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1. Nomenclature and characteristics
Mycoplasma bovis is classified under the class Mollicutes in the 

phylum Firmicutes (Maina, 2019) (Table 1). Mollicutes is a special class 
of bacteria, which lack a cell wall and have a very small genome size 
(Parker et al., 2018). 

Classification

Domain Bacteria

Phylum Firmicutes

Class Mollicutes

Family Mycoplasmacetae

Genus Mycoplasma

Species M. bovis

Table 1: Classification of Mycoplasma bovis

M. bovis is a bacterium, which is devoid of a cell wall and causes 
pneumonia, mastitis, arthritis, and significantly decreased milk yields, 
particularly in large herds. Clinical infection with M. bovis follows a chronic 
course, is exhausting, and does not respond to antimicrobial treatment, 
eventually causing significant economic loss in cattle farming worldwide 
(Lysnyansky and Ayling, 2016). M. bovis has a tight association with the 
host cells like many other Mycoplasma species (Caswell et al., 2010). The 
genome of M. bovis is of a size of approximately 948 kbp to 1,038 kbp and 
has a G+C ratio of 27.29% (Maina, 2019). M. bovis was first isolated in the 
USA in 1961, and since then has spread to other countries through animal 
transport (Karahan et al., 2010). Due to its small genome, Mycoplasma 
depends on the growth of host cells for survival (Maunsell and Donovan, 
2009). M. bovis has an elaborate genetic system, which encodes variable 
surface lipoproteins (Vsps) that are antigenic and activate host immune 
response (Bürki et al., 2015). Vsps are involved in colonization, adhesion, 
and immune evasion from the host immune system. The main features of 
Vsps are: (i) an independent phase variation of high frequency between 
the ON and OFF states of expression, (ii) membrane anchorage via the 
N-terminal domain, (iii) independent high-frequency size variation and a 
surface-exposed C-terminal region, (iv) repeating domains throughout the 
length of the Vsp molecule, and (v) shared epitopes (Bürki et al., 2015). 
M. bovis strains may possess different versions of the Vsp-encoding gene 
complex, which results in a multitude of phenotypic variations (Perez-
Casal et al., 2017). In addition to Vsps, membrane proteins have also 
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been identified, and their variable expression play an important role in the 
challenge of realizing the large-scale production of vaccines against M. 
bovis (Gille, 2018). High-frequency antigenic switching is successfully 
used by M. bovis to maintain strain diversity and avoid the host immune 
system; and hence, contributes to the chronic presentation of the disease 
(Maina, 2019). M. bovis has the ability to weaken the immune response 
by suppressing lymphocyte proliferation and inhibiting the oxidative 
burst of neutrophils (Gille, 2018; Srikumaran et al., 2007). The ability of 
M. bovis to produce a biofilm enables it to both stay in the environment 
long enough and withstand the pressure of desiccation or heat (McAuliffe 
et al., 2006). M. bovis is an important pathogen, which causes various 
diseases in animals, including pneumonia, mastitis, arthritis, infertility 
and keratoconjunctivitis (Maina, 2019; Hermeyer et al., 2012). Despite the 
efforts that have been made by many researchers to control this pathogen 
and reduce the economic losses caused by it, an effective vaccine is still 
unavailable (Perez-Casal et al., 2017).

2. Pathology and disease 

Mastitis
Mastitis, which can be caused by M. bovis, is a major health problem 

in dairy herds as it reduces both the quantity and quality of milk (Timonen 
et al., 2017). M. bovis is transmitted among animals by milking equipment 
or milker’s hands contaminated with infected milk (Ruegg, 2012). Clinical 
mastitis is characterized by abnormal udder secretions, altered milk 
consistency, significantly decreased milk production and unresponsiveness 
to treatment. Milk consistency may vary from watery to purulent and may 
appear as sandy or flaky sediments in watery or yellowish fluid (Gille, 
2018). Milk is an important transmission vector of mastitis for animals 
(Junqueira et al., 2020). In order to control M. bovis-induced mastitis, 
it is required to test the entire dairy herd and detect the infected animals 
(Junqueira et al., 2020). M. bovis-induced mastitis is not treatable with 
antibiotics, and the only means of control is the identification, segregation 
and culling of infected animals (Junqueira et al., 2020; Timonen et al., 
2017; Nicholas et al., 2016). In cases where a large proportion of the herd 
is infected and immediate culling is not possible, infected animals must 
be identified and segregated to limit opportunities for transmission. To 
avoid the transmission of M. bovis within a herd, infected animals must 
be milked last and milking equipment must be fully disinfected between 
milkings (Nicholas et al., 2016).
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Figure 1: Purulent mastitis

Figure 2: The most common M. bovis predilection sites (Gille, 2018)

Pneumonia
Bovine respiratory disease (BRD) (pneumonia or shipping fever), 

which can be triggered by M. bovis, is the leading cause of economic 
loss in the beef industry worldwide. Clinical signs are generally related 
to pneumonia and include a runny nose, lethargy, decreased appetite, 
separation from the herd, a gaunt appearance, sores in the mouth or on 
the nose, coughing, and an increased respiratory rate (Ward and Powell, 
2017). 
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Figure 3: Pneumonia of the lung (Gille, 2018)

Severe lung damage occurs from inflammation as the disease 
progresses, and this damage is irreversible (Ward and Powell, 2017).

Arthritis
Clinical signs associated with arthritis are acute lameness, swelling 

of the joints and tendon sheaths, and high fever (Hewicker-Trautwein et 
al., 2002). The shoulders, elbows and knees are also affected. Cartilage 
erosion also occurs with disease progression, and eventually cartilage 
is replaced by fibrous connective tissue. Experimental infection is 
reported to manifest with ulcers on the distal planum of the knees and 
the secondary laceration of the synovial sac (Gille, 2018). The stifle joint 
is filled with fluid and fibrin, and the synovium is hyperplastic (Figures 
4 and 5) (Gille, 2018; Gagea et al., 2006). M. bovis-induced arthritis is 
generally associated with lesions in the internal organs, including the 
udder and lungs. Response to treatment is poor, such that infected animals 
are mostly culled, yet in cases with only one infected joint, arthrodesis can 
be performed (Gille, 2018).
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Figure 4: Fibrinous arthritis caused by M. bovis

Figure 5: The stifle joint is filled with fluid and fibrin 
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3. Diagnosis
Given the indistinctiveness of the associated clinical symptoms and 

pathological lesions, laboratory diagnosis is required for the identification 
M. bovis infection (Karahan et al., 2010). Traditionally, Mycoplasma 
species are isolated and identified by culturing samples taken from an 
infected organ. Known to be incapable of synthesizing amino acids and 
either completely or partially incapable of synthesizing fatty acids, M. 
bovis is grown on highly enriched media (Parker et al., 2018). As the 
overgrowth of other faster growing bacteria can compromise the isolation 
of mycoplasmas by culture, antimicrobials such as thallium acetate or 
antibiotics are added into the media (Parker et al., 2018). Mycoplasma 
species are incubated for a period of 7-10 days at 37°C, under 5% CO2, 
which results in the growth of micro-colonies that morphologically 
resemble “fried eggs” under a light microscope (Quinn et al., 2013). Both 
culture and serology are laboursome, time-consuming and costly, and 
bear the risk of producing false results due to contamination and cross-
reactions (Karahan et al., 2010). Bacteriological and serological methods 
lack the sensitivity and specificity that would contribute to improving 
treatment and control strategies for M. bovis (Karahan et al., 2010). In 
recent years, molecular diagnostic methods have become the first choice 
to identify M. bovis. There is a need for rapid and reliable methods to 
offer an alternative to conventional methods (Salina et al., 2020). When 
compared to microbiological culture, the polymerase chain reaction 
(PCR) offers rapid and sensitive results in the detection of Mycoplasma 
species (Parker et al., 2018).  Through the use of species-specific primers, 
PCR enables the identification of different species (Salina et al., 2020; 
Parker et al., 2018). Real-time PCR significantly reduces the time 
required for identifying Mycoplasma species. This technique involves the 
use of SYBR green dye intercalation and fluorescent reporter probes. By 
binding to all double-stranded DNA, cyanine SYBR green dye results in 
a light emission measured at 520 nm wavelength. With the progression 
of the PCR cycles, the target double-stranded DNA increases in quantity, 
resulting in a proportionate increase in the amount of light emitted from 
the dye, and thereby, allows the detection of the PCR products in real-time 
culture (Parker et al., 2018). As SYBR green is not sequence-specific and 
binds to all double-stranded DNA, it may increase background signals 
and decrease specificity, compared to probe-based real-time PCR (Parker 
et al., 2018; Wong, 2013). The fluorescent reporter probe method, which 
typically utilizes a hydrolysis probe, offers greater specificity. This 
technique is based on the binding of the probe to a specific target region, 
which is internal to the primer binding sites. Cleaving-off and fluorescence 
of the reporter dye is observed as the PCR cycles progress. An increased 
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quantity of the PCR product targeted by the probe proportionally increases 
the fluorescence (Parker et al., 2018; Wong, 2013). While real-time PCR 
measures the amount of the PCR product by the end of the procedure, the 
fluorescent reporter probe technique measures amplification as the PCR 
occurs (Parker et al., 2018).

4. The prevalence of M. bovis (Epidemiology)
M. bovis was isolated from bovine mastitic milk in the USA (1962), 

Israel (1964), Canada (1976), Europe (1971-1981) and Japan (1977). 
Prior to 1992, the Netherlands observed an increased incidence in M. 
bovis-induced bovine diseases (mastitis, pneumonia and arthritis), and 
the increasing prevalence of this pathogen was first reported in 1992 
(ter Laak et al. 1992). Based on the sampling of bulk milk tanks, the 
prevalence of Mycoplasma-induced mastitis was determined to be higher 
in other European countries, with reports of 1.5% from Belgium and 
5.4% from Greece. Mycoplasma-induced mastitis outbreaks have been 
reported in Austria (Spergser et al., 2013), Denmark (Nielsen et al., 2015), 
Switzerland (Aebi et al., 2015), and the Netherlands (van Engelen et al., 
2015). In Israel, between the years 2004-2007, the percentage of herds 
infected with M. bovis was < 1%, but increased to almost 4% in 2008, and 
ranged from <1% to 3% in the period between 2009-2014 (Nicholas et al., 
2016).  The herd prevalence of Mycoplasma-induced mastitis has been 
reported as 55% in Mexico (Miranda-Morales et al., 2008) and 100% in 
Iran (Ghazaei et al., 2006). While the spread of M. bovis is reported to 
be low in dairy herds in Australia (Morton et al., 2014), New Zealand is 
considered free from M. bovis (McDonald et al., 2009). In the USA, the 
prevalence of Mycoplasma species ranges from <3% of bulk milk tanks in 
the Midwest and Northeast to 9.4% of the large dairy herds raised in the 
West (Fox, 2012). In China, M. bovis-induced mastitis was first reported 
in 1983, and the first case of M. bovis-induced pneumonia was reported 
in 2008 (Menghwar et al., 2017). The prevalence of M. bovis-induced 
pneumonia has significantly increased, particularly in feedlots, in many 
countries, including among others the United States of America, France, 
Mexico, Canada, Northern Ireland and Italy (Margineda et al., 2017). 

5. Antimicrobial resistance 
Antimicrobial resistance is an issue of concern in both human and 

veterinary medicine (Cai et al., 2019). In the absence of an effective 
vaccine, only strict control measures and antimicrobial treatment can be 
used to control M. bovis infections (Bokma et al., 2020; Lysnyansky and 
Ayling, 2016). M. bovis is insusceptible to ß-lactams and all antimicrobials 
targeting the cell wall (Cai et al., 2019). As Mycoplasmas do not synthesize 
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folic acid, sulfonamides are also ineffective against them (Maunsell et 
al., 2011). Mycoplasmastatic antimicrobials give the host immune system 
a chance to fight the infection, but M. bovis is equipped with defense 
mechanisms, including the ability to alter its surface proteins and form 
biofilms (Lysnyansky and Ayling, 2016; McAuliffe et al., 2006). The 
control of M. bovis infections requires early identification and antimicrobial 
treatment with macrolides, tetracyclines and some fluoroquinolones (Cai 
et al., 2019). Tetracyclines, chlortetracyline and doxycycline bind to the 
30S ribosomal subunit and block the attachment of aminoacyl-tRNA to the 
A site, and thereby, inhibit ribosomal protein synthesis (Lysnyansky and 
Ayling, 2016; Bryskier, 2005a). In field experiments, some antimicrobials 
have been shown to significantly decrease respiratory diseases caused by 
M. bovis (Bartram et al., 2016).  In recent studies conducted in several 
countries, M. bovis has been determined to be less sensitive to various 
antimicrobial classes targeting protein and DNA synthesis (Bokma et al., 
2020).

While high percentages of macrolide resistance have been reported 
for M. bovis isolates, fluoroquinolones still show the highest in vitro 
antimicrobial activity in the majority of countries (Liu et al., 2020; Becker 
et al., 2020; Bokma et al., 2020; Cai et al., 2019), except for Spain and 
Italy (García-Galán et al., 2020). Many studies report differences in the 
susceptibility of M. bovis isolates to antimicrobials, which are attributed 
to geographical origin, type of livestock production system, year of 
isolation, isolation site of tested strains, and differences in the antimicrobial 
preferences of countries (Lysnyansky et al., 2009). The evolution of 
antimicrobial resistance in M. bovis is mainly associated to mutations in 
chromosomal genes. Today, microbroth dilution methods remain the first 
choice for the sensitivity testing of Mycoplasma species (Gille, 2018). 
The small genome size and coding capacity of Mycoplasma species 
make these bacteria an ideal model for genetic studies. Understanding the 
antimicrobial resistance mechanisms of M. bovis will contribute to the 
future development of genetic diagnostic assays for the rapid detection 
of resistant strains (Kong et al., 2016). Many studies have reported low 
sensitivity to various commercial antimicrobials and highlighted the 
development of resistant strains all over the world (Sulyok et al., 2014; 
Ayling et al., 2014; Lerner et al., 2014; Gautier-Bouchardon et al., 2014).

6. Prevention and control 
Several studies have aimed to develop an effective vaccine for the 

reduction of the incidence of M. bovis, but the majority are of no avail 
(Dudek et al., 2016). Although some small-scale trials appear to have 
succeeded in achieving protection against M. bovis and elevating M. 
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bovis-specific antibody titers, large-scale studies targeted at developing 
commercial vaccines have produced either no or small protective impact 
(Mulongo et al., 2013). The diverse expression of variable surface 
lipoproteins can be held accountable for this restricted efficiency of 
vaccines (Dudek et al., 2016). The introduction of asymptomatic infected 
animals is the biggest threat for the spread of infection to M. bovis-
free herds (Gille, 2018; Maunsell et al., 2011). M. bovis can be easily 
transmitted from infected to uninfected animals (Maunsell et al., 2011). 
If new cattle are sourced, serological tests, nasal swabs and milk analysis 
should be performed during their quarantine period (Gille, 2018). 

The introduction and purchase of biological materials (milk, feces, 
colostrum) should be avoided, due to their inherent infectious potential. 
Also all transportation devices and farming equipment used on farms 
should be thoroughly disinfected. Animal merchants, milk truck drivers, 
veterinarians and equipment in contact with cattle should be perceived as 
hygienic risks (Gille, 2018). Due to treatment failure on dairy farms, many 
experts have advised the culling of all animals that test positive for M. 
bovis by PCR or culture (Nicholas et al., 2016). If culling is not feasible, 
infected animals must be identified, segregated and milked last. Individual 
udder preparation and milking hygiene are particularly important in 
preventing the spread of infection during milking. Throughout the milking 
process, gloves should be worn, and gloves should be disinfected between 
cattle (Gille, 2018). Teats should be dipped in 1% iodine for the removal 
of biological and organic materials, and all milking equipment should be 
disinfected with a sanitizer. Poor ventilation in barns and the housing of 
calves and cattle together, appear to increase the prevalence of mastitis. 
Several precautions can be taken to reduce the risk of transmitting 
infection to young calves (Gille, 2018). It is preferable to feed calves with 
milk alternatives or pasteurized milk, and pasteurization can be performed 
at 65°C for 1 hour to eliminate the risk of infection (Gille, 2018; Maunsell 
et al., 2012). Individual housing is another successful measure to avert 
infection, and feed or milk buckets should not be alternated between 
animals. Healthy animals should not be housed together with chronically 
sick cattle to avoid the spread of infection in the herd (Maunsell et al., 
2011). Euthanasia is an option for chronically sick cattle, and enables both 
reducing infection and protecting animal welfare (Gille, 2018; Caswell et 
al., 2010). Given that M. bovis can remain in the environment for a period 
ranging from days to months, the environment must be well sterilized with 
0.5% sodium hypochlorite or 2% chlorhexidine. M. bovis is susceptible 
to desiccation, so after disinfection, leaving the environment to dry may 
decrease contamination (Justice-Allen et al., 2010).
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Conclusion
In conclusion, research points out to not only an increasing occurrence 

of resistance in M. bovis, but also the emergence of resistant strains at an 
alarming rate. Infections are getting out of control and becoming harder to 
treat while vaccine-based protection is unavailable. Thus, it is imperative 
to raise public awareness to avoid the overuse and misuse of antibiotics.
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1. INTRODUCTION  
Sesame (Sesamum indicum L.) is an important oil plant belonging to 

the Sesamum genus of the Pedaliaceae family of the Personatae order  
(Arıoğlu 2007). The name comes from the Arabic word “simsim.” 
Sesame is can grow in tropical, subtropical climate zones and regions 
with suitable microclimate characteristics (Tan 2011). Sesame can mature 
in 90 to 120 days, can reach 2 meters in height, and is a plant with a 
strong tap root system that goes to 40-50 cm depth and can spread to the 
sides by 15-70 cm. Roots can go to a depth of 100-150 cm depending on 
the type of soil and water retention. Sesame is an oil plant that maturates 
from bottom to top, branches or non-branches, as well as the capsules are 
cracked or not cracked. Due to the low productivity of the varieties whose 
capsules do not crack, varieties with cracked capsules are commonly 
cultivated in the world. The leaves of sesame plants can be green, narrow 
and segmented. Leaf margins may be serrated or toothed. Depending on 
the number of flowers formed, they can be single or triple encapsulated, 
and the capsules can have two or four carpels (Ilısu 1973). The leaf 
structure, branching and capsule formation of a sesame plant are shown 
in Figure 1. Sesame cultivation may become more widespread as a 
second crop especially in irrigated areas of the Southeast provinces, 
depending on improvement in the mechanization in harvesting of sesame.  

 

 
Figure 1. Leaf structure, branching and capsule formation of sesame plant 
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The world sesame cultivation area in 2019 was 12.82 million ha, 

production was 6.54 million tons and average yield was 510 kg ha-1 
(FAO, 2019). Turkey ranks 38th in the world sesame producing countries 
with a sesame cultivation area of 24855 ha, 9th in average yield with 679 
kg ha-1 and 34th in production with 16893 tons sesame production 
(Anonymous 2019). In the last 24 years, sesame cultivation area and 
sesame production in Turkey significantly decreased. The production in 
1989 was 97600 ha, while decreased to 24855 ha in 2019. Therefore, 
sesame production decreased considerably in parallel with the decrease in 
cultivation. Average yield recently has increased, however, the increase 
was not sufficient (Anonymous 2019).  

Leaf formation (bottom-up) of sesame plant is shown in Figure 2. 
Irrigation water applied is efficiently used in drip irrigation system used 
for sesame plants (Figure 3).  

 

 
    Figure 2. Leaf formation during young vegetative period of sesame plants 

    

Water, which is indispensable for living organisms and nature, is one of 
the most basic needs of plants. In addition to maintaining the vital 
activities of plants, water is absolutely necessary in areas such as 
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agriculture, industry and transportation. (Akın and Akın 2007). Most of 
(75%) the annual usable surface and ground water assets are being used 
for irrigation in the agriculture. Therefore, plants will be most affected by 
the water scarcity caused by global climate change (Saltürk 2006).  

    Effective use of water resources is becoming increasingly important in 
Turkey as well as in the world. Therefore, water losses during 
transporting the irrigation water to fields and distributing to plant root 
zone should be decreased as much as possible to meet plant-water 
requirement at the desired level (Bayramoğlu 2013).  

 

 

Figure 3. Irrigation of sesame with drip irrigation system 

       

Plant water consumption can be determined by direct or indirect methods, 
using climate parameters. The direct methods require a long time and a 
high labor, while indirect methods are simpler and faster (Kaya 2011). 
Climate parameters and weather data are used to determine the results of 
a study, carried out to evaluate the efficiency of FAO56 Penman-
Monteith method, revealed that the meadow plants had a high level of 
similarity with the ETo value. Since FAO56 Penman-Monteith method 
clearly combines both physiological, physiological and aerodynamic 
parameters, the researchers recommend to use FAO56 Penman-Monteith 
method in estimation of ET0 value. In the first stage of the method 
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development, difficulties were encountered as many climate data were 
included in the equation. However, the predictions were improved over 
time with the use of benchmark plants and new studies carried out (Allen 
et al., 1998). 

The aim of this study was to determine the plant water consumption 
of sesame (Sesamum indicum L.) genotype in 2019 by Penman – 
Monteith method using both the plant water budget and the climate data. 
The studies carried out to determine the plant water consumption in the 
region with the aforementioned methods are rare. Therefore, the study 
contains important data that can be used by all scientists and farmers in 
the region.   

2. MATERIAL and METHOD 
 
The study was carried out during the sesame growing period of Siirt 

province in 2019. The altitude of the experimental area is 894 m, and the 
study area is located between 37° 58' N and 41° 50' E latitudes. In this 
region, the continental climate zone is dominated by cold and rainy 
winters and hot and dry summers, and the four seasons are experienced 
with their most distinctive features. The average temperature is 26 ºC in 
summer and 2.7 ºC in winter. The highest annual relative humidity was 
recorded in January (70.2%) and lowest in August (26.9%). The annual 
average relative humidity is 50.41%. The annual total average 
precipitation is 669.2 mm, and the monthly precipitation varies between 
103.6 mm and 1.3 mm (Anonymous 2019). 
The average field capacity (FC) of soil in the study area was 433 mm (0-
90 cm), the wilting point (WP) was 312 mm, and available water holding 
capacity was 121 mm. Soil bulk density was determined as 1.40 gr cm-3. 
Electrical conductivity of the irrigation water was 0.34 dS m-1 and pH 
value was 7.21.   
Water distribution in the study in which the drip irrigation method was 
used, was provided by using soft PE lateral pipelines with a working 
pressure of 4 atm and an outer diameter of 16 mm. No deep infiltration or 
runoff was allowed to occur. The moisture content of the effective root 
depth (90 cm) was determined by gravimetric method before each 
irrigation. Moisture values determined as dry weight percent were 
converted to depth (Equations 1 and 2).  
 



25Research & Reviews in Agriculture, Forestry and Aquaculture Sciences .

d= (Pw-PwAW)*As*D/100................. (1) 
Where; d is the moisture content at the depth (mm); Pw is the field 
capacity (%); PwAW is the moisture content of each soil layer (%), and As 
is the bulk density of soil (g/cm3) and D is the depth of a soil layer (mm). 
The volume of water to be applied was calculated using the following 
equation (Equation 2). Total amount of water (dT) for the effective root 
depth was calculated by adding the water content for each layer (Equation 
2). 
 
dT=d(0-30)+ d(30-60) + d(60-90) ................. (2) 

Monthly and seasonal evapotranspiration values were calculated 
using the soil moisture content (90 cm) water budget method and 
moisture content values measured at the beginning and end of the harvest 
during the growing season (Zeleke and Wade 2012). The water balance 
equation (Equation 3) was used to calculate the water consumption of the 
plants (Zeleke and Wade 2012). 
 

ETa= P + I – Rf – Dp ± ΔS .................(Equation 3) 
Where; ETa is the evapotranspiration (mm), P is the precipitation (mm), I 
is the amount of irrigation water (mm), Rf is surface runoff (mm), Dp is 
deep infiltration (mm) and ΔS (mm) is water changes at plant root 
depth. The droplet flow rate was lower than the infiltration rate of the 
soil, therefore, we assumed no surface runoff occurs. Since the amount of 
irrigation water was applied up to the field capacity, we assumed that no 
deep infiltration occurs. 

2.1 Plant Water Consumption 
 

The concept called 'Evapotranspiration' and abbreviated as ET in many 
national and international sources is accepted as the terminological 
definition of 'Plant Water Consumption' in Turkish. Basically, ET refers 
to evaporation from soil and plant. In general, evaporation refers to the 
movement of liquid water from the environment to the atmosphere by 
evaporation. Evaporation of water from many surfaces, especially soil 
and open water surfaces, is called 'evaporation'. The energy must 
penetrate the water to occur the evaporation. The source of this energy in 
nature is mostly solar radiation and air temperature. The evaporated water 
moves in the direction of vapor pressure difference between the surface 



Ali Beyhan Uçak26 .

and the atmosphere surrounding this surface. After evaporation, the 
atmosphere surrounding the surface where evaporation occurs may 
become saturated with water, and evaporation may stop if this air does 
not move. At this stage, air movement occurs through the wind. 
Evaporation takes place entirely depending on solar radiation, air 
temperature, air humidity and wind speed (Bayramoğlu 2013). In addition 
to these factors, when the surface where evaporation occurs is soil, the 
amount of soil surface shaded by the above-ground plant parts and the 
water content in soil depth exposed to evaporation are also very important 
on the amount of evaporation. 

2.2 Determination of Plant Water Consumption 
 

Crop water consumption can be measured directly or estimated using 
climate data. Although direct measurement methods provide reliable 
results, they are quite expensive and time consuming. Therefore, direct 
measurement of plant water consumption is only carried out for 
calibrating the prediction equations from the climate data and 
determining the local plant coefficients. 

Numerous equations have been developed to estimate plant water 
consumption using climate data. Some of these equations were developed 
by using several climatic factors, and are easy to apply, however, they 
can give reliable results for long periods. Others are rather complex 
equations that were developed considering many climatic factors 
affecting plant water consumption, and reliable results can be obtained 
even for short periods. 

