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ABSTRACT  

Hazelnut is one of the most important agricultural products of Turkey. Several fungal diseases are 

threatening hazelnut. Nut cluster blight caused by Botrytis cinerea is an important disease that affects the yield 

directly and most of the cultivars grown mainly in Turkey is susceptible the disease. With the purpose of 

contributing its management, this study was conducted in vitro to determine the effect of some chemical 

(Fenhexamid, Cyprodinil+Fludioxonil, Pyraclostrobin+Boscalid, Pyrimethanil, Iprodione, Ķmazalil) and 

biological fungicides (Bacillus subtilis 1.34 g/l QST 713, B. subtilis Y1336) on mycelial growth and conidial 

germination of high pathogenic B. cinerea isolates derived from diseased nut clusters of hazelnut. EC50 values 

(ɛg/ml), the effective concentration for a 50% reduction of mycelial growth were determined in the presence 

of fungicides. The concentration of fungicide at which the conidia germination showed complete inhibition 

was considered as minimum inhibitory concentration (MIC) of fungicide. Mycelial colony development was 

inhibited completely by Pyraclostrobin+Boscalid and Iprodione from 5 ɛg/ml, by Cyprodinil+Fludioxonil and 

Ķmazalil from 10 ɛg/ml doses. Least EC50 value was obtained with Cyprodinil+Fludioxonil against isolate 2. 

Regarding biological fungicides, while EC50 values of Bacillus subtilis Y1336 were high as 64.57 ɛg/ml and 

170.21 ɛg/ml on isolate 1 and 2, respectively),  for Bacillus subtilis 1.34 g/l QST 713 values were 7.51 ɛg/ml 

and 6,42 ɛg/ml. MIC values were 1 ɛg/ml for Cyprodinil+Fludioxonil, 5 ɛg/ml for Pyraclostrobin+Boscalid, 

Iprodione and Ķmazalil, 10 ɛg/ml for Fenhexamid, Pyrimethanil and B. subtilis 1,34 g/l QST 713. Conidia 

germination was observed at all doses of B. subtilis Y1336.  

Keywords: Hazelnut, Botrytis cinerea, fungicides, EC50, MIC, management  

 

 

INTRODUCTION  

Hazelnut (Corylus avellana L.) is one of the most important tree nut crops in Turkey.  With the 675 

thousand tonnes production quantity Turkey is the first producer and exporter in the World (FAO, 2017). 

Growing hazelnut is the main economic activity for nearly 400,000 households under the form of family farms, 

about 2 million people, in the Black Sea Region of Turkey (Tanrēvermiĸ et al., 2006). 

Insect pests, diseases, environmental factors, and faulty growing techniques can be major constraints for 

hazelnut production varying by countries and years. In Turkey most important hazelnut diseases known for 

many years are bacterial blight caused by Xanthomonas campestris pv. corylina, root rot caused by Armillaria 

mellea and Rosellinia necatrix), powdery mildew caused by Phyllactinia guttata, branch cancer caused by 

Nectria galligena, mosaic disease caused by Apple Mosaic Virus, nut cluster root caused by Monilia coryli, 

M. fructigena and Botrytis spp. (Bremer 1948Ě¥zt¿rk 1950, Ķren 1971, Alay vd. 1973, Y¿r¿t et al. 1994, Toros 

ve Hancēoĵlu 1997; Arlē-Sºkmen et. al. 2004; Akbaĸ et al. 2005; Ertun­ et al. 2009, Ak et al. 2011). In addition 

to these important ones, Phomopsis sp., Fusarium spp., Trichothecium roseum, Pestalotiopsis guepinii, 

Epicoccum sp. and Alternaria raphani, A. alternata, Colletotrichum spp., Fusicoccum sp. and Erysiphe 

corylacearum were reported as disease agents of hazelnut (Bremer 1948, ¥zt¿rk 1950; Y¿r¿t et al. 1994; 

Karaca and Erper 2001; Sezer and Dolar 2012a, 2012b, 2015, 2018; Sezer et al 2017). Among them, outbreak 

of an emerging disease, powdery mildew caused by Erysiphe corylacearum has been observed on cultivated 

C. avellana in the Black Sea Region recently (Sezer et al. 2017). Before that, in Turkey, it was suggested that 

nut cluster blight caused by Botrytis cinerea was the most important and the most prevalence disease agent for 

hazelnut fruit clusters in Ordu, Giresun and Trabzon provinces. In a study conducted in 2008 ï2009, infected 

orchards rate with Botrytis cinerea was 64.00% in Trabzon, 85.82% in those provinces respectively and most 

of the cultivars grown mainly in Turkey is susceptible the disease (Sezer and Dolar, 2012a). It causes 

blightening and rotting of nut clusters and so that affects the yield directly.  

With the purpose of contributing its management, this study was conducted in vitro in 2013 to determine 

the effect of some chemical (Fenhexamid, Cyprodinil+Fludioxonil, Pyraclostrobin+Boscalid, Pyrimethanil, 
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Iprodione, Ķmazalil) and biological fungicides (Bacillus subtilis 1.34 g/l QST 713 and B. subtilis Y1336) on 

mycelial growth and conidial germination of high pathogenic B. cinerea isolates derived from diseased nut 

clusters of hazelnut. EC50 values (ɛg/ml), the effective concentration for a 50% reduction of mycelial growth 

and minimum inhibitory concentration (MIC) of fungicide were determined in the presence of fungicides. 

 

MATERIAL AND METHOD  

Fungicides 

Commercial formulation of fungicides were used (Table 1) and all fungicide concentrations are 

expressed as active ingredient (ɛg/ml) at the study. 

 

Table 1. Fungicides used in the study 

Active ingredient Trade name Formulation  

Fenhexamid 500 g/l Teldor SC 500 SC 

Cyprodinil+Fludioxonil 

37.5%+25% 

Switch 62.5 WG WG 

Pyraclostrobin+Boscalid 

6.7%+26.7% 

Signum WG WG 

Pyrimethanil 300g/l Mythos 250 ml SC 

Iprodione 50% Rovral WP 50 WP 

Ķmazalil 500 g/l Macal 50 EC EC 

Bacillus subtilis 1.34 g/l QST 713  Seranade ASO SC SC 

Bacillus subtilis Y1336 Biobac WP WP 

 

Isolates and media 

Two high virulent B. cinerea isolates derived from nut cluster of hazelnut with blighted symptom at 

previous studies. The isolates were kept on potato dextrose agar slants were stored at 4 ÁC. Studies of determine 

the effect on mycelial growth and spore germination were conducted on Minimal Medium (MM) for B. cinerea 

containing per litre: glucose 20 g, asparagine 1,5 g, K2HPO4 1 g, MgSO47H2O 0,5 g, FeCl3 0,1 g, yeast extract 

1g, difco bacto agar 20 g. After sterilisation, 0,3 g streptomycin sulfate per liter were added the media (Bur­ak 

and Delen 2000; Kºyc¿ et al. 2012).  

Effect of fungicides on mycelial growth  

Fungicides were evaluated with respect to mycelial growth at doses of 0.5, 1, 5, 10, 50 and 100 ɛg active 

ingredient/ml. Stock solutions of fungicides (20000 ɛg / ml) with exceptions of Bacillus subtilis 1.34 g / l QST 

713 that have the low active ingredient detisity were prepared in sterilized distilled water. Dilutions were made 

from stock solutions to obtain the desired doses.  The final dilution for each dose was obtained by adding 

fungicide solutions to 100 ml of medium cooled to 45-50 ÁC. The 4 mm diameter discs of B. cinerea taken 

from the edge of the 24-30 hours old cultures which were developed on MM medium at the dark were placed 

with the surface mycelium face down on Petri plate containing fungicides or un-amended control.  Six 

replicates were used per treatment. The petri plates were incubated in the dark at 23 ÁC. Colony diameters were 

measured after three days incubation (Bur­ak and Delen 2000). Obtained colony diameters with the minus of 

4 mm (the agar disk diameter) were recorded and % inhibition values of fungal development of fungicides 

were determined according to control using the Abbott formula, inhibition (%) = [(C ï T) / C] Ĭ 100, where C 

and D represent mycelial growth diameter in the control and fungicides amended Petri plates, respectively 

(Abbott 1925). Logarithmic values of inhibition percentage values and fungicide doses were subjected to 

regression analysis in Minitab package program and 50% inhibition doses (EC50) of fungicides were calculated 

from the obtained regression equations (Yiĵit ve Turhan 1994, Demirci ve Hancēoĵlu 2005). 

Effect of fungicides on spore germination 

In order to determine the effect of fungicides on spore germination, Minimal Medium containing 

different doses of fungicides were prepared as indicated above section. Inoculations were performed by 

shaking spores (with the help of a corcep) from mycelial piece taken from the 10-days colonies grown under 
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the light for abundance sporulation to MM. Afterwards, these petri plates were allowed to incubate for one day 

at 23 ÁC and germination rates of spores in each petri plate (counting 100 conidia/petri plate) were determined 

at the end of the incubation period. It was accepted that if the germination tube tube size was about the twice 

the size of the spore itself, the conidiospor germinated. After this evaluation, petri dishes were left under the 

light for seven days and colony developments from germinated conidia were observed. Some conidia was 

evaluated as non-germinated if the colony development was not observed even though they germinated (Kºyc¿ 

2007). 

 

RESULTS and DISCUSSION 

Least EC50 value, 8X10-7 were obtained with Cyprodinil+Fludioxonil against isolate 2. Second best EC50 

value, 1.1X10-6, were obtain with Pyrimethanil against isolate 1. Regarding biological fungicides, while EC50 

values of Bacillus subtilis Y1336 were high as 64.57 ɛg/ml and 170.21 ɛg/ml on isolate 1 and 2, respectively. 

For Bacillus subtilis 1.34 g/l QST 713 values were low relatively as 7.51 ɛg/ml and 6.42 ɛg/ml, respectively 

(Table 2). 

 

Table 2. C of Logarithmic values of inhibition percentage values and fungicide doses and EC50 values 

of fungicides  

Fungicides Isolates Regression equation EC50 (ɛg/ml) 

 Fenhexamid 500 g/l 
1 

2 

Log Y=- 5,60 + 0,102 X 

Log Y = - 3,79 + 0,0814 X 

0,316 

1,905 

 Cyprodinil+Fludioxonil 37.5%+25%) 
1 

2 

Log Y = - 9,86 + 0,113 X 

Log Y = - 13,7 + 0,152 X 

0,00006 

0,0000008 

 

Pyraclostrobin+Boscalid 6,7%+26,7% 

1 

2 

Log Y = - 3,47 + 0,0478 X 

Log Y = - 4,91 + 0,0622 X 

0,083 

0,0158 

Pyrimethanil 300g/l 
1 Log Y = - 13,7 + 0,155 X 

Log Y = - 3,48 + 0,0518 X 

0,0000011 

0,1288 2 

Iprodione 50% 
1 

2 

Log Y = - 3,69 + 0,0491 X 

Log Y = - 3,18 + 0,0433 X 

0,058 

0,0966 

 Ķmazalil 500g/l 
1 

2 

Log Y = - 1,43 + 0,0284 X 

Log Y = - 1,62 + 0,0315 X 

0,977 

0,9015 

 Bacillus subtilis 1,34 g/l QST 713  
1 

2 

Log Y = 0,0205 + 0,0171 X 

Log Y = - 0,0828 + 0,0178 X 

7,5076 

6,4151 

Bacillus subtilis Y1336 
1 

2 

Log Y = 0,625 + 0,0237 X 

Log Y = 0,536 + 0,0339 X 

64,5654 

170,2159 

Y: Doses of fungicides (ɛg/ml), X: % inhibition 

 

MIC values were 1 ɛg/ml for Cyprodinil+Fludioxonil, 5 ɛg/ml for Pyraclostrobin+Boscalid, Iprodione 

and Ķmazalil, 10 ɛg/ml for Fenhexamid, Pyrimethanil and from biological fungicides B. subtilis 1.34 g/l QST 

713. Conidia germination was observed at all doses of B. subtilis Y1336 (Table 3). 

 Regarding EC50 values and MIC values B. cinerea isolates derived from nut clusters of hazelnut are 

very sensitive to all chemical fungicides and one of the biological fungicides, B. subtilis 1.34 g/l QST 713. 

This should be taken into account in field studies for control of the disease. 
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Table 3.  Effects of fungicides on spore germination  

    Doses 

Fungicides Izolates 

Control 0,5 ɛg/ml 1 ɛg/ml 5 ɛg/ml 

10 

ɛg/ml 

50 

ɛg/ml 

100 

ɛg/ml 

Spore germination rate (%) 

  

Fenhexamid 500 g/l 

1 100 99 79 66 38* 30* 8* 

2 100 99 75 49 39* 34* 38* 

  

Cyprodinil+Fludioxonil 

37.5%+25% 

1 100 11 1* 0 0 0 0 

2 100 22 11* 0 0 0 0 

  

Pyraclostrobin+Boscalid 

6.7%+26.7% 

1 100 100 100 25* 0 0 0 

2 100 93 40 16* 0 6* 2* 

 

Pyrimethanil 300g/l 

1 100 100 90 30 20* 0 0 

2 100 100 45 45 25* 19* 0 

  

Iprodione 50% 

1 100 100 100 0 0 0 0 

2 100 100 100 20* 0 0 0 

 

Ķmazalil 500g/l 

1 100 60 35 25* 0 0 0 

2 100 100 100 0 0 0 0 

 Bacillus subtilis 1.34 g/l 

QST 713  

1 100 100 100 100 6* 0 0 

2 100 100 100 100 0 0 0 

 

Bacillus subtilis Y1336 

1 100 100 100 100 100 100 100 

2 100 100 100 100 100 100 100 

*Conidia germinated but no colony devolenment  
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ABSTRACT 

The world is suffering due to the double burden of malnutrition i.e., under-nutrition and over-nutrition 

which is increasing day by day. Lack of dietary diversity and changing climatic scenarios are paving the way 

for this severe problem. There could be many solutions to address this acute problem. However, using 

indigenous minor fruit species could be the cheapest and sustainable solution to tackle this issue locally as well 

as globally. To understand the existing barriers which are hindering to unlock the full potential of these fruits, 

the present study was designed. To explore the nutritional potential of some selected minor fruits such as 

quince, autumn olive, black raspberry and wild olive grown in Rawalakot, were collected and analysed. The 

selected fruits were analysed for their physical and nutritional composition in order to priorities their edibility 

for indigenous people. Various samples of selected fruits were collected from different villages of district 

Poonch. Data was analysed for physical parameters such as, fruit diameter, total weight of fruit, fruit colour, 

fruit firmness, chemical properties such as  vitamin C,  total soluble solids, total ash content, titratable acidity, 

pH and antioxidant properties such as total antioxidants and total phenolics. The results showed that there is a 

huge potential of these crops to be promoted for commercial scale cultivation. However, further efforts are 

required to establish certified nurseries, small scale value addition plants and a supply chain system for these 

fruits.  

Keywords: Indigenous fruits, hidden hunger, micronutrients, sustainable nutrition 

 

INTRODUCTION  

Minor fruit species are generally not known as cash crops due to their unknown and unrecognised 

importance. Actually, they play an important in most of the rural communities as their farming practices as 

well as lifestyle strategies are dependent on these indigenous fruit species (Mitra et al., 2008). Further, these 

minor fruit species also provide an additional source of food and nutrition for these rural people (FAO, 2009). 

The reason for not recognising them as cash crops is that they actually provide a big portion of diet and help 

in achieving food security for the local communities (Frusciante et al., 2000). They are mostly planted 

alongside major crops as subsistence crops but play a key role as food crops as well as to generate additional 

income for rural people (FAO, 1988). In most of the case, these minor fruit species are locally grown and are 

well adapted to the environmental and climatic conditions which is a huge advantage for farmers who can 

grow them on a relatively low costs (Jaenicke and Lengkeek, 2008; WHO, 2002). They are also grown in 

farming systems that have been developed in the region. Therefore, they are designed to suit local conditions 

and for this reason research into these species and the farming systems in which they are produced has the 

potential to both support food security and nutritional wellbeing of grower households as well as contributing 

to sustainable economic development. 

 

MATERIALS AND METHODS  

Some important characteristics such as (English name, local name, botanical name, family name, and 

traditional uses) of selected minor fruit species (Autumn olive, Black raspberry, Quince, Wild persimmon, 

Berberis) were documented during this study. Moreover, physic-chemical analysis were also conducted to 

record some parameters such as fruit weight (g), total soluble solids (TTS, ÁBrix), titratable acidity (%),vitamin 

C (mg/100ml), pH, total antioxidant (activity of FeSO4 mg-1g FW), total flavonoids (mmol of qercentin per 

100 g) and total phenols (mg gallic acid per 100 g) using standard methods. 

 

RESULTS AND DISCUSSION 

Characteristics of selected minor fruits species 

It was noted that these minor fruits species are being used traditionally for various purposes which shows 

the importance of these crops in local communities. It was also observed that these minor fruits species are not 

only nutritious but also have good potential to be exploited for value added products in future (Table 1).  

mailto:hamiddr40@gmail.com
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The selected minor fruit species also showed appreciable levels of vitamin C, high levels of total 

antioxidants and total flavonoids. Further, fruits were also a good source of total soluble solids and titratable 

acids as well (Table 2).  

However, still there are considerable barriers which are causing the main hindrance in unlocking the full 

potential of these species. One of the most important barriers is that these fruits have improper supply chain 

system and are mostly traded locally in nearby markets. Secondly, a limited research has been conducted to 

explore the actual potential of these fruit species. Consequently, a limited information and knowledge was 

available regarding these species which has caused a lack of awareness among communities about the real 

significance and potential of these indigenous crops.  

Further, poor supply chains have blocked the progress made in exploiting these species and it was really 

difficult for scientists to identify the actual potential of these species. Thus, resultantly even in case of those 

species which had a lot of commercial potential were missed or ignored by the researchers to be exploited 

further.    

Due to the poorly structured supply chains, even if any specie was commercially exploited by any means, 

it would have not reached to the local producers for taking any benefits of commercialisation.   

 

CONCLUSIONS 

These minor fruit species are popular in local communities and are mostly consumed in areas where 

they are produced. Very little fruits are being sent to the main urban markets of Rawalakot or Pakistan. 

Therefore, in this regard a comprehensive research studies are required to supply disease free planting material, 

to give a detailed plan for managing trees and fruits, to provide indices for maturity, to develop an optimum 

system for handling, processing and packaging of these fruits after harvest. Thus, a complete value chain 

approach is needed to rectify these issues and to provide a long term solution for these species, so that all the 

stakeholders involved in this whole chain are benefitted either through addressing the issue of malnutrition or 

by earning some good living. 
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Table 1: Botanical information and local uses of selected minor fruit species 

English 

name 

Local 

name 

Botanical name Family name Traditional uses 

Autumn 

olive 

Ghiani Elaeagnus 

umbellata 

Elaeagnaceae Traditionally, flowers are used to cure 

cardiac diseases. Seeds are considered good 

for cough. Oil extracted from seeds is used to 

treat affliction of lungs. 

Black 

raspberry 

Paghnar Rubus 

occidentalis L. 

Rosaceae People eat black raspberry to treat stomach 

pain and bleeding and to prevent cancer. 

Quince Bhaidana Cydonia 

oblonga Miller  

Rosaceae Quince fruit is considered good as an anti-

diabetic agent. Seeds are used in curing 

cough, bronchitis, constipation, migraine, 

nausea, common cold and influenza. 

Wild 

persimmon 

Amlok Diospyros lotus Ebenaceae Amlok is traditionally used to treat diarrhea. 

Berberis Sumbul Berberis 

vulgaris 

Berberidaceae Leaves are used in treatment of jaundice. 

Roots are used in the treatment of eye 

problems. 

 

 

Table 2: Physico-chemical properties of selected minor fruit species 

Fruit name Fruit 

weight 

(g) 

TSS 

(ÁBrix) 

Titratable 

acidity 

(%) 

Vitamin C 

(mg/100ml) 

pH Total 

antioxidant 

(Activity 

of FeSO4 

mg-1g FW) 

Total 

flavonoids  

(mmol of 

qercentin 

per 100 g) 

Total 

phenols 

(mg gallic 

acid per 

100 g) 

Autumn 

olive 

1.55/10 

fruits 

19.14 0.56 0.43 3.64 0.31 2.18 - 

Black 

raspberry 

0.24 5.32 0.35 0.47 4.12 - 3.80 0.72 

Quince 150.8 14.0 0.43 0.40 3.43 1.126 - 0.42 

Wild 

persimmon 

12.14 15.32 0.49 0.62 4.56 1.34 4.21 - 

Berberis 9.80/10 

fruits 

12.45 0.67 0.71 4.32 - 3.17 0.56 
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ABSTRACT 

Precision agricultural is designed to increase whole agricultural production efficiency with low cast 

effect while avoiding the unwanted effects of chemical loading to the environment. Precision agriculture offers 

environmental, practical and economic benefits. Precision farming potentially increase yields, reduce 

investment, decrease pollution, enhance economic efficiency, leading to better control in the production 

process and more productive work time will result in higher profits. Precision agriculture was adopted a bit 

slowly because of the equipment replacement cycle problems. The adoption of precision agriculture was also 

profit-oriented. This short review tries to collect information about the adoption and profitability of the 

application of some precision agriculture technologies. According to several previous studies, in general, the 

application of precision agriculture technologies positively increase profitability. 

Keywords: Economic feasibility, precision farming, profitability, sustainability, technology adoption 

 

INTRODUCTION  

Agriculture is a complex system consisting of many concepts and relationships. Agriculture production 

systems have benefited from the incorporation of technological advances primarily developed for other 

industries. The industrial age brought mechanization and synthesized fertilizers (also pesticides) to agriculture 

(Yousefi & Razdari, 2015). However, some of the practices and technologies of agriculture not only bring 

positive impacts on agricultural production but also have negative impacts, especially on the environment. The 

environmental impacts of agricultural production have been an increasing concern in terms of its risk on air, 

soil and water pollutions. This concern had led scientists to deal with the problem of pollution and study the 

environment-friendly practices and inputs rather than traditional farming and usage of pollutant chemicals in 

the form of fertilizers, pesticides, growth regulators, etc. Sustainability i n agricultural production, which is 

meant to produce crops and animals while keeping an eye on the balance of nature, has become the widely 

accepted approach of farming in the western world (Sindir & Tekin, 2002). 

Precision agriculture (PA) deals with the study of the application of technology to produce agricultural 

products to fulfill world-wide food requirement as compare to conventional agricultural method and lower 

adverse impact on environment. Precision agricultural is an integrated, information and agricultural 

management system that is based on several technical tools such as global positioning system, geographical 

information system dan remote sensing. Precision farming is designed to increase whole farm production 

efficiency with low cast effect while avoiding the unwanted effects of chemical loading to the environment 

(Goswami et al., 2012). 

Precision agriculture (PA) deals with the study of the application of technology to produce agricultural 

products to fulfill worldwide food requirements as compare to the conventional agricultural method and lower 

adverse impact on the environment. Precision agricultural is an integrated, information and agricultural 

management system that is based on several technical tools such as global positioning system, geographical 

information system dan remote sensing. Precision farming is designed to increase whole farm production 

efficiency with low cast effect while avoiding the unwanted effects of chemical loading to the environment 

(Goswami et al., 2012). 

Previous reports showed that precision farming has the potential for enhancing farm incomes and exert 

a positive influence on livelihood security. Precision farming has proved globally its potential to maximize the 

effectiveness of inputs. It can potentially reduce investment, decrease pollution and enhance economic 

efficiency, leading to better control in the production process (Franco, 2013). This short review tries to collect 

brief information about the adoption and profitability of the application of some precision agriculture 

technologies. 
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Adoption of Precision Agriculture 

Krause and Black (1995) examined the adoption of precision farming by farmers. They reported that 

even when a decision has been made to adopt some precision farming, the timing of adoption may be delayed 

by problems in the equipment replacement cycle for the underlying machines on which global positioning 

systems (GPS), sensors and other electronics are to be installed. They found that some innovators had 

retrofitted existing machines, but many farmers were reluctant to do so. Lack of experience with electronics, 

cost of installation service and lack of standardization reduced the cost-effectiveness of retrofits. Many of the 

practical majority of farmers who care more about profits than being the first with new technology preferred 

to have factory-installed precision farming equipment. But buying that major machine presented further 

financial and risk challenges. 

Lowenberg-De Boer (1998) observed the trends in precision farming adoption in the United States. He 

also reported that the adoption of precision farming is uneven not only geographically, but also temporally. 

According to this observation, the uneven adoption trend contrasts sharply with the rapid, smooth adoption of 

hybrid maize following its commercial introduction about 80 years ago. 

Oriade and Popp (2000) conducted a whole farm planning model of precision agriculture technology 

where risk was incorporated. They proposed that the adoption of precision farming technologies was profitable 

in a whole-farm approach. It helps to increase the profit potential and risk-taking the capacity of the farmer. 

However, the lack of yield data and the interactive effects of production practices necessarily led to overly 

restrictive assumptions and results. 

Khanna (2001) examined the adoption pattern of PF of four different states of the USA and noted that 

adopters of PF tend to be younger, more educated, full-time farmers and operate larger sized farms. They 

discovered that the low rates of adoption are due to uncertainty in returns, high fixed costs of investment and 

information acquisition, and lack of demonstrated effects of these technologies on yields, input-use, and 

environmental performance. 

Norton and Swinton (2001) tried to understand why some farmers adopt precision farming while some 

others do not. They explained that technology adoption can be examined across time or space. Either way, the 

pattern of precision farming adoption has been uneven. Despite the rapid growth of global commerce and the 

widespread availability of equipment for variable rate of technology (VRT) and yield monitoring, adoption 

rates appear to differ sharply from one country to another, at least based on the informal data availability. 

Swinton (2001) studied the adoption of precision agriculture technologies and found it to be uneven, 

both geographically and temporally. The adoption of precision agriculture technologies has been fastest where 

labor is costly but land and capital are relatively less costly. The uneven adoption rate in places where it was 

adopted is tied to normal cycles for replacing the expensive machinery in which many precision agriculture 

technologies are embodied. Equipment replacement decisions are affected by many factors exogenous to the 

farm, such as bank interest rates and commodity prices. Adoption is likely to continue in labor-scarce, land 

abundant countries, with rates of adoption accelerating when commodity prices are high and interest rates low. 

Kayrouz (2008) studied the adoption pattern of precision farming in the United Kingdom. He suggested 

that precision farming was profit-oriented. The most frequently adopted components were grid soil sampling 

and variable rate of technology application of lime. The study indicated that fertility management practices are 

most likely to change as a result of PF adoption, as compared to planting and pesticide practices. He opined 

that farmers who adopt PF are satisfied with their PF system and wanted to continue to adopt additional 

components. 

 

Profitability of Precision Agriculture  

Agricultural producers have increasingly adopted precision agriculture technologies over the past two 

decades. Agriculture Risk Management Survey (ARMS) data collected and analyzed by USDA showed 

substantial adoption of various PA technologies, including yield monitoring and mapping, soil sampling and 

mapping, guidance systems, and variable rate technologies. However, much of the rapid adoption of PA 

technologies has happened over the past several years during a period of increased farm profitability. Whether 

the adoption of PA technology drives increased profitability or whether increased profitability drives adoption 

is an important question (Castle et al., 2017). 

Castle (2016) stated that initial analysis focused on differences in profitability between adopters and 

non-adopters of PA technology by analyzing profitability against the number of PA technologies adopted. 

Several different measures of profitability or efficiency were analyzed, including net farm income (NFI), net 

farm income ratio (NFIR), and operating expense ratio (OER). Both ratios are financial ratios calculated as net 
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farm income and operating expenses respectively over gross farm income. Castle also reported that the 

adoption of PA significantly increased NFI and OER of the farmers. In conclusion of this study showed that 

the adoption of PA can lead to profitability increase.  

Schimmelpfennig (2016) stated that a treatment-effects model is developed to estimate factors 

associated with PA technology adoption rates and the impacts of adoption on profits. Labor and machinery 

used in production and certain farm characteristics, like farm size, are associated with adoption as well as with 

two profit measures, net returns, and operating profits. The impact of these PA technologies on profits for U.S. 

corn producers is positive but small. Baio et al. (2017) reported that the use of precision agriculture techniques 

in cotton crops reduces production costs by 6.6%, increased profitability and operating profit by 3.3% and 

7.9% respectively when compared to conventional agriculture. The variable rate application for fertilizer 

provides 41% of cost reduction with these inputs.   

PA is a system, the assessment of PA implementation is not easy to be done since the assessment has to 

be done to the whole system of PA. However, most of the literature about the economic analysis of PA are 

limited only for one technology of PA and the results were not always consistent. Several studies about the 

profitability of some PA technologies are presented in Table 1. 

Lowenberg-Deboer (1995) stated that human capital development would include training individuals on 

how to use, interpret, and maintain PA-related equipment, including computer training and data interpretation. 

Similarly, the time spent while learning these new technologies, and the costs associated with lost time have 

not been included in budget analysis. Human development costs also include any workshops or seminars that 

address training issues. The useful life of equipment should be incorporated into profitability analysis. If the 

equipment has to be updated or replaced after four years, these costs could substantially affect the partial 

budget analysis. Generally, returns from PA technologies are higher and more consistent when used with high-

value crops. Returns from PA to the production of bulk commodities are low. However, these figures might 

be confounded by management strategies. 

 

Table 1. The profitability of some PA technologies application 

Reference Crop PA Technology PA Profitability  

Bauer et al., 2000 Maize VRT for seeding Profitable 

Sindir & Tekin, 2002 Cotton VRT for fertilizers Profitable 

Wang et al., 2003 Corn VRT for N and lime Profitable 

Lu et al., 2005 Corn VRT for irrigation Not profitable 

Notron et al., 2005 Cotton VRT for P Profitable 

Mallarino & Wittry, 2006 Soybean VRT for P & K Profitable 

Velandia et al, 2008 Cotton VRT for N Profitable 

Ehsani et al., 2009 Citrus VRT for fertilizers Profitable 

Mitchell, 2009 Unspecified GPS Profitable 

Ortiz et al., 2013 Peanut RTK-GPS Profitable 

Schimmelpfennig & Ebel, 2016 Corn VRT for fertlizers and soil 

mapping 

Profitable 

Baio et al., 2017 Cotton VRT for fertilizers Profitable 

van Evert  et al., 2017 Potato VRT for perticides Profitable 

 Olive VRT for P, K and lime Not profitable 

Saavoss, 2018 Peanut GPS and soil mapping Profitable 

  VRT for fertilizers Not profitable 

Tona et al., 2018 Grapevine and 

apple 

Precision spraying Profitable 

 

Furthermore, Lowenberg-Deboer (1997) also stated that not annualizing the useful lifetime of equipment 

into budget analyses ignores annual cost fees or equipment, thus potentially underestimating PA profitability. 

For example, computers or software may be obsolete within five years. Omitting equipment deprecation, the 
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annual use costs can be relatively high. The author suggests that the benefits of PA have been difficult to 

measure or generalize since there is still debate amongst researchers as to which appropriate experimental 

designs are useful for validating yield monitor data, and which models best reflect field variability are still 

under development. The central factors governing PA profitability and adoption are: (1) whether ñan integrated 

system with site-specific management multiple inputsò exist or is available to a producer (2) the development 

of better crop response function models, (3) PA-related equipment availability on a mass-level, (4) 

accumulated experience of producers using a composite of PA technologies.  

Baio et al. (2017) reported that profitability and investment analysis indicators demonstrate economic 

feasibility and return over investment to both production systems (precision agriculture and conventional) over 

the cotton crop production, however, the use of precision agriculture techniques shows higher economic 

viability and smaller return over investment time, even having higher initial costs with machines, sensors and 

maps production. 

The assessment of PA implementation also can not be done just for one growing season because some 

variable costs should be paid. Swinton et al. (2000) reported that combined results of two growing seasons 

failed to indicate that yields, savings, profitability, or yield stability benefits were produced by site-specific 

management (SSM) treatments. There was no measurable yield gain from SSM treatments, and SSM 

profitability (as a gross margin over variable costs) was not statistically different from whole field application 

strategies. The authors concluded that benefits from SSM will only be realized over time, not two growing 

seasons. 

 

CONCLUSION AND RECOMENDATION  

Precision agricultural is an integrated (information and agricultural management) system that is based 

on several technical tools such as global positioning system, geographical information system dan remote 

sensing. Precision farming is designed to increase whole farm production efficiency with low cast effect while 

avoiding the unwanted effects of chemical loading to the environment. Precision agriculture was adopted a bit 

slowly because of the equipment replacement cycle problems. The adoption of precision agriculture was also 

profit-oriented. According to several previous studies, in general, the application of precision agriculture 

technologies positively increase profitability. However, the study should be done with including the investment 

cost and also in a longer period (more than two growing seasons) to get an accurate analysis of the economic 

aspect of precision agricultural technologies application. 
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ABSTRACT 

Industrial Revolution resulted in serious environmental pollutions such as heavy metals and other 

dangerous waste pollution in the soil and water. Heavy metals pollution has become one of the most serious 

environmental problems. The effects of heavy metals on human health can cause serious diseases and even 

lead to death. Phytoremediation is one of the bioremediation techniques can be used as an alternative solution 

for heavy metal remediation process in heavy metal polluted areas. Phytoremediation technology based on the 

use of metal-accumulating plants. The selection of plant types for phytoremediation becomes an important 

consideration to make the remediation process more effective and efficient as well as to prevent the plants 

from being consumed. The use of non-edible and non-commercial fast growing with high biomass plants as 

remediating plants can be an alternative solution and cover crops that have characteristics that meet with this 

purpose. This short review tries to give some information about the potential use of cover crops for the heavy 

metal remediation process from the soils. Previous studies showed that several non-edible plants that can be 

used as cover crops are potential for phytoremediation process of heavy metals contaminated soils. 

Keywords: Bioremediation, environmental sustainability, industrial pollution, metal-accumulating 

plants 

 

INTRODUCTION  

Alongside the Industrial Revolution, many human activities, such as industrial and energy production, 

mining, electroplating, transportation, etc., resulted in contamination by polluting substances, and many of 

them are hazardous for the environment and ecosystem as well as harmful for human health. Heavy metals 

pollution has become one of the most serious environmental problems nowadays. The effects of heavy metals 

on human health can cause serious diseases and can even lead to death (Jarup, 2003; Jarup & Akesson, 2009).  

Heavy metals become a group of pollutants of much concern because of their immutable nature (Alkorta 

et al., 2004), cannot be degraded naturally and can stay in a long in the environment. The contamination of 

heavy metals in the soil and water is notoriously hard to remediate (Alkorta et al., 2004) and pose a major 

environmental and human health problem that still needs an effective and affordable technological solution 

(Raskin et al., 1997). Bioremediation is an innovative and promising technology available for the removal of 

heavy metals and recovery of the heavy metals in polluted water and lands (Dixit et al, 2015). Phytoremediation 

is one of the bioremediation techniques can be used as an alternative solution for heavy metal remediation 

process in heavy metal polluted areas. Phytoremediation is considered as an emerging technology that utilizes 

plants and then the associated rhizosphere microorganisms to remove, transform, or contain toxic chemicals 

located in soils, sediments, groundwater, surface water, and even the atmosphere (Susarla et al., 2002). The 

phytoremediation of heavy metals is a cost-effective, efficient, environment- and eco-friendly ógreenô 

technology based on the use of metal-accumulating plants to remove toxic metals, including radionuclides as 

well as organic pollutants from contaminated soils and water (Raskin et al., 1997; Ali et al., 2013).  

The phytoremediation process depends on many factors such as heavy metal properties, soil properties 

and plant species (Laghlimi et al., 2015). The selection of plants to be used as remediating plants is the most 

important factor affecting the effectivity and efficiency of the phytoremediation process. According to the ideal 

characteristics to be considered in selecting the remediating plants stated by Lasat (2000) and Ali et al. (2013), 

cover crops can be selected to be used as remediating plants due to their characteristics. Cover crops are well 

known to have many advantages such as reducing soil erosion, increasing soil organic matter and improving 

soil chemical, physical and biological characteristics. The use of cover crops as phytoremediation plants was 

thought to be more efficient and effective to reduce heavy metals content in the soil as well as can improve 

soil fertility and productivity simultaneously. This short review tries to give some information about the 

potential use of cover crops for the heavy metals remediation process from the soils. 
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The Sources of Heavy Metals and Their Effects on Human Health 

The sources of heavy metals in the environment 

Heavy metals in the environment come from natural and anthropogenic (human intervention) sources. 

The most significant natural sources are minerals weathering, erosion and volcanic activity, while 

anthropogenic sources are mining, smelting, electroplating, the use of pesticides and fertilizers in agriculture, 

sludge dumping, industrial discharge, atmospheric deposition, etc. (Ali et al., 2013; Dixit et al., 2015; Laghlimi 

et al., 2015). Furthermore, the anthropogenic sources of several heavy metals in the environment presented in 

Table 1. 

 

Table 1. Anthropogenic sources of several heavy metals in the environment (Ali et al., 2013) 

Heavy Metals Sources 

As Pesticides and wood preservatives 

Cd Paints and pigments, plastic stabilizers, electroplating of cadmium containing 

plastics, phosphate fertilizer 

Cr Tanneries, steel industries, fly ash 

Cu Pesticides, fertilizers 

Hg Release from Au-Ag mining and coal combustion, medical waste 

Ni Industrial effluents, kitchen appliances, surgical instruments, steel alloys, automobile 

batteries 

Pb Aerial emission from combustion of lead petrol, battery manufacture, herbicides and 

insecticides 

 

Harmful effects of heavy metals on human health 

The effects of heavy metals on human health have been known for a long time alongside with the 

exposure and increase of heavy metals pollution in the environment. The effects of heavy metals on human 

health can be serious and even lead to death (Jarup, 2003; Jarup & Akesson, 2009). The different heavy metal 

gives different toxic effects on human health as summarized by Ali et al. (2013) and Dixit et al. (2015) and 

presented in Table 2. 

 

Table 2. Toxic effects of some heavy metals on human health 
Heavy 

Metal 

EPA* Regulatory 

Limit (ppm)  
Toxic Effects  

Ag 0.10 Exposure may cause skin and other body tissues to turn gray or blue-gray, breathing problems, 

lung and throat irritation and stomach pain. 

As 0.01 Affects essential cellular processes such as oxidative phosphorylation and ATP synthesis 

Ba 2.00 Causes cardiac arrhythmias, respiratory failure, gastrointestinal dysfunction, muscle 

twitching and elevated blood pressure 

Cd 5.00 Carcinogenic, mutagenic, endocrine disruptor, lung damage and fragile bones, affects calcium 

regulation in biological systems 

Cr 0.10 Causes hair loss  

Cu 1.30 Causes brain and kidney damage, elevated levels result in liver cirrhosis and chronic anemia, 

stomach and intestine irritation 

Hg 2.00 Causes anxiety, autoimmune diseases, depression, difficulty with balance, irritability, 

drowsiness, fatigue, hair loss, recurrent infections, insomnia, loss of memory, restlessness, 

disturbance of vision, tremors, temper outbursts, brain damage, lung and kidney failure 

Ni 0.20 Allergic skin diseases such as itching, cancer of the lungs, nose, sinuses, throat through 

continuous inhalation, immunotoxic, hematotoxic, neurotoxic, genotoxic, reproductive toxic, 

pulmonary toxic, nephrotoxic, hepatotoxic, hair loss 

Pb 15.00 Excess exposure in children causes impaired development, reduced intelligence, short-term 

memory loss, disabilities in learning and coordination problems, risk of cardiovascular 

disease, renal problems 

Se 50.00 Dietary exposure of around 300 ɛg per day affects endocrine function, impairment of natural 

killer cells activity, hepatotoxicity and gastrointestinal disturbances 

Zn 0.50 Dizziness, fatigue 

*EPA: United State Environmental Protection Agency 
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Cover Crops and Phytoremediation Process of Heavy Metals 

Cover crops 

Cover crops are defined as the crops which are planted to be used to cover the ground surface (Sharma 

et al., 2018). A cover crop is a crop that is grown and unharvested in order to provide ground cover to benefit 

the soil and/or other crops in a number of ways. Cover crops can be from any family such as grasses, legumes 

or forbs. However, to be effective, the cover crop must be quick to establish, provide an early canopy cover, 

be aggressive enough to suppress weeds and possess a dense and deep root system to hold the soil and improve 

the macroporosity of the soil (Morgan, 2005). Cover crops have benefits that are summarized as follow: 

- Reduce runoff and soil erosion, 

- Improve soil structure and aggregate stability, 

- Increase soil organic matter content, 

- Prevent the leaching of available soil nutrients, 

- Nutrient sequestration to recycle nutrients and limit surface and groundwater contamination, 

- Increase biological diversity and disrupts pest and disease cycles, 

- Improve water infiltration, water absorbing capacity and conserve soil moisture, 

- Increase residue cover, 

- Reduce soil compaction, 

- Control weed population, 

- Increase beneficial insect population, 

- Some cover crops can produce certain biochemical compounds which aid in the liberation of some soil 

minerals, 

- May provide off-season pastures, 

- Soil nitrogen accumulation from legume cover crops, 

- As a wildlife habitat and landscape aesthetics (Kell & McKee, 1936; Hoorman & Sundermeier, 2017; 

Roberts et al., 2018). 

 

The potential use of cover crops for phytoremediation process of heavy metals 

The effectivity and efficiency of the phytoremediation process depend on many factors such as heavy 

metal properties (bioviability of the heavy metals in the soil, speciation of the heavy metals), soil properties 

and plants species used (Ali et al., 2013; Laghlimi et al., 2015). Some considerations for the selection of 

remediating plants according to Lasat (2000) are the plants have to have high biomass production, from native 

species and not too palatable to prevent the risk of being consumed and grazed, and has different root system 

and depth to reach the different depth of contamination. Furthermore, Ali et al. (2013) have summarized the 

ideal characteristics of the plants to be used for phytoremediation process, they are: have hight growth rate, 

produce more above-ground biomass, have widely distributed and highly branched root system, more 

accumulate the target heavy metals from soil, translocate the accumulation heavy metals from roots to shoots, 

tolerant to the toxic effects of the target heavy metals, adaptive to prevailing environmental and climatic 

conditions, resistant to pathogens and pests, easy to cultivate and harvest, and repulsive to herbivore to avoid 

food chain contamination. 

Many previous studies reported about plants that high potential to be used as phytoremediation plants 

for heavy metals. Sumiahadi and Acar (2018) collected information about several plants used for heavy metals 

phytoremediation from 47 different studies. However, most of the plants in the report are annual, commercial 

and edible crops. The use of these crops for heavy metals remediation process might be effective with heavy 

metals hyper-accumulation potential for some crops such as Brassica juncea L. (Belimove et al., 2005; Takeda 

et al., 2006; Singh et al., 2012; Sharma, 2016) and Solanum nigrum L. (Wei et al., 2006; Wei et al., 2010; Ji et 

al., 2011) but not highly efficient economically and practically due to their characteristics as commercial and 

annual that need to be planted again for continuation of the remediation process after their life cycle end. These 

crops also mostly highly responsive to suboptimal environmental and climatic conditions. The use of these 

crops also has a high risk of being harvested and consumed by humans or grazed by animals due to their high 

palatability. 

