

where there is a lot of water shortage. Except for trunk diameter, all parameters were 

statistically different from these drought levels. 
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ABSTRACT:  Wastes, which are the result of rapid population growth and industrialization, and some 

heavy metals in their compositions are components that harm the environment and all living things. 

Since they are not biodegradable, they affect agricultural areas negatively and are stored in plants, 

posing a threat to other living things through the food chain. Among the heavy metals, lead (Pb) and 

cadmium (Cd) pollution have an important place. Lead and other metals can pass from contaminated air 

to soil. They have a toxic effect on plants. The environmental pollutant with the highest toxic effect is 

cadmium (Cd). Numerous studies have been conducted to determine the chemical, biological and 

physiological effects of metal pollution on plants. The tolerance of plants to heavy metal stress varies 

depending on many factors. This research is a compilation study covering a large number of studies on 

the effects of lead (Pb) and cadmium (Cd) heavy metals on plants. 

 

Keywords: Lead (Pb), Cadmium (Cd), Stress, Plant 

INTRODUCTION 

Heavy metal pollution, which has increased since the beginning of the last century, has 

become one of the most serious global environmental problems. Today, metals with a specific 

gravity higher than 5 gr/cm3 are called heavy metals (Kahvecioğlu et al., 2001; Adriano et al., 

2005). Lead, cadmium, chromium, iron, cobalt, copper, nickel, mercury and zinc are the first 

heavy metals that come to mind. These elements are mostly found in the earth as stable 

compounds in the case of carbonate, silicate and sulfur (Kahvecioğlu et al., 2007). Heavy 

metals such as cadmium (Cd), chromium (Cr +6 form), mercury (Hg) and lead (Pb) in the 

natural environment are not necessary for living things and have toxic effects even in very 

low amounts, while zinc (Zn), manganese (Mn) Heavy metals such as ), copper (Cu), 

chromium (Cr+3 form), iron (Fe), molybdenum (Mo) and nickel (Ni) are essential for living 

things (Aslanhan, 2012). Soil pollution problem in many countries of the world, including 

Turkey, is mainly related to Cu, Pb and Zn metals. Among the 275 priority hazardous 

pollutants published by the Toxic Substances and Disease Registry (ATSDR) in the USA in 

2015, Pb, Cd and Zn are ranked 2nd, 7th and 118th, respectively (ATSDR, 2017). As a matter 

of fact, most research on the toxicity of heavy metals has focused on Cd, Pb and Zn metals 

(Foy et al., 1978). It is known that significant problems occur if the presence of heavy metals 
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in nature exceeds the determined level, whether they are necessary nutrients for plants or not 

(Benavides, 2005). 

Rapid population growth in the world and in our country has brought environmental and 

ecological destruction along with the developments in industry and industry. The exponential 

increase in uncontrolled industrial wastes has led to the accumulation and saturation of many 

types of waste, including metals and compounds, over time (Aslanhan, 2012). Physical, 

chemical and biological degradation in the environment; Although they can be classified as 

air, water and soil pollution, they can turn into each other very quickly (Topyıldız and Yarsan, 

2014). This transformation causes heavy metals to reach living things in various ways and 

pose a threat to human, animal and plant life. Heavy metals are a factor in the initiation and 

progression of many diseases, especially cancer, in humans, depending on various factors 

such as the dose rate, immunity and general health status of the person (Kabata-Pendias and 

Dudka 1991). Heavy soil contamination affects approximately 235 million hectares of arable 

land worldwide (Bermudez et al., 2012). As in many pollutions, plants are primarily affected 

by heavy metal pollution (Yaldız and ġekeroğlu, 2013). Plants grown in soils polluted with 

heavy metals take 3.3 times more Cd, 4.3 times more Pb and 2.3 times more Zn from the soil 

than plants grown in controlled areas away from all kinds of environmental pollution and 

traffic (Stancheva et al., 2011). These trends reveal three general uptake characteristics: 

accumulation, indication, and exclusion. Which of these methods the plant will use depends 

largely on the specific abilities of the plants and the large differences in metal uptake among 

plant species (Yılmaz, 2019). Moreover, many studies have observed large variability in 

metal uptake, even between genotypes of a species (Kabata-Pendias, 2011). Plants usually 

take up heavy metals, which are in the form of ions in the soil solution, with their roots. 

However, in some studies, it has been shown that heavy metals in the atmosphere can be 

taken through leaves (Harrison et al., 1980; Marschner, 1995). The effect of heavy metal on 

the plant does not depend only on the type of metal and its amount in the soil. It is closely 

related to the genetically based physiological behaviors of different species (Yıldız, 2001). 

This shows that different plant species have different tolerance thresholds against heavy metal 

stress. Researchers have reported that some plant species can tolerate high concentrations of 

toxic compounds in metal-containing soils (Raskin and Ensley, 2000; Dahmani-Müller et al., 

2000). Phytoremediation method, also known as remedial agent or green reclamation, is an 

application to remove pollution by means of hyperaccumulator plants. These plants; They are 
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plants that accumulate 50 to 500 times more metal in their leaves, branches and stems than the 

metal ratio in the soil (Clemens, 2006). In other words, these plants, with their organs above 

the ground, can contain 100 to 1000 times more organic matter than non-hyperaccumulatory 

plants (Brooks, 1998). 

As a matter of fact, knowing the metal-plant relationship is of great importance in terms 

of environmental safety today. This study was carried out to determine the effects of cadmium 

and lead heavy metals on plants based on literature studies. 

RESULTS AND DISCUSSION  

Cadmium (Cd) Accumulation 

Cadmium is a naturally occurring, non-essential trace element with a background 

concentration of about 0.1 mg/kg in the earth's crust (Tchounwou et al., 2012). It is estimated 

to be present at low or moderate levels in agricultural lands in many parts of the world. (Asri 

et al., 2007). It is an important pollutant because it is toxic even at very low doses and has a 

long biological half-life (Goyer, 1991; Lyons-Alcantara et al., 1996). Anthropogenic activities 

such as mining, fossil fuel burning, sewage sludge disposal and soil application of phosphate 

(P) fertilizers have increased the Cd concentration in soil (Stafford et al., 2018). For example, 

it has been determined that the Cd concentration in Danish soils increases by about 0.6% 

every year by the above-mentioned ways (Alloway, 1995). Since cadmium has more water 

solubility and mobility than other metals, its uptake by plants is also high. For this reason, its 

accumulation in the soil is the most dangerous heavy metal. It not only reduces the yield in 

plants, but also negatively affects the quality and amount of product (Tüver, 2021). Although 

Cd is a non-essential trace element, it can be absorbed by plant roots and transported to the 

aerial parts (Senden and Wolterbeek, 1990). Where plants grown in Cd-contaminated soil 

accumulate Cd in edible plant tissues, the trace element can threaten human and animal health 

through contamination of food and animal feed (Simmler et al., 2013). 

The tolerance of plants to heavy metal toxicity varies depending on the plant species, 

element type, structure of the tissue or organ exposed to stress, and the duration of exposure 

to stress (Asri and Sönmez, 2006). Even among different genotypes of the same plant, 

different levels of exposure are observed. Studies have shown that plants with edible leaves 

and tuberous roots accumulate more cadmium than other vegetables (Stolt et al., 2003). 

Similarly, durum wheats are more tolerant to cd stress than bread wheats (Erdem et al., 2012). 

Cucumber, spinach, celery, cabbage and tobacco are among the plants with high cd tolerance; 
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potatoes, corn, beans and peas have low tolerance (Davis and Calton-Smith, 1980; Bergman, 

1992; Erdem et al., 2012). It has been stated that Cd toxicity can be seen in people who 

consume products grown by being exposed to heavy fertilizer use under the cover, and that 

Cd and its components can accumulate in the human liver and kidneys and cause significant 

diseases such as lung cancer, osteoporosis, high blood pressure and anemia (Asri et al., 2007). 

Cadmium (Cd) toxicity causes serious damage to plants such as slowing growth, chlorosis, 

browning of root tips and death. It can prevent photosynthesis by stopping the uptake of 

important nutrients for the plant, the transport of nutrients from root to shoot tips, and 

chlorophyll biosynthesis (Benavides et al. 2005, Nagajyoti et al. 2010). One of the most 

important causes of Cd accumulation in the soil is the use of sewage sludge. In order for the 

treatment sludge to be mixed into the soil, the Cd limit value should be lowered below 10 

mg/kg (Özbek et al., 1995). In a study investigating the effects of different urban sewage 

sludges on plant nutrients and heavy metal contents in tomato plants, it was reported that the 

application increased the heavy metal content in the soil, and heavy metals such as Cd and Pb 

in tomato plants exceeded the limit values allowed for human health in the plant (Topçuoğlu 

et al., 2003). ). Cadmium reduces the water and ion uptake of plants because it inhibits plant 

root growth and development (Asri et al., 2007). Lijbben and Sauerbeck (1991), in their study 

to determine the metal tolerance of summer wheat, found that Cd accumulation was higher in 

the vegetative organs of the plant than in the generative organs. Cd density was realized as 

grain < bark < stalk < root. Plants of C. demersum and P. erectus were exposed to different 

concentrations of Cd, Cr and Pb heavy metals for five days. According to the results, Cd was 

determined as the most toxic heavy metal in both plant species (Doğan, 2018). In a study 

conducted on ıtalıan ryegrass (Lolium multiflorum), even seed emergence could not be 

achieved at high doses of cadmium (Gül and Yazıcı, 2021). 

Lead (Pb) Accumulation 

Today, 4 million tons of lead is extracted from mines annually (Nassouhi, 2018). The 

melting, refining and informal recycling of lead, the use of leaded gasoline, batteries, paints, 

leaded glass, pesticides and electronic waste increase the proportion of lead in the 

environment. Due to these activities, the level of lead element in the environment has 

increased 1000 times in the last 30 years (Saglam and Cihangir, 1995). It is known as the first 

metal that causes environmental pollution with human activities (Çetinkaya, 2011). Bullet; 

through air, water and land; It is one of the most used metals in industry, which has extremely 
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toxic properties and enters biological systems by mixing with food (Aslanhan, 2012). It 

spreads and pollutes the environment due to tetra ethyl used to prevent the knocking of 

gasoline in motor vehicles. (Caglarmak and Hepçimen, 2010). It is known that plants absorb 

Pb and accumulate Pb in roots, stems, leaves, root modules and seeds in parallel with the 

increase in the amount of external metal (Singh et al., 1997). Although lead is found naturally 

in all plants, it is not an essential metal for plant metabolism (Kabata-Pendias and Pendias, 

1984). For many years, Pb has been discharged to the water surface by many domestic and 

industrial sources and is limited by the plants living in these areas (Harrison and Laxen, 

1981). Lead affects various physiological and biochemical processes and disrupts the natural 

ecosystem (Xiong, 1998). 

The duration of lead toxicity depends on its absorption, transport and cellular localization 

(Çolak, 2009). Sensitive plant species grown in lead-rich environments are capable of 

regulating high Pb in their organs (Johnson and Proctor, 1977). Lead accumulation depends 

on the plant species, plant organ, Pb concentration in the external environment and the 

presence of other ions in the environment. Lead element accumulates more in plant roots than 

shoots. The amount of lead deposited increased in maize and pea leaves, Vigna root nodules 

(Dabas, 1992), and sesame roots and leaves (Kumar et al., 1993; Bharti and Singh, 1993) due 

to increased metal concentration in the environment. Due to attachment to the root surface and 

cell wall, its transport to shoots is generally limited. In a study, it was determined that two 

different lead applications reduced root growth by 22-42% and shoot growth by 25% in rice 

plant (Verma and Dubey, 2003). Lead negatively affects root growth in many plant species 

and ultimately causes the death of the plant (Symeonidis et al., 1985). The effect of lead on 

fresh and dry biomass of plant organs varies according to plant species, plant organs and 

metal density (Singh et al., 1994). It reduces the root and shoot dry weight and germination 

rate of the plant (Sharma and Dubey 2005). Lead (Pb) limits root growth in plants. This 

causes chlorosis and stunting in plants (Doğan et al., 2018). Studies have reported that corn 

and sunflower plants can store high levels of Pb. (Salt et al., 1998) In the same study, they 

determined that 180-539 kg/ha of lead is removed from the soil every year with corn and 

sunflower cultivation and soils containing up to 2500 mg/kg of lead can be improved in 10 

years. It has been reported that lead applied to lentil (Lens culinaris) seeds as chlorine salt 

significantly reduces the fresh and dry weight of the seedlings and causes wilt, chlorosis and 

necrosis in the seedlings (Kıran and Munzuroğlu, 2004). In a study conducted on one-year 
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grass (Lolium multiflorum), it was observed that increasing concentrations of lead caused a 

decrease in chlorophyll and leaf area in the plant (Gül and Yazıcı, 2021). 

CONCLUSION 

Although it is known that both metals have toxic effects and are very important 

environmental pollutants, it is predicted that their accumulation will not decrease or even 

increase in the near future due to natural and human-induced activities. Heavy metals in water 

and air tend to get into the soil by chemical means. Plants are the mediators that allow the 

metal accumulation in the soil to pass to humans and animals. Urgent measures should be 

taken to reduce the soil pollution caused by this situation, which poses a risk to all living 

things and human life. Studies show that plants' exposure to heavy metal stress depends on 

many factors. The degree of toxicity of heavy metals; concentration of the metal, its form 

(metal, ion, organic compound, etc.), individuals, species, duration of action, location, etc. It 

varies depending on factors such as (Okçu, 2009). There is a need for practices and measures 

to reduce the accumulation and movement of cadmium and lead in the soil. If they enter the 

structure of the plants, they become mobile and cause many negativities and even death in the 

plant. It is very important to prevent soil pollution, to identify plants resistant to these metals, 

to rehabilitate areas with metal accumulation, to increase productivity and plant production. 
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ABSTRACT: The lack of market infrastructure in Azerbaijan causes unfavorable conditions for local 

agricultural producers, especially in the season. This is also due to the fact that the agricultural sector is 

growing faster than the development of market infrastructure. The development of the logistics system as 

an important element of the market infrastructure is important for the sustainable development of the 

agricultural sector. It is also necessary to develop export logistics, related to the perspective growth in the 

export of fresh agricultural products in the country. Azerbaijani fruit and vegetable products are exported 

almost fresh, and more than 90% of exports go to the Russian Federation. The Russian market is the largest 

in the region and Azerbaijan has the potential to increase exports to this country by road, rail and water 

transport. Taking into account the country's potential to increase exports of fresh agricultural products and 

based on research on export logistics, the author gives recommendations for building a logistics system, 

especially an efficient export logistics infrastructure for transporting fresh agricultural products with less 

losses.  

 

Keywords: Fresh agricultural market, Logistic infrastructure, Transportation, Export potential. 

INTRODUCTION 

Fresh agricultural products are an indispensable need in people's daily life. Fresh 

agricultural products have the characteristics of strong perishability, large circulation loss, 

high timeliness and difficult transportation [6]. The perishability of fresh produce is a risk 

factor that makes these supply chains vulnerable to logistical delays and general supply chain 

disruptions. This therefore means tight margins that require good planning and coordination 

during transport and distribution [7]. The perishability of fresh fruits and vegetables 

challenges logistics and quality management [11]. 

Logistics is a channel of the supply chain that adds value by delivering the goods to the 

right consumer at the right place and at the right time [1]. The success of a holistic logistics 

management is becoming an important requirement that has a direct or indirect impact on 

economic growth. Success indicators in logistics management can be seen in terms of 

availability, flexibility and cost efficiency. However, these three indicators of the success of 

logistics often become irrelevant for fresh agricultural products. Fresh agricultural products 

are products that must be consumed immediately in order not to be damaged without further 
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preservation. For this reason, products should be delivered as soon as possible at a reasonable 

cost using the right logistics system [8]. One of the main elements of the right logistics system 

is transportation. Transport is recognized as an important factor in agricultural development 

all over the world. Transport creates markets for agricultural products, increases interaction 

between geographic and economic regions, and opens up new areas for economic focus. 

There are complex relationships between transport and development that vary both spatially 

and over time. However, transportation plays a crucial role for any development to take place 

[9]. 

Description of the problem 

The main agricultural products of Azerbaijan are exported in fresh form, and about 90% 

of exports go to the Russian Federation. More than 70% of exports to Russia are transported 

by road. Currently, the major transportation of goods to Russia is carried out through the 

―Samur‖ customs station. During the season, overcrowding is observed at customs stations, 

causing vehicles to queue for days [10]. This leads to a decrease in the quality of fresh 

agricultural products and an increase in losses. 

Needs for the development of logistics infrastructure for fresh agricultural products 

in Azerbaijan 

Fresh agricultural products, especially fruits and vegetables products have a significant 

share in the non-oil exports of Azerbaijan. Over the past 20 years, the export of fresh fruits 

and vegetables from Azerbaijan has increased by about 27 times, and over the past 5 years - 

by 1.6 times and in 2020 amounted to $ 603.6 million. About 25% of tomato production 

which is one of the country‘s main agricultural products, about 20% of seeded fruits 

production, about 40% of stone fruits production, and about 70% of persimmons production 

are exported in fresh form. Azerbaijan is a country with a comparative advantage in respect of 

relevant products, and there are a number of government support measures to expand the 

production of export-oriented fruits and vegetables in terms of sustainable development of the 

agricultural sector. With the growth in production in future, it is inevitable that there will be a 

surplus of supply in the domestic market, thereby falling prices and the formation of 

unfavorable market conditions for producers. Therefore, it is necessary to take measures to 

prevent the formation of unfavorable market conditions for producers in accordance with 
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measures aimed at increasing production. One of these measures is the creation of an efficient 

logistics system that serves to increase the use of export potential. 

MATERIAL AND METHOD 

The study of the scope of logistical problems that arise when selling fresh agricultural 

products, and available alternatives to eliminate these problems, was conducted on the basis 

of a desk research with an analysis of the research carried out. 

The analysis of the production volume of fresh agricultural products in Azerbaijan, export 

indicators, the geographical structure of exports and the distribution of vehicles was given 

with reference to the State Statistics Committee of the Republic of Azerbaijan and the State 

Customs Committee of the Republic of Azerbaijan. Also, information on the policy of state 

support of Azerbaijan, aimed at increasing the production of export-oriented agricultural 

products and projected volumes of production and exports in the future, was obtained from 

researches and reports of Agrarian Research Center under the Ministry of Agriculture of 

Azerbaijan. 

RESULTS AND DISCUSSION 

Azerbaijani agricultural products are mainly exported in fresh form. Almost all exports 

are fruits and vegetables. As Azerbaijan is not a competitive country in livestock products, 

only the current situation in crop production was analyzed. 

Over the past 20 years, the production of fresh agricultural products in Azerbaijan 

(potatoes, vegetables, fruits, watermelons and melons and grapes) has increased 1.9 times. 

The growth was 1.7 times for potatoes, 1.9 times for vegetables, 1.5 times for watermelons 

and melons, 2.3 times for fruits and 3.1 times for grapes, respectively (Figure 1). 

 
Figure 1. Production of fresh fruits and vegetables in Azerbaijan, million tons [3] 
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The production volume of these fruits and vegetables has increased 1.3 times in the last 

10 years, and 1.2 times in the last 5 years. 

In return, the volume of exports of fresh fruits and vegetables increased from 31.5 

thousand tons in 2001 to 601.0 thousand tons in 2020. In natural terms, exports of relevant 

products increased 1.8 times in the last 10 years and 1.6 times in the last 5 years (Figure 2). 

 

 
Figure 2. Azerbaijan's export of fresh fruits and vegetables [4] 

 

In terms of value of relevant products, the volume of exports increased 2.6 times in 2011-

2020 and 1.6 times in 2016-2020 and amounted to 603.6 million US dollars. 

From the data in Figure 1 and Figure 2, it can be seen that the rate of growth of exports is 

usually higher than the rate of growth of production. However, if we look at the indicators of 

the last two years, it seems that the growth of production has exceeded the growth of exports. 

In 2020, 72.9% of Azerbaijan's exports of fruits and vegetables in fresh form were 

transported by road and 26.7% by rail. Russia accounted for 88.2% of exports. 69.7% and 

30.3% of shipments to Russia, respectively, were carried out by road and rail (Table 1). 

Table 1. The structure of Azerbaijan's fresh fruit and vegetable exports by vehicles in 2020, tons [2] 
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Onion 12422.9 17.9% 4829.3 100.0% - - 67.5 100.0% 

Cucumbers 3907.0 99.0% 1120.7 100.0% - - 4.4 97.7% 

Other fresh 8560.5 91.6% 11.5 100.0% 7.3 - 143.5 98.4% 
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Road Rail Water Air 

Total 

Share of 

Russia, 

% 

Total 

Share of 

Russia, 

% 

Total 

Share of 

Russia, 

% 

Total 

Share of 

Russia, 

% 

vegetables 

Citrus fruits 412.7 73.9% 514.0 100.0% 3.3 - - - 

Grapes 6627.5 97.7% - - 2.9 - - - 

Watermelon 

and melon  
4509.8 66.4% 10.9 100.0% - - - - 

Apples, pears, 

quinces 
58131.8 92.5% 16502.5 100.0% 1028.2 - - - 

Apricots, 

cherries, 

peaches 

43374.5 99.2% 162.9 100.0% 213.0 - 11.7 - 

Pomegranates, 

persimmons, 

strawberries 

83815.9 63.2% 71224.2 100.0% 75.1 - 1.2 51.7% 

Total 427974.4 84.3% 156572.3 100.0% 2010.4 0.0% 228.8 93.4% 

 

According to Table 1, in 2020, 34.8% of exports to the Russian Federation on relevant 

products were tomatoes, 24.0% persimmons, pomegranates, strawberries, 13.6% apples, 

pears, quinces, 13.4% early maturing potatoes, 8.3% stone fruits.  

If we look at the monthly structure of exports of fresh fruits and vegetables to Russia, 

May, June and November seem to be the highest export periods. 17.9% of products 

transported by road were carried out in May, 18.4% in June and 11.4% in November. Rail 

transport accounted for 16.7%, 17.5% and 19.5% of annual exports in May, June and 

November, respectively (Figure 3). 

 

 
Figure 3. The monthly structure of fresh fruits and vegetables exported to Russia in 2020, thsd. tons [5] 
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This is due to the production season of main export products. Thus, in Azerbaijan, 

tomatoes, potatoes and onions, strawberries and stone fruits ripen mainly in May-June, and 

persimmons and pomegranates mainly in October-November. 

CONCLUSION 

According to researches and analyses carried out by specialists from the Agrarian 

Research Center, the development of the agricultural sector in the next 5 years will continue 

at least with an average growth rate of the last 5 years. Higher growth of more competitive 

fruits and vegetables is expected. This leads to an increase in the export of related products. 

Thus, taking into account that fresh fruits and vegetables have a significant share in 

Azerbaijan's non-oil exports, a significant part of production on some products is exported 

and production is expected to increase in the future, problems in the export of fresh 

agricultural products are considered to be one of the main factors hindering the sustainable 

development of the country's agricultural sector. Taking these factors into consideration, it is 

recommended to implement the following measures to minimize the impact of logistical 

problems when exporting fresh agricultural products during the production season in 

Azerbaijan: 

 Commissioning of additional customs checkpoints for vehicles to increase the use of 

export potential to Russia, the main market of the region; 

 Separation of the checkpoint for local products with the checkpoint for transit cargo and 

passengers; 

 Improving the provision of wagons and the necessary equipment for the transport of fresh 

products in order to increase the share of rail transport; 

 Exploring the possibility of using alternative means of transport, especially water 

transport. 

Problems related to exports and the fact that the growth of production exceeds the growth 

of processing and exports, and first of all, lead to instability in the domestic market and the 

formation of unfavorable conditions for producers. Unfavorable market conditions are the 

main factor affecting manufacturers' decisions. In this regard, the development of the export 

logistics infrastructure is an important measure that directly affects the agricultural market 

and creates conditions for the sustainable development of the agricultural sector. 

REFERENCES 

1. Agri Exchange, ―Logistics‖, https://agriexchange.apeda.gov.in/logistic/default.aspx; 

https://agriexchange.apeda.gov.in/logistic/default.aspx


 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

291 

2. Azerbaijan State Custom Committee, Trade Statistics, 

https://customs.gov.az/en/faydali/gomruk-statistikasi/; 

3. Azerbaijan State Statistical Committee, Agriculture, Forestry and Fishery,  Plant-

Growing, 2001-2020, https://www.stat.gov.az/source/agriculture/?lang=en; 

4. Azerbaijan State Statistical Committee, Trade, The foreign trade of Azerbaijan, Imports 

and exports of main commodities, 2001-2020, 

https://www.stat.gov.az/source/trade/?lang=en; 

5. Azerbaijan State Statistical Committee, Trade, The foreign trade of Azerbaijan, Monthly 

ballots, 2020 January-December; 

6. Lixin Shen , Fucheng Li, Congcong Li, Yumin Wang, Xueqi Qian, Tao Feng, and Cong 

Wang 2020, ―Inventory Optimization of Fresh Agricultural Products Supply Chain Based 

on Agricultural Superdocking‖, 1 p; 

7. Kipchumba Cherono, Tilahun Seyoum Workneh, ―A review of the role of transportation 

on the quality changes of fresh tomatoes and their management in South Africa and other 

emerging markets‖, December 2018, International Food Research Journal 25(6):2211-

2228, 4 p; 

8. Parung J., Santoso A., Prayogo D. N., Angelina M., Tayibnapis A. Z., Djoemadi F. R., 

―Designing Efficient Logistic System of Fresh Agricultural Products for a Small Farms‘. 