    In practice, the common method of estimating plant water consumption 
is to define a potential plant water consumption where only climatic 
factors are effective, and to develop empirical equations that can be used 
to calculate potential plant water consumption. Then, the potential plant 
water consumption values are corrected using plant coefficients, which 
are the function of plant type and plant development stages (Güngör et 
al., 2004; Kırnak and Gençoğlan, 2001). 

    ET=Kc*ETp                                                                         (1.1) 

In the equation, ET is the plant water consumption (mm/day), Kc is the 
plant coefficient and ETp is the potential water consumption (mm/day). 
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    However, a standard definition of potential plant water consumption 
has not yet carried out and the interpretation causes some confusions. 
Therefore, the concept of "comparative (benchmark) plant water 
consumption" has been widely used instead of potential plant water 
consumption. For this purpose, initially a benchmark plant with certain 
conditions is determined and empirical equations are developed that can 
be used to estimate the water consumption of benchmark plant. Then, the 
equations are corrected with the plant coefficients as a function of plant 
species and plant growth stage, so that the equations can be used to 
estimate water consumption for other plants. 

    ET=Kc*ETo                                                                         (1.2) 

    In the equation; ET is plant water consumption (mm/day), Kc is plant 
coefficient, and ETo is Benchmark plant water consumption (mm/day). 

In practice, meadow plants, sesame, clover and similar plants are used to 
compare the plants. In the case of meadow plants, the comparison of 
plant water consumption is as follows; the plant water consumption in a 
large area covered with meadow plants with 8-10 cm high, uniform 
(Persian: same, uniform) height, effectively growing, fully covering the 
area and adequately irrigated. 

The study will focus on the Penman-Monteith modification, which 
provides results for short periods. 

3.3 Penman-Monteith  
 

Penman developed the formula for evaporation from the open water 
surface in 1948 using climate data (insolation, temperature, humidity, 
pressure, and wind speed). This method was further improved by 
Monteith for plants in 1976 by adding aerodynamic and surface 
resistance factors. In 1990, experts came together and generated the FAO 
Penman-Monteith method. Although this method is named differently in 
different countries, it has been commonly used as FAO56-PM with the 
concept of "reference plant water consumption" instead of potential water 
consumption (Koç and Güner 2005; İlhan and Utku 1998; Allen et al., 
1998). In the Penman-Monteith Method, the water consumption (ETc) of 
the plants can be determined after correcting the reference crop water 
consumption with the single crop coefficient (kc) or the double crop 
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coefficient (ke + kcb). In addition, the change in plant water consumption 
due to various stresses caused by drought, salinity, disease and other 
factors can also be determined by using the stress coefficient (ks) 
(Yürekli 2010; Allen et al., 1998; Gençoğlan et al., 1999; Uçak et al., 
2016). 

3.4 Penman-Monteith Method for Benchmark Crop Water 
Consumption 
 

In this method, the benchmark plant water consumption is estimated with 
the following equation. 

𝐸𝐸𝐸𝐸 = 𝛿𝛿
𝛿𝛿+𝛾𝛾∗ (𝑅𝑅𝑛𝑛 − 𝐺𝐺) 1𝜆𝜆 + 𝛾𝛾

𝛿𝛿+𝛾𝛾∗
900

𝑇𝑇+275 𝑢𝑢2(𝑒𝑒𝑎𝑎 − 𝑒𝑒𝑑𝑑)                                (1.3) 

The equations used in the calculation of some terms in this equation are 
given below. 

𝛿𝛿 = 4098𝑒𝑒𝑎𝑎
(𝑇𝑇+237.3)2                                                                                       (1.4) 

𝜆𝜆 = 2.501 − 2.361 × 10−3𝐸𝐸                                                               (1.5) 

𝛾𝛾 = 0.0016286 𝑃𝑃
𝜆𝜆                                                                                 (1.6) 

𝛾𝛾∗ = 𝛾𝛾(1 + 0.34𝑢𝑢2)                                                                             (1.7) 

𝑅𝑅𝑛𝑛 = 𝑅𝑅𝑛𝑛𝑠𝑠 − 𝑅𝑅𝑛𝑛𝑛𝑛                                                                                     (1.8) 

𝑅𝑅𝑛𝑛𝑠𝑠 = 0,75𝑅𝑅𝑠𝑠                                                                                        (1.9)  

𝑅𝑅𝑛𝑛𝑙𝑙 = 2,451𝑓𝑓(𝐸𝐸)𝑓𝑓(𝑒𝑒𝑑𝑑)𝑓𝑓 (𝑛𝑛𝑁𝑁)                                                             (1.10) 

𝑅𝑅5 = (0.25 + 0.50 𝑛𝑛
𝑁𝑁)𝑅𝑅𝑎𝑎                                                                   (1.11) 

𝑒𝑒𝑑𝑑 = 𝑒𝑒𝑎𝑎
𝑅𝑅𝑅𝑅
100                                                                                             (1.12)  

𝑢𝑢2 = 𝑢𝑢𝑧𝑧 (
2
𝑧𝑧)

0.2
                                                                                     (1.13)    
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𝐸𝐸𝐸𝐸 = the reference plant water consumption(mm/day), 

𝛿𝛿 = Slope of wapor pressure,𝑘𝑘𝑘𝑘𝑘𝑘/°𝐶𝐶 

𝛾𝛾∗ = Modified psychrometric constant ,𝑘𝑘𝑘𝑘𝑘𝑘/°𝐶𝐶 

𝛾𝛾 = Psychrometric constant ,𝑘𝑘𝑘𝑘𝑘𝑘/°𝐶𝐶 

𝑘𝑘 = Atmosheric pressure ,𝑘𝑘𝑘𝑘𝑘𝑘 

𝑅𝑅𝑛𝑛 = Net radiation on plant surface , 𝑀𝑀𝑀𝑀𝑀𝑀2 /𝑔𝑔ü𝑛𝑛 

𝑅𝑅𝑎𝑎 = the short − wave radiation reaching the earth surface, 𝑀𝑀𝑀𝑀𝑀𝑀2 /𝑔𝑔ü𝑛𝑛 

(This can be taken directly from Table 1.2.) 

𝑅𝑅𝑠𝑠 = 𝑅𝑅adiation reaching the outer surface of the atmosphere , 𝑀𝑀𝑀𝑀𝑀𝑀2
/𝑑𝑑𝑘𝑘𝑑𝑑 

𝑅𝑅𝑛𝑛𝑠𝑠 = short − wave net radiation reaching the earth, 𝑀𝑀𝑀𝑀𝑀𝑀2 /𝑑𝑑𝑘𝑘𝑑𝑑 

𝑅𝑅𝑛𝑛𝑙𝑙 = long − wave net radiation reaching the earth, 𝑀𝑀𝑀𝑀𝑀𝑀2 /𝑑𝑑𝑘𝑘𝑑𝑑 

𝑓𝑓(𝐸𝐸) = Temperature function (This can be taken directly from Table 1.3) 

𝐸𝐸 = 𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇, ° 𝐶𝐶 

𝑓𝑓(𝑇𝑇𝑑𝑑)
=   𝑊𝑊𝑘𝑘𝑇𝑇𝑊𝑊𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇 𝑓𝑓𝑇𝑇𝑛𝑛𝑓𝑓𝑇𝑇𝑓𝑓𝑊𝑊𝑛𝑛 (𝐸𝐸ℎ𝑓𝑓𝑝𝑝 𝑓𝑓𝑘𝑘𝑛𝑛 𝑏𝑏𝑇𝑇 𝑑𝑑𝑓𝑓𝑇𝑇𝑇𝑇𝑓𝑓𝑇𝑇𝑑𝑑𝑑𝑑 𝑇𝑇𝑘𝑘𝑘𝑘𝑇𝑇𝑛𝑛 𝑓𝑓𝑇𝑇𝑊𝑊𝑇𝑇 𝐸𝐸𝑘𝑘𝑏𝑏𝑑𝑑𝑇𝑇 1.4) 

𝑇𝑇𝑑𝑑 =  𝐴𝐴𝑓𝑓𝑇𝑇𝑇𝑇𝑘𝑘𝑑𝑑 𝑣𝑣𝑘𝑘𝑇𝑇𝑊𝑊𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇 𝑘𝑘𝑇𝑇 𝑘𝑘𝑣𝑣𝑇𝑇𝑇𝑇𝑘𝑘𝑔𝑔𝑇𝑇 𝑘𝑘𝑓𝑓𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑘𝑘𝑘𝑘𝑘𝑘 

𝑇𝑇𝑎𝑎 = 𝑆𝑆𝑘𝑘𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘𝑇𝑇𝑇𝑇𝑑𝑑 𝑣𝑣𝑘𝑘𝑇𝑇𝑊𝑊𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇 𝑘𝑘𝑇𝑇 𝑘𝑘𝑣𝑣𝑇𝑇𝑇𝑇𝑘𝑘𝑔𝑔𝑇𝑇 𝑘𝑘𝑓𝑓𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑘𝑘𝑘𝑘𝑘𝑘 

(𝐸𝐸ℎ𝑓𝑓𝑝𝑝 𝑓𝑓𝑘𝑘𝑛𝑛 𝑏𝑏𝑇𝑇 𝑑𝑑𝑓𝑓𝑇𝑇𝑇𝑇𝑓𝑓𝑇𝑇𝑑𝑑𝑑𝑑 𝑇𝑇𝑘𝑘𝑘𝑘𝑇𝑇𝑛𝑛 𝑓𝑓𝑇𝑇𝑊𝑊𝑇𝑇 𝐸𝐸𝑘𝑘𝑏𝑏𝑑𝑑𝑇𝑇 1.5) 

𝑓𝑓(𝑛𝑛 𝑁𝑁⁄ ): 𝐼𝐼𝑛𝑛𝑝𝑝𝑊𝑊𝑑𝑑𝑘𝑘𝑇𝑇𝑓𝑓𝑊𝑊𝑛𝑛 𝑇𝑇𝑘𝑘𝑇𝑇𝑇𝑇 𝑓𝑓𝑇𝑇𝑛𝑛𝑓𝑓𝑇𝑇𝑓𝑓𝑊𝑊𝑛𝑛  

( 𝐸𝐸ℎ𝑓𝑓𝑝𝑝 𝑓𝑓𝑘𝑘𝑛𝑛 𝑏𝑏𝑇𝑇 𝑑𝑑𝑓𝑓𝑇𝑇𝑇𝑇𝑓𝑓𝑇𝑇𝑑𝑑𝑑𝑑 𝑇𝑇𝑘𝑘𝑘𝑘𝑇𝑇𝑛𝑛 𝑓𝑓𝑇𝑇𝑊𝑊𝑇𝑇 𝐸𝐸𝑘𝑘𝑏𝑏𝑑𝑑𝑇𝑇 1.6) 

n = Insolation period, h 
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N = Possible maximum insolation duration, h 
(𝑇𝑇ℎ𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏 𝑑𝑑𝑖𝑖𝑑𝑑𝑏𝑏𝑐𝑐𝑡𝑡𝑙𝑙𝑙𝑙 𝑡𝑡𝑐𝑐𝑡𝑡𝑏𝑏𝑐𝑐 𝑓𝑓𝑑𝑑𝑓𝑓𝑓𝑓 𝑇𝑇𝑐𝑐𝑏𝑏𝑙𝑙𝑏𝑏 1.7) 

G = Heat flow in the soil, MJ/m2/day 

(This can be ignored as the average temperature of soil does not change 
much in successive periods)  

𝜆𝜆 = 𝐿𝐿𝑐𝑐𝑡𝑡𝑏𝑏𝑐𝑐𝑡𝑡 ℎ𝑏𝑏𝑐𝑐𝑡𝑡 𝑓𝑓𝑓𝑓 𝑏𝑏𝑒𝑒𝑐𝑐𝑒𝑒𝑓𝑓𝑑𝑑𝑐𝑐𝑡𝑡𝑖𝑖𝑓𝑓𝑐𝑐,𝑀𝑀𝑀𝑀𝑡𝑡𝑘𝑘 

( 2.45𝑀𝑀𝑀𝑀𝑡𝑡𝑘𝑘  𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏 𝑢𝑢𝑖𝑖𝑏𝑏𝑑𝑑 𝑐𝑐𝑖𝑖 𝑐𝑐𝑐𝑐 𝑐𝑐𝑒𝑒𝑏𝑏𝑑𝑑𝑐𝑐𝑘𝑘𝑏𝑏 𝑒𝑒𝑐𝑐𝑙𝑙𝑢𝑢𝑏𝑏) 

𝑢𝑢2 = 𝐸𝐸𝐸𝐸𝑢𝑢𝑖𝑖𝑒𝑒𝑐𝑐𝑙𝑙𝑏𝑏𝑐𝑐𝑡𝑡 𝑓𝑓𝑓𝑓 𝑤𝑤𝑖𝑖𝑐𝑐𝑑𝑑 𝑖𝑖𝑒𝑒𝑏𝑏𝑏𝑏𝑑𝑑 𝑐𝑐𝑡𝑡 2 𝑓𝑓 𝑐𝑐𝑙𝑙𝑡𝑡𝑖𝑖𝑡𝑡𝑢𝑢𝑑𝑑𝑏𝑏,𝑓𝑓/𝑖𝑖 

𝑢𝑢𝑧𝑧 =  𝑤𝑤𝑖𝑖𝑐𝑐𝑑𝑑 𝑖𝑖𝑒𝑒𝑏𝑏𝑏𝑏𝑑𝑑 𝑓𝑓𝑏𝑏𝑐𝑐𝑖𝑖𝑢𝑢𝑑𝑑𝑏𝑏𝑑𝑑 𝑐𝑐𝑡𝑡 𝑧𝑧 𝑓𝑓 𝑐𝑐𝑙𝑙𝑡𝑡𝑖𝑖𝑡𝑡𝑢𝑢𝑑𝑑𝑏𝑏,𝑓𝑓𝑖𝑖  

z = The altitude at which the wind speed is measured, m 

(In Turkey, meteorological bulletins usually provides wind speed values 
measured at 10 m altitude) and  

RH = Average relative humidity, % 

In terms of pressure units; 

1 mb = 0.1 kPa 

and in terms of radiation units; 

1 cal/cm2/day =0.041868 MJ/m2/day = 0.01706 mm/day. 
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Table 1. Radiation values reaching the outer surface of the atmosphere, Ra 

(MJ/m2/day). 

Table 2. Temperature function, f (T). 

T, 

∘ 𝐶𝐶 

f(T) 

2 

11.4 

4 

11.7 

6 

12.0 

8 

12.4 

10 

12.7 

12 

13.1 

14 

13.5 

16 

13.8 

18 

14.2 

T,∘ 𝐶𝐶 

f(T) 

20 

14.6 

22 

15.0 

24 

15.4 

26 

15.9 

28 

16.3 

30 

16.7 

32 

17.2 

34 

17.7 

36 

18.1 

Table 3. Vapor pressure function f (𝑒𝑒𝑑𝑑). 

Latitude Months 

March April May June July August September October 

44 26.0 33.6 39.5 42.2 40.7 36.0 29.2 21.3 

42 27.0 34.3 39.7 42.4 40.9 36.8 29.9 22.3 

40 27.9 35.0 39.7 42.4 40.9 37.3 30.6 23.5 

38 28.9 35.5 40.2 42.2 40.9 37.5 31.4 24.5 

36 29.7 36.0 40.2 42.2 40.9 37.7 32.1 26.0 

34 30.4 36.3 40.4 41.9 41.2 38.0 32.8 26.5 

𝑒𝑒𝑑𝑑 , 𝑘𝑘𝑘𝑘𝑘𝑘 

f(𝑒𝑒𝑑𝑑) 

0.6 

0.23 

0.8 

0.22 

1.0 

0.20 

1.2 

0.19 

1.4 

0.18 

1.6 

0.16 

1.8 

0.17 

2.0 

0.14 

2.2 

0.13 

𝑒𝑒𝑑𝑑 , 𝑘𝑘𝑘𝑘𝑘𝑘 

f(𝑒𝑒𝑑𝑑) 

2.4 

0.12 

2.6 

0.12 

2.8 

0.11 

3.0 

0.10 

3.2 

0.09 

3.4 

0.08 

3.6 

0.08 

3.8 

0.07 

4.0 

0.06 
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Table 4. Saturated vapor pressure at average air temperature,𝑒𝑒𝑎𝑎. 

 

Table 5. Insolation rate function, f (n/N). 

n/N 
f(n/N) 

0.00 
0.10 

0.05 
0.15 

0.10 
0.19 

0.15 
0.24 

0.20 
0.28 

0.25 
0.33 

0.30 
0.37 

n/N 
f(n/N) 

0.35 
0.42 

0.40 
0.46 

0.45 
0.51 

0.50 
0.55 

0.55 
0.60 

0.60 
0.64 

0.65 
0.69 

n/N 
f(n/N) 

0.70 
0.73 

0.75 
0.78 

0.80 
0.82 

0.85 
0.87 

0.90 
0.91 

0.95 
0.96 

1.00 
1.00 

 

Table 6. Possible maximum insolation duration, N (h/day) 

Latitude Months 
March April May June July August September October 

44 11.9 13.4 14.7 15.4 15.2 14.0 12.6 11.0 
42 11.9 13.4 14.6 15.2 14.9 13.9 12.6 11.1 
40 11.9 13.3 14.4 15.0 14.7 13.7 12.5 11.2 
35 11.9 13.1 14.0 14.5 14.3 13.5 12.4 11.3 
30 12.0 12.9 13.6 14.0 13.9 13.2 12.4 11.5 
 

𝑒𝑒𝑎𝑎, 𝑘𝑘𝑘𝑘𝑎𝑎 

T, ∘ 𝐶𝐶 1 

0.66 

2 

0.71 

3 

0.76 

4 

0.81 

5 

0.87 

6 

0.93 

7 

1.00 

8 

1.07 

9 

1.15 

𝑒𝑒𝑎𝑎, 𝑘𝑘𝑘𝑘𝑎𝑎 

T, ∘ 𝐶𝐶 10 

1.23 

11 

1.31 

12 

1.40 

13 

1.50 

14 

1.61 

15 

1.70 

16 

1.82 

17 

1.94 

18 

2.06 

𝑒𝑒𝑎𝑎, 𝑘𝑘𝑘𝑘𝑎𝑎 

T, ∘ 𝐶𝐶 19 

2.20 

20 

2.34 

21 

2.49 

22 

2.64 

23 

2.81 

24 

2.98 

25 

3.17 

26 

3.36 

27 

3.57 

𝑒𝑒𝑎𝑎, 𝑘𝑘𝑘𝑘𝑎𝑎 

T, ∘ 𝐶𝐶 28 

3.78 

29 

4.01 

30 

4.24 

31 

4.49 

32 

4.76 

33 

5.03 

34 

5.32 

35 

5.62 

36 

5.94 
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3.5 General Climate Characteristics of Siirt Province 

The region is under the influence of dry and hot tropical air masses 
settled in the Basra low pressure center during the summer season. The 
highest temperature during a day rises above 40 °C. In addition, during 
this period, the dry and hot winds called "samyeli", generated by the 
expansion of the Basra low pressure center towards Anatolia, cause both 
excessive evaporation and dust storms. In addition, dusty and polluted air 
coming from the Syrian and Arabian deserts affect the Siirt region. In 
winter, Siirt region is under the influence of precipitation fronts coming 
from the Central Mediterranean region. Frontal activities that cause these 
precipitations continue until April (Atalay and Mortan 2003). 
Experimental field has the similar climatic conditions. 

The annual average temperature of the experimental field based on the 
climate data between 1938 and 2017 is 16.1 °C. The cold temperature 
during  winter months due to external factors affecting Turkey, increase 
rapidly as of March and reach over 25°C in May and June (Table 1). The 
average temperature of experimental area in summer (June, July, and 
August) is not higher than 26°C, and in winter (December, January, 
February) is not lower than 2.7°C. There is a 27.8°C temperature 
difference (amplitude) between the average temperature of January 
(2.7°C), the coldest month and July (30.5°C), the hottest month. High 
seasonal temperature difference is one of the causes for continental 
climate in the experimental area.  

The average temperature of Siirt province in summer is 28.8°C and 3.8°C 
in winter. The temperature values in the experimental area are higher than 
in many regions of Turkey. The latitude of the experimental area is an 
important factor affecting the temperature. The experiment area is located 
in the south part of Turkey. Sun rays reach the experimental area at a 
steeper angle compared to many other regions of Turkey. In addition, 
landforms have an impact on the temperature values of the experimental 
area.  

The basin where the experiment was conducted is located on the outskirts 
of the Southeastern Taurus Mountains of the Taurus mountain range. 
Therefore, the effect of cold air coming from the north is not observed 
much. In the south, there are no obstacles to prevent the effects of hot 
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weather. Another important factor that affects the temperature is the 
dominant continental climate in the regions where air gets hot quickly. 
Therefore, summers are very hot and winters are very cold. Low altitude 
and cloudiness are other factors that affecting the temperature values in 
the region. The distribution of precipitation also varies according to the 
seasons. The season with the highest precipitation is spring with 40%, 
followed by winter with 38%. The precipitation in both seasons accounts 
for 78% of the total precipitation. The precipitation in the autumn season 
is 20% of annual rainfall and followed by the summer season with 2%. 
Snowfall in the region is very low and occurs in December, January and 
February.  

    The average wind speed, which differs greatly by months, is 1.2 m/s 
for 1938-2018. However, the highest average wind speed is 0.6 m/sec in 
March, April, May, June, July, August and September, and the lowest 
value is 0.3 m/sec in November, December and January. The fastest wind 
in a year was recorded in October (5.8 m/sec) and the lowest wind speed 
(2.4 m/sec) was recorded in December and March. The number of wind 
blows in the spring months is 42,487 which ranks the first with 26% 
followed by summer and winter with 25% and autumn with 24%. 

Table 7. Long term meteorological data of Siirt province (1938-2019). 

 

Parameter 
Maximum 

Temperature 
(°Ϲ) 

Minimu
m 

Temperat
ure 
(°Ϲ) 

Average 
Relative 

Humidity 
(%) 

Averag
e Total 
Precipit

ation 
(mm) 

Maxi
mum 
Precip
itation 
(mm) 

Average 
Evaporat
ion(mm) 

Averag
e 

Insolati
on 

Time 
(Hour) 

Duration of 
Observation 

(Year) 

79 79 78 78 79 79 57 

January 19.7 -19.3 71.9 34.6 53.4 12.0 3.6 

February 20.6 -16.5 67.1 29.4 53.2  4.4 

March 28.5 -13.3 62.0 24.1 63.0 33.0 5.4 

April 32.9 -4.1 58.0 22.4 71.4 84.0 6.5 

May 36.2 2.0 50.7 21.2 68.1 186 9.0 

June 40.2 8.2 34.6 15.5 16.7 284.8 11.7 

July 44.4 13.1 27.4 13.5 22.2 368.0 12.2 

August 14.4 46.0 26.4 13.3 12.2 351.8 11.4 

September 39.9 8.5 31.2 14.4 37.5 254.3 9.9 
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    In addition, the latitude degree, average temperature, wind speed, 
average relative humidity, insolation duration and atmospheric (actual) 
pressure values for the period of the region and plant water consumption 
calculated were taken from Siirt Province 15th Regional Meteorology 
Directorate station. 

3.6 Siirt Province Climate Data for the Study Year (2019) 
In the calculation of plant water consumption with the aforementioned 
methods, the average wind speed, relative humidity, temperature, 
atmospheric (actual) pressure and insolation duration  starting from 18 
June 2019 till the end of harvest time in 29 October 2019 (June, July, 
August, September and October) were obtained from Siirt Meteorology 
Directorate. 

Table 8. Average wind speed in Siirt province (m/sec) (2 m). 

Month 
Year 

 
June 

 
July 

 
August 

 
September 

 
October 

 
Mean 

 
2020 

 

 
1.3 

 
1.3 

 

 
1.3 

 

 
1.1 

 

 
1.0 

 

 
1.2 

 

Table 9. Average relative humidity in Siirt province (%). 

Month 
 
Year 

 
June 

 
July 

 
August 

 
September 

 
October 

 
Mean 

 
2020 

 

 
26.6 

 
25.2 

 
23.4 

 
22.1 

 
26.3 

 
24.72 

 

 

October 36.6 0.3 46.7 49.7 70.8 137.6 7.2 

November 25.8 -14.1 62.4 82.5 102.9 53.0 5.2 

December 24.3 -14.6 70.6 94.5 71.8 13.1 3.6 

Annual 46 -19.3 50.8 719.8 102.9 1753.6 7.5 
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Table 10. Average temperature in Siirt (°C). 

Month 
Year 

 
June 

 
July 

 
August 

 
September 

 
October 

 
Mean 

 
2020 

 

 
27.2 

 
31.6 

 
30.6 

 
29.0 

 
21.7 

 
28.0 

 

Table 11. Average atmospheric (actual) pressure in Siirt province (hPa). 

Month 
 
Year 

 
June 

 
July 

 
August 

 
September 

 
October 

 
Mean 

 
2020 

 

 
907.8 

 
905.7 

 
904.6 

 

 
911.5 

 
916.1 

 
909.1 

 

Table 12. Average isolation duration in Siirt province (h). 

Month 
 
 
Year 

 
June 

 
July 

 
August 

 
September 

 
October 

 
Mean 

 
2020 

 

 
346.3 

 
333.7 

 
328.3 

 
284.9 

 
266.1 

 
311.8 

 

3.7.1 Research data 
 Latitude of Siirt province: 38° 42 '  

 Time : June, July, August, September, October in 2019 

 Mean temperature, T: 28.0°C 

 Wind speed measured at 10 m altitude, 𝒖𝒖𝟏𝟏𝟏𝟏: 1.2 m/s 

 Average relative humidity, RH: %24.7 

 Duration of Insolation, n: 10h 39 min 

 Atmospheric pressure (actual pressure), P : 909 mb = 90.9 kPa 
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3.7.2 Determination of plant water consumption of sesame according 
to Penman-Monteith modification method 
 

1) The saturated vapor pressure at the average air temperature is 
determined. 

Table 13. Saturated vapor pressure at average air temperature, 𝑒𝑒𝑎𝑎. 

 

For T = 28.0 °C 𝒆𝒆𝒂𝒂 3.78 kPa  

2) The actual vapor pressure at average air temperature is calculated. 

𝑒𝑒𝑑𝑑= 𝑒𝑒𝑎𝑎
𝑅𝑅𝑅𝑅
100 = 3.78 ∗ 24,7

100 = 𝟎𝟎.𝟗𝟗 𝒌𝒌𝒌𝒌𝒂𝒂 

3) The slope of the vapor pressure curve is calculated. 