Cover crops usually have a dense with the different depth root systems, grow faster and can cover the 

soil fast compared to other crop types. Cover crops can produce a higher amount of biomass and increase soil 

organic matter (Olson et al., 2010; Higashi et al, 2014; Olson et al., 2014). The use of cover crops also can 

improve the physical, chemical and biological properties of the soil (Haruna & Nkongolo, 2015; Ali et al., 

2018; Nascente & Stone, 2018). Some cover crops can produce chemical compounds that help crops to uptake 
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the heavy metals and compart them into the root and/or shoot. Cover crops also usually have a high adaptation 

to a wide range of environmental and climatic conditions. The use of perennial cover crops can be more 

efficient for a long term process of heavy metals remediation because they do not need to be replanted after 

harvesting. Harvesting can be done by cutting the above-ground biomass of the plants, then the new shoots 

will grow and the remediation process will continue. With these reasons, the use of cover crops as 

phytoremediation plants was thought to be more efficient and effective to reduce heavy metals content in the 

soil as well as can improve the physical, biological and chemical characteristics of the soil simultaneously. 

Table 3 presents several potential cover crops for the phytoremediation process of heavy metals according to 

previous studies. 

 

Table 3. Several potential cover crops to be used for heavy metals phytoremediation. 
Plant Heavy Metal(s) Reference(s) 

Ageratum conyzoides L. Cd Hamzah et al., 2016 

Atriplex halimus L. Cd, Ni, Pb and Zn Manousaki & Kalogerakis, 2009; Amer et al., 

2013 

Atriplex hortensis Cd, Cu, Zn, Pb and Ni Kachout et al., 2009 

Atriplex rosea Cd, Cu, Zn, Pb and Ni Kachout et al., 2009 

Calendula officinalis L. Cu Goswami & Das, 2016 

Calotropis procera L. Pb and Cd DôSouza et al., 2010 

Chromolaena odorata Cd Hamzah et al., 2016 

Chrysopogon aciculatus Cr, Co, Cd, Cu, Pb, Zn, Ni and Mn Garba et al., 2016 

Cynodon dactylon Zn, Cu, Cd, Co, Ni and Pb  Soleimani et al., 2009; Rathi et al., 2011; 

Shehnaz et al., 2019 

Cyperus malaccensis Lam. Cd and Zn Chayapan et al., 2015 

Echinochloa colona Pb, Zn, Cu and Cd Shehnaz et al., 2019 

Eleusine indica L. Cd Hamzah et al., 2016 

Euphorbia hirta Cd Hamzah et al., 2016 

Festuca arundinacea Cu, Zn, Ni and Pb Soleimani et al., 2009; Kitczak et al., 2016 

Festuca rubra Cd, Cu, Ni, Pb and Zn Golda and Korzeniowska, 2016; Kitczak et al., 

2016 

Halimione portulacoides Zn Cambolle et al., 2016 

Juncus acutus Zn Mateos-Naranjo et al., 2014 

Lantana camara L. Pb Alaribe & Agamuthu, 2015 

Limoniastrum monopetalum  Zn Crambolle et al., 2013 

Lolium perenne Cd, Cu, Ni, Pb and Zn Arienzo et al., 2004; Bidar et al., 2007; Lopareva-

Pohu et al., 2011; Kitczak et al., 2016; 

Medicago lupulina Ni, Pb and Zn Amer et al., 2013 

Medicago sativa L. Cd Ghnaya et al., 2015 

Panicum maximum Pb, Cr and Cd Olatunji et al., 2014 

Pennisetum purpureum Cd, Cr, Zn, Cu and Pb Juel at al., 2018; Shehnaz et al., 2019 

Perotis indica Ni, Cd and Cr Subhashini et al., 2018 

Poa pratensis Cd, Cu, Ni, Pb and Zn Golda & Korzeniowska, 2016; Kitczak et al., 

2016 

Portulaca olerace Ni, Pb and Zn Amer et al., 2013 

Puccinellia frigida Bo Ramila et al., 2015 

Silene vulgaris (Moench.) L. Zn and Cd Brown et al., 1994 

Thlaspi caerulescens J. & C. Zn and Cd Brown et al., 1994; Robinson et al., 1998 

Trifolium repens Pb, Cd and Zn Bidar et al., 2007; Lopareva-Pohu et al., 2011 

Typha angustifolia L. Cd and Zn Chayapan et al., 2015 

Vetiveria zizanoides Pb, Zn, Cu and Cd Hamzah et al., 2016; Shehnaz et al., 2019 

 

CONCLUSION 

Heavy metals are one of the serious pollutants in the environment and become a major environmental 

and human health problems. Phytoremediation can be an alternative solution as a green technology to treat 

heavy metal contaminated areas. Phytoremediation of heavy metals is a cost-effective, efficient, environment- 
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and eco-friendly ógreenô technology based on the use of metal-accumulating plants to remove toxic metals, 

including radionuclides as well as organic pollutants from contaminated soils and water. With their 

characteristics, the use of cover crops as phytoremediation plants was thought to be more efficient and effective 

to reduce heavy metals content in the soil as well as can improve soil fertility and productivity simultaneously. 

According to the previous studies, several non-edible plants that can be used as cover crops are potential for 

phytoremediation process of heavy metals contaminated soils. 
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ABSTRACT 

This study aimed to investigate the relationship between the environmental data, physiological 

parameters and plasma concentration of heat shock proteins (HSP 60 and 70) in dairy goats. This study 

involved 65 Saanen and 73 Alpine crossbreds reared at the Dairy Goat Research Farm of ¢ukurova 

University, Adana (Turkey). Physiological parameters (rectal temperature, respiration and pulse rate) and 

climatic data (air temperature, relative humidity) were recorded. In addition, blood samples were collected 

from jugular vein to get the plasma samples which were used to assay the concentration of HSP 60 and 70. 

The environmental conditions reflected through a high THI (THI= 82.6) showed that the goats were subjected 

to thermal stress. On the other hand, the average HSP 60 significantly lower in winter (4.4 Ñ 0.5 ng/ml) 

followed by spring (7.6 Ñ 0.6 ng/ml) and summer (9.05Ñ0.82 ng/ml). Whilst, the HSP 70 was 22.6 Ñ 0.6, 14.4 

Ñ 0.5 and 13.3 Ñ 0.4 ng/ml in summer, spring and winter respectively. We can concluded that under harsh 

conditions the dairy goats synthesised more heat shock protein which can be used as thermoregulatory 

indicator. 

Keywords: Dairy goat, heat shock protein, Goats 

 

INTRODUCTION  

Environmental change is associated with thermal stress resulting into various physiological and 

biochemical reactions which are inter-correlated. The physiological adaptation to external environment has 

highly effect on productivity of dairy goat. Dairy goats have optimal temperature zones or thermo-neutral 

zones within which their body temperature remains relatively constant and favourable for optimal production. 

However, when exposed to the ambient temperature below or above the thermo-neutral zone, goats alter their 

rectal temperature, respiration and heart rate to cope whether cold or heat stress. Further, thermal stress is 

genetically governed, and heat shock protein play key role influencing heat stress in animal (Sailo et al. 2015). 

Indeed, when exposed to harsh stimuli, genes activate and form heat shock proteēns (HSPs) to protect cells 

against stressors. HSPs are molecular chaperons that maintain native conformation of proteins and cell viability 

during stress period (Kishore et al., 2016). HSP70 is an essential molecular chaperone of primary importance 

to all mammalian cells. They protect cells, tissues, and organs from stress by helping protein folding (assembly 

and refolding) in endoplasmic reticulum (Gade et al., 2010; Jee, 2016). As for the HSP60, it gathers protein by 

forming hetero-oligomeric protein complex (Jee, 2016). This paper reports the findings related to the 

investigation the relationship between physiological and serum concentration of heat shock proteins in Alpine 

and Saanen goats in three seasons i.e winter, spring and summer under subtropical Mediterranean conditions. 

 

MATERIA LS AND METHODS 

Animal materials 

The study was carried out on 65 Saanen and 73 Alpine crossbreds kept at the Dairy Goat Research Farm 

of ¢ukurova University, Adana (Turkey). The study area is characterized by subtropical climate conditions 

with cold dry winter (December to March) and hot humid summer (May to August). The lowest and highest 

ambient temperature which can reach -8.1ÁC and 45.6ÁC are recorded in January and August respectively. The 

average annual precipitation and relative humidity are 450 mm and 66% respectively. The trials was conducted 

during three seasons (winter, spring and summer). 

Climatic parameters 

The daily environmental data including air temperature and relative humidity (RH) on the research site 

were recorded using a thermometer and a barometer were used for climatic data collection. Then, temperature 

humidity index (THI) according to the formula developed by (Abdel-Samee, 1996): THI = db - (0.55 - 0.55 

RH) (db - 58);   where db: the dry bulb temperature. 

Physiological data 

Rectal temperature (RT), respiration rate (RR) and pulse rate (PR) were recorded from experimental 

animals in the morning at (07:00-08:00) and afternoon (13:00-14:00). RR and PR were recorded by using a 
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stethoscope. The RT was recorded using digital thermometer which inserted into the rectum: The stabilized 

rectal temperature was recorded after the two minutes. These parameters were recorded during every season 

over the experimentation period. 

Heat shock proteins assay 

To determine the serum concentration of HSP, serum samples were isolated from 5-8 ml of blood 

collected from jugular vein of each goats using heparinized vacutainers tubes. Blood samples transferred to 

the laboratory of the department of animal science, ¢ukurova University in cool box (approximately 4oC). 

Then, blood samples were processed through centrifugation for 15 minutes at 1500 rpm. Using clean pipette, 

210ul of serum were taken into labelled microtubes. These later were used to measure the HSP70 and 60 levels 

using the enzyme-linked immunosorbent assay (ELISA) test. The HSP assay procedure was described by the 

ELĶSA kits supplier (SunRed Biotechnology Co., Catalogue No. 201-07-0733, Shanghai, China). 

Statistical analysis 

HSPs concentrations and physiological data were statistically analysed separately following the General 

Linear Model procedures in SPSS 20. Differences were tested with Duncanôs Multiple Range Test at a level 

of 5% or 1%. Pearsonôs correlations among HSP and climate data were determined. 

RESULTS AND DISCUSSION 

Climatic and physiological parameters 

The variation of environmental (AT, THI and RH) and physiological (RT, RR and PR) parameters are 

given in the table 1. The average THI were 54.5, 70.1 and 82.6 in winter, spring and summer respectively. 

Given that the THI during summer was higher than the optimal THI for thermal comfort of goat (THI< 70) 

(Silanikove, 2000), therefore the experimental goats were subjected to heat stress. The physiological 

parameters are great heat induced stress indicators in goats. In the current study, the highest records of RR, RT 

and PR were observed in summer, while the lowest in winter.  In summer, the overall means of RT (39.8 Ñ 

0.4oC) were significantly (P<0.05) higher than spring (37.6 Ñ 0.2oC) and winter (36.0 Ñ 0.08oC). Regarding 

the RR, it was significantly lower in winter (55.6 Ñ 1.4 breaths/min) than spring (62.1Ñ1.9 breaths/min) and 

summer (97.7 Ñ 3.0 breaths/min). The PR was significantly higher in summer (108.8 Ñ 1.5 bpm) followed by 

spring 96.8 Ñ 3.1 and winter 94.3 Ñ 3.0 bpm. However, a significant difference was not observed between 

winter and spring for the PR.  

Several evidences demonstrated the harmful effects of environmental change such high ambient 

temperature and solar radiation associated with heat stress become a major factor negatively affecting domestic 

animals productivity. To cope this thermal uncomforting period animals develop some physiological responses 

which are exhibited through an increase of RR, RT and PR. The findings in the present study are consistence 

with previous study in the same area ((Darcan et al., 2007; Darcan and G¿ney, 2008; Darcan et al., 2009, 

Kaliber et al., 2016; Agossou et al., 2019) 

 

HSP 60 and 70 concentration in serum 

The values of HSP 60 and HSP 70 were significantly (P< 0.05) higher in summer than spring and winter 

(Table 2).  The average HSP 60 significantly lower in winter (4.4 Ñ 0.5 ng/ml) followed by spring (7.6 Ñ 0.6 

ng/ml) and summer (9.05Ñ0.82 ng/ml). Whilst, the HSP 70 was 22.6 Ñ 0.6, 14.4 Ñ 0.5 and 13.3 Ñ 0.4 ng/ml in 

summer, spring and winter respectively.  

 

Table 1. Environmental and physiological parameters 

Seasons Hours AT (ÁC) RH (%) Average THI 

Winter 07:00-8:00 9.4  Ñ 0.2 64.3  Ñ 1.6 
54.5 

13:00-14:00 16.2  Ñ 0.3 52.6  Ñ 0.5 

Spring 07:00-8:00 20.7  Ñ 0.2 73.1  Ñ 1.3 
70.1 

13:00-14:00 26.8  Ñ 0.3 46.3  Ñ 1.4 

Summer 07:00-8:00 28.7  Ñ 0.1 73.4  Ñ 0.6 
82.6 

13:00-14:00 34.9  Ñ 0.1 46.3  Ñ 0.6 

 

Seasons Breeds Hours RT (oC) PR (bpm) RR (breaths/min) 

Winter 

Alpine 
07:00-8:00 35.7 Ñ 0.05b 89.3 Ñ 2.7a 55.82 Ñ 2.2a 

13:00-14:00 36.3 Ñ 0.06b 93.5 Ñ  2.9b 56.3 Ñ 1.1b 

Saanen 
07:00-8:00 35.9 Ñ 0.1a 95.9 Ñ  3.5a 51.9 Ñ  1.1a 

13:00-14:00 36.1 Ñ 0.1b 98.6 Ñ 3.0b 58.2 Ñ 1.1b 
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Spring 

Alpine 
07:00-8:00 37.3 Ñ0.1b  91.3 Ñ  2.7a 56.6 Ñ 1.9a 

13:00-14:00 38.4 Ñ 0.3a 97.6 Ñ 3.2b 67.2 Ñ 2.4b 

Saanen 
07:00-8:00 36.5 Ñ 0.1a 98.4 Ñ  2.5a 58.7 Ñ 1.6a 

13:00-14:00 38.1 Ñ 0.3b 99.9 Ñ  3.9b 65.9 Ñ 1.8b 

     

Summer 

Alpine 
07:00-8:00 39.0 Ñ 0.1a 105.7 Ñ 1.6a 89.3 Ñ 2.7a 

13:00-14:00 40.6 Ñ 0.8b 113.8 Ñ 2.3b 106.9 Ñ 2.9b 

Saanen 
07:00-8:00 38.6 Ñ  0.4a 103.9 Ñ  0.9a 80.7 Ñ  2.9a 

13:00-14:00 40.9Ñ 0.1b  108.5 Ñ 1.04b 113.8 Ñ 3.4b 

Sig. 
Seasons - *  *  *  

Breeds - NS NS NS 

AT: Ambient Temperature, RH: Relative Humidity, THI: Thermal Index Humidity; RT: Rectal 

Temperature, PR: Pulse Rate, RR: Respiration Rate; *,a,b significant at P<0.05, NS: Non-Significant at 

P<0.05 

 

As seen in the table 2, a positive and significant correlation was observed between HSP concentration, 

seasons, THI and physiological parameters. Since elevated levels of HSP was reported during exposure to 

different environmental stresses and water deprivation, the high HSP concentration observed in this study 

during summer was in accordance with previous studies carried out in cattle (Kishore et al., 2016; Archana et 

al., 2017). The HSP70 has been suggested to function as an indicator of thermo-tolerance in cells (Archana et 

al., 2017). 

 

Table 2. Levels of HSP 60 and 70 in experimental goats 

HSP HSP60 (ng/ml HSP 70 (ng/ml) 

Seasons Winter Spring Summer Winter Spring Summer 

Saanen 4.3Ñ0.65b 8.7Ñ0.72a 9.4Ñ1.12a  13.9Ñ0.36b 14.7Ñ0.61a 26.9Ñ0.66a 

Alpine 4.4Ñ0.42a 6.5Ñ0.43b 8.7Ñ0.52b  12.7Ñ0.5a  14.1Ñ0.41b  18.34Ñ0.47b 

       

 Seasons THI RT (oC) PR (bpm) RR (breaths/min) 

HSP 60 0.982**  0.886**  0.996* 0.514* 0.540* 

HSP 70 0.991**  0.880**  0.985* 0.538* 0.539* 

 

CONCLUSION 

Standing on the findings of the current study we can conclude that, in Saanen and Alpine goats exposed 

to heat stress, the thermoregulatory adaption is exhibited through an increase rectal temperature, respiration 

and pulse rate. Further the higher levels of HSP 60 and 70 recorded can be used as thermoregulation indicators. 
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ABSTRACT  

The experiment was carried out in the vegetable field of Horticulture department / Faculty of Agriculture 

and Forestry / University of Mosul during  2017-2018  season, to investigate the effect of high-potash fertilizer 

with three concentrates (0, 2.5 , and 5 g. L-1) on three table  beet cultivars (Netherland, American, and Iraqi). 

The experiment was carried out according to Randomized Complete Blocks design with three replicates. 

The results showed that Iraqi cultivar gives the highest values of plant length, leaves number, leaf area , 

chlorophyll content , root length , root weight , total yield , TSS , and root content  of N , P ,K, protien . 

Spraying high-potash fertilizer increased significantly leaves number, root length, average root weight, total 

yield, and root content of N, P, K and protein.  

Keywords: Beet, Root, Cultivars, Yield, Potassium.   
 

INTRODUCTION  

Garden beet or Tabel beet (Beta vulgaris L.) are  one of the winter vegetable crops in Iraq belong to  

Chnopodiaceae family  and its conceder as   a root vegetable crops although the portion eaten from this crop is 

an inflated lower embryonic pedicle plus the upper part of the root contains important nutrients such as 

carbohydrates, minerals and vitamins (Matlob et al.,1989) .The beet is a stressful soil crop so  many studies 

have focused on fertilizing this crop on the use of chemical fertilizers. Potassium have an important effect in 

photosynthesis, enzyme activity improving synthesis of carbohydrates, protein, translocation of 

photosynthetic, which increase their ability to pests and diseases resistance. Also, potassium is considered as 

osmotic active cation of plant cell (Mehdi et al., 2007) where it increase  water uptake and root permeability, 

beside its role  in water use efficiency increasing (Zekri and Obreza, 2009).  

Plants that accumulate large amount of carbohydrate, protein and sugar in their storage tissues have high 

K requirements. Potassium and    others accompanying anions make a major contribution to the osmotic 

potential. In sugar beet, K plays a significant role in biosynthesis and transfer of sucrose to storage roots 

(Winzer et al., 1996). 

Li Yu-ying and Liang Hong, 1997 used K by two source KCl and K2SO4 with five concentration 

(50,100,150,200,500 mg.K2O.Kg.-1 soil), they found that 150mg. of KCl and 100 mg. of K2SO4 increased 

significantly number of leaves and chlorophyll content, sugar content %, sugar yield. 

The availability of plant nutrients are strongly related to the properties of soils. Calcium carbonate is 

one of the important factors that limit the nutrient availability in soils. Calcareous soils which contain 

significant quantities of free lime (CaCO3) are common in arid and semi-arid climate affecting over 600 

million hectares of world soils (Leytem and Mikkelsen, 2005).  

Sugar beet is classified as a high potassium requiring crop therefore potassium fertilization became an 

important factor for increasing sugar beet production under arid and semi-arid soils. Potassium (K) is an 

important element in the plant tissues. It has a role in physiological rocesses in the plant such as transpiration, 

respiration, translocation of carbohydrates and sugars, energy transformation and enzyme actions (Nafei et, al. 

2010). 

Amer et al. (2004) found that adding potassium up to 90 kg K2O/fed resulted a significant increase in 

root and sugar yield/fed as wll as   N %, P % and K %, TSS, sucrose and purity in beet root  %. Nafei et. al.  

2010 reported that adding potassium at 36 Kg K2O/fed gave significant increase root length, diameter, 

fresh weight/plant, total soluble solids% and root yield. 

Jasim, et, al. 2013 found that spraying high potash fertilizer (36% K2O) increased significantly plant 

length, tuber average weight, and total yield of potato. 

The aim of this study is to evaluate the effects of fertilizer application of high potash on yield, quality, 

and root chemicals composition of table beet. 
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MATERIAL AND METHODS 

The experiment was carried out in Horticulture and landscape department / Faculty of Agriculture and 

Forestry / University of Mosul during 2017-2018 season, to study the effect of high-potash fertilizer on three 

table beet cultivars. The seeds planted on 10 Aug. 2018 on both sides of a beads 75 cm width and the distance 

between the plants 15 cm in sandy soil, some of the physical and chemical characteristics is illustrated in table 

1. 

 

Table 1: Some physical and chemical characteristics of field soil  

Soil texture % K P N EC pH 

Sand Silt Clay mg/K Ds.m ---- 

55 43 2 117 9 37.8 0.55 7.55 

 

The experiment consisted of two factors: three cultivars (Netherland, American, and Iraqi) and spraying 

with high potash fertilizer (peter professional fertilizer 12-0-43 + TE) with three concentrates (zero, 2.5 g.L-1, 

and 5 g. L-1). The high-potash fertilizer was sprayed three times the first one after 40 days of planting on 

20/9/2018 and the second one after 15 days from the first and third one after 15 day of the second. The 

experiment was carried out according to Randomized Complete Blocks design with three replicates The 

following measurements were recorded: plant length (cm.) - Number of leaves / plant - Leaf area / plant (cm2)- 

Dry matter percentage of leaves - Chlorophyll content (SPAD) - Root length (mm) - Root diameter (mm) -Tap 

root length (mm) - total yield of roots ï percentage  of nitrogen, phosphorus, potassium, protein and TSS in 

root. 

Determination of minerals content was determined in dry matter of beet root at harvest time and 

calculated as (mg /g dry matter weight), nitrogen determined according to Page et al, 1982 using microkeldahl 

method, Phosphorus was determined by the Vanadium ï molybdate method according to Tandon HLS, 1999 

using Spectrophotometer, potassium was determined by using the flame photometer according to Tandon, 

1995.  

The results were statistically analysis according to the statistical analysis system (SAS) (SAS 1998) and 

compared with the means by Duncan multiple rang test at 0.05 level (Al-Rawy and Kalaf, 2000) 

 

RESULTS 

Table 2: shows the effect of high-potash fertilizer on the vegetative growth parameters of three table 

beet cultivars. We found the superiority of the Iraqi cultivar on the Netherland and American cultivars in plant 

length, number of leaves and leaf area of the plant. There was also no significant effect of the levels of potash 

fertilizer in the traits of plant height, leaf area and dry matter, while spraying of 5 g. L-1 high potash fertilizer 

increased leaves number of plant. 

 

Table 2: Effect of high potash fertilizer in vegetative growth parameters of three table beet cultivars 
Dry matter in leaves 

% 

Leaf area (cm2) Number of 

leaves/plant 

Plant length (cm) Treatment 

Cultivars mean effect 

9.40 a 2243 b 16.71 b 41.75 b Netherland 

8.99 a 2651 b 16.87 b 44.63 b American 

8.60 a 3644 a 25.20 a 59.81 a Iraqi 

K mean effect 

8.95 a 2526 a 18.41 b 47.75 a 0 g. L-1 

8.86 a 2928 a 18.92 ab 49.38 a 2.5 g.L-1 

9.18 a 3084 a 21.45 a 49.08 a 5 g. L-1 

 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

Table 3 illustrate the effect of the interaction between cultivars and high potash fertilizer in the 

vegetative growth properties of table beet. The highest plant length (61.58 cm) was from the treatment of the 

interaction between the Iraqi cultivar and 2.5 g. L-1 potassium which is significantly different from all 

Netherland and American treatments. 
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The highest number of leaves per plant (30.03) and the largest leaf area (3919 cm2) was obtained from 

the interaction treatment between the Iraqi cultivar and 5 g. L-1 potassium, which is superior to all other 

treatments While the lowest values of the three parameters   (39.22 cm, 15.36, 1804 cm), respectively was 

from the interaction treatment between the Netherland cultivar and 0 potassium. Regardless to the   percentage 

of dry matter in the leaves, there are no significant differences between all treatments. 

 

Table 3: Effect of combination treatments between cultivars and high potash fertilizer in vegetative 

growth parameters of table beet plant 

Dry matter in 

leaves    % 

Leaf area (cm2) Number of 

leaves/plant 

Plant length 

(cm) 

Treatment 

9.70 a 1804 c 15.36 d 39.22 b 0 g. L-1 Netherland 

9.40 a 2715 a bc 17.90 cd 42.47 b 2.5 g.L-1 

9.10 a 2211 bc 16.86 d 43.57 b 5 g. L-1 

8.60 a 2345 abc 16.63 d 45.32 b 0 g. L-1 American 

8.69 a 2484 abc 16.53 d 44.08 b 2.5 g.L-1 

8.69 a 3123 abc 17.46 d 44.51 b 5 g. L-1 

8.55 a 3428 ab 23.23 b 58.72 a 0 g. L-1 Iraqi 

8.51 a 3583 ab 22.35 bc 61.58 a 2.5 g.L-1 

8.76 a 3919 a 30.03 a 59.14 a 5 g. L-1 

 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

Table 4 shows the effect of high-potash fertilizer in the chlorophyll content, root length, root diameter 

and tap root length of the three cultivars of table beet. We observed a superiority of the Iraqi cultivar on the 

American and Nederland in terms of the four traits. While the addition of high potash fertilizer did not have 

significant effect on the properties of chlorophyll    content    , length and diameter of the root while the highest 

length of the tap root (13.88 cm) was from the fertilizer treatment with 5 g. L.-1.  

 

Table 4: Effect of high potash fertilizer in Chlorophyll content, root length, root diameter, tap root length 

of three table beet cultivars 

Tap root length 

(mm) 

Root diameter  

(mm) 

Root  length  

 (mm) 

Chlorophyll content  

(SPAD) 

Treatment 

Cultivars mean effect 

11.14 b 83.67 a 74.37 ab 31.05 b Netherland 

12.22 b 73.13 b 65.11 b 31.04 b American 

15.47 a 90.70 a 81.37 a 35.51 a Iraqi 

K mean effect 

12.31 b 80.88 a 70.63 a 32.08 a 0 g. L-1 

12.64 ab 82.38 a 73.58 a 34.45 a 2.5 g.L-1 

13.88 a 84.25 a 76.64 a 31.06 a 5 g. L-1 

 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. Data presented in table 5 indicated that combination treatments between 

cultivars and high potash fertilizer had  significant effect in chlorophyll content, root length, root diameter, 

and tap root length of table beet, the highest chlorophyll content in leaves (37.30) obtained from interaction 

treatment between Iragi cultivar and 2.5 g.L-1 potassium ,while the highest values of root length (85.59 mm), 

root diameter (93.54 mm), and tap root length (16.30 cm) obtained from interaction treatment between  Iraqi 

cultivars and 5 g. L-1 potassium. 
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Table 5: Effect of combination treatments between cultivars and high potash in Chlorophyll content, 

root length, root diameter, tap root length of table beet 

Tap root length 

(cm) 

Root diameter 

(mm) 

Root length 

(mm) 

Chlorophyll 

content (SPAD) 

Treatment 

10.33 d 80.89 ab 65.30 b 30.06 bc 0 g. L-1 Netherland 

11.48 cd 85.55 ab 62.57 b 35.20 ab 2.5 g.L-1 

11.60 cd 84.58 ab 67.46 ab 27.90 c 5 g. L-1 

11.49 cd 72.01 b 76.87 ab 32.03 abc 0 g. L-1 American 

11.43 cd 72.76 b 78.26 ab 30.86 abc 2.5 g.L-1 

13.76 bc 74.64 b 67.99 ab 30.23 bc 5 g. L-1 

15.10 ab 89.75 ab 78.61 ab 34.16 abc 0 g. L-1 Iraqi 

15.00 ab 88.82 ab 79.91 ab 37.30 a 2.5 g.L-1 

16.30 a 93.54 a 85.59 a 35.06 ab 5 g. L-1 

           

Table 6: revealed that there was a significant effect of cultivars and high potash fertilizer ton root weight, 

total root yield, dry matter in root, and TSS% in root. Iraqi cultivar gave the highest values of root weight 

(381.43 g.) and total root yield (54.925 ton. H.-1), while the highest values of dry matter (13.41 %) and the 

TSS (10.22%) was from Netherland cultivar. Regardless the effect of high potash it was found that spraying 

the plants with 2.5 g.L-1 increased significantly the root weight, total root yield, and TSS%. 

 

Table 6: Effect of high potash fertilizer in root weight, total root yield, dry matter, and TSS% in root of 

three table beet cultivars  

TSS in Roots (%) Dry matter in 

roots (%) 

Total Roots Yield 

(ton. Ha-1) 

Root weight  

(gr.) 

Treatment 

Cultivars mean effect 

10.22 a 13.41 a 30.804 b 213.92 b Netherland 

8.02 b 11.10 c 28.068 b 194.92 b American 

10.18 a 12.51 b 54.925 a 381.43 a Iraqi 

K mean effect 

9.16 a 12.13 ab 32.539 b 225.97 b 0 g. L-1 

9.68 a 12.00 b 43.956 a 305.25 a 2.5 g.L-1 

9.58 a 12.89 a 37.303 b 259.05 b 5 g. L-1 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

Table 7 illustrate the effect of combination treatments between cultivars and high potash fertilizer in 

root weight, total root yield, dry matter, and TSS% in root. The interaction treatment between Iraqi cultivar 

and 2.5 g.L-1 potassium gave the highest values of root weight (455.35 g) and total roots yield (65.570 ton. 

H.-1). While the highest value of dry matter (13.94 %) obtained from the interaction treatment  between 

Netherland cultivar and 5 g L-1 potassium , and the highest value of TSS (10.50%) was from the interaction 

treatment between Netherland cultivar and 2.5 g.L-1 potassium. 

 

Table 7: Effect of combination treatments between cultivars and high potash in root weight, total root 

yield, dry matter, and TSS% in root   

TSS in Roots Dry matter in 

roots         %) (  

Total Roots 

Yield (ton. H-1) 

Root weight (g) Treatment 

10.00 abc 13.50 ab 25.184 d 174.89 d 0 g. L-1 Netherland 

10.50 a 12.79 a-d 37.177 cd 258.18 cd 2.5 g.L-1 

10.16 ab 13.94 a 30.052 d 208.70 d 5 g. L-1 

7.50 d 10.67 f 26.725 d 185.59 d 0 g. L-1 American 

8.16 cd 11.22 ef 29.119 d 202.22 d 2.5 g.L-1 

8.41 bcd 11.42 def 28.360 d 196.95 d 5 g. L-1 

10.00 abc 12.23 b-e 45.700 bc 317.42 bc 0 g. L-1 Iraqi 

10.37 a 12.01 c-f 65.570 a 455.35 a 2.5 g.L-1 

10.16 ab 13.30 abc 53.497 ab 371.51 ab 5 g. L-1 



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

29 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

 

Table 8: Effect of high potash fertilizer in N, P, and K content, protein % and protein content of three 

table beet cultivars 

Protein content 

(mg/plant)     

Protein  

% 

K content  

(mg/plant) 

P content 

(mg/plant) 

N content 

(mg/plant) 

Treatment 

Cultivars mean effect 

5.799 b 20.029 b 642.52 a 45.471 b 927.9 b Netherland 

3.790 c 16.381 c 433.95 b 21.566 c 606.4 c American 

15.77 a 36.242 a 678.22 a 55.381 a 2523.3 a Iraqi 

K mean effect 

5.08 b 16.32 c 480.58 b 24.55 b 813.8 b 0 g. L-1 

9.92 a 25.03 b 624.32 a 46.78 a 1588.1 a 2.5 g.L-1 

10.34 a 31.29 a 649.80 a 51.08 a 1655.7 a 5 g. L-1 

 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

Table 8 revealed the effect of high potash fertilizer in N, P, and K content, protein % and protein content 

of the three table beet cultivars. The highest  values of the five properties   (2523.3 mg N, 55.381 mg.P, 678.22 

mg K, 36.242% protein , and 15.77 mg. protein ) obtained from the Iraqi  cultivar with significantly superior 

of the Netherland and American cultivars , and the lowest values obtained from the American cultivar. 

Spraying high potash fertilizer with (2.5 g.L-1 and 5 g. L-1)  on the table beet plants increased 

significantly N ,P, K, protein content and protein % compared with control treatment.  

Table 9 illustrated the effect of combination treatments between cultivars and high potash fertilizer in 

N, P, K content, protein % and protein content in root of table beet. 

The highest content of N (3036.9 mg.) and protein (18.98 mg) was obtained from interaction treatment 

between Iraqi cultivar and   2.5 g.L-1 potassium. While the highest content of P (74.81 mg) and K (730.75 mg) 

and protein % (40.79 %) was obtained from interaction treatment between Iraqi cultivar and 5 g. L-1 potassium.  

 

Table 9: Effect of combination treatments between cultivars and high potash fertilizer in N, P, K content, 

protein % and protein content in root of table beet  

Protein  

content 

(mg/plant) 

Protein 

% 

K content 

(mg/plant) 

P content 

(mg/plant) 

N content 

(mg/plant) 

Treatment 

1.55 d 6.62 h 495.46 bc 33.15 c 249.3 d 0 g. L-1 Netherland 

6.33 c 20.75 e 700.94 ab 51.47 b 1012.8 c 2.5 g.L-1 

9.50 b 32.71 c 731.16 a 51.78 b 1521.5 b 5 g. L-1 

2.32 d 10.87 g 307.87 c 13.25 d 372.3 d 0 g. L-1 American 

4.46 cd 17.89 f 506.50b c 24.80 cd 714.5 cd 2.5 g.L-1 

4.57 cd 20.37 e 487.48 bc 26.63 cd 732.4 cd 5 g. L-1 

11.37 b 31.46 d 638.40 ab 27.26 cd 1819.7 b 0 g. L-1 Iraqi 

18.98 a 36.45 b 665.52 ab 64.06 ab 3036.9 a 2.5 g.L-1 

16.95 a 40.79 a 730.75 a 74.81 a 2713.2 a 5 g. L-1 

 

Means followed with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

 

DISCUSSION 

Sugar beet is a crop with high demand for potassium, more potassium is taken up by the sugar beet crop 

than any other nutrient. Sugar beet responded positively to potassium application both quantity and quality.  

Potassium positively effects sugar content and yield because of its specific physiological effects on 

synthesis, transport and storage of sugars. 
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Another very important Potassium function is the maintenance of plant osmotic potential, cell turgor 

and increases the cropsô resistance to pests thereby allowing healthy crop development to proceed (Oosterhuis 

al 2013). It is necessary to giving recommendation that there is great potential of potassium use in produce 

Sugar beet for economical industrial sugar production. 

The increase in vegetative parameters of plant may be due to the crucial role of potassium in controlling 

the ionic balance, which facilitates the readiness of the elements of the plant, photosynthesis, protein synthesis, 

translocation of assimilates. In addition to the role of potassium in increasing the efficiency of water 

consumption of plants, which reflected positively in the improvement of plant growth, and yield. These results 

are consistent with what Kandil (2016) noticed that that potassium fertilization induced increases  the sugar 

beet parameters, where the three sugar beet varieties under study showed significant differences in several 

characters. 

The increase in yield and chemical constituents due to increases potassium fertilizer levels may be due 

to the role crucial of potassium in water relation, stomata faction, photosynthesis, enzyme activation, oxidative 

metabolism, phloem transport and charge balance in plant (Marschner 1995; Cakmak, 2005).  These results 

are consistent with what Cao and Tibbittis (1991) found that increase potassium concentration gave significant 

dry weight, leaf area and dry matter accumulation in plants and significant increase in chlorophyll in plant 

leaves compared to the control, and also in harmony with that found by Jasim et.al., 2013 that spraying high 

potassium fertilizer increased tuber weight and total yield in potato. 

The addition of Potassium fertilizer has increasing in nutrients concentration through improving root 

growth, photosynthesis, translocation to different plant parts , would have enhanced  nutrients content  in plant  

Yadav et al , 2012. 
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ABSTRACT 

Cicerarietinum chickpea cultivation is practiced around the world for its agronomic economic 

ecological and food importance. Nevertheless, it is influenced by biotic and a biotic constraints of which the 

drought represents 30%. Germination is the first stage of the plant life cycle and establishment of seedlings 

are the crucial phases for plant development and species expansion. Multiple research efforts aimed on crop 

growth improving and development in agricultural field by priming or seed pre-treatment is more and more 

frequently applied for culture increase. 

Priming with chemical or vitamin solutions can improve the germination and seed growth parameters 

for possible stress tolerance water. 

Three chickpea genotypes are tested Flip 84 92 C, Flip 93 93 and Ghab-4. The parameters of seed 

germination and growth are studied after pre-treatment with ascorbic acid and zinc sulphate at different 

concentrations. Their germination is conducted under different levels of simulated water stress with 

polyethylene glycol. 

The percentage of germination, the length of the seedlings their fresh and dry weight as well as vigour 

index are enhanced by priming including ascorbic acid for Flip 84 92 C and Flip 93 93 under water stress. 

For seeds of the third genotype, zinc sulphate seems more favourable. 

Keywords: Priming, Chickpea, Water stress, Zinc sulphate, Ascorbic acid. 

 

BACKGROUND  

Cicer arietinum chickpea cultivation is practiced worldwide for its agronomic economical, ecological 

and food importance. Nevertheless, it is constantly influenced by abiotic and biotic constraints including 

drought, a natural risk affecting a significant proportion of the world's population, particularly people living in 

semi-arid and arid regions. Its consequences for farming communities can be considerable, directly hampering 

efforts to reduce poverty and hunger. In terms of drought, FAO's work is helping to build technical and 

institutional capacity to better manage land and water in extreme weather conditions and the development of 

practical options, innovative, policy-effective and to facilitate water management. Germination is the first stage 

of the plant life cycle and establishment of seedlings are the crucial phases for plant development and species 

expansion.  

Priming with chemical or vitamin solutions can improve the germination and seed growth parameters 

for possible water stress tolerance. 

Chickpea seeds germination characteristics after priming are studied to analyze their behaviour under 

drought stress. 

 

METHODOLOGY  

Three chickpea genotypes attested, Flip 84 92C, Flip 93 93 and Ghap-4. seed germination parameters 

are stated after pre-treatment with ascorbic acid and zinc sulphate under different levels of simulated water 

stress with PEG6000 at 0,-0.3,-0.6 and -0,8 bar. 

Different PEG6000 concentrations are prepared according to Michel and Kofmann (1973) formula. 

ɊH=-(1,18x10-2)C-(1,18x 10-4)C2+(2,67x 10-4)CT+(8,39x 10-7) C2T 

T: incubation temperature 

C: PEG6000 concentration (g/l H2O) 

Germination rate 

GR%=(Gn/Tn)x100 

Gr: germination rate at 8th day 

Tn: total seeds number 

Seedling vigour index 
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The seedling vigour index is determined after 8 days of growth according to the formula suggested by 

Abdul-Baki and Anderson (1973). It is and indicator that assesses seed behaviour under poor environmental 

conditions. 

VI=(RL+SL)xGR  

RL: root length in cm 

SL: aerial part length in cm 

GR: germination rate 

Results and discussion 

The percentage of germination(Fig.1, 2), the length of the seedlings their fresh and dry weight as well as vigour 

index (Fig.3)are enhanced by priming including ascorbic acid for Flip 84 92 C and Flip 93 93 under water 

stress. For seeds of the third genotype Ghab-4, zinc sulphate seems more favourable. 

 

 

Figure 2: Germination rate of three chickpea genotypes primed seeds under drought stress  
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Figure 3: Vigour index of three chickpea genotypes primed seeds under drought stress  

 

Similar results are reported by Yunial and Nautial (1998). Overall priming improves the germination of 

seeds under stress or not (Murungu et al., 2003). The results show that ascorbic acid significantly improves 

the growth parameters studied. Under stress, ascorbic acid can suppress free radicals.  Moreover for the Ghab-

4 genotype, zinc sulphate priming promoted the germination of seeds under water stress. Indeed it is reported 

that seed priming with zinc sulphate on the characteristics of germination and growth of chickpea plants (Cicer 

arietinum L) (Khan et al, 2011). 

 

CONCLUSION 

For the Flip 84 92 C genotype, seeds soaked in distilled water and not subject to water stress have a 

higher vigor index than the seeds of other pre-treatments and the use of ascorbic acid at 50 to 100 and 25 mg/l 

allows for high index under stress at -0.8 Bar. For Flip 93 93 C, it is also observed that pre-treatment with 

ascorbic acid at different concentrations tested resulted in the optimization of seedling vigor especially in 

stressed seeds) when used at 100 mg/l. For the Ghab-4 genotype, zinc sulphate pre-treatment appears to be 

more conducive to improving seedling vigor in stressed seeds. 
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ABSTRACT 

Salinity is one of the major abiotic stress limiting the growth and productivity of plants. This work 

presents a study of germination and early seedling growth of two varieties of Algerian barley (Hordeum 

vulgare) under salt stress conditions. The varieties are Saida 183 and Rihane. This study is to determine the 

physiological characteristics of these two varieties facing salt stress at the seed germination and post-

germinative growth. Successful germination and seedling development are crucial steps in the growth of new 

plants. The seeds are germinated in Petri dishes containing increasing concentrations of NaCl (0, 50, 100, 

150, 200 mM) at 25ÁC.The measurements are focused on different germination tests. Fresh weight, dry weight 

and length of emerging seedlings were determined, as well as the seedling height stress tolerance index 

calculation. Sodium chloride content had a negative effect on the germination and growth of emerging 

seedlings of two barley varieties. However, at evolved NaCl concentrations, Rihane variety is much more 

tolerant of development in saline environment than variety Saida183. 

Keywords: Barley, Saida 183, Rihane, Germination, Seedling, Salinity Stress, NaCl. 

 

INTRODUCTION 

Soil salinization in its early stages of development reduces soil productivity, but in advanced stage it 

kills all vegetation and consequently transforms fertile and productive land to barren land [1]. Salinity is one 

of the major abiotic stress limiting the growth and productivity of plants [2]. One priority strategy that could 

be implemented to develop these areas is to plant species able to tolerate drought and saline soils [3]. In order 

to increase crop yields, more attention to the production of salt-tolerant varieties is needed to accept the 

challenges of the 21st century.  

MATERIALS AND METHODS 

Application of salt treatment 

The seeds of two varieties of Algerian barley (Hordeum vulgare) were used, these varieties are Saida 

183 and Rihane. Seeds were sterilized with 5% sodium hypochlorite for 03 min and washed thoroughly with 

distilled water. Then they were placed to germinate in Petri dishes containing two sheets of filter paper, 

saturated with distilled water (control) or NaCl solutions (50,100,150 and 200 mM) at 25ÁC.  