Journal of Electrical and Electronic Engineering. Vol. 3, No. 5, 2015, pp. 146-149., 2 p; 

9. TUNDE, A.M and ADENIYI, E.E., ―IMPACT OF ROAD TRANSPORT ON 

AGRICULTURAL DEVELOPMENT: A NIGERIAN EXAMPLE‖, Ethiopian Journal of 

Environmental Studies and Management EJESM Vol. 5 No. 3 2012, 232 p; 

10. News information, https://atm.gov.az/az/news/326/ixracatcilara-destek-ucun-qaynar-xett-

yaradildi/; https://az.sputniknews.ru/economy/20210614/427147588/Nervy-na-predele-

zator-na-granitse-s-Rossiey-vse-nikak-ne-rassosetsya.html; 

https://report.az/ru/infrastruktura/probki-na-tamozhennom-postu-samur-budut-polnostyu-

ustraneny-v-blizhajshie-dni/; https://www.salamnews.org/ru/news/read/411944;  

11. Zuurbier, Peter J.P., ―Supply Chain Management In The Fresh Produce Industry: A Mile 

To Go?‖, 1999, 4 p. 

 

 

https://customs.gov.az/en/faydali/gomruk-statistikasi/
https://www.stat.gov.az/source/agriculture/?lang=en
https://www.stat.gov.az/source/agriculture/?lang=en
https://www.stat.gov.az/source/agriculture/?lang=en
https://www.stat.gov.az/source/trade/?lang=en
https://atm.gov.az/az/news/326/ixracatcilara-destek-ucun-qaynar-xett-yaradildi/
https://atm.gov.az/az/news/326/ixracatcilara-destek-ucun-qaynar-xett-yaradildi/
https://az.sputniknews.ru/economy/20210614/427147588/Nervy-na-predele-zator-na-granitse-s-Rossiey-vse-nikak-ne-rassosetsya.html
https://az.sputniknews.ru/economy/20210614/427147588/Nervy-na-predele-zator-na-granitse-s-Rossiey-vse-nikak-ne-rassosetsya.html
https://report.az/ru/infrastruktura/probki-na-tamozhennom-postu-samur-budut-polnostyu-ustraneny-v-blizhajshie-dni/
https://report.az/ru/infrastruktura/probki-na-tamozhennom-postu-samur-budut-polnostyu-ustraneny-v-blizhajshie-dni/
https://www.salamnews.org/ru/news/read/411944


 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

292 

Trend Analysis for the Aquaculture Production of Rainbow Trout 

(Oncorhynchus mykiss Walbaum, 1792) in Erzurum, Turkey 
 

Semih KALE
1,*  Gökhan ARSLAN

2
  Adem Yavuz SÖNMEZ

3 
Pınar OĞUZHAN YILDIZ

2
  

 

1
Çanakkale Onsekiz Mart University, Faculty of Marine Sciences and Technology, Department of Fishing and 

Fish Processing Technology, Çanakkale, Turkey 
2
Atatürk University, Fisheries Faculty, Department of Fishing and Fish Processing Technology, Erzurum, 

Turkey 
3
Kastamonu University, Fisheries Faculty, Department of Basic Sciences, Kastamonu, Turkey 

*Corresponding author e-mail: semihkale@comu.edu.tr 

 

 

ABSTRACT: This study aims to determine the trends in the aquaculture production for the rainbow 

trout (Oncorhynchus mykiss Walbaum, 1792) in Erzurum, Turkey. ġen‘s innovative trend analysis 

methodology was applied to the time series of aquaculture production of the rainbow trout in Erzurum. 

The time series for the amounts of the aquaculture production of the species covers the period between 

2000 and 2020. The dataset was obtained from the Turkish Statistical Institute. The results of the trend 

analysis presented that the amount of the aquaculture production of Oncorhynchus mykiss has a 

monotonic increasing trend. Aquaculture meets the growing food needs by providing consumers with 

alternative food sources with high nutritional content. Therefore, aquaculture might be a major food-

producing sector in the future. It has a noteworthy potential in serving to make available a healthy and 

sustainable protein source for future populations in the world. Therefore, the increasing trend in the 

aquaculture production of the rainbow trout is promising for the future potential of the aquaculture 

sector in Erzurum to provide food sources. 

 

Keywords: Trend analysis, Rainbow trout, Aquaculture, Erzurum 

INTRODUCTION 

Rainbow trout (Onchorhynchus mykiss) is a native species to the eastern Pacific 

extending between Alaska and Mexico in North America. It has been introduced to waters on 

all continents (excluding Antarctica) for aquaculture and recreational fishing. The production 

of trout has drastically increased since pelleted feeds were developed in the middle of the 

nineteenth century. Numerous countries reported the farming production for the rainbow trout 

although some countries have comparatively low amount of production when compared to the 

production from the superior systems that are positioned in the main producing regions in 

Europe, North America, Chile, Japan and Australia (FAO, 2021). 

In Turkey, rainbow trout is the most commonly produced inland water fish species 

(TURKSTAT, 2021). Therefore, it has great importance for the freshwater fish farming 

industry in the country. Aquaculture production amounts have reached a milestone in Turkey 
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by producing more products than fisheries production in Turkey. It can be foreseen that 

aquaculture production will remain increasing in the country.  

Trend analysis targets to predict future trends in time series of any dataset ġen et al. 

(2019) documented an overall description of a trend as it can often be directional and take the 

form of a gradually decreasing or increasing average trend across a time series. Determination 

of patterns and trends in the aquaculture of rainbow trout is an important concern to ensure 

the sustainability of fisheries resources. The trend analysis methodology is a commonly 

applied methodology in statistical analysis for time series of the climatic, 

hydrometeorological, environmental, geophysical, and economic dataset (Box and Jenkins, 

1976; ġen, 2012; Ejder et al., 2016a; 2016b; Kale et al., 2016a; 2016b; 2018; Kale and 

Sönmez, 2018a; ġen et al., 2019; Arslan et al., 2020; Sönmez and Kale, 2020). Kale (2020) 

applied trend analysis and make future forecasting of marine capture fisheries production of 

Turkey. Kale and Berber (2020) analyzed trends in the production of Turkish crayfish 

(Pontastacus leptodactylus) in Turkey and the authors compared different forecasting models. 

Kale et al. (2021) analyzed the trends in the global capture and aquaculture production of the 

grooved carpet shell (Ruditapes decussatus). However, there is no study on the assessment of 

the trends and future forecasting of aquaculture production of rainbow trout in Erzurum, 

Turkey. Therefore, this study aims to determine the trends in the aquaculture production for 

the rainbow trout (Oncorhynchus mykiss) in Erzurum, Turkey. 

MATERIAL AND METHOD 

Data examined in the study covers the aquaculture production of rainbow trout 

(Oncorhynchus mykiss) in Erzurum between 2000 and 2020. The dataset was gathered from 

the website of Turkish Statistical Institute (TURKSTAT, 2021). 

In this study, innovative trend analysis methodology which was proposed by ġen (2012) 

was applied to understand the trends in the aquaculture production of rainbow trout. The null 

hypothesis of this methodology is that there is no statistically significant 

decreasing/increasing trend. Or else, the alternative hypothesis is the presence of a statistically 

significant decreasing/increasing trend in the given time series. 

RESULTS AND DISCUSSION  

The descriptive statistics of the time series was tabulated in Table 1. The result of the 

innovative trend analysis was given in Figure 1. The results of the innovative trend analysis 
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methodology clearly showed that aquaculture production of rainbow trout in Erzurum has a 

monotonic increasing trend. 

Table 1. Descriptive statistics of dataset 

Period Mean SE SD CS CV Min Max 

First half 390.4545 35.74617 118.5566 4515.253 0.303637 223 524 

Second half 863.96 26.65719 84.29745 27241.7 0.097571 726 987 

All data 615.9333 57.29895 262.5768 3687.483 0.426307 223 987 

 
Figure 1. Scatter diagram of aquaculture production of rainbow trout in Erzurum, Turkey according to the ġen‘s 

innovative trend analysis method 

Numerous methods have been performed to estimate trends in any time series. However, 

the trends and patterns of shocks to aquaculture and fisheries are not well deliberated, and so 

it limits the ability to generalize or predict responses to economic, political, and 

environmental changes (Kale, 2020). Innovative trend analysis methodology was frequently 

applied to estimate the trends in hydrometeorological time series by several scientists (Kale et 

al., 2016a; 2016b; 2018; Ejder et al., 2016a; 2016b; Kale, 2017a; 2017b; Kale and Sönmez, 

2018a; 2018b; 2019a; 2019b; 2019c; Sönmez and Kale, 2020, Arslan et al., 2020). On the 

other hand, latest trends in the fisheries production have been examined by some authors. 

Srivastava (2004) studied the recent trends in fish production and export in India. The authors 

documented that marine and inland fish production considerably grew over time in India. The 

authors noted that the growth in fish production of inland waters spotlights that aquaculture is 

being considered as the employment for occupation creating and providing income for local 

people engaged in aquaculture production. Karimpour et al. (2011) explored the status of 

freshwater crayfish in Iran. Oladimeji (2017) studied the trend of fish production in Nigeria. 
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Oladimeji (2018) investigated the trend of artisanal fisheries production in Nigeria and 

reported that demand for fisheries resources and gross domestic product of Nigeria gradually 

increased while the domestic production of fish commodity varies. 

In Turkey, there is no published paper on the current status and estimating of the future 

trends of aquaculture production. On the other hand, Kale (2020) applied trend analysis and 

make future forecasting of marine capture fisheries production of Turkey. The author 

documented that marine fisheries production had a decreasing trend between 2000 and 2018 

although there were some rises and falls. Kale (2020) noted that ARIMA models forecasted a 

decreasing trend in the marine fisheries production for the future period. Kale and Berber 

(2020) analyzed trends in the production of Turkish crayfish (Pontastacus leptodactylus) in 

Turkey and the authors compared different forecasting models. It was the most temporally 

rich assessment of the crayfish production in Turkey encompassing 100+ years from 1909 to 

2018. Researchers reported that that freshwater crayfish production had a decreasing trend 

during the study period. Kale et al. (2021) analyzed the trends in the global capture and 

aquaculture production of the grooved carpet shell (Ruditapes decussatus). The authors 

documented that both global fishery and aquaculture production of the grooved carpet shell 

had a decreasing trend. Kale et al. (2021) indicated that trend analysis outputs forecasted 

decreasing trends in global fishery and aquaculture production of the grooved carpet shell for 

the future period. However, there is no study on the assessment of the trends and future 

forecasting of aquaculture production of rainbow trout in Erzurum, Turkey.  

The present study determined the trends in the aquaculture production for the rainbow 

trout. The results of the trend analysis presented that the amount of the aquaculture production 

of Oncorhynchus mykiss has a monotonic increasing trend. Aquaculture meets the growing 

food needs by providing consumers with alternative food sources with high nutritional 

content. Therefore, aquaculture might be a major food-producing sector in the future. It has a 

noteworthy potential in serving to make available a healthy and sustainable protein source for 

future populations in the world. 

CONCLUSION 

In conclusion, the present study determined the trends in the aquaculture production for 

the rainbow trout. The results of the trend analysis presented that the amount of the 

aquaculture production of Oncorhynchus mykiss has a monotonic increasing trend. The 
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increasing trend in the aquaculture production of the rainbow trout is promising for the future 

potential of the aquaculture sector in Erzurum to provide food sources. 
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ABSTRACT: Soil moisture is one of the environmental factors affecting microbial activity that causes 

carbon mineralization. In frequent irrigation (low regime), it is expected that mineralization and therefore 

nitrogen release will increase in the surface soil where farm (cattle) manure with high organic matter is 

mixed. Nitrogen is the main source of nutrients for plant growth and high yields in silage maize. There is a 

direct relationship between chlorophyll meter (SPAD) measurements used to determine the leaf chlorophyll 

content, which affects the net photosynthesis rate, and nitrogen sufficiency. In this study, the seasonal 

variation of SPAD values in silage maize applying three different irrigation regimes (irrigations when "real 

time crop evapotranspiration - effective precipitation" value reached to 20, 40 and 60% of the available 

water) in two different fertilizations (organic and mineral) treatments were investigated. As a result, the 

SPAD values decreased with the increase in the irrigation regime, the SPAD values were determined higher 

in the organic fertilization compared to the mineral fertilization, and resulting in more silage yield. 

 

Keywords: Farm manure, Irrigation regime, Leaf chlorophyll content (SPAD), Silage maize 

INTRODUCTION 

Intensive use of mineral (chemical) fertilizers for a high crop production damages the soil 

structure and increases soil acidity. In the previous studies, it is emphasized that some over-

applied mineral fertilizers dispersed the soil (Yıldız, 2018). In order to meet the nutritional 

needs of plants, it is a common practice to use materials containing organic matter in 

agricultural areas in order to reduce the input cost problems of commercial fertilizers and their 

possible negative effects on soil structure. For this purpose, materials such as compost with 

high organic matter, farm manure, stabilized sewage sludge, green manure are used as organic 

fertilizer sources. Barnyard manure, which is known to be widely used in plant production 

areas of agricultural enterprises with mostly livestock, is a material that is easy to obtain.  

Organic materials such as barn manure, on the one hand, provide plant nutrition like 

mineral fertilizers, as they contain many plant nutrients such as P, K, Ca, Mg, Cu and Zn, 

especially N, and on the other hand, they also affect the physical, chemical and biological 

properties of the soil (water retention capacity, aeration, structural stability, microbial activity 

                                                           
*
 This study is a part of The effect of different irrigation regimes on water productivity soil fertility and CO2 emission in silage maize grown 

with manuring‘s Doctoral thesis supported financially by Ataturk University BAP unit (Project No: FDK-2021-9525) 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

300 

and increasing productivity) contribute to the sustainable use of agricultural areas together 

with the environment (Nazlı et al., 2014; Arslan, 2016). Organic fertilization stimulates 

micro-organisms in the soil and makes plant nutrients easily available (Fandika et al., 2007).  

Irrigation and fertilization are important inputs that increase productivity in agriculture. 

Silage maize is one of the major forage crop in the world and Turkey. Silage maize 

cultivation in Erzurum conditions, silage maize is a very valuable feed for livestock 

businesses considering the length of stay of the animals in the shelter in the region with long 

winters. Since it increases silage yield and quality, nitrogen fertilizer demand is high in maize 

plant. In many studies, it has been reported that increasing nitrogen doses increase plant 

height, stem diameter, crude protein rate, green grass yield, net and total profitability, and 

decrease ADF and NDF rates in maize (Çiçek, 2019; Souza et al., 2020; Uzun et al., 2020). 

Increased N contents in soil from the organic matter mineralization with the controlling of 

irrigation regimes can be improve crop N uptake, and leaf chlorophyll contents can be good 

indicator N availability and crop productivity. Therefore, the aim of this study is to examine 

the seasonal variation of chlorophyll content that measured as the SPAD by managing of the 

irrigation regime in a silage maize field irrigated with organic (cattle manure) fertilized drip 

management compared to mineral fertilization and to reveal its relationship with silage yield. 

MATERIAL AND METHOD 

This study was carried out in the experimental area of Crop Production Application and 

Research Center in Atatürk University, in Erzurum region with a semi-arid climate. The soil 

is loamy texture, the content of lime and organic matter is low, the ground water is deep, there 

are no drainage and salinity problems (Tunc and Sahin., 2015; 2017; Coban et al., 2018). In 

the trial, DKC6777 variety of silage maize with high green grass yield grown in the region 

was used. The experiment was carried out in a total of 18 plots with 3 replications in a 2x3 

factorial arrangement, according to a completely random trial plan, considering two different 

fertilization applications and three different irrigation regime levels. The main treatments 

were fertilizer applications and irrigation regimes were sub-treatments.  

In the experimental area, each plot was formed from 5 plant rows, 70 cm spacing. 

Mineral fertilization was applied at suggested doses for this region considering the total N and 

available P2O5 contents in the 0-20 cm layer before planting (Çelebi et al., 2010; Güney et al., 

2010; Tan, 2021).  
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Half of the required nitrogen was applied with planting, while the other half was applied 

during the throat filling period with 4-6 leaves, when maize plants reached 40-50 cm in length 

(KuĢvuran et al., 2015). The incubated barn (cattle) manure was obtained from Erzurum 

Metropolitan Municipality, Department of Agricultural Services, Livestock Market Branch 

Directorate, Eastern Anatolia Livestock Market. It was applied a dose to increase the organic 

matter present in surface soil depth to a good/high level (≈4%) before planting. Manure was 

spread by hand on the surface of the plots, then processed with a vertical rotovator and mixed 

into the upper 15 cm layer (Ergene, 1993; Özyazıcı et al., 2016; Gürbüz et al., 2019; NegiĢ et 

al., 2020). In order to determine the irrigation date in the formation of the irrigation regimes 

(S), the difference between the water consumption values (ETc) estimated by the daily 

climate data and the precipitation values measured with the pluviometer in the experimental 

field were taken into account. ETc values were calculated using the approximation ETc = ETo 

x kc. The ―kc‖ plant coefficient values according to the plant development periods were 

obtained from the plant water consumption guideline (TAGEM, 2017) of the irrigated plants 

in Turkey, and the reference evapotranspiration (ETo) values were calculated with the 

FAO56_Penman-Monteith equation using the CROPWAT (Ver. 8.0) program. The daily 

climatic data required in the equation were obtained from Erzurum Airport Meteorology 

Station, which is approximately 5 km away from the trial area. In the low (S1), medium (S2) 

and high (S3) irrigation regimes, irrigations were carried out when the sum of the "ETc - 

effective precipitation" difference reached 20, 40 and 60% of the available water in the 

effective rooting depth in the soil, respectively. Considering the silage maize planting dates in 

the region, planting was carried out with a pneumatic drill with a 15 cm plant spacing and 70 

cm row spacing in the first half of May. In the initial period, it was expected that the sum of 

the difference (ETc - effective precipitation) would reach 40% of the available water at a soil 

depth of 0-30 cm. When this value is reached, taking into account the 0.30 wetting rate, the 

parcels were irrigated equally with the water sufficient to bring the reduced moisture in 30 cm 

to the field capacity.  

In the period of irrigation regime application, irrigations were carried out in the plots, 

with the amount of irrigation sufficient to bring the reduced moisture in 90 cm to the field 

capacity. The soil moisture at 0-30, 30-60 and 60-90 cm was determined by gravimetric 

measurements and it was applied to the plots with a wetting rate of 0.65 (Çakmakcı, 2018). 
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Irrigation was done with the surface drip irrigation method; a dripline was placed in each 

plant row.  

In the irrigation regime applications, the chlorophyll content (SPAD) was determined by 

taking the average of 10 readings made with the SPAD-502 between 10:00 and 14:00 on the 

middle leaves of three plants within the harvesting area (Uğurlu, 2017). 

RESULTS AND DISCUSSION  

A significant (p<0.01) change was found mean chlorophyll content for fertilizer types, 

and the value in organic fertilization was higher than mineral fertilization with an increase of 

8% (Figure 1). Similarly, the maximum leaf chlorophyll index in maize was determined under 

complete animal manure application, while the minimum under without animal manure 

condition (Khadem et al., 2010). High level of N in manure can be important reason of high 

SPAD values. As parallel to, Naderia and Ghadiri (2010) indicated that organic fertilization 

increased chlorophyll and leaf N content of maize, and the correlation between SPAD values 

and leaf N content was significant. Çakmakcı (2018) also stated that there is a high positive 

linear correlation between N and SPAD values in maize. 

    

Figure 1. The mean chlorophyll content (SPAD) values in organic (G) and mineral (M) fertilization 

When plants are under water stress, the water balance in their tissues is disturbed. Cell 

growth is negatively affected by loss of turgor in the stress state, so cells remain small. The 

decrease in cell growth also affects wall synthesis. Therefore, protein and chlorophyll affect 

negatively. According to the statistical analysis results of mean chlorophyll content (SPAD) at 

different irrigation regimes, the lowest SPAD value was determined in the highest irrigation 

regime treatment (S3) in both fertilizer types (Figure 2). Compared to S1, there was a 
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decrease of 15% and 24% in the S2 and S3 regimes in organic fertilization, respectively, 

while they were 10.3% and 19.5% in mineral fertilization. The SPAD decreases showed a 

significant (p<0.01) linear decrease with increasing irrigation regimes. In the study on silage 

maize, Çakmakcı (2018) stated that decreases in chlorophyll content were associated with an 

increase in water stress. Khadem et al. (2010) also determined that SPAD value of maize was 

significantly influenced by drought stress. 

                           
Figure 2. The mean chlorophyll content (SPAD) values in irrigation regimes 

The silage maize yield was positively related to SPAD values (Figure 3). Similarly, 

Galindo (2017) determined linear regression between yield and SPAD was significant. 

Naderia and Ghadiri (2010) also indicated that there was significant correlation between 

SPAD value and maize dry weight and contents of N in leaves.  

  

Figure 3. The relationship between mean chlorophyll content (SPAD) and silage yield 
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CONCLUSION 

Since organic fertilization with cattle manure has a high N ratio, it has been observed that 

mean chlorophyll content (SPAD) increases more than mineral fertilization, and SPAD values 

decrease with the increase of water stress process with irrigation regimes. It has been 

determined that the increase in SPAD values has a positive effect on silage maize yield. 
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ABSTRACT: Determination of fatty acid compositions, which is one of the chemotaxonomic methods, 

is a method used in the identification and characterization of bacteria. In this study, it was aimed to 

analysis of the fatty acid compositions and identification of bacteria isolated from sour cherry trees 

grown in Erzurum. As a results of identification, isolates were identified as Curtobacterium 

flaccumfaciens (1), Dickeya chrysanthemi (2), Erwinia rhapontici (2), Hydrogenophaga palleronii (1), 

Methylobacterium mesophilicum (2), Brucella anthropi (1), Pantoae agglomerans (4), Bacillus 

megaterium (1), Pseudomonas cichorii (2), Pseudomonas putida (1), Ralstonia pickettii (7), Serratia 

grimesii (1), Serratia liquefaciens (1) and Vibrio aestuarianus (1). At the same time, it was determined 

that the isolated bacteria had different fatty acid compositions such as 10:0, 10:0 3OH, 12:0, 12:2OH, 

12:3OH, 13:0 anteiso, 13:0 iso, 14:0, 14:0 iso, 14:0 2OH, 15:0, 15:0 anteiso, 15:0 iso, 15:1 w6c, 16:0, 

16:0 iso, 16:1 2OH, 16:1 w11c, 17:0, 17:0 anteiso, 17:0 cyclo, 17:0 iso, iso 17:0 w10c, 17:1 w8c, 18:0, 

18:0 2OH, 18:1 w7c, 18:1 w9c, 18:1 2OH, 19:0 cyclo w8c. It was detected that fatty acids of isolated 

bacterial strains were consisted predominantly of saturated and unsaturated fatty acids: hexadecanoic 

acid (16:0; %15,6) and octadecenoic acid (18:1 w7c; %15,6), respectively. In summary, it was 

determined that the isolated bacteria and fatty acids were quite different and, accordingly, the bacterial 

strains could be identified and characterized with fatty acid compositions. 

 

Keywords: Characterization, Fatty Acid Analysis, Identification, Bacteria, Sour Cherry 

INTRODUCTION 

Sour cherry (Prunus cerasus L.) is one of the stone fruits belong to Rosaceae family. 

Production of sour cherry in Turkey has an important place in worldwide production (Koç 

and Bilginer, 2013; Nistor et al., 2020) The fruits have rich composition such as 

anthocyanins, phenolic acids and flavonoids. It is known that it prevented various diseases 

(neurological diseases, diabetes, obesity and cardiovascular and inflammatory) due to this 

property of sour cherry (Nistor et al., 2020; Özen et al., 2020).  

The microbial flora of plants plays an important role in germination and growth as 

well as protecting them against disease and stress. For this reason, it is thought that 

determining the microbial diversity of plants can be help increase plant health and crop 
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quality (Germida et al., 1998; Berg et al. 2017). In this context, it is valuable to determine 

the bacterial diversity of sour cherry tree. 

The cellular fatty acid analyze is one of the molecular methods used to identify the 

bacterial strains and their taxonomic relationships. (Tighe et al., 2000) This system, also 

called the microbial identification system (MIS; Microbial ID, Inc., Newark, Del.), is 

analyzed the fatty acid profiles by gas-liquid chromatography and identified by comparing 

it with the data in its library (Stead et al., 1992; Kellogg et al., 1998; Tighe et al., 2000). 

For this reason, it is frequently used in the characterization and identification of bacteria in 

recent years. 

In this study, it was aimed to analysis of the fatty acid compositions and identification 

of bacteria isolated from sour cherry trees grown in Erzurum. 

MATERIALS AND METHODS 

Isolation of bacteria  

All of the bacterial strains were isolated from plant tissue such as leaves, shoot, branch, 

apical buds of sour cherry trees. Firstly, plant tissue was taken in 2 ml sterile saline (0.85% 

NaCl) test tubes for 30 min. It was plated onto different medium such as nutrient agar (NA), 

semi selective King's medium (King et al., 1954) and nutrient agar with 5% sucrose (NSA) 

(Lelliott et al., 1987). Plates were incubated at 27°C for 2-5 days. Later, different colonies 

were selected and stored at -80 °C. 

Identification of bacteria 

The bacterial isolates were grown trypticase soy broth agar (TSBA) and at 27 °C for 24 h. 

Approximately 40 mg of isolates was transferred to test tubes capped with teflon. According 

to standard protocols, cellular fatty acids were saponified (with sodium hydroxide in 

methanol), methylated (with hydrochloric acid in methanol), extracted (with hexane in 

methyltert-butyl ether), and purificated by base wash (with sodium hydroxide) to cleave the 

fatty acids from lipids (Sasser, 1990.). Fatty acid methyl esters analyzed with a Hewlett-

Packard model 5890 CG gas chromatograph were identified with the MIS software by using 

the library TSBA Version 4.0 (Miller and Berger 1985; Roy, 1988.).  

RESULTS AND DISCUSSION  

In this study, 26 bacterial strains were isolated from sour cheery trees grown in Erzurum. 