𝛿𝛿 = 4098𝑒𝑒𝑎𝑎
(𝑇𝑇+237.3)2 = 4098∗3.78

(28+237,3)2 = 𝟎𝟎.𝟐𝟐𝟐𝟐𝟎𝟎 𝒌𝒌𝒌𝒌𝒂𝒂/°C 

4) Psychometric constant is calculated. 

𝛾𝛾 = 0.0016286 𝑃𝑃
𝜆𝜆 = 0.001 ∗ 90.9

2,45 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎4 𝒌𝒌𝒌𝒌𝒂𝒂/°C 

5) Equivalent of wind speed at 2 m altitude; 

𝑢𝑢2 = 𝑢𝑢𝑧𝑧 (
2
𝑧𝑧)

0.2
=  𝟏𝟏.𝟐𝟐𝟐𝟐/𝐬𝐬. 

 March April May June July August September October Mean 

𝑒𝑒𝑎𝑎 , 𝑘𝑘𝑘𝑘𝑘𝑘 

T, ∘ 𝐶𝐶 1 

0.66 

2 

0.71 

3 

0.76 

4 

0.81 

5 

0.87 

6 

0.93 

7 

1.00 

8 

1.07 

9 

1.15 

𝑒𝑒𝑎𝑎 , 𝑘𝑘𝑘𝑘𝑘𝑘 

T, ∘ 𝐶𝐶 10 

1.23 

11 

1.31 

12 

1.40 

13 

1.50 

14 

1.61 

15 

1.70 

16 

1.82 

17 

1.94 

18 

2.06 

T, ∘ 𝐶𝐶 

𝑒𝑒𝑎𝑎 ,𝑘𝑘𝑘𝑘𝑘𝑘 

19 

2.20 

20 

2.34 

21 

2.49 

22 

2.64 

23 

2.81 

24 

2.98 

25 

3.17 

26 

3.36 

27 

3.57 

𝑒𝑒𝑎𝑎 , 𝑘𝑘𝑘𝑘𝑘𝑘 

T, ∘ 𝐶𝐶 28 

3.78 

29 

4.01 

30 

4.24 

31 

4.49 

32 

4.76 

33 

5.03 

34 

5.32 

35 

5.62 

36 

5.94 
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6) The modified psychometric constant is calculated. 

𝛾𝛾∗ = 𝛾𝛾(1 + 0.34𝑢𝑢2) = 

0.0604 ∗ (1 + 0.34 ∗ 1.2) = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 𝒌𝒌𝒌𝒌𝒌𝒌/°C 

7) Duration of possible maximum insolation is calculated. 

Table 14. Duration of possible maximum insolation, N(h/day). 

Latitude Months 

March April May June July August September October 

44 11.9 13.4 14.7 15.4 15.2 14.0 12.6 11.0 

42 11.9 13.4 14.6 15.2 14.9 13.9 12.6 11.1 

40 11.9 13.3 14.4 15.0 14.7 13.7 12.5 11.2 

35 11.9 13.1 14.0 14.5 14.3 13.5 12.4 11.3 

30 12.0 12.9 13.6 14.0 13.9 13.2 12.4 11.5 

By interpolating; 

38° 42 ' altitude and 

 For June N = 14.8 h 

 For July N = 14.5 h  

 For August N = 13.6 h 

 For September N = 12.46 approximately 12.5 h  and  

 For October N = 11.24 approximately 11.2 h. 

The average of these values is calculated: 13.32 h 

approximately 13.3 is used. 

 

8) Insolation rate is calculated. 

                                         n = 10 h 39 min = 10.45 h 

𝑛𝑛
𝑁𝑁 = 10.45

13.3 = 𝟎𝟎.𝟕𝟕𝟎𝟎 
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9) Radiation values reaching the outer surface of the atmosphere is 

calculated. 

 

Table 15. Radiation values reaching the outer surface of the atmosphere, 

Ra(MJ/m2/day). 

 
38° 42 ' latitude and  

 For June Ra = 42.2 MJ/𝑚𝑚2/𝑑𝑑𝑑𝑑𝑑𝑑 

 For July Ra =40.9 MJ/𝑚𝑚2/𝑑𝑑𝑑𝑑𝑑𝑑 

 For August Ra = 37.5 MJ/𝑚𝑚2/𝑑𝑑𝑑𝑑𝑑𝑑 

 For September Ra = 31.4 MJ/𝑚𝑚2/𝑑𝑑𝑑𝑑𝑑𝑑 

 For October Ra = 24.5 MJ/𝑚𝑚2/𝑑𝑑𝑑𝑑𝑑𝑑 

 

Latitude Months 

March April May June July August September October 

44 26.0 33.6 39.5 42.2 40.7 36.0 29.2 21.3 

42 27.0 34.3 39.7 42.4 40.9 36.8 29.9 22.3 

40 27.9 35.0 39.7 42.4 40.9 37.3 30.6 23.5 

38 28.9 35.5 40.2 42.2 40.9 37.5 31.4 24.5 

36 29.7 36.0 40.2 42.2 40.9 37.7 32.1 26.0 

34 30.4 36.3 40.4 41.9 41.2 38.0 32.8 26.5 
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The average of these values are calculated: 35.3 MJ/𝒎𝒎𝒎𝒎/𝒅𝒅𝒅𝒅𝒅𝒅 

10) The short-wave radiation reaching the earth is calculated. 

𝑅𝑅𝑠𝑠 = (0.25 + 0.50 𝑛𝑛
𝑁𝑁)𝑅𝑅𝑎𝑎 

= (0.25+0.50*0.78)*35.3 = 22.6 MJ/𝒎𝒎𝒎𝒎/𝒅𝒅𝒅𝒅𝒅𝒅 

 

11) Short-wave net radiation is calculated. 

𝑅𝑅𝑛𝑛𝑠𝑠 = 0,75𝑅𝑅𝑠𝑠 

= 0.75*22.6 = 16.9 MJ/𝒎𝒎𝒎𝒎/𝒅𝒅𝒅𝒅𝒅𝒅 

12) The temperature function is determined. 

Table 16. Temperature function, f(T). 

T, ∘ 𝐶𝐶 

f(T) 

2 

11.4 

4 

11.7 

6 

12.0 

8 

12.4 

10 

12.7 

12 

13.1 

14 

13.5 

16 

13.8 

18 

14.2 

T,∘ 𝐶𝐶 

f(T) 

20 

14.6 

22 

15.0 

24 

15.4 

26 

15.9 

28 

16.3 

30 

16.7 

32 

17.2 

34 

17.7 

36 

18.1 

For T = 28°C, then f (T) = 16.3  

13) The Vapor pressure function is determined. 

Table 17. Vapor pressure function, f(𝑒𝑒𝑑𝑑). 

𝑒𝑒𝑑𝑑 , 𝑘𝑘𝑘𝑘𝑘𝑘 

f(𝑒𝑒𝑑𝑑) 

0.6 

0.23 

0.8 

0.22 

1.0 

0.20 

1.2 

0.19 

1.4 

0.18 

1.6 

0.16 

1.8 

0.17 

2.0 

0.14 

2.2 

0.13 

𝑒𝑒𝑑𝑑 , 𝑘𝑘𝑘𝑘𝑘𝑘 

f(𝑒𝑒𝑑𝑑) 

2.4 

0.12 

2.6 

0.12 

2.8 

0.11 

3.0 

0.10 

3.2 

0.09 

3.4 

0.08 

3.6 

0.08 

3.8 

0.07 

4.0 

0.06 
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𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑑𝑑
= 0.8  𝑘𝑘𝑘𝑘𝑘𝑘, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 f(𝑒𝑒𝑑𝑑) = 0.22,  

𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑑𝑑 = 1.0 𝑘𝑘𝑘𝑘𝑘𝑘,   𝑖𝑖𝑓𝑓 f(𝑒𝑒𝑑𝑑) = 0.20, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑖𝑖𝑒𝑒𝑡𝑡𝑒𝑒𝑓𝑓𝑖𝑖𝑓𝑓𝑖𝑖𝑘𝑘𝑡𝑡𝑖𝑖𝑓𝑓𝑒𝑒 𝑖𝑖𝑖𝑖 𝑐𝑐𝑘𝑘𝑓𝑓𝑓𝑓𝑖𝑖𝑐𝑐 𝑓𝑓𝑜𝑜𝑡𝑡, 

𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑑𝑑 = 0.9 𝑘𝑘𝑘𝑘𝑘𝑘, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 f(𝑒𝑒𝑑𝑑) = 𝟎𝟎.𝟐𝟐𝟐𝟐 

          

14) The insolation rate function is determined. 

Table 18. Insolation rate function, f(n/N). 

n/N 

f(n/N) 

0.00 

0.10 

0.05 

0.15 

0.10 

0.19 

0.15 

0.24 

0.20 

0.28 

0.25 

0.33 

0.30 

0.37 

n/N 

f(n/N) 

0.35 

0.42 

0.40 

0.46 

0.45 

0.51 

0.50 

0.55 

0.55 

0.60 

0.60 

0.64 

0.65 

0.69 

n/N 

f(n/N) 

0.70 

0.73 

0.75 

0.78 

0.80 

0.82 

0.85 

0.87 

0.90 

0.91 

0.95 

0.96 

1.00 

1.00 

 

f(n/N) = 0.78 is calculated for n/N =0.75, 

f(n/N) = 0.82 is calculated for n/N =0.80 

f(n/N) = 0.80 is calculated for n/N =0.78. 

          15) The long-wave net radiation is determined. 

 

𝑅𝑅𝑛𝑛𝑙𝑙 = 2,451𝑓𝑓(𝑇𝑇)𝑓𝑓(𝑒𝑒𝑑𝑑)𝑓𝑓 (𝑒𝑒𝑁𝑁) 

= 2.451*16.3*0.23 = 9.19  MJ/𝒎𝒎𝟐𝟐/𝒅𝒅𝒅𝒅𝒅𝒅 

          16) The net radiation on the plant surface is determined. 

𝑅𝑅𝑛𝑛 = 𝑅𝑅𝑛𝑛𝑠𝑠 − 𝑅𝑅𝑛𝑛𝑛𝑛 

 

= 16.9- 9.19 = 7.71 MJ/𝒎𝒎𝟐𝟐/𝒅𝒅𝒅𝒅𝒅𝒅 
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       17) Benchmark plant water consumption is calculated. 

𝐸𝐸𝐸𝐸 = 𝛿𝛿
𝛿𝛿+𝛾𝛾∗ (𝑅𝑅𝑛𝑛 − 𝐺𝐺) 1𝜆𝜆 + 𝛾𝛾

𝛿𝛿+𝛾𝛾∗
900

𝑇𝑇+275 𝑢𝑢2(𝑒𝑒𝑎𝑎 − 𝑒𝑒𝑑𝑑) = 

 

0,220
0,220+0,085 ∗ (7.71 − 0) ∗ 1

2.45 + 0.0604
0.220+0.085 ∗

900
28+275 ∗ 1.2 ∗ (3.78 −

0.9) =    8.0 mm/day. 

 

3.8 Determination of Plant Water Consumption by Water Budget 
Method 
Crop water consumption is calculated with the following water balance 
equation: 
ET = I + P –Dp ± ΔSW (1) 
In this equation;  
ET, plant water consumption (mm);  
I, total irrigation water applied (mm);  
P, amount of precipitation (mm); 
Dp, deep penetration (mm), and   
ΔSW, changes in soil water storage between sowing and harvesting 
(mm). P, Rf and Dp do not occur, therefore, all are considered zero 
The P value is determined from the precipitation gauge in the 
Meteorology observatory, and the ΔS value is determined from the 
humidity measurements in the profile. Briefly, water use efficiency and 
water consumption are calculated. The deep infiltration losses (Dp) were 
accepted as zero, since water is applied at field capacity during irrigation 
and the dripper flow rate was lower than the infiltration rate of soil. In 
addition, the surface flow values (Rf) are not taken into account as it was 
insignificant. The plant water consumption calculated by the water 
budget method was 238.6 mm/month. 
 

4.  RESULTS 
The plant water consumption of the sesame genotype was determined 
using the data obtained from the 15th Regional Directorate of Siirt. The 
data were integrated into the Penman-Monteith modification, and the 
Reference Plant Water Consumption for 2019 was calculated as 8.00 
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mm/day, and the plant water consumption for the water balance was 
calculated as 238.6 mm/month.  

Daily plant water consumption determined using modified Penman – 
Monteith method was 8 mm/day. The plant water consumption 
determined using the water budget method was as 7.95 mm/day. 
Modified Penman – Monteith method which was used to determine the 
plant water consumption provided very close result to the actual value. 
The results showed that this method can be used in studies to be carried 
out in the region. 

  

5. CONCLUSION AND RECOMMENDATIONS 
 

Climatic change, which has recently emerged as a serious threat due to 
global warming, causes the depletion of limited water resources in our 
country. The results of this study, which was carried out to further 
encourage sesame cultivation in the region, revealed that the difference 
between the actual water consumption and the calculated water 
consumption was insignificant. On the other hand, the amount of water to 
be used by crops and irrigation projects in areas where water 
consumption is intense should be determined based on long and short 
period’s actual climate data. In this respect, the necessary calculations for 
the irrigation program of the sesame can be carried out by using the 
Penman-Monteith equation, which is a method that provides more 
realistic results in estimation of plant water consumption by using more 
meteorological data. Suitable irrigation programs should be prepared 
based on the climatic conditions of each region to conserve water 
resources. Therefore, the plant water consumption between the irrigation 
intervals of crops grown should be calculated and an irrigation program 
should be prepared, considering the climatic data of a region. 
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Introduction

Beyond their aesthetic and recreational value, seas and intracontinental 
surface water resources are of vital and economic importance for living 
organisms. Intracontinental water resources are regarded as limited 
resources and their conservation is of prominent importance considering 
their roles in meeting the need for urban drinking water and industrial 
water use, the growing demand for animal protein in aquaculture, and their 
recreational potential. Thus, planning within the framework of serious, 
effective, and long-term programs is needed.

Aquaculture production is done via hunting and cultivation worldwide. 
It includes production for use in fish feed, fish oil, and non-food purposes 
in addition to human consumption. Hunting is one of the oldest production 
activities and maintains its social and economic importance worldwide. 
The developing technology, increasing population, and demand for animal 
food in the last century have added to the pressure on fishery, leading to the 
realization that fishery resources are renewable but not unlimited.

Aquaculture products are valuable food resources that meet an 
important portion of the need for animal protein and their resources should 
be managed in a balanced manner between their preservation and use for 
their effective and efficient use in the future. Aquaculture resources and 
their management are great global issues, which stem from their control and 
monitoring and the lacking in the efficient management of fishing fleets. 
The increases in the number of fishing fleets and technological capacity in 
developed and developing countries have brought along serious problems 
in the allocation of limited resources and fishery revenues. Authorities on 
the fishery industry have declared sustainable production possible only 
through the management of the resources with effective management plans. 
In contrast with hunting, aquaculture production is a globally growing 
sector. Aquaculture production has grown by 12-fold with an annual 
increase of 8.8% worldwide in the last 30 years (FAO, 2018). The Food 
and Agriculture Organization of the United Nations (FAO) has declared 
the aquaculture sector as a rapidly developing and continuously growing 
sector in all food sectors. 

According to the data of FAO, production via hunting in the seas 
peaked in 1996 and showed a relatively constant progress in the following 
years. In recent years, sea and inland water hunting have decreased while 
aquaculture have continuously increased and showed the greatest growth 
among all food production (OECD, 2016). In 2017, the global water 
product production was 172.7 million tons, which comprised 92.5 million 
tons of products from hunting (53.6%) and 80.1 million tons of products 
from aquaculture (46.4%). Of the production from hunting in 2017, 80.6 
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million tons were from seas and 11.9 million tons were from inland waters 
while 30.6 million tons of the aquaculture production were form seas and 
49.5 million tons of the aquaculture production were from inland waters. 
According to the FAO, the ratio of biologically sustainable global fish stock 
was 90% in 1974 and decreased to 68.6% in 2013. Among the examined 
stocks in 2013, 31.4% were subject to overfishing and biologically non-
sustainable, 58.1% were subject to fishing at the maximum sustainability 
level, and only 10.5% of the stock was under low fishing pressure (FAO, 
2016).

The technological and industrial developments, increasing population, 
and changing needs have led to the overuse, exhaustion, and pollution of 
natural resources. Water resources are negatively affected by industrial 
and domestic pollution and housing. In addition to the damage caused by 
anthropogenic activities, the uncontrollable changes such as the global 
climate change and global warming affect water product production.

Various factors including the climate change, changing environmental 
factors, the destruction caused by human activities in natural habitats, 
population increase, and over and unconscious fishing negatively affect 
natural fish stocks. Despite the measures taken against this problem, 
production through hunting is thought to no longer increase and aquaculture 
is believed to become the only source of the increase in production. 
Moreover, the number and capacity of the facilities has increased along 
with the increase in the production of global water product cultivation and 
large-scale facilities are founded in the seas worldwide.

Sea product culture has a great and growing potential considering the 
large sea area that exceeds the area required to meet the need for sea products 
(Gentry et al., 2017a). Sea product culture essentially includes valuable 
sea fish production while also producing seaweed, bivalve mollusk, and 
crustaceans (Bostock et al., 2010; FAO, 2018). Historically, sea product 
cultivation has developed near coastal waters (i.e., tidal areas, estuaries, and 
sheltered bays) to benefit from still waters and have easy access to fishing 
cages (Gentry et al., 2017b). However, despite the competition with other 
activities (fishing, energy production, protection areas, tourism, military 
activities, and transportation) for area in the coastal regions, the sector 
is expected to grow while improving its efficiency with the developing 
aquaculture technology (Marra, 2005). The growth and expansion of the 
aquaculture sector will continue and, thus, the future of aquaculture should 
be planned and organized to reduce the conflict with other activities and 
apply a sustainable and progressive ecosystem approach to aquaculture 
(Soto et al., 2008; Sanchez-Jerez et al., 2016).
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Criteria for Aquaculture Areas

Area planning for aquaculture is based on two grounds. 

(1) Potential regions that are determined for the development of water 
product cultivation (Areas that are declared appropriate for sustainable 
cultivation activities by the current management/authority in regions where 
predetermined criteria are met).

(2) Areas other than the determined potential regions that are identified 
by businesses for cultivation (Areas that are officially reported to be in 
conformity with criteria for cultivation area but should be approved by 
authority/management for production).

Within the scope of production in potential regions or areas that are 
identified by businesses, the determination of optimum criteria with respect 
to the properties of production areas and compliance with the criteria 
during the production activities are needed for sustainable cultivation. 

To identify appropriate areas for production, culture fish regions should 
examine the species to be cultivated and systems within the framework of 
certain requirements (water quality, temperature, depth, distance to coasts, 
flow) and criteria within the scope of current legislation, which include 
environmental (protection areas, closeness to sensitive habitats), social 
(visual impact, anthropogenic activities, employment), and economic 
(access to roads and other services) concerns (Figure 1).

Figure 1. Sustainable Aquaculture Goals

The production area should have properties that are appropriate for 
the water demands of species. This is the first prerequisite for a production 
area. The area will not be preferred if it is not suitable for the efficient 
production of the species of interest. In aquaculture, especially in 
optimum feeding, certain water parameters are known to be effective, with 
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temperature, dissolved oxygen, salinity, pH, and water quality being the 
leading parameters (Figure 2).

Figure 2. An illustration of the concept of flushing time (Valle-Levinson, 2013)

In addition, water exchange amount, turbidity, algae bloom, fouling 
organisms, natural diseases, and pollution (heavy metals, pesticides, petrol, 
and its derivatives) and are other properties that require consideration 
during the determination of potential production areas.

Weak flow systems usually do not allow transportation of organic 
waste materials in large amounts. Thus, the location of the reference 
station that will be used to monitor the aquaculture-originated pollution is 
also important (Okumuş et al., 2004).

High-capacity production in the seas is carried out using cage systems 
in which modern technologies are used. The cage systems are affected by 
the oceanographic properties of the seas. The technological developments 
in recent years have led to the use of high-resistance materials that will 
sustain minimum damage from the oceanographic factors. During the 
determination of the production area, efforts are made to minimize the 
negative effect of weather conditions on the systems while the structure 
of the ground on which the systems will be established emerges as an 
important factor. Furthermore, properties such as flow rate and direction, 
depth, distance to coast in the production area are important criteria that 
will affect both production activities and environmental properties. The 
direction of the flow is an important parameter for cage systems and the 
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systems are planned in consideration of it. Flow rate should be at levels 
that will not cause excessive energy consumption by fish and squeezing 
of fish into nets while allowing the transport of wastes and oxygen during 
the water exchange in the cages. The environmental problems especially in 
bays and gulfs where depths are low have forced the producers to be more 
precautious about depth. Within this framework, cage systems, which are 
mostly established in bays and gulfs, are moved to deeper waters/open seas 
thanks to technological developments (Figure 3). This offer advantages 
in reaching the desired production volume with its advantages in high 
stocking, environment, and production. The production in deeper waters 
should be encouraged both for production and sustainable environment. 
Another important criterion is the distance of the production area to the 
coasts. There is usually a linear relationship between depth and distance to 
coast, but the depths of regions that can be regarded as far away from the 
coast in areas with different bottom structures were found to be not suitable 
for production. Therefore, depth and distance to coast should be evaluated 
separately. Flow rate/direction, depth, and distance to coast should have 
values that allow the natural disposal of the wastes that originate from 
the production area in the sea environment. However, the values can vary 
depending on the production area.

Figure 3. Fish farm cages
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The ecological assessment of the region is another important factor 
in the determination of the production area. The region is not appropriate 
for production if it is ecologically sensitive. The properties of ecological 
sensitive areas are determined considering the presence of endemic species, 
presence of seagrass area, and identification of endangered flora and fauna 
that have been protected by international treaties. Ecological sensitive 
areas should be declared marine protection areas and marked on sea maps 
to protect them from any negative impact.

Cage systems are believed to cause pollution in regions in which 
they are established. The aquaculture sector has made intensive efforts to 
extinguish these negative beliefs about the sector. Regions that are far from 
residential areas are especially preferred to avoid this conflict (Figure 4). 
Moreover, production is done in regions that are away from residential 
areas to avoid urban and industrial pollution and conflict with different 
sectors on the use of coasts (tourism areas).

Figure 4. Salmon culture

Environmental Factors in Aquatic Environments

Organisms in waters are not only affected by materials and properties 
that directly affect the waters but also are endangered by the aquatic life 
that is indirectly affected by these factors. Nutrients of aquatic organisms, 
other organisms that hunt them or hunted by them, and organisms that 
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protect their territories are examples to this concern (Munsuz and Ünver, 
1995).

Natural cleaning in the surface waters is needed for the continuation of 
vital functions in the aquatic environments. This occurs through the increase 
in oxygen concentration and decrease in carbon dioxide concentration after 
contact with atmospheric oxygen, leading to increased pH.

The majority of the discharges due to anthropogenic factors affects 
coastal regions and not open seas or oceans. Pollutants can be grouped as 
persistent, non-persistent, and continuous pollutants. Persistent pollutants 
that especially threaten life in the seas in the long-term comprise inorganic 
and certain organic materials. These pollutants accumulate in organisms 
and are transferred from one organism to another and, thus, can halt the 
reproduction of some organisms or fundamentally affect reproduction in 
a water body and can cause esthetic issues in addition to their negative 
impact on organisms. Continuous pollutants are very similar to persistent 
pollutants but grouped under a different category especially due to their 
biological accumulation in species and transfer from one species to 
another in increasing amounts. This group includes heavy metals such as 
mercury, cadmium, and lead (Sunlu and Türkman, 1987). At this stage, 
heavy metals such as mercury and persistent and continuous pollutants can 
cause bioaccumulation and biomagnification in organisms. (Figure 5). In 
this case, consumption of fish, which is an important resource for nutrient 
requirements, can threaten public health. Figure 6 shows the transport of 
pollutants from their source to the food chain and receivers.

Figure 5. Bioaccumulation (Yarsan and Yipel, 2013; Mishra, 2018)
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Figure 6. The transport of pollutants from their source to the receiver (Powers et 
al., 2003; Lioy, 1990; Burger and Gochfeld, 1996)

The threat posed by bioaccumulation and bioconcentration to human 
health is at severe levels (Figure 7). Organometallics and organic chemicals 
threaten human health. Humans are exposed to these materials through 
the consumption of meat, fish, plants, drinking water, soil, and plants etc. 
(USGS, 2015). Because of consumption of contaminate fish and shrimps, 
peoples are exposed to cancer 200 times greater that minimum cancer risk 
(Kar et al., 2011; Mishra, 2021).

Figure 7. Components of bio-concentration (Imhoff et al., 2004; Mishra, 2018)

Therefore, compliance with the relevant legislation on especially the 
discharge of persistent pollutants into the marine ecosystem is important in 
the sustainability of the fishing industry. The sustainability of fish farming 
and production can be achieved through the optimization of environmental 
factors (the cease of the discharge due to agricultural areas, industrial 
discharge, point source discharge into marine environments), production 
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planning by prioritizing social factors, and optimum planning of economic 
engineering.

On the other hand, non-persistent pollutants are biodegradable and 
unstable and, thus, are converted into simpler, more stable, and inorganic 
products in time and their accumulation in living organisms and transfer 
from one organism to another is much lower than that of persistent and 
continuous pollutants (Uslu and Türkman, 1987).

Environmental Impact of Aquaculture

The effect of any activity in the water environment on the natural 
environments is inevitable to some degree. The effect is on environmental 
parameters and organisms. Thus, firstly, on which factors aquaculture 
activities will have an effect should be determined. The factors and their 
impact levels determine the upper limits of the criteria for aquaculture 
monitoring activities.

The increases in the number of businesses, capacities, and areas around 
the world bring along the increase in environmental impact in addition 
to the increase in production amounts. Therefore, production models 
that are limited by certain criteria are needed for sustainable cultivation 
activities. However, these are not standard models and should be evaluated 
considering all properties of the production areas and cultivation methods. 
The production areas worldwide show different physical, chemical, and 
geographical properties. Thus, all properties of production areas should be 
considered when planning production. 