1- Precocity of germination 

The precocity of seeding which corresponds to the rate of seeds germinated from first day. 

PG (%
n

Nt
ρππ 

n: number of germinated seeds on first day.  

N
t:
 total number of seeds sown for germination. 

2- Final germination rate  

Final germination rate (FGR) means total number of seeds germinated on the fifth day, calculate in form 

of percentage [4]. 

FGR(%)=
Ni

Nt
Ĭ100 

N
i
: number of total seeds germinated at end of trial. 

N
t
: total number of seeds sown for germination. 

3- Length of germs  

After five days of growth seedling length were measured. 

4-Fresh and dry weight germs  

Fresh weight of seedling was measured at once after harvest. These latter were dried in an oven under 

70ÁC for 48h and weighed again to get dry weight. 
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5- Germination vigor index  

Germination vigor index (GVI) is calculated according to the following formula [5]: 

GVI(%)=
GPĬMSL

100
 

GP: germination percentage (%). 

MSL: mean of seedling length (cm). 

6-Seedling height stress tolerance index (SHSI)  

Seedling height stress tolerance index (SHSI) was evaluated using the formula: 

SHSI(%)=
SHS

SHC
Ĭ100 

SHS: seedling height of stressed plant (cm). 

SHC: seedling height of control plant (cm).  

 

RESULTS  

 
Fig. 1- Effect of NaCl on precocity of germination (PG) of two varieties of Algerian barley. 

 
Fig. 2- Effect of NaCl on final germination rate (FGR) of two varieties of Algerian barley.  



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

38 

 
Fig. 3- Effect of NaCl on length of two varieties of Algerian barley germs. 

 
Fig. 4- Effect of NaCl on fresh and dry weight of two varieties of Algerian barley germs. 
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Fig. 5- Effect of NaCl on germination vigor index (GVI) of two varieties of Algerian barley. 

 
Fig. 6- Effect of NaCl on seedling height stress tolerance index (SHSI) of two varieties of Algerian 

barley. 

 

DISCUSSION AND CONCLUSION 

Sodium chloride content has a negative effect on the germination and growth of emerging seedlings of 

two barley varieties. However, at high concentrations of NaCl, Rihane variety is much more tolerant of 

development in saline environment than variety Saida 183. Salinity can affect germination of seeds either by 

creating osmotic potential that prevent water uptake, or by toxic effects of ions on embryo viability [6, 7] 

which may cause change of certain enzymatic or hormonal activities inside the seed [8]. High salinity may 

inhibit root and shoot elongation due to slowing down the water uptake by the plant [9]. 
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ABSTRACT 

Fe is an important element for plant growth; it helps chlorophyll formation in plants. Although it is not 

present in chlorophyll molecule like magnesium, it has catalytic effect on chlorophyll formation. Yellowing 

(chlorosis) caused by iron deficiency is mostly originated by the amount of chlorophyll in young leaves. In 

addition, iron uptake of the plant is related to the reduction of Fe+3 to Fe+2. The most important factor that 

causes Fe chlorosis in Turkey is that the soils are rich in calcium carbonate and has a high pH. The reasons 

such as unconscious fertilization, spraying, excessive irrigation and tight planting are also effective on this 

situation. 

A large part of the production of seedless raisins is met from the Aegean Region in Turkey, with the 

production of 250 thousand tons annually, which constitutes a big part of the exports (80%). Alaĸehir district 

of Manisa province in Aegean Region meets twenty-five percent of seedless raisins (Vitis vinifera L.). As a 

result of interviews with the producers and the field analyzes, there were intense iron chlorosis symptoms in 

Manisa, Alaĸehir and Kemaliye region. In this study, 2 different experiments were carried out in round seedless 

grape cultivar (Vitis vinifera L.) in the Kemaliye region of Alaĸehir in a producerôs vineyard. Fe-EDDHA 

fertilizer was applied in chelate form with 4 replicates at 4 different levels (10-20-40-60 vine-1) in February 

and April as a different experiments. 

For the second trial, one of them was a control group, three different forms of iron fertilizer (Fe 

EDTA=25 g vine-1; Fe EDDHA=50 g vine-1; FeSO47H2O= 50 g vine-1) were applied into the soil of the same 

producer vineyard with four replications. 

During the harvest, the amount of grapes taken from each vine was weighed and the yield of fresh grapes 

per vine (kg) was recorded. As a result of the statistical analysis, organic and inorganic iron fertilizers applied 

in different forms and times were found to significantly affect the yield of round seedless grape cultivar (Vitis 

vinifera L.). 

Keywords: grape, Vitis vinifera L., FeEDDHA, FeEDTA, FeSO47H2O, yield 

 

INTRODUCTION  

Fe deficiency in our soil as well as our agricultural products in Turkey (Fe chlorosis) is in first place. Fe 

content of 26.87% of our soils is less than 4.5 mgkg-1 which is known as critical value (G¿neĸ et al., 2000). 

Fe in plants are Fe + 2, Fe + 3 and Fe-chelate forms. Fe + 2 (active, free, soluble and available iron) is used 

in plant metabolism (Mehratra and Gupta, 1990). In Turkey and Manisa-Kemaliye where we conducted our 

research, the most important factor causing the Fe deficiency is in the soil that is rich in CaCO3. When the lime 

content in soil is more than 20%, Fe deficiency (chlorosis) is seen due to lime (Schinas and Rowell, 1977; 

Saat­ē and Yaĵmur, 2000, Talas et al., 2016). Iron, which has an importance in the quality of agricultural 

production, it provides chlorophyll synthesis although it is not in the structure of chlorophyll. Therefore, it 

plays a role in the formation of photosynthesis and photosynthesis products (Bergmann, 1992). In plants, Fe 

is known as a moderately mobile micro element. Therefore, chlorosis caused by Fe deficiency occurs in young 

leaves (G¿neĸ et al., 2000; Talas et al., 2016). 

Iron chlorosis occurs due to many factors (environmental conditions, water-related factors, plants, soil, 

wrong agricultural production techniques (Talas et al., 2016) 

Iron (Fe) is involved in the enzyme systems in the plant where it acts as a prosthetic group. It plays an 

important role in biochemical, metabolic, enzymatic events, protein synthesis and nodule formation in plants 

(Aktaĸ, 1995; Kacar and Katkat, 2010).     

To prevent iron chlorosis; genetic control should be made, environmental conditions that cause chlorosis 

should be corrected and Fe fertilizers (preparations) should be applied into the soil, onto the leaves or into the 

irrigation water (G¿neĸ et al., 2000). Applications are generally made with inorganic Fe salts (FeSO4.7H2O, 

ferric sulfate, ferrous ammonium sulfate) and organic chelates with Fe (EDTA, EDDHA, DTPA, HEDTA). 

Commercially produced chelates are artificial organic compounds. By forming a complex structure with iron, 
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it prevents iron from turning into insoluble compounds in soil. Although Fe-chelate is very expensive, it is 

preferred today; it is less toxic than inorganic iron salts and is more effective (Merge and Kirkby, 1987; 

Davarpanah et al., 2013). 

The activity of iron (Fe) chelates depends on the degree of stability at different soil pH reactions. Fe-

EDDHA was found to be more effective to calcareous soils than others (Davarpanah et al., 2013). Vineyard, 

fruits, tomatoes, strawberries and cotton are sensitive plants to iron deficiency (Chaney, 1984). 

An important part of the seedless raisin production is provided by Aegean region from Manisa, Ķzmir 

and Denizli provinces and constitutes the majority of the export (80%) with an annual production of 250 

thousand tons. Manisa-Alaĸehir is a viticulture area and 90% of the vineyards are composed of round seedless 

grape variety (Vitis vinifera L.) (Anonymous, 2019). Although viticulture is carried out in 7.096.741 ha area 

in the world, Turkey is at the 5th rank with 435 227 ha of vineyard area and ranks first in terms of exports 

(FAO, 2017). 

As a result of the researches carried out in the vineyards of Manisa Alaĸehir, Kavaklēdere and Kemaliye 

regions, Fe and Zn deficiencies were determined especially as micro elements (Yener et al., 2002; Olcay and 

Aydēn, 2019). 

In this study, it was aimed to investigate that the effect of inorganic and organic iron (Fe) applications 

into soil at different doses and times as 2 different experiments on yield of round seedless grape variety (Vitis 

vinifera L.) in the same producer vineyard in Kemaliye region of Alaĸehir district in Manisa where Fe 

deficiency is shown widespreadly in the region.  

 

MATERIALS AND METHODS  

The experiments were carried out in the producer vineyard in the Kemaliye region where the Fe 

deficiency symptoms were more common in Manisa-Alaĸehir district in the Aegean region. Material is the 18 

year old vineyard where round seedless grape (Vitis vinifera L.) is produced. The experimental vineyard was 

established with a large rooted T- system with a length of 1.80 m and 3.0 m between rows. Some soil 

characteristics of the experimental area are given in Table 1. 

 

Table 1. Some physico-chemical properties of research vineyard soil 

Depth 

(cm) 
pH CaCO3 

Water soluble 

total salt 

Organic Matter 

(%) 
Structure 

0-30 7.76 24.58 0.032 1.85 Sandy-loam 

30-60 7.79 24.60 0.030 1.22 Sandy-loam 

 Light alkaline Lime rich Salt free Poor  

 

Depth 

(cm) 

Total 

(%) 

Available 

(ppm) 

 N P K Ca Mg Na Fe Zn Mn Cu 

0-30 0.084 3.68 190 5850 180 50 4.0* 0.67 16.50 5.12 

 0.058 2.31 175 6200 192 55 3.72* 0.52 15.58 4.96 

 Sufficient Poor Poor High Sufficient Not problematic Insufficient  Poor Sufficient Sufficient 

 

The first experiment was conducted at two different times on 15 February 2014 and 10 April 2014 as 4 

replicates by applying Fe-EDDHA fertilizer in organic chelate form into soil at 4 different levels (0-20-40-60 

g vinestock-1) according to randomized blocks trial design.  

Fe-EDDHA is especially effective in calcareous, and alkaline soils at high pH. EDDHA has 3 different 

isomers: ortho-ortho, ortho-para and para-para. -O isomers form stable chelates at high pH and lime conditions 

while others have lower stability. Fe-EDDHA organic chelate used in the research can be dissolved 6% in 

water. Fe-containing (ortho-ortho isomer iron 4.8%) and chelated fraction can be available in the range of 3-9 

pH (Anonymous, 2008). Fe-EDDHA product was supplied from Dr. TARSA company (Antalya, Turkey) that 

is the distributor of JAER company (Spain-Barcelona).  

The second experiment was conducted in the same producer vineyard with one control dose by using 3 

different organic and inorganic Fe forms from soil (Fe1= Fe-EDTA=25 g vinestock-1; Fe2=Fe-EDDHA= 50 g 

vinestock-1; Fe3=FeSO47H20=50 g vinestock-1) according to randomized blocks trial design. FeSO47H20 was 

applied on 3 March 2014 and other Fe chelated fertilizers (Fe-EDTA; Fe-EDDHA) were applied on 10 April 

2014. FE-EDTA (ethylene diamine tetra acetic acid) is an organic chelate containing 13% Fe. Fe-EDDHA 
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(ethylene diamine di-o-hydroxyl ferylacetic acid) is also an organic chelate containing orto-orto isomer Fe 

4.8%. In all experiments each three vines are used as one replication. 

As basal fertilizer; on 18 February 2014, nitrogen (ammonium sulfate), phosphorus (triple super 

phosphate) and potassium (potassium sulfate) fertilizers were applied to all vinestock before iron (Fe) 

fertilization as 12 kg N da-1, 4.5 kg P2O5 da-1 and 20.8 K2O da- 1 at fixed doses by the producer. Physical and 

chemical analyzes of soil samples used in the experiment were performed according to international methods 

(Jackson, 1962; ¢aĵlar, 1949; Bouyocous, 1955; Bremner, 1965; Lindsay and Norvell, 1978). The results 

obtained are given in Table 2. 

Fresh grape yield (kg) was obtained from each three vines during the harverst period 25 August, 2014. 

The amount of grapes taken from each vinestock was weighed to determine the fresh grape yield per vinestock 

(kg). JMP 7.0 statistical software was used to evaluate the data obtained from the research (SAS Guide, 2007) 

and Tukey HSD test was used. 

 

RESULTS and DISCUSSION 

As a result of the experiment performed with different iron forms (Fe-EDTA, Fe-EDDHA, Fe Sulphate), 

the difference among the iron forms in terms of grape yield was found to be statistically significant (Table 2). 

The lowest yield was obtained from the control group (27.1875 kg) and the highest yield was found in FE-

EDDHA group (45.3125 kg). When compared with the control, the lowest yield value was found in Fe Sulfate 

group (32.0550 kg). 

 

Table 2. The results of the different iron appliciations into soil 

Iron Forms Yield (kg) 

Control 27.1875 d 

Fe-EDTA (25 g vinestock-1) 43.1800 b 

Fe-EDDHA (50 g vinestock-1) 45.3125 a 

Iron Sulphate (50 g vinestock-1) 32.0550 c 

 

When Fe-EDDHA applications from February to April compared with together they were also found to 

be statistically significant different among the doses and times. The lowest yield was obtained in the control 

group (25.9875 kg) and the highest yield was obtained at the 3rd dose (40 g vinestock-1; 35.675 kg) according 

to the averages of two different periods. In February and April applications, the effect of both applications 

time and Fe-EDDHA dose on yield were statistically significant. 

When Fe-EDDHA application from soil was determined, the difference among Fe-EDDHA doses was 

found to be statistically significant in February iron chelate applications into the soil (Table 3). The lowest 

yield value was observed in the control group (15.9250 kg) and the highest yield was determined at the third 

dose of 40 g vinestock-1 (25.100 kg). In the April application of Fe-EDDHA doses, the highest yield was 

obtained in the 3rd dose (40 g vinestock-1) (46.2500 kg) and the lowest yield was found in the control group 

(36.0500 kg). For both February and April iron chelate applications into the soil, the lowest yield was observed 

in the control group and the highest yield was the 3rd dose (40 g vinestock-1).  

 

Table 3. The results of Fe-EDDHA applications into the soil in February and April 

Fe-EDDHA February Fe-EDDHA April 

  

Fe-EDDHA February and April 

Dose Mean 

yield(kg) 

Dose Mean yield 

(kg) 

Dose Mean yield 

(kg) 

Control 15.9250 d Control 36.0500 d Control 25.9875 d 

20 g vinestock-1 20.3000 c 20 g vinestock-1 41.1500 c 20 g vinestock-1 30.7250 c 

40 g vinestock-1 25.1000 a 40 g vinestock-1 46.2500 a 40 g vinestock-1 35.6750 a 

60 g vinestock-1 23.4000 b 60 g vinestock-1 44.0250 b 60 g vinestock-1 33.7125 b 

 

The effect of inorganic salts and organic Fe-chelates in plant production were investigated by different 

researchers.  Smith and Cheng (2006) reported that there was a correlation between active Iron (Fe) content 
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and Fe-EDDHA levels in plant leaves. Fe-EDDHA was also prevented the chlorosis in Concorde vines in high 

pH soils. It was found that Fe-EDDHA and FeSO4 with citric acid applications given better results than the 

farmyard manure and FeSO4 in grapevine genotypes growing in calcerous soils by Ozdemir and Tangolar 

(2007). It was investigated the effect of Fe concentrations from Fe-EDDHA on anthocyanin content and the 

expression of related genes in Cabarnet Sauvignon grape vines by Shi et al. (2017). Since the anthocyanin 

content is important for the quality of red grapes and red wines, they found 46 ɛM Fe concentration was given 

better results than the other concentrations. They suggested that sugar content, anthocyanins content, and genes 

transcriptions of anthocyanin biosynthesis were related with Fe concentrations.  

Iron has an effect on photosynthesis even tough it has not a direct role in the process. It plays an 

important role regarding the yield. Because of the positive relationship between chlorophyll formation and 

iron. The chlorosis is seen in young leaves related with the low chlorophyll concentration in the leaf. In order 

to prevent Fe deficiency in plants, organic Fe-chelates and inorganic Fe fertilizers should be applied from the 

soil or foliar. Inorganic fertilizers such as Fe sulphate (FeSO4 Ŀ7H2O) are cheap in the cost, however, these 

compounds are not usually adequate for rectifying chlorosis in plants. Organic chelates are more expensive 

fertilizers, but they are mostly preffered today since they are more efficient regarding the rectification of 

chlorosis and the burning effect of these compounds are less than inorganic Fe salts (Talas et al., 2016; 

Davarpanah et al., 2013; Mengel and Kirkby, 1987). 

The stability of organic Fe chelates are dependent on their acts in different pH levels of soil. This stability 

is also caused the effectiveness of the fertilizers. Fe-EDDHA is to be found relatively more effective than the 

other Fe-chelates in calcerous soils (Fernandes et al., 2005; Davarpanah et al., 2013, Talas et al., 2016).  

 

CONCLUSION 

Vineyards are one of susceptible plants for Fe chlorosis, especially for vines growing in soils which are 

calcerous and high pH of soil. Iron deficiency is the most widespread micronutrient deficiency in Turkey's 

soils. Iron chelates such as Fe-EDTA and Fe-EDDHA and inorganic Fe salts are used for prevention of Fe 

chlorosis. As a result of this study, Fe-EDDHA was increase the fresh fruit yield compared to the other Fe 

forms and increased the fresh grape yield (kg) for both February and April applications at 40 g vinestock-1 

dose. 

As a result, we could be suggested that Fe-EDDHA should be used for preventing the Fe chlorosis in 

grape production. At the amount of 40 g vinestock-1 can be suggested to incease yield when it applicates in 

April in Kemaliye region of Alaĸehir District in Manisa. 
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ABSTRACT 

Rose, a plant of the genus Rosa in the family Rosaceae, is one of the most popular and versatile flowering 

shrubs in urban landscape areas. In recent years, rose bacterial diseases are increased and they are caused 

significant economic losses. In this study, 58 rose cultivars located in landscape areas of Konya province were 

determined different diseases symptoms at various levels by carried out survey studies. Identification of 138 

isolates obtained from isolations was made by biochemical, morphological, physiological and molecular tests, 

and the most common bacterial agent was determined as Pseudomonas syringae pv. syringae. In pathogenicity 

tests, 4-year-old and 3 healthy rose seedlings were used. Disease severities of P. s. pv. syringae were 

determined by shoot, root and leaf inoculations in land conditions and the bacteria showed important 

differences on their pathogenicities at different levels. Efficacy of different chemicals, phosphoric acid, copper 

oxychloride, hydrogen peroxide and sodium hypochlorite, were tested against P. s. pv. syringae and evaluated 

according to 0-4 disease scale. According to the findings, phosphoric acid (53.33-100%) had the highest effect 

while sodium hypochlorite (0.08-100%) had the lowest identified. Many of pesticides are highly toxic and have 

immediate adverse effects on human health and wildlife or contaminate local food, water, soil and air. 

Obtaining to data, plant defense activators as like phosphoric acid and sodium hypochlorite may be used for 

bacterial disease management in rose production and breeding programs within organic and sustainable 

agricultural approaches.   
 Keywords: rose, bacterial blight, eco-friendly chemicals, landscape, organic agriculture 

 

INTRODUCTION  

Rose, which is included in the Rosaceae family (Rosa spp.), originates actually from West Asia, and is 

partly based on Europe. It is a perennial woody plant in the form of shrub, and is usually 50-300 cm long 

(¥z­elik et al., 2009). Its varieties range from small miniature roses to climber ivies with a height of up to 

seven meters. Depending on the features of its variety, the fact that it can be easily hybridized allows the 

development of different garden roses in landscape designs (Christopher, 2002). 

The shoot and blossom blight disease, which is caused by Pseudomonas syringae, is common in the 

world, especially in areas where fruit cultivation is common. It causes significant losses every year because of 

the difficulty in fighting against the disease. As a result of systemic infections that occur in seedling production 

areas, seedlings die, and significant economic losses are faced. A total of 30% of trees die in Germany every 

year because of this illness, and similar losses are also seen in Italy and in other European countries (Kennelly 

et al., 2007). In our country, it was reported that P. s. pv. syringae was seen in citrus trees in Antalya, Mersin 

and Adana (Mirik and Aysan, 2004), in apricot trees in Erzurum and its counties (Gºrmez, 2011).  Kavak and 

¢ētēr (1995) conducted a study and reported that the 20% of the production areas in Malatya region were 

infected with P. s. pv. syringae, which causes bacterial cancer. Kotan and Sahin (2002) conducted surveys in 

Erzurum, Erzincan and Artvin provinces in commercial and home gardens, and reported that 80% of the 

production areas were infected with P. s. pv. syringae, which is a polyfag and pathogenic bacterium that causes 

disease in annual and perennial 180 plant species (Agrios, 2005). 

Active oxygen compounds that are produced in plant cells as a result of the infection of the disease agent 

stimulate endurance system of the plant. Reactive oxygen species not only stimulates the genes in the infected 

area, but it also causes that the genes become active in areas which are known as systemic tissue where the 

plant is not yet affected by the disease. This phenomenon, which is known as Systemic Acquired Resistance 

(SAR), is a feature that strengthens the plant defense system by stimulating the damaged tissue in the area 

where the infection occurs in the first infection (Kunkel and Brooks, 2002). In a plant with stimulated SAR 

system, the resistance to infections is increasing (Chen et al., 1994; Bolwell, 1999). 
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In this study, some SAR activators and conventional chemicals were tested against P. s. pv. syringae on 

58 different Rosa cultivars with the aim of examination of environmentally friend and organic agriculture 

applications. 

 

MATERIAL AND METHOD  

The chemicals and doses used in the trials are given in Table 1, and the rose varieties are given in Table 

2. 

 

Table 1. Detected chemicals and their dosages to against P. s. pv. syringae  

Chemical 

Active Ingradient and 

Ratio Commercial Name Dose/100 L water 

Hydrogen peroxide 

Hydrojen peroxide % 50 (C 

pure) 

TEKKĶM 

Hydrogen peroxide  3 mlt 

Phosphoric acid 

Ortho-Phoshoric Acid % 

85 (C pure)  

  

TEKKĶM 

O-Fosforic Asid 

   800gr  

Sodium hypochlorite 

Sodium hypocloride % 6 - 

14 (C pure) 

TEKKĶM 

Sodium hypochlorite  3 mlt 

Copper  oxychloride 

% 50 metallic copper (% 50 

copper oxychloride) HEKTAķ Copper  300gr 

 

Table 2. Rose varieties used in the experiments 

1 Abracadabra  21 Flaming F.c 41 Petticoat 

2 Afrodit 22 Foxy F.c 42 Planten Un Blomen 

3 Alexandra 23 Garten Spass 43 Pompenella 

4 Amore F.c 24 Gebr¿der Grimm 44 Queen Of Hearts 

5 Andolusian 25 Gerber Engel 45 Romantic Antike 

6 Angel F.c 26 Harlequin 46 Rosenstadt Freising 

7 Angela  27 Harmonie 47 Rugelda 

8 Apricot F.c 28 Jugendliebe 48 Salita F.c 

9 Bad Birnbach 29 Kºnigin Der Rosen 49 Sangerhauser 

10 Bad Wºrishofen 30 Laperla 50 Solero 

11 Blush F.c 31 Larissa 51 Sunbeam  F.c 

12 Brillant 32 Lavender F.c 52 Sunny 

13 Cheryy Girl 33 Lemon F.c 53 Tatiana 

14 Chica F.c 34 Lions Rose 54 Valencia 

15 Cinderella 35 Marango 55 Vulcano F.c 

16 Crimson F.c 36 Mariandel 56 Zwergenfee 

17 Cubana 37 Memoire 57 Sevillana (Meillant) 

18 Diamant 38 Nicole 58 Garden Rose 

19 
Dornrºscheschlos 

Sababurg 
39 Patricia 

    

20 Escimo F.c 40 Pepita     

 

P. s. pv. syringae (PssK26) isolate which have 83% virulence in the preliminary, was used in the the 

experiments. Bacterial inoculation was performed by spraying of PssK26 suspension at 108 CFU ml-1 density 

to the leaves of 58 different rose varieties. The disease was evaluated by counting the lesions on the leaves by 

using a 0-4 scale (0: no symptom; 1: 1 lesion;  2: 2 lesion; 3: 3 - 6 lesion; 4: 6-10 < lesion). The Abbott (1925) 

formula was used to determine the effectiveness of the chemicals against P. s. pv syringae. The data obtained 

were analyzed by using the MINITAB version 14 program and Duncan Multiple Comparison Test. 
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RESULTS AND DISCUSSION 

In the present study, the efficacy of some eco-friendly chemicals, which could activate plant defense 

mechanisms against P. s. pv. syringae were researched on 58 different rose varieties. Obtaining to data, the 

most succesful chemical phosphoric acid had an effect between 53.33-100% and, it showed the highest 

effectiveness on Escimo F.C., Tatiana and Gerber Engel varieties.  It was followed by Copper oxychloride, 

Hydrogen Peroxide and Sodium Hypochloride with ratios 52.55-100%, 35.29-100% and 100, respectively 

(Table 3). While phosphoric acid was a succesful in 57 varieties at the ratio of 98.27%, copper oxychloride in 

27 varieties (46.55%), hydrogen peroxide in 11 varieties (18.96%), and sodium hypochlorite in 7 varieties 

(12.06%) had efficiency against P. s. pv. syringae. Zwergenfee variety, which is prominent in the sensitivity 

tests, is the most defined highly variety with 44.93% which is also revealed by the statistical results in the 

controls. 

 

Table 3. Percent effectiveness of some chemicals used against P. s. pv. syringae in some rose varieties  

No 
Rose varieties  Hydrogen peroxide Phosphoric acid 

Sodium 

hypochlorite 

Copper  

oxychloride 

1 Abracadabra 62,5 83,75 51,25 73,75 

2 Afrodit 67,64 94,11 47,05 79,41 

3 Alexandra 66,66 86,36 51,51 77,27 

4 Amore F.c 57,03 77,34 23,43 72,65 

5 Andolusian 52,17 89,13 34,78 76,86 

6 Angel F.c 41,86 81,39 32,55 67,44 

7 Angela 54,92 76,05 40,84 78,87 

8 Apricot F.c 41,66 76,66 16,66 65 

9 Bad Birnbach 79,31 94,82 50 82,75 

10 Bad Wºrishofen - - - - 

11 Blush F.c 57,4 81,48 27,77 70,37 

12 Brillant 79,83 92,43 73,1 88,23 

13 Cheryy Girl - - - - 

14 Chica F.c 56,89 77,58 44,82 62,06 

15 Cinderella 52,3 83,07 52,3 69,23 

16 Crimson F.c 53,19 53,33 0,08 68,08 

17 Cubana 58,82 76,47 45,88 63,52 

18 Diamant 70 87,5 40 66,25 

19 Dornrºs. Sababurg 65,3 - 42,85 77,55 

20 Escimo F.c 75,67 100 58,1 89,18 

21 Flaming F.c 55,55 84,44 75,6 66,66 

22 Foxy F.c 65,45 85,45 45,45 75,54 

23 Garten Spass 72,58 91,93 56,45 80,64 

24 Gebr¿der Grimm 57,4 79,62 77,77 85,18 

25 Gerber Engel 100 100 100 100 

26 Harlequin  75,92 100 64,81 87,03 

27 Harmonie 48,14 74,53 40,27 69,44 

28 Jugendliebe 68,08 85,1 55,31 77,65 

29 Kºnigin Der Rosen 52,94 65,68 42,64 68,13 

30 Laperla 35,29 69,74 26,05 63,86 

31 Larissa 74 91 68 82 

32 Lavender F.c 92,95 87,5 62,5 85,22 

33 Lemon F.c 73,45 82,09 58,02 79,62 

34 Lions Rose 65,43 83,95 50,61 82,71 

35 Marango 65,33 82,66 46,66 73,33 
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36 Mariandel 65,9 85,22 43,18 79,54 

37 Memoire 50 75 30 62,5 

38 Nicole - - - - 

39 Patricia 77,34 85,15 63,28 80,46 

40 Pepita 74,25 89,1 64,35 84,15 

41 Petticoat 67,34 89,11 52,34 82,99 

42 Planten Un Blomen 35,76 62,77 3,64 52,55 

43 Pompenella 71,64 84,32 56,71 79,1 

44 Queen Of Hearts 51,36 73,28 30,13 65,06 

45 Romantic Antike 73,1 89,07 52,94 82,35 

46 Rosenstadt Freising 57,02 69,18 37,73 63,94 

47 Rugelda 70,76 92,3 58,46 80 

48 Salita F.c 66,12 79,03 53,22 70,96 

49 Sangerhauser 81,44 89,69 71,13 84,53 

50 Solero 83,33 96,42 76,19 89,28 

51 Sunbeam  F.c 74,07 90,74 62,96 85,18 

52 Sunny 72,97 85,13 52,7 79,72 

53 Tatiana 78,94 100 63,15 89,47 

54 Valencia 65,38 84,61 50 78,84 

55 Vulcano F.c 76,81 95,08 95,08 83,6 

56 Zwergenfee 92,28 96,88 89,02 94,36 

57 Sevillana  71,05 79,75 59,71 75,1 

58 Garden Rose 84,13 89,65 73,79 88,27 

(-) Disease symptoms were not observed in plants. 

 

The chemicals, which effectiness researched in this study, obtained a successful results by plant defence 

activation patway against P. s. pv. syringae on 58 rose variety. Reactive oxygen species and plant activators 

play roles in defence reactions of plants and lignification which strengthening cell wall following by infection 

in plants (¥zcan et al., 2001; Kunkel and Brooks, 2002). In the present study, efficiency of hydrogen peroxide, 

sodium hypochlorite and phosphoric acid which were previously known to be use with various aims, was 

examined on Cordes roses in landscape areas of Konya province against Pseudomonas syringae pv. syringae, 

and successful and hopeful results were obtained for human and environment health. In addition, we discuss 

that phosphoric acid will supply ensure durability for the plant body, and prevent pathogens from entering to 

the plant body using in early spring. Further studies should be performed on different rose cultivars, climate 

conditions and rose bacterial pathogens. 
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ABSTRACT  

Water undoubtedly has a critical important in the life of living things. The use of water has a wide area 

such as agricultural production, industry and energy production. Depend on the increase in water demand, 

negative effects of the global warming on the already limited water resources reach alarming dimensions for 

the next generation. Therefore, reuse of wastewater and collection of rainwater are considered as an 

alternative to water resources. In this study, the usage potential of rain water falling on the roof of buildings 

of Bursa Uludag University Faculty of Agriculture is evaluated for different usage areas. In this study, 

collectible rainwater amount were determined from 7 building roofs of Faculty Administration Office building, 

canteen, lecture hall buildings (D and E halls) and Faculty Member Office buildings (A, B and C halls). At the 

end of the study, it found that rainwater collection capacity of Hall A, B, C, D, E, Faculty Administration 

Office building and, canteen are 574 mm3, 536 mm3, 572 mm3, 539 mm3, 263 mm3, 455 mm3 and 172 mm3 

respectively. It was determined that total rain water collection capacity of agriculture faculty can compensate 

60 % of daily domestic water.  

Keywords; rainwater harvesting, reuse, Bursa Uludag University, Bursa 

 

INTRODUCTION  

Water undoubtedly has a critical important in the life of living things. 97.5% of the world's water 

resources are found as salt water in oceans and seas, and 2.5% as fresh water in rivers and lakes. Existing water 

potential in Turkey is 112 m3 and 44 m3 used only part of it. Turkey is not a country rich in water. According 

to the annual amount of water per capita, our country is a country experiencing water scarcity. The annual 

amount of usable water per capita is around 1,519 m3 (DSĶ 2014). 

The use of water has a wide area such as agricultural production, industry and energy production. As 

the population increases, water demand increase. In addition, the negative effects of global warming on limited 

water resources have increased in recent years. These factors lead to a significant reduction in useable water 

resources and reaches alarming levels for the next generation. Therefore, reuse of wastewater and collection 

of rainwater are considered as an alternative to water resources. Rainwater harvesting is the collection and 

storage of rainwater and surface runoff and provision of water for the plant, animal production or domestic 

consumption (Oweis et al. 2001, Kantaroĵlu 2009, Kēlē­ ve Abuĸ 2018). 

In this study, the usage potential of rainwater falling on the roof of buildings of Bursa Uludag University 

Faculty of Agriculture is evaluated for different usage areas.  

 

MATERIAL AND METHOD  

In this study, the theoretical calculation of the amount of rain falling on the lofts of the buildings 

belonging to the Faculty of Agriculture of Uludag University in Bursa and the evaluation of the compensability 

for usage water were aimed. The material of the study, consists of buildings belonging to the Faculty of 

Agriculture. Data on the amount of rainfall falling to Bursa on a monthly basis was obtained from the General 

Directorate of Meteorology (Table 1). 

 

Table 1: Average precipitation amount of Bursa between 1928-2018 (MGM 2019) 
Month  Rainfall  Month  Rainfall  

January 89,1 July 21,40 

February 76 August 16,3 

March 70,3 September 41,7 

April  62,4 October 67,0 

May 50,1 November 77,8 

June 34,1 December 101,4 

Total (mm) 707,6 
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In the study, the roof areas of the buildings of Bursa Uludag University Faculty of Agriculture were 

calculated from via the building design projects (Table 2). In this study, annual rainwater collection capacity of 

7 buildings belonging to Bursa Uludag University Faculty of Agriculture was calculated. These buildings are 

Administration Office, canteen, lecture halls (D and E halls) and Faculty Member Office (A, B and C halls).  

 

Table 2: Areas of the roofs of the buildings examined (m2) 

Faculty Member Office 

Buildings 

Lecture Hall 

Buildings 
Faculty Administration Office 

building  
Canteen 

A Hall  B Hall C Hall D Hall E Hall 

1126 1053 1122 1058 517 894 338 

 

FINDINGS 

In this study, it was aimed to calculate the rainwater harvest of the roofs of Bursa Uludag University 

Faculty of Agriculture. Rainwater yield was calculated with (Equation 1) (Anonymous 2016): 

Rainwater capacity = Rain collection area * rainfall quantity * roof coefficient * filter efficiency 

coefficient..ééééééééé..éééééééééééééééééé..(Equation 1) 

 

Rain collecting area: Roof area of buildings 

Rainfall quantity: Total annual rainfall determined by the Turkish State Meteorological Service 

Roof coefficient: This is the coefficient specified by German standards as 0.8 in DIN 1989. It means 

that all rain falling on the roof cannot be recycled. 

Filter efficiency coefficient: The coefficient specified by German standards in DIN 1989 (0,9) (DIN 

1989). It is the efficiency coefficient of the first filter passed to separate the rainwater from the visible solids 

obtained from the roof. It is a coefficient given by calculating that an amount of water cannot pass through it. 

As a result of the calculations, the rain water retention capacities of the building roofs are given in Table 

3. 

 

Table 3: Annual rain water harvesting potential of the investigated building roofs (m3) 

Faculty Member Office 

Buildings 
Faculty Administration 

Office Building 
Canteen 

Lecture Hall Buildings 

A Hall  B Hall C Hall D Hall E Hall 

574 536 572 455 172 539 263 

 

When the rain water retention potential is examined in all the roofs examined, the roofs of the buildings 

belonging to the Faculty of Agriculture have a total rain water harvest of 3111 m3. When the total rain water 

usage is evaluated, the faculty can meet approximately 60% of the domestic domestic water in the year. Storage 

volumes to be constructed on the roofs were calculated with Equation 2 (Kēlē­ ve Abuĸ, 2018): 

 

Storage volume = Amount of rain * Roof area * 0,8 * 0,9ééééé.éééé. (Equation 2) 

 

Table 4: Storage capacity (m3) 

Faculty Member Office 

Buildings 
Lecture Hall Buildings 

Faculty 

Administration 

Office building 

Canteen 

A Hall  B Hall C Hall D Hall E Hall 

82 77 82 77 38 65 25 

 

The storage volume of the system for storing the amount of precipitation was calculated by considering 

the month in which the precipitation amount is the highest (Table 4). 

 

CONCLUSION AND DISCUSSION 

In this study, the rainwater retention potentials of the roofs of the buildings of Bursa Uludag University 

Faculty of Agriculture have been put forward theoretically. Storage capacity were calculated according to 

determined rainwater potentials. The total storage capacity of the warehouse systems foreseen in all buildings 

is 450 m. When the total cost of the rainwater collection system of calculated, approximately 90 000 TL is 
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obtained. When the cost of the rainwater collection system and the annual cost of the tap water were compared, 

the depreciation period of the system was found to be 8.5 years. 

This value shows that it meets more than half of the Faculty of Agriculture's need for usage water. When 

evaluated in general; rainwater harvesting is seen as an important alternative to usable water resources for the 

future. And studies on this subject should be done. 

 

REFERENCES 

Anonim, 2016. Water of the Future. https://sutema.org/resources/Document/FileName/2015-12-01_22-

11-14-692%20GeleceginSuyu.pdf-  (Date of access:  12.09.2019). 

 

DIN 1989. Regenwassernutzungsanlagen. Deutsches Institut Normung DIN: 1989, German. 

 

DSĶ 2014. General Directorate of State Hydraulēc Works. http://en.dsi.gov.tr/ (Date of access: 

10.10.2019). 

 

Kantaroĵlu ¥. 2009. Rainwater harvesting plan and calculation principles. IX. National Installation 

Engineering Congress, 6-9 May, Ķzmir. 

 

Kēlē­, M.Y.,  Abuĸ,  M.N. 2018. Rain Water Harvesting in a Garden House Sample International Journal 

of Agriculture Wildlife Science, 4(2): 209-215. 

 

MGM 2019. Turkēsh State Meteorological Service. https://www.mgm.gov.tr/ - (Date of access: 

12.09.2019). 

 

Oweis, T.,  Prinz, D.,  Hachum, A. 2001. Water Harvesting: Indigenous Knowledge for The Future of 

The Drier Environments. International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo, 

Syria. 

  

https://tureng.com/tr/turkce-ingilizce/references
https://sutema.org/resources/Document/FileName/2015-12-01_22-11-14-692%20GeleceginSuyu.pdf-
https://sutema.org/resources/Document/FileName/2015-12-01_22-11-14-692%20GeleceginSuyu.pdf-
http://en.dsi.gov.tr/
https://www.mgm.gov.tr/


6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

54 

EVAL UATION OF ENVIRONMENTAL SUSTAINABILITY O F AN EGG  

PRODUCTION SYSTEM: THE CASE OF BURSA 

 

I. KILI¢1*, B. YAYLI1  

 
1 Uludag University Faculty of Agriculture Department of Biosystems Engineering, Bursa Uludag University, 

Bursa/T¦RKĶYE;*Corresponding author: E-mail address: ikilic@uludag.edu.tr  
 

ABSTRACT 

Egg; consumption is widespread in the world, high protein content and comes to the fore as an economic 

animal food product. With the increase of world population, egg consumption increases. With the increase in 

the production in laying hens operations, the use of natural resources, resulting in negative effects to the 

atmosphere, soil and water resources, while also it is accelerating the consumption of natural resources. In 

order to ensure enough food production for the growing human population, natural resources should be 

sustainable and emissions to the environment should be minimized. This can be achieved through an 

assessment of environmental sustainability. In this study, the environmental sustainability of a laying hens 

house in the Karacabey district where the livestock activities are carried out extensively in the Bursa region 

was evaluated as a material. In the monitored laying hen house while the global warming potential, ammonia 

emission, land use and energy use are determined as environmental sustainability indicators. The 

environmental sustainability of the laying hen farm has been evaluated as over the sustainable, semi-

sustainable and unsustainable according to limits of the identified indicators. As a result of this study, scores 

of environmental factors for 1 kg egg production were; global warming potential 2,8 kg CO2 / kg egg, land 

use  1,56 m2 / kg eggs, energy use  2,95 MJ / kg eggs and NH3 emission 0,065 kg / hen placed / year was 

obtained.  

Keywords: sustainability, egg, Bursa, environmental impact 

 

INTRODUCTION  

The world population is approaching eight billion people. This situation leads to an increase in people's 

food demands. An important part of the daily nutrient requirement for balanced and healthy nutrition consists 

of proteins of animal origin. Egg is a food product that is widely consumed due to its high protein content and 

economic source of animal protein. Egg production has continuously increased in the last decade in the world. 

According to FAO, egg production in the world reached 80 million tons in 2017 (FAO 2019). Turkey among 

the first 20 countries in the world egg production ranks 8th with 1 250 075 tons of eggs (YUM-BĶR 2018). 

Ensuring optimum conditions for the vital activities of chickens is one of the most important factors in 

achieving productivity in egg production. Chickens are sensitive animals. It is important to analyze the 

environmental effects of harmful gases that produced disintegration of wastes and respiration in the hen house, 

for the continuity of production (Kēlē­ ve Karaman 2014). 

In order to meet the increasing consumption, intensive enterprises where production was made more 

intensive became widespread in time. The increase in production has led to an increase in the use of natural 

resources (such as land use, water use, energy use etc.) and decreases in the resources. In addition, emissions 

and pollution to the atmosphere, soil and water resources that emerge during the production process put 

pressure on the environment. This is expected to reach alarming dimensions for the future. 

Sustainability; it is becoming the most important supporting force behind human activities. A holistic 

sustainable development will be realized when social, economic and environmental aspects are examined 

through the assessment of sustainability. It is a well-known fact that environmental impacts from intensive 

livestock enterprises pose an obstacle to environmental sustainable development. Therefore, sustainability 

assessment has become increasingly important (Boggia et al. 2010). Environmental sustainability is an 

important issue that needs to be emphasized in order to prevent the irreversible damages caused by the 

developments in egg production and the effects on the environment over time, to prevent the destruction and 

protection of resources for the next generation (Hellstrand 2013, Yaylē 2019). 

In this study, in the framework of the system boundaries of a laying hen enterprises monitored in Bursa 

in Turkey was aimed to evaluate the environmental sustainability. 
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MATERIAL AND METHOD  

The egg farms studied in the study operate in Karacabey district of Bursa. The assessment of 

environmental sustainability has been tried to be put forward within the defined system limits and per 

functional unit. In this study, system boundaries were determined as hen house boundaries. Sustainability 

assessment was examined per the determined functional unit. When similar studies were examined in laying 

hens, it was seen that 1 kg egg was taken as the functional unit (Leinonen et al. 2013, de Vries and de Boer 

2009, Dekker et al. 2011). Therefore, the functional unit (f.u.) was determined as 1 kg egg. 

 

Since sustainability is a very broad topic, in this study, environmental sustainability assessment has been 

tried to be determined by taking into account the sustainability indicators identified. Van Asselt et al. (2015) 

defined environmental sustainability indicators for evaluation of sustainability in a study based on consultation 

with 6 scientific experts and literature review. These indicators are global warming potential, ammonia (NH3) 

emission, land and energy use. Energy and land use are included in the subtheme of natural resource use. In 

this study, the indicators specified per functional unit were taken into consideration (Table 1). 