The isolated bacterial strains were identified and characterized, according to fatty acid 
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analysis. The results of identification and locations of the bacterial strains are shown in Table 

1. 

As a results of identification, the bacterial strains were identified as Curtobacterium 

flaccumfaciens (1), Dickeya chrysanthemi (1), Erwinia rhapontici (2), Hydrogenophaga 

palleronii (1), Methylobacterium mesophilicum (2), Brucella anthropi (1), Pantoea 

agglomerans (4), Bacillus megaterium (1), Pseudomonas cichorii (2), Pseudomonas putida 

(1), Ralstonia pickettii (7), Serratia grimesii (1), Serratia liquefaciens (1) and Vibrio 

aestuarianus (1). At the same time, it was determined that the isolated bacteria had different 

fatty acid compositions such as 8:0 3OH, 10:0, 10:0 3OH, 12:0, 12:2OH, 12:3OH, 13:0 

anteiso, 13:0 iso, 14:0, 14:0 iso, 14:0 2OH, 15:0, 15:0 anteiso, 15:0 iso, 15:1 w6c, 16:0, 16:0 

iso, 16:1 2OH, 16:1 w11c, 17:0, 17:0 anteiso, 17:0 cyclo, 17:0 iso, iso 17:0 w10c, 17:1 w8c, 

18:0, 18:0 2OH, 18:1 w7c, 18:1 w9c, ,18:1 2OH, 19:0 cyclo w8c. It was detected that fatty 

acids of isolated bacterial strains were consisted predominately of saturated and unsaturated 

fatty acids: hexadecanoic acid (16:0) and octadecenoic acid (18:1 w7c), respectively. The 

percentage of fatty acids compositions of isolates was shown in Table 2. In the present study, 

it was determined that the identified bacteria contain various fatty acids with carbon chain 

lengths from C9 to C19. At same time, it was detected to be common fatty acids: 18:1 w7c, 

18:0 in Methylobacterium mesophilicum, 12:0, 14:0, 16:0, 17:0 cyclo, 18:1 w7c in Erwinia 

rhapontici strains, 14:0, 16:0, 18:1 w7c, 18:1 in R. pickettii strains, 12:0, 14:0, 16:0, 17:0 

cyclo in P. agglomerans strains (Table 2) 

Table 1. The results of bacterial identification 

Strain Code MIS results SI
* 

Locations 

AA-176 Vibrio aestuarianus 0,635 Erzurum (Taht-ġenkaya) 

AA-178 Serratia liquefaciens 0,667 Erzurum (Uzundere) 

AA-182 Curtobacterium flaccumfaciens 0,663 Erzurum (Tortum) 

AA-191 Pantoae agglomerans 0,632 Erzurum (BaĢaklı-Oltu) 

AA-192 Pantoae agglomerans 0,669 Erzurum (Oltu) 

AA-193 Serratia grimesii 0,918 Erzurum (Bademli-Ġspir) 

AA-194 Pantoae agglomerans 0,869 Erzurum (TaĢlı-Olur) 

AA-195 Pantoae agglomerans 0,727 Erzurum (Taht-ġenkaya) 

AA-196 Ralstonia pickettii 0,830 Erzurum (Oltu) 

AA-197 Ralstonia pickettii 0,817 Erzurum (Ormanağzı-Olur) 

AA-198 Ralstonia pickettii 0,831 Erzurum (Ormanağzı-Olur) 

AA-199 Ralstonia pickettii 0,739 Erzurum (Oltu) 

AA-200 Ralstonia pickettii 0,762 Erzurum (Oltu) 

AA-205 Erwinia rhapontici 0,782 Erzurum (Uzundere) 

AA-206 Erwinia rhapontici 0,659 Erzurum (BaĢaklı-Oltu) 

AA-207 Dickeya chrysanthemi 0,584 Erzurum (Uzundere) 

AA-208 Dickeya chrysanthemi  0,656 Erzurum (Çamlıbel-Oltu) 

AA-209 Hydrogenophaga palleronii 0,766 Erzurum (Oltu) 
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AA-210 Pseudomonas putida 0,781 Erzurum (Oltu) 

AA-213 Pseudomonas cichorii 0,769 Erzurum (Oltu) 

AA-214 Pseudomonas cichorii 0,753 Erzurum (Özdere-Oltu) 

AA-266 Methylobacterium mesophilicum 0,764 Erzurum (Uzundere) 

AA-288 Brucella anthropic 0,799 Erzurum (Çağlayan-Uzundere) 

AA-293 Methylobacterium mesophilicum  0,916 Erzurum (Çağlayan-Uzundere) 

AA-303 Bacillus megaterium  0,599 Erzurum (Uzundere) 

AA-334 Ralstonia pickettii 0,864 Erzurum (Çamlıbel-Oltu) 

AA-351 Ralstonia pickettii 0,611 Erzurum (Oltu) 

*Similarity Index 
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Table 2. Percentage of Fatty Acids Compositions of Bacterial Isolates 

 

 

Strains Code 

Fatty Acids 

12:0 14:0 15:0 

anteiso 

15:0  

iso 

16:0 16:0 

 iso 

17:0  

anteiso 

17:0  

cyclo 

18:0 18:1 w7c 

AA-176     28.55     14.83 

AA-178     30.22     14.87 

AA-182   53.79    9.03  30.89   15.48 

AA-191, AA-192, AA-194, 

AA-195 

 5.09   29.05- 

32.08 

   6.83  12.97- 

14.92 

AA-196, AA-197, AA-198, 

AA-199, AA-200, AA-334, 

AA-351 

    23.66-25.07 

 

    22.20-28.09 

AA-205, AA-206     33.93- 34.61   7.76-9.78  11.67-9.18 

AA-209     30.44     31.53 

AA-210     27.73     19.02 

AA-213, AA-214 5.66    22.93-24.05     21.12-21.97 

AA-266, AA-293     5.10    5.14 86.57 

AA-288         6.12 83.28 

AA-303   42.01 42.46       

*Less than 5% is neglected. 
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In this study, it was evaluated the relative similarities and differences of fatty acids 

among bacterial strains. As a matter of fact, it is known that there are some studies which 

some of fatty acids may be species- and organism-specific in the literature. Ibekwe et al. 

(1999) showed that cyclopropane (cyc 17:0) was intensely observed in certain groups of 

gram-negative bacteria in the rhizosphere such as Campylobacter, Cromatium, Legionella and 

Rhodospirillium. Similarly, in our study, cyclopropane (cyc 17:0) was detected in some Gram 

negative (Vibrio aestuarianus, Serratia liquefaciens, Pantoae agglomerans, Serratia grimesii, 

Ralstonia pickettii, Erwinia rhapontici and Pseudomonas putida). Jantzen and Bryn (1985) 

reported that branched fatty acids cannot be used as markers because they can be found at low 

or high rates in Gram-positive bacteria. In our results, these fatty acids were found to be 

variable and similar to the literature. Tunlid et al. (1985) reported that monounsaturated fatty 

acids with the w7 cis unsaturation found predominantly in bacteria show the activity of the 

anaerobic desaturase pathway. In our study, 18 w7c fatty acid was founded in M. 

mesophilicum, E. rhapontici and R. pickettii strains although it is not anaerobic. In the same 

study, they were reported that a15:0 and i15:0 fatty acids were found at high rates in Gram-

negative bacteria isolated from the rhizosphere of Brassica napus L. In our study, presence of 

a15:0 and i15:0 was observed in Gram positive bacteria (Curtobacterium flaccumfaciens, 

Bacillus megaterium) Zelles et al. (1992) reported that 16:0 (phospholipid palmitic acid) fatty 

acid was highly correlated with microbial biomass. In our study, the presence of 16:0 fatty 

acids was detected in many bacterial isolates. As seen in the literature, the fatty acid 

compositions have been used successfully in the identification and characterization of 

bacterial strains. Therefore, in this study, isolated bacteria from sour cherry tree were 

identified and characterized according to fatty acids analysis. As such studies on the 

determination of the microbial flora of plants increase, it is thought that it may be assocaited 

with subject such as plant germination, promoting plant growth, preventing diseases, 

protecting the plant and increasing stress resistance (Germida et al., 1998; Berg et al. 2017). 

CONCLUSION 

As a results, identification and characterization of the bacterial strains can be determined 

based on fatty acid components of the cells.  
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ABSTRACT: Domestic stabilized sewage sludge is a potential source of organic matter and nutrients 

(especially nitrogen and phosphorus). The application of sludge can be practical in order to obtain high yields in 

silage maize cultivation, which uses nitrogen actively. The chlorophyll content has a positive relationship with 

the rate of photosynthesis. It is known that the accuracy of chlorophyll meter (SPAD) measurement values, 

which are widely used in determining the amount of chlorophyll in leaves, is high and there is a positive 

relationship between nitrogen sufficiency and SPAD readings. Considering the effect of soil moisture on organic 

matter mineralization and therefore on nitrogen release, in this study, three different irrigation regimes 

(irrigations when real-time water consumption values and effective precipitation difference is 25, 50 and 75 mm) 

in the soil mixed of four different doses of sewage sludge effects on SPAD were evaluated by seasonal 

measurements. As a result, it was determined that the SPAD values of silage maize decreased with the increase 

in the longer the surface soil remains dry, and the increase in the treatment sludge dose increased the SPAD 

values. It has been determined that the increase in SPAD values has a positive effect on silage yield. 

 

Keywords: Farm manure, Irrigation regime, Leaf chlorophyll content (SPAD), Silage maize 

INTRODUCTION 

With the increase in urbanization and industrialization in the world and in our country, 

the rapid increase in the number of wastewater treatment plants with the reasons for 

protecting the environment and human health, also increases the volume of solid waste as 

known sewage sludge rapidly. Disposal of sewage sludge without harming the environment is 

an important issue and considered as a technical, economic and environmental necessity. In 

practice, the use of sewage sludge in agricultural areas is among the major disposal options 

due to one of the simplest practices known disposing of its in agricultural production areas 

with controlled with appropriate doses (Mondal et al., 2015; Cakır ve Çimrin, 2018; Poggere 

et al., 2019). 

Stabilized sewage sludge is a potential source of organic matter and nutrients (especially 

nitrogen and phosphorus). Therefore, with the sewage sludge application, it is possible to 

enrich the soil with N, P, K and micro elements, which are important in terms of plant 
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nutrition, as well as adding organic matter to the soil (Szymańska et al., 2013; Zuo et al., 

2019, Ravi et al., 2020). Moreover, previous studies conducted using stabilized sewage sludge 

in the region have shown that organic matter content and aggregate stability increase 

significantly in low permeability saline-sodium and clay soils (Ors et al., 2015; Sabtow, 2019; 

Abdallh and Sahin, 2020; Sahin et al., 2020; Badaou and Sahin, 2021). Therefore, both 

structural improvement and increased soil fertility can be increased crop productivity 

importantly. 

Silage maize with high yield and high energy compared to other forage crops is one of 

the most valuable silage crops in the world. Sewage sludge can be used to obtain higher yields 

in silage maize cultivation, which uses nitrogen actively. Silage maize produced in the 

conditions with sewage sludge resulted in higher yield of by 19–25% compared to control 

(Černý, 2012). Fresh and dry matter yields of silage maize fertilized with sewage sludge was 

higher than the mineral fertilized (Szymańska et al., 2013). Wieczorek et al. (2017) also 

indicated that maize yield was positively affected by fertilization with municipal sewage 

sludge.  

Chlorophyll is one of the major chloroplast components for photosynthesis, and the 

relative chlorophyll content has a positive relationship with the rate of photosynthesis. The 

application Sewage sludge to the soil caused a significant increase of greenness rate as SPAD, 

compared to the control, because sewage sludge causes the accumulation of N in the leaves 

with better nutritive effect therefore increases greenness of corn leaf (Szymańska et al., 2016).  

Moisture in the soil is one of the main factors in carbon and nitrogen mineralization 

because it affects microbial activity (Bellitürk et al., 2009; Cenkseven et al., 2017; Yun et al., 

2019). Therefore, it can be said that soil organic carbon mineralization and thus N emissions 

increases with soil wetness. 

In this study; In the silage maize crop, changes in SPAD content were determined in 

different doses of the stabilized sewage sludge applications by creating different moisture 

regimes in the soil with drip irrigation. Possible changes in SPAD due to organic matter 

mineralization and nitrogen release by managing the wetting-drying process of soil have been 

considered, and it was related to the silage yield. 

MATERIAL AND METHOD 

The study was carried out in the experimental area of Crop Production Application and 

Research Center in Atatürk University in Erzurum, Turkey. 
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A total of 36 plots in the experimental field were designed in a 4x3 factorial layout with 3 

replicates, according to a completely random trial plan, considering four different doses of the 

stabilized sewage sludge and three different levels of irrigation regime. 

1. Sewage Sludge 

The sewage sludge stabilized with activities of acetogenous and methanogenic bacteria in 

anaerobic and mesophilic condition was obtained from the municipal wastewater treatment 

plant in Erzurum-Ilıca, Turkey. The components of the sewage sludge are mostly domestic 

wastes of Erzurum province and a small amount of industrial wastes from meat and milk 

processing facilities (Abdallh and Sahin, 2020, Badaou and Sahin, 2021). Micro element and 

heavy metal contents in sewage sludge were 146.7 mg/kg for Fe, 131.1 mg/kg for Mn, 201 

mg/kg for Zn, 5.77 mg/kg for Cu, 5.71 mg/kg for Ni, 1.88 mg/kg for Pb and 0.01 mg/kg for 

Cd (Abdallh and Sahin, 2020). Therefore, heavy metal contents remain at very low levels 

compared to national and international standards (EC Directive, 1986; ESKI, 2016; Official 

Gazette, 2010; Aydın 2020). The organic matter and total N contents also were found 44.0% 

and 4.55%, respectively (Abdallh and Sahin, 2020; Sahin et al., 2020).  

2. Irrigation 

Irrigation water was applied with driplines established to each plant row with a drip 

irrigation system. The manifolds were planned as 3 separate lines for three irrigation regimes. 

Groundwater rested in the pool was applied to the plots by adjusting the pressure from the 

hydrant and measuring it with flow-meters. When the determined (ETc – Peff) values of each 

irrigation regime are reached, the irrigation of the plots in this irrigation regime was carried 

out with the irrigation amount sufficient to bring the reduced moisture in 90 cm to the field 

capacity. Different irrigation regimes were created with irrigations when the real-time water 

consumption values and the effective precipitation difference (ETc – Peff) were 25 mm (S1), 

50 mm (S2) and 75 mm (S3). ETc values were calculated with the equation ETc = ETo x Kc. 

Kc values were obtained from the "Plant Water Consumption Guide of Irrigated Plants in 

Turkey" published by the Ministry of Agriculture and Forestry, General Directorate of 

Agricultural Research and Policies (TAGEM) and State Hydraulic Works in 2017.  

The ETo values were calculated with the Penman-Monteith (FAO) equation in the 

CROPWAT (Ver. 8.0) software. The daily climate data required for calculations in software 
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were obtained from the Erzurum Airport climate station, and the precipitation data were 

obtained from the pluviometer located in the experimental area. 

3. Application of Sewage Sludge to the Soil, and Other Cultural Processes 

The sludge application considering planned doses (D0: 0 t/ha, D1: 30 t/ha, D2: 60 t/ha, 

D3: 90 t/ha) were made on September 22, 2020, and solid matter rate of sewage sludge was 

determined as 28.9%. To ensure homogeneous distribution of the treatment sludge on the soil 

surface; The parcels were divided into square grids and after the same amount of mud was 

applied to each grid, it was spread on the surface of the parcels by hand and mixed with an 

approximately 15 cm surface layer with a hoe machine.  

The experimental field was tilled to a depth of 15 cm using a vertical rotavator on 

07.05.2021, and then DKC6777 seed variety was sowed with 15x70 spacing with a pneumatic 

drill. Control plots were fertilized considering the missing N and P amounts, and no fertilizer 

was applied to the sewage sludge plots. The first hoeing was made when the plant height was 

15-20 cm in order to control of weeds, and the second hoeing was made when the plants 

reached 40-50 cm (4-6 leaves) in height, and planned irrigation practices were started. All 

plots were irrigated with equal quantity of irrigation water if needed, from the planting date to 

the planned irrigation period. In this period, when the value (ETc – Peff) reached around 25 

mm, irrigations were applied with a wetting rate of 0.30 with water sufficient to bring the 

declined moisture in 30 cm to the field capacity. In the planned irrigation period, irrigations 

were continued to the harvest, considering the 90 cm root depth and 0.65 wetting rate. The 

measurements to determine declined moisture before irrigations were made by the gravimetric 

method. 

4. Chlorophyll (SPAD) Measurements 

In the planned irrigation period, 10 readings were made with a SPAD-502 (Konica Minolta 

Sensing, Inc., Japan) chlorophyllmeter device between 10:00 and 14:00 on the middle leaves 

of three selected plants in all plots before each irrigation, and then averaged (Uğurlu, 2017). 

RESULTS AND DISCUSSION  

As a result of seasonal SPAD measurements, it was determined that the values slightly 

increased towards the end of the season in all sewage sludge doses and irrigation regimes. The 

highest SPAD values were determined in the D3-S1 treatment (Figure 1). 
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Figure 1. The changes of seasonal chlorophyll content (SPAD) values with sewage sludge dose and irrigation 

regime 

The effect of sewage sludge dose and irrigation regime on seasonal mean of SPAD values 

were found statistically significant (p<0.01). SPAD values increased as sewage sludge doses 

increased, and the highest SPAD value was determined in D3 (90 t/ha) application. The 

increases over the control treatment (D0) were 9.7%, 20.5% and 29.1% in D1, D2 and D3 

treatments, respectively (Figure 2). The increase with dose increase was found significantly 

(p<0.01) linear. 
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Figure 2. The changes of chlorophyll content (SPAD) with sewage sludge dose 

Inadequate N contents in the soil leads to a decrease in leaf chlorophyll contents, 

photosynthesis and biomass production (Yang et al., 2014), while adding N enrich material 

can provide plants a sufficient N supply. Sewage sludge enriches nitrogen in soil due to high 

N content, thus can increase amount received by plants. Therefore, it could be said that the 

high SPAD values in silage maize leaves is due to total N content of the sewage sludge. 

Similarly, the results of Lakhdar et al. (2010) and Abdallh and Sahin (2020) indicated that 

sewage sludge improved of N content due to its high N content, especially in applications 

with higher dose.  Although it is not included in the chlorophyll structure, there is a close 

relationship between the Fe nutrition of the plant and the amount of chlorophyll of the plant 

(Erdal vd., 2013). Therefore, it can also say that the high SPAD values in sewage sludge 

applications are due to the presence of Fe element in the sewage sludge. Similarly, Çakmakcı 

(2018) found that the SPAD values increased linearly with the increase of Fe in silage maize. 

When plants live water stress, the water balance in their tissues is disturbed. In the stress 

state, cells remain small as cell growth is negatively affected due to loss of turgor.  

The decrease in cell growth also affects wall synthesis. Therefore, protein and 

chlorophyll are affected negatively. Considering the effect of irrigation regime on chlorophyll 

content (SPAD); the SPAD value was determined at the lowest in 75 mm (S3) treatment. In 

the S2 and S3 regimes, the decrease rates were found 7.1% and 15.1%, respectively, 

compared to S1. The decrease in SPAD value showed a significant (p<0.01) linear decrease in 

increasing irrigation regimes (Figure 3). Çakmakcı (2018) stated that there was a decrease in 

chlorophyll content with the increase of water stress in his study on silage maize. Camoglu et 
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al. (2011) and (Anjum et al. 2011; Al-Shaheen and Soh 2016) also stated that there was a 

decrease in chlorophyll content with the increase of water stress in their study on maize plant.  

 
Figure 3. The changes of chlorophyll content (SPAD) with irrigation regime 

 

The silage maize yield was linearly (p<0.01) increased with SPAD values (Figure 4). 

János (2010) and Çakmakçı (2018) also indicated that there is a high positive linear 

correlation between N and SPAD values in maize. 

 
Figure 4. The relationship between chlorophyll content (SPAD) and silage yield 

CONCLUSION 

As a result, it is clear that the SPAD values decrease with the increase in the dryness of 

the surface soil where the treatment sludge is mixed, and the SPAD values increase with the 

increase in the treatment sludge doses. It has been also determined that the increase in SPAD 

values has a positive linear effect on the yield. 
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ABSTRACT: Fish blood indices provides reliable information about metabolic disorders, health and 

stress status. Basic hematological parameters of fish blood [Red Blood Cell count (RBC), White Blood 

Cell count (WBC), platelets (Plt), hematocrit (Hct), hemoglobin (Hb), mean erythrocyte volume 

(MCV), mean hemoglobin amount of erythrocytes (MCH), hemoglobin concentration of erythrocytes 

(MCHC)] can be affected by internal and external factors. Changes in hematological parameters show 

the quantitative measurement of stress in blood and blood-related organs of organisms exposed to 

stressors. In this study, the hematology indices of Alburnus alburnus in Karasu Stream (Erzurum) were 

examined and evaluated. 

 

Key Words: Alburnus alburnus, Hematology, Karasu stream. 

 

INTRODUCTION 

Aquatic ecosystems are very important for a sustainable environment. The unconscious 

use of pollutants due to anthropogenic activities, including agricultural runoff, industrial 

discharge, and other domestic waste, causes the accumulation of toxic substances in the 

aquatic ecosystem, degrading the quality of the aquatic environment and posing a threat / 

stress source for biological organisms, including humans (Gill et al., 2021). Therefore, the 

study of stress response has been a subject of interest for many years, both in terms of 

assessing the physiology of fish and as an indicator of welfare (Carbajal et al., 2019). 

The stress response is initiated and controlled by two hormonal systems that lead to the 

production of corticosteroids (mainly cortisol) and catecholamines (such as adrenaline, 

noradrenaline, and their precursor dopamine). Together, they regulate secondary stress 

response factors that alter the distribution of necessary resources, such as energy sources and 

oxygen, to vital areas of the body, and also compromise hydromineral balance and the 

immune system.  

Extremely diverse life histories emerge when examining the adaptive ecophysiology of 

stress in teleosts, the largest group of fish and thus vertebrates. This diversity prevents a 

unified and common description of the stress-related effects of environmental damage in fish, 

as a result, it can be neglected in cross-species comparative analyzes of stress physiology. 

mailto:veyselparlak@atauni.edu.tr
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Reducing the external and internal common variables that reveal stress-related responses 

helps to recreate a laboratory-oriented physiological process. However, this approach hides 

the adaptive and, more importantly, the contently interactions between stress-related gene 

expression and phenotype transformation in the life cycle of each species. As a result, the 

high diversity of teleost lifestyles enriches the physiological analysis of stress effects in fish, 

but also distorts a unified definition of common responses to stress. In order to overcome this 

dilemma, it has been reported that analysis of pan-specific co-predictors of stress-related 

responses should be performed and variables should be chosen correctly (Balasch and Tort, 

2019). 

Although some definitions and general assessments of the concept of stress include  an 

altered status and the idea of physiological exception, it is also true that coping with stressors, 

the course of stress and the reaction of the organism are not only a common mechanism, but 

also a very important one. Therefore, stress responses should be considered as one of the 

basic and important mechanisms that are key to maintaining the physiological, cellular, and 

molecular stability (homeostasis) of the organism. The numerous mechanisms available to 

confront the impact of stressors will be selected or modulated by the species itself, 

environmental conditions, and the intensity, duration, and predictability of the major stressor, 

depending on many factors. For this reason, an important part in mechanism of the stress 

response is those that come into play after other stimuli that are not considered to be stressors, 

such as reproductive changes, movement, immune stimuli, feeding, photoperiod, presence of 

congeners or enrichment (Roberts, 2012; Semple et al., 2017). 

 Due to genetic differences between different taxa and species, there are significant 

differences in how fish respond to a stressor. Variations in the stress response are brought 

about by the environmental history of the fish, the current environmental conditions, and the 

current physiological state of the fish. Although studies in the field of fish physiology have 

progressed, the necessity to determine the signs of stress has been reported (Schreck and Tort, 

2016). 

Since the measurement of hematology indices provides comprehensive information, it is 

used in fisheries practices and in research on the effects of water pollution on fish organisms 

to evaluate the physiological state of the organism, to evaluate fish health criteria such as 

oxygen carrying capacity, immune functions, stress, and various metabolic functions (Fazio, 

2019; Bojarski and Witeska. et al., 2020).  
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Changes in blood parameters associated with environmental pollutants have received 

increasing attention in the assessment of fish health (Corredor-Santamaría et al., 2016). 

Hematocrit, hemoglobin concentration, variations of leukocyte and red blood cell count, 

which are hematological parameters, were used as physiological indicators of pollution and 

organic dysfunction in both environmental and aquaculture studies. These parameters are also 

widely applied as prognostic and diagnostic tools in fish health condition (Burgos-Aceves et 

al., 2019). 

Hematological parameters are essential indicators for understanding the mechanism for 

monitoring species health and interpreting stressor effects in populations. For this reason, 

monitoring the hematology indices of fish species obtained from field studies, recording their 

physiological and biochemical values is very important for the sustainability of populations.  

In this study, the first and current database was created by analyzing the hematological 

indexes of Alburnus alburnus, which takes place in the family Cyprinidae is one of the 

dominant species of the Karasu river (Erzurum).  

MATERIAL AND METHOD 

1. Fish material 

Blood samples were taken from 14 cm+ length Alburnus alburnus individuals caught from 

the Karasu (Erzurum) river and transferred to anticoagulant tubes. Samples preserved with ice 

cassettes were brought to Atatürk University Faculty of Fisheries Laboratory and their 

hematological indexes were studied.   