Today, the growth rate and capacity of facilities that cultivate fish 
using cages is growing significantly, leading to increases in aquaculture 
worldwide. Production amount depends on various factors (such as 
production method, species, stocking intensity, production area, feed 
quality). Depending on their capacities, businesses want to produce at 
a maximum amount and earn economic gain. Therefore, the goal of 
the businesses is to obtain the maximum yield from determined areas. 
Businesses carry out studies on the production amount they can possibly 
obtain from the production area during the project. Studies have shown a 
positive correlation between the increase in production per unit area and 
environmental impact. The calculation of the maximum production amount 
for a production area, that is, determination of the carrying capacity, is 
needed. Moreover, the necessary legal measures should be taken to prevent 
from the exceeding of the determined capacity under no circumstances. 
The beginning point of the environmental impact is the total amount of 
the production area. The exceeding of the load that can be disposed of 
by the natural environment during production activities can cause greater 
cumulative issues over the years.
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Feed is the leading issue that should be examined with regard to 
production and environmental impact in aquaculture. Feed is the leading 
factor that affect production area and has the greatest share among 
the operating costs. Thus, the amount and properties of the feed that is 
used in the production area are of importance in terms of economy and 
environmental impact. Feed emerges as the main factor of production as it is 
desired to have qualities that can meet the feeding and growth requirements 
of the species of interest. Therefore, feed properties and composition 
differ. Various raw materials are used in feed production, which include 
macronutrients comprising protein, fat, and carbohydrates that meet the 
energy requirement of fish, micronutrients that include various vitamins 
and minerals, and other additives. Producers prefer high-quality feeds. The 
parameters that determine the physical and chemical quality of fish feeds 
include raw materials, feed formulation, feed production technology, and 
the quality control strategy used during production.

Certain criteria should be considered to reduce the fish feed-caused 
environmental impact on the production area (Cho et al., 1994);

-Digestibility during the selection of raw materials: Raw materials 
with high digestibility coefficients should be preferred. Raw materials 
should have high energy but low cellulose contents and should not contain 
any non-nutritious materials.

-Balanced feed formulation: The feeds that will be produced in 
compliance with the natural feeding conditions of the species should have 
ration formulations that allow maximum energy and maximum protein 
availability.

-Feed production technology: The most appropriate technology and 
method that provide physical and chemical quality, improve digestion, 
hinder dispersion in water, and consumed by fish without any losses should 
be employed in fish feed production for aquaculture. Today, the advanced 
extrusion technology, which is more efficient in fish farming and can 
reduce environmental impact, is used in feed production.

-Balancing of the nutrient amount: The Carbon:Nitrogen:Phosphorus 
(C:N:P) balance, which is needed depending on the species and 
developmental/growth stage of fish, should be controlled during feed 
production. Studies have used this approach to approximately determine 
the mole fraction between dissolved phosphate, nitrate, and carbonate in 
water. The same ratios are also observed in algae protoplasm. Phosphate, 
nitrate, and carbonate are eliminated from water in upper layers to which 
light can enter and used in algae biosynthesis at a ratio of 106/16/1. In 
deeper waters, phosphate, nitrate, and carbonate release carbon at the 
same ratios (Uslu and Türkman, 1987). As can be seen, the ecosystem 
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has a circle outside anthropogenic factors. In the reciprocal relationship 
between consumer and producer organisms, as is the case in respiration 
and photosynthesis, stable conditions emerge during the production and 
disintegration of organic materials in a balanced ecosystem. In a healthy 
ecosystem, the balance yields a constant amount of excess oxygen. The 
stability between production via photosynthesis, F=dP/dt (F=organic 
material production rate; P= algae biomass) and heterotrophic respiration 
(S=organic material disintegration rate) can be described using a simplified 
stochiometric chemical equation: 

106CO2 + 16NO3
- + HPO4

+ + 122H2O + 18H+ + (trace elements; 
energy) ………………. C106H263O110N16P + 138O2                           (algae 
protoplasm)

The complex dynamic between photosynthesis and respiration is 
created by various organisms. A simple stochiometric formulation of 
such a complex event reflects the “minimum law” of Justus Liebig. The 
phosphorus and nitrogen that are dissolved in sea water due to assimilation 
through photosynthesis are consumed in a balanced manner. Regardless of 
temporary or environmental factors, nitrogen and phosphorus determine 
the scale of organic production in many seas together. (Uslu and Türkman, 
1987). As is phosphorus, nitrogen is a necessary and important nutrient 
in the growth of algae and other organisms. However, the removal of 
compounds containing nitrogen phosphorus before their release into the 
receiver environment is of great importance (Duran and Demirer, 1997).

Furthermore, the protein:energy balance of feeds should be adjusted 
in accordance with the energy requirement of the fish species. The N/P 
requirement should be determined considering the fish species and its 
developmental stage and the availability of N/P in the raw materials should 
be established. The N and P resources of plant origin may be preferred 
instead of excessive N and P in feed rations (Cho et al., 1994; Hardy and 
Gatlin, 2002).

Feeding method is another factor in fish cultivation. It is of great 
importance both in terms of cost and environment. To minimize the 
production-induced environmental impact, ideal feeding methods should 
be developed along with the improvement of the physical and chemical 
properties of feeds. An ideal feeding method can be developed by 
calculating the total feed amount and considering feeding frequency and 
feeding technique. 

Two methods are applied in the feeding of fish: feeding until the fish 
are full or limited feeding. The easiest and most expensive method is 
feeding until fish are full. The maximum fish amount that can be consumed 
by fish in observable production areas are released into the medium. It 
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is a completely observation-based method. On the other hand, in limited 
feeding, the optimum feeding rates given in feed recipes and supported by 
information about water temperature, fish weight, and stock amount are fed 
to fish. Compliance with the recommended ratio is advisable for optimum 
growth. However, the ratios on feed recipes do not always allow optimum 
growth and, thus, the feeding ratio should be applied at the appropriate 
feeding intervals that are given in tables by considering the species, genetic 
origin, feed content, and the properties of the water and production area. 
Feeding frequency is determined by considering water temperature and 
developmental period. Depending on the feed digestion duration of fish, 
fry should be fed more frequently. Furthermore, the timing of feeding 
before sunrise and sundown is important in terms of feed conversion. 

Past experiences usually determine the daily and meal-based feed 
amount in businesses. The total feed amount should be calculated with 
respect to the water temperatures that are in reference to the amounts of 
stocked fish in cages. During the calculations, feed conversion rate (FCR)1 
for fish species should be considered (Skalli and Robin, 2004).

(1) Feed Conversion Rate (FCR) = Total amount of feed consumption, 
g/Total weight gain, g

FCR is used as a growth parameter and gives information about feed 
quality, digestion, and conversion. Thus, FCR should be calculated during 
and at the end of each production period.

Uncareful and unconscious applications in the production areas cause 
feed and economic losses. They also cause increases in the waste amount 
in the media. Ideal feed and feeding method should be applied to especially 
minimize feed-originated waste amount.

Feeding is not only about fish feeding; it also uses scientific data, 
experience, and record-keeping. Businesses generally do not attach 
the necessary importance to scientific data. We should remember that 
fish feeding only involves feeding fish at the sufficient amount and the 
minimization of feed loss will prove beneficial both economically and 
environmentally.

Impact on the Benthic Area

The growth of cage facilities both in terms of their numbers and 
capacity has brought along certain environmental impacts in addition to the 
increase in production areas. Scientific studies examine the environmental 
impact of cage fishing under three sections comprising general, water 
column, and benthos (Başçınar, 2011). Depending on production amount, 
water properties, and other factors, cage fishing can cause enrichment 
in organic materials in the water column and benthic environment in its 
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impact area and changes in the qualitative and quantitative properties of 
benthic organisms (Barg, 1992; Heryadi et al., 2019; Prihadi et al., 2020).

The benthos-related environmental impact of fishing activities is 
noteworthy (Karakassis and Hatziyanni, 2000; Kalantzi and Karakassis, 
2006). Especially bioindicator species are commonly used to monitor the 
changes in water quality and environment.

Feed- and fish stool-originated wastes are accumulated in the sea 
bottom of fish production areas, which can affect the structure of the 
sediment and, thus, benthic habitats. The sediment type on the bottom of 
caging areas are highly affected by geochemical and biological variables 
and different sediment types are highly effective factors in the changes 
in the structure of benthic populations (Kalantzi and Karakassis, 2006). 
In addition to the physiochemical properties of sediments and water 
column, the low oxygen concentrations forming on the bottom due to the 
disintegration of organic materials can cause changes in various parameters 
(Pearson and Rosenberg, 1978). Figure 8 shows the impact of wastes that 
form due to the feeding activities and stools in production areas on water 
column.

Figure 8. The impact of waste materials that are released during intensive fish 
farming (Gowen, et al., 1990)
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Feed consumed by fish is discharged in a water-soluble form and as 
feces while non-consumed feed precipitate into the sediment in the water-
soluble form. The impact of feed emerges as the depletion of oxygen in 
deep waters, increases in the total sulfite amount in the sediment, temporary 
sediment disruptions, and significant decreases in the biomass in benthic 
habitats (Tsutsumi et al., 1991). The changes in benthic fauna occur in the 
number of species, population and biomass (Drake and Arias, 1997).

Along with organic enrichment, important changes in parameters such 
as abundance, dominancy, and species diversity in the composition of 
microbenthic invertebrate populations under the cages can occur (Pearson 
and Rosenberg, 1978) (Figure 9). The number and diversity of species in 
benthic environments are at their lowest levels under the cages and increase 
as the distance from the cages increases (Karakassis and Hatziyanni, 2000; 
Vita and Marin, 2007).

Figure 9. Generalized SAB diagram, based on previous figure, of changes across 
a gradient of organic enrichment. S: species number; A: total abundance; B: 

total biomass; PO: peak of opportunists; E: ecotone point; TR: transition zone 
(Pearson and Rosenberg, 1978)

Another indicator of organic pollution is the organic carbon content 
in the sediment. Pearson and Rosenberg (1978) qualitatively explained 
the relationship between total organic carbon and species diversity. Total 
organic carbon content is correlated with benthic diversity and can be used 
as an indicator in benthic ecosystems (Hyland et al., 2005; Albayrak et al., 
2006; Kalantzi and Karakassis, 2006).

The main potential impact of aquaculture on biological diversity 
involves trophic change, but serious impact occurs locally within the few 
hundred meters of the impact area and ecosystem renewal can continue, 
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albeit slowly, when production ends. The invertebrate macro fauna under 
or around the cages is the most affected by the impact of the cultivation 
areas. The relative decrease or change in macro fauna are ecologically 
important, but extinction or broad impact on populations are not expected 
(Okumuş et al., 2004).

Carrying Capacity of the Production Field and Waste Spread

Cage fishing has important global, regional, and local environmental 
impact (Folke and Kautsky, 1989; Naylor et al., 2000; Folke and Kautsky, 
2021). Considering the disturbance of the sustainability of aquaculture 
activities due to the environmental issues caused by production areas, the 
determination of the Carrying (Assimilation) Capacity2 of the activity area 
is important.

(2) Carrying Capacity= [ 150 + 80 * (Fish Production Area - 1) * 
Distance to the Shore Coefficient *Depth Coefficient* F (Karakassis et al., 
2013)

Fish farm area: The area planned for fish production/ the area of fish 
production(hectare)

Distance to the shore coefficient: 4.2 (for production in gulfs and bays) 

Depth coefficient: 1.31 for 21-35 m; 2.76 for 36-50 m; 3.96 for areas 
deeper than 50 m

F=M / (G1+G2) * M / (L1+L2)

M: The narrowest openness of the bay to the sea

G1+G2: Sum of the topographic axes of the bay 

L1+L2: The distance of the two points of the axis (M) that determines 
the openness of the bay to the fish farm 

Not calculating the carrying capacity of production areas can 
cause serious disadvantages in the number of cage facilities, increase in 
production capacity, and other users of the area, leading to environmental 
issues. 

An environmental impact assessment is usually carried out to avoid the 
exceeding of the ecological carrying capacity by the planned production 
area (Aguilar-Manjarrez et al., 2017). In addition to the calculation of the 
assimilation capacity in production areas, cumulative impact assessment of 
the production areas should be performed (David et al., 2015). Within this 
scope, the impact area of all production areas should be determined with 
regard to their wastes (Chary et al., 2021). The most important effects of 
the fish farming activities using net cages in the seas are due to the non-
consumed feed by fish and the feces of fish after the consumption of feeds. 
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To determine the dispersion of these wastes in marine environments, the 
surface area, stool sedimentation rate, flow rate, and water depth should be 
considered.

The dispersion distance of the wastes in the production area is 
calculated using the equation3:

(3)  (Gowen et al., 1989).

 d= Dispersion distance

D= Water depth (average production area)

Cv= Flow rate

V= Sedimentation rate of excessive feed/stool 

Scientific studies have shown that stool sedimentation rate of fish 
greatly vary depending on the properties of feeds and marine properties 
but accepted to be 0.1-1 m/s (FAO, 2010).

Conclusion

Aquaculture has been rapidly growing in parallel with the technological 
developments worldwide. This rapid development has increased the 
number of production areas and production amount. Countries that still 
carry out water product cultivation tend to increase their production areas 
and production amounts. This is predicted to continue worldwide. Thus, 
the monitoring of the impact on areas where such production is carried out 
is inevitable. 

The waters used in production are important resources and their 
quality should be maintained for multivariate reasons. Efforts should be 
exerted to maintain the stability of the chemical compositions of waters 
that are critical for life. Natural waters have self-cleaning and buffering 
capacities for certain pollutants, but if the photosynthesis and respiration 
activities of living things are disrupted by anthropogenic factors, natural 
waters cannot self-clean, in other words, natural purification will no longer 
be possible. This negatively affects the vital functions of all living things 
and all fishing/aquaculture activities, starting with the smallest living thing 
in the aquatic ecosystem. It is of critical importance to maintain the stable 
state between photosynthesis and respiration, which are activities of living 
organisms in the aquatic environment. Efforts should be made to ensure 
that these processes are not disturbed by any anthropogenic factors and 
that the balance is sustainable. The temporary or random disturbance of 
the respiration and photosynthetic balance leads to various chemical and 
biological changes in the waters, which, in turn, can cause pollution. This 
means that the ecosystem can no longer maintain its old systematic process 
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and sustain continuity of life, leading to a process and result that negatively 
affect living organisms in the aquatic environment.

Within this scope, production areas should be managed within 
the framework of legislation with an ecosystem approach and control-
monitoring activities should be to carried out. The ecosystem approach 
can lead to the formation of independent criteria for different production 
areas. Monitoring the ecosystem criteria is needed for the sustainable 
development of aquaculture. The monitoring of the environmental impact 
of the production area is of importance both ecologically and managerially. 
Monitoring with an ecosystem approach will ensure the early detection 
of the potential effect of production on the environment and taking the 
necessary precautions.

The assessment of the production area is of utmost importance to 
determine the effect of aquaculture activities on the natural environment 
and living organisms in its impact area. The assessment and the following 
monitoring studies before the use of an area for cage fishing can offer 
useful information. 

Therefore, in the studies on the reduction of the environmental impact 
of the production areas:

-Ecological assessment of production areas,

-Determination of the physicochemical properties of the waters in 
production areas,

-Determination of different factors that can affect the ecological 
structure and water properties in the production area, 

-Determination of the ecosystem approach criteria of the production 
area, 

-Calculation of the maximum carrying capacity of the production area,

-Determination of the impact area of aquaculture,

-Determination of the impact of the cultivation activities during the 
production season with respect to certain criteria,

-Calculation of the cumulative impact of production areas in terms of 
based on certain criteria, 

-Ensuring modern aquaculture applications, and

-Determination of alternative areas in case of an ecological concern 
are needed.

The preservation of the quality of the waters in production areas is 
important in terms of both the environment and production continuity in 
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aquaculture. Thus, aquaculture management with an ecosystem approach 
oriented to the protection of the waters in the production areas is needed. 
The sustainability of aquaculture production, which is the food and animal 
protein source that is growingly needed in parallel with the increasing 
population worldwide, in hinged upon these principles. The use of 
aquaculture methods with an ecosystem approach in all production areas 
will provide both environmental monitoring and production continuity.
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1. INTRODUCTION    

The existence of mankind also started diseases. Traditional treatment 
methods against these diseases are matured by taking advantage of nature 
and past experiences. Traditional methods are also synthesized with 
cultural, religious and philosophical structures of societies (Arslan et al., 
2016). The last treatment applied in folk medicine is medication. Most 
of the folk medicines given in names such as “home remedies” and “old 
women medicines” are experimental practices that have come to the end 
of long experience. Folk medicine, which has a wide application area in 
Anatolia, is being used by means of rational and magical methods, usually 
by a very large population in rural areas (Şar, 2008).

Ethnobotanical studies on human-plant relationships in Turkey have 
benefited from the use of drugs or drug mixtures from wild plants in 
the nature or from cultivated species in the treatment of diseases more 
commonly in rural areas (Akbulut, 2015; Kalankan et al., 2015; Mükemre 
et al., 2015; Polat et al., 2015; Akbulut and Bayramoğlu, 2014; Akbulut and 
Özkan, 2014; Hayta et al., 2014; Akbulut and Bayramoğlu, 2013; Saraç et 
al., 2013; Çakılcıoğlu et al., 2010). The following factors can be listed 
among the reasons widely use of traditional remedies in Turkey consist 
of the high ratio of rural population working on agriculture and farming; 
transmission from generation to generation, and easy access and uses to 
these plants in rural areas (Şar, 1982). 

Recently, there has been an increase in demand for such plants. Some 
of them are being traded in domestic and foreign markets as raw or semi-
finished products under the name of non-wood forest product (Özkan and 
Akbulut, 2012).  It is said that the number of plants used for treatment 
purposes in Turkey is between 350 and 1000 (Özgen et al., 2004; Başer, 
2001; Koyuncu, 1990). This number is increasing with new studies and 
new plant uses are being determined (Akbulut and Karaköse, 2016). 

The use of organic products as much as in rural areas has also begun 
to take an important place in urban life. Especially when it comes to the 
last stage from the medical point of view and when it is not possible to 
return to medical treatment, mankind is looking for healing from natural 
products as a last hope. People from all segments of society are inclined 
to use traditional herbs in some way. Although these treatment systems are 
not evidence-based by some scientists, it is known that many people prefer 
these methods today. For this reason, in order to provide a more effective 
and reliable use of traditional treatment systems, it is important for the 
health professionals to have adequate and necessary knowledge in this area 
and to give importance to traditional medicine as well as modern medicine 
(Arslan et al., 2016).
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2. MATERIALS AND METHODS 

The material of the study includes plants that are used by the locals 
for medicinal purposes which were collected during the 2014 vegetation 
period. A total of 60 days of survey was done in this study. In the scope 
of the study, face-to-face surveys were conducted with the people living 
in Yusufeli city centre, Öğdem village, Altıparmak village, Erenköy, 
Köprügören village, Pancardağı highlands (Figure). 

Face-to-face interviews were made during the study to determine 
the plant species as a result of which the local names, parts used, usage 
objectives and usage types were determined for the plants that are used for 
ethnobotanical purposes in the region. The collected plant species were 
pressed, dried and recorded in the KATO herbarium. The study entitled 
“Flora of Turkey and the East Aegean Islands” (Davis, 1965-1985; Davis, 
1988; Güner et al., 2000) was used for the identification of plant species. 
The scientific names of plants were controlled according to List of Turkey 
Plants (Vascular Plants) (Güner et al., 2012).

  Figure. Location of study area (https://tr.wikipedia.org/wiki/Artvinin_ilceleri)

3. RESULTS AND DISCUSSIONS

As a result of study, in Yusufeli province and some villages, 26 plant 
species were used for medicinal purposes by local people. Rosaceae family 
with 6 taxa has become the most abundant family in the study area. This 
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family is followed by Polygonaceae, Lamiaceae, Euphorbiaceae and 
Asteracea. 

Adoxaceae

Plant species: Sambucus nigra L. 

Local name: Mürver

Plant part used: Leaves

Traditional uses: Painkiller

Preparation: Leaves are heated, used for painkiller (external use).

Location: Köprügören köyü

Amaranthaceae

Plant species: Beta vulgaris L. var. vulgaris

Local name: Pazı

Plant part used: Leaves, branches

Traditional uses: Rheumatism

Preparation: Leaves are heated, used for rheumatism (external use). 
Leaves and branches used for making meal. 

Location: Altıparmak köyü

Amaryllidaceae

Plant species: Galanthus woronowii Losinsk.

Local name: Kardelen

Plant part used: Tuber

Traditional uses: Antipyretic, Sedative

Preparation: Root tea (decoction) used for antipyretic, sedative. 

Location: Altıparmak köyü

Apiaceae

Plant species: Ferula orientalis L.

Local name: Çaşır

Plant part used: Fresh root

Traditional uses: Diabetes, stomach ache, intestinal parasitic, anaemia, 
orexigenic, wound healing 

Preparation: Eaten regularly for diabetes, stomach ache, intestinal 
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parasitic, anaemia, orexigenic. Root powder used for wound healing. 

Location: Öğdem köyü

Araliaceae

Plant species: Hedera helix L. f. helix

Local name: Sarmaşık

Plant part used: Flowers, leaves

Traditional uses: Blood stopper, making yeast

Preparation: Powder prepared from flowers, drink with water for 
blood stopper. Leaves used for making yeast. 

Location: Altıparmak köyü

Asteraceae

Plant species: Helichrysum armenium DC. subsp. armenium

Local name: Ölmez çiçek

Plant part used: Flowering branches

Traditional uses: Diuretic, Kidney stone 

Preparation: Dried flowers and branches (decoction) used for diuretic 
and kidney stone.

Location: Öğdem köyü

Plant species: Taraxacum buttleri Soest

Local name: Keklikotu

Plant part used: Root

Traditional uses: Somniferous, liver purifier, diabetes, immune system 
booster

Preparation: Root (decoction) drink one teacup for somniferous, liver 
purifier, diabetes, immune system booster.

Location: Erenköy

Buxaceae

Plant species: Buxus sempervirens L. subsp. sempervirens

Local name: Şimşir

Plant part used: Leaves, branch bark

Traditional uses: Antipyretic, constipation, diarrhea, liver diseases
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Preparation: Leaves (infusion) used for antipyretic, constipation, 
diarrhea, liver diseases. Leaves and branch bark (infusion) used for liver 
diseases. 

Location: Öğdem köyü

Crassulaceae

Plant species: Sedum pallidum M.Bieb.

Local name: Dam koruğu

Plant part used: Leaves

Traditional uses: Wound healing

Preparation: Leaves (salve) used for wound healing (external use). 

Location: Altıparmak köyü

Euphorbiaceae

Plant species: Euphorbia sp. (Zehirli)

Local name: Sütleğen

Plant part used: Latex, seed

Traditional uses: Malaria, jaundice, wart, fungal, wound healing

Preparation: Oil from milk and seeds used for malaria, jaundice, wart, 
fungal, wound healing.

Location: Altıparmak köyü

Plant species: Mercurialis annua L.

Local name: Yer fesleğeni

Plant part used: Flowers, leaves

Traditional uses: Uterine swelling

Preparation: Leaf and flower are boiled and steamed for uterine 
swelling. 

Location: Altıparmak köyü

Fabaceae

Plant species: Trifolium pratense L. var. pratense

Local name: Üçgül

Plant part used: Aerial parts

Traditional uses: Against poisoning, diuretic, anti-vomiting
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Preparation: Aerial parts (decoction) drink for poisoning. Used for 
diuretic, anti-vomiting.

Location: Öğdem köyü

Lamiaceae

Plant species: Mentha longifolia (L.) L. subsp. longifolia

Local name: Eşek nanesi

Plant part used: Leaves

Traditional uses: Heart and stomach strengthening, cholesterol 
stabilizer

Preparation: Leaves (infusion) drink one teacup three times a day for 
heart and stomach strengthening. Leaves (infusion) drink one teacup three 
times a day for cholesterol stabilizer. 

Location: Öğdem köyü

Plant species: Thymus praecox Opiz subsp. caucasicus (Willd. ex 
Ronniger) Jalas

Local name: Adi kekik

Plant part used: Leaves, flowers, branches

Traditional uses: Inflammatory wound healing, acne treatment, oral 
health

Preparation: Aerial parts (infusion) drink one teacup two times a day 
for inflammatory wound healing, acne treatment. Infusion with leaves 
(mouthwash) for oral health. 

Location: Erenköy

Malvaceae

Plant species: Malva sylvestris L.

Local name: Ebeci

Plant part used: Leaves

Traditional uses: Cough, antipyretic, sedative, lose weight

Preparation: Waited leaves in water one night used for cough, 
antipyretic (external use). Leaves (infusion) used for sedative, lose weight. 

Location: Erenköy

Pinaceae

Plant species: Picea orientalis (L.) Peterm.
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Local name: Doğu ladini

Plant part used: Resin (Pis)

Traditional uses: Abscess, stomach diseases, inflammatory wound 
healing

Preparation: External use for abscess and inflammatory wound 
healing, chewed for stomach diseases.

Location: Öğdem köyü

Plantaginaceae

Plant species: Plantago major L. subsp. major

Local name: Siğlen

Plant part used: Leaves

Traditional uses: Abscess, hematischesis

Preparation: Leaves are softened in hot water, used abscess and 
hematischesis (external use).

Location: Köprügören köyü

Polygonaceae

Plant species: Polygonum bistorta L. subsp. carneum (K.Koch) Coode 
& Cullen

Local name: Kurtpençesi

Plant part used: Whole plant

Traditional uses: Diuretic, diarrhea, mumps disease

Preparation: Dried whole plant (infusion) for diuretic and diarrhea. 
Leaves and flowers (salve) used mumps disease.

Location: Altıparmak köyü

Plant species: Rumex acetosella L.

Local name: Sitibiga

Plant part used: Leaves, root

Traditional uses: Gum bleeding, antipyretic

Preparation: Leaves eaten fresh for gum bleeding. Roots (decoction) 
used for antipyretic.

Location: Öğdem köyü
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Rosaceae

Plant species: Alchemilla sp.

Local name: Aslanpençesi

Plant part used: Leaves, branches

Traditional uses: Diabetes, myolysis, oedema

Preparation: Leaves and branches (decoction) used for diabetes. 
Leaves used for making salads. 