 

Table 1: Indicators for assessing the sustainability in egg production 

Sustainability indicators Unit  

Global warming potential kg CO
2
 equivalent / kg egg 

Emission of NH3 kg / hen placed / year 

Land use m
2

/ kg egg 

Energy use MJ / kg egg 

 

Van Asselt et al. (2015) presented the environmental sustainability assessment by taking into account 

the sustainability limits (sustainable, semi-sustainable and unsustainable limits) that they set. Sustainability 

limits for the determined environmental indicators are given in Table 2 and these limit values are used for this 

study. The values obtained in the study were evaluated according to these limits. 

 

Table 2: Sustainability limits for the core indicators 

Indicators SL  MSL  USL 

Global Warming 2,235 2,629 3,193 

Emission of NH3 0,028 0,04 0,125 

Land use 3,21 3,78 4,59 

Energy use 20,3 23,9 29,0 

SL: Sustainability limit, MSL: Mid-sustainability limit, USL: Unsustainability limit 

 

FINDINGS 

Evaluations were made on the environmental sustainability indicators mentioned in the study. In order 

to determine the global warming potential, CO2 emission per functional unit was calculated with the help of 

Tier-1 (IPCC 2006). It was calculated that 2,8 kg CO2 emission was produced for 1 kg egg production. The 

source of NH3 emission in this study is the manure of chickens. As a result of the measurements made within 

the enterprise, it was calculated that 0,065 kg of NH3 emission per animal was released. The area usage was 

calculated as 1,56 m2 per 1 kg egg by taking into consideration the dimensions of the hen house. There is no 

heating in the hen house and no mechanization is used. Belt system is used as fertilizer operating system. In 

addition, lighting and ventilation is done in the hen house. The electricity consumption used for these activities 

has been examined within the scope of energy use and as a result it has been shown that 2.95 MJ of energy is 

used per functional unit (Table 3). 

 

Table 3: The values of environmental indicators of the monitored laying hen house 

Indicators Values 

Global warming potential (kg CO2-equivalents/f.u.) 2,8 

Emission of NHϝ (kg/hen placed/year) 0,065 

Land use (m2/f.u.) 1,56 

Energy use (MJ/f.u.) 2,95 
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In this study, environmental sustainability values of the laying hen house were evaluated according to 

the sustainability limits. According to the results of the evaluation; when the global warming potential and 

ammonia (NH3) emissions are evaluated, the enterprise under investigation is at an environmentally semi-

sustainable boundary. When evaluated in terms of land use and energy use, the enterprise was observed within 

the environmentally sustainable limits. 

 

CONCLUSION AND DISCUSSION 

As a result of the study, when the global warming potential and ammonia (NH3) emission effects of the 

egg laying enterprise were evaluated, an environmentally semi-sustainable value was obtained. When the area 

and energy use is evaluated, environmentally sustainable value was obtained. 

In terms of natural resource use, land use and energy use was considered environmentally sustainable. 

The fact that intensive production is carried out in a narrow area provides efficiency in the use of the area while 

the lack of heating and mechanization in the enterprise provides an advantage in energy use. 

Since global warming and ammonia emissions are at the mid-sustainable limit, it is foreseen that there 

may be issues in the future. In order to reduce the potential for global warming, first production at the source, 

i.e. in the hen house, should be reduce. The most effective way to reduce CO2 is to reduce emissions by offering 

lower protein diets. If problems cannot be prevented at the source, they should be prevented in the environment. 

Chicken manure is an important source of formation, especially in terms of NH3 emissions. Since it is a 

bad smelling gas, it also causes odor problems. Therefore, studies should be made to reduce NH3 emissions. 
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ABSTRACT  
In todayôs world, when the population is increasing, the needs of growing populations appear to 

increase. One of the vital needs is energy that is frequently used in developing industries, residences, and 

transport. The several negative effects related to the utilization of energy-based from fossil fuels have appeared 

on environmental and people health issues over the years. This situation has led to a tendency to biomass 

which is an alternative energy source. Organic wastes are used to the production of biogas which is one of the 

biomass energy sources. As a result of the biogas production electricity, heat and fermented fertilizer are 

obtained. However, biogas production has some disadvantages. It causes various environmental problems 

because biogas systems have technical problems such as a gas leak, lack of qualified personnel and lack of 

legal legislation. The aim of this study is that it is aimed to investigate the solutions developed for the 

environmental problems encountered during the production of biogas obtained from organic wastes which are 

an important biomass source. 

Keywords: Environmental impact, Biomass Energy, Biogas. 

 

INTRODUCTION  
With the world's population increasing to supply the needs of people have been developed technologies 

and industries, and energy demand has increased after these developing. After the energy that is produced 

fossil sources had seriously occurred some problems, alternative energy sources which had beginning to 

researched were got results within 21 centuries, so renewable energy is begun to prefer [1]. 

Renewable energy that is sustainable and environment-friendly is continuously improving with 

researching on the around the world. Moreover, Turkey has suitable as a location for using renewable energy 

sources. There are various renewable energy sources as solar energy, wind energy, geothermal energy, oceans 

energy, hydroelectrical energy, and bioenergy. 

Bioenergy is, in other words, biomass energy. Biomass includes organic matters that are on the world, 

and the matters' wastes and residues. If an example should be given, these raw materials are a variety of plants, 

municipal wastes, some industrial wastes, and manure [2]. These raw materials have been used to occur 

bioenergy. Bioenergy is less harmful to the environment and people in comparison with fossil energy. Also, 

bioenergy has a similar characteristic as fossil energy, so this energy could be used to alternatively energy. 

Figure 1 displays this situation [2]. Biomass energy is obtaining with three methods of energy conversion, such 

as thermochemical, physicochemical and biochemical. The products that are as a result of these conversions 

are used to be heat, power, and fuel [3]. 

 
Figure 1: Biomass energy cycle 
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Organic wastes and residuals have been used to anaerobic digestion which is the biochemical method, 

at the end of the digestion as an occurring product is a biogas and also the fertilizer that has organic and high 

quality is the by-product. 

This paper includes the environmental impact of biogas systems so, biogas should firstly be explained. 

Biogas includes 40-70% Methane (CH4), 60-30% Carbon dioxide (CO2), <4% Nitrogen (N2), <1% Carbon 

monoxide (CO) and 100-5000 ppm Hydrogen sulfur (H2S). Besides, biogas could be used to be power, heat, 

and fuel [4].  

 

ENVIRONMENTAL IMPACT  
Even though the searches were generally conducted about that biogas has positive effects on the 

environment, biogas and biogas systems have various negative environmental impacts. The environmental 

impacts were researched to be two subtitles as advantages and disadvantages, and these impacts were detailly 

explained. 

 

Advantages of Biogas Systems 
While biogas is production and utilization, it has various environmental advantages. If an explained 

should be given, the primary advantage is that it is an alternative instead of fossil fuel because it is one of the 

renewable energy sources. Other advantages are that providing reduce to the release of greenhouse gas in the 

atmosphere compare to traditional waste management like CH4, CO2. Also, producing high yield, and quality 

digestate which can be used as a fertilizer, thus in the soil chemical pollution will be supplied to reduce. When 

organic waste matters which are used as feedstocks are stocked it could be creating environmental pollution, 

during biogas production that is periodical will reduce these effects [5] [6] [7]. 

 

Disadvantages of Biogas Systems 
In spite of the environmental advantages of biogas that were above-mentioned,  several environmental 

disadvantages are had in the life cycle of biogas. In this paper,  the subject that is wished to emphasize is these 

disadvantages, so it detailly explained below. 

¶ When crop waste and residues are prepared as feedstock such silage, for example during to 

manufacture of it will occur particle matters and cause air pollution and also visible respiratory problems on 

the people [8]. 

¶ Contents of waste which is used as feedstock could have various pathogenic bacterium and this 

situation is threat health-wise [7].  

¶ In the process of biogas production, one of the crucial disadvantages is that it has toxication, burning, 

and explosive effects [9] [10]. 

¶ The content of anaerobic digestate that is used as fertilizer which is produced has high-level N2, the 

fertilizer would be in the stocked process under the soil, thus this N2 is got mixed the soil and underground 

water and would be caused to be ecosystem degradation [10] [11]. 

¶ In the biogas systems could be leakages, hereat increasing emissions of greenhouse gas that is as 

methane and carbon dioxide would occur in the atmosphere [12]. 

¶ Biogas systems could cause a traffic jam if the area of raw material procurement far away to it. As a 

consequence of this, noise pollution would be taken place. Furthermore, biogas plants that are used the 

generator, pump, and compressor could cause noise pollution [10]. 

Besides, in the life cycle of biogas, according to each phase could occur direct or indirect pollutants. 

Wang et al. (2018) prepared two different scenarios that are direct and indirect pollutants to could be examined 

for two different biogas systems that are large and household biogas production. In the first instance, the direct 

emissions were approached as the scenario. These emissions happen that during the process of biogas 

production, manure pollutants include in the storage phase and consisting of the gas leakage accidentally in 

the biogas reactor. In these situations, occurring rates of emissions assessment are shown in Table 1. 
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Table 1: Summarizing assessment of direct emissions rate 

 
In the other scenario, the indirect emissions are indicated to occur throughout energy consumption such 

as due to biogas burn form emission. values of the emissions that are resulting from the cases are illustrated in 

Table 2 [6].  

 

Table 2: List of indirect emissions (kg/functional unit) 

 
As a consequence of this research, compared to the environmental effect of two different systems of 

biogas was concluded the index of the total effect of the environment is that household biogas production was 

13% higher than that of large biogas production. The effects were detailly given in Table 3 [6]. 

 

Table 3: Environmental impact indexes of the life cycle for two different biogas systems 

 
 

CONCLUSION AND RECOMMENDATIONS  
Bioenergy is a significant source of renewable energy, because of being both environment-friendly, and 

alternative energy to fossil fuels in terms of economy. One of the sources of bioenergy is biogas, and biogas 

production uses organic materials as feedstock for occurring, so establishing biogas plants is preferred to 
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regions that have sectors of agriculture and livestock breeding. Also, research shows that the production of 

biogas is rapidly developing in the world. 

While Biogas that uses as power, heat, and fuels compare are said environment-friendly, biogas systems 

could possibly cause some environmental problems. In the paper, in biogas production life cycle phases could 

be various environmental problems are explained, and from research that was done are given some examples. 

Making some provisions for the negative environmental impacts that would be minimized should be. If 

an explained should be given for the provisions; 

¶ The study of the geographical information system should be done and biogas plants should be nearby 

areas of feedstock for minimizing noise pollution. 

¶ The wastes process' logistics and stocks should be paid attention to hygiene rules. 

¶ The system process' rules should be carefully decided and periodically controlled. 

¶ Employees who work in the plant should be given educations about the system. 

¶ Energy crops or crop waste and residues which are used as feedstock should be under controlled before 

the process of plant for keeping out a fertilizer that includes chemicals, and pesticides. 

¶ Animals should be raised in a controlled manner for the animal wastes that are used as raw material 

because manure mustn't include chemicals like antibiotics. 

¶ Biogas should be purified and as a result, values of emissions would decrease. Further, the process of 

purification is used to increase the quality and yield of biogas. 
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RESUM£ 

Un complexe tr¯s important de parasitoµdes de la famille des Aphelinidae (Hymenoptera) appartenant 

aux genres Encarsia et Eretmocerus sôattaque ¨ Bemisia tabaci associ® aux cultures sous serres chauff®es par 

les eaux g®othermiques dans le sud tunisien 

Lô®tude de lôinfluence des facteurs naturels de r®gulation sur les populations de Bemisia tabaci a eu 

lieu dans deux serres de tomate. Une  serre conduite en production biologique  install®e dans un site de 

g®othermie dans la r®gion de Gab¯s. La serre conduite selon les techniques conventionnelles est install®e dans 

un site de g®othermie ¨ Limagu¯s dans la r®gion de de K®bili. 

En se basant sur les caract®ristiques phr®nologiques, sur la modalit® du parasitisme et sur la forme des 

larves du parasitoµde ¨ lôint®rieur de la larve h¹te, on a pu d®terminer le taux dôabondance des deux 

principaux genres de parasitoµdes en pr®sence. En effet, Eretmocerus mundus constitue 76,4% et Encarsia 

sophia 23,6 % uniquement de la population parasitaire. Les stades parasit®s et pr®dat®s sont constitu®s par 

des larves de deuxi¯me, troisi¯me, quatri¯me stade et des pupes. 

Lôanalyse statistique au seuil 5%, et la comparaison des moyennes montrent que les taux de parasitisme 

et de r®gulation par les parasitoµdes naturels indig¯nes (Eretmocerus et Encarsia) des larves de Bemisia tabaci 

situ®es sur les feuilles de la partie inf®rieure des plantes de tomate dans la serre conduite selon les techniques 

de production biologique, varient dôune fa­on hautement significative en fonction du temps.  Par contre, au 

niveau des feuilles de la partie moyenne et de la partie sup®rieure des plantes les taux de parasitisme et de 

r®gulation naturelle ne varient ni en fonction du temps ni en fonction des lignes de culture. 

Les taux de parasitisme et les taux de r®gulation des populations de Bemisia tabaci rencontr®es au 

niveau des feuilles des diff®rents niveaux des plantes dans la serre conduite selon les techniques 

conventionnelles, ne sont pas diff®rents ni en fonction du temps ni fonction des lignes de cultures.  

Mots cl®s : Bemisia tabaci, Eretmocerus mundus,  Encarsia sophia, serre g®othermique, r®gulation 

naturelle, parasitoides indig¯nes, sud tunisien 

 

INTRODUCTION  

Le suivi de lô®tat phytosanitaire des serres g®othermiques dans le sud tunisien a d®but® depuis le 

d®marrage de la g®othermie en 1986  dans la r®gion de K®bili. Dans le cas particulier des aleurodes, leur 

pr®sence a ®t® signal®e en abondance d®s le d®part, mais lôattaque du virus Tomato Yallow Leaf Curl (TYLC 

) qui lôaccompagnait, insignifiante, est pass®e inaper­ue. Tr¯s rapidement, et plus pr®cis®ment apr¯s trois 

compagnes de production, le probl¯me de lôattaque par le virus TYLC sôest accentu®, notamment sur les 

cultures dôarri¯re saison. Côest ainsi quôun programme de lutte chimique bas® sur lôutilisation dôune multitude 

de produits chimiques a ®t® la r¯gle pour limiter les d®g©ts des aleurodes. 

Conscients du danger  des effets secondaires qui peuvent survenir par lôutilisation abusive et anarchique 

des produits chimiques, nous avons commenc® lô®valuation de lôimportance des facteurs naturels de r®gulation. 

En effet, un complexe tr¯s important de parasitoµdes de la famille des Aphelinidae (Hymenoptera) sôattaque ¨ 

Bemisia tabaci appartenant aux genres Encarsia et Eretmocerus qui sont les plus importants ennemis naturels 

de Bemisia spp (Lopez-Avila, A.1987, Jones et al. 1995). 

Les populations dôEretmocerus mundus se sont montr®es les plus efficaces aussi bien au laboratoire 

quôen plein champ contre Bemisia tabaci (J.A. Goolsby et al., 1998). Les travaux en laboratoire de J.A. 

Goolsby et al. (1998), ont montr® quô Eretmocerus mundus attaque significativement un nombre plus important 

dôh¹tes quôEncarsia pergandiella. Ces r®sultats pourraient °tre confirm®s par le r®sultat des travaux de Walker 

et al. (1997) qui a montr® quôEretmocerus mundus Mercet acquiert une tol®rance int®ressante vis- -̈vis de 

plusieurs insecticides comparativement ¨ dôautres esp¯ces de parasitoµdes. 
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Eretmocerus mundus est originaire de la r®gion m®diterran®enne o½ il parasite spontan®ment Bemisia 

tabaci sur les cultures mara´ch¯res sous serre (Alberto et al., 2002). Son utilisation en tant quôagent biologique 

pour le contr¹le des mouches blanches a ®t® consid®r®e comme prometteuse (Simmons and Minkenberg 1994). 

Les esp¯ces dôEretmocerus sont toutes des ecto-endoparasites des larves de la mouche blanche (Rose et 

al., 1995). La plupart sont arrh®notoques, mais certaines esp¯ces sont connues comme ®tant th®lytoques 

(Gerling 1966 ; McAuslane et Nguyen, 1996). Les îufs sont d®pos®s sous les larves de la mouche blanche qui 

sont fix®es sur la face inf®rieure de la feuille. Apr¯s ®closion, la larve du premier stade du parasitoµde p®n¯tre 

dans la larve h¹te (Clausen et Berry, 1932 ; Foltyn et Gerling, 1985). En se d®veloppant, la larve du parasitoµde 

consomme totalement le contenu de la larve h¹te avant de se transformer en nymphe (Walker et Greenberg, 

1998). 

Le parasitoide Eretmocerus mundus parasite tous les stades larvaires de Bemisia tabaci. Mais son 

d®veloppement et son efficacit® diff¯rent selon le stade parasit®. En effet, les larves de 2¯me et 3¯me stade de 

Bemisia tabaci sont les plus favorables pour le d®veloppement dôEretmocerus mundus (Foltyn et Gerling, 

.1985). Dôapr¯s les r®sultats de Walker et Greenberg (1998), son taux de parasitisme le plus ®lev® est enregistr® 

sur les larves de 2¯me stade soit 66,4%, et le taux le plus faible sur les larves du 4¯me stade soit 8,6%.  

Eretmocerus mundus est qualifi® de koµnobionte lorsquôil parasite les jeunes stades larvaires de B. tabaci , 

puisque ces derniers continuent ¨ se nourrir et ¨ se d®velopper. Il est qualifi® dôidiobionte lorsquôil parasite les 

3¯me et 4¯me stades qui arr°tent ®videmment leur d®veloppement (Walker et Greenberg. 1998). Le pourcentage 

dô®mergence d®pend aussi du stade larvaire h¹te. Il est de 93,8% sôil sôagit de jeunes larves et de 65,9% sur 

les larves ©g®es.  

Si lôefficacit® dôEretmocerus eremicus est douteuse contre B. tabaci (Heinz et Parella, 1994), 

Eretmocerus mundus donne des r®sultats sup®rieurs sur B. tabaci (Goolsby et al., 1996), mais ne parasite pas 

T. vaporariorum et ne peut °tre produit en masse que sur B. tabaci. 

Le genre Encarsia englobe, plus de 200 esp¯ces d®crites (Woolley et Heraty, 1998), dont 25 sont 

connues comme parasitoµdes de B. tabaci  (Loomans & van Lenteren, 1999). 

Au sein dôun complexe parasitaire, les Encarsia peuvent avoir une interaction avec dôautres parasitoµdes, 

tels que lôendoparasite Amitus ou lôecto-endoparasitoµde Eretmocerus (Viggiani, 1994). Toutes les esp¯ces 

dôEncarsia sont endoparasites sur les diff®rents stades de T. vaporariorum (Fransen et Montfort, 1987). 

Toutefois Encarsia pond ses oeufs de pr®f®rence dans le 3¯me ou le 4¯me stade larvaire de l'aleurode. Dix jours 

apr¯s le parasitisme, la larve se transforme en pupe. Environ dix jours plus tard un nouvel Encarsia adulte 

®merge de la pupe par un trou rond sp®cifique.  

 

M£THODOLOGIE UTILIS£E.  

Lô®tude de lôinfluence des facteurs naturels de r®gulation sur les populations de Bemisia tabaci a eu lieu 

dans les deux serres de tomate qui ont ®t® choisies pour lô®tude de la distribution spatio-temporelle des 

diff®rents stades pr®-imaginaux de B. tabaci. 

 

Le taux de parasitisme est d®termin® selon la formule suivante : 

  

TP  = pourcentage de parasitisme =    A + T     

                                                       A+ B+T+P+L 

Pour le pourcentage du taux de r®gulation, il faut ajouter les larves pr®dat®es au num®rateur soit: 

  

TR  = taux de r®gulation     =   A + T + L    

                                            A+B+T+P+L 

A : L2 +L3 +L4  parasit®es 

B : L2 +L3 +L4  non parasit®es 

T : Trou de sortie (parasite) 

P : Puparia ®clos de Bemisia tabaci 

L : Larves pr®dat®es 

 

Sur les tableaux de comparaison des moyennes en fonction du temps et sur les graphiques de variation 

des taux de parasitisme et de r®gulation en fonction du temps, les donn®es repr®sentent le pourcentage moyen 

des pourcentages (calcul®s sur la base des formules de TP et TR) de tous les niveaux de toutes les lignes ¨ une 

date dô®chantillonnage bien d®termin®e.  

http://207.5.71.37/biobest/fr/plagen/wittevlieg.htm
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Concernant les populations repr®sent®es sur les graphiques relatifs ¨ lô®volution des populations sur les 

niveaux des feuilles en fonction des lignes, chaque donn®e correspond ¨ la population rencontr®e sur un 

®chantillon global constitu® de 120 feuilles (4 parties sur la ligne x 3 plantes sur chaque partie de la ligne x 2 

feuilles par niveau de chaque plante x 5 dates)  

Lôeffeuillage (lôenl¯vement de quelques feuilles les plus vieilles sur la partie inf®rieure de la plante) de 

la tomate est pratiqu® de telle sorte que, le nombre de feuilles enlev®es ¨ la base soit proportionnel ¨ la vitesse 

de croissance du v®g®tal. Ainsi, le nombre de feuilles enlev®es est g®n®ralement ®quivalent au nombre des 

nouvelles feuilles apparues. Cette op®ration commence une fois que la hauteur des plantes atteint le niveau des 

supports de culture qui sont situ®s ¨ environ deux m¯tres du niveau du sol. 

La serre biologique est install®e dans un site de g®othermie plus au moins isol® ¨ Ben Ghilouf du cot® 

sud ouest dôElhamma de Gab¯s. La serre est install®e dans une position ouest par rapport ¨ une s®rie de serres 

cultiv®es dans le m°me site, et par rapport ¨ un site de g®othermie de production normale et une oasis qui se 

trouvent ¨ une distance dôenviron 1000 m¯tres. 

La serre conduite selon les techniques normales habituelles est install®e dans un site de g®othermie ¨ 

Limagu¯s situ® du cot® nord est de la ville de K®bili sur la route de Gab¯s. Elle est localis®e au milieu du site 

entour®e par des serres de production normale de tous les cot®s. En plus des espaces cr®®s sous forme de petites 

oasis ¨ lôint®rieure du site, ce dernier se trouve ¨ lôouest dôune oasis traditionnelle ¨ 300 m¯tres de distance. 

Dans les deux cas, la serre est orient®e dans une position nord sud. Nous avons choisis la porte principale celle 

du cot® nord, et la num®rotation des lignes de culture de droite ¨ gauche de telle sorte que la ligne L1 soit du 

cot® ouest et la ligne L8 du cot® est. 

 

R£SULTATS 

 

Taux de parasitisme et de r®gulation dans la serre biologique 

En se basant sur les caract®ristiques phr®nologiques, notamment la couleur et la pr®sence ou lôabsence 

du m®conium sur les pupes, et sur la modalit® du parasitisme (ectoparasite ou endoparasite) et la forme des 

larves du parasitoµde ¨ lôint®rieur de la larve h¹te, on a pu d®terminer le taux dôabondance des deux principaux 

genres de parasitoµdes en pr®sence. En effet, Eretmocerus mundus constitue 76,4% et Encarsia sophia 23,6 % 

uniquement de la population parasitaire. Au cours de lô®chantillonnage dans la serre on a remarqu® la pr®sence 

du pr®dateur du genre Macrolophus caliginosus mais en nombre tr¯s r®duit. Les stades parasit®s et pr®dat®s 

sont constitu®s par des larves de deuxi¯me, troisi¯me, quatri¯me stade et des pupes. 

 

Au niveau des feuilles de la partie inf®rieure 

La population des stades parasit®s et pr®dat®s rencontr®s sur les feuilles inf®rieures est constitu®e 

essentiellement par des pupes parasit®es, et quelques individus de larves parasit®es des 2¯me , 3¯me et 4¯me stade. 

Lôanalyse statistique au seuil 5% (Tableau VBp1, Tableau VBr1).et la comparaison des moyennes 

(tableau VBp2, Tableau VBr2) montrent que les taux de parasitisme et de r®gulation par les parasitoµdes 

naturels indig¯nes (Eretmocerus et Encarsia) des larves de Bemisia tabaci situ®es sur les feuilles de la partie 

inf®rieure des plantes de tomate dans la serre conduite selon les techniques de production biologique, varient 

dôune fa­on hautement significative en fonction du temps. Par contre sur les huit lignes de culture dans la serre 

ces taux sont parfaitement comparables. 

 

Source Degr®s de 

libert® 

Type III SS Carr® moyen Valeur de F Pr > F 

Dates 4 0,00998037 0,00249509 4,12 0,0095 

Lignes 7 0,00365112 0,00052159 0,86 0,5482 

Tableau VBp1 : Analyse de variance des moyennes du taux de parasitisme au niveau des feuilles 

inf®rieures dans la serre biologique 

 

Source Degr®s de 

libert® 

Type III SS Carr® moyen Valeur de F Pr > F 

Date 4 0,00691820 0,00172955 4,48 0,0064 

Ligne 7 0,00241729 0,00034533 0,89 0,5243 

Tableau VBr1 : Analyse de variance des moyennes du taux de r®gulation au niveau des feuilles 

inf®rieures dans la serre biologique. 
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Dates Nombre Moyennes 

12/04/2001 8 0,95160   a 

26/04/2001 8 0,94751   ab 

15/03/2001 8 0,93848    abc 

28/02/2001 8 0,91730   bc 

28/03/2001 8 0,91261    c 

Tableau VBp2 : Comparaison des moyennes du taux de parasitisme au niveau des feuilles inf®rieures 

dans la serre biologique, en fonction du temps 

 

Dates Nombre Moyennes 

12/04/2001 8 0,962646   a 

26/04/2001 8 0,953887 ab 

15/03/2001 8 0,950101 bc 

28/02/2001 8 0,938951  cd 

28/03/2001 8 0,924576   d 

Tableau VBr2 : Comparaison des moyennes du taux de r®gulation au niveau des feuilles inf®rieures 

dans la serre biologique, en fonction du temps 

 

A la fin du mois de f®vrier les pieds de tomate plant®s au d®but du mois de janvier ont atteint la hauteur 

dôenviron deux m¯tres arrivant ainsi au niveau des supports de culture,sans que les op®rations dô®ffeuillage et 

de couchage soient encore pratiqu®es. Le niveau des populations de Bemisia augmente alors, pr®sentant des 

niveaux assez ®lev®s, surtout que lôon est en pr®sence dôune serre biologique qui nôa subit aucun traitement 

chimique. Cette absence est aussi en faveur des parasitoµdes qui ont pu sôinstaller sur Bemisia (Graphique 

VB2). En effet, la plupart des insecticides communs peuvent °tre au moins 100 fois plus toxiques aux 

parasitoµdes quô¨ leurs insectes h¹tes (Plapp et Winson, 1997). 

 
Au cours de la premi¯re quinzaine de mars, le nombre de trous de sortie conna´t une importante 

augmentation, ce qui suppose lô®mergence dôun grand nombre dôadultes de parasitoµdes, qui ont r®ussi ¨ 

augmenter le nombre de larves parasit®es et diminuer le nombre de larves saines (ni parasit®es,ni pr®dat®es) 

(Graphique VB2), et ainsi le taux de parasitisme et de pr®datisme sont devenus plus importants (Graphique 

VB1, Graphique VB4 ). Suite ¨ une op®ration dô®ffeuillage, cette situation sôest d®t®rior®e, caract®ris®e par 

une diminution spectaculaire des diff®rentes cat®gories au cours de la deuxi¯me quinzaine du mois de mars, 

enregistrant un ®quilibre entre le nombre de trous de sortie et le nombre des larves parasit®es. La faiblesse des 

populations des parasitoµdes et de leurs hotes sôest traduit par des taux de parasitisme et de r®gulation les plus 

faibles (Graphique VB1, Graphique VB4). 
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Au cours de la premi¯re quinzaine dôavril, la population de Bemisia est rest®e faible connaissant une 

l®g¯re diminution, suite ¨ une l®g¯re augmentation des larves parasit®es et pr®dat®es. Le nombre de trous de 

sortie augmente se traduisant par lôaugmentation de  la population dôadultes de parasitoµdes (Graphique VB2). 

Au cours de cette p®riode on enregistre les taux de parasitisme et de r®gulation les plus ®lev®s (Graphique 

VB1, Graphique VB4). Suite ¨ une op®ration dô®ffeuillage ¨ la fin du mois dôavril, on enregistre une l®g¯re 

diminution des stades parasit®s et pr®dat®s se traduisant par une l®g¯re diminution des taux de parasitisme et 

de r®gulation.  

 

Au niveau des feuilles de la partie moyenne et de la partie sup®rieure 

La population parasit®e et pr®dat®e rencontr®e sur les feuilles de la partie moyenne des plantes dans la 

serre biologique est constitu®e essentiellement par des larves parasit®es et pr®dat®es de deuxi¯me (L2) et 

troisi¯me stade (L3), des larves parasit®es de quatri¯me stade (L4), et des pupes parasit®es. Celle sur les feuilles 

de la partie sup®rieure, constitu®e essentiellement par des larves parasit®es de deuxi¯me stade (L2), avec tr¯s 

peu de larves du troisi¯me stade (L3). 

Dans la serre biologique, au niveau des feuilles de la partie moyenne et de la partie sup®rieure des 

plantes, lôanalyse de variance et la comparaison des moyennes des taux de parasitisme par les parasitoµdes 

naturels indig¯nes ¨ savoir : Eretmocerus et Encarsia, des larves (L2, L3, L4) de Bemisia tabaci, nous 

permettent de constater que statistiquement les taux de parasitisme et de r®gulation naturelle ne varient ni en 

fonction du temps ni en fonction des lignes de culture. 

En comparaison avec la r®partition du biotype ç B è de Bemisia tabaci qui varie tr¯s significativement 

avec le temps, la position des feuilles sur les plantes, et les lignes de culture dans la serre sous lôinfluence des 

facteurs climatiques, on peut d®duire, que les adultes de parasitoµdes sont moins influenc®s par les facteurs 

climatiques dans la serre, et leurs r®partitions se trouvent tr¯s homog¯nes.  
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Taux de parasitisme et de r®gulation dans  la serre normale 

Lôanalyse statistique au seuil 5% et la comparaison des moyennes du taux de parasitisme et des taux de 

r®gulation des populations de Bemisia tabaci rencontr®es au niveau des feuilles des diff®rents niveaux des 

plantes dans la serre conduite selon les techniques de production normale, r®v¯lent que les diff®rences entre 

les taux de parasitisme et les diff®rences entre les taux de r®gulation ne sont pas diff®rents aussi bien en fonction 

du temps quôen fonction des lignes de cultures.  

La faiblesse des populations aussi bien des parasitoµdes que de leur h¹te serait la cause principale de 

cette distribution homog¯ne en fonction du temps, de la position des feuilles sur les plantes, et des lignes de 

cultures. 

 

DISCUSSION 

Dôune fa­on g®n®rale, les taux de parasitisme des larves par les parasitoµdes naturels indig¯nes et les 

taux de r®gulation des populations de Bemisia tabaci dans les serres g®othermiques du sud tunisien, sont plus 

®lev®s dans la serre de production biologique que dans la serre conduite selon les techniques de production 

normale, notamment sur les feuilles de la partie inf®rieure de la plante. Cette diff®rence diminue en allant de 

bas vers le haut au niveau de la plante (Graphique V.B.N).  

 

 
La production en conditions normales dans les serres est bas®e sur lôintensification par lôutilisation des 

fertilisants chimiques industrialis®s, qui fragilise les plantes vis- -̈vis des agents phytopathog¯nes. Cette 

situation est de nature ¨ forcer lôagriculteur ¨ une utilisation abusive des pesticides. Bemisia tabaci est en effet, 

lôun des principaux probl¯mes associ®s aux cultures sous serre chauff®e dans le sud tunisien, qui n®cessitent 

une ®norme quantit® de produits chimiques les plus vari®s. Les contr¹les chimiques contre ce ravageur sont de 

plus en plus inefficaces provoquant des probl¯mes de r®sistance (Perring et al., 1993 ), notamment sur le 

biotype B qui conna´t une grande r®sistance aux pesticides (Cahill et al. 1996). Côest ainsi que les 

concentrations qui provoquent 95% de mortalit® nôarrivent quô¨ 10% de mortalit® des ph®notypes r®sistants de 

la mouche blanche (Omer et al., 1992).  Au Soudan dans la r®gion de Gezira,, ont constat® que lôutilisation des 

pesticides peut provoquer une diminution du taux de parasitisme de Bemisia tabaci par des parasitoµdes des 

genres Encarsia et Eretmocerus (36,7% dans un champ du coton trait® par les pesticides et 76,8% dans un 

champ non trait®). Ils ont remarqu® que lôutilisation de 19 types de pesticides (Confidor 20LS, Rufast, Mesurol 

50PM,é) attaquant les Aleurodes et les Thrips a un effet nuisible surtout sur le stade pupe dôEretmocerus 

mundus. 

Ces r®sultats expliquent la diff®rence des taux de parasitisme et de r®gulation que nous avons trouv®s 

entre la serre conduite en conditions de production biologique en lôabsence de toute intervention de produits 

chimiques, et la serre de production dans les conditions normales au niveau de laquelle lôutilisation des produits 

chimique est une r¯gle quôon ne peut transgresser. En effet, ces produits chimiques qui agissent dôune fa­on 

agressive sur les ennemis naturels diminuent tr¯s remarquablement le taux de parasitisme et de r®gulation. La 

mortalit® naturelle de B. tabaci en absence de parasitoµdes est de 2% (Michael de Courcy, et Wright, 1999). 

De plus, le parasitoµde Eretmocerus mundus Mercet, connu pour °tre le plus efficace et le plus fr®quemment 

rencontr® dans les serres g®othermiques du sud tunisien. Il a montr® une tol®rance significative vis- -̈vis de 

plusieurs insecticides comparativement ¨ dôautres esp¯ces de parasitoµdes (Walker et al.1997). Trait® avec la 

bifenthrine, il perd 63% de sa population durant le processus dô®mergence (Walker et al.1997). 
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La distribution des taux de parasitisme des larves de Bemisia tabaci et des taux de r®gulation de sa 

population dans les serres est ®troitement li®e ¨ la distribution des adultes des parasitoµdes et des stades 

susceptibles dô°tre parasit®es ou pr®dat®es. Les stades larvaires susceptibles dô°tre parasit®es et pr®dat®s sont 

principalement constitu®s par des larves de 2¯me et 3¯me stade, et en second lieu par des larves de 4¯me stade. 

La r®ussite dôun agent biologique est r®gie par plusieurs facteurs. En effet, lôintroduction dôEretmocerus 

eremicus au cours de lôann®e 2000, dans une exploitation g®othermique au sud tunisien a ®t® un ®chec (Kamel, 

2000, com. pers.). Les conditions climatiques en particulier la temp®rature ®lev®e avec une humidit® relative 

g®n®ralement ®lev®e dans les serres, et la mauvaise synchronisation spatio temporelle entre lôagent biologique 

et le stade larvaire sensible de lôh¹te pourraient °tre les causes principales, si lôon sait que lôintroduction 

dôEretmocerus serius Silvestri au Mexique a ®chou® ¨ cause de la baisse de lôhumidit® relative Russel (1962) 

, et la r®duction des temp®ratures dans les serres a provoqu® des probl¯mes pour lôutilisation de lôEncarsia 

formosa  (Hulpas-Jordaan et al. ,1987), et que lôaugmentation du nombre dôEncarsia formosa a am®lior® ses 

r®sultats (Onillon et al. 1988). 

Lôinfluence conjugu®e de ces facteurs sur la variation des taux de parasitisme dans les serres a montr® 

une diff®rence entre ces taux en fonction de la position des feuilles sur les plantes. Les taux enregistr®s au 

niveau des feuilles inf®rieures dans la serre biologique sont plus ®lev®s par rapport ¨ ceux enregistr®s sur les 

feuilles moyennes et les feuilles sup®rieures qui sont caract®ris®es par une forte population des îufs et des 

larves du 1er stade qui sont g®n®ralement peu sensibles au ph®nom¯ne de parasitisme. 

Aussi bien dans le cas de la serre biologique, que dans le cas de la serre normale, les taux de parasitisme 

et de r®gulation sont comparables sur les lignes. 

Il semble que lôimportance des populations des parasitoµdes dans la serre biologique ait pu maintenir 

des taux comparables sur les lignes, alors que lôaction de lôop®ration dôeffeuillage qui ®tait conduite ¨ plusieurs 

reprises, et ¨ chaque fois ®tal®e sur deux ou trois jours serait la cause principale de variation des taux en 

fonction du temps, notamment au niveau des feuilles de la partie inf®rieure de la plante. 
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ABSTRACT  

Biogas plants as a renewable energy technology for generating energy also produce biogas residue. 

The biogas residue, which is a sustainable source, has a rich mineral content and a wide application range in 

agricultural production. We hypothesized that the mineral substances in the biogas residue will have a positive 

effect on germination by promoting enzyme activity in seed pre-treatment. The aim of this study is to investigate 

the usability of biogas residue in seed germination applications. In this context, biogas residue and seed pre-

soaking treatment were applied to lettuce (Lactuca sativa L.) seeds. A laboratory experiment was conducted 

to study the effects of different biogas residue concentrations (0%, 1%, 5%, 10%, 15%) and time (1h, 2h, 3h). 

The study was conducted with 4 repetitions and 16 applications. In this experiment, T50, peak value and 

germination percentage were examined. As a result of the experiment, T50 value decreased, peak value 

increased with increasing biogas residue concentration and application time. Although there was no 

significant change in the percentage of germination due to changes in application time, there was an increase 

compared to control group. The study showed that the concentration and application time of the biogas residue 

in seed pre-treatment were important parameters in terms of positive or negative effect. 

Keywords: Biogas residue, Anaerobic Fermentation, Seed Pre-treatment, Lactuca sativa, Sustainable 

Agriculture. 

 

Highlights 

¶ Impacts of different biogas residue concentrations as priming agent were tested. 

¶ Increased concentration of solution had a negative effect on the seed germination of Lactuca sativa L. 

seeds. 

¶ It was found to have a positive effect at low biogas residue concentrations. 

 

INTRODUCTION  

Rapid population growth, decrement of arable land and climate change poses are risks for food security. 

In this context different techniques are being developed to produce higher quality and larger quantities of food. 

One of these techniques in agricultural produce is priming (pre-treatment). Seed priming is an easy and low-

cost technique that speeds up germination and seedling emergence, and promotes vigorous early growth (Jalali 

and Salehi, 2013; Kenanoĵlu, 2016) Priming can be done with distinct methods. Important priming methods 

include hydropriming, osmopriming, matrices priming, thermopriming, hormonal priming, halopriming, 

chemical priming, physical priming, biopriming and nano priming (Nawaz et al., 2013; Rakshit and Bahadur, 

2018). The point that the separates the applications is the mediums used in the application (Nawaz et al., 2013; 

Paul and Dutta, 2018). 

Some enzymes such as amylase, protease and lipase play a role in embryo development and growth in 

seed. The increase in the activity of these enzymes can provide an increase in germination. Seed priming 

(soaking) is defined is as holding the seed in the liquid for a period without allowing the emergence of root to 

promote seed metabolic activity (Heydecker and Gibbins 1978). With this treatment, germination-enhancing 

metabolites are formed by activating the enzymes in the seed and the stored nutrients for germination are made 

ready for use (Basra et al. 2005; Demir et al. 1994). Seed priming is the most important physiological methods. 

With this process germination, faster, quality and a same amount of germination (Bradford, 1986). Seed 

priming treatment can be used as a treatment against drought stress by shortening germination time (Nawaz et 

al., 2013). Seed priming (soaking) is widely used to reduce the time between seed sowing and seedling 

emergence and to provide a sample output of seedlings (Parera and Cantliffe, 1994). 

Generally, about 6% solids are recovered from the biogas reactor. Separating the solid and liquid phase 

can be use (Bauer et al., 2009; Kaparaju and Rintala, 2008; Kocar, 2008). After the separation of the phases, 

most of the N and K remain liquid phase (Bauer et al., 2009). Biogas residue is also rich in micro elements. 

mailto:simsek@ndsu.edu
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The nutrients in the form of biogas residue can be taken into the seed pre-treatment applications, absorbing 

and osmosis is taken into the seed together with the activation of the enzymes in the embryo and endosperm 

to promote germination and stimulate the growth process (Feng et al., 2011). For example, Zhao et al., 2014 

used biogas residue in Vicia faba seed pre-treatment. At the end of the study, the mineral content of biogas 

residue was high and had a positive effect on germination and seedling growth. However, the use and 

application rate in seed pre-treatment varies according to the content of plant species fermented fertilizer 

(Ramana et al., 2002). 

The factors affecting germination of lettuce (Lactuca sativa L.) seeds; plant growth regulators are many 

internal and external factors, including light, temperature and water (Dutta and Bradford, 1994; Weges, 1987). 

Internal and external factors can have negative effects on germination. Germination activity could be increased 

by minimizing these negative effects with different methods. In this context, lettuce (Lactuca sativa L.) seed 

priming with liquid part of biogas residue was investigated.  

 

MATERIAL AND METHO DS 
The study was conducted in 2018-2019 at Ege University, Institute of Solar Energy, Biomass Energy Systems 

and Technologies Centre at Energy Plants Laboratory. Seed germination was performed in SI-BSD-100 incubator.  

 

SEED AND BIOGAS RESIDUE 

The seeds of lettuce (Lactuca sativa L.) variety óYedikule-5719ô were obtained from Bursa Tohumculuk. 

The seeds are standard vegetable seeds and are specified by the company to comply with the least seed requirements. 

However, biogas residue was obtained from Altaca Biogas Plant, Balēkesir, Turkey (40Á09'08.9"N 27Á38'36.1"E). 

The materials used in biogas production in the plant are; chicken farm wastes, cattle wastes, rice husks and stems, 

dairy factory wastes, slaughterhouse wastes, yeast factory wastes. After the hydraulic retention time in the biogas 

reactor, the solid and liquid parts of the fermented manure removed from the system were separated with the aid of 

a separator. While the solid portion was evaluated in a separate process, the liquid portion was made sanitation from 

the cogeneration system, making the liquid fermented product usable. 

Nitrogen analyses of biogas residue were carried out according to ASTM D-5373 and D-4236 using Leco 

Truspec, CHN-S, USA elemental analyser. Total solids and volatile solids analyses were performed according to 

DIN 12880- DIN 12879 German Standards, with 3 replications for each sample. pH and EC analysis were performed 

with WTW pH/Cond 3320 measuring device. 