 
Figure 1. Alburnus alburnus 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

329 

 
Figure 2.  Karasu stream study area 

2.2. Determination of hematology indices 

Determination of the amount of hemoglobin: A homogeneous mixture was obtained by 

mixing 0.02 ml of blood sample with 5 ml of drabkin solution. After waiting for 10 minutes 

for the complete conversion of hemoglobin to Cyanmethemoglobin, the precipitate at the 

bottom was removed. The amount of hemoglobin corresponding to the value obtained by 

measuring the transmittance (%T) value at 540 nm in the spectrophotometer was determined 

by looking at the standard table and was written as g/100 cm
3 
(Uçar and Atamanalp, 2010). 

Determination of hematocrit: Blood samples taken in microhematocrit tubes with a 

diameter of 1.1 mm and a length of 7 mm were centrifuged in hematocrit centrifuge at 10500 

rpm for 5 min. and the found value was read from the scale and recorded as % of the total 

blood (Blaxhall and Daisley, 1973; Uçar and Atamanalp, 2010). Erythrocyte sedimentation 

rate: Blood samples were taken into hematocrit tubes with a diameter of 1.1-1.2 mm and a 

length of 7 cm, kept in an upright position (90°) for 1 hour, and then the separated serum part 

was measured with the help of a ruler. The results were determined in mm/h (Uçar and 

Atamanalp, 2010; Parlak, 2019). Determination of the number of red blood cells, white 

blood cell and Platelets: The blood sample was drawn up to the 0.5 line of the red blood cell 

pipette and diluted with Dacie's solution up to the 101 line and diluted to 1/200. The mixture 

was left to stain for 1-2 minutes. The first 4-5 drops that were not homogenized were poured 

out of the pipette and filled into the chamber of the thoma slide. The value obtained by 

counting 1/5 mm
2
 in the microscope over the Thoma slide was calculated as 10

6
/mm

3
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(Blaxhall and Daisley, 1973; Uçar and Atamanalp, 2010; Parlak 2019). The blood samples 

taken are 4 mm
3 

for white blood cells and in cases where the number is insufficient, 9 mm
3
 

counted. The result was calculated in terms of 10
3
/mm

3
 (Uçar and Atamanalp 2010; Parlak, 

2019). All squares were counted using the same method of determining the number of red 

blood cells. The result was calculated in terms of 10
3
/mm

3
 (Uçar and Atamanalp 2010; Parlak, 

2019). The other hematological indices such as mean volume of red blood cells (MCV), mean 

hemoglobin in red blood cells (MCH) and mean hemoglobin concentration per erythrocyte 

(MCHC) were also calculated according to Ucar and Atamanalp (2010). 

RESULTS AND DISCUSSION 

In this study, 32 Alburnus alburnus were caught from the Karasu river and the blood 

samples were brought to the laboratory and examined. Hematology indices of the caught fish 

are given in Table 1.  

Table 1. Hematology index of Alburnus alburnus  

Sample 

code 

Hb 

(g/100 ml) 
ESR 

HCT 

(g/100 

ml) 

RBC 

(10
6
/mm

3
) 

WBC 

(10
3
/mm

3
) 

PLT 

(10
3
/mm

3
) 

MCV 

(µm
3
) 

MCH 

(µg/cell) 

MCHC 

(µg/cell) 

A1 14.8 1.5 12.3 1.43 3.3 338 86.014 103.5 120.325 

A2 13 1 10.6 1.95 4 234 54.359 66.67 122.642 

A3 16.9 1.5 11.9 2.08 5.8 222 57.212 81.25 142.017 

A4 14.6 0.5 11.4 1.82 4.5 269 62.637 80.22 128.07 

A5 14.9 1 11.8 1.79 4.3 264 65.922 83.24 126.271 

A6 15.2 2 11.6 1.85 4.1 269 62.703 82.16 131.034 

A7 14.1 2.5 11.4 2.2 3.9 201 51.818 64.09 123.684 

A8 12.8 0.5 10.9 1.91 3.5 203 57.068 67.02 117.431 

A9 10.2 1 5.6 1.07 3.8 261 52.336 95.33 182.143 

A10 13.2 2 10.9 2.02 3.4 249 53.96 65.35 121.101 

A11 12.4 1 9.6 1.71 3.4 282 56.14 72.51 129.167 

A12 11.3 1 9.4 1.67 2.9 252 56.287 67.66 120.213 

A13 13 0.5 4.9 0.84 4 206 58.333 154.8 265.306 

A14 14.45 0 11.85 1.81 5.25 269.5 65.47 79.83 121.941 

A15 12.9 1.5 10.75 1.93 5.75 218.5 55.699 66.84 120 

A16 13.55 1 8.75 1.57 7.7 241.5 55.732 86.31 154.857 

A17 13.9 1.5 11.15 1.92 6.2 259 58.073 72.4 124.664 

A18 13.65 0.5 10.6 1.73 6 258 61.272 78.9 128.774 

A19 14.1 1 6.05 1.34 5.55 237.5 45.149 105.2 233.058 

A20 14.625 2 12.075 1.62 4.275 303.75 74.537 90.28 121.118 

A21 12.95 2.5 10.675 1.94 4.875 226.25 55.026 66.75 121.311 
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A22 15.225 0.5 10.325 1.825 6.75 231.75 56.575 83.42 147.458 

A23 14.25 1 11.275 1.87 5.35 264 60.294 76.2 126.386 

A24 14.275 2 11.2 1.76 5.15 261 63.636 81.11 127.455 

A25 14.65 1 8.825 1.595 4.825 253.25 55.329 91.85 166.006 

A26 14.7125 1 12.1875 1.525 3.7875 320.875 79.918 96.48 120.718 

A27 12.975 2 10.6375 1.945 4.4375 230.125 54.692 66.71 121.974 

A28 16.0625 1 11.1125 1.9525 6.275 226.875 56.914 82.27 144.544 

A29 14.425 1 11.3375 1.845 4.925 266.5 61.45 78.18 127.233 

A30 14.5875 0.5 11.5 1.775 4.725 262.5 64.789 82.18 126.848 

A31 14.925 0 10.2125 1.7225 4.4625 261.125 59.289 86.65 146.144 

A32 12.7 1.5 7.25 1.275 3.7 259 56.863 99.61 175.172 

 

Hematological parameters are commonly used indicators to determination physiological and 

biochemical changes in fish due to stress (Brum et al., 2014). Since xenobiotics in fish are 

taken into the body through the gills and gastrointestinal tract and then transported to tissues 

and organs through the blood, the first negative effect occurs in blood cells and the tissues in 

which they are produced (Witeska and Baka, 2002).   

Changes in red blood cell parameters are used to diagnose the presence/type of anemia 

(Fazio et al., 2015) and physiological adaptive mechanisms such as acclimation (Faggio et al., 

2014). The principles of anemia diagnosis based on red blood cell parameters are well known, 

but the mechanisms of physiological adaptation, including stress, are still scarcely known. It 

is more difficult to identify the cells of the leukocyte series in fish compared to red blood cells 

and platelets. This is due to the difficulty of separating platelets from lymphocytes and 

monocytes from neutrophils, especially when comparing young cells of different lineages 

(Ranzani-Paiva and Silva-Souza, 2004). The measurement of white blood cells is an 

indispensable clinical tool during health assessments of mammalian species, and the number 

of white blood cells has been used in the clinical assessment of stress and fish diseases 

(Clauss et al., 2008). The diversity of fish causes variability in leukocyte morphology (Ravi 

and Venkatesh, 2008). This suggests that additional characterization is needed to better 

classify cell types before clinical evaluations and determination of function test potential. 

Although white blood cells have been successfully characterized in aquaculture, laboratory 

studies, there is limited information about white blood cells in most fish (Lieschke and Trede, 

2009). Unlike mammalian platelets, fish platelets are whole cells (Tavares-Dias and Moraes, 

2004). Fish platelets are an essential part of the coagulation process; converts prothrombin to 
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thrombin. Fink et al. (2015) set forth platelets also participate in immune function and exhibit 

phagocytic activity.  

Correct interpretation of hematology indices requires appropriate reference values for 

each species to minimize the impact of species differences. The large number of fish species 

(approximately 23.500 species) reflects large differences in hematology index. Normal 

reference ranges of hematological parameters are considered important in assessing and 

monitoring the health status of fish. In recent years, more reliable reference ranges of 

hematological parameters have been established in cultured and wild fish. It has been reported 

that evaluation of hematological analysis will improve fish farming by facilitating early 

detection of stress and/or disease conditions that may affect the reproductive performance of 

fish (Fazio, 2019). 

The aim of this study drawing attention to the importance of using hematological 

evaluations related to environmental or aquaculture stress in the natural environment is to 

reveal the strengths and limitations of hematological analysis in the health assessment of fish 

in the natural environment and to show how environmental pollutants can modulate 

hematology indices. Since hematological parameters reflect the physiological condition of the 

fish, it has been concluded that determining the stressor level in the environment can be a safe 

guide in terms of taking necessary precautions before disease and mortality are observed in 

aquaculture. 
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ABSTRACT: Considering the increase in the demand for organic agriculture in addition to reducing the 

use of inorganic fertilizers in terms of maintaining the sustainability of the soils, the necessity of using 

organic fertilizers is a reality. Animal wastes that cause environmental problems have an important 

economic potential and can be used in fertilizer production. In addition to obtaining high yield and quality 

products from potatoes, organic fertilization should not be neglected in order to grow and develop in a 

healthy way. This research was carried out in Erzurum in 2021 to determine the effect of different organic 

materials, which are wastes of animal origin, on the chlorophyll content of potatoes as fertilizer. Poultry 

(chicken), ovine (sheep), bovine (cattle) and worm manures and their determined doses were applied as 

organic fertilizers, individually and in combinations. The study was established according to the "Random 

Blocks" experimental design with 3 replications. Chlorophyll contents (SPAD) were measured when the 

plants were in full bloom. In the study, the chlorphyll content of potatoes varied between 46.6-55.9%.  

Significant changes were determined in the chlorophyll content of potatoes with the application of organic 

fertilizers alone or in combination. The highest values are from the application of cattle manure only 

(55.9%), cattle + chicken (54.4%), vermicompost only (53.9%) and together with chicken manure (52.4%), 

while the lowest application values  were obtained in chicken manure only (46.6%), cattle + worm (47.3%), 

sheep + worm (48.2%) and sheep + chicken + vermicompost (48.3%). 

 

Keywords: Potato, Solanum tuberosum, Organic fertilizer, Chlorophy ll 

INTRODUCTION 

Potato is one of the important plants that can meet the rapidly increasing hunger problem 

and nutritional need in the world with its rich nutritional composition. It has an important 

place in human nutrition due to the vitamins, proteins, minerals, fats and carbohydrates it 

contains. Potatoes contain 20-30% dry matter, carbohydrates (starch), protein, a significant 

amount of vitamin C, as well as vitamins B1, B3, B6 and minerals such as P, K, Mn, Mg, Fe. 

The starch content of the potato is 11-12% and the protein ratio is 1.26%-2.48%, the 

digestibility of the starch and the high biological value of the protein make it a good energy 

and diet plant (Sencer et al. 1994; Karadoğan and Özer 1997). 

Production should be increased according to need to meet the nutrients required for 

humans. In order to meet the nutritional needs of the rapidly increasing world population, 

either new lands should be opened to agriculture or the productivity of existing agricultural 

lands should be increased. Due to the fact that our agricultural fields, where production is 
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made today, have reached the final limit, it is necessary to benefit from special production 

technicians, as in other cultural plants, in order to obtain high yield and quality products. The 

most effective way to approach the yield potential of the potato at the maximum level and to 

realize quality production is to make the cultivation techniques correctly and on time and to 

comply with the scientific principles in cultivation issues. For this purpose, fertilization and 

the selection of appropriate fertilizer forms have an important place among the subjects to be 

evaluated.  

Yield increase in potato has been increased with the use of fertilizers over the years. 

However, these fertilizers used led to soil fatigue, barrenness and even a decrease in vitality 

after years. For this reason, organic fertilizers have been used in agriculture to eliminate these 

negative effects. The main purpose of organic fertilizers, which contain plant nutrients in the 

form of organic compounds, is to correct the physical and chemical structure of the soil and to 

facilitate the uptake of plant nutrients. Organic fertilizers with high organic matter content can 

be used to eliminate the problems that may occur due to the use of synthetic fertilizers and to 

increase soil fertility. 

In recent years, a rapid increase has been observed in the types of organic fertilizers used 

as basic inputs in organic agriculture. In order to benefit from such fertilizers at a high level, it 

is necessary to know the factors affecting their decomposition in the soil and the nutrients in 

it. In addition to minimizing the use of chemical fertilizers, reducing environmental pollution, 

increasing soil fertility and ensuring the continuity of productivity, and the increase in the 

demand for organic agriculture reveal the necessity of expanding the use of organic fertilizers. 

Organic fertilizer, which contains the minerals necessary for the nutrition of the plants in the 

form of organic compounds and regulates the physical and chemical structure of the soil, 

allowing the plants to be fed more easily from the soil, they are products prepared from 

wastes or by-products of living things (plant, animal, etc.). Organic fertilizer types used in 

agriculture have increased in recent years and started to be produced on a commercial scale. 

One of the fertilizer forms used in this way is vermicomposts (worm castings). 

Vermicomposting involves the breakdown and mineralization of an organic matter by the 

joint action of earthworms and other creatures. During the production of vermicompost, 

earthworms strongly change the biochemical properties of organic materials and organic 

materials, thereby inhibiting the formation of microorganisms and decomposing naturally. 

Compared to normal barnyard manure, vermicompost has a more pronounced effect on plant 
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growth and development (Atiyeh et al. 2000). Because vermicompost improves the physical 

structure of the soil and increases the amount of organic carbon, N, P, Zn, K, Ca, Mn in the 

soil (Azarmi et al. 2008). Vermicompost has been declared to be the most popular organic 

fertilizer of recent times due to the physical, chemical and biological improvements it 

provides to the soil where it is used, as well as being slow-released (Yağmur et al., 2015). 

Barnyard manure, which can improve some physical, chemical and biological properties of 

the soil, is one of these sources. Barnyard manure also provides various plant nutrients 

required for plants and serves as a source of organic matter in the soil. It accelerates the 

activity of microorganisms in the soil, increases the water holding capacity, increases the 

aeration feature, helps to keep the plant nutrients in the soil with its high cation exchange 

capacity and makes the soils resistant to extreme salinity and pH changes, prevents the 

formation of compaction in the soil, makes plant roots less susceptible to mechanical 

obstacles and helps the soil to develop more easily. 

One of the organic fertilizer sources is chicken manure. Chicken manure is more valuable 

than other farm manures in terms of nitrogen content, low moisture content and high dry 

matter content. However, if used directly, it may cause burns in the plant. Therefore, the plant 

nutrient level can be diluted and used, either by applying a small amount to the soil or mixing 

with stem, straw, peat and moss. By accumulating in tanks and adding enough water, it is 

facilitated to dissolve, dilute and add to irrigation water. 

 The use of the right fertilizer not only increases the amount of product but also improves 

the quality of the product. Organic fertilizers not only provide plant nutrients to the soil, but 

also improve the physical, chemical and biological properties of the soil. Farm manure is a 

good source of organic matter, especially for mineral soils with low organic matter. Organic 

fertilizers are among the indispensables of sustainable agriculture. However, in order to obtain 

the expected benefit from organic fertilizers, it is extremely important that they are obtained 

in accordance with the technique and applied to the soil. Therefore, in this study, it was tried 

to determine the effects of different organic fertilizers such as worm, chicken, cattle and sheep 

manure to be applied to potatoes on yield and quality. 

Photosynthesis determination should be made to ensure growth and development in 

plants. Photosynthesis is an inevitable event for quality and yield in potatoes as in other 

plants. Therefore, all life depends on green plants that perform photosynthesis. Photosynthesis 

is the process of producing organic compounds by using light energy in chlorophyll-bearing 
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living things. The sun is needed along with chlorophyll for photosynthesis. Chlorophyll 

absorbs light energy and converts it to chemical energy (Yakar and Bilge, 1987). So, 

chlorophyll ensures the realization of photosynthesis, in which the oxygen and nutrients 

necessary for the survival of all other living things are produced. In addition, chlorophyll is 

the pigment that gives plants their green color. However, the determination of the factors that 

cause the change in the amount of chlorophyll is important in terms of forming a basis for 

many studies from plant health to stress factors. 

MATERIAL AND METHOD 

This study was carried out in the experimental area of Atatürk University Plant 

Production Application and Research Center in 2021. 

In the study, Agria potato variety, which is suitable and highly productive for our region, 

was used as plant material, and bovine (cattle), ovine (sheep), poultry (chicken) and worm 

manures were used as organic material. 

Fertilizer materials to be discussed in the experiment and their application methods: 

(Recommended fertilizer doses: Cattle manure 3 t/da, sheep manure 2 t/da; pigeon manure 1 

t/da: worm manure 200 kg/da). 

1. Control (G0) (No Fertilizer Applied) 

2. Cattle Manure (G1) (100% of Recommended Dose) 

3. Sheep Manure (G2) (100% of Recommended Dose) 

4. Vermicompost (G3) (100% of Recommended Dose) 

5. Chicken Manure (G4) (100% of Recommended Dose) 

6. G1 + G2 (50+50% of Recommended Doses) 

7. G1 + G3 (50+50% of Recommended Doses) 

8. G1 + G4 (50+50% of Recommended Doses) 

9. G2 + G3 (50+50% of Recommended Doses) 

10. G2 + G4 (50+50% of Recommended Doses) 

11. G3+ G4 (50+50% Recommended Doses) 

12. G1 + G2 + G3 (33.3%+33.3+33.3% of Recommended Doses) 

13. G1 + G2 + G4 (33.3%+33.3+33.3% of Recommended Doses) 

14. G1 + G3 + G4 (33.3%+33.3+33.3% of Recommended Doses) 

15. G2+ G3 + G4 (33.3%+33.3+33.3% of Recommended Doses) 

16. G1 +G2 + G3+ G4 (25%+25+25+25% of Recommended Doses) 

The experiment was carried out in the "Random Blocks" experimental design with three 

replications. Organic fertilizers are included in each block individually and in combination. 

All fertilizers were applied during parcellation and mixed into the soil before sowing. The 

plot area was calculated as 2.8 x 5 m = 14 m2 and the trial area was calculated as 1375.5 m2 

and was arranged according to the 35 cm row spacing between 70 cm rows. In order to 
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prevent the mixing of fertilizers, each parcel was turned into a pan and the necessary 

maintenance processes were carried out homogeneously during the growing period of the 

plants. 

RESULTS AND DISCUSSION 

Chlorophyll Content 

In the study, the highest chlorophyll content was obtained from 100% cattle (G1), 50% 

cattle+chicken (G1+G4) and 100% vermicompost (G3) fertilizer applications, while the 

lowest chlorophyll content was G4 (100% chicken manure), G1+G3 ( 50% cattle and 50% 

vermicompost), G2+G3 (half sheep and worm manure) and G2+G3+G4) applications were 

determined as 46.6, 47.3, 48.3 and 48.4 SPAD respectively. 

It was determined that the chlorophyll content values of the potato plant produced by the 

application of different organic fertilizers were statistically significant at the p<0.01 level 

Table 1. Average values and variance analysis results of chlorophyll content in potato plant produced by 

application of different organic fertilizers 

Fertilizer Applications Chlorophyll amount (SPAD)  

G0 (no fertilizer applied)    51,6cd     
G1 (%100) 55,9a     
G2 (%100)      51,8bcd     
G3 (%100)     53,9ab     
G4 (%100)  46,6f   

G1G2 (%50+50)   51,4cd      
G1G3( %50+50) 47,3f     
G1G4 (%50+50)  54,5a      
G2G3 (%50+50)    48,3ef      
G2G4 (%50+50)    49,9de      

G3G4 (%50+50)      52,5abc    
G1G2G3 (%33,3+33,3+33,3)    51,1bc      
G1G2G4 (%33,3+33,3+33,3)   50,9cd    
G1G3G4 (%33,3+33,3+33,3)  51,6cd      

G2G3G4 (%33,3+33,3+33,3)  48,4ef      
G1G2G3G4 (%25+25+25+25)   50,5cd    

Mean    51,0                                        

  
 

Variation Sources SD                    F values 

Repetition 2               

Fertilizer Applications 15          14,391* *  

Error 30   

**F value is significant at the p<0.01 probability limit. The difference between the averages denoted by different 

letters is significant. (GO=Control G1=Cattle manure G2=Sheep manure G3=Worm manure G4=Chicken 

manure) 
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According to the results obtained ; There were differences in the chlorophyll content of 

the potato when the mentioned organic fertilizers were applied alone or in combinations. It is 

predicted that these differences are due to the structural differences of the fertilizers. In 

addition, there are many factors that affect the chlorophyll content in plants. Studies on this 

subject should continue in order to determine the chlorophyll content and, accordingly, the 

yield components more effectively. 
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ABSTRACT: The roles of biochar on organic acid content in bean (Phaseolus vulgaris L.) seedlings 

grown under cadmium (Cd) stress were assessed in greenhouse. Seeds were sown in plastic pots with 

sand-soil mix. Three different biochar doses (0, %2,5 and %5) and four different Cd doses (0, 100, 150, 

200 mg/kg) were used. Organic acids (oxalic, propionic, tartaric, butyric, malonic, malic, lactic, citric, 

maleic, fumaric and succinic) contents were bean seedlings were examined and significant changes 

have occurred in the organic acid content of beans with Cd application. In the study increases and 

decreases occurred depending on the increasing dose of Cd.  Generally, the effect of biochar application 

occurred significant changes in organic acid content under Cd contitions. The effect of biochar in 

increasing Cd stress tolerance in bean plants may be due to changes in the internal metabolism such as 

organic acid compounds of the plant. 

 

Keywords: Bean, Biochar, Cadmium, Organic acid, Stress 

INTRODUCTION 

Environmental contamination by toxic and hazardous substances and their associated 

health risks have gained considerable attention globally (Khalid et al., 2017). Plants are 

continuously confronted with unfavorable environmental conditions (such as soil salinity, 

drought, heat, cold, flooding and heavy metal contamination).  

Among heavy metals, cadmium (Cd) is one of the most hazardous and common 

pollutants for the environment and human health (Shi et al., 2015). Cd can be easily absorbed 

by plant roots and then transported into the plant aerial parts (Gill and Tuteja, 2011).  Cd has a 

highly toxic effect, prevents root and shoot development, decreasing the productivity. High 

level of Cd cause deterioration of the leaf folds, chlorophyll structure, chlorosis and growth, 

and reduce nitrate transport in shoots (Ahmad et al., 2015).  

Biochar is a carbon-rich solid, produced from  a  biomass under oxygen-free conditions 

for use specifically as an amendment to benefit soils  through hydrothermal carbonisation, and 

flash carbonisation ( Lehmann and Joseph 2009; Ahmad et al., 2014; Zeng et al., 2019; Lam 

et al., 2019; Kong et al., 2019).  It can be used to improve agriculture and the environment in 

several ways, and its persistence in soil and nutrient-retention properties make it an ideal soil 
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amendment to increase crop yields (Lehmann and Joseph, 2021). In recent times, biochar has 

played an important part in the removal of heavy metals since it is eco-friendly, cheap and 

shows high removal efficiency (Shaheen et al., 2019). 

Bean (Phaseolus vulgaris L.) is the most important grain legume crop for food 

consumption worldwide and has a role in sustainable agriculture as a main source of proteins 

and nutrients. Bean is a type of vegetable that is significantly affected by abiotic stress 

factors, as in other plants. Heavy metal stress is one of them and negatively affects plant 

growth and development, causing yield and quality losses. 

This study aimed to evaluate the role of biochar properties and application rate in the 

alleviation of negative impacts of Cd stress on the growth of common bean (Phaseolus 

vulgaris L.). These effects were determined by changes organic acid content in bean 

seedlings. 

MATERIAL AND METHOD  

These experiments were carried out in greenhouse. Bean (Phaseolus vulgaris L.) seeds 

were used as plant material. The treatments consisted of three concentrations of biochar (0%, 

2,5% and 5% v/v) and four concentration of Cd (0, 100, 150, 200 mg/kg) arranged in a 

completely randomized block design with three repetitions and four plants in each replicate. 

The above doses of Cd were applied to each pot filled with mixture of soil:sand (3:1) and 

incubated for approximately one month. Then the seeds were planted and irrigation was done 

when necessary during plant development. 50 days after seed sowing, organic acid analyzes 

were performed on fresh leaf samples taken from plants.  

Organic acid content of bean seedlings was determined according to Siddiqui et al., 

(2015). Deionized water (10 mL) was added to 1 g of fresh leaf sample and the solution was 

homogenized with ultra turraks. After centrifugation at 1,200 rpm for 50 minutes, 

supernatants were filtered through 0.22 μm filters. In vials, supernatants were subjected to 

HPLC using a Zorbax Eclipse-AAA 4.6 × 250 mm, 5-μm column (Agilent 1200 HPLC) and 

recorded at an absorbance of 220 nm in a UV detector. The flow speed was 1 mL·min
-1

 and 

the column temperature was 25°C. Organic acid were determined using 25 mM potassium 

phosphate (pH 2.5) as the mobile phase. 

For statistically analysis of data, SPSS program was used (SPSS 2010).  The differences 

among the means were compared using the Duncan multiple range tests (DMRT). 
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RESULTS AND DISCUSSION  

In the study, the effect of biochar application on the organic acid content of bean plants 

grown in the soil treated with Cd was found to be statistically significant (except for citric 

acid) (Table 1 and Table 2). Tartaric acid and succinic acid contents decreased with increasing 

Cd dose. In other organic acids, it changed depending on the Cd dose. In plants without 

biochar application and 2.5% biochar application, the organic acid content was generally 

lower with 0 and 150 mg/kg Cd, while it increased with 100 and 200 mg/kg. However, with 

5% biochar, the organic acid content generally increased in parallel with increasing Cd dose. 