Location: Altıparmak köyü

Plant species: Fragaria vesca L.

Local name: Yabani çilek, çilek otu

Plant part used: Fruits, leaves, seeds

Traditional uses: lose swelling, oral health, jaundice

Preparation: Fruits used for making jam. Leaves (infusion) used for 
losing swelling. Infusion with leaves (mouthwash) for oral health. Seeds 
(decoction) used for jaundice (oral administration). 

Location: Öğdem köyü

Plant species: Potentilla erecta (L.) Räusch

Local name: Beşparmak otu

Plant part used: Whole plant

Traditional uses: Tooth ache, skin beauty, constipation

Preparation: Root can be chewed for toothache. Flowers (decoction) 
used for skin beauty. Flowering branches and leaves (decoction) used for 
constipation (oral administration). 

Location: Köprügören köyü

Plant species: Rosa canina L.

Local name: Kuşburnu

Plant part used: Fruits, leaves

Traditional uses: Colds, rheumatism, skin beauty

Preparation: Tea (infusion) prepared from fruits is used in colds. Dried 
leaves (decoction) used for skin beauty and rheumatism (external use).

Location: Erenköy
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Plant species: Rubus canescens DC. var. glabratus (Godr.) Davis & 
Meikle

Local name: Böğürtlen

Plant part used: Root, leaves, fruits

Traditional uses: Kidney sand and stone, oral health, tonsillitis 

Preparation: Fruits used for making jam. Decoction with root for kidney 
sand and stone [oral administration], decoction with leaves (mouthwash) 
for oral health and tonsillitis.  

Location: Altıparmak köyü

Plant species: Sorbus aucuparia L.

Local name: Çirkat

Plant part used: Fruits, leaves

Traditional uses: Diabetes

Preparation: The fruit used for making syrup and jam. Poisonous plant 
(if used overdose). Leaves used for making tea.

Location: Erenköy

Urticaceae

Plant species: Urtica dioica L. subsp. dioica

Local name: Cimcar

Plant part used: Leaves

Traditional uses: Milk enhancer, immune system booster

Preparation: The leaves are dried and boiled, oral administration. Used 
for making meal. 

Location: Öğdem köyü

Local people in the Yusufeli region were recorded to use the leaves 
(17 of use reports), root and branch (5 of use reports), fruit and flower (4 of 
use-reports), whole plant and seed (2 of use reports). In addition to these, 
the using areal parts, resin, latex and bark have also been added to the used 
plant parts. 

In this study, it was determined that the main disease groups were 
beneficial for skin diseases, digestive system diseases, urinary tract diseases 
and oral health treatment. It was found that the plants were mostly used 
to diabetes, antipyretic, stomach ache, wound healing, diuretic, abscess, 
blood stopper, constipation, rheumatism, skin beauty and sedative. 
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The main preparation methods of these plant species used for healing 
are the decoction method, followed by the infusion method. In addition, 
plants are consumed fresh, dust, mash, oil, plant parts also available in the 
form of heating. In order to achieve healing from plant species, the most 
commonly used route is oral administration preferred.
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1. INTRODUCTION

Wheat is the most cultivated crop both in the world and in our country. 
Wheat cultivation and yield values may vary depending on climate, 
cultivation methods, and market conditions. Wheat belongs to the genus 
of wheat of the family Gramineae (Triticum). Wheat, which is rich in 
species and subspecies concentrate, are grouped into three classes: diploid, 
tetraploid, and hexaploid groups, considering its genome structure and 
chromosome number. The genomic structures and chromosome numbers 
of these groups and the Latin and Turkish names of some groups: 1-diploid, 
(AA 2n = 14) 2-tetraploid, (AABB 2n = 28) 3-hexaploid, and (AABBDD) 
2n = 42).

2. WHEAT CULTIVATION

2.1. Usage Areas of Wheat

The grain and stem parts of the wheat plant, which were first cultivated 
and used for human consumption for thousands of years, can be used in 
many ways. According to data in Turkey in 2017, an average of 2806 kg/ha 
of wheat produced in our country plays a crucial role in the daily diet. The 
most common of the wheat classes produced is bread. (Anonymous, 2019).

Durum wheat is widely used in the pasta, bulgur, and semolina 
industries. Still, bread wheat is used in the flour industry, bakery, biscuits, 
shortbread, other bakery products, starch, dextrin, and glucose. Durum 
wheat is generally harder, vitreous, amber in color, larger than different 
types, and has higher protein content.

Grain protein ratio, grain color, and hardness are essential features in 
the use of wheat for various purposes. The protein ratio in wheat can vary 
between 8-17% depending on genetic traits, environmental conditions, and 
breeding techniques. Wheat with at least 12% protein content is used in the 
pasta, semolina, and bulgur industries, while wheat with a 10-12% protein 
content is used to manufacture bread with less than 10% protein content. 
They were used in the manufacture of biscuits and other bakery wares or 
as feed.

Durum and dark wheat usually contain more protein. However, durum 
wheat requires a longer grinding time and more grinding energy, and a 
large amount of damaged starch is formed during grinding. Gluten, which 
gives the dough elasticity and swelling, makes up about 78-85% of the 
total protein, and wheat is evaluated for these properties in bread or pasta 
production (Pena, 2002). Even if durum wheat gluten is grown under the 
same conditions, it is not as strong as bread wheat. In addition, durum 
wheat dough has lower properties than quality bread wheat, and the ash 
content in the endosperm is higher (Özkay and Özkaya, 1993).
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Wheat grain is widely used in industry and human and animal nutrition, 
but its straw is used to feed livestock and bedding. In addition, the handles 
are used in the paper and construction industries and the manufacture of 
handicrafts and decorations.

2.2. Adaptation of Wheat

2.2.1 Climate Demands

Climatic conditions play a crucial role in adapting the variety to the 
area. Wheat is generally grown successfully in temperate and cold regions. 
Its cultivation areas are problematic are very humid and hot tropical areas 
parallel between 20 ° north and 27 ° south on both sides of the equator. 
In these areas, fungal diseases caused by high temperature and humidity 
make wheat cultivation impossible.

For wheat seeds to germinate, they must take at least 35-45% of 
their weight in water. Germination can occur between 4 ℃ and 37 ℃. 
The optimum germination temperature of wheat is 12-25 ℃. Cooling 
(vernalization) and daily light variation (light cycle) are the main factors 
adapting wheat to different regions.

Vernalization is the desire of some plant genotypes to remain at a 
specific low temperature for a certain period to move from the vegetative 
period to the generative period. Although the cooling process in wheat 
usually takes place between 0 and 12 ° C, it can vary between 5 and 15 
days at 7 to 18 ° C for summer genotypes and between 30 and 60 days at 0 
to 7 ° C winter. genotypes (Acevedo et al., 2002).

2.2.2 Soil Demands

Wheat can be grown on different soil types due to its many species 
and species richness. However, the demand for wheat soil is considered 
to be higher than for some cereals. Heavy mil clay soils are good wheat 
soils, provided they are free of lime. The presence of clay, clay, and organic 
matter in the soil is necessary to maintain the capacity of the soil in water. 
In successful wheat cultivation, soil clay and humus are essential in places 
where drought is increasing. In heavy clay soils, lime is more critical than 
humus. Blomeyer noted that calcareous, silty, clayey, and humus soils are 
first-class wheat soils (Gökgöl, 1969).

Two issues need to be considered when looking at the demand for 
wheat soil. The first is the nutrient state of the soil plants, and the second 
is the moisture state. In addition, the reaction of the soil (soil pH), which 
directly or indirectly affects soil fertility, such as the availability of plant 
nutrients in the soil, soil water uptake, and soil organisms, is also vital in 
wheat cultivation.
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Wheat does not like the acidity of the soil too much. Because soil pH 
affects the solubility of ions, some ions (such as aluminum, manganese) 
may dissolve and cause toxic effects. In contrast, some ions (such as 
phosphate) may dissolve less and cause deficiency symptoms. Soils with a 
pH of 5.5 to 7.5 are generally suitable for growing wheat.

Depending on the variety, soil structure, and growing conditions in 
the area, the wheat yield will fall if the pH drops below 6. Therefore, when 
the pH drops below 5.5, it is recommended to apply lime (limestone or 
calcium carbonate, magnesium carbonate, etc.) homogeneously to the soil 
and mix 10- To a depth of 15 cm. 

One of the soil properties that affect plant growth and development is 
salinity. The electrical conductivity value (EC) of typical soils is less than 
4.0 dS / m. The wheat plant, which is moderately resistant to salinity, is 
much more sensitive to salinity between germination and young seedlings 
than in other periods. During these times, if the salinity is at least 4.5 dS / 
m in the upper parts of the soil, the number of plants per unit area decreases 
when young wheat plants are damaged. When the salinity increased to 8.8 
dS / m, it was found that the presence of plants was reduced by 50%. 
Salinity adversely affects vegetative development in addition to wheat 
harvest but can increase protein. Durum wheat is generally more sensitive 
to salinity than bread, and the cut-off values for which yields are reduced 
are 5.9 dS / m for durum wheat and 8.6 dS / m for bread (Francois et al., 
1986).

2.3. The Culture of Wheat

2.3.1 Crop Rotation

One of the methods widely used in wheat cultivation in many countries 
is wheat oilseed rape. When wheat is planted on the same field for several 
years, root rot and cervical diseases, as well as pests such as thrips (Zabrus 
tenebroides), wheat flies (Mayetiola destructor), bees (Cephus pygmaeus 
L.), and harvesting moth (Oria musculosa), increase significantly. 

In addition, by planting different types and varieties of cereals on 
the same field in succession, the product will increase the mixture if 
field cleaning is not taken care of. Because oilseeds, such as sunflower 
and canola, remove large amounts of nutrients from the soil, the need for 
wheat fertilizer also increases after these crops. In addition, alfalfa (20-27 
kg N / da), vetch (10-13 kg N / da), beans and peanuts (5-10 kg N / da), 
soybeans (6-12 kg N / da), which are legumes and peas (5-8 kg N / da) bind 
a significant amount of nitrogen (N) to the soil to be planted (Akçin, 1988; 
Gökgöl, 1969) when calculating the amount of nitrogen.
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2.3.2 Tillage

Soil cultivation can occur at three different times than the autumn, 
spring, and summer periods in dry agricultural areas where the set-aside 
system is used. The field surface should be covered with plant residues 
as much as possible, especially in sloping and erosive regions, to protect 
it from the risk of erosion and preserve rainwater. In studies on this topic, 
if autumn tillage with a plow is unnecessary, but if a hard layer called 
“floor stone” or “plow floor” has formed underground, the hard layer 
should break, and the soil surface should be removed by pulling the 
bottom excavator in the fall. In the spring, when weeds begin to develop, 
and the soil is in a temperate state, the weeds are destroyed with tools 
such as crowbars that work without disturbing the soil, depending on the 
condition of the soil. To save water in the soil, summer treatment must 
be continued with a crowbar and similar tools according to the grazing of 
the field or the formation of a layer of cream in the following times of the 
soil (Pehlivantürk et al., 1977).

2.3.3 Planting

No matter how high quality the variety is genetic, low yields and poor 
quality products are obtained if it is not grown in a proper ecology and the 
necessary conditions are not met.

For plant development to be desired, wheat germination and 
germination must be completed before the soil temperature at planting 
depth drops to 5-8 ° C.

As the completion of plant development in late sowing shifts to 
a hotter and drier period, the protein and moisture content of the grain 
increases while the flour yield decreases (Alessi et al., 1979), but the grain 
yield decreases. A study of durum wheat under Konya conditions found 
that although the cereal protein percentage increased by 12% in summer 
planting than winter crops, the yield loss was 78% (Yıldız and Topal, 2002).

Several seeds to be used: Seed values, varietal characteristics, sowing 
time, growing conditions, and ecological factors effectively determine the 
number of seeds to be planted per unit area. It is noted that although the 
maximum yield is obtained from a small amount of seed under limited 
environmental conditions, high plant density is more appropriate when 
factors such as humidity, temperature, and nutrients are appropriate. Still, 
higher seed use requires better cultivation techniques (Roth et al., 1984).

Sowing depth: The most critical factor in determining the planting 
depth of wheat is soil moisture. If there is enough moisture in the soil to 
germinate and germinate the seeds, a depth of 2-4 cm is sufficient (outdoor 
sowing), while under normal conditions, the optimal sowing depth is 4-6 
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cm. Planting deeper than 8 cm negatively affects plant emergence. (Torres 
and Paulsen, 1982).

Sowing method: In a study in dry conditions in Konya, a yield of 289 
kg/da was obtained when seeds and fertilizers were applied to the same 
belt, while fertilizer and seeds were used to separate belts in a yield of 
303 kg/da. (Sade et al., 1995). Especially in dry and semi-dry areas, it has 
been found that it is more appropriate to use pressure drills that can sow 
deep in an arc shape, and because the seeds are in good contact with the 
soil, pressure drills offer 25% more efficiency than other seed drills (Kün, 
1988).

When applied to the soil, ammonium nitrate (AN), one of the nitrogen 
fertilizers, can melt even at very low humidity and immediately become 
suitable for plants because AN fertilizer has more solubility than urea and 
ammonium sulfate. Because of this property, the nitrogen needs of plants 
can be met with this fertilizer even in years when there is little rainfall in 
dry areas, and in cases where there is a lot of rain, it is washed quickly 
from the soil. Under unfavorable conditions, the N losses of urea can be 
greater than the losses of AS. Therefore, urea should be applied to a depth 
of 10–14 cm from the soil or mixed into the soil immediately after surface 
application (Topbaş, 1987).

For plants to benefit more from the nitrogen used, we need to give 
importance to alternation to increase the efficiency of wheat nitrogen use. 
Studies on this topic have revealed that wheat nitrogen utilization efficiency 
in legumes and wheat alternation is much higher than wheat-set-aside or 
wheat-wheat alternation. Applications such as the choice of fertilizers 
suitable for climatic and soil conditions, the use of slow-release NH4 
fertilizers, the breeding of high nitrogen-efficient varieties, the application 
period, and the use of leaf nitrogen, including fodder crops for irrigation 
and cultivation Johnson increase wheat nitrogen efficiency 85%, 1999).

Phosphorus (P) Application: Phosphorus is one of the elements that 
a wheat plant grows as desired. Phosphorus deficiency leads to growth 
retardation, root weakening, stem thinning, and delayed leaf maturation. 
An important symptom of phosphorus deficiency is the reddish or purple 
color of the leaf coat in some varieties (Akkaya, 1994).

Potassium (K) application: Potassium is one of the most important 
factors for yield and quality and the normal development of wheat plants. 
The plant’s need for potassium is lower than nitrogen and phosphorus. In 
the absence of potassium, plants cannot benefit adequately from water 
and other substances, plant tolerance decreases, resistance to diseases, 
and pests decrease. Potassium deficiency is also reminiscent of drought 
symptoms (Anderson and Garlinge, 2000).
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Other nutrients: As a result of low organic matter content, unconscious 
fertilization, and lack of water in highly reactive soils in addition to high 
lime and clay, trace element deficiencies are found to be very common in 
crops in our soil, especially in Central Anatolia. In addition, as there may be 
significant problems with the excess and deficiency of these elements, soil 
analysis results must be considered when fertilizing with micronutrients.

3. QUALITY PARAMETERS OF WHEAT

3.1. Earing Period

It was found that the variation between varieties in the number of 
peak days was quite considerable (145–160 days), and this variation was 
statistically significant. It has been reported that genotypes with an early 
number of spike days have a long grain filling time and an increase in the 
number of nutrients going into the grain (Bilgin and Korkut 2005).

3.2. Plant Height, Lean Rate, Ear Length

As with many plant species, lying is an undesirable property in 
wheat. Especially in areas where there is heavy rainfall, sleeping can 
cause significant crop losses. The rate of crop loss varies depending on the 
variety. It should not be forgotten that the lying situation is primarily due 
to the relationship between ear weight and stem thickness and plant height 
characteristics (Kün, 1983).

3.4. Hectoliter Weight, Thousand Grain Weight, Humidity Rate

Varieties weighing more than 82 kg per hectolitre are very good 
(Dipenbrock et al., 2005).

The weight of a thousand grains is one of the most important 
characteristics that affect the grain yield.

Properties such as harvesting time, growth, and storage conditions 
affect the moisture content of wheat grains (Elgün et al., 1998). The 
moisture content of wheat grains is essential for storage and grinding. 
Excess moisture in the wheat reduces the dry matter content, increases 
the activity of bacteria and fungi, and makes storage more complex as it 
promotes germination

3.5. Gluten Amount, Gluten Index Value

The amount of gluten is the most critical parameter used to determine 
the quality of the flour. During kneading of the dough, the gluten proteins 
that form the network ensure that the carbon dioxide created by the yeast is 
retained and the dough rises. It has been found that this proportion is more 
than 35% in wheat with a high gluten value, between 28-35% in wheat with 
good characteristics, between 20-27% in wheat of average quality, and less 
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than 20% in wheat with poor quality. quality. (Ünal, 2007). 2003). The 
gluten index value should be between 60-90 bread flours. Bread cannot be 
made from flour with a gluten index below 40 (Ünal, 2003).

4. SENSORS THAT CAN BE USED FOR IMPROVEMENT OF 
QUALITY

4.1. Chlorophyllometer Minolta SPAD meter 502

The chlorophyll meter is a lightweight hand-held device powered by 
two batteries (Figure 4.1). It is operated from the unlock button on the 
device, the first display is in “CAL” format, the latches are pressed for 2-3 
seconds when empty, and the device calibrates itself and waits for the “0” 
position to read.

Figure 4.1 Minolta chlorophyll meter 502

4.1.1 Nitrogen fertilizer recommendation method with chlorophyll 
meter in wheat

The method described below; was obtained due to the TÜBİTAK-
supported project “Study on the effect of seasonal nitrogen fertilizer 
management systems on bread wheat yield and quality under Eskişehir 
conditions.”

Creating a rich ribbon; Fertilizer containing only nitrogen at a rate 
of 12 kg N / da in dry conditions and 17 kg N / da in irrigated conditions, 
excluding basic fertilizer, in the middle of the field and a longitudinal area 
5-10 m wide before planting on the field in which the wheat is planted; 
Ammonium nitrate (AN), ammonium sulfate (AS), urea, etc. It is applied 
with a fertilizer machine. The purpose of this application; When nitrogen 
fertilizer is recommended in early spring, it must create an area with no 
nitrogen deficiency. This area is called the Rich Band, and the site is 
marked with stakes. The rake is pulled parallel to the rich belt across the 
field, and the rich belt fertilizer is mixed into the soil. The field barked and 
intended for planting (including a rich strip) is given with seed and the 
basic fertilizer with a drill.
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Spring nitrogen fertilization; In the spring, we go to the field just 
before the wheat rooting period (Figure 4.2). In 20-50 plants, randomly 
selected according to the size of the application area and the areas believed 
to represent best the field, the last leaf at the end of its maturation (this is 
usually the second leaf from the top) Three leaf readings are made, namely 
the tip, middle and lower part. The device memory is limited to 30 readings, 
and every 30 readings should be centered and taken into account. Sick or 
damaged leaves or plants should not be selected as samples for reading; the 
leaves should not be wet.

Figure 4.2 Beginning of stem extension period in wheat.

NSPAD (normalized SPAD); It is the ratio of the SPAD readings of 
the farmer’s application to the SPAD readings of the plants read from the 
affluent area in the same field (NSPAD = SPAD (ÇU) / SPAD (ZB)). The 
program calculates the NSPAD value automatically. These programs run 
between 0.86 and 0.95 NSPAD values. According to NSPAD values, the 
recommended nitrogen amounts are computed by selecting the appropriate 
Excel file for irrigated or non-irrigated conditions.

The Rich Band SPAD value, the Farmer Application SPAD value, and 
the nitrogen percentage of the fertilizer to be applied read from the data form 
created in Excel, as explained above, are entered in the relevant sections. 
Once the relevant information has been entered, the system automatically 
provides the amount of nitrogen fertilizer to the field in the spring.

4.1.2 Late nitrogen fertilizer application with chlorophyll meter 
in wheat

The method described below; was obtained due to the TÜBİTAK-
supported project “Study on the effect of seasonal nitrogen fertilizer 
management systems on bread wheat yield and quality under Eskişehir 
conditions.” The aim is to determine the critical thresholds at which cereal 
protein ratios can be increased with nitrogen fertilizer by increasing the 
nitrogen nutritional status of the plant by chlorophyll-meter measurements 
during head conditions in Central Anatolia. In other words, when using the 
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method described below, it is determined whether it is necessary to add 
nitrogen fertilizers at a later stage to improve the quality and protein of 
the wheat. The method for forming the rich zone, the recommended spring 
nitrogen fertilizer, and the measurement method with a chlorophyll meter 
are the same. The measurements are made this time during the grain-filling 
period.

Determining the need for nitrogen fertilizer with a chlorophyll meter; 
For late nitrogen, go to the field at the beginning of the primary cycle 
and read the flag sheets with the chlorophylometer in the rich lane at the 
sowing time write them down (SPAD Rich tape). Again, with a chlorophyll 
meter, the readings are taken from the farmer application, and the SPAD 
values   are recorded (SPAD Farmer Application). Based on these readings, 
NSPAD (Normalized SPAD); The SPAD readings of the farmer application 
are calculated as the reading of the SPAD readings of the crop read from 
the rich band in the same field, i.e., NSPAD = SPAD (ÇU) / SPAD (ZB). It 
is understood that this critical threshold can be used under both conditions 
because in experiments with two varieties under dry conditions, an average 
crucial threshold of 0.95 was found in 0.95 experiments with one variety 
under wet conditions. If the calculated NSPAD value is less than the critical 
threshold of 0.95, increase the cereal protein ratio; Under dry conditions, 
nitrogen is applied as a 4% urea solution by spraying. For example; To 
prepare a 4% urea solution with a sprayer with a water volume of 300 
liters, dissolve 300 liters of water x 0.04 = 12 kg of urea by calculating 4 
kg of urea in 100 liters of water. 300 liters. It should be applied as a urea 
solution at the beginning of the peak season using a fertilizer tank installed 
in the irrigation system in wet conditions.

4.2. Optical Sensor (GreenSeeker)

Its portable weight is 5.5 kilograms. (Fig. 4.3). Its weight with 
accessories is 17 kg. Its dimensions are 355 x 355 x 1295 mm.

Figure 4.3 GreenSeeker
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4.3. Spring Nitrogen Fertilizer Recommendation Method with 
Optical Sensor in Wheat

The method described below; was obtained due to the TÜBİTAK-
supported project “Study on the effect of seasonal nitrogen fertilizer 
management systems on bread wheat yield and quality under Eskişehir 
conditions.” Fertilizer recommendation with the optical sensor; forming 
the rich zone is the same as the chlorophyll meter. When it is ready to 
read, a rich strip is reached, and the optical eye of the device is kept at a 
90-degree angle to the ground parallel to the ground and held at the height 
of 80 cm from the vegetation. To avoid the edge effect, stop reading by 
walking at a constant speed of 2 to 3 meters inside and in the center of the 
tape, holding down the green button on the hand panel and releasing the 
green button when the end of reading is reached. In this way, the NDVI 
Rich band value is obtained. The exact process is repeated on both sides 
in the Farmer App to obtain NDVI Farmer Practice values. Because the 
device has its light source, it is not affected by sunlight, it can be read at 
any time of the day, but the magazines should not be wet while reading. 
A small computer works with a rechargeable battery; when it is connected 
to the device, it changes continuously, so it is not a question of running 
out of charge. The date of October is recorded, and the days when the 
average daily temperature is above + 4˚C from this date are obtained from 
the weather data, and the total number of these days is called the growth 
rate days (BDG).

Spring nitrogen fertilization; In the spring, we visit the field and 
determine the development period of the wheat. Development time; If the 
plants have four siblings, Zadoks 2.4 and Zadoks 3.0, at the beginning of 
the onset period (Zadoks et al., 1974). The vegetation index (NDVI) is 
measured and recorded (NDVI Rich line) in the rich zone with the sowing 
time marked on the spring fertilizer as described below with an optical 
sensor; readings are taken from the farmer’s application fields to the right 
and left of the optical sensor and NDVI values   rich band. (NDVI Farmer 
App). The appropriate Excel file is selected according to the irrigation 
of the field or the period of irrigation and plant development. The NDVI 
values   for the stored Rich Band and Farmer Application are entered. Enter 
the number of growth rate days from October to the reading day. The target 
protein percentage is entered. Enter the percentage of pure nitrogen in the 
fertilizer used.

Once the relevant data has been entered, the system automatically 
gives the amount of nitrogen fertilizer applied to the field in the spring.
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5. CONCLUSION

The aim is to explore ways to minimize the economic losses caused 
by nitrogen losses, a big problem in our country and the world. The 
application of a quarter of nitrogen to 40 cm early in the spring during 
the set-aside period was positive because it produced similar yields and 
higher nitrogen utilization efficiencies than in a typical farmer application. 
A 4% urea solution at the beginning of the grain-filling period increased 
the grain protein and other quality characteristics. Nitrogen application 
during leaf grain filling can be easily applied under irrigated conditions. In 
dry conditions, there may be a mechanization problem. Still, this solution 
can be used without incurring additional mechanization costs during the 
method in recent years to combat sun pests and yellow rust. Applying 
premiums based on analyzes and quality products in our country has 
made these methods even more critical in recent years. It facilitates their 
introduction and dissemination among manufacturers.
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INTRODUCTION

Over the past few years, the valorization of lignocellulosic wastes due 
to important consideration of worldwide economical and environmental 
pollution issues has received significant attention. Lignocellulosic waste 
is renewable, cheap, and abundant, and provides an incomparable natural 
source for cost-effective and large-scale high value-added products (Anwar 
et al. 2014).

Fruit orchards in the World covered 65 293 377 ha in 2019 (FAO, 
2021). Pruning is a significant biennial operation by farmers to remove old 
branches and thus renew the tree (García Martín et al. 2020). The pruning 
process results in the production of large quantities of lignocellulosic 
residues (Romero-García et al. 2016). These residues are usually 
considered wastes, not resources (Spinelli and Picchi, 2010). In general, 
pruning residues are ground and ploughed into the soil. In addition, they 
are burned in the orchards. These operations not only mineralize the soil 
but also increase the risks of pest outbreaks and fire accidents (García 
Martín et al. 2020). Also, the open burning of pruning residues contributes 
to atmospheric pollution (Proto et al. 2021). 