 

EXPERIMENTAL SETUP  
The germination test of the control group seeds, and experimental group seeds was performed according to 

ISTA and Canadian Methods and Procedures for Seed Testing. Macherey-Nagel 751/61 type filter papers were cut 

according to petri dishes and the 0.25 g of fungicide (Bayer, Pomarsol Forte, thiram active substance; 80 WP) was 

added to 1 liter of pure water and mixed thoroughly after a half hour in the prepared solution. The seeds were placed 

on filter paper in petri dishes with 4 replications and 50 replicates. The germination test took 7 days in the incubator. 

Seeds with 2 mm root emergence were considered germinated and counted. After the last day count germination 

percentage was calculated.  

In order to study with biogas residue (liquid part) on lettuce seeds, a factorial experiment was conducted 

based on randomized block design with four replications, three priming times and five concentrations. Seeds were 

treated at 1,2, 3 hours with 0% (distilled water), 1%, 5%, 10% and %15 biogas residue (liquid part was prepared 

with distilled water) and nonprime (control) (Table 1). After priming, seeds were washed with distilled water and 

dried to original weight. The seeds were then sown on two sheets of filter paper placed in glass petries. The 

experiment was conducted in a growth chamber (20Ñ2 ). During the experiment, distilled water was applied if 

necessary.   

Table 1: Treatments 
Concentrations Content N (%) 

- DW  - 

%1 DW+ BR 0,02 

%5 DW+ BR 0,05 

%10 DW+ BR 0,1 

%15 DW+ BR 0,15 

Note: DW: Distilled water, BR: Biogas residue 
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Germination parameters were calculated according to the following formulas. Time taken to 50% 

germination was calculated by Coolbear et al. (1984): 

Ὕυπ ὸ  

ὔ
ς
ὲ ὸ ὸ 

 ὲ ὲ
 

Germination percent (%): 

ὋὩὶάὭὲὥὸὭέὲ ὴὩὶὧὩὲὸ Ϸ ȡ
ρππzὸέὸὥὰ ὫὩὶάὭὲὥὸὩὨ ίὩὩὨί

Ὕέὸὥὰ ίὩὩὨί
 

  

STATISTICAL ANALYSIS  

In order to understand the statistical difference between the results, the analysis results were subjected 

to Duncan Multiple Range Post-hoc test. IBM SPSS (Version 25.0) statistical package program and Microsoft 

Excel were used for the calculations. 

 

RESULTS AND DISCUSSION 

The T50 value is the day when half of the seeds germinate. This value is lower than the control means 

that the application is successful in terms of early germination. In this context, it is seen that germination time 

of T50 value increases in direct proportion with increasing seed pre-treatment application time and 

concentration. When the T50 value was examined, 1% (2h) biogas residue concentration there is a difference, 

4.8% compared to control and %7.1 compared to distilled water (0%) (Table 2). 

Peak value indicates the maximum number of germinations per day during the entire germination period. 

When the peak value is examined; the highest value (42.5) 1% (2h) is seen in the experiment. This value is 

also the only application that is higher than the control experiment and the difference is about 14.12%. In terms 

of germination rate; it was determined that 1% (2h) experiment increased germination rate by 20.3% compared 

to control. Another application that is higher than the control is 5% (1h) experiment. Other experiments are 

lower than the control (Table 2). 

Germination percentage (%) means how much of the total number of seeds germinate. When 

germination percentage is evaluated; The highest germination percentage appears to be 5% (2h). This in order; 

1% (2h), 15% (1h), 10% (1h) and DW (0%) (2h) follow the experiment. It was observed that germination 

percentage decreased with increasing experiment time and concentration. Lower concentrations of biogas 

residue experiment showed a higher germination percentage compared to DW (0%). High concentrations of 

biogas residue have a positive effect on the percentage of germination compared to the control if the experiment 

time is short (Table 2). 

 

Table 2: Results of treatments 

Priming Treatments Priming time (hour)  T50 (day) 
Peak 

Value 
Germination Percentage (%) 

Control  T1 0 1.65ab 36.5c 93.5abc 

%0 

T2 1 1.69ab 35bc 94.5bcd 

T3 2 1.76b 31.25b 95cd 

T4 3 1.95c 26.08a 82.5a 

1% 

T5 1 1.68ab 34.5bc 93abc 

T6 2 1.57a 42.5d 96.5cd 

T7 3 2.41d 23.3a 93.5bcd 

5% 

T8 1 1.7ab 35.25bc 98d 

T9 2 1.73b 32.25bc 93.5bcd 

T10 3 2.35d 24.5a 90bc 

10% 

T11 1 1.68ab 35bc 95cd 

T12 2 1.67ab 32.7bc 87.3ab 

T13 3 2.34d 24.8a 92abc 

15% 

T14 1 1.73b 33.25bc 96cd 

T15 2 1.66ab 34.7bc 92abc 

T16 3 2.4d 24.3a 91.5abc 

Mean - - 1.80* 31.60* 92.80* 

Note: Means in each column followed by similar letters are not significantly different at the 5% level (Duncan's 

test) 
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When the examined in pH and EC changes in concentrations of biogas residue, it is noteworthy that 

there is no significant difference in pH as concentration increases, but it is remarkable that there is a significant 

increase in EC value (Table 3). In this case, EC value is known to have a significant effect on seed germination 

and germination parameters; negative correlation between germination percentage, germination rate, peak 

value, T50 value. Alburquerque et al. (2012a), similar results were reached. 

 

Table 3: pH and EC changes in concentrations 

Treatment pH EC 

DW (0%) 8.32 1.81 

1% 8.68 1.68 

5% 8.74 7.18 

10% 8.77 13.3 

15% 8.77 19.3 

  

In the study carried out in order to reveal the effects of the applications on germination of lettuce seeds, 

it was determined that the germination values of the seeds exposed in short periods of time, especially at low 

concentrations, had a positive effect on the germination values. Alburquerque et al. (2012) also emphasized 

that low concentration (1%) applications can be applied successfully in germination parameters, whereas high 

concentrations decrease germination values. Pivato et al., (2016) emphasized that ecotoxic effect will increase 

with increasing fertilizer concentration. 

 

CONCLUSIONS 

Cellular metabolism is affected by seed pre-treatment techniques and seedling development is 

encouraged in seed (Kenanoĵlu, 2016). Biogas residue is thought to have a stimulating effect for seed 

germination at low concentrations (Alburquerque et al., 2012; Emino and Warman, 2004). In this context, the 

effects of biogas residue on germination of lettuce seeds at different concentrations and periods were 

investigated. At the end of the study, it was decided that the most suitable pre-treatment was 2 hours at 1% and 

1 hour at 5%. The results of the seed germination study Show that the effect of biogas residue on seed 

germination can be positive of negative. This effect may vary depending on the concentration of fertilizer. 

Therefore, caution should be exercised when using biogas residue for irrigation purposes before planting 

(Ramana et al., 2002). If biogas residue is used, especially EC analyses should be carried out and then the 

concentration should be determined accordingly. Otherwise, it is thought that germination activities of the 

seeds may be adversely affected. 
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ABSTRACT 

Today, a large part of energy needs are met from fossil sources. Emissions from utilization of the fossil 

sources cause greenhouse gas concentrations in the atmosphere. Climate change caused by greenhouse gas 

emissions has become the most important environmental problem. Climate change threatens all ecosystems 

on earth, from micro-organisms to macro-organisms. The use of fossil sources is known to have negative 

effects on human health. Apart from these effects, it is also known that soil and water pollution, acid rain and 

desertification are other consequences. Due to the depletion of fossil fuels and such environmental 

consequences, scientists focused their research on renewable and sustainable energy resources. In this 

manner, biomass energy and biogas production technologies are the forefront issues. Biomass resources 

include animal and agricultural wastes as well as industrial and municipal wastes. Biogas from anaerobic 

fermentation process can be used for heating and generating electricity. Anaerobic fermentation is an efficient 

alternative technology with sustainable waste management in biogas production. In addition to this, biomass 

energy and biogas production process are known to have the potential to reduce climate change and air 

pollution resulting from greenhouse gases. In this study, it is aimed to investigate the effects of using renewable 

and sustainable biomass resources for energy production on climate change. 

Keywords: Biomass, Bioenergy, Biogas, Climate Change. 

 

INTRODUCTION  

In recent years, energy demand has rapidly increased in parallel with population, industrialization and 

technological developments. Intensive consumption of fossil fuels to meet increasing energy demand is a 

source of greenhouse gas emissions causing global climate change and environmental pollution. It has been 

known that fossil source consumption causes global climate change along with the negative impact on the 

environment, human health and all ecosystems on Earth [1].   

There is a connection between climate, social and environmental conditions and human health, 

consequently climate change affects the quantity and quality of food and water, increases air pollution, and 

changes the disease transition dynamics [2]. Climate change is seen as one of the biggest environmental threat 

for human beings and especially carbon dioxide, emissions from fossil fuel use are considered to be the 

dominant cause of climate change [3]. By the use of fossil fuels, gases such as carbon dioxide, methane, 

nitrogen oxides, sulfur oxides, chlorofluorocarbons are emitted. Among these gases, carbon dioxide is the gas 

that contributes the most to greenhouse gas emissions and it stays in the atmosphere for the longest time. 

Worldwide, carbon dioxide is responsible for around 65% of greenhouse gas emissions [4]. In 2018, the global 

atmospheric carbon dioxide level reached approximately 408 ppm and it is a new record [5]. 

Today, more than 80% of global energy demands are met from fossil sources [6]. Until 2050, it is 

estimated that it will remain approximately 14% of oil reserves, 72% of coal reserves and 18% of gas reserves 

[7]. Rapid consumption of fossil fuels in order to meet rising energy demand caused the acceleration of the 

using alternative energy sources. At the same time, significant transformations are needed in global energy 

systems to mitigate climate change impacts [8]. In recent years, the studies on renewable energy resources 

have gained a place in order to prevent damage to environment and sustainability caused by the use of fossil 

fuels. It was reported that legislation and policy encouragement in many developed countries provided using 

renewable energy and reduce greenhouse [9]. Renewable energy sources play an important role in reducing 

greenhouse gas emissions and carbon footprint. Around the world, 13.4% of the total energy is supplied from 

renewable energy sources and the rest is from oil, natural gas and coal [10]. It is foreseen that energy demand 

will increase by 40% by 2040 and renewable energy sources are expected to continue to gain importance in 

the global energy platform [11]. 

Among renewable energy sources, biomass energy and biogas production technologies are forefront 

issues. Anaerobic fermentation is known to be an efficient alternative technology with sustainable waste 

management in biogas production. Biogas is a clean energy source that is used in areas such as cooking, heat 
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and electricity generation by direct and indirect usage methods. It is known that biogas has good potential to 

reduce climate change and also has environmental benefits such as reducing air pollution from greenhouse 

gases [12]. Because of these features, biogas has become one of the most important renewable sources of 

energy in different parts of the world that draws more and more attention in both developed and developing 

countries.  

In this study, it is aimed to investigate using of biomass resources as renewable and sustainable energy 

sources and the effects of biogas production on climate change. 

 

BIOMASS ENERGY AND BIOGAS PRODUCTION TECHNOLOGIES  

Biomass is defined as all non-fossil organic matter of biological origin. Biomass resources include 

animal and agricultural wastes as well as industrial and municipal wastes. Biomass also includes agricultural 

plants, plant residues and energy plants that are widely available all over the world [13]. According to literature 

research, biomass will provide more than 11,5% of the worldôs major energy requirement and it is expected 

that biomass will account 55% of renewable energy at the end of 2020 [14]. In addition to these, biomass is an 

energy source with the potential substitute of fossil fuels due to its renewable and eco-friendly properties. It is 

predicted that the development and use of biomass energy can help change the energy production and 

consumption policies, improve the economies of the communities and establish a sustainable energy system 

that supports environmental protection [15].  

Anaerobic fermentation is a complex biological process that converts biomass into biogas through 

different microbial pathways and biochemical reactions. In this process, biogas production occurs as a result 

of decomposition of organic substances and this fermentation is widely used in the treatment of different 

organic wastes. Biogas production by anaerobic fermentation takes place in natural environments as well as 

small- or large-scale controlled production. Biogas is a clean energy source that is used in areas such as 

cooking, heat and electricity generation by direct and indirect usage methods. At the same time, fermented 

fertilizer with high nitrogen content is formed in a form suitable for the agricultural activities after anaerobic 

fermentation. Because of these features, biogas has become one of the most important renewable sources of 

energy in different parts of the world that draws more and more attention in both developed and developing 

countries. 

 

THE EFFECT OF BIOMASS ENERGY AND BIOGAS PRODUCT ION ON CLIMATE 

CHANGE 

Climate change is a global problem and threatens all ecosystems. This is mainly due to the increase in 

greenhouse gas emissions and the initiatives to reduce these emissions are accepted as one of the best 

approaches in order to prevent climate change in the world. Temperature changes since the industrial 

revolution have been associated with the use of fossil fuels [16]. Recent analyzes have shown that the rise in 

global temperatures is due to greenhouse gas emissions and there will be major changes in climate in the 

coming years [17]. As a result of the studies, it has been reported that increasing temperatures due to emissions 

will be permanent [18].  

Today, the rapid increase in energy consumption is becoming an important problem for humanity and 

ecological balance. Fossil fuels are used to meet energy demands and this contributes to greenhouse gas 

emissions especially carbondioxide. Using clean and sustainable energy sources instead of fossil fuel can be 

an effective strategy to reduce carbon dioxide emissions [19]. Growing international cooperation on climate 

change and rapid advancements on clean and sustainable energy indicated the end of the fossil fuel era [20].  

Fossil reserves emits carbon to atmosphere during the formation process for millions of years while 

biomass capture carbon rather than releasing to the atmosphere because of the photosynthesis of biomass [21]. 

Therefore, biomass energy and biogas production technologies provide important advantages to minimize 

future environmental impacts such as greenhouse gas emissions from fossil fuel use and for future energy 

demands. How does biogas provide these advantages? There are many suitable raw materials in the biogas 

production process and has a closed nutrient cycle potential. In biogas production, the carbon released to the 

atmosphere is reused by plants and other biomass sources, and thus a cycle takes place. Therefore, unlike fossil 

sources, biogas production is considered to be carbon neutral. 

 

CONCLUSSIONS 

Due to industrialization, technological developments and population growth, enery demand is increasing 

day by day. Since a major part of greenhouse gas emissions result from fossil fuel use, it is a hot topic for 
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climate change and energy consumption issues. The most important way to prevent climate change is to move 

away from fossil fuels.  Considering greenhouse gas emissions from fossil resource use in energy production, 

biomass energy and biogas production technologies come to the forefront. Studies show that biogas obtained 

by anaerobic fermentation of different biomass sources is a clean energy source. Biomass energy and biogas 

are carbon-neutral compared to fossil sources and it is predicted that they play an important role in reducing 

climate change. With its features, biogas seems to be one of the energy sources with the lowest environmental 

impact. With the development of biogas production technologies in the future, major developments and 

impacts will be experienced in clean energy production. In addition to these, the impacts and develeopments 

include reduced release of greehouse gases to the environment ensures that the battle against global warming. 
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ABSTRACT  

Abscisic acid (ABA) is considered to be a germination inhibitor and is held responsible for seed 

dormancy. Radicle emergence is a program that controls seeds germination. This program is influenced by 

ABA but how this hormone controls seed germination is still poorly known. In order to achieve our objective, 

two orientations are given to this approach: on the one hand, the study of the physiological behaviour of the 

seeds of Atriplex halimus (L.) with respect to NaCl salinity (0, 100, 300, 400 and 500 mM), and on the other 

hand, the involvement exogenous ABA (0, 10-6, 10-4, 10-3 M) in the inhibition of germination and the emergence 

of radicle. For this we evaluated the parameters for the final germination rate of the seeds as well as the root 

growth. The results showed that the increase in NaCl concentrations from 300 mM significantly reduced the 

germination rate of the seeds and slowed the growth of the radicles. Trials conducted on ABA-treated seeds 

indicate that germination of Atriplex seeds is inhibited only at high concentration (10-3 M). The mean length 

of the radicle was less than 1.33 mm. This expression was re-established in the ABA transitory-treatment 

(ABA/water) after the seeds were transferred back on water and proceeded to germination. Elongation of the 

radicles of germinated seeds subjected to the transitory-treatment progresses slowly to a length comparable 

to that of the control. Our results suggest that ABA controls germination through the control of radicle 

emergence,by inhibiting cell-wall loosening and and expansion. 

Keywords: ABA, germination, Atriplex halimus, NaCl, radicle, emergence. 

 

INTRODUCTION  

Abiotic constraints (salinity, drought and cold) result in a 70% decrease in yield of field crop plants 

(Kosova et al., 2011). The search for plants more adapted to abiotic stresses is a fundamental issue for ensuring 

agricultural production in the coming decades (Turner et al., 2001).  Inhibition of germination by salinity is 

commonly observed in halophytes, probably as a result of salt-induced hormonal imbalance. Abscisic acid 

(ABA) is considered to be a germination inhibitor and is responsible for seed dormancy (Gavassi et al., 2014). 

Evaluation of the role of ABA during seed germination under salt stress provides information on plant 

resistance and / or tolerance mechanisms to abiotic stress. Radicle emergence is a program that controls seeds 

germination. This program is influenced by ABA (Gimeno-Gillesa et al., 2009). The aim of our work is to 

understand the strategies involved in the germination of the seeds in the presence of salt and ABA. 

 

MATERIAL AND METHODS  

Plant material: The present study is carried out on seeds of Atriplex halimus L. harvested from shrubs 

growing in Algeria. 

Experimental protocol: The germination test was conducted in a growth chamber at Oran University 

at Algeria. The seeds undergo three treatments: 

1- Effect of sodium chloride (NaCl) at 100, 300, 400 and 500 mM.  

2- Effect of ABA at 10-6, 10-4 and 10-3 M. 

3- Effect of constant and transitory ABA treatment versus water.  

For each treatment, 30 seeds were disinfected with sodium hypochlorite for 5 min. and rinsed with 

distilled water. They were then germinated in darkness at 22ÁC in 9 cm diameter Petri dishes on filter paper 

soaked with 7 ml of appropriate solution. Germination rate was determined by the radicle appearance, 

according to the definition of Bewley (1997). Radicle length was determined by a graduated rule. Measures 

were repeated three times.  
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RESULTS AND DISCUSSION  

Effect of NaCl on seeds germination and radical growth 

The results shows that seeds germination rate of Atriplex halimus L. decreases significantly from 300 

mM NaCl to reach a rate of 40%. At 500 mM, seed germination is inhibited (Fig. 1A). Radicle length decreases 

as the concentration of salt increases (Fig. 1B, C). This reduction could be due to the seed enzymes and 

hormones alteration (Benjelloun and al., 2013). According to Daroui et al., (2013), the decrease in the 

germination rate of seeds subjected to salt stress is due to an osmotic dormancy process developed under these 

stress conditions. Otherwise, Panuccio et al., (2014) note the decrease in growth is the result of a decrease in 

the number of cellular divisions during abiotic stress. 

 

 
 

 
Figure1- Germination rate (A) and radicle length (B, C) of seeds Atriplex halimus under NaCl stress 

 

Effect of ABA on seeds germination and radical growth 

The figure (2 A) shows that under ABA hormonal treatment, germination is inhibited only at high 

concentration (10-3M). 

   Control C 
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Figure 2- Germination rate (A) and radicle Length (B, C) of seeds Atriplex halimus under ABA 

treatment  

 

Similar results were obtained for Capsicum annuum and Brassica napus (L.). In these species, the ability 

of embyos to absorb water is reduced as a result of osmotic stress caused by ABA at 10-4 M, which delays seed 

germination and lengthens germination time. While at 10-3M ABA, germination is completely inhibited 

(Schopfer et Plachy, 1984; Leskovar et Cantliffe, 1992).  

The results (2B, C) indicate that the low concentration of ABA (10-6M) seems to stimulate root growth. 

This last is inhibited only from 10-3M.  According to Kutschera and Schopfer (1986), a high concentration of 

ABA, including exogenous ABA, results in a decrease in cell extensibility.     

 

 

 

 

 

 

 

 

Control 
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Effect of Constant and Transitory ABA treatment on seeds germination and radicle growth  

 

 
Figure 3-Effect of Constant and Transitory ABA treatment on seeds Germination (A) and radicle growth 

(B) of Atriplex halimus L.  

 

In the transitory ABA treatment, seeds were imbibed on 10-3 M ABA (germination inhibitory 

concentration), washed after 5 h and transferred on water. Seeds germination rate and radicle length were 

comparable to that on water condition (Figure 3A and 3B). Analysis of the impact of ABA on Brassica napus 

seeds germination showed that neither osmotic potential of embryo axis cells nor their ability to take up water 

was affected by the presence of ABA, but rather cell-wall loosening was prevented, resulting in inhibition of 

germination (Bewley, 1997; Gimeno-Gillesa et al., 2009).  

 

CONCLUSION  

ABA controls germination through the control of radicle emergence, namely by inhibiting cell-wall 

loosening and expansion.  
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ABSTRACT 

Rural areas are known as raw material bases for commodity production. The efficiency of the supply 

chain from these areas to its consumption sites is imperative for sustainability of such commodities. Climatic 

variability has instigated adoption of alternative livelihood such as charcoal production. The study evaluated 

the transfer of charcoal from rural producing areas in Ibarapa region of Oyo state to urban areas of Ibadan 

and Lagos with the aim of assessing the efficiency of the value chain. Structured questionnaires were 

administered to charcoal producers, and marketers. Focus group discussions were also held with charcoal 

dealers while structured interviews were conducted with exporters, transporters and toll-collectors. Results of 

the social survey indicated that scale of production increased from Ibarapa East towards Ibarapa North as a 

result of feedstock availability. About 34,771.2 metric tons of charcoal was estimated to be transported out of 

the region annually worth about N1.3 billion ($3.7million). Producers obtained the highest percentage of 

income along the chain to Ibadan (16.56%), retailers had the highest share in the chain to Lagos (20.8%). 

Rural residents had a lower share of income in the chain to Lagos (13.88%) than to Ibadan (17.53%). 

Unfortunately these are the production community residents who are faced largely with the environmental and 

social impacts of charcoal production. The formalization of charcoal production activities in the region is 

recommended as the basic step towards an efficient value chain.  

Keywords: Livelihood, Charcoal, Value chain, Sustainability, Alternative Energy 

 

INTRODUCTION  

Rural areas are known as raw material bases for commodity production. In some cases, the raw materials 

are processed in areas close to their source. This expectedly provides some form of alternative livelihood for 

the rural dwellers. In other cases, especially in the production of agricultural goods, the rural dwellers grow 

the crops and sell them to manufacturers, wholesalers, or consumers directly. Climatic variability and rising 

cost of agricultural inputs and household consumables without corresponding rise in agricultural product prices 

are however driving noted rural farmers to adopt alternative livelihood strategies (Olusola & Adenegan, 2011). 

The value chain concept is used to describe this process of production and distribution till it gets to the final 

consumers. The concept has been defined in various forms but all reflect the idea of it being the full range of 

activities which are required to bring a product or service from conception, through the different phases of 

production, transformation and delivery to final consumers, and eventual disposal after use (Kaplinsky & 

Morris, 2002).  

It is not sufficient to participate in the production and distribution of these products, but more 

importantly, to do so in a way that provides sustainable income growth, especially for poor people. Indeed, 

understanding relationships, opportunities, and bottlenecks in a commodity value chain is crucial to the 

determination of the contribution of the commodity to economic development (Adeoye et al., 2013). A value 

chain is said to be efficient when all actors in the chain operate in a way that maximizes the generation of value 

along the chain (Oni, 2013). Value can be the amount of wealth created by a player in the chain (Adeoye et 

al., 2013). In other words, the basic aim of improving a value chain is to ensure equitable distribution of wealth 

along the chain, major constraints to which include: market access restrictions, weak infrastructure, inadequate 

resources, and institutional voids (Trienekens, 2011).  

Commodity producers like farmers in rural areas receive a relatively little percentage of total value 

generated from their products hence depend on increasing their scale of production to increase employment 

generation and income (Oni, 2013). Unfortunately, such small-scale producers are at a disadvantage because 

they have little capital to invest, use traditional methods, depend on family labour, and lack contact with 

(international) market players. The three (3) systems of value chains in developing countries were noted by 

Trienekens (2011) as: 

(i) A-System: made up of large numbers of small producers who make their products available to 

only the local low-income market. Little value is added but involves a high volume of production. E.g. Cassava 

production in West Africa 
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(ii)  B-System: relatively less number of producers (local middle to high-income chain). Most of 

the products are delivered on demand to local middle to high-income market like supermarkets. This has less 

volume of products but higher value added than the A-system. E.g. Vegetable production in Kenya for South 

African retailers operating in Kenya 

(iii)   C-System: completely focused on the export market while low quality products are sold in 

local market. There is high value added though with less volume of products and limited actors. E.g. South 

African table grape production.     

Enhancing commodity value chain in rural areas according to Sivapalan & Rajendran (2012) is thus a 

development strategy that widens and sustains three major pathways out of poverty:  

(i) Securing assets  

(ii)  Improving smallholder productivity and  

(iii)   Increasing market participation by the poor.  

Charcoal production in developing countries is majorly fuelled by demand from households in 

surrounding urban areas (NTL, 2002; Palmula & Beaudin, 2007; Kituyi 2002; Tunde et al., 2013). In Nigeria, 

the contribution of charcoal to primary energy use is just about 1.3% and 4.4% in the southwestern region yet 

there is a growing increase in production volume (NBS, 2011). Rural producers however care less where 

products end up and more about the immediate income generated from sales to meet present needs. We thus 

capture the flow of products from the rural producing areas to the urban centers for appropriately targeted 

interventions.  

Rural areas especially in developing nations are known to possess low levels of technology that could 

facilitate efficient transformation and use of natural resources; hence they tend to consume more to meet higher 

demands of increased population, and prices of household consumables. Traditional kilns have an average 

yield rate of between 5% and 30% (FAO, 2008; Seboka, 2010; Uisso & Balama, 2011). The implication of 

this is that at an efficiency of 20%, about five (5) tons of wood will be required to produce one (1) ton of 

charcoal. This has brought about assertions that charcoal production is one of the leading causes of 

deforestation with implications for climate change, in the face of increasing demand especially in developing 

countries (Adedayo, Fasona, Olorunfemi, Elias, & Oloukoi, 2013; Palmula & Beaudin, 2007; Uisso & Balama, 

2011). 

The value chain concept in commodity studies has been applied more to agricultural products.  However 

in their study of charcoal value chain in Malawi, Kambewa et al (2007) found that values accruing to producers 

ranged from 20 to 33%, transporters earned 20 to 25% and retailers obtained 25 to 33% of the retail price. This 

study examines the charcoal value chain in an oil producing nation and went further to consider the value that 

accrued to other stakeholders from feedstock sourcing to product sales.  

The role of woodfuels has not been adequately captured in several national energy development 

strategies due to poor forest management and inadequate reliable data (FAO, 2010). Also, natural resources 

management has remained unsustainable in Nigeria because it is bequeathed with complex issues of policy 

formulation, institutional gridlocks and research gaps (Soneye, 2004).  Nigeriaôs forest policy recognized the 

consumption rate of woodfuels but failed to acknowledge the growing interest in charcoal as both a locally 

consumed and exported commodity.  

The study thus provides a holistic yet basic view of the various components of the industry for 

appropriate and effective policy interventions. Specifically, it identified charcoal production areas, major value 

chain actors, evaluated product flow and challenges for efficiency, all with the aim of ensuring sustainable 

natural resource exploitation and by extension climate change mitigation. 

 

STUDY AREA 

The southwest zone of Nigeria is made up of six states namely Lagos, Oyo, Ogun, Osun, Ekiti and Ondo 

states, located within longitude 2o to 6o East and latitude 6o to 9oNorth and (fig. 1). It is bounded in the North 

by Kogi and Kwara states, in the east by Edo and Delta states in the south byAtlantic Ocean and in the west 

by Republic of Benin. The region lies within three ecological zones; the Derived Savannah to the north, Rain 

Forest in the middle, and the Mangrove Forest to the south. The study covered production activities in Ibarapa 

region of Oyo state, which lies within the derived savannah, and tracked its distribution to Ibadan and Lagos, 

which lie within the rain forest and mangrove forest respectively.  

The Ibarapa region comprises Ibarapa East, Central and North local government areas, which cover 

about 838 kmĮ, 440 kmĮ, and 1,218 kmĮ respectively with a population of 118,226 in Ibarapa East, 102,979 in 

Ibarapa Central, and 101,092 in Ibarapa North. Ibadan North east LGA was one of the urban sample areas with 
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a population of 330,399 which comprises a fair mix of all income classes. Somolu LGA was the other urban 

sample area with a population of 402,673 and is largely regarded as a low-income area. (NPC, 2006)   

 

 
 

MATERIALS AND METHODS  

Data for the study were collected through a set of multiple sources. A detailed reconnaissance of the 

LGAs was embarked upon in July 2012 with a view to determine the sampling protocol and procedure. This 

was supported by a set of topographic maps and field assessment, administrative records, interviews and social 

survey. Participatory rural appraisal techniques of Focus Group Discussion (FGD) and structured 

interview/questionnaire were also adopted. Two sets of questionnaires were used in the study including: 

- Charcoal Producers Questionnaire: were used to acquire data on production dynamics, and producersô 

socio-economic characteristics. Thirty (30) copies of the questionnaire were administered in the production 

region to producers who were not part of the Focus Group Discussions (FGD) with respondents selected 

through the snowball sampling method wherein they were chosen by referral since charcoal production is an 

informal and largely secondary source of livelihood. 

- Charcoal Marketers Questionnaire: administered in both the production and consumption regions. A 

total of thirty (40) marketers were chosen as respondents including twenty (20) in Ibarapa region, ten (10) in 

Ibadan North-East, and ten (10) in Somolu LGAs using the purposive sampling technique wherein they were 

identified on the major roads and interviewed accordingly. Data on supply and demand functions were 

retrieved from this set. 

The study adopted the concept of value chain analysis to achieve its objectives. It involves the 

identification and quantification of the sequence of related business activities from production to consumption; 

asmuch as also the functions of operators and supporters in the chain (Sepp, 2008).Value chain analysis goes 

through six (6) basic steps as shown in Fig. 2 

 

Fig.1: The study area 
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In the process, attempts were made to identify and quantify the flow of products from one unit of 

operation to another till it got to the final consumers. Hence major production areas were identified from the 

reports of the FDGs and validated by field observation; marketing channels were identified from the results of 

questionnaires administered to producers in addition to the earlier methods. Functions of actors along the chain 

and data for economic analysis of the chain were summarized from the FDGs, producersô and marketersô 

questionnaires, interviews with transporters, toll collectors and exporters, field observation and inventory. The 

value chain was quantified using the volume of charcoal passing through the central toll gate as the dummy 

for volume transported out of the region. 

 

RESULTS AND DISCUSSION  

Identification of Production Areas: 

Production is carried out in all areas of the region but differentiated by volume, which is a function of 

some factors including: (i) Feedstock availability (ii) Labour availability (iii) Security of kilns, and (iv) Land 

for agriculture. Outcomes of the FGD indicated that large scale production was done in areas in and around 

forests, which generate adequate volume of feedstock to meet production demand as its availability was most 

significant in determining production location. This was validated by the use of warehouse location as dummy 

for the scale of production, where it was found that production intensity increased from Ibarapa East to North 

as reflected in fig. 3. Retail points have stocks ranging from two (2) to about two hundred (200) bags while 

warehouses hold from five hundred (500) to more than three thousand (3,000) bags.  

 
Fig 2: The Value chain framework 

Source: Modified after Sepp, 2008; Kambewa et al, 2007; Kaplinsky& Morris,2001 
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Source: Computed from fieldwork (2013-2014) 

Retail outlets were found everywhere yet there was no warehouse in Ibarapa East LGA; two (2) were 

found in Ibarapa Central LGA and five (5) in Ibarapa North LGA. The implication of this is the direct and 

indirect degradation of reserved forests to ensure adequate feedstock supply. Concerns are therefore rife on the 

need for holistic environmental protection strategy that takes into cognizance the livelihood challenges and 

opportunities in the region. 

 

Evaluation of Product Flow: 

The distribution of charcoal from production point to consumers follows the routes outlined in Fig 4. 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: The Product Flow in the Study Area 

 

Small scale village producers have an average stock of four (4) or five (5) bags, and costumers are 

usually those around them, or travelers along the routes. Local marketers transport products to towns using 

pick-ups or mini-trucks (locally called Landstar). Local wholesalers stock averagely about 200 bags while 

local retailers stock about 50 bags. Products are then either sold to consumers directly or to urban wholesalers 

who mop-up products to fill up their orders in an event of supply shortfalls. Large scale producers transport 

products to their warehouses where they are further processed to meet the requirements of consumers. In this 

case, the product is either processed or unprocessed charcoal. Processing involves selective packaging where 

 

Fig 3: The Warehouses and Retail Locations along the major routes in the Study Area 

(2013) 
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uniform briquettes are weighed to standard 32kg. This expectedly costs more than the unprocessed charcoal. 

Products are transported to warehouses by pick-ups and mini-trucks. In few cases, products are loaded directly 

from production sites into container tucks. Typically, products are transported from warehouses to either urban 

wholesalers by pick-ups and mini-trucks, or to exporters by container trucks. Two forms of packaging are done 

for export: Bagged charcoal and Pouring charcoal. 

Urban wholesalers get products either directly from the production sites, or request supply from the 

warehouses. Urban charcoal dealers have local names for the different levels of involvement, and also formed 

sub-units within the dealersô association. Oloko refers to wholesalers who go over to villages as producers. 

Ajagunta are wholesalers who receive supply form villages. Some of them combine these two levels of 

involvement and it was gathered that this was a function of financing and scale of production as it requires 

more financial commitments to be involved in direct production, yet it offers more benefits. 

Retailers, known as Alabo get supply directly from the wholesalers. While the wholesalers are restricted 

in profit margin by union directives, retailers have relative freedom to profit on bargaining power. Hence most 

wholesalers supply retailers and also have their own retail outlets. Products are sold in smaller packages of 

N20 or N50. 

The Value Chain Actors: 

The basic actors in each section of the charcoal value chain from production to consumption are shown 

in Fig 5. The basic role of each actor in the chain is then summarized in Table 1. 

 
 

 

 

 

 

 

 

 

 

 

 

Table 1: Role of Charcoal Value Chain Actors 

Sector Actor Role 

Wood Harvesting 

Producer -Finances and monitors production and distribution process  

Land Owners -Receive payment on land where feedstock is acquired from 

Tree cutter -Recieves payment per half-load of trees cut down or cut into 

required sizes 

Farmers -Make feedstock available by clearing land for agriculture 

Loggers -Make feedstock available from logging wastes 

Government -Certifies trees cut down for logging and charcoal production in line 

with forest laws and policies 

Production 

Log arrangers -Receive payment for arrangement of logs and kiln profile 

Loaders -Receive payments for packaging and loading products into vehicles 

Processors -Receive payment for sorting and bagging products at warehouses 

Government -Interacts with Charcoal Dealers Association to promote forest 

sustainability  

Association -Interacts with government on production policies including 

regulation of tree specie used for production 

-Monitor activities of producers to ensure compliance with 

government regulations 

-Ensure tree re-planting to secure future feedstock 

Wood 
Harvesting

Charcoal 
Production

Transporting Marketing Consumption

- Producers 

- Land owners 

- Tree cutters 

- Farmers 

- Loggers 

- Government 

- Log arrangers 

- Loaders 

- Processors 

- Government 

- Association 

- Producers 

- Transporters 

- Association 

- Government 

- Producers 

- Retailers 

- Wholesalers 

- Exporters 

- Government 

- Association 

- Producers 

- Local 

Consumers 

- Foreign 

Consumers 

Fig 5: The charcoal value chain in the study area. 
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Transportation 

Transporters -Receive payment on movement of products from site to warehouse, 

local and urban markets, and to the ports 

Association -Collect fees on each consignment of products that pass through toll 

points 

Government 

(Local/ State) 

-Colect fees and issue tickets on every vehicle transporting charcoal 

from the region at Igbo-ora toll gate and other LGA toll-gates 

Marketing 

Retailers -Sell products directly to consumers at local villages, towns andin 

urban areas 

Wholesalers -Receive products from warehouses and production sites and sell to 

either retailers or consumers  

Exporters -Finance large scale production in preparation for export 

-Ensure production of standard quality charcoal 

-Sell products to foreign consumers 

Government -Recieves taxes on income of producers, marketers and exporters 

-Monitors export procedures 

Association -Regulates wholesale price in urban markets 

Consumption 

Local 

Consumers 

-Use charcoal as household cooking fuel, catering, and in other 

cottage industries 

Foreign 

Consumers 

-Use charcoal as recreational fuel, house heating, co-generation of 

electricity, etc 

Source: Computed from Field Survey (2014) 

 

The Value Chain Quantified:  

Average daily volume of charcoal produced was estimated from the number of tickets issued at Igbo-

ora toll gate on vehicles transporting charcoal from the region as presented in Table 2. The toll gate is central 

to production in the region as it is a major junction which is connected to the major roads in the three local 

government areas on the way to Abeokuta and Lagos. Estimations were made conservatively based on the 

variation in volume during the dry and wet seasons. 

 

Table 2: Average daily volume of charcoal transprted from Ibarapa region 

Vehicle 

Average number of vehicle per day Average volume of charcoal (bags) 

Dry Season (Oct-

March) 

Wet Season (April -

Sept) 

Av. 

Capacity 

Dry 

season 

Wet 

season 

Pick-Up 35 30 70 2450 2100 

Mini Truck 

(Landstar) 25 20 90 2250 1800 

Container Truck  0.5 0.2 650 325 130 

Total 60.5 50.2  5025 4030 

Source: Computed from Field Survey (2014) 

 

Charcoal is packaged mostly in bags of 32kg; hence annual charcoal volume transported out of the 

region is estimated at about 34,771.2 metric tons, worth about N1,321,653,312 ($3.7million). These products 

were supplied to the active routes presented in figure 6. 
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Fig 6: Proportion of products supplied to active routes from Ibarapa region. 

Source: Computed from Field Survey (2013) 

 

Four major supply routes were identified: (i) Local Sale (ii) Urban Market (iii) Export and (iv) Personal 

Consumption. Pecentage of products supplied to exporters returned the highest figure (38.17%) as exporters 

demand a higher volume of products at a single order than the urban merchants or local users. Furthermore, 

some exporters pay in advance for products hence some production sessions are solely for them. 

 

Economic Analysis of the Value Chain: 

The standard measure for production in the region is called ñHalf-loadò, which is the volume of 

feedstock that three (3) full tanks of chain-saw can cut into size for log arrangement, regardless of the tree 

species. A half-load of feedstock produces averagely about 70 to 75 bags of charcoal, which is about the 

number of bags transported by a pick-up. About 30 bags of 32kg make 1 tonne of charcoal hence the analysis 

was done on the 2.5 tons transported by pick-up to Ibadan and Lagos (Appendix 1). 

Producers obtained the highest percentage of income along the chain to Ibadan (16.56%), retailers had 

the highest share in the chain to Lagos (20.8%). The workers in the production section (tree cutters, log 

arrangers) and land owners have fixed rates to a large extent hence they had a lower share of income in the 

chain to Lagos (13.88%) than to Ibadan (17.53%). Unfortunately these are the production community residents 

who are faced largely with the environmental and social impacts of charcoal production. Government and 

Association rates are also fixed irrespective of end point locations.  

Identification of Market Opportunities and Constraints: 

The basic challenges faced by the major actors in the value chain were identified and summarized in 

table 3. 

Table 3: Constraints faced by major actors in the value chain 

Actor Constraints 

Producers 

Increasing distance to production location 

Forestry regulations 

Multiple taxation 

Inaccessible credit facilities 

Transporters 
Harassment by traffic officials 

Night journey risks 

Exporters 

Lack of quality control facilities 

Unstable government policy 

Sector is still informal 

Government 

Inadequate forest monitoring facilities  

Shortage of forestry officials 

Tax evasion by producers 

Inadequate data on supply and demand 

Source: Computed from field survey (2014) 
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These constraints were evaluated and it was found that recognizing charcoal production as an industry 

and formalizing its operations will go a long way in addressing them. In which case, producers would be 

licensed bi-annually based on their report of activities including efforts at ensuring sustainability of feedstock 

sources. 

CONCLUSION 

There is an apparent growing interest in charcoal production within and outside the production areas 

especially for export purposes. Its nature as a low-risk income source with high returns makes this evident. 

Climate variability amongst other factors have instigated this hence there is need for an environmental 

protection strategy that takes into cognizance the livelihood challenges and opportunities in the region. Beyond 

formalizing charcoal operations in the region, it is imperative to ensure that levies being charged on products 

are channeled into environment-protection programs and for the strengthening of forest monitoring agencies 

which are mostly short-staffed with inadequate equipments. A more aggressive deployment of energy-efficient 

cookstoves both for household and large-scale charcoal use is also desirable to regulate local demand, coupled 

with strict monitoring of export activities to regulate foreign demand. 
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Appendix 1: Breakdown of the Actorsô Revenue on a 2.5-Tonnes size produce in Naira 

 Ibadan Lagos 

Actor 
Variable cost 

per 2.5 tons 

(Naira) 

Revenu

e 

(Selling 

Price of 

2.5 

tons) 

Gross 

Profit 

(Revenu

e-Cost) 

% of 

Retai

l 

Price 

Variable cost  

per 2.5 tons 

(Naira) 

Revenue 

(Selling Price 

of 2.5 tons) 

Gross 

Profit 

(Revenue-

Cost) 

% of 

Retail 

Price 

Producer         

Land owner 3000   4.21 3000   3.33 

Tree cutters 4000   5.61 4000   4.44 

Log arrangers 4000   5.61 4000   4.44 

Loaders 1500   2.10 1500   1.67 

Transport to 

Warehouse 10000   

14.0

3 10000   11.11 

Local Govt. Charge 200   0.28 200   0.22 

Association/Union 

charge 500   0.70 500   0.56 

State Charge 500   0.70 500   0.56 

Sub-Total 40,700     43,700     

Sales  
N700 per 

bag 52,500 11,800 

16.5

6 

N800 per 

bag 60,000  16,300  18.11  

Transporter (Pick-up)        

Maintenance 11,500    12,500    

Amount charged per 

trip  17,000 5,500 7.71  20,000  7,500 8.33 

Wholesaler (Urban)        

Price received 52,500    60,000     

Sales N800 per bag 60,000 7,500  

10.5

2 N950 per bag 71,250  11,250 12.50 

Retailer         

Price received 60,000    71,250    

Sales  N950 per bag 71,250 11,250 

15.7

8 

N1200 per 

bag 90,000 18,750 20.80 

Source: Computed from Field Survey (2014) 
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ABSTRACT 

Water scarcity remains a challenge that mankind has to deal with in many regions. Water resources are 

insufficient to meet the water needs of the growing population due to urban development, the rapid 

development of industries and the use of water in agriculture. Recent advancements in membrane technology, 

such as the development of new membrane materials, coatings, and production methods, are of great 

importance in dealing with this problem. The use of biopolymers and biodegradable materials obtained from 

lignocellulosic biomass in membrane production stands out as a method to increase the efficiency of classical 

processes and to be environmentally friendly. This paper reviews recent advances in different biopolymer-

based wastewater membranes in terms of materials and manufacturing methods for improving properties and 

performances. 