The highest oxalic acid, butyric acid and maleic acid applications occurred at 0% biochar and 

200 mg/kg Cd treatment.  However, the highest propionic and tartaric acid content was 

determined at the application of 2.5% biochar and 200 mg/kg Cd. In soil treated with 5% 

biochar, there was a significant increase in the amount of malonic acid, malic acid, lactic acid 

and fumaric acid with 150 mg/kg Cd, while the succinic acid content was higher with 200 

mg/kg (Table 1 and 2). 

Plants are exposed to various types of environmental stresses throughout their life cycle, 

including toxic metal ions (Rady et al. 2019). One of them Cd stress which cause hazardous 

effect on plant growth and development. It is known that organic acids also participate in the 

detoxification of heavy metals, and that organic acids play an important role in modulating 

the adaptation of the plant to the environment, and studies are being carried out on this 

subject. Although the type and amount of organic acids found in all plants vary according to 

the plant species and plant developmental status, they have important effects on plant 

physiology (Vallarino and Osorio, 2019). It is known that organic acids also participate in the 

detoxification of heavy metals, and that organic acids play an important role in modulating 

the adaptation of the plant to the environment, and studies are being carried out on this 

subject. Studies have shown that acids such as citrate, malate, oxalate, malonate, aconitate and 

tartarate have the ability to form strong bonds with heavy metal ions through metal chelation 

with carboxyl groups (Osmolovskaya et al., 2018). It is known that organic acids can repair 

polluted soils and transform the ion metal state into a non-toxic or less toxic state by chelating 

metal elements to increase heavy metal stress resistance in plants. It is stated that organic 

acids play an important role in plant resistance against heavy metals (Chen et al., 2015). In 

this study, significant changes occurred in the organic acid contents of the plant depending on 

the Cd dose, and the plant reacted to Cd in this sense. 
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Studies show that different applications can be used to reduce or eliminate the negative 

effects of heavy metals in the plant. One of them is, use of biochar, which has positive effects 

on plant growth and development, providing important effects on the soil and therefore on the 

plant. Biochar can be alleviate the negative effects of Cd stress on bean seedlings by arranged 

and improvement of endogenous organic acid compounds. In our study, it is thought that 

biochar applied to the soil can reduce Cd toxicity with changes in plant organic acid 

metabolism. As a matter of fact, the increase in organic acid contents in the Cd medium with 

the application of 5% biochar explains this. Because, biochar has a very important role in 

improving the heavy metals of polluted soils and can provide an effect that can reduce the 

bioavailability and leachability of heavy metals in the soil (Paz-Ferreiro et al., 2014; Mansoor 

et al., 2020). The effectiveness of biochar is also due to the decrease in Na+ uptake, mineral 

deposition, stomatal conductivity and regulation of phytohormones. Thus, a biochar-mediated 

tolerance mechanism occurs in heavy metal stress in the plant (Mansoor et al., 2020). In this 

study, it is thought that the stress to be created by the changes in organic acids caused by Cd 

in beans can be alleviated by these mechanisms of action of biochar. 

Table 1. The organic acid content of common bean seedling under Cd stress with biochar treatments 

Bc (%) Cd 

(mg/kg) 

Oxalic acid Propionic 

acid 

Tartaric acid Butyric 

acid 

Malonic 

acid 

Malic acid 

  ng/µg 

0 0 3,72 d 4,45 fg 5,19 a-c 4,82 d 6,62 c-e 3,39 d 

100 6,58 b 7,53 b 4,23 cd 7,32 bc 6,73 c-e 4,74 bc 

150 3,43 d 5,15 e-g 2,51 e 4,07 d 5,74 de 2,62 de 

200 7,43 a 6,94 bc 4,59 cd 9,08 a 7,09 cd 4,57 bc 

2,5 0 3,33 d 4,27 g 3,51 de 4,31 d 6,02 c-e 3,10 de 

100 6,68 b 7,74 b 4,87 bc 6,70 c 7,56 bc 5,27 ab 

150 3,38 d 5,30 ef 2,75 e 4,08 d 5,63 de 2,99 de 

200 7,82 a 8,91 a 6,33 a 7,67 bc 6,86 c-e 4,45 bc 

5 0 3,62 d 5,55 de 2,56 e 4,23 d 5,59 de 2,47 e 

100 5,74 c 5,87 de 4,42 cd 7,34 bc 5,43 e 4,24 c 

150 6,48 b 6,26 cd 5,27 a-c 7,63 bc 10,79 a 5,65 a 

200 6,26 b 6,25 cd 5,99 ab 8,68 ab 8,72 b 3,42 d 

Bc  * * ns ** ** ns 

Cd  ** ** ** ** ** ** 

Bc x Cd  ** ** ** ** ** ** 

ns: p>0,05, *: p=0,05- 0,01, **: p<0,001, Data followed by a different letter in column were significantly 

different according to the DMRT 

 

 

 

 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

345 

Table 2. The organic acid content of common bean seedling under Cd stress with biochar treatments 

Bc (%) Cd Lactic  acid Citric acid Maleic 

acid 

Fumaric 

acid 

Succinic 

acid 

  ng/µg 

0 0 4,81 d 5,82
ns

 1,85 c 5,37 c 8,91 a-c 

100 6,37 bc 5,96 5,74 a 6,39 b 7,54 b-d 

150 3,67 f 5,88 1,93 bc 3,87 d 6,75 d 

200 6,27 bc 4,80 6,19 a 8,19 a 7,39 cd 

2,5 0 4,80 d 5,74 2,94 bc 4,25 d 7,41 cd 

100 6,08 bc 5,18 2,09 bc 6,10 bc 9,28 ab 

150 3,93 ef 5,31 2,69 bc 3,49 d 7,28 cd 

200 6,67 b 5,73 3,27 b 6,05 bc 7,23 cd 

5 0 4,66 de 5,67 2,83 bc 4,28 d 8,05 b-d 

100 5,73 c 6,29 3,21 b 6,55 b 8,41 b-d 

150 9,24 a 6,48 2,12 bc 8,85 a 7,59 b-d 

200 6,41 bc 4,58 2,25 bc 4,25 d 10,51 a 

Bc  ** ns ** ** * 

Cd  ** * ** ** * 

Bc x Cd  ** ns ** ** * 

ns: p>0,05, *: p=0,05- 0,01, **: p<0,001, Data followed by a different letter in column were significantly 

different according to the DMRT 

CONCLUSION 

In this study, the effect of change in organic acid metabolism with biochar in bean plants 

grown in Cd-contaminated soil was investigated. It is thought that use of biochar may be 

beneficial, especially with its effects on organic acid metabolism, alleviating the negative 

effects of Cd stress on plants. 
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ABSTRACT: The objective of this study was to assess antioxidant and antibacterial activities of Moringa 

oliefiera extracts. The extracts were obtained by infusion in water (E1), decoction in water (E2) and 

meceration in methanol (E3). The average yields of extraction were 26.6%, 32% and 17.2% respectively. A 

preliminary evaluation of composition was evaluated by phytochemical screening and quantitative analysis 

of total polyphenols. Results of phytochemical screening revealed the presence of few chemical groups but 

the quantification of phenolic compounds showed that E1, E2 and E3 contains high amounts of polyphenols 

152.67, 258.37 and 304.83 mg EAG / mg E, respectively. The antioxidant activity of extracts was 

determined by free radical scavenging (DPPH) and cyclic voltammetry (CV) methods. Results showed that 

E3 had high capacity to kinch DPPH radical with IC50 value of 61.81 mM. Furthermore, the antioxidant 

assay, performed by cyclic voltammetry from solutions of 10
-3

 M, showed a powerful anti-radical activity 

68.32%, 74.54%  and 79.81% for E1, E2 and E3, respectively, compared to standard ascorbic acid 

(84.32%). The antibacterial activity of Moringa oliefiera extracts was carried out on two strains of bacteria 

Escheirichia coli and Staphylococcus aureus. Results shows that E3 has the highest activity compared to 

E1 and E2 extracts. 

 

Keywords: Antioxidant activity, Antibacterial activity, Cyclic voltammetry, DPPH, Moringa oliefiera 

INTRODUCTION 

The genus Moringa including ten to twelve species of the Moringaceae family are widely 

distributed (Somali and al, 1984). Almost all Moringa species are native to India, from where 

they have been introduced in many warm countries, the best-known and most widely 

naturalized species is Moringa oleifera Lam. (syn. Moringa pterygosperma Gaertn.) 

(Sengupta
  

et al, 1970; Morton, 1991), which is a native of the western and sub-Himalayan 

tracts, India, Pakistan, Asia Minor, Africa, Arabia, and Philippines (Somali and al, 1984; 

Mughal and al, 1999). Moringa oleifera represents a traditionally important food commodity 

as the leaves, flowers, fruits, and roots of this tree are locally used as vegetables (Qaiser, 

1973). A number of medicinal and therapeutic properties have been ascribed to various parts 

of this multipurpose tree, which included the treatment of ascites, rheumatism, venomous 

bites and as cardiac and circulatory stimulants (Dahot, 1988; Singh et al., 1999). Several of its 
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parts are used in native medicines and folk remedies and have been reported to show 

antitumor, antipyretic, antiepileptic, antiinflammatory, and antiulcer effects (Siddhuraju and 

al, 2003). 

MATERIALS AND METHOD 

1. Materials 

1.1. Plants material 

The plant material used in this study was collected in March 2018 in the region of Oum 

Thiour, northwest of the wilaya of El Oued, Algeria. 

1.2. Animal material  

It consisted of the reference strains of Gram-positive bacteria (Staphylococcus aureus 

ATCC 25923) and Gram-negative bacteria (Escherichia coli ATCC 25922). These strains 

were isolated from a hospitalized patient at University Hospital (Algeria). 

2.Methods 

       After collecting over the plant material, the samples were dried over laboratory 

temperature (25-30°C) until their stabilization and then reduced in powder. 

2.1. Preparation of extracts 

The aqueous extracts were prepared by infusion (E1) and decoction (E2). The plant 

material (10 g) was added to 100 mL of boiling distilled water and kept in contact with it for 

24h (E1), while in the latter procedures the plant material (10 g) was boiled in 100 mL of 

distilled water for 30 min (E2). Organic extract (E3) was prepared by maceration of plant 

material (10 g) in 200 mL of methanol then kept stirring for 24h. 

2.2. Identification of secondary metabolites 

       Determination of secondary metabolites was made by staining reactions and precipitation 

specific method  to each metabolite family. 

       Flavonoids 

Flavonoids identification was carried out by the test of cyaniding (Bruneton, 1998) : 

Two     mL of each extract were evaporated and the residue was taken up in 5 mL of 

hydrochloric alcohol diluted twice. By adding 2 to 3 magnesium shavings, there is a release of 

heat then a pink-orange or purplish color. The addition of 3 drops of isoamyl alcohol 

intensified this coloration which confirmed the presence of flavonoids. 

      Tannins 
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They have been highlighted by the Stiasny test (Soro and al., 2009). Five mL of each 

extract were evaporated to dryness. After addition of 15 mL of Stiasny's reagent to the 

residue, the mixture was kept in a water bath at 80°C for 30 min. The observation of a 

precipitate in large flakes characterized the catechetical tannins. For gallic tannins, we filtered 

the previous solution. The filtrate is collected and saturated with sodium acetate. The addition 

of  3drops of FeCl3  would cause the appearance of a intense blue-black coloration, a sign of 

the presence gallic tannins.        

       Saponins 

The saponins were determined by foam test; a degree of aqueous decoction dilution 

giving a persistent foam after shaking in a test tube, 10 mL of the aqueous extract (Dohou and 

al., 2003). The tube was shaken for 15s then left to stand for 15 min. A height of persistent 

foam, greater than 1 cm indicated the presence of saponosides. 

       Terpens and sterols 

Sterols and terpens have been identified by the Liebermann-Burchard test (Békro and 

al., 2007). Five mL of each of the three extracts were evaporated on sand bath. The residue 

is dissolved hot in 1 mL of acetic anhydride. Then 0.5 mL of sulfuric acid concentrated in the 

triturate have been added. The appearance, at the interphase, of a purple ring or purple, 

turning blue then green, indicated a positive reaction. 

       Alkaloids 

Alkaloids were identified by Meyer test and confirmed by Bouchardat test (Rizk, 1982; 

N’Guessan, 2006).  Anthraquinones were identified by Bornträger test (Dohou and al, 

2003) : Six mL of each solution was evaporated to dryness. The residue is taken up in 6 mL 

of alcohol at 60°. The addition of 2 drops of the reagent Dragendorff on alcoholic solution 

caused a precipitate or an orange color. The addition of 2 drops of Burchard's reagent on the 

solution alcoholic caused a precipitate of coloring reddish-brown and indicated a positive 

reaction. 

2.3. Determination of total phenolic contents 

Total  phenolic  content  of  polyphenol  extracts  from  the  leaves  of  the  plant  were  

determined spectrophotometrically using the Folin-Ciocalteu method described by Singleton 

et al. (1999). Briffly, 0.4 mL of each sample was mixed with 2.0 mL of the Folin-Ciocalteu 
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reagent (diluted 10 times), and 1.6 mL of 7.5% sodium carbonate solution. The total volume 

was adjusted to 5 mL by adding distilled water. The tubes were covered with parafilm and 

allowed to stand for 30 minutes at room temperature before the absorbance was read at       

765 nm spectrometrically. 

2.4. Evaluation of Antioxidant activity 

In order to obtain an indication of the antioxidant activity of the leaves of this plant, 100 

µL of a freshly  prepared  0.004  %  of  2,2-diphenyl-1-picrylhydrazyl  (DPPH)  in  methanol  

was  mixed with  200 μL of different concentrations (0.2-1.2  mg/mL), in distilled  water. The  

absorbance  of  each solution  was  measured  at  517  nm  after  2 h,  (Kedare  and  Singh,  

2011). Vitamin  C  was used  as  positive  control.  All  tests  were  performed  in duplicate.  

The  percentage  DPPH  reduction  (or  DPPH  radical  scavenging  capacity)  was calculated 

as: 

% Reduction = (Abs DPPH–Abs Sample.) /Abs DPPH x 100                      Eq.1 

The  IC50 (concentration of extract or compound at which inhibition 50% of DPPH) of  

each extract was  calculated. 

2.5. Determination of antibacterial activity 

Antibacterial activity of extracts from leaves of the plant was determined by agar well  

diffusion  method.  An overnight culture of each microorganism was adjusted to a turbidity 

equivalent to 0.5 Mc Farland standard (Kiehlbauch et al., 2000). Inoculum  containing  of  

each  bacterial  culture  to  be  tested  was spread  on  nutrient  agar  plates  with  a sterile  

swab  moistened  with  the  bacterial  suspension. Subsequently, wells of 6 mm diameter were 

punched into the agar medium and filled with 50 μL of plant extract. The plates were then 

incubated at 37°C for 24 h. The antibacterial activity was assayed by measuring the diameter 

of the inhibition zone (IZ) in millimeter (mm) which was formed around each plate. While the 

DMSO solvent was used as a negative control. 

2.6. Superoxide antioxidant assay using cyclic voltammetry (CV)                 

The superoxide radical scavenging assay was carried out according the method described 

by Korotkova and al. (2002) and modified by Bourvellec et al. (2008). Cyclic voltammetry 

(CV) measurements were performed using a Potentiostat-Galvanostat; Voltalab PGZ 301 

model at room temperature, cell equipped with a conventional three-electrodes system. The 

working electrode was a disk of glassy carbon (GC). The CV experiments of the oxygen 

reduction were carried out in dimethylsulfoxide (DMSO) of analytical grade (sigma-Aldrich) 
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practically saturated with molecular oxygen containing 0.1 mol . L
-1

 tetra-nbutylammonium 

perchlorate (TBAP) as supporting electrolyte. The antioxidant activity was assessed from the 

change in the anodic current of the voltammograms and the results were expressed in 

percentage with superoxide radicals (O2
•-
), characterizing the inhibition efficiency (I%) 

estimated according the following equation: 

I% = [(Iapa - Ippa)/Iapa] × 100.                         Eq.2 

Where,  

I%: percent inhibition of superoxide radical O2
•- 

;  

Iapa: the anodic peak current of O2
•-
oxidation in absence of the sample ; 

Ippa: the anodic peak current of O2
•-
 oxidation in presence of the sample. Ascorbic acid was 

used as antioxidant standard for comparison of the  three extracts. 

RESULTS AND DISCUSSION  

1. Phytochemical study  

The values of the yields obtained vary according to the extraction method and the solvent 

used during extraction (Bouabid et al, 2018). Indeed, we have noted that the best yields are 

obtained with the most polar solvents (aqueous extracts> methanol). Similarly, hot extraction 

can give the best yield compared to cold extraction for aqueous extraction; 32% for the 

decocted and 26.6% for the infused in the case of aqueous extracts. For organic extract by 

methanol can obtain 17.2%. 

Table 1. Phytochemical screening of aqueous and organic extracts 

Moringa Oliefiera 

Extracts 

Infused Decocted Macerated 

Flavonoids + + + 

Tannins ++ +++ - 

Alkaloids +++ + - 

Saponins +++ +++ - 

Sterols et triterpenes + + + 

 

The phytochemical assay revealed that the Moringa oliefiera plant is rich in organic  

substances such as flavonoids, tannins, alkaloids, saponins, sterols and triterpenes, in 

particular aqueous extracts, which contains the highest values in tannins, alkaloids, saponins 

than the organic extract (Table 1). 

2. Total polyphenols determination  

The polyphenols content was determined by the Folin Ciocalteu reagent referring to 

Gallic acid. The concentration of polyphenols in the different extracts is expressed as 
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milligram of Gallic acid per gram of the extract (mg EAG/gE). Thus, we have noted that our 

plant is rich in polyphenols between the different extracts and with a better content of 

polyphenols in the macerated metanolic extract with value 304.83±4.19 mg EAG/gE. For 

aqueous extracts, the highest concentration of total polyphenols was found in the decocted 

extract 258.37±6.28 mg EAG/gE followed by the infused extract 152.67±6.88 mg EAG/gE 

(Table 2). 

Table 2. Centent of total polyphenols in aqueous and organic extracts 

Moringa oliefiera Extracts Infused Decocted Macerated 

Total polyohenols (mgEAG/gE) 152.67±6.88 258.37±6.28 304.83±4.19 

 

3. Antioxidant activity of Moringa oliefiera extracts 

3.1. Measurement of anti-radical activity by DPPH test 

The chemical compound 2,2-diphenyl-1-picrylhydrazyl (DPPH
.
) is one of the first free 

radicals used to study antiradical activity. It has an unpaired electron on an atom of the 

nitrogen bridge; this relocation is responsible for the violet color characteristic of the DPPH 

radical. The measure of the efficacy of an antioxidant is done by measuring the decrease in 

violet coloration that is due to the recombination of DPPH radicals measurable at 517 nm. In 

this study, the DPPH test is realized in order to measure the antiradical activity of Moringa 

oliefiera extracts and results are expressed in IC50 (µg/mL). The comparison of the IC50 of 

aqueous and organic extracts showed that macerated extract (IC50 = 61.81 µg/mL) have a 

higher anti-free radical activity than aqueous extracts (IC50 = 93.78 µg/mL and IC50 =101.56 

µg/mL for decocted and infused extacts, respectively). The high antioxidant activity of the 

methanolic extract can be attributed to the presence of higher amounts of polyphenols 

(Wellsown et al., 2006 ; Kubínová et al., 2013; Kubínová et al., 2014). 

3.2. Cyclic voltammetry of Moringa oliefiera Extracts 

The cyclovoltammograms exhibit electrochemical responses of ascorbic acid and all 

extracts E1,E2 and E3 in absence of any compounds (blank) as illustrated in Figure 1.  

As can be seen in Figure 1, a higher antioxidant substrate concentration is observed with a 

lower anodic peak current and the results obtained demonstrated clearly that the three extracts  

E1,E2 and E3 showed an antioxidant activity with superoxide anion radical test since, the 

obtained values of inhibition percentage of infused, decocted and macerated extracts were 
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found to be 68.32%, 74.54% and 79.81%, respectively. The organic extract showed a 

powerful anti-radical activity than the aqueous extracts (Table 3). 

 

 
Figure. 1. Cyclic voltammograms of O2 reduction in absence of antioxidant (ascorbic acid), aqueous and organic 

extracts at a steady glassy carbon disk electrode in DMSO/0.1 M TBAP. Scan rate 50 mVs-1 concentration 10
-2

 

M. 

Table 3. Percentage inhibition (I%) of ascorbic acid, aqueous and organic extracts 

Compound IPa Percentage inhibition (I%) 

Blank   

Ascorbic Acid 1.64.10
-5

 84.32 

Ġnfused extract 2.57.10
-4

 68.32 

Decocted extract 2.68. 10
-6

 74.54 

Macerated extract 3.12.10
-6

 78.21 

 

3.3. Antibacterial activity  

The antibacterial activity of all extracts was assessed in vitro against Gram-positive 

microorganism (Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli) using 

the well diffusion assay. Results for the bioactive extracts (Table 3) show that both the 

decocted and methanolic extracts were active against Gram-positive (Staphylococcus aureus) 

and Gram-negative (Escherichia coli) bacteria. On the other hand, the infused extract did not 

affect the growth of Staphylococcus aureus and Escherichia coli bacteria.  

 

Table 3. Diameter (mm) of microbial growth and inhibition zones by bioactive extracts  in the well diffusion 

assay. 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

355 

 

CONCLUSION 

In this work, we have valued Moringa oleifera, a plant frequently used in traditional 

medicine, through phytochemical and in vitro biological activities studies. Phytochemical 

screening of the plant have shown that the three extracts are rich in organic substances such as 

flavonoids, tannins, alkaloids, saponins, sterols and triterpenes. The antioxidant activity study 

using  tests DPPH and cyclic voltammetry showed that the plant extracts prepared by aqueous 

and methanolic macerations represent a source of natural antioxidants. Antibacterial 

evaluation of extracts showed that the decocted and methanolic extracts were active against 

both Gram-positive and Gram-negative tested bacteria and the infused extract did not affect 

the growth of two strains. The better activity of macerated extract compared to other extracts 

is a very important result that would allow the use of this extract in traditional medicine. 
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Diameters of inhibition zones (mm)  

 

Extract                       
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ABSTRACT: Aquaculture is an important industry to meet the animal protein need of the increasing 

global population. Aquaculture production has steadily increased since the 1970s and in 2018, it reached 

around 82.1 million metric tons almost providing half of the worldwide fish production. In order for 

aquaculture to provide food for humans, sustainable management of the resources is a necessity. Therefore, 

sustainable aquaculture practices are of importance and should be implemented whenever possible.  

However, there are constraints on the sustainability of aquaculture such as its socio-economic and 

environmental impacts. In fact, aquaculture not only shows socio-economic and environmental impacts but 

also is affected by them. This review describes such impacts and emphasizes aspects of socio-economic as 

well as environmental impacts.  

 

Keywords: Sustainability, Socio-economic, Environmental, Ecological, Effect  

 

INTRODUCTION 

In recent years, the concern for protecting natural resources and handing them down to 

future generations in a healthy way has increased due to the reasons such as global warming, 

environmental pollution, senseless consumption, etc. Therefore, many countries, especially 

developed ones, now progressively use the concept of sustainability, which is based on 

reducing the pressure on natural resources and ensuring the continuation of the natural 

transformational processes.  

In general terms, sustainability is defined as meeting the current needs (demands) of the 

socio-economic system today without mortgaging, preventing, or hindering the needs of 

future generations (Gönenç and Wolfin, 2004). Today, many natural resources are in serious 

danger, but the most worn out and rapidly decreasing resource is undoubtedly the water; the 

source of life for humans and nature. The fact that water resources are so worn out is clearly 

seen with the water shortages in many settlements today. The reason for this is the pollution 

of water resources and our inability to use them effectively. This situation affects not only the 

terrestrial but also the aquatic ecosystem negatively.  

This effect on the aquatic ecosystem undoubtedly puts the aquaculture sector in serious 

danger. Nowadays, the increasing need for food due to the increasing world population and 

mailto:aysonmez@kastamonu.edu.tr
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the requirement to meet this need of humanity both in a healthy and cheap way position the 

aquaculture sector in an important place worldwide. According to FAO, the amount of 

aquaculture production in the world has approached approximately 83 million tons as of 2018 

(FAO, 2020). While the production obtained from aquaculture increases every year, the use of 

natural resources, namely water resources, rises accordingly. 

It is expected from the aquaculture industry to contribute to global food security, 

improvement of solutions for nutritional problems, and economic development with minimum 

impact on the environment and maximum benefit to society (Yavuzcan et al., 2010). In this 

context, sustainable aquaculture should protect the ecosystem, use it in a balanced way and 

utilize it without impairing the environment.  

Ecological and environmental consequences are a major problem in the aquaculture 

sector since it uses resources to produce stock beyond natural carrying capacity. Aquaculture 

is a more organized and technical approach to farming, which is a more labor-involved 

operation, as opposed to the traditional capture method of fishing. Many farmers rely on 

aquaculture for revenue, and it is one of the most important sources of income for many 

families. It also has an indirect impact on the social and economic elements of many 

stakeholders who are involved in it. Therefore, in addition to the environmental consequences 

of aquaculture, it has a significant socio-economic impact (Hai et al., 2018). Two kinds of 

environments with which aquaculture interacts are given in Figure 1. 

 
Figure 1. Internal and external environment of an aquaculture farm (Hai et al., 2018) 
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SOCIO-ECONOMIC IMPACTS OF AQUACULTURE 

While striving to achieve sustainable aquaculture production, minimum environmental 

degradation, socio-economic and environmental components are needed. The socio-economic 

pillar of sustainable farming is very important since the aquaculture industry consists of a 

wide and important human-resource net; from production to supply, from sub-sectors to 

consumers. This vast human resource and industry are undoubtedly under the influence of 

many socio-economic factors (Figure 2).  