The annual global paper production in 2020 was 402 million 
metric tons (FAO, 2021). Paper is commonly produced using natural 
lignocellulosic fibrous materials through mechanical or chemical processes 
or a combination of both (Jahan et al. 2020). Only 8% of global paper 
production is carried out with lignocellulosic residues. 92% of world 
production depends on wood (softwood or hardwood). Many countries 
without forests have to use lignocellulosic residues as raw materials for 
paper production. However, there is a tendency in forest-rich countries 
to use lignocellulosic residues, if available, to reduce deforestation. The 
percentage of use of lignocellulosic residues for paper production is 
expected to increase gradually (Fahmy et al. 2017).

Nearly all fibrous materials are appropriate to produce most paper 
grades (Ciolacu, 2013). However, wood fibers are generally preferred. The 
main wood groups used in papermaking can be classified into hardwoods 
and softwoods (Johansson, 2011). The term fiber refers to any type of wood 
cell retaining in the pulp. Most of these cells are tracheids in softwoods. The 
cells in hardwoods are libriform fibers, fiber tracheids, tracheids, and vessel 
elements. The type of fiber to be used in paper production depends on the 
specific requirements of the final product to be made from pulp. Hardwood 
fibers are shorter and thinner than softwood fibers, while softwood fibers 
are long and strong. Softwood fibers are preferred in the production of 
strong kraft paper, and hardwood fibers are preferred in the production of 
high-quality writing paper. (Panshin and De Zeeuw, 1980). Many grades of 
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paper are produced by blending both softwood fibers and hardwood fibers 
to meet demands on both print surface and strength (Johansson, 2011). 
Therefore, it is essential to know the papermaking properties of fibrous 
raw materials in order to determine the optimum blending ratio of pulps 
(Ciolacu, 2013).

Fiber morphology includes fiber length (L), fiber width (D), lumen 
width (d), cell wall thickness (w). In addition, morphological factors such 
as slenderness ratio (L/D), flexibility ratio ((d/D) x 100), and Runkel ratio 
(2w/d) are derived from fiber dimensions. These morphological factors are 
important in predicting the pulp quality of the fiber (Dinwoodie, 1965). 
Fiber dimensions significantly vary between wood species, within annual 
growth rings, in vertical and horizontal positions within the stem. They are 
also affected by the growth condition (Paavilainen 2002). 

Fiber morphology has a dominant effect on pulp quality (Annergren, 
1999).  Fiber morphology affects the consolidation and formation of the 
paper structure in the course of the papermaking process and is liable to 
the features of the final product (Ciolacu, 2013). The fiber morphology 
affects paper machine performance, the optical and strength properties of 
the paper, water retention and swelling of fibers, and response to beating 
(Casey, 1960).

Fiber length is one of the important fiber properties related to the 
strength properties of paper. The bonding sites depend on the fiber length. 
Therefore, the paper strength of hardwood fibers is lower than that of 
softwoods with longer fibers due to their shorter fibers (Dinwoodie, 1965). 
Fiber flexibility depends on cell wall thickness and lumen width of fibers. 
They affect thickness affect the stiffness and strength properties of the 
paper (Panshin and De Zeeuw, 1980). Fibers having a large lumen and thin 
walls are inclined to flatten to ribbons in the course of papermaking with 
increased inter-fiber bonding. Thus, paper with good strength properties 
is obtained (Dinwoodie, 1965). Thick-walled fibers negatively correlated 
with the folding endurance, tensile and burst index of paper, and positively 
correlated with the tear index. In addition, the paper formed from thick-
walled fibers has high bulk, a rough surface, and a large amount of void 
volume. On the contrary, thin-walled fibers create a uniform, smoother, 
and denser paper structure (Gülsoy and Şimşir, 2018).

The strength properties of the papers are positively correlated with the 
slenderness ratio of fibers (Ates et al. 2008). A slenderness ratio greater 
than 33 means that fibrous material is suitable for papermaking (Xu et 
al., 2006). It is desirable that the slenderness ratio is between 40-60 in 
hardwoods and 70-90 in softwoods. Flexibility ratio (lumen to fiber width) 
of fibers classified as very rigid fibers (<30), elastic fibers (50-70), rigid 
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fibers (30-50), and highly elastic fibers (>75) (Akgül and Tozluoğlu, 2009). 
A Runkel ratio greater than 1 means that lignocellulosic raw material forms 
stiffer, less flexible, and bulkier paper with the lower bonded area (Ashori 
and Nourbakhsh, 2009). 

Many researchers have been studied the suitability of papermaking as 
alternative raw material. The utilization of orange (González et al., 2011, 
2013; Moral et al. 2016; Aguado et al. 2016), olive (Jiménez et al. 2000; 
López et al. 2001; Requejo et al., 2012a,b), pomegranate (Gülsoy et al., 
2015), kiwi (Gençer, 2015), white mulberry (Gençer et al., 2013), hazelnut 
(Gençer and Özgül, 2016), cherry (Gençer and Gül Türkmen, 2016; Song 
et al. 2017), lemon (Khider et al. 2021), mulberry (Walia and Gupta, 2015; 
Ji et al. 2018), and avocado (Vargas et al. 2006; Altunışık Bülbül and 
Gençer, 2021) in the paper production was previously evaluated. 

Many studies have been reported on the fiber morphology of stem 
wood and pruning residues of fruit trees. This chapter reviews the literature 
on the fiber morphology of stem or pruning residues from 26 fruit trees.

FIBER MORPHOLOGY OF SOME FRUIT TREES 

The fiber morphology of fruit trees is given in the tables below (Table 
2-27). As can be seen in the tables, the fiber morphology of fruit trees 
resembles other hardwoods such as beech, hornbeam, maple, poplar, and 
oak (Table 1). Although the fiber morphology of olive, fig, and cherry 
has been extensively studied, the fiber morphology of other species has 
received less attention.

Table 1: Fiber morphology of some hardwood species.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Fagus 
orientalis 
(sapwood)

1.16 0.60 20.20 5.70 7.70 57.43 28.22 2.70 Gülsoy et al. 
(2021)

Quercus 
robur 1.17 0.49 20.50 - 5.50 - - - Gülsoy et al. 

(2005)

Acer 
campastre 0.58 0.32 25.00 16.30 4.40 - - -

Eroğlu and 
Gülsoy 
(2008)

Carpinus 
betulus 1.24 0.71 22.10 11.00 5.10 - - -

Eroğlu and 
Gülsoy 
(2008)

Populous 
tremula 1.10 - 23.90 11.40 6.30 46.0 47.7 1.10 Gulsoy and 

Tufek (2013)
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FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen 
width, FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, 
RR: Runkel ratio

Table 2: Fiber morphology of olive wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Olea europaea 0.69 0.35 13.77 6.19 3.69 - - - Merev (1998)
Olea europaea 
(pruning) 0.71 - 13.61 6.11 3.75 - - - Requejo et al. 

(2012a)
Olea europaea 
(pruning) 0.85 - 15.10 6.20 4.50 56.20 41.00 1.40 Ververis et al. 

(2004)

Olea europaea 1.11 0.40 25.12 14.36 5.38 44.76 57.07 0.78 Topaloğlu et al. 
(2019)

Olea europaea 
var. oleaster L. 0.62 - 14.06 5.16 4.54 - - - Kaya (1991)

Olea europaea 
var. sativa Lehr. 0.87 - 13.41 3.97 4.74 - - - Kaya (1991)

Olea europaea 
(Aydın) 0.83 - 15.79 11.51 2.16 - - - Kılıç Penezoğlu 

(2019)
Olea europaea 
(Kahramanmaraş)0.78 - 12.29 8.17 2.06 - - - Kılıç Penezoğlu 

(2019)
Olea europaea 
(wild) 0.90 - - - - - - - Giagli (2010)

Olea europaea 
(cultivated) 0.64 - - - - - - - Giagli (2010)

Olea europaea 0.81 - 15.60 10.94 2.33 - - - Ali and Ali 
(2014)

Olea europaea 0.92 0.37
Baas and 
Xingying 
(1986)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 3: Fiber morphology of apple wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Apple prunings0.91 0.40 - - - - - -
Passialis and 
Grigoriou 
(1999)

Malus baccata 
(Qian Hong) 0.79 0.45 - - - - - - Zhang and Baas 

(1992)
Pyrus malus 0.98 0.51 - - - - - - Bailey (1920)
Pyrus malus 1.00 - 15.86 10.72 2.57 Nasir (2010)

Malus halliana 0.91 0.54 - - - - - - Zhang and Baas 
(1992)
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Malus 
honanensis 0.85 0.42 - - - - - - Zhang and Baas 

(1992)
Malus 
hupehensis 
(Huang)

0.78 0.42 - - - - - - Zhang and Baas 
(1992)

Malus 
melliana 
(CAFw 15682)

1.08 0.65 - - - - - - Zhang and Baas 
(1992)

Malus 
mandshurica 0.87 0.41 - - - - - - Zhang and Baas 

(1992)
Malus pumila 
(CAFw 13818)0.97 0.44 - - - - - - Zhang and Baas 

(1992)

Malus rockii 1.05 0.50 - - - - - - Zhang and Baas 
(1992)

Malus 
spectabilis 1.01 0.50 - - - - - - Zhang and Baas 

(1992)
Malus 
toringoides 0.95 0.43 - - - - - - Zhang and Baas 

(1992)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 4: Fiber morphology of peach wood.

 Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Peach 
prunings 0.69 0.32 - - - - - -

Passialis and 
Grigoriou 
(1999)

Amygdalus 
davidiana 0.77 0.27 - - - - - - Zhang and 

Baas (1992)
Amygdalus 
kansuensis 1.14 0.32 - - - - - - Zhang and 

Baas (1992)
Amygdalus 
mira 1.04 0.31 - - - - - - Zhang and 

Baas (1992)
Amygdalus 
persica 
(HEFw 
3803)

0.82 0.27 - - - - - - Zhang and 
Baas (1992)

Amygdalus 
triloba 0.62 - 12.70 - 1.63 48.00 87.00 1.11 Ma et al. 

(2011)
Amygdalus 
triloba 
(CAFw 
13721)

0.71 0.33 - - - - - - Zhang and 
Baas (1992)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio
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Table 5: Fiber morphology of pear wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Pear prunings 0.62 0.35 - - - - - - Passialis and 
Grigoriou (1999)

Pyrus 
betulifolia 0.92 0.48 - - - - - - Zhang and Baas 

(1992)
Pyrus 
calleryana 
(HEFw 3710)

0.94 0.53 - - - - - - Zhang and Baas 
(1992)

Pyrus 
communis 1.00 0.51 20.78 6.84 6.97 - - - Tümen (1999)

Pyrus 
elaeagnifolia 
Pallas subsp. 
elaeagnifolia

0.85 0.48 18.32 8.50 4.88 - - - Merev (1998)

Pyrus pashia 1.11 0.54 - - - - - - Zhang and Baas 
(1992)

Pyrus 
pyrifolia 
(Zhang)

0.78 0.46 - - - - - - Zhang and Baas 
(1992)

Pyrus 
pyrifolia var. 
culta

0.91 0.43 - - - - - - Zhang and Baas 
(1992)

Pyrus 
serrulata 
(HEFw 329)

1.06 0.59 - - - - - - Zhang and Baas 
(1992)

Pyrus 
ussuriensis 
(CAFw 5928)

0.94 0.56 - - - - - - Zhang and Baas 
(1992)

Pyrus 
xerophila 0.98 0.50 - - - - - - Zhang and Baas 

(1992)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 6: Fiber morphology of plum wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Prunus 
domestica 
(branch)

0.97 - 16.83 7.99 4.42 58.85 48.58 1.21 Kiaei et al. 
(2014)

Prunus 
domestica 
(stem)

0.98 - 13.77 5.60 4.08 73.38 41.38 1.56 Kiaei et al. 
(2014)

Prunus 
spinosa 0.90 0.27 14.18 6.99 3.66 - - - Merev (1998)

Prunus 
ussuriensis 1.20 0.56 - - - - - - Zhang and 

Baas (1992)
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Prunus 
salicina 
(HEFw 132)

0.73 0.33 - - - - - - Zhang and 
Baas (1992)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 7: Fiber morphology of cherry laurel wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Laurocerasus 
officinalis  1.50 0.56 20.82 11.34 4.76 - - - Merev (1998)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 8: Fiber morphology of apricot wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Apricot prunings 0.61 0.25 - - - - - -
Passialis and 
Grigoriou 
(1999)

Prunus 
armeniaca 
(branch)

1.03 - 15.86 8.23 3.81 66.92 52.09 0.97 Tajik et al. 
(2015)

Prunus 
armeniaca (stem)1.18 - 14.75 6.11 4.30 84.89 42.35 1.54 Tajik et al. 

(2015)
Prunus 
armeniaca 
(heartwood)

0.72 - 13.75 6.05 3.85 46.22 50.00 1.00 Gençer et al. 
(2018)

Prunus 
armeniaca 
(sapwood)

0.69 - 12.08 5.69 3.19 55.09 50.37 0.97 Gençer et al. 
(2018)

Armeniaca 
holosericea 0.49 0.26 - - - - - - Zhang and 

Baas (1992)
Armeniaca 
mandshurica 0.76 0.29 - - - - - - Zhang and 

Baas (1992)
Armeniaca mume 
(Zhang) 0.75 0.23 - - - - - - Zhang and 

Baas (1992)
Armeniaca 
sibirica 0.78 0.29 - - - - - - Zhang and 

Baas (1992)
Armeniaca 
vulgaris (CAFw 
13823)

0.77 0.28 - - - - - - Zhang and 
Baas (1992)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio
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Table 9: Fiber morphology of avocado wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Persea 
americana 
var. 
guatemalensis

0.97 - 35.60 21.30 7.20 27.19 59.79 0.67 Silva Guzmán 
et al. (1999)

Persea 
americana 0.89 - 23.00 12.00 5.00 41.27 - 0.95 Ajuziogu et al. 

(2010)

Persea 
americana 1.06 - 25.78 16.18 4.80 41.00 63.00 0.59

Altunışık 
Bülbül and 
Gençer (2021)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 10: Fiber morphology of cherry wood.

 Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Cherry prunings 0.67 0.30 - - - - - -
Passialis and 
Grigoriou 
(1999)

Cerasus avium 
(sapwood) 1.11 0.42 20.35 10.50 4.93 54.56 51.60 0.94

Gençer and 
Gül Türkmen 
(2016)

Cerasus avium 
(heartwood) 1.10 0.43 19.05 10.35 4.35 57.72 54.33 0.84

Gençer and 
Gül Türkmen 
(2016)

Cerasus avium 0.96 0.40 19.35 11.26 4.04 49.69 57.98 0.74 Yaman (2002)
Cerasus avium 
var. decumana 1.00 0.39 - - - - - - Zhang and 

Baas (1992)
Cerasus 
campanulata 
(CAFw 13055)

1.00 0.39 - - - - - - Zhang and 
Baas (1992)

Cerasus 
cerasoides 
(FRIGw 1208)

1.07 0.37 - - - - - - Zhang and 
Baas (1992)

Cerasus mahaleb 0.96 0.31 17.50 11.08 3.23 - - - Merev (1998)

Cerasus mahaleb 0.71 - 19.85 - - - - - Sekhavati et 
al. (2012)

Cerasus 
maximowiczii 0.60 0.29 - - - - - - Zhang and 

Baas (1992)
Cerasus 
tomentosa 0.56 0.30 - - - - - - Zhang and 

Baas (1992)
Prunus maackii 
(CAFw 17308) 0.97 0.55 - - - - - - Zhang and 

Baas (1992)
Padus racemosa 
(CAFw 17309) 0.79 0.26 - - - - - - Zhang and 

Baas (1992)
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Prunus sargentii 0.76 0.41 6.35 - - - - - Hong et al. 
(2007)

Prunus serotina 0.99 0.45 - - - - - - Bailey (1920)

Prunus serotina 0.75 - - - - - - -

USDA Forest 
Products 
Laboratory 
(1953)

Prunus serrulata 
(soda-AQ pulp) 0.62 - 17.00 - - - - - Song et al. 

(2017)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 11: Fiber morphology of almond wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Prunus 
dulcis 
(pruning)

0.77 - 13.10 4.30 4.40 58.70 32.80 2.00 Ververis et al. 
(2004)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen 
width, FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, 
RR: Runkel ratio

 
Table 12: Fiber morphology of fig wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Ficus ampelas 1.43 - 34.68 30.21 2.23 41.32 87.00 0.15 Rulliaty (2014)
Ficus benjamina 1.71 0.39 24.96 19.22 2.87 - - - Balfas (2016)
Ficus carica 
subsp. carica 
(branch)

0.80 0.25 19.60 12.40 3.60 - - - Yaman (2014)

Ficus carica 
subsp. carica 
(stem)

0.95 0.26 21.40 12.50 4.50 - - - Yaman (2014)

Ficus carica 
(Aydın) 0.83 - 22.05 16.05 5.44 - - -

Odabaş Serin and 
Kılıç Penezoğlu 
(2020)

Ficus carica 
(Kahramanmaraş)0.88 - 20.44 16.58 3.86 - - -

Odabaş Serin and 
Kılıç Penezoğlu 
(2020)

Ficus carica 1.05 - 30.47 23.60 5.42 - - - Tichi and 
Divkolae (2019)

Ficus fulva 1.62 - 37.94 32.90 2.52 42.50 87.00 0.15 Adi et al. (2014)
Ficus exasperata 
(middle height) 1.39 - 21.47 10.97 5.25 65.71 50.39 1.02 Ekhuemelo et al. 

(2018)
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Ficus exasperata 1.24 - 21.25 14.85 2.94 58.76 65.00 0.42 Ogunkunle and 
Oladele (2008)

Ficus ingens 1.16 - 24.34 19.77 2.82 48.03 77.00 0.29 Ogunkunle and 
Oladele (2008)

Ficus lutea 1.10 - 26.62 16.64 4.99 43.75 63.00 0.68 Ogunkunle and 
Oladele (2008)

Ficus mucuso 1.28 - 19.97 15.39 2.29 71.99 76.00 0.32 Ogunkunle and 
Oladele (2008)

Ficus natalensis 1.10 - 23.38 17.15 3.20 47.95 73.00 0.38 Ogunkunle and 
Oladele (2008)

Ficus nervosa 1.42 - 40.60 35.70 2.50 34.96 88.00 0.14 Ogunkunle and 
Oladele (2008)

Ficus ottonifolia 1.22 - 23.81 18.56 2.62 51.94 78.00 0.30 Ogunkunle and 
Oladele (2008)

Ficus ovata 1.11 - 20.74 15.36 2.88 55.10 73.00 0.40 Ogunkunle and 
Oladele (2008)

Ficus polita 1.00 - 21.12 15.87 2.63 48.28 74.00 0.36 Ogunkunle and 
Oladele (2008)

Ficus populifolia 1.01 - 18.69 14.80 1.94 55.34 79.00 0.26 Ogunkunle and 
Oladele (2008)

Ficus rumphii 
(14.22 m height) 1.32 0.24 25.00 - - - - - Ajmal and Iqbal 

(1992)
Ficus rumphii 
(1.08 m height)

1.80 0.25 29.00 - - - - - Ajmal and Iqbal 
(1992)

Ficus sur 1.20 - 28.93 20.99 3.97 42.38 72.00 0.39 Ogunkunle and 
Oladele (2008)

Ficus sur 1.55 - 31.30 23.9 3.75 49.52 76.36 0.33 Essien et al. 
(2012)

Ficus sycomorus 1.27 - 24.00 15.69 4.28 54.80 64.00 0.61 Gamal et al. 
(2012)

Ficus thonningii 1.33 - 25.09 17.92 3.58 54.11 71.00 0.42 Ogunkunle and 
Oladele (2008)

Ficus umbellata 0.99 - 20.48 15.62 2.30 50.51 75.00 0.31 Ogunkunle and 
Oladele (2008)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 13: Fiber morphology of Artocarpus sp. (breadfruit, jackfruit, etc.) wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Artocarpus altilis 1.52 - 35.09 22.95 6.11 44.79 63.59 0.60 Areo and 
Omole (2020)

Artocarpus 
anisophyllus 1.37 0.43 15.50 - 1.45 - - - Takeuchi et al. 

(2019)
Artocarpus 
chaplasha 1.39 0.35 - - 3.80 - - - Singh et al. 

(2017)
Artocarpus 
communis 1.65 - 42.48 37.28 2.60 39.61 87.70 0.14 Feryanto 

(2006)



115Research & Reviews in Agriculture, Forestry and Aquaculture Sciences .

Artocarpus dadah 1.21 0.34 15.70 - 1.46 - - - Takeuchi et al. 
(2019)

Artocarpus 
elasticus 1.78 - 47.20 42.24 2.48 49.44 89.00 0.12 Adi et al. 

(2014)
Artocarpus 
elasticus - - - - - 66.2 86.00 0.16 Istikowati et al. 

(2016)
Artocarpus 
elasticus 1.14 0.48 35.00 - 1.10 - - - Takeuchi et al. 

(2019)
Artocarpus 
heterophyllus 1.19 0.32 - - 3.2. - - - Singh et al. 

(2017)
Artocarpus 
lakoocha 1.43 0.35 - - 4.5. - - - Singh et al. 

(2017)

Artocarpus nitidus 1.32 0.28 - - 4.9. - - - Singh et al. 
(2017)

Artocarpus nitidus 1.28 0.36 16.20 - 1.49 - - - Takeuchi et al. 
(2019)

Artocarpus 
odoratissimus 
(pith)

0.95 - 20.97 13.23 3.87 47.91 63.00 0.67 Andara (2014)

Artocarpus 
odoratissimus 
(heartwood)

1.29 - 35.00 16.21 9.40 37.74 61.00 0.70 Andara (2014)

Artocarpus 
odoratissimus 
(transition wood)

1.26 - 26.21 16.05 5.08 50.11 61.00 0.69 Andara (2014)

Artocarpus 
odoratissimus 
(sapwood)

1.29 - 28.47 17.10 5.69 47.01 60.00 0.78 Andara (2014)

Artocarpus 
odoratissimus 1.50 0.44 17.80 - 1.15 - - - Takeuchi et al. 

(2019)
Artocarpus 
odoratissimus 1.71 - 26.72 19.81 3.46 - - - Marbun et al. 

(2019)
Artocarpus 
tamaran 1.43 0.40 26.30 - 1.08 - - - Takeuchi et al. 

(2019)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 14: Fiber morphology of water berry wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Syzygium 
guineense 2.00 - 31.86 18.18 6.84 60.00 57.00 0.75

Sadiku and 
Abdukareem 
(2019)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio
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Table 15: Fiber morphology of cashew wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Anacardium 
occidentale 
(branch)

0.63 - - - - - - - Bhat et al. 
(1985)

Anacardium 
occidentale 
(stem)

0.75 - - - - - - - Bhat et al. 
(1985)

Anacardium 
occidentale 1.15 - 24.00 9.00 6.00 50.07 - 1.35 Ajuziogu et al. 

(2010)
Anacardium 
occidentale 
(outer zone)

0.69 - 19.30 13.80 2.70 - - - Bhat and Bhat 
(1983)

Anacardium 
occidentale 
(inner zone)

0.76 - 19.50 13.90 2.80 - - - Bhat and Bhat 
(1983)

Anacardium 
occidentale 0.66 0.42 - - - - - - Bailey (1920)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 16: Fiber morphology of orange wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Citrus sinensis 
(core-base) 0.55 - 10.60 7.40 1.62 - - 0.47 Eromosele 

(2015)
Citrus sinensis 
(core-middle) 0.60 - 9.10 6.67 1.67 - - 0.52 Eromosele 

(2015)
Citrus sinensis 
(core-top) 0.45 - 9.90 6.26 1.82 - - 0.64 Eromosele 

(2015)
Citrus sinensis 
(intermediate-
base)

0.44 - 9.85 6.46 1.70 - - 0.60 Eromosele 
(2015)

Citrus sinensis 
(intermediate-
middle)

0.54 - 9.85 6.77 1.54 - - 0.50 Eromosele 
(2015)

Citrus sinensis 
(intermediate-
top)

0.57 - 9.80 6.77 1.52 - - 0.50 Eromosele 
(2015)

Citrus sinensis 
(outer-base) 0.54 - 10.40 7.17 1.62 - - 0.50 Eromosele 

(2015)
Citrus sinensis 
(outer-middle) 0.69 - 10.15 7.22 1.46 - - 0.42 Eromosele 

(2015)
Citrus sinensis 
(outer-top) 0.60 - 9.10 6.82 1.60 - - 0.50 Eromosele 

(2015)
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Citrus sinensis 
(average of 36 
pulps)

0.47 - 21.09 - - - - - Aguado et al. 
(2016)

Citrus sinensis0.76 - 23.64 9.23 7.21 - - - Tichi et al. 
(2020)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 17: Fiber morphology of kiwi wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Actinidia 
deliciosa 
(residues)

1.37 - 30.04 14.17 7.93 - - - Vaysi and 
Yosefi (2008)

Actinidia 
deliciosa 1.58 - 35.97 22.30 6.84 44.03 61.99 0.61 Yaman and 

Gencer (2005)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 18: Fiber morphology of lemon wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Citrus lemon 
var. lamas 0.75 13.74 6.36 3.69 54.37 46.29 1.16 Tutuş et al. 

(2018)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, 
FCWT: Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 19: Fiber morphology of dogwood wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Cornus mas 1.22 0.90 19.68 7.48 6.10 - - - Merev (1998)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

 
Table 20: Fiber morphology of persimmon wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Diospyros 
amboinensis 1.34 0.66 12.00 - - - - - Van der Graaff 

and Baas (1974)

Diospyros 
blancoi 1.19 0.16 42.20 32.00 - - - -

Krisdianto and 
Abdurachman 
(2005)

Diospyros kaki 1.10 - 26.20 14.27 5.98 41.98 54.30 0.84 Tutuş et al. 
(2014)
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Diospyros 
lotus 0.94 0.42 16.59 6.17 5.21 58.66 36.44 1.86 Topaloğlu et al. 