Keywords: lignocellulosic biomass, biopolymers, polymeric membrane, membrane technology. 

 

INTRODUCTION  

The rapid development of modern industries and rapid population growth have led to major problems 

such as wastewater generation and water scarcity, which are a major threat to the environment and human 

health. Therefore, membrane technology is emerging as a cost-effective technology to cope with wastewater 

treatment and water pollution problems. Membrane technology plays an increasingly important role in areas 

such as wastewater treatment, drinking water treatment, desalination of seawater, reuse and disposal of 

wastewater (Kim et al., 2019).  

In recent years, bio-based membranes have attracted interest due to the increasing environmental 

pollution problem resulting from the use of petroleum-based synthetic polymers. Since the degradation of 

traditional plastics takes place over a long period of time, sustainable membranes produced from renewable 

sources by environmentally friendly methods replace oil-based membranes (Galiano et al., 2018). This paper 

reviews the studies and investigations conducted on the latest developments in membrane technologies and 

membrane materials obtained from biopolymers and the importance of environmentally friendly biopolymers 

in the membrane market. 

 

MEMBRANE TECHNOLOGY  

Water scarcity remains one of the most important problems facing humanity in many parts of the world. 

Wastewater recovery and reuse are of great importance in dealing with this problem (Etemadi et al., 2017). 

Compared to conventional wastewater treatment processes, membrane filtration processes have important 

advantages such as easy operation, low energy consumption, high separation performance and environmentally 

friendly technology (Yang et al., 2019). 

Membrane technologies are considered to be a very good alternative to other separation technologies 

due to their low energy consumption, simple scaling, and versatility. Membrane technology is a separation 

technique integrated into processes to achieve higher separation selectivity and efficiency. Microfiltration 

(MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) are the most common filtration 

processes used to remove contaminant from water. The feasibility of membrane systems is related to the 

technical properties of the membrane, which have a significant impact on the selectivity of the membrane 

(separation force), contamination and biofouling tendency. In terms of materials science, the most important 

factors in membrane production are membrane material and its configuration which provides high selectivity 

and high fluxes (Kamali et al., 2019). 

 

Microfiltration and ultrafiltration  

Microfiltration (MF) and ultrafiltration (UF) are classified as low pressure (<2 bar) processes. 

Microfiltration is a system with a particle size of approximately 0.1-1.0 Õm, which removes suspended solids, 

bacteria and small amounts of organic colloids. In wastewater treatment, microfiltration membranes are 
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generally used as pretreatments to increase the efficiency of ultrafiltration, nanofiltration and reverse osmosis 

processes. Campos et al. (2002) used the microfiltration and biological treatment process for wastewater 

treatment. As a result of microfiltration process using 0.1 Õm commercial cellulose ester microfiltration 

membrane, phenol, COD, TOC, oil and grease treatment were provided 35%, 25%, 92%, and 35%, respectively 

(Campos et al., 2002). 

Ultrafiltration membranes can remove particles, pathogens, viruses, and colloids with a particle size of 

0.01 - 0.1 Õm. However, UF membranes are susceptible to contamination because of their high permeability 

flux. Therefore, one of the main objectives of the studies on UF membranes is to reduce the contamination on 

the membrane surface. Studies have reported that the most effective way to reduce contamination is to make 

the membrane surface more hydrophilic and to reduce roughness (Munirasu et al., 2016). 

 

Nanofiltration and reverse osmosis 

Both nanofiltration and reverse osmosis membranes are operated at a relatively higher pressure than 

microfiltration and ultrafiltration membranes. Both membranes are effective in the removal of inorganic 

minerals. The greatest difference between nanofiltration and reverse osmosis membranes is selectivity. The 

reverse osmosis membrane removes all ionic species, including monovalent ions, while nanofiltration is more 

selective for divalent ions as well as allowing the passage of monovalent ions such as Na + and Cl- (Munirasu 

et al., 2016). 

 

Membrane fabrication methods 

Phase inversion 

Phase inversion and electrospinning are the most commonly used manufacturing methods for membrane 

production. The choice of the production method generally depends on the membrane material more than the 

membrane class (UF, MF, etc.). The phase inversion method can be divided into immersion-precipitation, 

thermal phase separation, controlled evaporation and vapor phase conversion (Warsinger et al., 2018). 

In the immersion-precipitation process, the membrane is formed by immersing the polymer solution 

containing a polymer and a solvent in a non-solvent coagulation bath and transferring the solvent surrounding 

the polymer to the non-solvent. During this process, the solvent evaporates and phase separation takes place. 

The asymmetric structure of the membranes produced by this method provides mechanical support to the 

membrane structure without greatly increasing the flow resistance (Paul and Jons, 2016). 

 

Electrospinning  

In the electrospinning process, a charged polymer solution or melt is sprayed through a needle or 

capillary end and pulled into a high electric field to form fibers. Compared with conventional phase conversion 

methods for membrane production, electrospinning allows for homogeneous pore size and a porous structure 

of more than 90%. However, membranes produced by electrospinning are increasingly being used in many 

water treatment applications, such as membrane distillation and pre-treatment of feed water to remove divalent 

metal ions, grease, and other contaminants before reverse osmosis or nanofiltration (Ahmed et al., 2015). 

 

Membrane materials 

The development of new membrane materials is an important research area for universities, industry 

and national laboratories. Membrane material properties and membrane production mechanisms for 

membranes used in wastewater treatment are guided by membrane technologies. For material selection, pore 

size distribution, wetting sensitivity, porosity, mechanical strength, cost, polymer flexibility, stability, 

durability, contamination and chemical resistance can be listed among the important factors. These membranes 

must be resistant to chemical cleaning processes (Warsinger et al., 2018). 

 

Polymeric membranes 

Polymers such as polysulfone, polyethersulfone, polyacrylonitrile, polyvinylidene fluoride, 

polyethylene, polypropylene, polyvinylchloride, cellulose acetate, and polyamide are used in the production 

of polymeric membranes (Warsinger et al., 2018). Polymeric membranes have been used for desalination due 

to their selectivity, good permeability, mechanical stability, chemical resistance as well as low-cost production. 

Different configurations of cellulose acetate and polyamide are used for nanofiltration (NF) and reverse 

osmosis (RO) processes (Soto-Salcido et al., 2018). However, the main application of cellulose acetate is 

membrane production. The properties of cellulose acetate such as high biocompatibility, high mechanical 
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strength, easy processing ability, and relatively low cost make it a competitor for other biodegradable polymers 

(Yang et al., 2019). 

Ceramic membranes 

Ceramic membranes are generally produced from metal oxides such as alumina, titanium, silicon and 

zirconia, and silicon carbide (He et al., 2019). Since Finnigan and Hanley produced the first ceramic membrane 

in 1966, porous ceramic membranes have attracted great attention for microfiltration (MF) and ultrafiltration 

(UF) applications, including membrane distillation. Ceramic membranes have hydrophilic structure, high 

thermal and chemical stability due to their porous structure and hydroxyl group in their structure (Hubadillah 

et al., 2019). In recent years, the combined phase inversion and sintering methods have been used as alternative 

methods for producing a wide range of ceramic membranes, including flat plate, hollow fiber and tubular 

configurations (Li et al., 2017). 

For practical applications, membranes need to be configured in packages called membrane modules. 

This provides a large surface area for an efficient feed flow during the filtration process. The ceramic 

membranes may be manufactured in a straight geometry or cylindrical shape. For industrial wastewater 

filtration, single and multichannel pipes and hollow fibers are more suitable than straight geometry because of 

their higher mechanical stability and better ability to cope with high crossflow rates. Ceramic membranes have 

disadvantages such as contamination and breakage of fibers under severe operating conditions. In recent years, 

good results have been obtained in many studies on improving the package density of ceramic membrane 

modules (Samaei et al., 2018). 

 

Nanocomposite membranes 

Nanocomposites are composites in which at least one of the phases contains particles in the nanometer 

range (10-1000 nm). In the synthesis of membranes, nanoparticles, nanotubes or nanofiber polymers having 

particle sizes ranging from 4-100 nm are generally used. These nanomaterials have small pore sizes, large 

surface areas, high reactivity, and catalytic behavior. Furthermore, the performance of the nanoparticles can 

be improved by adding any suitable functional group (Saleh ey al., 2019). 

Nanocomposite membranes can be classified as polymeric matrix nanocomposites, metal matrix 

nanocomposites, polymer/ceramic nanocomposites and polymer/layered silicate nanocomposites. The use of 

metal oxide nanoparticles in the production of nanocomposite membranes improves the hydrophilicity of the 

membrane. In a study, the addition of copper nanoparticles to the content of polymeric nanocomposites showed 

that the number of live bacteria in the treated wastewater decreased by 80-95% (Bassyouni et al., 2019). 

The phase inversion method is frequently used in the production of thin and dense layer asymmetric 

polymeric nanocomposite membranes. The composition of polymer solutions, solvent, non-solvent, film 

casting conditions and the composition of the coagulation bath are important parameters affecting membrane 

production (Nasir et al., 2019). 

 

BIOPOLYMERS IN MEMBRANE PROCESSES 

Methods for obtaining polymers from natural sources have been investigated for more than twenty years. 

The products used as foodstuffs in the production of first-generation biobased polymers were considered as 

raw materials. However, to ensure sustainable food production, second-generation polymers originating from 

non-food consumable products have become the focus of attention. Therefore, the current approach to the 

production of biobased plastics involves the use of biomass as a raw material for the production of new 

chemicals using sustainable processes and green chemistry (Galiano et al., 2018). 

In recent years, following environmental trends, many materials obtained from biomass wastes are 

considered as raw materials in membrane production. Various sources of biomass such as wheat straw, corn 

fiber, rice husk, sugar cane, rice husk, and pine shavings are used in the production of cellulose acetate-based 

on raw materials in membrane production. For the recovery of cellulose from biomass, the components 

contained in the biomass structure need to be broken down by an appropriate pretreatment including physical, 

physicochemical, chemical and biological (Soto-Salcido et al., 2018). 

Bacterial fermentation products Polylactic acid (PLA), Polyhydroxyalkanoate (PHA) and Polybutylene 

succinate (PBS), vegetable biomass-derived cellulosic polymers, alginate, polyisoprene, starch, animal 

biomass-derived chitosan, collagen and sericin as a raw material in the production of biopolymer membranes 

can be used (Galiano et al., 2018). Chinyerenwa et al. (2018), who developed a new production method for 

polylactic acid (PLA) membranes, succeeded in producing porous PLA membranes. They reduced the 

membrane preparation time by the phase conversion process provided by hot water droplets produced by an 

electric heating steam generator and used as non-solvent. In addition, they found that the concentration of PLA 
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polymer had a direct effect on the thickness and morphology of the membrane produced (Chinyerenwa et al., 

2018). Keawsupsak et al. prepared biodegradable membranes for wastewater treatment using NMP as solvent 

by phase conversion method and water as non-solvent by using PLA blended in certain proportions with 

polybutylene succinate (PBS) and poly 3-hydroxybutyrate-co-3-hydroxy valerate (PHBV) (Keawsupsak et 

al., 2014). 

Cellulose acetate is a polymer used in various membrane applications. Cellulose acetate has been shown 

to be one of the most suitable polymers used in membrane production due to its high hydrophilicity and 

biocompatibility, non-toxic nature, high desalting performance, high potential flux, and relatively low cost. Its 

main disadvantages are its low pH and temperature resistance compared to other materials. However, high 

biodegradability and biodegradability are disadvantages of cellulose acetate membranes used in the MBR 

system (Etemadi et al., 2017). Cellulose acetate, which is used in many industrial areas, is one of the most 

important cellulose esters which can be obtained from a renewable source, biodegradable, non-toxic. This 

polymer can be produced by low-cost processes and has low flammability (Candido et al., 2017). 

Given the demand for membranes to be used for versatile and specific purposes, the development of 

new membrane materials has an important role in the growth of membrane separation technology (Lv et al., 

2017). However, most of the non-biodegradable synthetic polymer membranes cause environmental problems 

in their production and operation. Biodegradable polymers can overcome these problems (Yang et al., 2019). 

Soto-Salcido et al. obtained cellulose acetate by applying Ethanosolv pre-treatment to agave bagasse biomass 

by reacting with acetic acid. Cellulose acetate membranes were obtained by evaporation-precipitation method. 

Maximum cellulose recovery of 68.1 % was obtained under 170 ÁC, 30% (w/w) Ethanol, 0.7% (w/w) H2SO4, 

and 15 min of residence time (Soto-Salcido et al., 2018). 

Today, many researches around the world focus on identifying economically viable and commercially 

successful methods for the conversion of biomass into useful organic chemicals. Cellulose is naturally 

abundant in the structure of the biomass and can be obtained by a suitable pretreatment. In addition, many 

studies have shown that cellulose has been successfully converted to high value-added products, including 

different cellulose derivatives such as cellulosic ethanol, hydrocarbons, lactic acid, ferulic acid, and cellulose 

acetate. Research in the literature has focused on the synthesis of cellulose acetate from renewable sources 

using low-cost, environmentally friendly methods for versatile applications (Goswami et al., 2019). 

 

CONCLUSIONS 

Recent studies in the literature have focused on the production of membrane material using 

environmentally friendly biopolymers to ensure the sustainability of membrane-based technologies in 

wastewater treatment. The suitability of biopolymers obtained from fermentation products such as PLA, PHA, 

PBS, cellulose-based polymers, alginate, polyisoprene, starch as well as chitosan, collagen, and sericin 

obtained from animal sources have been investigated gradually in various membrane-based wastewater 

treatment applications. Cellulose-based membranes are an important class of membranes used in desalination 

because of their high permeability and desalination capability. Biopolymers such as chitosan, alginate, and 

PHA are also preferred in different membrane applications such as pervaporation, gas separation and water 

filtration. In this study, membrane-based technologies used in wastewater treatment and recent developments 

regarding the use of biopolymers for membrane production have been evaluated with the possibility of making 

the technology more sustainable. 

 

REFERENCES 

[1] Kim H.Y., Cho Y., Kang S.W., ñPorous cellulose acetate membranes prepared by water pressure-

assisted process for water-treatmentò, Journal of Industrial and Engineering Chemistry, 78, 421ï424, 2019. 

[2] Yang S., Zou Q., Wang T. and Zhang L., ñEffects of GO and MOF@GO on the permeation and 

antifouling properties of cellulose acetate ultrafiltration membraneò, Journal of Membrane Science, 569, 48-

59, 2019. 

[3] Galiano F., Brice¶o K., Marino T., Molino A., Christensen K. V., Figoli A., ñAdvances in 

biopolymer-based membrane preparation and applicationsò, Journal of Membrane Science, 564, 562-586, 

2018. 

[4] Etemadi H., Yegani R. and Seyfollahi M., ñThe effect of amino-functionalized and polyethylene 

glycol grafted nanodiamond on anti-biofouling properties of cellulose acetate membrane in membrane 

bioreactor systemsò, Separation and Purification Technology 177, 350-362, 2017. 



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

95 

[5] Kamali, M., Suhas D.P., Costa M.E., Capela I., Aminabhavi T.M., ñSustainability considerations in 

membrane-based technologies for industrial effluents treatmentò, Chemical Engineering Journal, 368, 474-

494, 2019. 

[6] Campos J.C., Borges R.M.H., Filho A.M.O., Nobrega R., SantôAnna Jr. G.L., ñOilfield wastewater 

treatment by combined microfiltration and biological processesò, Water Research, 36, 1, 95-104, 2002. 

[7] Munirasu S., Haija M.A., Banat F., ñUse of membrane technology for oil field and refinery produced 

water treatmentðA reviewò, Process Safety and Environmental Protection, 100, 183-202, 2016. 

[8] Warsinger D.M., Chakraborty S., Tow E.W., Plumlee M.H., Bellona C., Loutatiou S., Karimi L., 

Mikelonis A.M., Achilli A., Ghassemi A., Padhye L.P., Snyder S.A., Curcio S., Vecitis C.D., Arafat H.A., 

Lienhard V J.H.,ò A review of polymeric membranes and processes for potable water reuseò, Progress in 

Polymer Science, 81, 209-237, 2018. 

[9] Paul M., Jons S.D., ñChemistry and fabrication of polymeric nanofiltration membranes: A reviewò, 

Polymer, 103, 417-456, 2016. 

[10] Ahmed F.E., Lalia B.S., Hashaikeh R., ñA review on electrospinning for membrane fabrication: 

Challenges and applicationsò, Desalination, 356, 15-30, 2015. 

[11] Soto-Salcido L.A., Gonz§lez-S§nchez G., Rocha-Gutierrez B., Peralta-Perez R., Zavala-D²az F.J. 

and Ballinas-Casarrubias L., ñPreparation, characterization and performance of acetylated cellulignin 

membranes obtained by green methods from biomassò, Desalination, 430, 186-196, 2018. 

[12] He Z., Lyu Z., Gu Q., Zhang L., Wang J., ñCeramic-based membranes for water and wastewater 

treatmentò, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 578, 123513, 2019. 

[13] Hubadillah S.K., Tai Z.S., Othman M.H.D., Harun Z., Jamalludin M.R., Rahman M.A., Jaafar J., 

Ismail A.F., ñHydrophobic ceramic membrane for membrane distillation: A mini review on preparation, 

characterization, and applicationsò, Separation and Purification Technology, 217, 71-84, 2019. 

[14] Li T., Lu X., Wang B., Wu Z., Li K., Brett D.J.L., Shearing P.R., ñX-ray tomography-assisted study 

of a phase inversion process in ceramic hollow fiber systems ï Towards practical structural designò, Journal 

of Membrane Science, 528, 24-33, 2017. 

[15] Samaei S.M., Gato-Trinidad S., Altaee A., ñThe application of pressure-driven ceramic membrane 

technology for the treatment of industrial wastewaters ï A reviewò, Separation and Purification Technology, 

200, 198-220, 2018. 

[16] Saleh T.A., Parthasarathy P., Irfan M., ñAdvanced functional polymer nanocomposites and their 

use in water ultra-purificationò, Trends in Environmental Analytical Chemistry, 24, e00067, 2019. 

[17] Bassyouni M., Abdel-Aziz M.H., Zoromba M.S., ñAbdel-Hamid S.M.S., Drioli E., A review of 

polymeric nanocomposite membranes for water purificationò, Journal of Industrial and Engineering 

Chemistry, 73, 19-46, 2019. 

[18] Nasir A., Masood F., Yasin T., Hameed A., ñProgress in polymeric nanocomposite membranes for 

wastewater treatment: Preparation, properties and applicationsò, Journal of Industrial and Engineering 

Chemistry, 79, 29-40, 2019. 

[19] Chinyerenwa A.C., Wang H., Zhang Q., Zhuang Y., Munna K.H., Ying C., Yang H., Xu W., 

ñStructure and thermal properties of porous polylactic acid membranes prepared via phase inversion induced 

by hot water dropletsò, Polymer, 141, 62-69, 2018. 

[20] Keawsupsak K., Jaiyu A., Pannoi J., Somwongsa P., Wanthausk N., Sueprasita P., Eamchotchawalit 

C., ñPoly (lactic acid)/Biodegradable Polymer Blend for The Preparation of Flat-Sheet Membraneò, Jurnal 

Teknologi, 69, 9, 99ï102, 2014. 

[21] Candido R.G., Godoy G.G. and Gon­alves A.R., ñCharacterization and application of cellulose 

acetate synthesized from sugarcane bagasseò, Carbohydrate Polymers, 167, 280-289, 2017. 

[22] Lv J., Zhang G., Zhang H. and Yang F., ñExploration of permeability and antifouling performance 

on modified cellulose acetate ultrafiltration membrane with cellulose nanocrystalsò, Carbohydrate Polymers, 

174, 190-199, 2017. 

[23] Goswami M. and Das A.M., Synthesis and characterization of a biodegradable Cellulose acetate-

montmorillonite composite for effective adsorption of Eosin Y, Carbohydrate Polymers, 206, 863-872, 2019. 

 

  



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

96 

THE SONOCATALY TIC AND SONOPHOTOCATALYTIC D EGRADATION OF 2,4-

DICHLOROPHENOXYACETIC ACID (2,4 -D) HERBICIDE USING TAGUCHI 

EXPERIMENTAL DESIGN  

 

E. DIKMEN*, G.D. OK¢U* AND A. YAL¢UK* 
 

* Department of Environmental Engineering, Bolu Abant Izzet Baysal University, 14030, Golkoy Campus, 

Bolu , Turkey (E-mail: emredikmen@ibu.edu.tr, gamzedogdu@ibu.edu.tr, ayalcuk@gmail.com) 

 

 

ABSTRACT 

Recently, the most commonly used herbicide for cleaning weeds in agricultural areas has been based 

on 2,4-Dichlorophenoxyacetic acid (2,4-D), and increases in its production is particularly alarming for the 

whole ecological system, especially in terms of human health, and it needs to be removed from sources of 

water. To achieve this, 2,4-D removal by a batch sonocatalytic (sonolysis with a TiO2 catalyst) and 

sonophotocatalytic method (sonolysis and UV with a TiO2 catalyst) has been investigated. In sonocatalytic, 

the individual and synergic effects of a TiO2 dose, the pH, the time and initial 2,4-D concentration factors were 

investigated and for sonophotocatalytic, the individual and synergic effects of a TiO2 dose, the pH, the time, 

H2O2 concentration and initial 2,4-D concentration factors were investigated. In addition, a Taguchi statistical 

method was applied to optimize the effective parameters. According to the Taguchi method, optimum 

conditions for the sonocatalytic method obtained as pH 2, TiO2 0.5 g/L, initial concentration 75 mg/L and time 

60 minutes. In the sonophotocatalytic method, the optimum conditions obtained as pH 3, TiO2 1 g/L, initial 

concentration 50 mg/L, time 60 minutes and hydrogen peroxide 250 mg/L. In addition to these studies, in order 

to examine the pesticide mineralization, the parameter of chemical oxygen demand (COD) has analysed. 

According to results, 6 hours kinetic study carried out with the optimum parameters determined in the 

laboratory-scale sonocatalytic and sonophotocatalytic reactor. After 6 hours of kinetic studies, the highest 

yield obtained at the 5th hour. According to these results, the treatment efficiency of 12.92% in sonocatalytic 

method increased to 49.12% in sonophotocatalysis.  

Keywords: 2,4-Dichlorophenoxyacetic acid (2,4-D), degradation rate, sonophotocatalysis, 

sonocatalysis, Taguchi method 

 

MATERIALS AND METHODS  

Chemicals 

In the experiments, TiO2 (Sigma-Aldrich Inc., St. Louis, MO; Art. No. 14021) was used as the catalyst. 

The commercial Amin EXT 500 SL 2,4-D amine salt C10H13Cl2N03, MW: 266.12 gmolī1 (equivalent to 500 g/L 

2,4-D), which is the pesticide being removed by the treatment, was obtained from the AgrofarmÈ Company. 

The chemical properties of 2,4-D are given in the Table 1. Other chemicals such as NaOH and H2SO4 (97%) 

used to adjust the pH were obtained from Merck (Darmstadt, Germany). All chemicals were used as received 

without additional treatment. Purified water was used in all solutions and reaction mixtures (Specific 

Resistance: 18.2 Mɋ cmī1; Merck Millipore, Burlington, MA). 

 

Table 1. Chemical structure of 2,4-D 

Name                                               Molecular structure                Chemical Structure 

2,4-Dichlorophenoxyacetic Acid    C8H6Cl2O3                                                     
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Experimental procedure and analysis 

 
Figure 1. Schematic diagram of the sonocatalytic reactor 

 

In the sonocatalytic and sonophotocatalytic experiments, an ultrasonic sound bath (Bandelin DT 106) 

was used. The device has a cylindrical structure with a total volume of 5.6L (an operating volume of 1 L), 

with an operating frequency of 35 kHz (220V). In the study, the reactor was run in batch mode, and the reactor 

temperature was kept constant at 35 Ñ 1ÁC with a continuous water bath and cold water pump. During the 

experiments, air was supplied to the system with the help of a diffuser with a capacity of 3.5 L/min. For the 

experiments, the preferred concentrations of 2,4-D solution were prepared daily in amber-glass volumetric 

flasks from a 1000 mg/L stock solution. The pH of the reaction mixture was adjusted by the addition of 1 N of 

NaOH and 1 N of H2SO4. The samples were centrifuged at 5000 rpm for 15 minutes to remove TiO2 from the 

solution, followed by filtration through a 0.45 mm syringe filter. Optimization of the conditions for 

sonocatalysis was obtained by measuring the optical density (OD) of the samples at 283 nm, the maximum 

wavelength of 2,4-D, using a spectrophotometer (Shimadzu, PharmaSpec UV-1700). A calibration plot based 

on Beer-Lambertôs law was established by relating the absorbance to the concentration. This was also 

confirmed by a spectrum reading from a spectrophotometer. The percentage of degradation of 2,4-D was 

calculated using Eq. 1: 

 

                       Degredation percentage of 2,4-D=(Ci-Cf)/Cf                         (1) 

Ci = Initial 2,4-D concentration 

Cf = Final 2,4-D concentration 

 

 
 

Figure 2. Schematic diagram of the sonophotocatalytic reactor 

 

Experimental design 

The Taguchi design was developed by Genichi Taguchi to study multiple factors with various factor 

levels based on an orthogonal sequence (Narenderan et al., 2019). The Taguchi method uses systematic 

orthogonal arrays (OA) to design experiments. The OA is a method where the columns for the independent 

variables are ñorthogonalò to one another. This design recommends three steps to achieve an optimal design 

(concept design, parameter design and tolerance design (Taguchi, 2011). The main purpose of the Taguchi 

method is to find the best combination of design parameters. 
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Table 2. Process parameters and levels for sonocatalytic method 

Parameters Symbol Level 1 Level 2 Level 3 Level 4 Level 5 

pH                                   A 2 4 6 8 10 

TiO2 concentration (g/L) B 0 0.5 1 1.5 2 

2,4-D concentration (mg/L) C 10 25 50 75 100 

Time D 60 120 150 180 210 

 

In sonocatalytic method, a Taguchi experimental design technique was applied to optimize the 4 

parameters (pH, initial 2,4-D concentration, treatment time and initial TiO2 concentration) to be used for the 

treatment of 2,4-D. In order to find the optimum conditions, 25 parameters (a total of 50 with the control set) 

were tested and the optimum values for removing 2,4-D were obtained.  

In sonophotocatalytic method, a Taguchi experimental design technique was applied to optimize the 5 

parameters (pH, initial 2,4-D concentration, treatment time, initial H2O2 concentration and initial TiO2 

concentration) to be used for the treatment of 2,4-D. In order to find the optimum conditions, 16 parameters (a 

total of 32 with the control set) were tested and the optimum values for removing 2,4-D were obtained. 

Minitab software (version 17-trial edition) was used for the Taguchi experimental design and the signal-

to-noise ratio (S / N) was recorded at all levels for various factors. The desired value for the output was termed 

as the signal (S) while noise (N) represented the value that was not needed for the output characteristic. The 

S/N ratio i.e. the ratio of the signal to the noise was used to quantify how a specific quality characteristic 

deviated from the desired value (Soltani, 2016) 

 

Table 3. Process parameters and levels for sonophotocatalytic method 

Parameters Symbol Level 1 Level 2 Level 3 Level 4 

pH                               A 3 5 7 9 

2,4-D concentration (mg/L) B 25 50 75 100 

TiO2 concentration (g/L) C 0 0.5 1 1.5 

H2O2 oncentration (mg/L) D 0 250 500 1000 

Time E 60 90 150 180 

 

RESULTS AND DISCUSSION 

Determination of optimal conditions using the Taguchi Method 

In sonocatalytic method, Taguchiôs L25 design was used and the test results are presented in Table 4. In 

the experiments, the range of 2,4-D removal efficiency was between 0% and 91.45%. The Taguchi design is 

considered a method with an accurate estimation rate. The controlled variables in these experiments are pH, 

initial 2,4-D concentration, TiO2 concentration and time. S/N ratios were determined using these variables and 

optimum 2,4-D removal results were obtained. 

 

Table 4. Full factorial design with Taguchi L25 (5^4) orthogonal array  

Exp. no. Factor A Factor B Factor C Factor D Response 

(%) 

S/N (dB) Mean 

Value 

1 1 1 1 1 54.67 21.86 54.67 

2 1 2 2 2 91.45 36.58 91.45 

3 1 3 3 3 77.10 30.84 77.10 

4 1 4 4 4 87.84 35.13 87.84 

5 1 5 5 5 42.85 17.14 42.85 

6 2 1 2 3 52.41 20.96 52.41 

7 2 2 3 4 71.66 28.66 71.66 

8 2 3 4 5 71.77 28.70 71.77 

9 2 4 5 1 86.26 34.50 86.26 

10 2 5 1 2 0 0 0 

11 3 1 3 4 22.14 8.85 22.14 

12 3 2 4 5 67.42 26.96 67.42 
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In sonophotocatalytic method, Taguchiôs L16 design was used and the test results are presented in Table 

5. In the experiments, the range of 2,4-D removal yield was between 42.82% and 94.20%.  

 

Table 5. Full factorial design with Taguchi L16 (4^4) orthogonal array  

Exp. no. Factor A Factor B Factor C Factor D Factor E Response 

(%) 

S/N (dB) Mean 

Value 

1 1 1 1 1 1 56.04 22.42 56.04 

2 1 2 2 2 2 81.51 32.60 81.51 

3 1 3 3 3 3 94.20 36.48 94.20 

4 1 4 4 4 4 67.25 26.90 67.25 

5 2 1 2 3 4 76.92 30.77 76.92 

6 2 2 1 4 3 76.56 30.63 76.56 

7 2 3 4 1 2 67.68 27.07 67.68 

8 2 4 3 2 1 75.17 30.07 75.17 

9 3 1 3 4 2 50.55 20.22 50.55 

10 3 2 2 3 1 34.90 13.96 34.90 

11 3 3 1 2 4 21.01 8.40 21.01 

12 3 4 4 1 3 70.47 28.19 70.47 

13 4 1 4 2 3 65.93 26.37 65.93 

14 4 2 3 1 4 54.69 21.88 54.69 

15 4 3 2 4 1 70.02 28.01 70.02 

16 4 4 1 3 2 42.82 17.13 42.82 

 

 

The desired value for the output is referred to as signal (S), while noise is expressed as (N). The S/N 

ratio, i.e. the ratio of signal to noise, is used to measure how a certain quality property deviates from the desired 

value (Sreeja & Sosamony, 2016). In this study, the aim was to determine the maximum treatment efficiency 

for 2,4-D herbicide. Therefore, ñThe larger the feature the betterò formula was applied to define the S/N ratios. 

 

                                                                                                               (2) 

                                                                           yi: characteristic property 

                                                                           n: number of experiments 

The average S/N ratio for each level of the parameters is summarized as the S/N response shown in 

Table 6. 

 

 

13 3 3 5 1 52.76 21.10 52.76 

14 3 4 1 2 0 0 0 

15 3 5 2 3 0 0 0 

16 4 1 4 5 25.83 10.33 25.83 

17 4 2 5 1 50.51 20.20 50.51 

18 4 3 1 2 0 0 0 

19 4 4 2 3 0 0 0 

20 4 5 3 4 0 0 0 

21 5 1 5 1 8.03 3.21 8.03 

22 5 2 1 2 12 4.8 12 

23 5 3 2 3 51.75 20.7 51.75 

24 5 4 3 4 23.4 9.6 23.4 

25 5 5 4 5 14.75 5.9 14.75 

Levels  Control factors  
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Table 6. S/N response table for % removal of 2,4-D in sonocatalytic method 

The optimum co  Control factors are A1, B2, C4 and D1. Using these optimal control factors:  (A) a pH 

of 2 at level 1, (B) a TiO2 concentration 0.5 g/L at level 2, (C) an initial concentration of 75 mg/L of 2,4-D at 

level 4 and (D) a time of 60 minutes at level 1, it is estimated that treatment can be carried out to achieve 100% 

removal of the herbicide. 

 

Table 7. S/N response table for % removal of 2,4-D in sonophotocatalytic method 

Levels   Control factors    

   % removal of 2,4-D    

 A B C D E    
Level 1 37.04 34.50 34.13 31.05 31.09    
Level 2 35.78 34.86 34.48 36.40 36.38    
Level 3 31.52 34.54 36.03 35.87 35.94    
Level 4 33.68 34.13 33.39 34.70 34.67    
Delta 5.52 0.73 2.64 5.35 1.87    
Rank 1 4 3 5 2    
    *Bold values shows the optimal levels for control factors  

Process parameters in the removal of 2,4-D are shown in Figures 3 and 4. As depicted in Figure 3, the 

pH concentration plays an important role in the sonocatalysis process. In the study, 5 different values of pH 

between 2 and 10 were tested. The S/N value was found to be larger at a pH value of 2 as shown in Figure 3 

and Figure 4 After this point, the S/N ratio decreases at a faster rate, which means the degradation of the 

herbicide is more efficient at lower pH value. 

Another parameter examined after pH was the TiO2 concentration. Five different TiO2 concentration 

values were tested between 0 g/L and 2 g/L as shown in Figure 3, with the catalyst concentration increasing in 

0.5 g/L steps. The degradation of 2,4-D increases with increasing concentration because, with an increasing 

amount of catalyst, more 2,4-D molecules are adsorbed onto the catalyst surface and herbicide removal in the 

area of treatment increases. 

 

  % removal of 2,4-D  

 A B C D  
Level 1 36.64 26.78 11.27 28.87  
Level 2 29.34 33.64 21.63 25.92  
Level 3 19.59 28.72 25.70 25.91  
Level 4 12.46 20.93 32.78 16.94  
Level 5 23.25 11.20 29.90 23.65  
Delta 24.18 22.44 21.51 11.93  
Rank 1 2 3 4  
 *Bold values shows the optimal levels for control factor 
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Figure 3. Effects of process parameters on S/N in the sonocatalysis process 

 

Another parameter studied was the 2,4-D initial concentration. The experiment tested the initial 

concentration of 2,4-D in the range from 10 to 100 mg/L. As seen in Figure 3, the S/N ratio decreased as the 

concentration increased, and this rate reached a maximum 2,4-D concentration of 75 mg/L. 

The last parameter examined was the treatment time. As shown in Figure 3, the study period was chosen 

from between 60 to 210 minutes and the highest yield was obtained after 60 minutes. After 60 minutes, the 

efficiency of 2,4-D removal was sharply reduced. 

Process parameters in the removal of 2,4-D are shown in Figures 3. As depicted in Figure 4, the pH 

concentration plays most important role in the sonophotocatalysis process. In the study, 4 different values of 

pH between 3 and 9 were tested. The S/N value was found to be larger at a pH value of 2 as shown in Figure 

2. 

Another parameter examined after pH was the TiO2 concentration. As shown in Figure 4, the study 

period was chosen from between 60 to 180 minutes and the highest yield was obtained after 60 minutes. After 

60 minutes, the efficiency of 2,4-D removal was reduced. 

 

 
 

Figure 4. Effects of process parameters on S/N in the sonophotocatalysis process 

 

Another parameter examined after pH was the TiO2 concentration. 4 different TiO2 concentration values 

were tested between 0 g/L and 1,5 g/L as shown in Figure 4, with the catalyst concentration increasing in 

1.5 g/L steps and after 2,4-D removal decreases.  

Another parameter studied was the 2,4-D initial concentration. The experiment tested the initial 

concentration of 2,4-D in the range from 25 to 100 mg/L. As seen in Figure 4, firstly the S/N ratio increases 

and after the 50 mg/L decreases.  

Another parameter studied was the H2O2 initial concentration. The experiment tested the initial 

concentration of 2,4-D 4 different concentration in the range from 0 to 1000 mg/L. As seen in Figure 4, 0 mg/L 

is worst point and after 0 mg/L increases sharply to 250 mg/L.  
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Figure 5. COD degradation in the sonocatalysis process 

 

The mineralization test was performed for 360 minutes and the maximum degradation efficiency for 

COD at 300 minutes was 12.92% for sonocatalysis. Soltani et al. treated the Basic Red 46 in the sonocatalysis 

and they found COD removal approximately 44%(Soltani , 2016).  

 
 

Figure 6. COD degradation in the sonophotocatalysis process 

 

The mineralization test was performed for 360 minutes and the maximum degradation yield for COD at 

300 minutes was 49.12% for sonocatalysis. Shokri in his study of Acid Red 14 treated by sonocatalysis and 

sonophotocalysis methods in 2016. The COD values found in this study were 25.4 for sonocatalysis and 55.5 

for sonophotocatalysis(Shokri, 2016). 

 

CONCLUSIONS 

The results obtained in this study proved that 2,4-D, one type of herbicide, can be removed by 

sonocatalysis and sonophotocatalysis. The optimum conditions for the treatment of 2,4-D, according to the 

Taguchi method for sonocatalysis, are A (pH) with a value of 2 at level 1, B (TiO2 concentration) with a value 

of 0.5 g/L at level 2, C (initial 2,4-D concentration) with a value of 75 mg/L at level 4 and D (time) with a 

value of 60 minutes at level 1. It shows that pH is more effective than the other experimental parameters. The 

mineralization test was performed for 360 minutes and the maximum degradation efficiency for COD at 300 

minutes was 12.92% for sonocatalysis. The optimum conditions for the treatment of 2,4-D, according to the 

Taguchi method for sonophotocatalysis, are A (pH) with a value of 2 at level 1, B (Time) with a value of 60 

minute at level 2, C (TiO2 concentration) with a value of 1 g/L at level 3, D (2,4-D concentration) with a value 
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of 50 mg/L at level 2 and  E (H2O2 concentration) with a value of 250 mg/L at level 2. The mineralization test 

was performed for 360 minutes and the maximum degradation efficiency for COD at 300 minutes was 49.12% 

for sonophotocatalysis. According to results sonophotocatalysis is more efficient than sonocatalysis. 
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ABSTRACT 

In this report, a case of well differentiated fibrosarcoma in 11 years aged Golden breed dog were 

described. According to the anamnesis, the tumor structures started from the right armpit and spread to the 

sternum. In addition, rapidly growing masses were detected in the right anterior leg over 4 months. When the 

condition was poor, total extirpation was performed and the samples were sent to the Pathology Laboratory 

of Selcuk University Faculty of Veterinary Medicine. The dimensions of the masses were 12x5x4,5 cm and 

8x7x4 cm. On macroscopic examination, the tumor was reddish in color, with a soft consistency and irregular 

borders. Cut section were grayish-whitish. Microscopic examination revealed that the spindle-shaped cells 

were atypical and formed vortex shaped. Nuclear polymorphism was prominent in tumor cells and mitotic 

figures and a few multinucleated tumor giant cells were observed. The tumor is rich in cells and necrosis was 

observed in some places. Fibrosarcoma is a common tumor in cats and dogs. The tumor can occur at any 

anatomic site. Golden and Doberman breeds have been reported to be more risky for the tumor. In this case, 

a well-differentiated fibrosarcoma case with significant cellularity was described in a Golden dog. 

Keywords: Fibrosarcoma, Golden, Well-Differentiated, Histopathology 

 

GOLDEN IRKI BIR K¥PEKTE IYI DIFERENSIYE FIBROSARKOM OLGUSU 
 

¥zet 

Bu sunumda 11 yaĸlē diĸi, Golden ērkē bir kºpekte iyi diferensiye fibrosarkom olgusu tanēmlandē. 

Anamnez bilgilerine gºre, t¿mºr yapēlarē saĵ koltuk altēndan baĸlamēĸ ve sternuma doĵru yayēlmēĸtēr. Ayrēca, 

4 aylēk s¿re­te saĵ ºn bacakta hēzla b¿y¿yen kitleler tespit edilmiĸtir. Bunun ¿zerine total ekstirpasyon 

yapēlmēĸ ve ºrnekler Sel­uk ¦niversitesi Veteriner Fak¿ltesi Patoloji Laboratuarēna gºnderilmiĸtir. Gelen 

kitlelerin ºl­¿leri 12x5x4,5 cm ve 8x7x4 cm idi. Makroskobik muayenede, sēnērlarē belirsiz, yumuĸak kēvamda 

ve kērmēzēmsē, kesit y¿zleri ise gri-beyazēmsē renkteydi. Mikroskobik incelemelerde belirgin atipik ºzelliklere 

sahip mekik ĸekilli h¿crelerin belirgin girdap ve anafor yapēlarē oluĸturduĵu dikkati ­ekti. T¿mºr h¿crelerinde 

n¿kleer polimorfizm belirgin olup, mitotik fig¿rler ve az sayēda ­ok ­ekirdekli t¿mºr dev h¿creleri gºr¿ld¿. 

T¿mºr h¿creden zengin olup yer yer nekrozlara rastlandē. Fibrosarkom kedi ve kºpeklerde yaygēn t¿mºrlerdir. 

Golden ve Doberman ērkē kºpeklerin t¿mºr i­in daha riskli ērklar olduĵu bildirilmiĸtir. Bu vakada da Golden 

ērkē yaĸlē bir kºpekte sel¿laritesi belirgin, iyi diferensiye fibrosarkom olgusu tanēmlanmēĸtēr. 

Anahtar Kelimeler: Fibrosarkom, Golden, Ķyi Differensiye, Histopathology 

 

INTRODUCTION  

Fibrosarcoma is a type of soft tissue sarcoma that begins in fibrous tissue. Although it is occur in all 

domestic species the tumor is most common in adult and aged dogs and cats. Over the last decade, 

Fibrosarcoma incidence has increased. There are no breed or sex predisposition in the cat, but in dogs, golden 

retrievers and doberman pinschers are at increased risk (Goldschmidt and Hendrick, 2002). In recent studies, 

the account of skin and subcutaneous tumors of dog was reported as 4.5% of all neoplasms of the skin and 

20.3% of malignant neoplasms (Hohenhaus et al. 2016). 

Soft-tissue sarcomas constitutes approximately 15% and 7% of all skin and subcutaneous tumors of 

dog and cat, respectively (MacEWan et al., 2001). In recent studies, the account of skin and subcutaneous 

tumors of dog was reported as 4.5% of all neoplasms of the skin and 20.3% of malignant neoplasms 

(Hohenhaus et al. 2016). Fibrosarcoma, one of the soft tissue sarcomas is classified as low to moderate 

metastatic rate (Thrall and Gilette, 1995; Enhart, 2005).  

The aim of this study is to present a well differentiated fibrosarcoma because of its rapid and wide spread 

in 11 years aged Golden dog. 
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CASE HISTORY 

According to the anamnesis, the tumor structures started from the right armpit and spread to the sternum. 