 
Figure 2. Socio-economic impacts of aquaculture (Hai et al., 2018) 

In this context, it is important to eliminate the socio-economic negative impacts of 

aquaculture in order to maximize sustainability. Food security is the current global problem to 

be addressed as it is estimated that the world will need 70–100% more food by 2050 (The 

World Bank 2007; Baulcombe et al. 2009).One of the biggest sectors in meeting this need is 

undoubtedly aquaculture. For this reason, the transition from traditional methods to intensive 

and sustainable methods in aquaculture production brings food safety problems. Along with 

this issue, the development of production models, certification, hygiene, and sanitation 

applications are the components that need to be developed with this growth. 

In addition to these, it provides a great social transformation. Aquaculture increases job 

opportunities at several levels. Jobs are created in the whole supply chain from production to 

supply. Low-income groups and rural communities are the ones who benefit significantly 

from the employment created. The ability of aquaculture to create jobs in rural areas is one of 

the reasons for governments to promote aquaculture. The potential for job creation is not 

limited to the fishing industry itself but other associated industries (like net industry, boat 
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building, food processing, etc.) are also benefited from aquaculture. With all the jobs created, 

cumulating the job holders and their dependents, fisheries and aquaculture support the 

estimated livelihood of around 10–12% of the world‘s population (FAO 2012; Hai et al., 

2018). There is no doubt that the employees of this large sector also need to be 

developmentally dynamic. This reveals the necessity of continuous training of sector 

employees in the context of sustainable aquaculture. Again, intensification of more research 

and development activities brings an additional workload. On the other hand, it will cause 

some traditional professional groups or some breeders who are not open to innovation to 

break away from the industry or disappear. 

The establishment of sustainable aquaculture practices brings great changes in the 

economic context. With the increase in production, fish prices will continue to decrease in the 

future and will be more suitable for lower-income groups. As aquaculture rises in the future, 

the production cost of these fish will get cheaper affecting the market cost. Considering the 

time frame from 1990–2010, the overall decline in the fish price was observed due to the 

sharp decline in price in some of the species which was able to radically change due to 

aquaculture development (The World Bank 2013). This increased production level will only 

have a positive effect on the export amounts of the producing countries. This is the positive 

reflection of the direct or indirect effects of the aquaculture sector on the national income of 

the countries. 

Aquaculture can have the indirect benefit of improved roads, governmental facilities, 

harbor, etc., which increases the productivity of aquaculture. The rural communities are 

benefitted from the infrastructure improvement (Hai et al., 2018). 

Of course, these production increases may also bring conflict, health hazards, legal or political 

problems in the use of limited resources. 

ENVIRONMENTAL IMPACTS OF AQUACULTURE 

One of the biggest factors limiting sustainable aquaculture is environmental effects. 

While aquaculture was previously negligible in terms of its effects on the environment, today 

it has become a very important industry. Aquaculture focuses on growing stocks beyond their 

environmental carrying capacity. This brings the use of various chemicals such as drugs, 

vaccines, disinfectants, etc., which adversely affect the environment. In such systems, 

depending on the aquaculture type, resources are pumped, consumed, and discharged in a 

linear fashion, rather than being recycled. This leads to the accumulation of waste in receiving 
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ecosystems, often causing serious and irreversible environmental problems. Aquaculture 

technology/application requires high protein and phosphorus-containing diets as well as 

frequent water changes. Most of the nutrients become waste, which is then discharged directly 

into the surrounding waters, causing rapid deterioration of water quality. These effects 

intuitively vary according to the fish species, size of the facility, geographic location, 

cultivation model, amount of stock, and many others. The chemical consequences of 

aquaculture in water are given in Figure 3. 

 
Figure 3. Impacts of chemical wastes resulting from aquaculture (Hai et al., 2018) 

Two basic elements are very important in order to reduce these effects of aquaculture and 

to make it sustainable. The first is to make maximum use of the aquatic environment, that is, 

to prevent overuse of the water. The second is to ensure the return of the water back to the 

ecosystem as clean as it was before aquaculture by minimizing the entrance of pollutants. 

The first is possible by using recirculated aquaculture systems (RAS) instead of old methods 

depending on the culture type, especially in facilities built on the land. Although these 

systems have high initial investment costs, their use in terms of fully controlled aquaculture 

and intensive production has become a necessity for sustainable farming. The advantages of 

RAS in terms of sustainable farming were previously listed as follows (Küçük, 2005): 

 Functions by daily replacement of only 10% of the total water volume with fresh water. 

This provides significant water saving in total production. 

 Continuously purified water is reused and the organisms formed in the culture are 

removed. 
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 Allows production in places where there is water shortage. 

 Enables the establishment of important facilities for countries that have highly 

contaminated water resources. 

 Ensures full environmental control and biosecurity. 

 Has the feature of integration with agricultural activities (use of wastewater for plant 

breeding and horticulture). 

In aquaculture, sustainable feeding has also gained importance. In some studies, it is 

recommended that the use of plant-based feed additives (such as soybean, barley, lupine, 

wheat) be extended as an alternative product, provided that the type of fish fed is also 

important (Gatlin III et al., 2007). These herbal additives aim to improve nutrition by adding 

fat and protein supplements only in certain proportions (Atar and Alçiçek, 2009). The main 

purpose here is to minimize fecal waste and feed residues by increasing digestibility at the 

maximum level. Moreover, another factor that is as important as the quality and content of the 

feed is the determination of the feeding regime and shape per the type of fish grown. 

Considering the principle of maximum protection of the water source in sustainable 

aquaculture, an element as important as the quality and content of the feed is the use of 

various chemicals such as drugs, vaccines, disinfectants, or any other additive used in 

aquaculture. Preferring plant-based ones rather than chemical-based drugs or other additives, 

avoiding the use of antibiotics whenever possible, taking preventive measures by ensuring 

animal welfare instead of encouraging curative approaches are among the first measures to be 

implemented. In addition, the establishment of monitoring systems for aquaculture facilities 

and the continuous evaluation of their effects on water resources are also very significant in 

terms of its guidance on taking the right measures by decision-makers. 

CONCLUSION  

The rapid growth and development of aquaculture have brought problems both in the 

socio-economic and environmental contexts. Aquaculture production is now focused on 

increasing the yield at the lowest possible cost in order to compete in the market. This has led 

aquaculture practices to become more intensive and thus displaying more related impact. This 

trend tends to neglect the environmental and socio-economic aspects that constitute the pillar 

of sustainable development. The competitive market, demand for cheap products, and the 
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overly ambitious profit-maximizing goal of manufacturers are the constraints on the 

sustainability of this industry. 

In addition to its benefits such as increased employment, food security, expansion of 

trade volume; aquaculture also causes many negative socio-economic effects that are the 

disappearance of traditional occupations, social conflicts, low wages, and many others. It also 

has environmental costs such as polluting the environment, affecting the natural fish 

population, spreading diseases, and causing genetic diversity in the ecosystem. For this 

reason, it is necessary to determine these effects with comprehensive studies and to reduce 

harmful effects with stable management mechanisms. Sustainable aquaculture may require a 

little more effort and cost, but is a viable option to ensure the long-term profitability of the 

industry. 
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ABSTRACT: The European Union (EU) employs the Common Fisheries Policy (CFP) to sustainably 

manage fish stocks, distribute the available catch among member countries, ensure the stability of the 

market, and provide better social conditions for employees. Turkey is currently in the accession period to 

the EU and the 13
th

 chapter of the negotiations concerns fisheries. This paper briefly describes the CFP, 

Turkey‘s obligations, and the work Turkey has done for the last two decades. The EU‘s point of view to the 

Turkey‘s progress was also discussed and the requirements of Turkey were emphasized. The progress 

reports of Turkey published by the EU indicate that Turkey has made no progress regarding the market 

policy, structural actions, and state aid so far. It was observed that the progress in the alignment with 

fisheries acquis (the fisheries law adopted in 2019 aligns with the fisheries acquis of the EU to a certain 

extent) and building administrative structure is weak, the progress in the inspection and control and 

resource and fleet management is moderate. In the following years, Turkey should put emphasis on the 

implementation of the newly adopted fisheries law and address the requirements of policies regarding the 

market, structural actions, and state aid. 

Keywords: Turkey, Fishery, Policy, Acquis, European Union 

 

INTRODUCTION 

The European Union (EU) fisheries industry is the 4
th

 largest fisheries industry in the world 

(Delegation of the European Union to Turkey, 2021), supplying 4-6 million metric tons of 

fish annually and employing more than 160 thousand people (Eurostat, 2020). The EU not 

only protects the customers‘ rights and takes the needs of the fishermen into consideration but 

also strives for economic and ecological sustainability of the fisheries industry. Hence, the 

common fisheries policy (CFP) was developed with the aims of managing fishing fleets and 

protecting fish stocks in order to manage a mutual resource among European countries. 

The common fisheries policy, as defined by the EU in the simplest terms, is a set of rules to 

sustainably manage European fishing fleets and conserve fish stocks. It was originally part of 

the common agricultural policy (CAP) and aimed to increase productivity, stabilize the 

markets, provide a source of healthy food, and ensure reasonable prices for costumers 

(European Commission, 2021). But in the course of time, the CFP obtained a separate identity 

and emerged as a specific legislation and a structural policy concerning only fisheries in 1970. 
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As more and more countries joined what is now the EU and after the introduction of the 

exclusive economic zones (EEZ) in 1983, the policy also aimed to deal with the specific 

fisheries problems such as the conservation of the resources as well as international relations. 

The CFP changed several times over time and with the latest reform in 2013, it features (1) 

environmental, economic and social dimensions of fisheries, (2) stock management, (3) 

landing obligation, (4) multiannual plans to manage fisheries in different sea basins, (5) 

regionalization to allow EU countries with a management interest to propose detailed 

measures, (6) fleet capacity ceilings per EU country to ensure a stable and enduring balance 

between fishing capacity and fishing opportunities (European Commission, 2021).  

The CFP mainly consists of 4 basic policies: Protection and control policy, structural 

policies, marketing policy, and external affairs. Protection and control policy aims to ensure 

sustainable use of fish stocks and share these stocks among member countries. Structural 

policies include funding for fishing activities, providing better social conditions for 

employees, and creating a more competitive EU fisheries industry. Marketing policy compose 

of the rules such as common marketing strategies for aquatic products, marketing precautions, 

recognition and duties of the producer associations. And finally external affairs policy mainly 

strives to deal with illegal, unreported, and unregulated catch (Directorate for EU Affairs, 

2020a).  

FISHERIES IN TURKEY AND TURKEY’S CURRENT STATUS IN THE 

EUROPEAN UNION 

Fisheries is an important industry currently employing more than 35 thousand people. It 

is a source of income for many homes and it supplies fish to a great portion of the society. 

Data regarding the catch amount of Turkey, registered vessels, and the contribution of the 

fisheries industry to economy were summarized in Table 1. 

Table 1. Fisheries statistics in Turkey 

Year Catch (Metric tons)
1
 Value (Million US$)

1*
 Number of Vessels

2
 Number of Employees

2
 

2016 335 320 380.3  14 501 32 631 

2017 354 318 406.4 14 479 31 842 

2018 314 094 389.1 14 168 30 878 

2019 463 168 400 14 092 28 717 

2020 364 400 383.3 14 243 35 540 

*
Turkish Lira was converted to US$ based on the exchange rate on the last day of the 

respective year according to Central Bank of the Republic of Turkey (2021) 
1
General Directorate of Fisheries and Aquaculture (2021) 

2
Turkish Statistical Institute (2021) 
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Turkey applied to the European Community in 1959 and has become a candidate country 

in 1999. Accession negotiations to the European Union has begun in 2005 and since then 

there have been ongoing negotiations under 33 chapters (Directorate for EU Affairs, 2020b). 

The 13
th

 chapter in the accession period concerns fisheries. In summary, the chapter dictates: 

(1) acquiring fisheries acquis of the EU, (2) management of resources and fishing fleet, (3) 

inspection and control, (4) structural actions for employees and management of EU fisheries 

fund in this context, (5) applying common marketing standards, (6) joint regulation of the 

market and carrying these actions through producer associations (Directorate for EU Affairs, 

2020a). Although these constitute a summary of the rules, the chapter consists of 

comprehensive legislations. Important aspects for obligating these legislations are 

determining the current status of the fish stocks, reliability of data collected, establishing 

administrative and executive structures, and gaining executive experience (Directorate for EU 

Affairs, 2020a).  

TURKEY’S PROGRESS 

Although the 13
th

 chapter has not been yet opened for negotiations nor the EU had sent 

possible criteria for opening of the negotiations (Directorate for EU Affairs, 2020a), Turkey 

has made some progress. It was previously reported that Turkey should prepare a new 

fisheries law, strengthen the capacities of the Coast Guard Command and the Ministry of 

Agriculture and Forestry for especially controls and inspections, employ a vessel monitoring 

system, evaluate the fish stocks, and establish a general directorate for fisheries only 

(Sönmez, 2007). Similarly, Ekiz (2006) suggested that a general directorate should be 

established to eliminate the disorganized structure in the administration.  

In 2011, the General Directorate of Fisheries and Aquaculture was established in the 

charge of the Ministry of Agriculture and Forestry. In 2016, fishing vessels monitoring 

system was employed. In addition, throughout the last two decades, there has been projects 

carried out within the context of the 13
th

 chapter. These projects are summarized in Table 2. 
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Table 2. Projects carried out in the context of the 13
th

 chapter (Directorate for EU Affairs, 2020a) 

Scheduled 

Year 
Title of the Project 

Beneficiary 

Institution 
Status 

2003 
Legal and Administrative Adaptation of Fisheries 

Industry to EU Legislation 

Ministry of 

Agriculture and 

Forestry 

Completed 

2007 
Incorporating Stock Evaluation into the Fisheries 

Management System 

Ministry of 

Agriculture and 

Forestry 

Completed 

2011 
Building the Administrative Capacity of Producer 

Associations 

Ministry of 

Agriculture and 

Forestry 

Completed 

2013 Empowering the Turkish Fisheries Management System 

Ministry of 

Agriculture and 

Forestry 

Completed 

2015 Stock Evaluation Practices in Fishing Activities 

Ministry of 

Agriculture and 

Forestry 

Ongoing 

2016 

Expanding the Capacity of Producer Associations and 

Provincial Directorates of the Ministry in line with the 

Common Market Order 

Ministry of 

Agriculture and 

Forestry 

Ongoing 

 

Moreover, the fisheries law (Law no. 1380) was restructured 7 times including small 

changes. But in the amendment made on November 2020 (Law no. 7191), there has been 

substantial progress in terms of the alignment with the fisheries acquis of the EU. However, 

Turkey‘s progress in the fisheries is still considered as insufficient by the EU. Turkey‘s 

general progress just went from early stage to some level of preparation in the 2020‘s 

progress report of the EU. A summary of the Turkey‘s progress reports of the EU is given in 

Table 3. 

Table 3. Turkey‘s progress in fisheries after 2005 according to the progress reports of the European Union 

(Directorate for EU Affairs, 2020c) 

Year Fisheries 

Acquis 

Administrative 

Capacity 

Resource 

and Fleet 

Management 

Inspection 

and 

Control 

Structural 

Actions 

Market 

Policy 

State Aid 

2006 NSP UP NP NP NP NP NP 

2007 NSP UP SP SP NP NP NP 

2008 NSP UP SP LP NP NP NP 

2009 NSP NP SP NP NP NP NP 

2010 NSP SP SP SP NP NP NP 

2011 NSP SP SP LP NP NP NP 

2012 NP SP SP SP NP NP NP 

2013 LP SP SP SP NP NP NP 

2014 LP LP SP SP NP NP NP 

2015 NP SP SP SP NP LP NP 

2016 NP NP SP SP NP NP NP 
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2017*        

2018 NP - SP SP - NP - 

2019 NP - SP SP - NP - 

2020 GP - SP GP - NP - 

GP: Good progress, LP: Little progress, NSP: No substantial progress, SP: Some progress, 

UP: Unsatisfactory progress, Hyphen (-): indicates no information, *: There is no progress 

report for 2017. 
 

As can be seen from the table, we can infer that Turkey‘s progress in terms of fisheries 

acquis and administrative capacity is weak. On the other hand, the progress in resource and 

fleet management as well as inspection and control can be classified as moderate. And lastly, 

the progress in structural actions, market policy, and state aid is nowhere near the requirement 

of the EU.  

CONCLUSION 

Fisheries in Turkey has an important place in the society, nutrition and economy. It is 

also an important element in the EU accession period. Therefore, Turkey should improve 

fishing industry by building on each day. Although Turkey is taking necessary actions, the 

current progress is not sufficient enough for the EU. Thus, in the near future, Turkey should 

put emphasis on implementation of the new fisheries law as also suggested by the EU in 

2020‘s progress report, tighten inspections, control, and especially sanctions. It is also clear 

that structural actions, market policy, and state aid need urgent attention. To achieve these, 

building the required administrative capacity as soon as possible is a necessity.  
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ABSTRACT: This study was conducted to characterize homing pigeons and also provide information that 

may be useful for their genetic improvement. One hundred and forty-nine (149) homing pigeon were used 

for the qualitative aspect and blood samples were collected for haemoglobin typing using cellulose acetate 

electrophoresis. The observation of phenotypic characteristics such as eye, eyelid, skin, shank, toe, beak 

colour, neck feather, body feather, body shape, feet type, wing feather, beak type and body feather. This 

study shows that the male pigeon CCC and ELC had statistically significantly lower value in the effect of 

sex on qualitative traits observed in adult homing pigeon (402.382±1.639) (503.926±2.599) respectively 

compared to the CCC and ELC of the female (402.738±2.127) (505.100±2.915) respectively, the female 

pigeon of TOC, SHC,BKS had  statistically significantly lower difference (1302.138±1.934) 

(1302.138±1.934) (1400.800±0.488) respectively compared to the TOC, SHC, BKS of the male 

(1302.353±2.424) (1302.353±2.424) (1400.735±0.563) respectively. The haemoglobin typing result shows 

that 45.83% of the populations of pigeons were male and 54.17% were female homozygote HbAB has the 

highest population in the male while in the female. The chi square analysis result indicated that 

homozygote HbAA and HbAB has the same percentage in the population , when compared with body 

weight this study shows that only heterozygote HbBB has low body weight , HbBB has the highest 

population in medium body weight  and HbAB  has the highest population in high body weight of the male 

while in the female  this study shows that only homozygote HbAB has low body weight , HbAA and HbBB 

have the same percentage in the population of medium body weight and homozygote HbAA and 

heterozygote HbBB have the same percentage in the population of the high body weight. The homozygote 

AA is low in male this should be looked into by animal breeders. 

 

Keywords: Qualitative, Haemoglobin, Phenotypic, Pigeon 

INTRODUCTION  

Pigeon (Columbia livia domestica) are stout bodied birds with short necks, and short 

slender bills that in some species feature fleshy Ceres, they are enchant, brilliant, scrumptious 

and nutritious, this creature has brilliance dependability and devotion on ground 

that since 1500 years back, this animal was mostly used by military as messenger during war. 

They mostly feed on fruits, seeds and plants. Pigeons are the most likely common bird in the 

world; the family occur Worldwide, they are used to pollinate plants, for food and during the 

olden days they use them to carry messages (messengers) but specifically homing 

mailto:abisolaoladejo7@gmail.com
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pigeon. Pigeons fly at altitudes of 6000ft or more, they can fly at average speeds of up to 77.6 

mph, pigeons are taught to navigate by sensing the earth‘s magnetic field and using the sun 

for direction, they drink by sucking water and using beaks like straws. Pigeons, like humans 

can see in colour but unlike humans they can also see ultraviolet light. Pigeons are often used 

in search and rescue missions at sea because of this unique sense combined with excellent all 

round vision, pigeons have the ability to recognise its own reflection in a mirror. The pigeon 

is one of of only six species, and the mammal to have this ability. Pigeons are highly 

intelligent and can recognise all 26 letters of the alphabet as well as being able to 

conceptualize; pigeons can differentiate between photographs and even two different human 

beings in photographs. (pigeon control research source 2009) . 

Haemoglobin is the ion that contains oxygen that transport metalloprotein in the red 

blood cells (erythrocytes) of tissues of some invertebrate and most vertebrates (maton et al., 

1993). Haemoglobin in blood carries from the respiratory organs (lungs or gills) to the rest of 

the body (the tissues).It releases oxygen to allow aerobic respiration to provide energy to 

power the functions of the organism, this process is called metabolism. In mammals, protein 

makes up about 96% of the red blood cells dry content(weight) and around 35%of the total 

content (including water), (weed et al., 1963). Haemoglobin has an oxygen binding capacity 

of 1.34 mL O2/gram (Dominguez et al., 1981) which increases the total blood oxygen 

capacity seventy-fold compared to dissolved oxygen in blood. The haemoglobin molecules of 

mammalian can carry (bind) up to 4 oxygen molecules. Haemoglobin is involved in the 

transport of other gases: it carries some of the body‘s respiratory carbon dioxide (about 20 to 

25% of the total) as carbaminohemoglobin in which CO2is bound to the heme protein. The 

molecule also carries the important regulatory molecule nitric oxideboundto a globin protein 

thiol grop, releasing it at the same time as oxygen (Epstien et al.,1998).  

This study is to characterise homing pigeons so as to provide information that may be 

useful for genetic improvement. 

MATERIALS AND METHOD 

Population and Study Sample 

Homing pigeon of about one hundred and fifty were used for the Qualitative trait 

evaluation aspect and fifty samples of blood were collected from the brachial vein puncture of 

pigeon wings for the haemoglobin type. Data were obtained from pigeon farm at Tanke Oke-

odo, Ilorin and haemoglobin typing was done in the laboratory. 
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Blood Sample Collection 

The wing of each bird were disinfected and carefully cleaned to locate the vein and blood 

were collected through brachial venipuncture using 2Ml syringe into a well labelled EDTA 

bottles according to chickens feather type without cross contamination with the use of a 

syringe per bird. The blood sample was taken to the Central Research Laboratory of 

University of Ilorin, Ilorin, Kwara State, Nigeria, One ml of the whole blood was placed in 

centrifuge tube that has been labelled according to numbers given to each chicken sampled 

based on their feather type. 10-15 µl of cold 0.155 ml sodium chloride was added to wash the 

red cell, the sample was re-centrifuged for haemoglobin to be released after haemolysis of 

sedimented cells by addition of distilled water. 

Haemoglobin Type Procedure 

A Gene buffer (DANSUTECH Genotype Buffer) containing Tris EDTA and Boric Acid 

(Manufactured by Dansutech Resources Nig. Enterprises) was prepared by dilution with 

1000ml of distilled water. Cellulose Acetate paper strip was soaked in the Buffer for 30 

minutes and bloated with filter paper to remove excess buffer; 0.1µl of the haemolysed blood 

was carefully loaded to the acetate paper and placed on the bridge in an humidified 

electrophoresis tank that has been connected to a power supply (Model DY-300 for 

Electrophoresis) and set to run for 15 minutes at 300 volts. The sample end was directly 

placed at the anode point and the movement of the protein type towards the cathode was 

observed for 15 minutes to note a clear separation of the haemoglobin band; after which the 

acetate paper was removed with forceps and soaked in Ponceau S (Acid Red 112) solution for 

5 minutes for perfect staining of the band, then washed in glacial acetic acid solution for 

another 5 minutes and gently stirred in 95% absolute methanol for clearer observation of the 

band. Movement of the haemoglobin bands towards the cathode was interpreted as described 

below: 

A Single faster band was identified to be AA Homozygote 

A Single slower band was identified to be BB Homozygote 

A Double bands containing both faster and slower band was identified to be AB 

Heterozygote. 

Genotype frequency was described according to Salako and Ige (2006). 

Data Analysis Strategies  
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Gene frequency will be calculated using: The Hardy Weinberg equation using P
2 

+2PQ 

+Q
2
 = 1 that the population is in equilibrium. 

P= gene frequency of ally A 

Q= gene frequency of ally B 

Q = [2NAA+NAB ’2N] 

Q = [2NBB+NAB’2N]     

NAA =Number of derived genotypes for AA  

NAB = Number of derived genotypes for AB 

NBB = Number of derived genotypes for BB 

Data generated: one way analysis of variance, T test, and Chi square were determined. 

RESULTS AND DISCUSSION 

Table 2: Effect of sex on qualitative traits observed in adult homing pigeon sampled. 

PARAMETER MALE 

(MEAN) 

MALE 

(STD.D) 

SEM FEMALE (MEAN) FEMALE 

(STD.D) 

SEM 

BKC 204.765 4.844 0.024 206.550 5.329 0.026 

EC 301.000 0.000 0.000 301.000 0.000 0.000 

CC 402.382 1.639
b
 0.004 402.738 2.127

a
 0.005 

EL 503.926 2.599
b
 0.005 505.100 2.915

a
 0.006 

SC 601.985 0.211 0.0004 602.000 0.276 0.0005 

HFC 707.309 5.983 0.009 708.100 5.854 0.008 

NFC 814.441 9.894 0.012 814.075 10.119 0.013 

BFC 917.294 12.958 0.014 917.250 11.768 0.013 

TFC 1104.118 2.713 0.002 1104.775 2.890 0.003 

DFC 1204.735 4.380 0.004 1204.313 3.366 0.001 

TOC 1302.352 2.424
a
 0.002 1302.138 1.934

b
 0.0014 

SC 1302.352 2.424
a
 0.002 1302.138 1.934

b
 0.0014 

BKS 1400.735 0.563
a
 0.0004 1400.800 0.488

b
 0.0003 

BDS 1500.985 0.855 0.0006 1501.063 0.847 0.0006 

CLC 1600.750 1.365 0.0009 1600.638 1.225 0.0007 

BFC 1703.779 2.521 0.0014 170.700 2.436 0.0014 

SHT 1800.544 0.765 0.0004 1800,613 0.843 0.0005 

BKT 1900.000 0.000 0.000 1900.000 0.000 0.000 

WTC 2010.397 6.898 0.0034 2010.500 5.962 0.003 

FT 2100.000 0.000 0.0000 2100.00 0.000 0.000 

BKC: Beak Colour EC: Eye Colour  CC: Cornea Colour ELC: Eyelid Colour SC: Skin 

Colour HFC: Head Feather Colour NFC: Neck Feather Colour  BFC: BACK Feather Colour 

TFC: Tail Feather DFC: Down Feather Colour  TOC: Toe Colour SHC: Shank Colour BKS: 

Beak Shape BDS: Body Shape CLC: Cloacal feather ABFC: Abdomen Colour SHT: Shank 

Type BKT: Beak Type WTC: Wing Feather Colour FT: Feet Type 
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Table 1 shows the effect of sex on qualitative traits observed in adult homing pigeon, 

there was significant difference (p<0.05) the male and female CC, EL, TOC, SHC, and BKS. 