(2019)
Diospyros 
lotus 1.13 - 12.05 4.89 3.58 93.75 40.59 1.47 Kiaei and 

Bakhshi (2014)
Diospyros 
lotus 0.91 0.32 21.34 14.44 3.45 - - - Merev (1998)

Diospyros 
mespiliformis 0.92 - 18.00 9.00 5.00 50.62 47.10 1.21 Ajuziogu et al. 

(2014)
Diospyros 
mespiliformis 0.98 - 18.80 9.08 4.86 50.20 48.00 1.21 Gamal et al. 

(2012)
Diospyros 
virginiana 1.27 0.38 19.00 - - - - - Van der Graaff 

and Baas (1974)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 21: Fiber morphology of mulberry wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Morus alba 1.02 - 11.00 - - - - - Guha and Madan 
(1962)

Morus alba 1.02 - - - - - - -
Pourtahmasi and 
Golpayegani 
(2009)

Morus alba 1.10 0.25 Karami et al. 
(2010)

Morus alba 0.97 - 14.02 8.62 2.70 - - - Nasir (2010)
Morus alba 0.91 - 12.50 - - 71.80 - - Ji et al. (2018)

Morus alba 1.51 - 27.25 18.74 4.25 - - - Tichi and 
Divkolae (2020)

Morus alba 0.50 - 15.00 - - - - - Sharma (2020)
Morus 
mocroura 1.62 - 31.93 16.99 - - - - Fakhruzy (2019)

Morus nigra 1.30 - Karami et al. 
(2010)

Morus nigra 1.28 - 23.00 14.20 3.60 55.65 - 0.51 Walia (2013)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 22: Fiber morphology of mango wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Mangifera 
altissima 1.40 - 18.00 14.00 2.00 77.80 78.00 - Moriya (1967)

Mangifera 
altissima 1.00 - - - 2.70 - - 0.37 Koeppen 

(1978)
Mangifera 
foetida - 0.68 - - - - - - Terrezas 

Salgado (1994)
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Mangifera 
griffithii 1.26 - - - - - - - Terrezas 

Salgado (1994)
Mangifera 
indica 0.94 - 26.00 10.00 4.00 47.29 - 0.82 Ajuziogu et al. 

(2010)
Mangifera 
longipes 0.50 0.35 - - - - - - Terrezas 

Salgado (1994)
Mangifera 
monandra 0.92 0.52 - - - - - - Bailey (1920)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 23: Fiber morphology of jackalberry wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Diospyros 
mespiliformis - - 17.41 6.59 5.41 - - 1.64 Adeniyi et al. 

(2013)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 24: Fiber morphology of pomegranate wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Punica 
granatum 0.58 0.30 14.93 8.52 3.14 - - - Merev (1998)

Punica 
granatum 
(branch)

0.70 0.54 19.20 11.50 3.85 36.60 59.90 1.34 Gülsoy et al. 
(2015)

Punica 
granatum 
(stem)

0.75 0.59 20.95 11.65 4.65 35.58 55.61 1.60 Gülsoy et al. 
(2015)

FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 25: Fiber morphology of hawthorn wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Crataegus azarolus 
(stem, 1800 m) 0.84 - 20.93 - 5.76 - - - Dong et al. 

(2021)
Crataegus azarolus 
(branch, 1800 m) 0.79 - 21.74 - 5.85 - - - Dong et al. 

(2021)
Crataegus azarolus 
(below 1800 m, 
slope 30-45%)

0.93 - 18.91 - 5.89 - - - Nazari et al. 
(2021)

Crataegus 
microphylla 0.83 0.48 17.31 9.10 4.17 - - - Merev 

(1998)
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Crataegus 
pseudoheterophylla 0.88 0.46 17.12 6.15 5.43 - - - Merev 

(1998)
Crataegus 
tanacetifolia 0.77 0.39 16.01 6.88 4.57 - - - Merev 

(1998)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 26: Fiber morphology of hazelnut wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Corylus 
avellana 
(prunings)

- 0.63 - - - 46.93 61.53 0.63 Özgül (2014)

Corylus 
avellana 
(prunings)

1.04 - 22.20 13.66 4.30 - - - Gençer and 
Özgül (2016)

Corylus 
avellana 1.06 - 23.8 14.08 4.8 - - - Merev (1998)

Corylus 
colurna 
(average of 9 
samples)

1.23 - 27.21 16.39 4.93 - - - Sarıbaş (1998)

Corylus 
cornuta 0.67 - 14.00 - - - - - Chase and 

Young (1978)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

Table 27: Fiber morphology of loquat wood.

Species 
FL
(mm)

VEL 
(mm)

FW
(μm)

FLW 
(μm)

FCWT
(μm)

SR FR RR Reference

Eriobotrya 
deflexa 0.98 0.77 - - - - - - Zhang and 

Baas (1992)
Eriobotrya 
japonica 
(Guangxi)

1.02 0.64 - - - - - - Zhang and 
Baas (1992)

Eriobotrya 
japonica 1.16 0.60 17.00 6.74 5.12 69.17 39.51 1.58 Topaloğlu et al. 

(2019)
FL: Fiber length, VEL: Vessel element length, FW: Fiber width, FLW: Lumen Width, FCWT: 
Cell wall thickness, SR: Slenderness ratio, FR: Flexibility ratio, RR: Runkel ratio

CONCLUSIONS

Pruning residues are one of the main sources of potential unused 
lignocellulosic raw materials. Many of these residues are underutilized or 
incinerated in situ, causing significant air pollution. Therefore, a circular 
economy, as a way to achieve sustainable development, should convert 
these lignocellulosic residues into high value-added products (Eugenio et al. 
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2021). In this sense, pruning residues can be turned into a high value-added 
product such as paper. When pruning residues are used as an alternative 
source in pulp and paper production, pruning residues converting into 
fibers due to pulping process can be recycled and reused many times over. 
This situation helps to reduce deforestation and environmental pollution. 
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1. Introduction

People have used plants for food supply and treatment of diseases since 
ancient times. The ongoing connection between humans and plants has 
caused the ethnobotanical field to emerge (1). Through the accumulation of 
knowledge for years, ethnobotany has contributed plants to be investigated 
scientifically and used in medical and various fields (2). World Health 
Organization describes Herbal Medicines as prepared and labeled products 
that contain herbal drugs or mixtures as an effective part, as is or herbal 
mixtures, in order to prevent or treat the diseases. The importance and 
amount of use of Medicinal and Aromatic Plants, which have been used 
in many fields such as food, spice, condiment, and treatment for centuries, 
are increasing day by day. World Health Organization (WHO) data report 
that approximately 21,000 plant species are used for medical purposes in 
the world. Today, the medicinal plant market is estimated to be around 
$ 100 billion per annum. Germany (Hamburg), USA (New York), and 
Hong Kong are the main commercial centers for herbal drugs in the world. 
Although substantial progress has been made in the modern medicine, 
pharmaceutical, and chemical industry, alternative treatment methods and 
treatment with medicinal plants have continued to be relevant, and have 
even attracted intensive attention in developed countries in recent years. On 
the other hand, a population of approximately 2.5 billion in underdeveloped 
and developing countries cannot make benefit of known modern drugs 
(2). The World Health Organization (WHO) finds the use of medicinal 
plants in these countries important to consider as an alternative to these 
medicines only for economic reasons, but to develop a health technology 
compatible with its own culture and natural resources, and to avoid being 
dependent on developed countries (3). Available studies show that primary 
and secondary metabolites, which are natural products produced by plants, 
are, directly and indirectly, one of the most basic products of the industry. 
Plants convert the water, minerals, and some components obtained from the 
soil into compounds in their own metabolism in a way that the human body 
can use. For example, some primary metabolites such as carbohydrates, 
proteins, fats, vitamins, and secondary metabolites are among these 
compounds. These are active ingredients that can be used for medical 
purposes. These active substances can enhance the body’s defensive power 
and have a positive effect on the functions of certain tissues and organs in 
the organism (1). The active substances should be isolated in order to make 
use of plants for medical purposes. The active ingredient extracts of plants 
are of vital importance (3). 

This study aims to determine the antimicrobial activities of methanolic 
extracts of juniper berries (Juniperus communis), bottle brust (Equisetum 
arvense), star anise (Illicium verum) and uvez (Cormus domestica).
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1.1. Definition of Medicinal and Aromatic Plants

Today, the term medicinal and aromatic plants are usually used in 
conjunction. Medicinal and aromatic plants are those used as medicine 
to prevent diseases, maintain health or cure diseases. Medicinal plants 
are used in areas such as nutrition, cosmetics, body care, incense, or 
religious rituals while aromatic plants are used for their smell, fragrance, 
and taste characters (4). Aromatic plants have a wide range of usages in 
food, cosmetics, and perfumery sector (5). The original material of herbal 
medicines is usually included in the group of medicinal plants. Herbal 
medicine is plant-derived materials or preparations that have therapeutic 
properties and contain either raw or processed ingredients from one or 
more plants, or that are useful for other people’s health (6). However, this 
definition does not apply to the cases in which a drug product is isolated or 
synthesized as a chemical component and the active substance is defined 
(7). When it comes to medicinal and aromatic plants, they cover a very 
large area in terms of both plants and active substances and consumption 
areas. Use Areas of Medicinal Plants are as follow: 

1. Increasing the quality of life by reducing the side effects of medical 
treatment that has been administered. 

2. Wanting people to take a more active role in protecting their health 

3. Preferring traditional treatment methods and products due to 
cultural impact. 

On the other hand, the World Health Organization (WHO) deems 
this tendency significant not only for the use of medicinal plants as 
an alternative to medicines for economic reasons in underdeveloped 
and developing countries but also for the countries to develop a health 
technology compatible with their own culture and natural resources and to 
avoid being dependent on developed countries (8).

1.2.Production and use of Medicinal and Aromatic Plants from 
past to present

Considering the developments in the production and use of medicinal 
and aromatic plants in the 20th century, innovations, social and political 
changes about which technology have brought at the beginning of the 
century have caused a rapid decrease in the use of plants as medicines. 
The synthesis of sulfa drugs in the 1930s and of the organic chemicals 
in the 1940s encouraged the production of synthetic drugs in addition to 
medicinal plants. Economic and social changes following the World War 
and new definitions about plants and treatments have led to a decrease 
in the use of plants and their extracts until the end of the 1970s in the 
modernized western countries through industrial advances as a result of the 
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production of synthetic chemical drugs (9). While more than 40% of the 
drugs (mostly those which are not refined) listed in the early 20th century 
are of herbal origin, this has fallen to below 5% by the mid-1970s (10). In 
the 1980s and 1990s, having consumers more information about the health, 
increased interest in herbal medicines, especially in developed countries, 
and the tendency towards organic and natural foods had brought medicinal 
and aromatic plants up. This has pushed the laws and regulations related to 
herbal medicines in developed countries to rehandle seriously (11). Concerns 
about the trade globalization of and conservation of genetic diversity in the 
late 1990s and early 2000s affected the cultivation of medicinal plants. The 
quality standards of plant materials have increased with the processing of 
the product and the buyers’ demands for clean, continuous, and certified 
products. Researches on medicinal and aromatic plants in the 1980s and 
1990s pioneered the developments in the production of plants, the extraction 
of bioactive components and the verification of medical applications (10). 
In the same years, many new medicinal plants were cultivated, produced, 
and put on the market. They formulated products containing extracts of a 
large number of herbs, such as Aloe barbadensis, Celastrus paniculatus, 
Cyperus scariosus, Ginkgo biloba, Myrtus caryophyllus, and Withania 
somnifera, to revitalize and protect the skin in cosmetics (12). In parallel 
with the fact that income growth in Asia raises the people’s standard of 
living, the demand for medicinal and aromatic plants will increase as a 
result of the aging, weight gain, and increase in the population with other 
medical problems frequently occurring in very rich societies (13). This 
increase in demands will likely pose a permanent threat to natural species 
in some regions. Due to the demand for natural plant material or the lack 
of cultivated plant material, the price differences between natural and 
cultivated plants encourage unsustainable excessive collection practices in 
some regions, especially those that suffer from resource deficits to protect 
the vegetative material and in economically underdeveloped regions 
(14). It is expected that continued habitat loss in the future due to the 
deforestation and development will continue to threaten many medicinal 
and aromatic plants in both developing and industrialized countries (15). 
The interest in and demand for organically produced plants and drugs 
are increasing day by day. There has still been a trend towards organic 
products that match the demand for organic foods in the medicinal and 
aromatic plant markets. This reveals that the current basis of consumers of 
medicinal and aromatic herbal products is the same as those who purchase 
organic foods (16). Medicinal and aromatic plant combinations and sales 
of herbal beverages have increased their market gains in the past five years 
by offering the vitality and strength of youth, and the hope, simplicity, and 
sustainability of youth that are expected to remain a key market concept 
in the sale of medicinal and aromatic products in the near future. Sales 
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of non-food organic products, including medicinal and aromatic plants or 
plant extracts, had increased by 1/3 in 2005 (17). 

Publications of nutrition report that sales of dietary supplements 
containing many medicinal plants reached to $ 21.3 billion in 2005 with 
an increase of 4.5%. The use of aromatic plants and plant extracts has 
become widespread in the flower arrangements and perfumery industry. 
The market in candles and home fragrances containing aromatic plants 
and/or plant extracts that contribute to aromatherapy and scented candles 
has reached to an estimated $ 8.4 billion in 2004 by a growth of 14.1% 
as from 2003. Global market estimates for medicines derived from plants 
are $ 18 billion in 2005. In view of the fact that the market demands will 
exceed 50% in the USA and Canada, this value is expected to reach 26 
billion dollars in 2011 (18). In recent years, a great increase in the use of 
medicinal and aromatic plants and products derived from them has been 
striking in Turkey. In order to meet the ever-growing demand and produce 
a higher quality standard product in the future years, it is expected that 
the production of medicinal and aromatic plants, the plant extracts derived 
from them and the branches of industry processing these products will 
expand and grow.

1.3. Distribution of Medicinal and Aromatic Plants in Turkey

Turkey is one of the leading countries that trade in the medicinal 
and aromatic plants in terms of geographical features, climate diversity, 
plant variations, agricultural capacity, and wide agricultural areas. The 
importance of Turkey is due to the presence of plants in the eight natural 
areas of our country that constitute the input of the industries such as herbal 
medicine, plant chemicals, food additives, cosmetics and perfumery in the 
developed countries and that provide the raw materials for herbal products. 
These plants are mostly wild-collected and put on the market. Medicinal 
and aromatic plants are collected mainly from the Aegean, Marmara, and 
Mediterranean regions (18). The countries that import and export medicinal 
and aromatic plants in the world include the USA, England, Germany, 
France, Netherlands, China and India. Turkey ranks 18th among 110 
countries that export medicinal plants while it ranks 5th in the export and 
8th in the import among the East and the southeast European countries (19). 
A study on the medical and aromatic plants, which are traded in Turkey, 
showed that the number of plant species including sub-species is 347, of 
which 139 are exported. Some of the important medicinal, pharmaceutical 
and spice plants exported by Turkey are thyme, bay leaf, cumin, anise, 
fennel seeds, juniper bark, mahaleb, fenugreek, rosemary, licorice, mint, 
sumac, sage and lime flower (20). In order to increase the production 
amounts of medicinal and aromatic plants and to obtain products with high-
quality standards, the product should be done upon cultivation. Although 
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wild-collection of some species is very economical, it is very difficult to 
obtain quality and standard products from wild-collected plants. In this 
way, it is very difficult to make a sustainable collection without damage 
to nature. Unnecessary wild-collection of medicinal and aromatic plants 
in an unconscious manner may also lead to decreases in plant populations 
(19). Incentivizing the producer with various supports and establishing 
facilities that will provide post-harvest packaging, packaging, and storage 
in accordance with ordinary standards will be able to increase production. 
Export may also be boosted by taking medicinal and aromatic plants 
within the scope of incentive. In order to adequately assess the sustainable 
production and market potential of medicinal and aromatic plants, these 
products should be in the requested quantity and quality (21).

1.4. Use of Medicinal Plants in Phytotherapy

The use of medicinal plants before chemical drugs in the treatment of 
diseases is an old order that took place with the transition to humankind’s 
settled life. Herbal medicines constitute an important part of the traditions 
of the rural populations in developing countries. 

In addition, the active ingredients of many synthetically produced 
drugs are structural analogs of chemicals that are for the first time isolated 
from plants. Demand for plants from which the drug is obtained increases 
at a high level in both developed and developing countries since they are 
moderate-cost, have low side effects compared to synthetic medicines 
and very rare toxic effects and are organically produced (22). Medicinal 
plants are the natural source of compositions that may utilize to cure many 
diseases today (23). Many herbs contain a wide variety of chemicals and 
active substances that have important effects on humans. Chemicals such 
as flavonoids, alkaloids, terpenoids, tannins, berberine and quinine, all 
of which are synthesized by plants, are widely used to improve health 
and treat most diseases. Due to the increase of microorganisms with 
multiple antibiotic resistance in recent years, the treatment of the infection 
caused by these microbes has become increasingly complicated. Thus, it 
is recommended to use medicinal plants as an alternative to medicines, 
and some traditional herbs are also used as antimicrobials. Some studies 
indicate that the therapeutic properties of plants are caused by a single 
active ingredient and the interplay of a large number of compositions, 
and that herbal compositions provide a more effective healing process by 
overcoming the resistance of microorganisms that are difficult to kill with 
a single synthetic drug (24).

This pushes researchers to investigate the inhibitory compositions of 
the active ingredients obtained from plant extracts. A study by American 
scientists in Saudi Arabia revealed that black tea significantly reduced 
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the risk of heart disease. The research results showed that an antioxidant 
substance called flavonoid, which is copious amounts in black and 
green tea, heals the heart and vascular diseases. They reported that the 
antioxidant substance present in black tea significantly prevents the risk 
of heart disease although some of the subjects participating in the research 
of American scientists have a habit of smoking and an unhealthy diet. 
They also reported that 20% of adults aged 30 to 70 participating in the 
research conducted in Saudi Arabia, where drinking tea is a social lifestyle, 
consume more than 6 cups of tea a day. Experts stated that the flavonoid 
substance present in tea also prevents vessel stiffness (arteriosclerosis) and 
reduces bad cholesterol (25). Studies showed that antioxidant-containing 
compounds would be beneficial to apply locally in order to heal wounds 
and protect tissues from damage to destruction reactions. While some 
plants are usedin the treatment of newly formed wounds, others are used in 
the treatment of chronic, prolonged wounds (26). 

While the primary and secondary metabolites, which are naturally 
produced by plants, are used, directly and indirectly, plants convert the 
water, minerals and various substances up which they take from the soil 
into compositions able to be absorbed by the human body in their own 
metabolism. Carbohydrates, proteins, fats, vitamins, and minerals from 
essential nutrients are an example to these. These are the active ingredients 
commonly used in plant metabolism. On the other hand, essential oils, 
tannins, alkaloids and bitter substances are an example to these (27). Side 
effects of herbs and drug interactions that may occur when used with drugs 
have not yet been known. While plants and herbal products are used in the 
treatment and in the prevention of the occurrence of any disease, attention 
should be paid that when used with medicines, potential drug interactions 
and side effects may occur. It has been reported that the active substances 
in spices consumed daily with antibiotics may interact with each other and 
cause undesirable side effects and decreased effectiveness. 

The use of herbal medicines in pregnant women and breastfeeding 
mothers can be inconvenient. Caution should also be exercised in the use 
of herbal medicines in infants and children. Because children’s physiology 
is quite different from adults’ body physiology, their metabolic enzyme 
systems are not as developed as those of adults. In addition, it is possible 
to reach toxic doses easily since it is difficult to adjust the dose according 
to body weights (28). 

1.5. Classification of Medicinal Plants 

1.5.1. Alphabetical Classification: Medicinal plants are classified 
according to their names in Latin or any language, and this classification is 
often used in the encyclopedia and introductory books. 
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1.5.2. Morphological Classification: It is a form of classification 
based on the used parts of medicinal plants (leaves, flowers, fruits, 
seeds, etc.), which is widely used in the trade of medicinal plants. It is 
also an important classification in terms of cultivation. According to the 
morphological classification; 

Herba (herb): plants used in the classification of aboveground parts. 
Chicory, sage, milk thistle. 

Folia: (leaf): plants whose leaves are used. Peppermint, sage, melissa, balm. 

Flores (flower): plants whose flowers are used. Marshmallow, 
chamomile, lavender.

Fructus (fruit): Rosehip, cumin, anise, coriander 

Semen (seed): linum, fenugreek 

Radix (root): Licorice, centranthus, couch-grass 

Rhizome (rhizome): Licorice, couch-grass 

Tuber (Tuber): Sahlep 

Bulb (onion): Garlic

1.5. 3. Botanical (taxonomic) Classification: It is a classification 
based on the order, family, genus, and species of the plants and is an 
important form of classification in terms of the recognition of plants. This 
classification is used in pharmaceutical botany. Compositae, Alliaceae, 
Amaryllidaceae, Papaveraceae, Solanaceae, Umbelliferae, Labiatae and 
Iridaceae, Liliaceae.

1.5.4. Chemical Classification: It is the classification method based 
on the structure of the active substances included in the plants, which is 
mostly used in pharmacognosy. A. Essential oil-containing plants- Anise, 
parsley, mint 

B. Bitter substance-containing plants- Vermouth, gentian 

C. Glycoside-containing plants- Digitalis, Sicilla 

D. Saponin-containing plants- Chalk plant, Saponaria, Hedera helix 

E. Alkaloid-containing plants- Datura, atropa, poppy, Nicotiana 

F. Flavonoid-containing plants- Silybum, Verbascum 

G. Tannin- containing plants- Hamamelis, Quercus 

1.5. 5. Pharmacological classification: It is the classification method 
of the substances included in the plants according to their mechanism of 
action. Accordingly; 
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1. Nervina - Effective on nervous system - morphine, nicotine, 
egotamine 2. Effective on blood circulation - digitalin 3. Diuretica-diuretics 
- coffein, theobromin 4. Effective on digestion function (laxatives) 

1.5.6. Pharmachemical classification:In this classification that is a 
combination of two classification forms, drugs are divided into the main 
group according to their pharmacological effects and into the subgroups 
according to their chemical effects. 

1.5.7. Classification According to Their Consumption and Use: 

1. Soft drinks, herbal teas and stimulating plants (tea, coffee, tobacco) 

2. Spice plants (pepper, mustard, thyme) 

3. Pharmaceutical plants (digitalis, Atropa) 

4. Perfume plants (Lavender, rose) 

5. Gum and mucilage plants (Acacia, Astragalus, Plantago) 

6. Resin plants (Sığala tree, Ferula) 

7. Tannin plants (Sumac, oak) 

8. Dye plants (Rubia tinctorum, Bixa, Alkana tinctorium) 

9. Insecticide plants (Phyretrum, anabasis, neem tree) 

10. Wax plants (jojoba, myrica)

1.6. Juniper berries (Juniperus communis)

1.6.1. Botanical characteristics: The plant is coniferous and belongs 
to the family Cupressaceae. There are many species of juniper known by 
the genus Juniperus. Its seedling grows very slowly, takes years to reach 
a human height, and lasts tens of years to become a tree. Pointed, stiff and 
blue color needles can even withstand the most severe drought without 
damage. The needles of the juniper tree owe their stiffness not only to 
thick outer cells but also to the rich silicic acid they contain. When you 
burn such a needle, a white skeleton made up of silicic acid remains, which 
bears all the detail of the needle in its initial form. 

The berries of this coniferous tree, which can remain evergreen, are 
actually not real fruit, but fleshy fruit leaves. These are called pseudo-fruit, 
in fact, they are cones completely covered with pericarp. Thus, juniper tree 
is included in the group of trees with cones, such as black pine, calabrian 
pine, and other pine trees. While young needles and shoots of juniper trees 
are collected from April to June, the fruits are collected by shaking their 
branches from September to November in the fall. The collected harvest 
is cleaned and the underripe product is winnowed out. It should not be 
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forgotten that there are many varieties of juniper, which are partially 
poisonous. Dwarf juniper (Juniperus nana), whose berries are extremely 
curative, is distributed in mountainous areas over 3.500 m. Juniper 
berry is considered an ancient herbal therapy for the digestive system. It 
supports metabolism and removes uric acid from the body (29). It helps 
digest dock (Rumex) and like foods that lead to fart. Berries and leaves of 
juniper are used for wound healing as a diuretic, stimulant and antiseptic. J. 
excelsa widespread in the Anatolian mountains was used by locals against 
tuberculosis and hepatitis (30). Juniper berries had also been considered 
a traditional remedy for diabetes in the past. The extract obtained by 
decoction from Juniperus communis was found to decrease the glycemic 
level in normoglycemic rats at a dose of 250mg / kg. With the effect of 
the mountain-wind, its branches look as if they are leaning on the ground. 
Juniper (Juniperus oxycedrus) with red fruit is found in Mediterranean 
countries. The chestnut berries of this juniper are likewise used as a 
medicinal herb. Juniper we used medically should not be confused with 
black juniper (Juniperus sabina), which has the same growth pattern but 
foul-smelling and scaly leaves. The fruits and leaves of this juniper species 
are poisonous. Similarly, thuja or tree of life (Thuja occidentalis) with 
fleshy scaly leaves resembling a multipartite fern form is also poisonous. 
There are woody brown cones on its branches. The healing aspect of juniper 
berries had been known in ancient times as juniper berries, antiseptic and 
water-attracting drugs. New researches reveal that fruits contain essential 
oils consisting of turpentine and juniperin, tannin, resin, oil, pentosan, 
glucose, antic acid (acid formic), acid acetic, calcium, potassium and 
manganese as the main active ingredients.Fresh needles of juniper tree are 
rich in vitamin C. Juniper berries are invigorative, warm the blood of the 
human, relaxes the internal cramps, clear the stomach, intestines, lungs 
and blood, are diuretics, removes excess water, are disinfector, strengthens 
the stomach and stimulates metabolism (31). When juniper berry is taken 
orally, essential oils are degraded by the kidney. Thus, the kidney wall is 
stimulated and urine flow increases. 