In addition, rapidly growing masses were detected in the right anterior leg over 4 months. When the condition 

was poor, total extirpation was performed and the samples were sent to the Pathology Laboratory of Selcuk 

University Faculty of Veterinary Medicine. 

Tissue samples were fixed by 10% buffered formalin solution for histopathological examination,. After 

the alcohol-xylol routine histopathology process, tissue samples were embedded in paraffin. Microtome 

sections of 4-5 microns were taken and stained with hematoxylin-eosine.  

On macroscopic examination, the dimensions of the masses were 12x5x4,5 cm and 8x7x4 cm. the tumor 

was reddish in color, with a soft consistency and irregular borders (Figure 1a). Cut section were grayish-

whitish. 

The tumor is rich in cells and necrosis was observed in some places in microscopy (Figure 1b). in many 

tumor areas, spindle-shaped cells were atypical and formed vortex shaped (Figure 1c). Nuclear polymorphism 

was prominent in tumor cells and there were many mitotic figures (Figure 1d). Few multinucleated tumor giant 

cells were observed in some microscopic areas.  

 

 
Figure 1.a) reddish tumor masses with a soft consistency and irregular borders, b) necrosis (*) and rich 

cellular formation (arrow), c) atypical spindle-shaped cells and vortex appearance, d) nuclear polymorphism 

and mitotic figures (arrows). 

 

DISCUSSION AND CONCLUSION 

Fibrosarcoma is a common tumor in cats and dogs. The tumor can occur at any anatomic site. Many 

cases of fibrosarcoma of internal organs or subcutaneous origin have been reported in dogs and other 

mammalian animals (Sonada et al. 1970; Sartin et al. 1988; Hohenhaus et al. 2016). Especially, oral/maxillar 

fibrosarcomas in dogs were more common (Martano et al. 2018). Golden breeds have been reported to be more 

risky for the tumor (Ciekot et al.1994). We detect this tumor in a golden dog and it is located subcutaneous 

tissue of right armpit to the sternum and the right anterior leg.  

Histopathology of this case were compatible with fibrosarcoma according to the previous research 

(Goldschmidt and and Hendrick, 2002; Martano et al. 2018). In this case, a well-differentiated fibrosarcoma 
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case with significant cellularity, mitosis and necrosis was described in a Golden dog. The rapid spread and 

growth of the tumor can be attributed to the age of the animal and its low immune resistance. 
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ABSTRACT 

In this report, we describe a case of osteochondromatosis in a 2,5-year-old Tekir male cat. Lameness, 

painful and irregular gait in the posterior extremities have been reported for 3 months. Radiological 

examination; swelling in the left cubuti joint and abnormal bone growth around the processus olecrani. Tissue 

samples, 0.5x0.5x1 cm in size, were sent to Sel­uk University Veterinary Faculty Pathology Laboratory. In 

macroscopic examination; the masses had a hard consistency and the cross-sectional surfaces were gray-

white. Microscopic examination; in both parts, prominent hyaline cartilage structures at the margins of the 

periosteum, calcification, and bone marrow consisting of fatty tissue and hematopoietic tissue in the the center 

of the tumor mass, and surrounding bone trabeculae were observed. According to the findings, the case was 

defined as Osteochondromatosis. Osteochondromas have been reported to develop after trauma in most 

species, and are associated with FeLV (feline leukaemia virus) infections in cats. Although FeLV relationship 

of osteochondromatosis observed in the presented case could not be investigated, it was found appropriate to 

present the case to draw attention to the relationship between FeLV and osteochondromatosis in cats. 

Keywords: Osteochondromatosis, Tekir Cat, Histopathology, Oncology 

 

TEKIR IRKI ER KEK BIR KEDIDE OSTEOKONDROMATOZIS OLGUSU  
 

¥ZET 

Bu sunumda 2,5 yaĸlē tekir ērkē erkek bir kedide osteokondromatozis olgusu tanēmlandē. Yaklaĸēk 3 ay 

ºnce arka ekstremitelerde baĸlayan topallēk ve y¿r¿y¿ĸte aĵrē ¿zerine radyolojik muayenesi yapēlan kedinin 

sol cubuti ekleminde ĸiĸkinlik ve processus olecrani civarēnda anormal kemik ¿remelerinin gºr¿lmesi ¿zerine, 

bºlgeden alēnan 0.5x0.5x1 cm b¿y¿kl¿ĵ¿nde doku ºrneĵi Sel­uk ¦niversitesi Veteriner Fak¿ltesi Patoloji 

Laboratuvarēna gºnderilmiĸtir. Makroskobik incelemede; kitlelerin sert kēvamda, kesit y¿zlerinin ise gri-beyaz 

renkte olduĵu gºr¿lm¿ĸt¿r. Mikroskobik incelemelerde; her iki par­ada da, periosta yakēn kenar bºlgelerde 

belirgin hiyalini kēkērdak yapēlarē, yer yer kire­lenme alanlarē ile t¿mºr¿n merkezine yakēn kēsēmlarda ortada 

yaĵ doku ve hematopoietik dokudan oluĸan belirgin kemik iliĵi ve ­evresinde kemik trabek¿lleri gºzlendi. Elde 

edilen bulgular doĵrultusunda vaka, Osteokondromatozis olarak tanēmlandē. Osteokondromlarēn ­oĵu t¿rde 

travma sonrasēnda geliĸtiĵi, kedilerde ise daha ­ok FeLV (feline leukaemia virus) enfeksiyonlarē ile iliĸkili 

olduĵu bildirilmektedir. Sunulan vakada gºzlemlenen Osteokondromatozis olgusunun FeLV iliĸkisi ¿zerine 

araĸtērma yapēlamamēĸ olmakla birlikte, kedilerde FeLV ve osteokondromatozis iliĸkisine dikkat ­ekmek i­in 

vakanēn sunulmasē uygun bulunmuĸtur. 

Anahtar Kelimeler: Osteokondromatozis, Tekir Kedi, Histopatoloji, Onkoloji 

 

INTRODUCTION  

Osteochondroma is known as the most common benign bone tumor which occurs as a cartilage-capped 

bony projection on the outer surface of the bone. It includes a continuous marrow cavity with the underlying 

bone (Bov®e and Hogendoorn, 2002; Khurana et al. 2002; Kitsolis et al, 2008). Solitary and multiple forms of 

osteochondromas have been reported in the cats. Solitary osteochondroma is rare and mainly seen in mature 

cats. It occurs only on the axial skeleton. There hasnôt been found a relationship with the feline leukemia virus 

in solitary osteochondroma. Osteochondromatosis (multiple osteochondromas) are more common in the cat 

and known as multiple cartilaginous exostoses (Turrel and Pool, 1982).  

In this report, we describe a case of osteochondromatosis in a 2,5-year-old Tekir male cat.  

 

MATERIAL AND METHOD  

Study material was a tissue sample submitted to our laboratory (Sel­uk University, Faculty of Veterinary 

Medicine, Department of Pathology).  In case history, lameness, painful and irregular gait in the posterior 

extremities have been reported for 3 months in this 2.5-year-old Tekir male cat. Swelling in the left cubuti 

joint and abnormal bone growth around the processus olecrani were reported in radiological examination. 
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For histopathological examination, tissue samples were fixed by 10% buffered formalin solution, after 

the routine histopathology process (alcohol-xylol), tissue samples were embedded in paraffin. Microtome 

sections of 4-5 microns were taken and stained with hematoxylin-eosine.  

 

RESULTS 

Grossly; tissue sample were 0.5x0.5x1 cm in size and had a hard consistency. The cut-sectional surfaces 

were gray-white. 

In microscopic examination; in both parts, prominent hyaline cartilage structures at the margins of the 

periosteum (Figure 1a and b), calcification, and bone marrow consisting (Figure 1c) of fatty tissue and 

hematopoietic tissue in the center of the tumor mass, and surrounding bone trabeculae (Figure 1d) were 

observed.  

 
Figure 1.  a) prominent hyaline cartilage structures at the margins of the periosteum, b) large magnification 

of hyaline cartilage (arrow), c) bone marrow with fatty and hematopoietic tissue (arrow) Figure 1c), d) 

compact bone tissue. 

 

DISCUSSION 

Feline osteochondromatosis is a disease that accounts for 20% of primary bone tumors in cats and has a 

poor prognosis (Cullen, 2002; Levitin et al., 2003; Nolff et al., 2014). Osteochondromas have been reported to 

develop after trauma in most species, and are associated with FeLV (feline leukaemia virus) infections in cats. 

The tumor occurs in animals 1.3-8 years of age in cats (Turrel and Pool, 1982; Rosa and Kirberger, 2012). In 

our case, the cat is 2,5-year-old. 

Osteochondromas generally arise in the perichondrium of flat bones and the number and size of the 

masses that develop after skeletal maturation increase with the aging of the cat. Multiple osteocartilaginous 

outgrowths were seen at sternum, scapulae, ribs, pelvis and vertebrae (Nolff et al., 2014). 

There were prominent hyaline cartilage structures at the margins of the periosteum, calcification, and 

bone marrow consisting of fatty tissue and hematopoietic tissue in the the center of the tumor mass, and 

surrounding bone trabeculae in histopathologic examination. According to the references, gross and 

histopathologic examination of osteochondroma were shown that the lesions covered by a cap of cartilage and 
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bone and there are bony trabeculae in underlying mass comprises (Turrel and Pool, 1982; Levitin et al, 2003; 

Kitsolis et al, 2008).  

Although FeLV relationship of osteochondromatosis observed in the presented case could not be 

investigated, it was found appropriate to present the case to draw attention to the relationship between FeLV 

and osteochondromatosis in cats. 
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ABSTRACT: 

This study was carried out in 2018 in the trial parcels of Akoren Ali Rēza Ercan Vocational School. The 

study was planned as a randomized block design with 4 replications, weeds were collected and dried at 3 

different times with an interval of 20 days. The most common weeds were identified in the region. The 

experiment was planned with and without microbial fertilizer and 3 different phosphorus (0, 2, 4 kg / da) doses 

were used. In this study, a total of 19679.15 g of green herba weeds were obtained. 11935.45 g of weeds were 

obtained from the parcels where microbial fertilizer was applied. There was 7743.7 g of weed from the parcels 

without microbial fertilizer application. It was observed that microbial fertilization increased the amount of 

weeds in the field. 

Keywords: Microbial Fertilizer, Weed, Phosphorus 

 

EFFET DE LA FERTILISATION MICROBIENNE SUR LA QUANTIT£ DE MAUVAISE 

HERBE 
 

ABSTRAIT 

Cette ®tude a ®t® r®alis®e en 2018 dans les parcelles exp®rimentales de l'®cole professionnelle Akoren 

Ali Rēza Ercan. L'®tude ®tait planifi®es sous forme de bloc randomis® avec 4 r®p®titions, les plantes adventices 

ont ®t® collect®es et s®ch®es ¨ 3 reprises avec un intervalle de 20 jours. Tout au long de leur p®riode v®g®tative 

les plantes adventices les plus courantes de la r®gion ont ®t® identifi®es. L'exp®rience ®tait planifi®e avec et 

sans engrais microbien et 3 diff®rentes doses de phosphore (0, 2,4 kg / da) ont ®t® appliqu®es. Dans cette 

®tude, un total de 19679,15 g de plantes adventices vertes a ®t® obtenu. 11935,45 g de plantes adventices ont 

®t® obtenus dans les parcelles o½ de l'engrais microbien a ®t® appliqu®. Il y avait 7743,7 g de plantes adventices 

provenant des parcelles sans application d'engrais microbien. Il a ®t® observ® que la fertilisation microbienne 

augmentait la quantit® de plantes adventices dans le champ.  

Mots cl®s: Engrais Microbien, Plantes adventices, Phosphore 

 

INTRODUCTION  

Une plante adventice qualifie une plante herbac®e ou une plante ligneuse ind®sirable ¨ l'endroit o½ elle 

se trouve. En g®n®ral les plantes adventices sont des plantes ¨ croissance spontan®e dans une zone non agricole. 

Selon leur morphologie, il existe des  plantes adventices ¨ feuillage ®troit et ¨ feuilles larges. En fonction de 

leur cycle de vie, elles sont class®es en plantes annuelles ou p®rennes. 

Afin d'®liminer ou au moins d'att®nuer les dommages caus®s par les plantes adventices, la lutte contre 

ces plantes dans les zones agricoles se fait de plus en plus important, entra´nant de lourdes pertes de main-

d'îuvre et financi¯res. Par cons®quent, de nouvelles m®thodes sont d®velopp®es au jour le jour afin de 

d®terminer le moment id®al du contr¹le des plantes adventices et de r®duire les co¾ts au minimum (Malaslē, 

2010). Des facteurs biologiques et ®cologiques  jouent un r¹le important dans la s®lection du contr¹le des 

plantes adventices. Du coup, il est plus important de d®terminer les points critiques qui peuvent aider au 

contr¹le de ces plantes en examinant la biologie et l'®cologie de ces derni¯res. Bien qu'une seule m®thode soit 

suffisante pour lutter contre une plante adventice  d®termin®e, elle peut ne pas l'°tre contre dôautres. (G¿ncan, 

1982) les plantes adventices et les plantes cultiv®es  rivalisent dans la prise de certains ®l®ments de croissance 

tels que: eau, nutriments et lumi¯re, ce qui entra´ne un retard de croissance des plantes cultiv®es et une 

diminution de leur qualit® et la quantit® de leur production (G¿ncan, 1993). 

Lorsque l'on compare les pertes de r®coltes caus®es par divers facteurs, on observe que les pertes caus®es 

par les plantes adventices sont plus importantes.  En plus, les effets n®fastes caus®s par les plantes adventices 

sont sup®rieurs ¨ ceux caus®es par d'autres facteurs. En effet les pertes de r®coltes caus®es par les insectes 

nuisibles et des maladies d®pendent des conditions ®cologiques, alors que celles caus®es par les plantes 

adventices tant pendant des ann®es pluvieuses que s¯ches sont tr¯s ®lev®es (¥zer, 1993). Les engrais 

microbiens sont des produits contenant des microorganismes vivants qui jouent un r¹le important dans la 

https://www.aquaportail.com/definition-7863-herbacee.html
https://www.aquaportail.com/definition-874-ligneuse.html
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fourniture des substances nutritives n®cessaires au d®veloppement des plantes, augmentant le b®n®fice en 

®l®ments nutritifs pour les plantes et / ou en corrigeant les sols (Anonyme, 2018). 

Comme alternative ¨ la fertilisation au phosphore, ils existent certains microorganismes pr®sents dans 

le sol qui ont la capacit® de dissoudre le phosphore afin de le rendre assimilable par la plante, des tels 

microorganismes peuvent °tre produits ¨ l'®tat pur et inocul®s dans des milieux de culture de plantes afin de 

r®pondre ¨ la nutrition en phosphore en dissolvant le phosphore insoluble du sol. L'inoculation des 

microorganismes capables de dissoudre le phosphore est une m®thode moins co¾teuse et moins risqu®e pour 

l'environnement par rapport ¨ l'ajout d'engrais phosphor®. Ces micro-organismes peuvent °tre facilement 

utilis®s, en particulier en agriculture organique, car ils sont consid®r®s comme des micro-organismes qui 

favorisent la croissance des plantes. Cependant, ces microorganismes capables de dissoudre le phosphore ne 

sont pas seulement utilis®s dans l'agriculture organique, mais peuvent ®galement °tre utilis®s dans dôautres 

cultures (Tulukcu et Dan Baba 2019). 

Les plantes adventices sont g®n®ralement consid®r®es comme des plantes auxquelles il faut s'attaquer. 

Cependant, la pr®sence de ces herbes est importante pour montrer la vitalit® des sols. La richesse du sol en 

substances organiques et inorganiques augmente la diversit® de ces herbes. Mais ces plantes adventices croient 

et se r®pandent principalement dans des zones arides et dans des sols pauvres. Selon la diversit® dôesp¯ces des 

plantes adventices pr®sentent dans une zone agricole, on d®termine si elle est riche ou pauvre en mati¯res 

min®rales. Les plantes adventices r®agissent rapidement aux changements dus aux conditions  dôune zone 

cultiv®e. 

Dans cette ®tude, on a d®termin® les effets de la fertilisation microbienne (bact®ries dissolvant le 

phosphore)  et diff®rentes doses de phosphore  sur l'apparition et la germination des plantes adventices dans le 

sol. 

 

MATERIEL ET METHODE  

Les recherches du terrain ont ®t® men®es sur le site exp®rimental de l'®cole professionnelle dôAkºren 

Ali Rēza Ercan dans les conditions ®cologiques de Konya. Le terrain a ®t® labour®  premi¯rement en mars 2018 

et apr¯s en avril de la m°me ann®e. Au d®but du mois de juin, le terrain a ®t® pr®par® ¨ nouveau, des travaux 

tels que le nivelage et lotissement des parcelles ont ®t® effectu®s. 5 kg / ha d'azote pur ont ®t® appliqu®s dans 

lôensemble des parcelles. 

Le 4 juin, les cultures de microorganismes obtenues des laboratoires de l'®cole professionnelle de ¢umra 

de l'universit® de Sel­uk ont ®t® inocul®es avec de lôeau dans toutes les parcelles ¨ parts ®gales. Lô®tude a ®t® 

planifi®e dans la conception dôexp®rience sur blocs randomis®s avec 4 r®p®titions. Toute la zone exp®rimentale 

a ®t® irrigu®e uniform®ment, le surplus dôeau utilis®e pour les parcelles pendant la fertilisation microbienne a 

®t® corrig®. Apres aucune irrigation n'a ®t® faite tout au long du cycle v®g®tatif des plantes.  

Les parcelles sont divis®es en deux groupes, les parcelles avec et sans fertilisation microbienne; trois 

doses de phosphore (0, 2, 4 kg / da) ont ®t® appliqu®es dans chaque groupe. Une premi¯re apparition 

remarquable des plantes adventices a ®t® observ®e le 29 juin dans toutes les parcelles. Elles ont ®t® collect®es 

¨ 3 reprises avec 20 jours d'intervalle environs et sont s®ch®s sur des tables basses ¨ l'ombre. Apres chaque 

collecte la biomasse verte des plantes adventices de chaque parcelle a ®t® pes®e, ensuite un deuxi¯me pesage 

est fait apr¯s le s®chage. 

 

R£SULTATS ET DISCUSSION 

Lô®tude a ®t® men®e en 2018 dans les parcelles exp®rimentales de lô®cole professionnelle dôAkºren Ali 

Rēza Ercan. Cette recherche a ®t® effectu®e dans lôobjectif  de d®terminer l'effet de la fertilisation microbienne  

sur la masse de plantes adventices.  

Dans cette ®tude, 14 esp¯ces diff®rentes de plantes adventices ont ®t® identifi®es dans la zone 

exp®rimentale, les esp¯ces les plus communes ®taient Sinapis arvensis, Cheponodium album et Amaranthus 

retroflexus. Il nôest pas sans savoir que ces esp¯ces sont les plus courantes de la r®gion de Konya, en particulier 

dans le district de ¢umra, dans les champs des plantes cultiv®es telles que le bl® et la betterave ¨ sucre (Ko­ak 

et Tulukcu, 2018). 

Les plantes adventices les plus courantes dans notre pays serait, Papaver rhoeas L. (pavot), Galium 

aparine L. (adventice collante), Lactuca serriola L. (laitue sauvage), Sonchus arvensis L. (laitue de campagne), 

Cirsium arvense (village migrateur), Capsella bursa-pastoris (L.) Med. (bourse du berger), Centaurea cyanus 

L. (m®tamorphose), Urtica urens L. (petite ortie), Amaranthus retroflexus (coq), Convolvulus arvensis (lierre 

terrestre), Lamium amplexicaule L. (Eph®m®ride), Equisetum arvense L. (Eph®m®ride), Sinapis arvensis L. 

((moutarde sauvage), Cheponodium album (pied de biche), Ranunculus arvensis L. (renoncule), Solanum 
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nigrum L. ((cassis), Avena sativa (folle avoine), Echinochloa crus-galli (Narrower), Atriplex hastata L. 

(carapace), Rumex acetosella L.( petite oreille d'agneau) ve Thlaspi arvense L. (®rable des pr®s) (G¿rsoy 1987). 

 

Tableau 1. Masses (g) de plantes adventices verte et s¯ches collect®es ¨ 3 reprises dans les parcelles 

avec et sans fertilisation microbienne  et a diff®rentes doses de phosphore. 

 Premi¯re Collecte Deuxi¯me Collecte Troisi¯me Collecte  

 
Mati¯re verte (g) Mati¯re S¯che (g) 

Mati¯re 

verte (g) 

Mati¯re 

S¯che (g) 

Mati¯re 

verte (g) 

Mati¯re S¯che 

(g) 

1 100 23 55 15 17 11 

2 32 9 77 20 8 7 

3 69 14 195 44 8 7 

4 216 40 584 107 35 20 

5 49 11 585 35 28 17 

6 22 6 586 44 7 6 

7 43 12 587 60 82 35 

8 164 28 729 109 118 47 

9 71 16 589 68 56 30 

10 38 10 590 56 63 35 

11 79 14 768,3 78 191 49 

12 82 17 592 94 187 63 

13 88 14 919 109 237 112 

14 108 17 802 82 144 72 

15 199 24 863 101 289 90 

16 106 21 596 71 194 62 

17 149 28 597 71 172 65 

18 100 19 598 107 71 32 

19 105 21 599 102 75 24 

20 192 39 600 62 107 41 

21 243 41 601 125 215 61 

22 214 39 602 98 32 13 

23 312 41 814 155 81 32 

24 301 59 604 83 48 18 

Total 3082 563 14132 1895 2465 948,97 

 

Les r®sultats des masses des mati¯res vertes et s¯ches de plantes adventices dans les parcelles trait®es et 

non trait®es ¨ diff®rentes doses de phosphore sont pr®sent®s dans le tableau 1. Les masses totales de plantes 

adventices collect®es ¨ trois reprises sont donn®es dans le tableau 2. On obverse dans le tableau 1  que la plus 

grande et la plus petite masse verte  de plantes adventices  varient entre 14132 g obtenue pendant la deuxi¯me 

collecte et 2465 g obtenue lors de la troisi¯me. En ce qui concerne la masse s¯che, le r®sultat le plus ®lev® a 

®t® obtenu pendant la deuxi¯me collecte (1895 g) et le plus petit a la premi¯re 563 g. Si on observe le tableau 

1, on constate la perte dôeau la plus importante lors du s®chage de la deuxi¯me collecte avec 86% de perte, 

suivi de la premi¯re avec 82% et de la troisi¯me avec 62%. Selon ces r®sultats, la meilleure p®riode de s®chage 

®tait la deuxi¯me p®riode de collecte, qui correspond au mois de juillet. On pourrait conclure que dans la r®gion 

de Konya le temps de s®chage devrait °tre ®largi pour des collectes ult®rieures ¨ cette p®riode. 

Comme la montre le tableau 2, la masse totale d'herbe ®tait de 19679,15 g. 67% de cette masse 11935,45 

g proviennent des parcelles avec fertilisation microbienne  et 33% de la masse 7743,7 g des parcelles non 

appliqu®es.  
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Tableau 2: Masses (g) et pourcentages de plantes adventices verte et s¯ches collect®es ¨ 3 reprises dans 

des parcelles avec et sans fertilisation microbienne  et a diff®rentes doses de phosphore 

 Masse totale de 

plantes adventices (g) 

Avec Application 

Microbien (g) 

Sans Application 

Microbien (g) 

Pourcentage 

(%) 

Premi¯re Collecte  3081,83 1979,53 1102,3 0,64 

Deuxi¯me Collecte 14132,27 8299,97 5832,3 0,59 

Troisi¯me Collecte 2465,05 1655,95 809,1 0,67 

Totales 19679,15 11935,45 7743,7 0,61 

 

Tableau 3 Les masses moyennes (g) de plantes adventices vertes et s¯ches collect®es ¨ 3 reprises dans 

des parcelles avec et sans fertilisation microbienne et a diff®rentes doses de phosphore 

 

Premi¯re Collecte Deuxi¯me Collecte Troisi¯me Collecte 

Mati¯re verte (g) Mati¯re S¯che (g) 
Mati¯re 

verte (g) 

Mati¯re 

S¯che (g) 

Mati¯re 

verte (g) 

Mati¯re 

S¯che (g) 

0 72,25 17,05 457,00 52,00 102,28 32,10 

APM 0 151,00 34,01 594,50 119,44 106,04 49,00 

2 111,75 24,00 464,25 57,75 48,50 22,5 

APM 2 158,00 34,13 595,50 94,71 152,59 53,76 

4 87,00 18,50 492,50 49,25 51,50 25,00 

APM 4 127,50 25,49 596,50 134,33 155,36 54,89 

Moyenne 707,50 153,18 3200,25 507,47 616,26 237,24 

0 72,25 17,05 457,00 52,00 102,28 32,10 

2 111,75 24,00 464,25 57,75 48,50 22,50 

4 87,00 18,50 492,50 49,25 51,50 25,00 

Moyenne 90,33 19,85 471,25 53,00 67,43 26,53 

APM 0  151,00 34,01 594,50 119,44 106,04 49,00 

APM 2 158,00 34,13 595,50 94,71 152,59 53,76 

APM 4 127,50 25,49 596,50 134,33 155,36 54,89 

Moyenne 145,50 31,21 595,50 116,16 138,00 52,55 

¶ APM: Application Microbienne  

 

Le tableau 3 montre les r®sultats et les valeurs moyennes des masses vertes et s¯ches de plantes 

adventices collect®es ¨ 3 reprises dans les parcelles avec et sans la fertilisation microbienne et a diff®rentes 

doses de phosphore. Comme on peut lôobserver dans le tableau 3, la plus grande masse de plantes adventices 

dans toutes les applications ®tait dans la deuxi¯me collecte (3200,25 g), suivie de la premi¯re  (707,50 g) et de 

la troisi¯me (616,26 g). On a obtenu la plus grande masse de plantes adventices fra´ches: 906,09 g avec 

lôapplication d'engrais microbien et ¨ la dose phosphore de 2 kg / ha. Pour toutes les doses de phosphore les  

masses moyennes des plantes adventices des parcelles avec l'application d'engrais microbien sont sup®rieures 

 ̈celles des parcelles non appliqu®es. La moyenne la plus ®lev®e des plantes adventices a ®t® obtenue lors de 

la deuxi¯me moyenne collecte (595,50 g - 471,25 g). De toutes les collectes, le temps de s®chage des plantes 

adventices le plus efficace en perte d'eau  ®tait lors de la deuxi¯me p®riode de collecte en juillet (tableau 3). 
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Tableau 4 Les masses moyennes (g) de plantes adventices vertes et s¯ches collect®es ¨ 3 reprises dans 

des parcelles avec fertilisation microbienne  et ¨ diff®rentes doses de phosphore. 

 Premi¯re Collecte Deuxi¯me Collecte Troisi¯me Collecte 

Mati¯re verte (g) Mati¯re S¯che (g) 
Mati¯re 

verte (g)) 

Mati¯re 

S¯che (g) 

Mati¯re 

verte (g) 

Mati¯re 

S¯che (g) 

1 216,00 40,00 584,00 107,00 35,00 20,00 

2 163,68 28,00 729,12 109,12 117,8 47,12 

3 82,00 17,00 592,00 94,00 187,00 63,00 

4 88,35 14,00 919,15 108,5 237,15 111,6 

5 108,00 17,00 801,90 82,00 144,45 71,55 

6 198,65 24,00 862,75 100,70 288,55 89,90 

7 149,00 28,00 597,00 71,00 172,00 65,00 

8 100,00 19,00 598,00 107,00 71,00 32,00 

9 105,00 21,00 599,00 102,00 75,00 24,00 

10 243,00 41,00 601,00 125,00 215,00 61,00 

11 214,00 39,00 602,00 98,00 32,00 13,00 

12 311,85 41,00 814,05 155,25 81,00 32,40 

Totale 1979,53 329,00 8299,97 1259,57 1655,95 630,57 

 

Le tableau 5 montre les r®sultats et les valeurs moyennes de plantes adventices vertes et s¯ches collect®es 

¨ 3 reprises dans des parcelles avec et sans fertilisation microbienne sans aucune doses de phosphore. Comme 

le montre le tableau 5, un total de 6767,25 g de plantes adventices a ®t® obtenu dans les parcelles sans 

application de phosphore. 4055,55 g d'herbe fra´che ont ®t® collect®s dans les parcelles avec application 

d'engrais microbien et 2711,7 g dans les parcelles appliqu®es. Dans cette ®tude, la masse moyenne obtenue  de 

plantes adventices  dans les parcelles avec application d'engrais microbien repr®sentait environ 60% de la 

masse totale obtenue sur le terrain exp®rimental. Selon cette ®tude, il a ®t® constat® que l'application d'engrais 

microbien augmentait la masse de plantes adventices de 67% par rapport ¨ d'autres non trait®s. 

 

Tableau 5 Les masses totales (g) et pourcentages de plantes adventices vertes collect®es ¨ 3 reprises 

dans des parcelles avec et sans fertilisation microbienne  et sans doses de phosphore (0 doz) 

 Total (0) doz SAPM (g) APM (g) APM /TL (%)  

1. P®

riode 
1013,50 297,30 716,20 

70,66 

2. P®

riode 
4920,50 2005,30 2915,20 

59,24 

3. P®

riode 
833,25 409,10 424,15 

50,901 

Totale 6767,25 2711,70 4055,55 59,92  

¶ APM: Application Microbienne 

¶ SAPM: Sans Application Microbienne  

 

RECOMMANDATIONS:  

En 2018, la recherche a ®t® effectu®e dans lôobjectif de d®terminer l'effet de l'application de fertilisation 

microbienne sur la germination, l'®mergence et le d®veloppement de graines de plantes adventices dans le sol 

de l'®cole professionnelle Akºren Ali Rēza Ercan. Dans cette ®tude, les trois esp¯ces de plantes adventices les 

plus courantes sur le terrain ®taient Sinapis arvensis, Cheponodium album ve Amaranthus retroflexus. 

Il a ®t® constat® que la fertilisation microbienne augmentait la germination et la croissance des plantes 

adventices sur le terrain exp®rimental avec un effet positif durant toute la p®riode v®g®tative. La fertilisation 

microbienne a d®montr® la pr®sence des diff®rents grains de  semences de plantes adventices dans la zone 

exp®rimentale. Quarante jours apr¯s lôapplication dôengrais microbiens, on a constat® quôils avaient un effet 

plus positif sur lô®mergence et le d®veloppement des graines de plantes adventices dans le sol. 

Les plantes adventices sont g®n®ralement consid®r®es comme des plantes auxquelles il faut s'attaquer. 

Cependant, la pr®sence de ces herbes est importante pour montrer la vitalit® des sols. La richesse du sol en 

substances organiques et inorganiques augmente la diversit® de ces herbes. Mais ces plantes adventices croient 

et se r®pandent principalement dans des zones arides et dans des sols pauvres. Selon la diversit® dôesp¯ces des 
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plantes adventices pr®sentent dans une zone agricole, on d®termine si elle est riche ou pauvre en mati¯res 

min®rales. Les plantes adventices r®agissent rapidement aux changements dus aux conditions  dôune zone 

cultiv®e. 

Les engrais microbiens sont devenus plus importants pour accro´tre les techniques de production sans 

impact environnemental. Les effets des engrais microbiens sur la productivit® des cultures utilis®es dans la 

production agricole doivent °tre ®tudi®s, ainsi que leur relation avec d'autres facteurs environnementaux. En 

cons®quence, ces ®tudes doivent °tre approfond´tes. 

 

REFERENCE 

Anonim 2018. R¯glement sur les engrais organiques, min®raux et microbiens utilis®s en agriculture. 

Journal officiel n 30341. Ankara 

Guncan, A., 1982, recherche sur la biologie de la germination de certaines graines de mauvaises herbes 

m®lang®es avec du bl® dans la r®gion d'Erzurum. Atat¿rk Univ. Maison d'®dition, 70, Erzurum 

Chroniques, A., 1993, le contr¹le des mauvaises herbes de la Turquie dans la betterave ¨ sucre. Turquie 

1. Congr¯s Herbology, p. 227 - 231, Adana 

Gursoy O.V. 1987. Principes de base de la lutte contre les mauvaises herbes et sa place dans la culture 

de la betterave ¨ sucre. Institut du sucre, Etimesgut, Ankara, page 29. 

Kocak R., Tulukcu E. 2018. Probl¯me de mauvaises herbes dans la production de betterave ¨ sucre ¨ 

Cumra. Conf®rence internationale sur l'agriculture, la foresterie, l'alimentation, les sciences et technologies 

v®t®rinaires (ICAFOF-2018, Cesme-Izmir / Turquie.). 

Malaslē, Z.M., 2010, D®termination des m®thodes de lutte contre les mauvaises herbes et des activit®s 

d'application dans les zones de production de betterave ¨ sucre. M®moire de ma´trise, Universit® Harran, 

Institut des sciences et de la technologie, Sanliurfa. 

Tulukcu E., Dan Baba T, K,. 2019. Effet de la fertilisation microbienne et des doses de phosphore sur 

la teneur en chlorophylle du s®same (Sesamum indicum L.). Num®ro 16, pages 374-381 

Ozer, Z., 1993, Why Weed Science. 1. Congr¯s d'herbologie, p. 1-7, Adana 

  



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

116 

EFFECT OF MICROBIAL FERTILIZATION AND DIFFERENT PHOSPHORUS 
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ABSTRACT: 

This research was conducted with the objective of determining the effect of microbial fertilization and 

different phosphorus doses on macronutrient content in the sesame plant (Sesamum indicum L.). The study 

was conducted in 2018 in the experimental plots of Akºren Ali Rēza Ercan vocational school. The study was 

planned in randomized block design with 4 repetitions. Before harvest, samples were taken from each plot and 

their percentages of nitrogen, phosphorus and potassium were determined. The results of the average 

percentages of nitrogen, phosphorus and potassium of the plants cultivated in the plots with the microbial 

application are respectively 0.97%, 0.45% and 2.16%. And the average percentages of nitrogen, phosphorus 

and potassium of the plants grown in the plots without microbial application are respectively 0.93%, 0.44% 

and 2.14%. Average amounts of nitrogen, phosphorus and potassium were higher in microbial fertilization 

plots than in unapplied plots. In addition, the percentages of nitrogen, phosphorus and potassium in the sesame 

plant varied according to the phosphorus doses applied. This study demonstrated that microbial fertilization 

has a positive effect on nitrogen, phosphorus and potassium content. 

Keywords: Semi-arid, Phosphorus, Sesame 

 

EFFET DE LA FERTILISATION MICROBIENNE ET DIFF£RENTES DOSES DE  

PHOSPHORE SUR LE CONTENU DES MACRO £L£MENTS (NPK)  DANS LA PLANTE 

DE SESAME (Sesamum indicum L.) 
 

ABSTRAIT 

Cette recherche a ®t® effectu®e dans lôobjectif de d®terminer l'effet de la fertilisation microbienne et de 

diff®rentes doses de phosphore sur le contenu en macronutriments dans la plante de s®same (Sesamum indicum 

L.). Lô®tude a ®t® men®e en 2018 dans les parcelles exp®rimentales de lô®cole professionnelle dôAkºren Ali 

Rēza Ercan. Elle a ®t® planifi®e dans la conception dôexp®rience sur blocs randomis®s avec 4 r®p®titions. Avant 

la r®colte, les ®chantillons ont ®t® pr®lev®s dans chaque parcelle et leurs pourcentages d'azote, de phosphore 

et de potassium ont ®t® d®termin®s. Les r®sultats des  pourcentages  moyens dôazote, de phosphore et de 

potassium des plantes cultiv®es dans les parcelles avec  lôapplication microbienne sont respectivement les 

suivants  0,97%, 0,45% et  2,16%. Et les pourcentages  moyens dôazote, de phosphore et de potassium  des 

plantes cultiv®es dans les parcelles sans application microbienne sont  respectivement les suivants 0,93%, 

0,44% et 2,14%. Les quantit®s moyennes d'azote, de phosphore et de potassium ®taient plus ®lev®es dans les 

parcelles avec fertilisation microbienne que dans les parcelles non appliqu®es. En plus, les pourcentages 

d'azote, de phosphore et de potassium dans les plantes de s®same ont vari®s selon  les doses de phosphore 

appliqu®es. Cette ®tude a d®montr® que la fertilisation microbienne a un effet positif sur la teneur en azote, en 

phosphore et en potassium. 

Mots-cl®s: Semi-aride, Phosphore, S®same 

 

INTRODUCTION  

Malgr® une importance ind®niable dans le cycle du vivant, lôapprovisionnement en P ¨ partir du milieu 

reste toutefois une contrainte majeure pour de nombreux organismes vivants du sol, en particulier pour les 

plantes. Ceci est d¾ au fait que seuls les ions orthophosphates (H2PO4
- et HPO4

2-) not®s Phosphore inorganique  

peuvent °tre absorb®s par les °tres vivants. Ainsi, quelle que soit la richesse en P total dôun sol, seule une 

infime fraction de ce P est disponible pour les organismes vivants lors de leur cycle de d®veloppement. Ce P 

disponible est soit dans la solution du sol avec des concentrations tr¯s faibles en ions orthophosphates libres 

(de 0,1 ̈  10 ÕM) (Hinsinger, 2001), soit sous des formes de P qui vont pouvoir alimenter rapidement le pool 

de Phosphore inorganique  de la solution du sol. De nombreux processus gouvernent la lib®ration de Phosphore 

inorganique  vers la solution du sol comme la sorption ou lôimmobilisation de P, mais ®galement les 
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interactions avec les cations et la mati¯re organique. Tous ces processus limitent drastiquement la disponibilit® 

et la mobilit® de Phosphore inorganique  comparativement ¨ dôautres ®l®ments nutritifs comme lôazote (N) et 

le potassium (K). Ainsi, les mod¯les de nutrition ont identifi® tr¯s t¹t que la vitesse de diffusion des ions 

orthophosphates est le facteur limitant majeur de lôacquisition de P par les v®g®taux (Barber, 1995 ; Fardeau, 

1993). Or, les plantes, en interagissant avec les microorganismes du sol, peuvent largement modifier 

lôenvironnement au voisinage des racines, c'est- -̈ dire la rhizosph¯re qui est une zone ç bio-influenc®e è par 

la plante, ¨ la base du concept de ç biodisponibilit® è (Harmsen, 2007). La biodisponibilit® du P dans le sol 

peut ainsi varier consid®rablement dôune esp¯ce v®g®tale ¨ lôautre selon ses capacit®s ¨ modifier elle-m°me la 

disponibilit® de Phosphore inorganique  ou via les organismes naturellement pr®sents dans sa rhizosph¯re. 

Plusieurs ®tudes ont montr® que les racines ®mettent diff®rents compos®s carbon®s et diff®rents signaux 

chimiques dans leur rhizosph¯re qui attirent s®lectivement des populations microbiennes capables de 

m®taboliser ces mol®cules et qui se multiplient pr®f®rentiellement dans la rhizosph¯re (e.g. (Drogue et al. 

2012)). Ces communaut®s microbiennes associ®es aux racines formant le ç rhizomicrobiome è (Chaparro et 

al. 2013) ont une composition diff®rente de celle du sol non colonis® par les racines. Des ®tudes ont ®galement 

montr® que la composition des exsudats racinaires peut changer le long du syst¯me racinaire (Berg et Smalla, 

2009), ce qui expliquerait pourquoi le rhizo-microbiome est modifi® par le stade de d®veloppement de la plante. 

Parmi les populations microbiennes du rhizomicrobiome, les bact®ries dites promotrices de la croissance des 

plantes (PGPR pour çPlant Growth Promoting Rhizobacteria è) sont largement repr®sent®es. Ces populations 

bact®riennes PGPR forment une ç symbiose associative è (Drogue et al. 2012) et doivent °tre tr¯s comp®titives 

pour coloniser la zone racinaire. Une fois la colonisation ®tablie, les bact®ries PGPR peuvent stimuler la 

croissance de la plante ¨ travers divers m®canismes. On peut notamment distinguer les m®canismes indirects 

comme la production de phytohormones ou de r®gulateurs de croissance (Dodd et al., 2010) ou la capacit® des 

bact®ries ¨ modifier lô®quilibre hormonal de la plante (Vacheron et al., 2013). Lôensemble de ces propri®t®s 

conduisent finalement ¨ une augmentation de la croissance racinaire et donc ¨ une meilleure prospection du 

sol par les racines. Les bact®ries PGPR peuvent aussi modifier directement la disponibilit® en P par la 

production dôanions organiques ou dôenzymes et finalement lôabsorption de P par la plante (Richardson et al. 

2009). 

Outre leurs effets sur la dissolution/pr®cipitation de des min®raux phosphat®s, les variations de pH dans 

la rhizosph¯re engendr®es par les racines ou les micro-organismes peuvent fortement modifier le potentiel 

dôadsorption des min®raux, et donc la disponibilit® de Phosphore inorganique (Geelhoed et al. 1999), 

conduisant finalement ¨ la lib®ration de Phosphore inorganique au profit de compartiments plus disponibles 

pour la plante. Devau et al. (2010) ont d®velopp® une approche de mod®lisation m®caniste qui a r®v®l® que 

l'augmentation du pH dans la rhizosph¯re de bl® dur a ®galement affect® la charge de surface des min®raux 

argileux dans les sols neutres, et par cons®quent la d®sorption de Phosphore inorganique adsorb® sur ces 

min®raux qui sont abondants dans la plupart des types de sols. De plus, ces auteurs ont montr® que la 

concentration en Ca affectait fortement les charges de surface des min®raux argileux, charges qui sont donc 

susceptibles de changer ¨ la suite de l'absorption de Ca par les racines. Finalement, cette approche de 

mod®lisation a permis de montrer quôune augmentation, aussi bien qu'une diminution, de pH pouvait entra´ner 

une augmentation de la disponibilit® du P du sol (Devau et al. 2011). Les racines des plantes peuvent augmenter 

ou diminuer le pH de la rhizosph¯re jusquô¨ trois unit®s pH selon le pouvoir tampon du sol (Hinsinger, 2013), 

principalement via un efflux ou un influx de protons. R®sultant de lôabsorption dôun exc¯s de charges positives 

ou n®gatives par les cellules de la racine (Hinsinger et al. 2003). Ces proc®d®s sont rapides et pr®sentent une 

variabilit® spatiale et temporelle consid®rable au voisinage des racines actives (Blossfeld et al. 2013). 

Lôalimentation azot®e des plantes influence tr¯s fortement les variations de pH dans la rhizosph¯re car 

lôabsorption d'ammonium induit toujours une acidification (absorption dôun exc¯s de cations) alors que 

l'absorption de nitrate induit plut¹t une alcalinisation (absorption dôun exc¯s dôanions). 