There was no significant difference (p>0.05) between the male and female BKC, EC, SC, 

HFC, NFC, BFC, TFC, DFC, BDS, CLC, ABFC, SHT, EC, FTC and BKTC. 

Discussion; This study shows that the male pigeon CC and EL had statistically 

significantly lower difference (402.382±1.639) (503.926±2.599) respectively compared to the 

CC and ELC of the female (402.738±2.127) (505.100±2.915) respectively, the female pigeon 

of TOC, SHC,BKS had  statistically significantly lower difference (1302.138±1.934) 

(1302.138±1.934) (1400.800±0.488) respectively compared to the TOC, SHC, BKS of the 

male (1302.353±2.424) (1302.353±2.424) (1400.735±0.563) respectively. 

Table 3: Frequencies of haemoglobin type and their distribution based on sex and body weight in some Homing 

Pigeon 

Factors Variants Observed 

Population 

Detected 

Hb Type 

% Distribution 

of Hb Type  

Observed Hb 

type Frequency 

Expected Hb 

Type Frequency 

X
2
 

Test 

Sex Male 22 AA 27.3 6 7.3 0.23 

      AB 40.9 9 8.71 0.01 

      BB 31.8 7 5.96 0.17 

                

  Female 26 AA 38.5 10 8.67 0.20 

      AB 38.5 10 10.29 0.28 

      BB 23.1 6 7.041 0.154 

Body 

weight 

Male 22           

  LBW   BB 4.6 1 0.27 1.97 

  MBW   AA 4.6 1 1.33 0.08 

      BB 13.64 3 1.08 3.40 

  HBW   AA 22.72 5 5.67 0.079 

      AB 40.90 9 6.73 0.77 

      BB 13.64 3 4.60 0.56 

                

  Female 26           

  LBW   AB 3.85 1 0.40 0.93 

  MBW   AA 15.38 4 2.67 0.66 

      AB 15.38 4 3.17 0.22 

  HBW   AA 23.08 6 5.67 0.019 

      AB 19.23 5 6.73 0.45 

      BB 23.08 6 4.60 0.42 

Table 2 shows that 45.83% of the populations of pigeons were male and 54.17% were 

female, based on sex 27.23%, 40.9% and 31.8% of the total numbers of male pigeon 

examined were of HbAA, HbAB and HbBB respectively and 38.5%, 38.5%, 23.1% of the 

total numbers of female pigeon examined were of HbAA, HbAB and HbBB respectively. 
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Based on body weight 4.5%, 18.2% and 77.3%, of the total numbers of male pigeon 

examined were of low body weight, medium body weight and high body weight respectively 

and 3.9%, 30.8%, 65.45 of the total numbers of female pigeon examined were of low body 

weight, medium body weight and high body weight respectively. 

DISCUSSION 

The three haemoglobin genotype AA, AB and BB was discovered and this confirm the 

complete observation of A and B allele and their close similarity genotypes been reported to 

be AA, AB and BB in different animals by several authors (Maxwell and Baker, 1980;Salako 

and Ige 2006). This study shows that homozygote HbAB has the highest population in the 

male while in the female the homozygote HbAA and HbAB has the same percentage in the 

population. 

In body weight this study shows that only heterozygote HbBB has low body weight , 

HbBB has the highest population in medium body weight  and HbAB  has the highest 

population in high body weight of the male while in the female  this study shows that only 

homozygote HbAB has low body weight , HbAA and HbBB have the same percentage in the 

population of medium body weight and homozygote HbAA and heterozygote HbBB have the 

same percentage in the population of the high body weight.  

In this study, haemoglobin genotype detected had significant effects on body weight of 

the pigeon observed with those of HbAA and HbBB  having higher body weight compared to 

HbAB, this could happen because  the population of pigeon  observed have been in existence 

due to chance and there have not been any selection for parent of next generation. 

CONCLUSION 

1. There were visible differences in the effect of sex on the qualitative traits. 

2. Pigeon have wide range of colours mixture of different colour. 

3. 70% of the pigeon had high body weight from 251kg to 300kg. 

4. The Hb types AA, AB and BB found in this study had significant effect on 

body weight. 

5. There should be more research works done on characterization of pigeon 

including phenotypic and haemoglobin type and genetic parameter estimation. This will 

help in breeding plans and conservation decisions. 

6. Breeding and selection programs should be carried out to improve the 

production performance of pigeon. 
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ABSTRACT: In this article is showing about the results of scientific research of the economic efficiency 

of the useing organic-mineral fertilizers by the method of belt application on potatoes in the Hissar Valley. 

The obtained results show, that the combined application of organo-mineral fertilizers by the belt method at 

the rate of 100 and 50 kg / ha of phosphorus gives a high economic effect, net profit of 7081 and 3527 

somoni / ha, production cost of 26 and 29 SOM / ha. c and profitability - 142 and 71%, respectively. 

 

Keywords: Organ-mineral fertilizers, Phosphorus, Manure, Belt and solid application, Application 

efficiency, Potatoes 

 

INTRODUCTION 

The potatoes are one of the leading agricultural crops, which has the great economic and 

food importance in Tajikistan. A zone of food potato growing is the foothill and mountain 

territory of the republic historically, where the soil and climatic conditions are most favorable 

for the cultivation of this crop. However, this zone can provide the population of our republic 

with food potatoes only in the autumn-winter period of the year. Therefore, it is very 

important to develop early potato growing in the valleys with hot climatic conditions, where 

the potato crop can ripen in the spring and summer period. In this regard, Hissar Valley, is 

considered to be the one of the most favorable and promising areas, where there are the 

significant opportunities to expand acreage and increase potato production in the future, the 

high yield of which depends on the use of the most effective forms and amounts of mineral 

fertilizers and the improvement of the technology of adding them. 

MATERIAL AND METHOD 

The scientific research was carried out on the territory of the Hissar Valley, the main 

purpose of which is to study the effect of deep pre-planting belt application of various forms 

of phosphorus fertilizers separately and together with manure and potash fertilizer on 

increasing the utilization rate of phosphorus from superphosphate on high-carbon serazem 

soils. 

mailto:intertau-tj@mail.ru
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 In order to characterize and evaluate the dynamics of the content of nutrients in the 

plant and the dynamics of potato growth in the phases of vegetation in the plots of each 

repetition, all variants of the experiment were noted that by the 10 registered plants, from 

which plant samples were taken for chemical analysis and determination of the growth of the 

biomass of the experimental culture according to the development phases. Crop accounting 

was carried out during the period of its full maturation in July, a continuous weighing of the 

crop from the entire area of the plot by repetition, followed by transfer to c / ha. 

    By the soil, plant and crop samples, laboratory chemical analyses were carried out 

using the methods of Tyurin, Bracheva, Meshcheryakov and Evers. The main indicators of the 

economic efficiency of various aspects of the use of fertilizers, according to the methods 

developed by Efimov, Kalinichenko, (1979), Yagodin (1989). these are the general and 

particular costs associated with the general production and study techniques.  

RESULTS 

As a rule, the results of any research in the field of agrochemical research, along with 

agrochemical efficiency, they must be cost-effective, i.e. efficient. income; net income; 

profitability level, etc. The indicators of agrochemical efficiency include the level of yield of 

the studied crop, the products obtained in kg per 1 kg of NPK or separately for food elements; 

the net income received in somoni per 1 somoni of mineral fertilizers costs, etc. The costs 

associated with belt application of fertilizers are 30% higher than with continuous application, 

and the costs associated with the use of manure are 10% of the costs of mineral fertilizers. 

According to the calculations of economic efficiency, (Table. 1) it can be seen that the 

greatest net income is obtained in the variants of belt application of phosphorus fertilizer and 

manure, both at the full rate of phosphorus and at the half rate (var. 3.5 and 7.9), equal to 

6640, 7081 and 2927, 3527 somoni/ha, respectively, low cost, equal to 21-20.6 and 31-29 

centners and high profitability, equal to 138, 142 and 61.71%, respectively. 

The payback of 1 kg of NPK per kg of product is the highest in the version of band 

application of phosphorus without manure (var. 3) - 40 kg and phosphorus band together with 

manure (var. 5) - 41 kg, in third place - band application of 50 kg of phosphorus with manure-

26.6 kg and in fourth place-continuous application of 100 kg of phosphorus together with 

manure-18.6 kg.  
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Our research on the impact of applying phosphorus fertilizer to the early potato crop by 

the tape method confirms the above arguments, which show that the of belt application 

contributed to an increase in the degree of assimilation of phosphorus fertilizers and manure. 

CONCLUSION  

Potatoes are one of the most common crops in the world.  In the world production of crop 

production, potatoes occupy one of the first places along with rice, corn and wheat because it 

is the most valuable crop in terms of food. Potato protein is especially valuable because of the 

high content of essential amino acids such as valine, lysine, phenylalalin, leucine, methionine, 

etc. which in food leads to various diseases. In this regard, potato protein is equivalent to milk 

protein. Potatoes outperform most food crops in terms of protein and energy production per 

unit area and time.   Hissar Valley is one of the main regions of early potato growing in our 

republic. It has sufficient bioclimatic potential for the wide development of this very 

important field-growing industry. 
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Table 1. Economic efficiency of the tape application of phosphorus fertilizers for the early potato crop 

Indicators Unit measurement. 

Variants 
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1. Productivity  c / ha 87 131 229 157 241 110 155 125 169 107 

2. Costs associated with mines. 

fertilizers 

Som/ha - 675 878,8 675 878 640 832 640 832 617 

3. The costs associated with the 

use of manure 

Som/ha - - - 67 100 - - 67 100 67 

4. Other types of costs Som/ha 3991 3991 3991 3991 3991 3991 3991 3991 3991 3991 

5.  Total costs Som/ha 3991 4609 4810 4733 4969 4631 4823 4698 4923 3991 

6. Cost price Som/ha 45 35 21 30 20,6 42,0 31 37,5 29 44 

7. total income Som/ha 4350 

 

6550 11450 7850 12050 5500 7750 6250 8450 5350 

8. Net income Som/ha 413 

 

1941 6640 3117 7081 869 2927 1552 3527 675 

9. Profitability (cost recovery) % 10,5 42 138 65 142 19 60,6 33 71,6 14,4 

10. Payback kg yield / 1 kg NPK  - 12,5 40,5 18,6 41 6,6 8 11,7 26,6 5,5 
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ABSTRACT: Santolina chamaecyparissus is an important medicinal plant growing in the mediterranean 

region and has been reported as a potent anti-inflammatory, antibacterial, antioxidant, and antifungal agent. 

The purpose of the current research is to measure the total amount of phenolic compounds from the aerial 

part of S. chamaecyparissus, and to evaluate in vitro antioxidant and antihemolytic activities of their 

extracts. The total phenolic contents of different fractions were mearured. The crud extract was thus further 

partitioned with solvents to yield chloroform, ethyl acetate and water fractions. In vitro antioxidant studies 

were performed in terms of free radical scavenging activity by DPPH assay. EAE is the most rich in 

polyphenols (373.83 ± 0.23 mg EGA/ g E). The results of antioxidant study suggested that EAE  possessed 

significant free radical scavenging capacity with IC50 equal to 0.01± 0.0001 mg/ml as more effective as 

BHT. In antihemolytic activity the results have shown that S. chamaecyparissus extracts can effectively 

protect or stimulated erythrocytes against hemolytic injury induced by AAPH. When EAE was the most 

protective extract with % of antihemolysis value of 56%, howhever CrE and CHE induced 

hemolysis. Present results suggested the therapeutic potential of S. chamaecyparissus, in particular EAE 

fraction as therapeutic agent against free-radical associated damages.  

 

Keywords: Santolina chamaecyparissus, Antioxidant, Antihemolytic, Phenolic content. 

INTRODUCTION 

Antioxidants play a vital role in free radical scavenging and chain breaking of oxidation 

reactions both in vivo and in vitro. Free radicals possess free unpaired electrons, making them 

highly unstable and can extract electron from other molecules to attain stability causing them 

damage. Among the potential uses of antioxidants, some are prevention of  eases related to 

oxidative stress in humans and also prevention of oxidative reactions in pharmaceuticals, 

cosmetic products, and food (Abdul Qadir, 2017).  

Among the various medicinal plants, some endemic and edible species are of particular 

interest because they containing various phytochemicals with significant biological effects. 

Santolina chamaecyparissus widely known shrub with yellow inflorescences is utilized in 

Mediterranean folk medicine because of its analgesic, bactericidal, fungicidal, vermifuge and 

vulnerary properties. Also it has been suggested that this plant is utilized in phytotherapy for 

numerous kinds of dermatitis and as a stimulant and a stomachic (Salah-Fatnassi, 2017).  

https://scholar.google.com/citations?view_op=view_citation&hl=fr&user=n-UvJZQAAAAJ&citation_for_view=n-UvJZQAAAAJ:W7OEmFMy1HYC
https://scholar.google.com/citations?view_op=view_citation&hl=fr&user=n-UvJZQAAAAJ&citation_for_view=n-UvJZQAAAAJ:W7OEmFMy1HYC
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S. chamaecyparissus has been reported in the leterature as anti-inflammatory, antioxidant 

and antimicrobial anticandidal, antibacterial, and antifungal, CNS depressant, and anti‐

cholinergic. In this study, the antioxidant and antihemolytic activities of aerial parts extracts 

of Santolina chamaecyparissus are examined employing various in vitro assay systems in 

order to understand the usefulness of this plant as a foodstuff as well as in medicine (Abuzer, 

2021). 

MATERIAL AND METHODS 

1. Extraction anf fractionation  of plant material 

The arial parts of S. chamaecyparissus were collected from Ain Ernet Setif Region in 

Algeria during spring. The plant was identified by Prof. Hocine Louar from the Laboratory of 

Botany, Faculty of Natural and Life Sciences, University, Setif, Algeria. The whole plant was 

dried in dark and at room temperature, and powedred using electrical grinder. Powedred 

materials were extracted with H2O–methanol mixture to obtained the crud extract and was 

then fractionated by extraction with different systems solvent liquid-liquid to obtained 

succesively hexane (defatting), chloroform (aglycone flavonoids extraction), and ethyl acetate 

(glycoside flavonoids extraction) (Markam et al., 1982).  

2. Determination of total phenolic content 

Total phenolics content was estimated by Folin–Ciocalteu method (Li et al., 2007). After 

incubation for 4 min of 200 µL of diluted sample and 1 mL of diluted Folin–Ciocalteu 

reagent, 800 mL of NaCO3 aqueous solution (75 g/L) was added. The mexture was incubated 

1h at 25C°, the absorbance measured at 760 nm. Gallic acid was used as the standard for the 

calibration curve. 

3. In vitro antioxydant activity 

DPPH radical scavenging assay   

Free radical scavenging activity against DPPH radical was measured by using the 

method described by Cuendet et al., 1997.  Brifely, 50 µl of various dilutions of extract or 

standards were mixed with 1250 µl of a 0.004% methanol solution of DPPH. After an 

incubation period of 30 min in dark at room temperature, the absorbance of the samples was 

read at 517 nm.  

4. Antihemolytic activity assay 

Antihemolytic activity method was described by Girard et al., (2006),  whole blood 

specimens from normal mice were collected and centrifuged at 3000 rpm for 10 min to 
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separate packed red cell samples. The 2% hematocrit of RBC suspension was prepared in PBS 

solution (10 mM, pH 7.4). 80 µl of 2% erythrocytes suspension was added to 20 µl of extract 

(0.1 mg/ml), the mixed was treated then by 136 µl of AAPH (300 mM). The kinetics of 

erythrocytes resistance to hemolysis was determined at 37 °C by continuous monitoring by 

measuring the rate of decrease at 630 nm. The percentage of anti-hemolysis was calculated 

from the following equation: %Inhibition = 100(1-OD sample)/OD control. 

5. Statistical Analysis 

Statistical analysis was performed by using the Graph Pad Prism (version 5.01 for 

Windows). All results were calculated as mean±SD and were analyzed by One-way analysis 

of ANOVA. The P values less than 0.05 were considered statistically significant. 

RESULTS AND DUSCUSSION 

1. Total phenolic conten of S.chamaecyparissus extracts 

Phenolic compounds are considered to be the most important antioxidants and are widely 

distributed among various plant species. The phenolic content expressed as gallic acid 

equivalent per gram (GAE /g). Among S. chamaecyparissus extracts, EAE was found to be 

the highest (373.83 ± 0.23 mg GAE/g), followed by CrE and CHE respectively (Table 1).  

Phenolic compounds exhibit their antioxidant activity by several mechanisms such as 

donating hydrogen atoms to free radicals, scavenging other reactive species (Kumar et al., 

2014).  

Table1. Total phenolic content (mg GAE /g extract) and extraction yield % of S. chamaecyparissus extracts. 

Extracts Total phenolic content 

mg GAE/g extract 

Extraction yield % 

CrE 196.08 ± 0.35 9.71 ± 0.20 

CHE 143.08 ± 0.47  1.487 ± 0.22 

EAE 373.83 ± 0.23 1.352 ± 0.34 

2. DPPH scavenging activity 

DPPH assay is one of the well-known and widely used methods for estimating 

antioxidant activity which is easy to perform and has an acceptable accuracy (Bouhlali et al., 

2016). All extracts showed scavenging activity in concentration dependent pattern (Figure 1).  

The EAE extract of S.chamaecyparissus, exhibited higher scavenging activity than the CrE 

and CHE. This might be due to the higher content of the total polyphenolic compounds in the 

EAE. Morover EAE showed significantly a higher DPPH scavenging activity than that of 

BHT (IC50 =0.01 ± 0.001 mg/ml and IC50 =0.08 ± 0.006 respectively) as showed in Figure 
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2. The phenolic compounds may act as free radical scavengers because of their hydrogen-

donating ability and scavenging ability (Saha and Verma, 2016). 

 

 
Figure1. Inhhibition of DPPH radicals in the presence of S. chamaecyparissus fractions. Values were expressed 

as the mean ± SD of triplicate 

 
Figure 2. The I50 values of DPPH scavenging activity of S.chamaecyparissus fractions, quercetin, Rutin, Gallic 

acid and BHT. Values were expressed as mean ± SD (n = 3).  

3. Anti-hemolytic activity of S. chamaecyparissus extracts 

Hemolysis is an indicator of free radical damage affecting the membrane of red blood 

cells (RBC) which might be counteracted by antioxidants. In the assay, AAPH was used to 

generate free radicals, which could attack the RBC membrane and eventually cause hemolysis 

(Chansiwl et al., 2018). The S. chamaecyparissus extracts exhibited both hemolytic and 

antihemolytic activity, thereby protecting red blood cells from hemolysis or induces their 

hemolysis.  

As shown in Figure 3, the results showed that EAE extract significantly increased 

percentage inhibition of hemolysis with, howhever CrE and CHE induced hemolysis of RBC 

membrane. This dual activity may due to the nature of phenolic compound in each extract. A 

good part of the resistance of the erythrocytes to hemolysis inducted by EAE can be linked up 

to the content of polyphenols, this results are in agreement with many studies (Joujeh et al., 

2017). Howhever the hemolytic activity of CrE and CHE may due to the presence of 
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saponines. These compounds create complexes with sterols, proteins and phospholipids, 

changing the permeability of the plasma membrane (de Freitas et al., 2008). 

 
Figure 3. Hemolysis activity of S. chamaecyparissus extracts. Data are expressed as mean±SD. ***P<0.001 

when compared with the negative control. 

CONCLUSION 

The present study demonstrates the phytochemical containnig, in vitro antioxidant and  

anti-hemolytic activity of S. chamaecyparissus aerial parts extracts. Extracts acts with higher 

antioxidant and antihemolytic capacity also had higher polyphenol content. It can be 

concluded that ethyl acetate extract obtained using higher polarity solvents were more 

effective radical scavengers then those obtained using less polar solvents. Ethyl acetate 

showed better characteristics as solvent for phenolic compounds. Therefore, they might be 

used as preservative ingredients in the food and/or pharmaceutical industry. 
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ABSTRACT: Research on natural compounds is increasingly focused on their effects on human health. In 

this study, we were interested in the evaluation of therapeutic value expressed as content of total phenolic 

compounds and antioxidant capacity of Santolina chamaecyparissus. The aerial part of this plant subjected 

to extraction using different solvents. The AlCl3 methods were applied in order to quantify the flavonoids 

contents. In vitro antioxidant studies were performed in terms of chelation power on ferrous ions and anti 

lipid peroxydation by B-carotene assay. The high content of polyphenolic and flavonoids were found in 

EAE with  373.83 ± 0.23 mg GAE/g of dry extract and 7.86 ± 61.51 mg QE/ g of dry extract, respectively. 

Antioxidant study of crud, chloroform and ethylacetate fractions suggested that the crud fraction possessed 

significant chelation capacity (IC50= 0,32±0.009 mg/mL). The fractions were also studied for anti 

lipidiperoxidation, where it was observed that all fractions had significant inhibition of lipid peroxidation 

effect by 58% as compared to the BHT. Therefore, it can be concluded that S. chamaecyparissus aerial part 

hold considerable antioxidant potential and they can be explored further for the identification of their 

chemical composition for a better understanding of their biological activities. 

 

Keywords: Santolina chamecyparissus, In vitro, Lipid peroxydation, Polyphenols. 

INTRODUCTION 

Plants are good sources of active natural products that differ widely in terms of structure 

and biological properties. So; they can be used for various applications, especially as food 

additives and health promoting ingredients. For the reason, during last few decades, they have 

been become a subject for study of bioactive compounds (Loziene et al., 2007).  

Santolina chamaecyparissus is an aromatic evergreen herb that grows wild in North 

Africa and near the Mediterranean coasts of Southern Europe. It is used in traditional 

medicine against intestinal warms, as a spasmoliticum, anti-inflammatory, antiseptic, 

bactericide and was reported in phytotherapy for different kinds of dermatitis (Teixeira da 

Silva., 2004). Phytochemical investigations of S. chamaecyparissus identified several 

phytochemicals, such as flavonoids, coumarins, essential oils and polyacetylene compounds 

(Boudoukha et al., 2018). The purposes of the current work are to quantify phenolic 

compounds of crud extract and their fractions from S. chamaecyparissus and to evaluate their 

antioxidant capacity in vitro.  
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MATERIAL AND METHOD 

1. Phenolic Compound Extraction 

The extractions were carried out using 100 g of the powdered plant, the powder was 

extracted with various polar and non-polar solvents according to the method of (Baghiani et 

al., 2012). CE was then successively extracted with hexane, chloroform and ethyl acetate. 

Each fraction was evaporated to dryness under reduced pressure to give, chloroform (CHE) 

and ethyl acetate (EAE) extracts.  

2. Determination of  Flavonoids Content 

Flavonoids contents of S. chamaecyparissus fractions were estimated by the AlC3 

method (Bahorun et al., 1996). Each sample (1 ml) was mixed with 1ml of aluminum chloride 

(2% AlCl3) and allowed to stand for 15 min. Absorbance of the mixture was then determined 

at 430 nm versus prepared methanol blank. Results were expressed as equivalent quercetin 

(mg quercetin /g dried extract). 

3. In Vitro Antioxidant Activity 

3.1. Ion chelating assay 

Ferrous iron-chelating activity of Santolina fractions was measured by inhibition of the 

formation of Fe2+-ferrozine complex after treatment of test extract with Fe2+ (Le et al, 2007). 

250 µl of each fraction was added to 50 µl FeCl2 (0.6 mM) and 450 µl methanol. The mixture 

was shaken and allowed to react at room temperature for 5 min. An aliquot of 50 µl of 

ferrozine (5 mM) were then added; the mixture shaken again and allowed to react for 10min. 

Absorbance of the Fe2+-ferrozine complex was measured at 562 nm. EDTA was used as 

reference chelator. 

3.2. Beta-carotene Bleaching Test 

The antioxidant capacity was determined by measuring the inhibition of compounds and 

the conjugated diene hydroperoxides arising from linoleic acid oxidation (Aslan et al., 2006). 

Briefly, oxygenated water was mixed with b-carotene, Tween-40 and linoleic acid. The 

mixture was incubated with or without 250 µl of each extract (2 mg/ml), the emulsion system 

was incubated up to 24h in dark at room temperature and the absorbance was read at 490 nm. 

BHT, H2O and methanol were used as Control samples. 

4. Statistical Analysis 

Statistical analysis was performed by using the Graph Pad Prism (version 5.01 for 

Windows). All results were calculated as mean±SD and were analyzed by One-way analysis 
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of ANOVA followed by Dunnets test. The P values less than 0.05 were considered 

statistically significant. 

RESULTS AND DISCUSSION  

1. Quantification of the flavonoids constituents of the extracts 

Gnerally, the phenolic compounds are one of the most diverse groups of secondary 

metabolites found in edible plants. Chemically, they can be defined as substances possessing 

an aromatic ring bearing one or more hydroxyl groups, including their functional derivatives 

(Shahidi and Naczk, 2003) In the present study, concentrations of total phenolics and 

flavonoids in the different extracts were determined. 