1.6.2. Use of juniper berries: When the juice obtained from the 
crushed fruit is consumed as tea, it helps to strengthen the stomach and 
intestines, increase body resistance, reinforce the metabolism, remove 
uric acid and salt from the body in rheumatism and gout disease and 
urinate plentifully in the hydropysis (overhydration), edema, swelling and 
weakening cures. Juniper essence can be used in rheumatism, eczema, 
herpes, and skin rash. When taken overdose, juniper berries can irritate 
the kidneys. Therefore, the recommended allowance should be taken 
(30). 1.7.Chinese star anise (Illicium verum) Although it is indigenous 
to southern China, it is cultivated in Japan, East Indian islands, China and 
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Vietnam. It is used internally as an antiflatulent, gastric and galactagogue 
substance in a decoction form (0.5%). While it is used in indigestion, 
bloating, intestinal spasm, dysentery, facial paralysis, partial paralysis, and 
rheumatoid arthritis in Indian  medicine, it is used in nausea, abdominal 
pain, and insomnia, and externally, in skin inflammations and rheumatic 
pain in Chinese medicine (32). 

1.7.1. Botanical characteristics: They are trees with a straight round 
stem and green, hairless branches that can reach 8-15 meters in length. Its 
bark is white or bright gray. Its leaves are 3-6 bunches in clusters in nodes 
and petiole is 0.8-2 cm. The fruit is clustered in a star shape and in boat 
form. The seeds are bright brown or reddish and contain high levels of oil. 
Fruits are collected and dried before ripening. Flowering occurs in March-
May and August-October. This species is cultivated in various states of 
China and Vietnam to be used in perfumery, medicine, and food industry 
(as a spice) (33). 

1.7.2. Use of Chinese star anise: In terms of chemical composition, 
star anise contains containing oil, lignan, sesquiterpene, phenylpropanoid 
and flavonoid compounds. The main compounds of containing oil from 
its fruits are trans-anethole, estragole, d-limonene, l-limonene, d-fenkon, 
d-pinene, dl-limonene and anisaldehyde. Most of the sesquiterpene 
compounds it contains are seco-pyrazine sesquiterpene derivatives. 
The main flavonoids present in the drug are chemferol, routinozide, 
quercetin, isocercitrin, isoramnetin 3-O-rutinozide and tamariksetin 
3-O-neohesperidoside. In addition to these, other compounds isolated 
from drog are fatty acids (hexadecanoic, heptadecanoic, octadecanoic, 
linoleic and oleic acid), farnesol, safrol, foenukulin and shikimic acid. 
Effects and Usage: Essential oil and flavonoids it contains are effective 
on mucous membranes in respiratory system diseases and on smooth 
muscles in gastrointestinal diseases. It is also used in diminishing appetite 
and cough (34,35). Antimicrobial Effect: A study investigating the in vitro 
antibacterial effect of methanolic extract and decoction of Ilicium verum 
fruits showed that it was effective against anaerobic and aerobic peridontal 
bacteria (Porphyromonas gingivalis, Prevotella spp., Fusobacterium 
nucleatum, capnocytophaga gingivalis, veilonella parvula, eikenella 
corrodens, peptostreptococcus micros and actinomyces adontolyticus). E. 
corrodens of these bacteria are only sensitive to both methanolic extract 
and decoction (with MIC values of 256 and 512 mg / mL, respectively) 
(36). The supercritical CO2 and ethanolic extract of the I. verum showed 
a significant antibacterial effect against a total of 67 resistant bacterial 
strains, including 27 acinetobacter baumannii, 20 pseudomonas aeruginosa 
and 20 methicillin-resistant staphylococcus aeruginosa. The diethyl-ether 
fraction obtained from ethanolic and supercritical CO2 extracts showed a 
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strong antibacterial effect with MIC values of 0.15, 0.17 and 0.11 mg / mL 
(37). In the glyoxylate cycle, isocitrate is broken down into succinate and 
glyoxylate via the enzyme isocitrate lyase. This metabolic pathway occurs 
in the majority of pathogens and is also of the utmost importance for 
Mycobacterium tuberculosis bacteria, which is the cause of tuberculosis 
disease. An in vitro study found that extract of I. verum inhibited the 
isocitrate lyase enzyme with an IC50 value of 47.7 +/- 16.9 μg / mL, thus 
disrupting the glyoxylate cycle (38). Antifungal effect: In a study conducted 
to use natural products to control plant diseases, the essential oil of star anise 
fruits was examined due to its antifungal effect against pathogenic fungi in 
plants. The essential oil in the fruit was obtained by hydrodistillation and 
the chemical components it includes were analyzed by GC and GC-MS.
Among the compounds obtained, the main compound with an antifungal 
effect was determined to be trans-anethole. Inhibitory effect of both the 
essential oil and trans-anethole against the fungi Alternaria solani, bipolaris 
maydis, botryodiplodia theobromae, Fusarium graminearum, fusarium 
oxysporum f. Sp. cucumerium, pythium aphanidermatum, rhizoctonia 
cerealis, rhizoctonia solani was tested using carbendazim standards. IC50 
values of essential oil were found to be 0.09, 0.07, 0.11, 0.08, 0.16, 0.14, 
0.25, 0.22, 0.09, 0.10, 0.08 mg / mL, respectively (39, 40).

Other Studies: The inhibitory effect of 70% ethanolic extract of 
Illicium verum fruits and butanol, ethyl acetate, chloroform fractions 
and anetol obtained from this extract on the acetylcholinesterase and 
butyrylcholinesterase was investigated colorimetrically in another study. 
IC50 values for acetylcholine esterase werre 58.67 +/- 0.16, 44.94 +/- 2.49, 
83.75 +/- 0.11, 103.03 +/- 1.76,36.00 +/- 0.44 μg / mL, respectively, while 
I50 values for butyrylcholinesterase were 91.84 +/- 1.29, 80.67 +/- 0.33, 
136.03 +/- 2.19, 171.44 +/- 0.55, 70.65 +/- 0.96 μg / mL, respectively. 
The effect of chimic acid obtained from Ilicium verum on proliferation of 
HepG2 Hepatocellular Carcinoma Cell Line and nuclear factor-kB (NF-
KB) p65 was examined. The morphology of liver tumor cells varied under 
the microscope depending on different concentrations of shikimic acid and 
apoptotic cells were detected in cells exposed to different concentrations 
of shikimic acid for 48 hours. As a result, shikimic acid inhibited the 
proliferation of liver carcinoma cells and downregulated the NF-KB (p65) 
protein level (41).

1.7. Bottle-Brust (Equisetum arvense)

1.7.1. Botanical characteristics 

It is spread over the temperate regions of the northern hemisphere. It 
grows naturally throughout America, Europe and North Africa and a part 
of the Asian continent. It grows naturally in the south of Turkey and Iran, 
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in the Himalayas and in the middle and north of China and Japan in the 
Asian continent. It is spread over streamsides and uncultivated land in the 
North and Eastern Anatolia in Turkey (42). It is a perennial, herbaceous and 
flowerless plant that grows up to 100 cm high, reproduces by spores and 
bears rhizome. Its leaves are quite small and scaly. Its stem is cylindrical, 
branched or unbranched, green or brown-green, hard and hollow. It is 
spread over streamsides and uncultivated lands up to 1700 m above sea 
level (43, 44). 

1.7.2. Use of Bottle-Brust (Equisetum arvense): It was used by 
people in tuberculosis, kidney and bladder inflammations and as hemostatic 
in nose, lung and gastric bleeding, as well as against hand and nail breaks 
and hair loss and in the treatment of difficult-to-heal wounds and ulcers. 
It has been reported to be used in the supportive treatment of chronic leg 
swelling, difficult-to-heal sprain and fractures, dermatological disorders, 
rheumatic joint inflammation, jaundice and sore throat. The plant is used 
as a pain reliever, blood pressure reduction, blood cleanser, diuretic, and 
edema remover. Teas prepared from this herb in Iran are consumed against 
diabetes and kidney diseases (45).

Chemical Composition: Aboveground parts of Equisetum arvense 
should contain total flavonoids calculated on at least 0.3% isoquercetin. There 
are two chemotypes according to flavonoids. Asian and North American 
varieties contain high amounts of quercetin-3-O-beta-glucopyranoside and 
its manonyl esters, as well as apigenin of flavor derivatives, 5-O-glucosides 
of luteolin and malonyl esters. The composition of chemotype in Europe 
mainly contains quercetin-3-O-soforoside, genkwanin and chemferol 
derivatives, as well as protogenkwanin 4-O-beta-glucopyranoside, 
genkwanin-5-O-glucoside, chemferol 3,7-di-O- glucoside, chemferol-
3-O-7-O-glucoside and luteolin glycosides and onitine and onitin-9-O-
glucoside of phenolic petrosins (46). There are 1% of caffeic acid esters 
in the composition of E. arvense. Although di-E-cafeol-meso-tartaric acid 
of these compounds is found in small amounts (0.008%) in E. arvense, it 
is not found in other Equisetum species. So, it is a marker compound in 
both chemotypes. E. arvense also contains mono-Ocafeol-meso-tartrate, 
methyl esters of caffeic acids and 5-cafeoylchimic acid. Polyenic acids, 
rare dicarboxylic acids and other organic acids (aconitic acid, arabinoic 
acid, citric, fumaric gallic, gluconic, glyceric, malic, malonic, protocathic, 
threonic, p-coumaric, 4-hydroxybenzoic, vanicic acid and kinic acid) have 
been reported to be found. It has also been reported that Equisetum arvense 
contains traces of alkaloids (nicotine, spermidine bases, palustrine and 
palustrinine). The plant also contains carotenoids and rhodoxantine. The 
plant has also been reported to contain potassium (1.8%), calcium (1.3%), 
aluminum, magnesium, and manganese. Hexahydropharynyl acetone 
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(18.34%), cis-geranyl acetone (13.74%), thymol (12.09%) and trans-phytol 
(10.06%) were detected as major compounds in the chemical composition 
of essential oil obtained from the stem of Equisetum arvense (47). 
Antimicrobial Effect: It was determined that the extract prepared with 90-
95% ethanolic from the aboveground parts of Equisetum arvense exhibited 
weak activity against Bacillus subtilis and Streptococcus faecalis strains 
at 500 μg / disc concentration. The essential oil obtained from the fruitless 
stem of the plant was evaluated using the disk diffusion method in terms of 
the antimicrobial activity against Staphylococcus aureus, Escherichia coli, 
Klebsialla pneumoniae, Pseudomonas aeruginosa, Salmonella enteritidis, 
Aspergillus niger and Candida albicans strains. The solution of essential 
oil diluted in 1:10 was found to be active against all the strains tested and 
showed a broad-spectrum antimicrobial effect. It was observed that the dry 
extract prepared from the fresh above-ground part of the plant was active 
against the Aspergillus flavus strain. Extract prepared with 50% ethanol 
from the stem of Equisetum arvense was examined by using macrodilution  
method for antimicrobial effect against Escherichia coli, staphylococcus 
aureus and bacillus cereus strains. The strongest effect was found to be 
against S. aureus strain, with a MIC (minimum inhibitory concentration) 
values of 11.14 mg / mL and a MBC (minimum bactericidal concentration) 
values of 22.28 mg / mL (48). The weakest effect was detected against B. 
cereus strain with a MIC value of 89.10 mg / mL. Antimicrobial effect 
of the aqueous ethanolic extract of the plant was investigated against 
Pseudomonas aeruginosa, Escherichia coli, Salmonella enteritidis, 
Klebsiella pneumoniae, Staphylococcus aureus, Candida albicans and 
Aspregillus niger strains. When inhibition zones were measured, it was 
found to be effective against all strains tested (inhibition zones: 11.3-14.1 
mm) (49).

Other Studies: The aqueous extract (30 µL) obtained from the dried 
aboveground parts of Equisetum arvense exhibited a radical scavenging 
effect on cultured microsomes. The aqueous extract prepared from 
the dried above-ground part of Equisetum ravens was examined for its 
antioxidant capacities on various radicals. The aqueous extract was found 
to be a high activity of superoxide anion radical scavenging (>80%) (50). 
The antioxidant activities of the extract prepared from the above-ground 
parts with phosphate buffer (pH = 7) were investigated using four different 
methods. The radical scavenging effect of the extract was found to be 51.4 
+/- 3.3% in DPPH (2,2-diphenyl-1-picrylhydrazyl) method, 73.5% in ESR 
(electron spin resonance) method and 9.13 +/- 0.98% in NO (Nitric Oxide) 
radical inhibition assay. Its total reductive effect was detected to 2.85 +/- 
0.45 FRAP unit in the FRAP test. 70% ethanolic extract among extracts 
prepared from the plant using solvents with different polarities such as 
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water, ethanol, 70% ethanol, methanol, 70% methanol, and chloroform was 
found to be effective in terms of antioxidant activity, with an IC50 value 
of 168.1 µg / mL. Superoxide scavenging effects of onitine and luteolin, 
isolated from the methanolic extract of the plant were IC50 = 35.3 and 
5.9 µM, respectively while free radical scavenging effects of 1, diphenyl-
2-picrylhydrazyl and 2.2-di (4-ter-octyl-phenyl) -1-picrylhydrazyl were 
IC50 = 35.8 +/- and 22.7 +/- 2.8 µM, respectively (51).

1.8.Uvez (Cormus domestica)

1.8.1. Botanical characteristics: Cormus domestica, which has fruits 
resembling a miniature apple or pear, grows naturally or is cultivated in a 
small number of regions. Although it has been recorded that the plant has 
been widely cultivated since the time of the ancient Roman empire, it is 
not known exactly what the natural distribution area of   this species is. It 
is spread in Western, Central and southeastern Europe, especially in the 
Balkan peninsula, and rarely in some parts of North Africa and West Asia. 
This plant also has a record as a species of the forest ecosystem of Central 
and Southern Europe. However, the regions in which it is widespread 
are not exactly known. In Turkey, it grows wild in the Western Part of 
Northern Anatolia (Kastamonu, Zonguldak), Marmara and Thrace region 
(Sakarya, Bolu), Central Anatolia (Ankara), Central Black Sea Region 
(Sinop, Tokat), and South Anatolia (Hatay) (52).

1.8.2.Traditional Use: Cormus domestica has been known as a 
valuable tree since the Roman empire. Its leaves are used against diabetes 
in the form of 5% infusions among the people. Its fruits are known to 
have important therapeutic effects in intestinal diseases, anemia, and 
extreme weakness in folk medicine. It is registered that its fruits are used 
as a diuretic, anti-inflammatory, anti-diarrhea, vasorelaxant and vitamin 
source. Its fruits are also reported to be effective in situations such as 
dysentery, strengthening memory, and improving thinking. It has been 
noted that its fruits are traditionally used in the treatment of long-term 
diabetes-related disorders. It is emphasized that over-ripening fruits are 
used only in Traditional Medicine. It is also stated that boiling its fruits in 
water and drinking are good for cough. It is stated that jam and marmalade 
prepared from fruits are also an internally antitussive around İstanbul. It 
has been reported that fruit decoction is used for gallbladder diseases in 
Sakarya and that after the fruits are kept in sugar and saltwater around 
Balikesir, they are internally used in diabetes. The fruit peel is brown and 
the fleshy part is yellowish-brown, and it is recommended to be consumed 
when it is ripen (53, 54).             

Chemical Composition: Its fruits contain vitamins A, B2, C, and other 
minerals. The sexangularetin glycoside and the isorhamnetin conjugates, 
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both of which have the flavonoid structure, were detected in a wide 
variety of parts of C domestica, such as leaves, fruits, and flowers. Its 
fruits are also rich in procyanidins, cinnamic acids, and quercetin. It has 
been reported that the plant is rich in phenolic compounds. These studies 
were conducted in various ripening periods of the plant for qualitative 
and quantitative purposes and all fruits were found to be rich in benzoic 
acid. In addition, cinnamoylquinic acid from phenylpropanoids, quercetin 
glycosides from flavonoids, hydroxycinnamic acid and its derivatives, 
cercetole and chemferol derivatives have been identified. In addition to 
these, a cercetole dimer was also found. In another study, caffeoylquinic 
acid and chlorogenic acid were isolated from its fruits (55, 56).  

Other studies: The aqueous extracts of Cornos domestica fruits 
exhibited higher antioxidant activity (68.29%) than synthetic antioxidants 
(BHA, BHT and propyl gallate). Hydrogen peroxide scavenging capacity 
(12.89% and 3.62%) of Cormus domestica was found to be quite low. 
Cormus domestica showed a lower effect in experiments performed to 
determine the antioxidant capacity equivalent to trolox. The antioxidant 
capacity of the methanolic extracts of the fruits of Cormus domestica 
collected during 5 different ripening periods were also investigated. DPPH 
radical scavenging effect was found to be EC50 = 0.341-39.5 mg dry extract 
/ mg. The butanol fraction of the fleshy portion and unripe fruit showed the 
best effect, followed by ether and ethyl acetate fractions. Water extract 
exhibited the weakest effect. The best antioxidant capacity was detected in 
all methanolic extracts and fleshy parts during different ripening periods 
(EC50=2.55+/-0.11; 10.6+/-0.34; 1.89+/-0.06; 20.0+/-0.12; 1.45+/-0.02). 
It has been determined that when the fruits were over-ripening, their 
antioxidant capacity is lower (57, 58).            

2. MATERIAL and METHOD

2.1.Plant Material: Juniper berries(Juniperus communis), Bottle 
brust (Equisetum arvense) plant, star anise (Illicium verum) and üvez 
(Cormus domestica) leaves were used in this study. Plant materials were 
obtained from a herbalist in Mısır Çarşısı as ready-packed (Harem Palace). 
A dried sample (10 g) was chopped into small pieces using a blender. 
Extraction was followed by filtration through Whatman No 1 filter paper 
and evaporation of the filtrate to dryness at 30oC in the Büchi V-700 
rotary vacuum evaporator. The dry residue was mixed with 150 ml of 
metanol in a screwcapped Erlenmeyer flask and placed on a Nüve SL 350 
shaker (Nüve, Ankara, Turkey) to obtain an metanol extract. Extraction 
was repeared until the solvent became colourless; 200 ml of metanol was 
used in total. 59).
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2.2.Antimicrobial Activity: Disk diffusion susceptibility test was 
applied to determine the antimicrobial activity of plant extracts. Antibiotic 
disks were impregnated with 50 μL from these extracts under aseptic 
conditions using a micropipette with a diameter of 6 mm (Schleicher & 
Schül, Nr 2668, Germany). In our study, Mueller Hinton Agar (OXOID) 
was used to determine the antimicrobial activity of bacteria and yeast as 
medium. Plaques in which bacteria were inoculated were incubated for 
24 hours at 35°C and plates inoculated with yeasts were incubated for 
3 days at 30°C. When the time was over, the diameters of the inhibition 
zones formed around the disks were measured. The antimicrobial activity 
experiments against all the test microorganisms were repeated three times 
(60,61).

3. RESULTS

Test organisms were used to test the antimicrobial activity. Namely, 
Staphylococcus aureus (ATCC 25923), Listeria monocytogenes (ATCC 
15313) ve Saccharomyces cerevisiae (ATCC 9763) are gram positive, 
Escherichia coli (ATCC 25922), Salmonella typhimurium (ATCC 14028) 
are gram negative.

Table 1. Result of antimicrobial activity 

Microorganisms

Juniper berries 
(Juniperus 
communis) 
fruit MeOH 
Exract

Bottle brust 
(Equisetum 
arvense) plants 
MeOH Exract

Star anise 
(İllicium 
verum) fruit 
MeOH Exract

Uvez   
(Cormus 
domestica) 
leaves MeOH 
Exract

Staphylococcus aureus 
(ATCC 25923)
(Gram-positive) 18 mm 9 mm 15 mm 12 mm
Escherichia coli (ATCC 
25922)
(Gram-negative) 8 mm - - -
Listeria monocytogenes 
(ATCC 15313) 
(Gram-positive) 18 mm - 19 mm 12 mm
Salmonella typhimurium 
(ATCC 14028)
(Gram-negative) - 10mm 11 mm -
Saccharomyces cerevisiae 
(ATCC 9763)
(Gram-negative) - - 18 mm -

Ofloxocin (standard) 10 mm 10 mm 8 mm 10 mm
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Inhibition zones of Juniper berries (Juniperus communis) methanol 
extract against Staphylococcus aureus, Escherichia coli and Listeria 
monocytogenes were measured and found to be 18 mm, 8 mm, and 18 
mm, respectively, as displayed in Table 1. Inhibition zones of Bottle brust 
(Equisetum arvense) methanol extract against Staphylococcus aureus 
and Salmonella typhimurium were measured and found to be 9 mm and 
10 mm, respectively, as seen in Table 1. Inhibition zones of star anise  
(İllicium verum) methanol extract against Staphylococcus aureus, Listeria 
monocytogenes, Salmonella typhimurium, and Saccharomyces cerevisiae 
were measured and found to be 15 mm, 19 mm, 11 mm, 18 mm and 18 
mm, respectively, as shown in Table 1. Inhibition zones of Uvez leaves 
(Cormus domestica) methanol extract against Staphylococcus aureus and 
Salmonella typhimurium were measured and found to be 12 mm, and 12 
mm, respectively, as shown in Table 1.

The highest and lowest antimicrobial activity were observed against 
Listeria monocytogenes (Star anise (İllicium verum) and Escherichia 
coli (Juniper berries(Juniperus communis) MeOH Extract), with 19 
mm and 8 mm zone of inhibition, respectively. Methanol extracts were 
found to be more effective against gram positive bacteria. This may be 
since gram-negative bacteria has a multi-layered structure which consists 
of a lipopolysaccharide layer on the outhermost wall of the cell. This 
structure ensures gram-negative bacteria to be more resistant against 
microorganisms in the range of 8-19 mm in the antimicrobial activity 
of the plants. No antimicrobial activity was detected against Salmonella 
typhimurium and Saccharomyces cerevisiae (Juniper berries (Juniperus 
communis) MeOH Extract). No antimicrobial activity was detected against 
Escherichia coli, Listeria monocytogenes and Saccharomyces cerevisiae 
(Bottle Brust (Equisetum arvense) MeOH). No antimicrobial activity was 
detected against Escherichia coli (star anise (İllicium verum) MeOH). No 
antimicrobial activity was detected against Escherichia coli, Salmonella 
typhimurium and Saccharomyces cerevisiae. (Uvez leaves (Cormus 
domestica) MeOH).

4. DISCUSSION

Continuous exposure of people to substances with toxic activity, 
increase in diseases such as nutrition-related cardiovascular diseases and 
cancer, and failure to reach to sufficient and quality food are today increasing 
the significance of quality nutrition. Striving to produce foods with high 
nutritional value and long shelf life has also increased the importance of 
the quality of the produced foods and the ingredients used. Due to the 
devastating effects of synthetic antimicrobials on the body, the search 
for natural preservatives that can replace synthetic substances continues 
swiftly. Plant extracts with high antimicrobial activity should be determined 
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through these types of studies and continuity of the studies should be 
ensured for industrial application by examining their protective effects 
on food systems (62). The antimicrobial effects of the aqueous-ethanolic 
extract of juneper berries (Equisetum arvense) against Escherichia coli, 
Salmonella enteritidis and Candida albicans strains were investigated and 
inhibition zones were found between 11.3 and 14.1 mm (63). Aqueous and 
ethanolic extracts of E. arvense were investigated in terms of antibacterial 
activity by using the disc diffusion method against Escherichia coli strain, 
which is one of the pathogens of the urinary system. The inhibition zone 
was found to be 7-14 mm for different concentrations (64). Ethyl acetate 
extract was found to exhibit antimicrobial activity against Staphylococcus 
aureus by the disc diffusion method (11 mm) (65). The aqueous extract 
that examines effects on viability, virulence factor, and biofilm formation 
of Escherichia coli strain being the urinary tract pathogen was found to 
have antimicrobial activity (p <0.05). The antimicrobial activities of 
various aqueous ethanolic extracts prepared from E. arvense leaves using 
different extraction parameters (temperature, mixing speed, ethanol ratio, 
extraction time, and solvent amount) were investigated against C. albicans, 
Escherichia coli and Staphylococcus epidermides strains by disc diffusion 
method. None of the 24 different extracts were found to have an inhibitory 
effect against C. albicans. Their results are consistent with our findings 
(66).

Methanolic extract of I. verum fruits was found to be an antibacterial 
effect against P. gingivalis, F. nucleatum, C. gingivalis, V. parvula, E. 
corrodens, P. micros and A. adontolyticus (67). Another study showed that 
the ethanolic extract of I. Verum had a significant antibacterial effect against 
Acinetobacter baumannii, Pseudomonas aeruginosa and Staphylococcus 
aeruginosa (68).The highest and lowest antimicrobial activity were 
observed against Listeria monocytogenes and Escherichia coli with 19 mm 
and 8 mm zone of inhibition, respectively. In general, methabolic extracts 
exerted moderate inhibitory effects against the tested bacteria. The most 
reasonable explanation for this is that methanol is active in separating 
flavonoids and phenolics. Still, the inhibitory effect has a direct relation 
with extract concentration. So, if the concentration were higher, then 
bigger zones could likely be observed (69). In addition, various different 
factors should also be taken into consideration. In fact, the antibacterial 
of plant extracts are strongly with to their chemical composition. This 
composition and their relative chemical concentrations may vary in plant 
extracts with respect to the geographical location of the plant, climatic and 
growth environments (temperature, soil, fertilizers, etc.), the part of the 
plant used, the season during which plants were collected and the stage 
of plant development, as well as processing and storage conditions (69). 
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Additionaly, culture conditions, e.g. the composition of the test medium, 
temperature and time of incubation, may also influence the result. In future 
studies, Juniper berries (Juniperus communis),bottle brust (Equisetum 
arvense) plants, star anise (İllicium verum) fruit, Uvez (Cormus domestica) 
leaves can be further analysed because of its biochemical composition 
that is specifically responsible for its antimicrobial activity. In addition, 
our results show that they are able to use as a food additive to prevent 
biological or microbial spoilage against deterioration.

In conclusion, consumers have an increased interest in natural 
antimicrobial agents due to the side effects of artificial preservatives on 
health. In recent years, research on the use of plants for medical purposes 
and preserving nutrients have increased, and therefore, the importance of 
plants’ use as natural antimicrobials is increasing day by day. Antimicrobial 
resistance in bacteria is increasing rapidly. In contrast, bacteria do not 
develop resistance to plant and plant products that show antimicrobial 
properties. The reason for this is that synthetically produced medicines are 
made by isolating any active substance in plants. Bacteria can neutralize 
medicines by creating resistant breeds against synthetic drugs containing a 
single structure in time. 
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