The results of the colorimetric analysis of total flavonoids compounds are presented in 

the Table1. The amount of flavonoids compounds from 8.71 ± 0.98 to 61.51 ± 7.86 mg/ml. 

Indeed, the results clearly demonstrate that the total phenolics content were higher in EAE 

extract compared to other extracts.  

Table1. Flavonoids content of S. chamaecyparissus extracts 

Extracts Flavonoids content 

mg QE/g extract 

Flavonoids content 

mg RE/g extract 

CrE 16.94 ± 1.96 31.93 ± 1.23 

CHE 8.71 ± 0.98 16.46 ± 0.64 

EAE 61.51 ± 7.86 115.12 ± 4.5 

2. Metal chelating activity of extracts 

The metal chelating capacity is important, since it reduces concentration of the catalyzing 

transition metal in lipid peroxidation. Among the transition metals, iron is known as the 

effective factor in lipid oxidation due to its high reactivity (Gülçin, 2006). Chelation of metals 

activity of extracts increased with concentration (Figure 1). 

Figure 2, showed that S. chamaecyparissus  fractions showed chelating activity in the 

order of CrE > CHE> EAE. Morever the had the most ability to bind with Fe2+ and inhibit 

the formation of ferrozine-Fe2+ (IC50: 325 ± 0.009 µg/mL), although at lower extent than the 

EDTA used as iron chelator standard agent (EC50: 5.8 ± 0.2 µg/mL). 
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Figure1. Inhhibition of Fe

+2
-Ferrozine complexe in the presence of Santolina fractions. Values were expressed 

as the mean ± SD of triplicate. 

 
Figure 2.The IC50 values of chelatıon metals activity of santolina fractions, comparison was realized against 

positive control (EDTA);***: p ≤ 0.001. 

3. β-carotene/linoleic acid bleaching assay 

As shown in Figure 3, all S. chamaecyparissus fractions inhibit the oxidation of β-

carotene in a goog level compared to BHT (95.4% inhibition). the calculated % inhibition 

capacity of CrE, CHE and EAE were found to be 58.44 %, 57.29±1.7% and 58.31%, 

respectively which was as less as the positive reference, BHT (p<0.01). 

 
Figure3. Antioxidant activities of Santolina fractions measured by β-carotene bleaching method. Values are 

expressed as means±SD (n=3). ***: p ≤ 0.001. 

Several studies have shown some kind of relationship between the antioxidant activity 

and total phenolic compounds (Özyürek et al ., 2012). The b-carotene bleaching technique 

employs an emulsified system, so the activity depends on the substrate polarity. Apolar 

antioxidants can exhibit stronger anti-oxidative properties in emulsions because they 

concentrate at the lipid phase (Nickavar and Esbati, 2012) . 
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CONCLUSION 

 According to the results of this study, it is concluded that crud extract and their fraction 

of Santolina chamaecyparissus has a high amount of flavonoids compound and exhibited 

good antioxydant activity. Also, this work highlighted that it is important to use different free 

radicals and oxidation systems to evaluate the antioxidant activity of santolina extracts 

because the extracts didn‘t present the same results in all methodologies and this could be due 

to difference in chemical composition of extracts and different mediums and principals of 

technic. 
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ABSTRACT:  Inula viscosa (L.) is a common Mediterranean medicinal plant used in the treatment of 

several diseases in Algeria. The objective of this study is to carry out in vitro the phenolic composition, 

antioxidant and anti-inflammatory activities of methanolic (Met.E) and aqueous (Aq.E) extracts of  Inula 

viscosa leaves in order to enhance its use in folk medicine. Results showed that Met.E exhibited the highest 

total polyhenol, flavonoid contents and a strong scavenging activity of DPPH radical with IC50 values of 

13.94 µg/mL compared to AqE 15.95 µg/mL. Moreover, Met.E exhibits the stronger reducing power (IC50 

= 30.66 µg/mL) than Aq.E extract (IC50 = 223.5 µg/ml). Furthermore, both extracts of Inula viscosa were 

as effective as the standard antioxidant BHT in inhibiting linoleic acid oxidation. On other hand, anti-

inflammatory results reveals that Inula viscosa extracts at 125, 250 and 500 μg/mL were able to inhibit 

protein denaturation with a percentage 67%-81%. The extracts also at 0,5, 1 and 2 mg/mL shows a 

protective effect against hemolysis of red blood cells induced by a hypotonic solution with a percentage 

inhibition 22%-93%.. In conclusion, this study agrees and justifies the use of Inula viscosa in traditional 

medicine in the treatment of inflammatory diseases. 

 

Keywords: Anti-inflammatory activity, Antioxidant activity, Inula viscosa, Membrane stabilisation, 

Polyphenols, Protein dénaturation. 

INTRODUCTION 

      Reactive oxygen species (ROS) are various forms of activated oxygen which causes 

lipid peroxidation and is a consequence of that inflammation may develop (Bahramikia et al., 

2009). The mechanism of inflammation injury is attributed, in part, to release of Reactive 

Oxygen Species (ROS) from activated neutrophil and macrophages. In many inflammatory 

disorders there is an excessive activation of phagocytes and production of free radicals which 

increase vascular permeability, protein denaturation and membrane alteration (Umapathy et 

al., 2010). Synthetic antioxidants and Non-steroidal inflammatory drugs (NSAIDs) are 

commercially available and currently used. However, these chemicals are toxic and their risk 

to health has increased (Liu et al., 2011). This brings the need for antioxidant and anti-

inflammatory agents which can prevent oxidative stress and inflammation. In recent years, 

                                                           
*
 This work was supported by the Algerian Ministry of Higher Education and Scientific Research (MESRS) 

[grant number D01N01UN190120190004 Project]. 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

397 

pharmaceutical companies have spent considerable time and money in developing 

therapeutics based upon natural products extracted from plants or which are precursors for the 

synthesis of useful drugs (Benssassi et al., 2007).  Medicinal plants which contain thousands 

of substances that could be used for therapeutic purposes are an important source of 

inexpensive and practical drugs for people throughout the world. (Jeeva and Marimuthu, 

2012). Inula viscosa L. [syn. Dittrichia visosa (L.)] belongs to the family Astreaceae, it is an 

herbaceous plant growing spontaneously in the Mediterranean area. Traditional healers have 

used this species to treat various diseases. In the Mediterranean region, Inula viscosa has been 

used in traditional medicine for many years for its anti-inflammatory, antiphlogistic, 

antiseptic, antipyretic, balsamic, anti-scabies effects and to treat gastro-duodenal disorders 

(Lauro and Rolih, 1990; Fontana et al., 2007; Çelik and Aslanturk, 2010; Musthaba et al., 

2011). Biological investigations found interesting biological activities for this plant, these 

include antioxidant activity (Kheyar-Kraouche et al., 2018), antipyretic, antiseptic, 

anthelmintic, antitproliferative (Merghoub et al., 2009; Belayachi et al., 2013), anti-

inflammatory (Amin et al., 2013), and antiphlogistic activities (Lauro and Rolih 1990; Al-

Qudah et al., 2010), the treatment of gastroduodenal and pulmonary disorders (Al-Qura'n, 

2009; Çelik and Aslantürk, 2010), as well as inhibition of cholinesterase, tyrosinase, and 5-

lipoxygenase and pro-inflammatory enzymes (Manez et al., 2007; Aissa et al., 2019). Many of 

these ameliorative effects were attributed to phenolic compounds such as polyphenols and 

flavonoids, which are implicated in the anti-inflammatory effect. Therefore, the aim of the 

present study was to investigate the phytochemical composition of an methanolic and aqueous 

extracts from Inula viscosa leaves grown in Algeria. In addition, the antioxidant activities 

were also evaluated using three in vitro different assays as 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), reducing power, and β-carotene bleaching assay. morever, antiinflammatory activity 

was evaluated in vitro by protein denaturation and membrane stabilization assays.The results 

of this study will allow us to optimize the possibility of exploiting this plant to produce 

antioxidants and anti-inflammatory agents, to be used in the global effort to combat free 

radical and inflammation damages.  

MATERIAL AND METHOD 

1. Chemicals  

Gallic acid, quercetin,  butylated hydroxytoluene (BHT), serum boovin (BSA) were 

purchased from Sigma-Aldrich (Darmstadt, Germany). 1,1-diphenyl-2- picrylhydrazyl 
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(DPPH) was purchased from Fluka (Germany). Aluminium chloride (AlCl3), Bovine serum 

albumin (BSA), Sodium carbonate (Na2CO3) were purchased from Prolabo (Paris, France) 

All other reagents were of analytical grade and provided from Sigma and Fluka (Germany), 

Riedel-de Haen (Illkirch, France) and Sigma (Darmstadt, Germany).  

2. Plant material  

Inula viscosa was collected in May 2016 from Sétif area, Algeria. The plant was 

identified and, authenticated taxonomically by Dr. H. Boukhabti, Univesity of Sétif 1, 

Algeria. A voucher specimen (No. I.V. 2016-3) was preserved at the local Herbarium of 

Botany, Department of Botany, University of Sétif 1 for future reference. The leaves were 

shadow-dried and pulverized to dry powder.  

3. Preparation of Inula viscosa  extracts 

Two different extraction methods were followed to prepare crude extracts from whole 

plant of Inula viscosa. Methanol extract (Met. E) was prepared by maceration of 100 g of 

powdered plant material with 80% methanol (1:10) at room temperature for 48h with frequent 

agitation. After filtration, the filtrate was concentrated by a rotary evaporator at 40°C and the 

residue was lyophilized to give a brown powder (yield: 15.5%).  Aqueous extract (Aq. E) was 

prepared according to the traditional method by boiling 50 g of powdered plant in 500 mL of 

distillated water for 20 min. After filtration, the filtrate was lyophilized to give a brown 

powder (yield: 13.9%). 

4. Determination of Polyhenol, flavonoid and tannin content  

Total polyphenolic content was determined using the Folin-Ciocalteu according to Li et 

al. (2007).  Aliquots of test samples (100 µL) were mixed with 0.4 mL, of 20% Na2CO3 and 

incubated at room temperature for 4 min. After the addition of 500 μL Folin-Ciocalteau‘s 

phenol reagent 10% in water, the reaction tubes were further incubated for 2 h at room 

temperature and finally the absorbance was read at 765 nm. Gallic acid was used as a 

standard. The concentration of total phenolic compounds in methanol and aqueous extracts 

was determined as mg of gallic acid equivalents per g of extract (mg GAE/g extract). Total 

flavonoid content was quantified according to Bahorun et al. (1996). Briefly, samples of 1mL 

were incubated in the presence of 1mL of AlCl3 (2%), then the colored product of the reaction 

was quantified by measuring absorbance at 430 nm. Quercetin was used as a standard. Total 

flavonoid content was expressed as mg quercetin equivalent per g of extract (mg QAE/g 

extract). Tannin content was determined using the hemoglobin precipitation assay according 
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to Bate-Smith, (1973). An aliquot of 0.5 mL of each extracts is mixed with 0.5mL of 

hemolysis bovine blood to reach a final concentration of 1mg/mL, then the mixture was 

centrifuged at 480g for 20 min and the absorbance was measured at 578 nm. Tannic acid was 

used as a standard and tannin content was expressed as mg tannic acid equivalent per g of 

extract (mg TAE/g extract).  

5. Antioxidant activity 

5.1. DPPH radical scavenging assay  

The stable radical DPPH was used to measure the free radical scavenging activity by the 

method of Que et al. (2006). The solution of the free DPPH radical in ethanol (0.1 mM) was 

prepared and 1 mL of this solution was added to 1mL of plant methanol and aqueous extracts 

samples and standard (BHT) at various concentrations (2- 150 µg/mL). Negative control 

contained 1mL of ethanol and 1mL of DPPH solution. All the reaction mixtures were 

incubated for 30 min at room temperature. The scavenging activity of DPPH radical by the 

plant samples was measured at 517 nm against methanol.    

5.2. Reducing capacity determination  

The reducing power was determined according to the method of Oyaizu, (1986). Each 

extract (0.04–0.45 μg/mL) in 2.5 mL of distillated water was mixed with 2.5 mL of 200 mM 

sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide and the mixture 

was incubated at 50°C for 20 min. Then, 2.5 mL of 10% trichloroacetic acid were added and 

the mixture was centrifuged at 200×g for 10 min. The upper layer (2.5 mL) was mixed with 

2.5 mL of deionized water and 0.5 mL of 0.1% ferric chloride. Finally the absorbance was 

measured at 700 nm against a blank. BHT was used as a standard antioxidant. 

5.3. β-carotene bleaching assay 

The ability of extracts to prevent β-carotene bleaching was determined by the method of 

Tepe et al. (2006). First, a freshly emulsion of β-carotene/linoleic acid was prepared by 

dissolving 0.5 mg of β -carotene, 25 mL of linoleic acid and 200 mL of Tween 40 in 1 ml of 

chloroform which was later completely evaporated under vacuum in a rotatory evaporator at 

45°C. Next, 100 mL of bi-distilled water were added, and the obtained mixture was 

vigorously stirred. Then, 2.5 mL of prepared emulsion were mixed with 0.5 mL of each 

extract or BHT (used as positive standard) at different concentrations. After two hours 

incubation at 50°C, the absorbance of each sample was measured every 15 min at 470 nm. 

The control tube contained no sample. Tests were carried out in triplicate. Antioxidant activity 
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in β-carotene bleaching test expressed in percentage was calculated with the following 

equation:  

Antioxidant activity % = [1- (At0– At120) test / (At0-At120) control] x 100  

Where: 

At0: absorbance measured at time zero. 

At120: absorbance measured after 2 h. 

6. Anti-inflammatory activity 

6.1. Protein denaturation method 

Inhibition of protein denaturation was determined according to the method of Ghambire 

et al. (2009), modified by Gunathilake et al. (2017). The reaction mixture (0.5 mL; pH 6.3) 

consisted of 0.45 mL of bovine serum albumin (5% aqueous solution) and 0.05 mL of 

distilled water. The pH was adjusted at 6.3 using a small amount of 1 N HCl. Inula viscosa 

methanolic and aqueous extracts at different concentrations was added to the reaction mixture 

and were incubated at 37°C for 20 min and then heated at 70°C for 5 min after cooling the 

samples, 2.5 mL of phosphate buffer solution was added. Turbidity was measured 

spectrophotometrically at 660 nm. For negative control 0.05 mL distilled water and 0.45 mL 

of bovine serum albumin were used. The percentage inhibition of protein denaturation was 

calculated as follows: 

Percentage inhibition = (AC of control–AC of test sample) × 100/AC) 

Where: AC and AS are the absorbance (at 660 nm) of the control and sample, respectively. 

6.2. Human red blood cell (HRBC) membrane stabilization test 

Fresh human blood (10 ml) was collected in heparinized centrifuge tubes and centrifuged 

at 3000 rpm for 10 min and washed 3× with an equal volume of normal saline solution. The 

volume of the blood was measured and reconstituted as a 10% v/v suspension with normal 

saline (Lavanya et al., 2010). The reaction mixture (2 mL) consisted of 1 mL methanolic or 

aqueous plant extract or standard and 1 mL of 10% red blood cell suspension. For the control, 

saline was added instead of plant extract. Diclofenac was used as a standard drug (positive 

control). The samples were incubated at 56 °C for 30 min, centrifuged at 2500 rpm for 5 min 

and the absorbance of the supernatant measured at 560 nm. The experiment was performed in 

triplicate. Percent membrane stabilization activity was calculated by the formula given in 



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

401 

Inhibition of protein denaturation method section, while the percentage of protection was 

calculated using the following formula: 

Percent of protection = 100 − AS/AC × 100 

Where: AC and AS are the absorbance (at 560 nm) of the control and sample, respectively. 

7. Statistical analysis  

The experimental results were expressed as means ± SD of triplicate values. The results 

were subjected to one way analysis of variance (ANOVA) and the significance of differences 

between samples means were calculated by GraphPad Prism 7 software (San Diego, USA) 

using Tukey multiple range test. P values ≤0.05 were regarded as significant. 

RESULTS AND DISCUSSION  

1. Extraction and phenolic content 

In the present study, two extraction methods were used to evaluate total phenolic 

contents, antioxidant and anti-inflammatory activities. Among the two different extractions 

methods, the solvent maceration method (yield: 15.5%) found to have higher recovery over 

decoction method (yield: 13.9%). 

The total phenolic, tannin and flavonoid contents of different extracts were analyzed and 

presented in Table 1. In this study, maceration methanol extract shows higher total phenolic 

content while the aqueous extract has higher tannin content. However, the flavonoid content 

was found to be equal in both extracts. Among the two extraction methods, the maceration 

extraction was effective in extracting phenolic constituents. 

Table 1. Polyphenols, flavoids and tanins contents of methanolic and aqueous extracts of Inula visc;osa 

Extracts Polyphenols (mg GAE/g extract) Flavonoids (mg QE/g extract) Tannins (mg TAE/g extract) 

Met.E 441.83 ±16.26 15.58 ±0.1 28.72 ±1.18 

Aq.E 236.38 ±6.06 15.42±0.05 33.56 ±²0.08 

 

Phenolic compounds, tannins and flavonoids have been reported to have multiple biological 

effects, including antioxidant and anti-inflammatory properties (Amarowicz, 2007; Murigan 

and Parimelazhagan, 2014; kherbache et al., 2020). Determination of the total phenolic 

content of both extracts show that Aq.E contained a lower total phenolic content (236.38 

±6.06 mgGAE/g of extract powder) than Met.E (441.83 ±16.26 mg/GAE/g of extract 

powder). This implied that about half of the phenolic compounds in the crude extract had 

been eliminated by treatment by decoction in boilled water. 

2. Antioxidant activity 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5465528/#Sec23
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The antioxidant activities of a compound have been attributed to various mechanisms, 

including scavenging of free radicals, prevention of hydrogen abstraction, decomposition of 

peroxides, and binding of transition metal ion catalyst (Gulcin et al., 2004). In this study, the 

antioxidant activities of methanolic and aqueous extracts of Inula viscosa were determined 

using three different assay systems, including DPPH radical scavenging, reducing power, and 

β-carotene bleaching assays. 

2.1. Free radical scavenging activity 

The DPPH radical-scavenging assay is widely used to evaluate antioxidant activity. The 

effect of antioxidants on DPPH radical scavenging is attributed to hydrogen-donating ability. 

The DPPH radical-scavenging activity of Met.E, Aq.E and the standard BHT are shown 

in (Figure 1). In DPPH test, Met.E and Aq.E of Inula viscosa showed a concentration-

dependent scavenging activity. However, Met.E (IC50= 13.94 µg/mL) was more active than 

aqueous extract (IC50= 15.95 µg/ml). This activity was more than that obtained with BHT, 

used as a standard antioxidant. 
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Figure 1. Free radical scavenging activity of methanolic extract (Met. E), aqueous extract (Aq. E) of Inula 

viscosa and BHT. Values are means ± SD (n = 3). 

2.2. Reducing capacity 

The reducing capacity of a compound may also serve as a significant indicator of its 

potential antioxidant activity (Duh et al., 2001). The reducing properties associated with the 

presence of reductones such as polyphenols and flavonoids, which are capable of breaking the 

free radical chain by donating a hydrogen atom. Reductones are also reported to react with 

certain precursor of peroxide, thus preventing peroxide formation (Jayaprakasha et al., 2001).  
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The reductive capability of Inula viscosa extracts compared with BHT is illustrated in 

Figure 2. The reducing powers of both extracts and BHT were in a dose-dependent manner 

but Met.E exerted a strong reducing power (IC50= 30.66 µg/mL) compared with the Aq.E 

(IC50 = 223.5 µg/mL). However, this reductive capability is less important than that observed 

with standard BHT (IC50 = 11.96 µg/mL). 
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Figure 2. Reducing power capacity of methanol extract (Met E), aqueous extract (Aq E) of Inula viscosa and 

BHT. Values are expressed as means ± SD (n = 3). 

2.3. β-Carotene bleaching 

Lipid peroxidation is thought to proceed via radical mediated abstraction of hydrogen 

atoms from methylene carbons in polyunsaturated fatty acids (Roginsky and Lissi, 2005). The 

free radical linoleic acid attacks the highly unsaturated β-carotene, and the presence of 

different antioxidants can hinder the extent of β-carotene -bleaching by neutralising the 

linoleate free radical and other free radicals formed in the system. The absorbance decreased 

rapidly in samples without antioxidant, whereas in the presence of an antioxidant the colour 

was retained for a long time (Gursoy et al., 2009).  

The changes in the absorbance under the influence of Inula viscosa Met.E and Aq.E 

compared to BHT during 120 min are shown in Figure 3. As shown in this figure, in the 

presence of both extracts of Inula viscosa, the absorbance remained stable during all the 

incubation time. The inhibition of β-carotene bleaching exerted by 2 mg/mL of Met.E and 

Aq.E of Inula viscosa were about 74% and 91%, respectively. The activity of Aq.E is very 
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close to that of BHT (90%), while the activity of Met.E is less than that of BHT used as a 

standard antioxidant 
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Figure 3. Kinetics of antioxidant activity of Inula viscosa aqueous extract (Aq E), methanol extract (Met E) and 

the standard antioxidant (BHT) in β-carotene-linoleic acid system. Values are expressed as means ± SD (n=3). 

3. Antiinflammatory activity 

3.1. Protein denaturation 

Protein denaturation is a process in which proteins lose their tertiary structure and 

secondary structure by the application of external stress (Adarsh et al., 2011). Most biological 

proteins lose their biological function when denatured. The compounds inhibiting 

denaturation greater than 20% over the range of concentration were considered as having anti-

inflammatory properties (Williams et al., 2008).  

In this study, anti-inflammatory potential of Inula viscosa extracts was evaluated against 

BSA denaturation in vitro. At a concentrations of 125, 250 and 500 μg/mL, Met. E and Aq.E 

were capable of inhibiting denaturation of albumin in concentraion depandent by 57.60, 72.38 

and 81.46 % for Met.E and by 7.8, 25.33, and 37.13% for Aq.E, respectively (Figure 4). This 

effect is less than obtained by Diclofenac anti-inflammatory standard (97%).  



 

International Conference on 

Food, Agriculture and Animal Sciences 
13-17 October 2021, Erzurum, TURKEY 

 

 

405 

1
2
5

2
5
0

5
0
0

0

2 0

4 0

6 0

8 0

1 0 0

C o n c e n t r a t io n  g /m L

%
 I

n
h

ib
it

io
n

D ic lo fe n a c

M e t.E

*** *** ***

A q .E

 
Figure 4. Anti-denaturation activity of of Inula viscosa aqueous extract (Aq E), methanol extract (Met E) and 

the standard Diclofenac. Values are expressed as means ± SD (n=3). 

Autoantigens production may be due to protein denaturation, which can be one of the 

causes of certain inflammatory diseases (Arya et al., 2014). Based on these results, it can be 

stated that the extracts of Inula viscosa can suppress the production of autoantigens by 

inhibiting protein denaturation. 

3.2. Human red blood cell (HRBC) membrane stabilization 

During inflammation, lysosomal enzymes and hydrolytic components are released from 

the phagocytes to the extracellular space, which causes damages of the surrounding organelles 

and tissues and also assists a variety of disorders (Ackerman et al., 1974). It was found that 

the NSAIDS act either by inhibiting these lysosomal enzymes or by stabilizing the lysosomal 

membranes. Again, exposure of red blood cells (RBCs) to injurious substances such as 

hypotonic medium, heat etc. results in the lysis of the membranes, accompanied by oxidation 

and lysis of hemoglobin (Feirrali et al., 1992). 

To confirm the anti-inflammatory activity of Inula viscosa, hypotonicity-induced RBC 

membrane lysis was tested. The results showed that at 0.5 mg/mL the Met.E was more 

effective and protect the erythrocyte membrane against hypotonic induced lysis by 85% 

compared to Aq.E 22%, but at 1 mg/mL and 2 mg/mL both extracts was as effective as 

Diclofenac (Figure 5). As erythrocyte membrane is similar to lysosome membrane 

components and the lysozomal enzymes released during the inflammation produce a variety 

of inflammatory disorder, their stabilisation means that the extract can stabilise lysosomal 
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membranes (Sumathi and Anuradha, 2016; Hassan et al., 2018). So, the prevention of 

hypotonicity-induced RBC membrane lysis was taken as a measure of anti-inflammatory 

activity of drugs and plant extracts (Debnath et al., 2013).  

Both in vitro and in vivo study in experimental animals, demonstrated that flavonoids 

exert extensive stabilizing effects on lysosomes (Van-Cangeghen, 1972; Middleton, 1996), 

while tannin and saponins have the ability to bind cations and other biomolecules, and are 

able to stabilize the erythrocyte membrane (El-Shabrany et al., 1997; Oyedapo et al., 2004). 

Therefore, it could be suggested that the anti-inflammatory effects recorded for Inula 

viscosa in this study may be caused by the total polyphenolic constituents present in the plant. 

Polyphenolic compounds such as phenolic, tannins and flavonoid which could be the possible 

reason for antidenaturation property and able to stabilize the lysosome membrane. However, 

the mechanism of these actions is uncertain. 
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Figure 5. Inhibition activity of Inula viscosa aqueous extract (Aq E), methanol extract (Met E) and the standard 

Diclofenac on human red blood cell (HRBC) membrane lysis. Values are expressed as means ± SD (n=3). 

CONCLUSION 

Inula viscosa methanolic and aqueous extracts could be regarded as natural sources of 

bioactive compounds possessing important antioxidant and anti-inflammatory effects which 

were highly associated with the phenolic and flavonoids contents. So, this plant could be used 

as an alternative remedy for the management and treatment of inflammatory related disorders 

and diseases and a potential source of natural bioactive compounds in food and medicinal 

products. 
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