Comme alternative ¨ la fertilisation au phosphore, ils existent certains microorganismes pr®sents dans 

le sol qui ont la capacit® de dissoudre le phosphore afin de le rendre assimilable par la plante, des tels 

microorganismes peuvent °tre produits ¨ l'®tat pur et inocul®s dans des milieux de culture de plantes afin de 

r®pondre ¨ la nutrition en phosphore en dissolvant le phosphore insoluble du sol. L'inoculation des 

microorganismes capables de dissoudre le phosphore est une m®thode moins co¾teuse et moins risqu®e pour 

l'environnement par rapport ¨ l'ajout d'engrais phosphor®. Ces micro-organismes peuvent °tre facilement 

utilis®s, en particulier en agriculture organique, car ils sont consid®r®s comme des micro-organismes qui 

favorisent la croissance des plantes. Cependant, ces microorganismes capables de dissoudre le phosphore ne 

sont pas seulement utilis®s dans l'agriculture organique, mais peuvent ®galement °tre utilis®s dans dôautres 

cultures (Tulukcu et Dan Baba 2019). 
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Dans cette ®tude, les effets de la f®condation microbienne et de diff®rentes doses dôapplication de 

phosphore sur le s®same (Sesamum indicum L.) Le contenu en macro®l®ments ont ®t® ®tudi®s. 

 

MATERIEL ET METHODES  

Les recherches du terrain ont ®t® men®es sur le site exp®rimental de l'®cole professionnelle dôAkºren 

Ali Rēza Ercan dans les conditions ®cologiques de Konya. Lô®tude a ®t® planifi®e dans la conception 

dôexp®rience sur blocs randomis®s avec 4 r®p®titions. Des graines de s®same locales (Sesamum indicum L.) 

ont ®t® utilis®es comme semences. Le terrain a ®t® labour®  premi¯rement en mars 2018 et apr¯s en avril de la 

m°me ann®e. Au d®but du mois de juin, le terrain a ®t® pr®par® ¨ nouveau, des travaux tels que le nivelage et 

lotissement des parcelles ont ®t® effectu®s.  5 kg / ha d'azote pur ont ®t® appliqu®s dans lôensemble des parcelles. 

Le 4 juin, les cultures de microorganismes obtenues des laboratoires de l'®cole professionnelle de ¢umra de 

l'universit® de Sel­uk ont ®t® inocul®es avec de lôeau dans les douze (12) parcelles o½ lôapplication microbienne 

a ®t® planifi®e et ¨ parts ®gales. Toute la zone exp®rimentale a ®t® irrigu®e uniform®ment, le surplus dôeau 

utilis®e pour les parcelles pendant la fertilisation microbienne a ®t® corrig®. Apres aucune irrigation n'a ®t® 

faite tout au long du cycle v®g®tatif des plantes. Les parcelles sont divis®es en deux groupes, les parcelles avec 

et sans fertilisation microbienne; trois doses de phosphore (0, 2, 4 kg / da) ont ®t® appliqu®es. Le contr¹le des 

plantes adventices a ®t® effectu® manuellement ¨ trois 3 reprises avec 20 jours d'intervalle environs. Le sol 

d'Akºren est un sol argileux, argileux-sableux avec un pH compris entre 6,9 et 8 et un pH moyen de 7,7 

l®g¯rement alcalin. Selon les ®chantillons, la moyenne de sel est de 0,2%, la moyenne de carbonate de calcium 

est de 12% et la moyenne de mati¯re organique est d'environ 1% (Celebi et al. 2011).  

Le pourcentage de phosphore, dôazote et de potassium dans les plantes de s®sames (ensemble  feuille et 

tige) a ®t® d®termin®. Pour cela des ®chantillons de plantes ont ®t® pr®lev®s au d®but de la floraison et par la 

suite ont ®t® envoy®s au laboratoire pour les analyses. 

 

R£SULTATS ET DISCUSSIONS 

Dans cette ®tude, les effets de la fertilisation microbienne et de diff®rentes applications de dose de 

phosphore sur la teneur en macro®l®ments du s®same (Sesamum indicum L.) sont pr®sent®s ¨ la Figure 1. 

 

 
Figure 1: Pourcentages moyens d'azote dans les plantes des parcelles sans application de fertilisation 

microbienne  

 

Comme le montre la figure 1, dans les parcelles sans application  dôengrais microbien, les pourcentages 

d'azote dans le s®same montrent des valeurs d®croissantes avec l'augmentation de la dose de phosphore (P2O5). 

En moyenne, la plus forte teneur en azote (0,95%) a ®t® obtenue  ¨ une dose de 0 kg / da P2O5 et la plus petite 

valeur d'azote (0,91%) ¨ une dose de 4 kg / da. 
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Figure 2: Pourcentages moyens  d'azote dans les plantes des parcelles avec application de fertilisation 

microbienne  

Comme le montre la figure 2, dans les parcelles avec application dôengrais microbien, les pourcentages 

d'azote dans le s®same montrent des valeurs croissantes avec l'augmentation de la dose de phosphore (P2O5). 

En moyenne, la plus forte teneur en azote (% 0,99) a ®t® obtenue  ¨ une dose de 4 kg / da P2O5 et la plus petite 

valeur d'azote (% 0,94) ¨ une dose de 0 kg / da. 

 

 
Figure 3: Pourcentages moyens  d'azote dans les plantes des parcelles avec et sans application de 

fertilisation microbienne et a diff®rentes doses de P2O5 

Dans la figure 3,  les valeurs les plus ®lev®es des moyennes des pourcentages dôazote dans les plantes 

ont ®t® obtenues dans les parcelles o½ lôapplication dôengrais microbiens a ®t® effectu®e, tandis que les valeurs 

les plus basses ont ®t® obtenues dans les parcelles sans application dôengrais microbiens except® a la dose 0 kg 

/ da P2O5. La plus grande valeur (0,99%)  a ®t® obtenue  dans les parcelles avec application microbien et ¨ une 

dose de 4 kg / da P2O5 et la plus petite valeur (0,91%)  dans les parcelles sans application microbien et ¨ une 

dose de 4 kg / da P2O5.  

 

 
Figure 4: Moyennes totaux des pourcentages  dôazote dans les plantes des parcelles avec application de 

fertilisation microbienne et non appliqu®e 
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Comme le montre l'analyse de la figure 4, La valeur  moyenne des pourcentages dôazote dans les plantes 

des parcelles o½ lôapplication dôengrais microbiens a ®t® effectu®e est 0,97% et dans les parcelles o½ 

lôapplication dôengrais microbiens nôa pas ®t® effectu®e est 0,93%. La valeur moyenne des pourcentages 

dôazote dans les plantes  des parcelles o½ lôapplication dôengrais microbiens nôa pas ®t® effectu®e  est inf®rieure 

¨ celle des parcelles avec engrais microbien. 

Comme le montre la figure 5, dans les parcelles sans application  dôengrais microbien, les pourcentages 

de phosphore dans le s®same montrent des valeurs d®croissantes avec l'augmentation de la dose de phosphore 

(P2O5) except® a la dose 2 kg / da P2O5 o½ on observe la plus petite valeur. En moyenne, la plus forte teneur en 

phosphore (0,47%) a ®t® obtenue  ¨ une dose de 0 kg / da P2O5 et la plus petite valeur de phosphore  (0,42%) 

¨ une dose de 2 kg / da. 

Comme le montre la figure 6, dans les parcelles avec application  dôengrais microbien, les pourcentages 

de phosphore dans le s®same montrent des valeurs croissantes avec l'augmentation de la dose de phosphore 

(P2O5). En moyenne, la plus forte teneur en phosphore (% 0,49) a ®t® obtenue  ¨ une dose de 4 kg / da P2O5 et 

la plus petite valeur de phosphore  (% 0,42) ¨ une dose de 0 kg / da. 

 

 
Figure 5: Pourcentages moyens  de phosphore dans les plantes des parcelles sans application de 

fertilisation microbienne  

 

 
Figure 6: Pourcentages moyens  de phosphore dans les plantes des parcelles avec application de 

fertilisation microbienne. 

 

 
Figure 7: Pourcentages moyens  de phosphore dans les plantes des parcelles avec et sans application de 

fertilisation microbienne et a diff®rentes doses de P2O5 
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Dans la figure 7, les valeurs les plus ®lev®es des moyennes des pourcentages de phosphore dans les 

plantes ont ®t® obtenues dans les parcelles o½ lôapplication dôengrais microbiens a ®t® effectu®e, tandis que les 

valeurs les plus basses ont ®t® obtenues pour les parcelles sans application dôengrais microbiens. La plus grande 

valeur (0,49%)  a ®t® obtenue  dans les parcelles avec application microbien et ¨ une dose de 4 kg / da P2O5. 

Dans ce cas on observe la plus petite valeur (0,42%)  dans les parcelles sans application microbien et ¨ la dose 

de 2 kg / da P2O5 et aussi dans les parcelles avec application microbien mais ¨ la dose de 0 kg / da P2O5.  
Comme le montre l'analyse de la figure 8, la valeur  moyenne des pourcentages de phosphore de toutes 

les plantes des parcelles o½ lôapplication dôengrais microbiens a ®t® effectu®e est (0,45%)  et des celles o½ 

lôapplication dôengrais microbiens nôa pas ®t® effectu®e  est (0,44%). La valeur moyenne des pourcentages de 

phosphore dans les plantes  des parcelles o½ lôapplication dôengrais microbiens nôa pas ®t® effectu®e  est 

inf®rieure ¨ celle des parcelles avec engrais microbien. 

 

 
Figure 8: Moyennes totaux de pourcentages de phosphore dans les plantes des parcelles avec application 

de fertilisation microbienne et non appliqu®e 

 

 
Figure 9: Pourcentages moyens  de potassium dans les plantes des parcelles sans application de 

fertilisation microbienne. 

En interpr®tant la figure 9, dans les parcelles sans application  dôengrais microbien, les pourcentages du 

potassium dans le s®same montrent des valeurs d®croissantes avec l'augmentation de la dose de phosphore 

(P2O5). En moyenne, la plus forte teneur en potassium (2,2%) a ®t® obtenue  ¨ une dose de 0 kg / da P2O5 et la 

plus petite valeur en potassium (2,05%) ¨ une dose de 4 kg / da.  

Comme le montre la figure 10, dans les parcelles avec application  dôengrais microbien, les pourcentages 

en potassium dans le s®same montrent des valeurs croissantes avec l'augmentation de la dose de phosphore 

(P2O5). En moyenne, la plus forte teneur en potassium (% 2,2) a ®t® obtenue  ¨ une dose de 4 kg / da P2O5 et la 

plus petite valeur de potassium (% 2,1) ¨ une dose de 0 kg / da. 

  
Figure 10: Pourcentages moyens  de potassium dans les plantes des parcelles avec application de 

fertilisation microbienne. 
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Figure 11: Pourcentages moyens de potassium dans les plantes des parcelles avec et sans  application 

de fertilisation  microbienne et a diff®rentes doses de P2O5 

Dans la figure 11, la m°me plus grande valeur des moyennes des pourcentages de potassium dans les 

plantes (2,2%)  a ®t® obtenues  dans les parcelles avec application microbien et ¨ la dose de 4 kg / da P2O5 et 

aussi dans les parcelles sans application mais ¨ la dose de 0 kg / da P2O5. Egalement ¨ la dose de 2 kg / da P2O5 

la m°me valeur (2,16%)   a ®t® obtenue dans les parcelles avec application dôengrais microbien et non 

appliqu®e. La plus petite valeur  est 2,05%  dans les parcelles sans application microbien et ¨ la dose de 4 kg / 

da P2O5.  

 

 

Figure 12: Moyennes totaux des pourcentages de potassium dans les plantes des parcelles avec 

application de fertilisation microbienne et non appliqu®e  

En analysant la figure 12, la valeur  moyenne des pourcentages en potassium dans les plantes des 

parcelles o½ lôapplication dôengrais microbiens a ®t® effectu®e est (2,16%)  et des parcelles o½ lôapplication 

dôengrais microbiens nôa pas ®t® effectu®e  est (2,14%). La valeur moyenne des pourcentages de potassium 

dans les plantes  des parcelles o½ lôapplication dôengrais microbiens nôa pas ®t® effectu®e est inf®rieure ¨ celle 

des parcelles avec engrais microbien.  

La valeur  moyenne des pourcentages de phosphore dans les plantes des parcelles o½ lôapplication 

dôengrais microbiens a ®t® effectu®e est 0,45%  et des parcelles o½ lôapplication dôengrais microbiens nôa pas 

®t® effectu®e  est 0,44%. La valeur moyenne des pourcentages de phosphore dans les plantes  des parcelles o½ 

lôapplication dôengrais microbiens nôa pas ®t® effectu®e est inf®rieure ¨ celle des parcelles avec engrais 

microbien (Tableau2). Les r®sultats obtenus dans cette ®tude sont similaires aux conclusions des suivants 

chercheurs : Les microorganismes qui solubilisent le phosphore d®veloppent des m®canismes leur permettant 

de fournir du phosphore ¨ la plante. Bacillus sp. # 189 augmente de mani¯re significative ¨ la fois le contenu 

en P des plantes et le phosphore de la rhizosph¯re (¥g¿t et Fatih, 2016). Certaines bact®ries du sol sont capables 

d'assimiler le phosphore ¨ partir de min®raux tr¯s peu solubles de phosphates naturels (Tardieux-Roche 1966a) 

et d'immobiliser ainsi une partie sous forme de phosphates condenses (Tardieux-Roche 1966b). Ces cellules 

microbiennes peuvent ainsi transf®rer le phosphore du minerai ¨ la plante (Tardieux-Roche et Tardieux 1970).  

La valeur moyenne des pourcentages obtenue dôazote dans les plantes des parcelles o½ lôengrais 

microbien a ®t® appliqu® est 0,97% ; dans les parcelles non appliqu®es la valeur moyenne est 0,93%. La valeur 

moyenne des pourcentages obtenue de potassium dans les plantes des parcelles o½ lôengrais microbien a ®t® 

appliqu® est 2,16 % ; dans les parcelles non appliqu®es la valeur moyenne est 2,14 %. Les valeurs moyennes 

dôazote et de potassium dans les plantes se sont av®r®es plus ®lev®es dans toutes les doses de P2O5 dans les 

parcelles trait®es avec un engrais microbien (Tableau 1). Nos r®sultats sont aussi similaires aux r®sultats 

d'®tudes pr®c®dentes de Majeed et al. (2015) et Ul Hassan et Bano (2015) les r¹les multidimensionnels des 
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microorganismes qui solubilisent le phosphore contribuent ®galement ¨ une absorption accrue d'®l®ments 

nutritifs par les plantes, ce qui entra´ne une plus grande teneur en azote et en phosphore dans les parties 

a®riennes des plantes (Kuan et al. 2016). La croissance des racines en r®ponse ¨ l'inoculation des  

microorganismes qui solubilisent le phosphore conduit ®galement ¨ une meilleure absorption des nutriments 

par les plantes (Bhattacharyya et Jha, 2012). Vikram (2007) a ®galement signal® une am®lioration assist®e par 

l'auxine dans les racines, entra´nant une augmentation de la teneur en azote et en phosphore des parties 

a®riennes de la plante. Selon Ayten et al. (2017) en pr®sence des microorganismes dans le sol les teneurs en 

azote et en phosphore dans les parties a®riennes des plantes de bl® augmentent de mani¯re significative. 

 

Table 1: Les Moyennes des Pourcentages  des El®ments NPK dans les Plantes 

Doses Appliqu®e 

(kg/da P2O5) 

Pourcentage Total 

dôAzote (%) 

Pourcentage Total de 

Phosphore (%) 

Pourcentage Total de 

Potassium (%) 

0 0,95 0,47 2,2 

2 0,93 0,42 2,16 

4 0,91 0,44 2,05 

Moyenne 0,93 0,44 2,14 

B0 0,94 0,42 2,1 

B2 0,97 0,44 2,16 

B4 0,99 0,49 2,2 

Moyenne  0,97 0,45 2,16 

B: Avec Application dôAngrais Microbien  

 

CONCLUSION 

Le but de cette ®tude est de d®terminer l'effet de la fertilisation microbienne et de diff®rentes doses de 

phosphore sur le contenu en macronutriments dans la plante de s®same (Sesamum indicum L.). Les quantit®s 

moyennes d'azote, de phosphore et de potassium ®taient plus ®lev®es dans les parcelles avec fertilisation 

microbienne que dans les parcelles non appliqu®es. En plus, les pourcentages d'azote, de phosphore et de 

potassium dans les plantes de s®same ont vari®s selon  les doses de phosphore appliqu®es. Cette ®tude a 

d®montr® que la fertilisation microbienne a un effet positif sur la teneur en azote, en phosphore et en potassium. 

De ce fait nous pourront conclure que l'inoculation des microorganismes capables de dissoudre le phosphore 

est une alternative moins co¾teuse et moins risqu®e pour l'environnement par rapport ¨ l'ajout d'engrais 

phosphor®. Ces micro-organismes peuvent °tre facilement utilis®s, en particulier en agriculture organique, car 

ils sont consid®r®s comme des micro-organismes qui favorisent la croissance des plantes. 
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ABSTRACT 

Four implementation of Artificial Neural Networks ANNs models were applied to Predict the soil 

hydraulic function ( sqand rq) and two parameters (aandn ) in Van Genuchten equation, independently 

of each other. which was output from (ANNs) then a multi-layer ANNs architecture of error Back- propagation 

was built and Levenberg-Marquardt algorithms was used to learn the network dependent on the input data of 

soil depending on the input data from some soil characteristics soil particle-size distribution (clay, silt and 

sand) and bulk density with the geometric mean particle-size diameter from Eleven soil samples.  

The results showed the ability of constructing ANNs and possibility of using neural networks the could 

estimate soil hydraulic function ( sqand rq) and two parameters (aandn ). Test the network and compare 

its output with the measured data, two performance functions determination coefficient (
2R )and mean square 

errors (MSE) to find the adequacy between estimated data and the outputs of neural network, the values of( 

R2) ranged  (0.832 and0.672) ,(0,81and0.581) while evaluate of (MSE) ranged ( 0.0033 and 0,0066) , (0.0038 

and 0.0097) soil hydraulic function ( sqand rq) and parameters (aand n ) respectively . 

 

INTRODUCTION  

Interpreting and understanding the movement of water and salts during unsaturated flow in soil is an 

important and complex topic and one of the challenges facing researchers in the field of soil science and 

irrigation today that requires considerable time and effort and is linked to the surrounding conditions (Van 

Genuchten, 1980). The modern trend in this field is the development of mathematical models for the purpose 

of predicting some soil water characteristics such as diffusivity and unsaturated hydro-conductivity the 

accuracy of these equations is highly dependent on water functions such as moisture content at saturation (sq

), residual moisture content ( rq) and water functions constants represented by Van Genuchten model constants 

(a mм n ,). 
Artificial Neural Networks has emerged as one of the methods of artificial intelligence that represent 

mathematical techniques and a processing system based on mathematical models designed to simulate modest 

action, shape and content of the way in which a person's neural system (neural system) performs a particular 

task. Interest in artificial neural networks (ANN) has arisen because of its distinctive characteristics and its 

ability to override the limitations of the traditional solution and characterized by the property of parallelism, 

the ability of networks to process data at high speed no matter how large the data as well as not requiring clear 

knowledge as the network can train on inputs without have knowledge of the application which makes it 

suitable for complex applications, as well as high generalizability as the training is based on specific inputs, 

and the test is done on trained and untrained data, i.e. the network includes all data (Kohzadi et al., 1995). The 

researchers agreed to exploit this phenomenon in mathematical modeling processes for various physical and 

chemical problems, which were difficult to solve by traditional modeling methods. 

Therefore, this study aims at using artificial neural networks in estimating the values of water functions 

( sq, rq) and constant (a,) and comparing them with their actual measured values to determine the n 

efficiency of artificial neural network models. 
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MATERIALS AND METHODS  

Eleven soil samples were selected for different locations in Nineveh Governorate with different textiles 

located within the arid and semi-arid areas of northern Iraq. 

Table (1) illustrates these sites and some of their characteristics as stated in Baruh and Barthakur (1999). 

The construction of the proposed artificial neural networks was determined by utilizing the MATLAB 

version (a2011) and using its NN-Tool. The geometry of the proposed network, , the input and output layers 

and the hidden layers, are selected and constructed to obtain the best structure of the artificial neural network. 

 Multilayer artificial neural networks (ANNs) have been used for Back Propagation (BP), as the actual 

output of the network is compared with the intended output (target), The difference in their values is also called 

error, as the network disseminates this error between the output layer passing through the hidden layers towards 

the input layer, ie, an obsolete reversal of what happens in the output calculation phase where the calculation 

direction is forward and they are a type of network that does not contain delay elements as shown in Figure 1. 

The artificial neural network included a single input layer consisting of five neurons: the percentage of 

soil saplings (clay, silt and sand), bulk density and geometric mean particle-size diameter ((actually measured 

for all study site soils) (Minasny and McBratney, 2002). Calculate (dg ) from the following equation: 

[ ]01.0)(0452.0)(0692.0exp +--= siltclaydg  -------------(1) 

The outputs are 
2

1

)( rq  )ln(a  ̪sq  ̪and )1ln( -n , the reason of transforming rq nand a ̪

to sq )ln(a  ̪and )1ln( -n  is because  they showed non normal distributions and were therefore 

converted to fit the work of artificial neural networks (Minasny and McBratney, 2002). While the output layer 

was confined to a single layer with a single neuron representing one of the predicted values of the water 

functions ( sqand rq) and constant (nand a ), four independent networks were constructed. 

 

Table (1) Some Physical Characteristics of Study Soils 

 

Soil texture 

gm.kg-1 Organic 

matter 

gm.kg-1 

Total 

porosity 

cm-1.cm 

Bulk 

density 

mg.m-3 

Saturated 

hydraulic 

conductivity 

cm.h-1 

 

Intial 

volumetric 

water 

content  

texture location 

clay silt sand 

̹̼̿ ̷̻̾ ̹̻̼ ̸̷̻͂̽ ̷̻͂̾̽ ̸̺͂̿̀ ̷̸̻̻͂̽ ̷̸͂̀ 
Clay 

loam 

Hay 

alghfran 

̷̼̼ ̺̹̼ ̸̹̼ ̸̹̻̻͂ ̷̼̻̻͂ ̸̸̸̹͂ ̷̷̻͂̿ ̷̸̹̹͂ clay alkubba 

̸̷̹ ̷̹̼ ̷̼̻ ̷̹̽͂ ̷̻̹͂̿ ̸̺̺͂̾ ̷̺̻͂̿ ̷̸̻͂ 

Sandy 

clay 

loam 

College1 

̹̺̼ ̼̹̹̼͂ ̹̻̹̼͂ ̿͂̽̽ ̷̻͂̀̀ ̸̷̺̺͂ ̷̸̷̹͂ ̷̸̼͂̿ 
Silty 

loam 
rashedia 

̷̺̾ ̷̼̹ ̸̸̷ ̸̼͂̾ ̷̷̼̺͂ ̸̸̺͂̾ ̷̷̷̹͂̾ ̷̸͂̿̀ 

Silty 

clay 

loam 

hghawe 

̻̼̿̾͂ ̻̼̾ ̺̼̾͂ ̺̻̻͂ ̷̸̷̼͂ ̸̷̸̺͂ ̷̷̸̼͂̀ ̷̷̸̹͂ 
Silty 

clay 
alshlalat 

̸̷̿ ̷̹̀ ̷̼̺ ̼̼̽͂ ̷̸̻͂̀ ̸̷̺̼͂ ̷̻͂̿̿̾ ̷̸̺̺͂ 
Sandy 

loam 
alshamsiat 

̷̹̼ ̷̻̼ ̷̷̺ ̸̷̺̻͂ ̷̻̺͂̿ ̸̷̺͂̾ ̷̸̹̻͂̾ ̷̸̻͂̽ loam 
Hamam 

alil  

̼̿̾͂ ̸̸̹̼͂ ̷̷̿ ̸̸͂̾ ̷̸̻̹͂ ̸̼̼͂̀ ̸̺̺͂̾̾ ̷̷̼͂̽ 
Sandy 

loam 
owaina 

̷̻̼ ̻̼̾ ̾ ̸̼̼̼̹͂ ̷̻̺͂̀ ̸̺̻̻͂ ̷̷̹̹̹͂ ̷̸̼͂̀ 
Silty 

clay 
College2 

̼̼̾ ̺̼̾ ̼ ̷̽͂̿̀ ̷̼̻͂̽ ̸̷̹̼͂ ̷̸̷͂̽̿ ̷̹̹̹͂ clay zimmar 
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Figure 1: An ideal model for a back propagation network. 

 

 

The use of this method came after several attempts to obtain the best results. The Hidden Layer of the network 

was determined in an experimental manner until the lowest MSE (Mean square error) was obtained. 10 

Hidden Layer layers were used to construct the artificial neural network, as the small number of hidden 

layers caused under-fitting any less match. A large number of these units cause over fitting, it means  noise 

in the data (Schaap et al., 1998). 

The training group takes a number of input data randomly, including input values (clay, silt, sand, bulk 

density and geometric diameter of soil particles). Output values are represented by the actual measured values 

of ( sq).The training process of the proposed artificial neural network in the training group includes three 

stages: the forward feeding stage, second stage  the error calculation and the back propagation  of the output 

error. The third stage involves updating the weights and re-training the number of times until the lowest error 

rate is reached or reaching comparable results to the values in Target matrix . The validation group and the 

testing group for testing the proposed artificial neural network training included data entry in the form of 

mathematical matrices. The first matrix represents the evaluation group, which includes random data for inputs 

that were not used from the network during the training phase to achieve the best performance of the artificial 

neural network, while the second matrix Which represents the testing group for random data not included in 

the training process also for the purpose of ensuring the performance compatibility of the training and 

evaluation groups. The evaluation and testing process is for the purpose of ensuring the performance 

compatibility of the network and to prevent over-training of the proposed network in order to reach the weights 

that connect the network inputs with its outputs to the optimum compatibility. The evaluation group guides the 

network during the training phase and when increasing the quadratic error rate of performance evaluation for 

a specific number of repetitive courses, at that point the training is stopped and Figure 2 (Hrsitev, 1998) 

illustrates this. 

Reducing the error of the evaluation group coincides with the training group from the beginning and 

after a period of time the error starts to increase for the evaluation group, which leads to exaggeration in 

training. The last part, All, represents all points or values in the network. 

 

 

 

 

 

 

Training of the back 

propagation net work 

comparin

g 
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Figure 2 The idea of early discontinuation. According to Hristev (1998) 

 

The Levenberg- Marquardt (LM) algorithm was used to train back propagation network of error to 

construct and train predictive models in order to obtain the best structural neural network architecture. The 

data were randomly divided into three groups, the training group was 64% of the data and the test and 

verification groups were 18% of the data each. The aim of the training of the network is to change or update 

the network weight (Weight Updating) to obtain the desired output (target) of the inputs given. The matrix is 

entered in full and in one batch (Batch Mode) and weights updated once a time. During the training process, 

the output values are calculated and compared with the desired output values at each step. The error spread is 

inversely layer by layer starting from the output layer towards the input layer so that weights for all layers 

occur at the same moment after All training inputs given are presented (Demuth and Beale, 2002). 

The obtained error signal representing the difference between the real output (Output) and the target 

output (Target) is adjusted after each training session (Epochs) until the error value reaches the lowest value 

at which the training stops. It was noted that the use of the activation function in the hidden layer of the sigmoid 

function of the tangent of the Tan-sigmoid Transfer Function with the activation function of the output layer 

of the linear function transfer function gave the lowest values (MSE), Figure (3) . Not all layers have The 

activation function itself, but each layer has its own activation function (Jain and sing, 2003). To measure 

network performance and test the best predictive network, statistical evidence from the coefficient of 

determination (R2) and quadratic error rate (MSE) is used. 

The training process stops when an acceptable level of error is reached or until stable results are achieved 

when the MSE value is at the lowest and the highest values of (R2), or when a decrease in (MSE) value or an 

increase in (R2) is not touched to the desired level with an increase the number of repetitions (Iterations), so 

that the network has been completed and ready for the next stage, the actual test of the network through the 

simulation of the network that was built, and if these results have values equal to the values chosen, then the 

network can be adopted as an artificial neural network ( Alani, 2007). In order to achieve the training objective 

of the proposed artificial neural network, a balance had to be struck between its ability to respond correctly to 

the input data used in the training stored in the network for the recall process and its ability to give a good 

response to similar but not identical inputs used in Training process (guessing process). 

validation 

training 
Under-fitting Over-fitting 

  

Error 
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Figure 3: Some types of activation functions used, according to Demuth (Beale, 2002) 

 

RESULTS AND DISCUSSION 

The predicted results were shown when making one network with five inputs: volumetric distribution 

of soil texture (clay, silt and sand), bulk density and geometric diameter rate and four outputs are functions (

sq 
2R of the coefficient of determination (). The statistical index values n, a) and constant ( rq  ̪) were 

0.35, 0.26, 0.32 and 0.17, while the MSE was 1.22, 1.94, 1.47 and 3.68 for each ( sq) nмa ̪ rq  ̪
respectively. After training and testing the network showed that the correlation between the predicted values 

in ANNs was weak with the actual measured values. This is consistent with McClendon and Hoogenboom, 

1996, and Minasny and McCBratney, 2002, who, when studying soil hydraulic functions using artificial neural 

networks, indicated that the greater the number of data used increase predicted accuracy. Therefore, four 

independent artificial neural networks were constructed with five inputs each: percentage of clay, silt and sand, 

bulk density, geometric mean rate and one output (target) for each of (sq  a ̪ rq  ̪  and n ). A Hidden Layer 

was used which have been determined by trial and error to reach  The lowest quadratic error rate, as 

recommended by (Schaap et al., 2001). 

The network model for predicting moisture content at saturation (sq) will be discussed to demonstrate 

the extent and quality of the performance of the networks used during the training phases and to know the 

results of training and testing in artificial neural networks. The reason for choosing (sq) to express neural 

network models is because the output of the neural network model to predict (sq) does not need to convert as 

shown at figure (4) while the output of the rest of the neural network models is in a format 
2

1

)( rq   )ln(a  ̪

normal -) because they showed nonnand a  ̪ rq, which needs to be converted to ( )1ln( -n м

distributions (Minasny and McBratney, 2002). 
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Figure 4: The model of artificial neural network used to predict (sq) . 

Figure (5) shows the results of the training stages of the artificial neural network model and the 

performance of the neural network by the relationship between the number of epochs and the MSE of the 

values of Train, Validation and Test groups. The results showed that the squared error rate remained constant 

after a few cycles. After completing the training of the network on the input data and the desired targets , the 

artificial neural network with the error of reverse spread is applied and simulated from the final weights reached 

in the training phase. 
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Figure 5: Training Stages of the Artificial Neural Networks Model. 

The results shown in Figure (6) showed that the best values of the coefficient of determination (
2R ) 

obtained during the training courses were (0.831, 1, 1 and 0.929) for (Training, Validation, Test and All) 

respectively. These results from the  

validation values of 1 validate that the network performance was good and that the performance 

compatibility of the training and evaluation groups was high with the value of Testing of 1 These good values 

give credibility to build an independent  

network and can be used to predict values (sq) in new data. 

For the purpose of testing networks constructed on data not entered in the training processes to 

demonstrate the reliability of built-up network models, the simulated predicted values of water functions (sq  

-) were simulated using ANNs with their values measured in previous studies (Aln м a) and constant ( rq ̪
Wazzan, 2000). 
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Figure 6: Results of training and validation of the Artificial Neural Networks Model. 

 

 

The simulation results showed that ANNs can estimate the values of water functions on each side and 

approximate the predicted values with their measured values. Statistical evidence values from the coefficient 

of determination (
2R ) compare the predicted values using ANNs with their measured values 0.832, 0.667 , 

.̷ ̿ ̸̷̀, .̷̸̼̿. The values of MSE are 0.0033, 0.0066, 0.0038 and 0.0097 for the water functions ( sq) rq, 

and constant (a) respectively. When the comparison was made using the percentage of difference between n,  
the predicted values and the measured values, it was observed that the percentage difference was (10% and 

14%) for the water functions ( sq) respectively, n , a)while it reached (8% and 17%) for the constant (rq, 

so that the water functions can be arranged according to the accuracy Estimate using ANNs as follows: 

Moisture content at saturation (sq), constant (a), residual moisture content (rq) and static (n ).These 

results are acceptable as a quick predictive method that can be utilized .These findings were consistent with 
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Wu, 1995, Vogel et al. 1996, Hopmans et al. 2002, Minasny and McCBratney 2002, who indicated that ANNs 

provide good and fast predictive results no matter how many data and that artificial neural networks are 

efficient in predicting some hydrulic functions , when limited available information on Soil hydraulic 

characteristics. 
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ABSTRACT  

The garden doesn't just mean open space. The garden is a part of nature; it can be defined as the safe 

areas that people choose to relax, have fun, feel good, engage in active or passive activities, satisfy the need 

for believing, and fulfill their belief rituals comfortably. It is a known fact that green spaces reduce the negative 

energy of the environment. Therefore, green areas support the healing of sick individuals by reducing stress 

on people. Healing gardens designed and implemented for this purpose contribute to this process and increase 

the welfare of the individual. A healing garden designed for children with mental and physical disabilities can 

be defined as natural areas where children can play a controlled area for play, as well as relieve children's 

physical symptoms, reduce stress, and thus make them feel healthier. Sick children who use this kind of gardens 

are constantly exploring different environments and becoming more cheerful and sharing. Within the scope of 

this study, design principles of rehabilitation gardens for children with disabilities have been put forward by 

literature research. Healing gardens designed for children with physical and mental disabilities will improve 

the quality of life of children with disabilities and provide healing properties such as self-esteem, self-esteem, 

positive effect on personality and personality development. 

Keywords: Design, Garden, Disabled Child, Healing Garden, Landscape 

 

INTRODUCTION  

The use of the natural environment has varied over the centuries and reflected the beliefs and values of 

each culture. Historically, humans have always used nature as a powerful source of healing (Adevi and Lieberg, 

2012). Natural elements such as natural open spaces, forests, parks, trees and gardens are known to provide 

opportunities to enhance public health and well-being (Nilsson et al., 2011). 

Natural areas beautify the environment and reduce the stress of daily life, contribute to the development 

of individuals and promote socialization, but prevent much of the damage of the developing city. As well as 

improving air quality, it has different functions such as noise reduction, hosting wildlife and providing 

calmness to individuals. Even the design of most of the home gardens, which are the smallest but most 

attractive areas among Nature environment, as meadows, allows children and adults to rest, while reducing the 

negative impact of the environment. Gardens attract individuals with the natural elements they contain; being 

outdoors with plants and animals reduces the stress of individuals and supports their recovery (Ke­ecioĵlu, 

2014). 

Healing Gardens, which mostly support the healing process and stress reduction, are often located next 

to or adjacent to maintenance establishments. It is mainly in the areas where Alzheimer's, schizophrenia, 

learning disabilities, burning-related disorders are addressed and where necessary sub classifications such as 

disabled, elderly and children are designed according to different target groups and needs are met (Elings, 

2006). 

As a result, the garden can be curative for people who use it efficiently (Akēn, 2006). In this study, the 

concept of ñhealing gardenò was given and the criteria for healing garden design for children with disabilities 

were determined on the basis of the data obtained from the literature. 

 

HEALING GARDENS  

Definition of healing Garden 

Gardens can be curative and therapeutic through many mechanisms. The most obvious is the aesthetics 

of nature. Being outdoors in natural or natural environments, feeling sunlight, watching trees and flowers, 

listening to water and bird sounds, noticing the combination of these and other factors that decorate the garden, 

has a major stress and anxiety-reducing effect (Akēn, 2006; Pouya and Demirel, 2015). 

The most important feature of the healing garden is that it is an environment where the staff and visitors 

who take care of the patients as well as the patients feel good about themselves. In order for an area to be 

described as a ñgardenò it must contain the products of nature. 
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The aim here is to demonstrate the therapeutic and beneficial effects on those who use these areas to 

apply the titleò healing". The use of the termò healing ", in terms of health care gardens, allows its designer to 

second-guess personal tastes and approach the subject with a user-centered understanding of design (Marcus 

and Barnes, 1995). 

Attempts by experts in the field to introduce nature into the health system environment have been 

variously described as eyewitness Gardens, restorative Gardens, healing gardens, and therapeutic gardens 

(Hebert, 2003). 

2.2. Benefits of healing Gardens 

According to Hill and Relf, (1983); Beer, (2003); and Caspersen et al (1991), recent studies suggest that 

regulated natural areas have positive effects on humans (Elings, 2006; Pouya and Demirel, 2015). 

The benefits of healing gardens can be listed as follows (Bulut and Gºktuĵ, 2006; Serez, 2011): 

¶ Healing gardens provide individuals with the opportunity to socialize, as well as opportunities for 

activities in a wide area (lawn mowing, gardening, scion planting). 

¶ It allows older people to be reminded and stimulated of their previous home lives. It also helps to 

refresh their memory, increase their feelings and stay cautious. 

¶ Patientôs participation in various activities increases their communication with other individuals. 

¶ The exercises performed in the natural field contribute positively to the health status of the patients 

both physically and psychologically. For example, it contributes positively to reduce the risk of developing 

various chronic diseases. 

¶ Outdoor activities help increase the physical activity and motivation of the patients. 

¶ Healing gardens provide an increase in self-confidence, respect, authenticity and capacity, especially 

for children. Children are happy with active or passive activities in the garden. 

¶ The Health Council of the Netherlands designed for children outdoors, encourages them to do physical 

activities, and this activity is their positive contribution on children with physical or psychological disorder; in 

particular, these activities children Nov-supports skeletal development, and obesity minimize ailments such as 

announced. 

¶ The most important effect on all individuals is to reduce stress. 

 

Types Of Healing Gardens 

V Healing Gardens for the Elderly 

In old age, when the individual's movements are limited due to health problems, especially when he or 

she needs help, it has been seen that working in the garden and spending time have many benefits both 

psychologically and physically. According to Sherman et al (2005); as a result of recent research on healing 

gardens, it was found that the human mechanism is related to nature, and a link between life stress and 

psychological tremors and nature was established and it was understood that nature acts as a buffer in human 

life (Whitehouse et al., 2001; Bulut and Gºktuĵ, 2006). 

V Healing Gardens for Disabled Children 

Designed for children with mental and physical disabilities, a healing garden, to create a space for 

children to play controlled, as well as children the physical symptoms of soothes, reduces stress, and hence the 

children feel more healthy psychologically in the form of natural areas that can be defined (ķakar, 2011). 

V Healing Gardens for Cancer Patients 

In order to reduce the effect of certain chemotherapy drugs on the patient, canopy areas formed from 

plants should be made away from the sun and more, fragrant plants and restaurants should not be used in the 

area because their smell sensitivities are quite intense. Walkways, relaxing water sounds, attractive plant 

materials, areas where patients can socialize by sitting alone or in groups should be designed (Pouya and 

Demirel, 2015). 

V Healing Gardens for AIDS / HIV Patients 

Canopy spaces should be created as it is very important for such patients to be protected from direct 

sunlight (Pouya and Demirel, 2015). 

V Healing Gardens for Alzheimer's and Mental Disorders Patients  

According to Carpman and Grant, (2003), the appropriate design criteria are different compared to other 

diseases as they have more impact on the consciousness of patients with Alzheimer's and mental disorders. 

This type of gardens offers a variety of activities. Alzheimer's is a disease that responds more to appropriate 

design than other diseases. By using plants and their features, long-term use of memory can be achieved, 
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helping to revive childhood memories or remembering the events of today and yesterday (Bulut and Gºktuĵ, 

2006; ķakar, 2011; Arslan and Ekren, 2017) 

V Healing Gardens for Hospitals 

The main purpose of healing Gardens for hospitals is to design gardens that aim to greatly reduce stress. 

Patients should be provided with conditions that will allow those to move and exercise, feel comfortable and 

safe and socialize places should be established (ķakar, 2011). 

V Healing Gardens for Veterans 

In every battle, hundreds of veterans return with severe injuries, called multiple traumas that have 

persisted over the years. Overcoming these traumas is not as easy as thought. When the positive impact of 

nature on human beings is reduced, there should be areas where our veterans can be socialized, fully accessible, 

and feel safe both physically and psychologically (Marcus and Sachs, 2013). 

 

DESIGN PRINCIPLES OF HEALING GARDENS FOR DISABLED CHILDREN  

In the design of the healing garden; when designing hard floor elements, shadow elements and seating 

units, psychological and physical benefits should be taken into consideration. In the selection of plants, both 

visual and sensory properties and improvement properties of plants should be taken into consideration by 

design (ķakar, 2011). 

 

Design Principles of Healing Gardens for Mentally Handicapped Children 

The following are the design principles of healing gardens for children with intellectual disabilities 

(Whitehouse et al., 2001; ¥zg¿ner, 2004; Bulut and Gºktuĵ, 2006; Sakēcē and Var, 2014; Pouya and Demirel, 

2015; A­ēksºz et al., 2016; Anonymous, 2018c); 

 

¶ The plan should use simple lines and avoid complex concepts.   

¶ Can be viewed from the interior to the exterior.  

¶ Walkways should be arranged as simple paths and fixed flooring materials should be used. 

¶  Evening lighting should be provided.  

¶ Accessible, seating / urban accessories should be provided. 

¶ Spaces should be designed for solo time, one-on-one work with a therapist, small group work and large 

group work, and spatial arrangement should be used to create a special space "Corner world" where the child 

can take a "sensory break" and get rid of the demands of the world. 

¶ A variety of opportunities can be provided in a therapeutic garden to develop gross motor skills or 

large novices. Challenges can be created through activities that require balance. Children can be climbed on 

logs, rocks, nets, ladders or other areas that offer varying degrees of difficulty. Equipment requiring 

coordination and judgment, such as horizontal ladders, escalators and tunnels, can be incorporated into the 

Therapeutic Garden. 

¶ The child should be given the opportunity to experience nature. Rocks, a rotting log, the branches of 

shrubs and trees, areas for all wildlife (lizards, worms, insects, spiders, bees, frogs, snails, butterflies, birds 

and squirrels) habitat provides. 

¶ According to Kaplan and Kaplan(1989) and Marcus (2001), instead of very quiet environments in the 

place, nature sounds (bird sounds, wind sounds, plants formed by wind sound, water sound, rain sound) should 

be located in the environment.  

¶ Plants should be selected for their ability to attract seasonal plants and wildlife such as leaf color, 

flower, fruit and peanut production. Water features, bird houses, bird baths and bird feeders encourage wildlife 

to visit and stay. 

¶ Due to the fact that their sensory systems are acute or overly sensitive, care must be taken to provide 

visual relief from the sun's glare. To reduce the effect of the sun's bright rayôs filtered sun, shade stained to 

create spaces with courtyards, loggia, pergolas, hanging domed cages are gazebo, shade trees, and other 

methods can be used. 

¶ The garden for therapeutic purposes should be accessible to all children. Wheelchair-height ramps, 

smooth surfaces, planters and tables are examples of barrier-free design. A variety of surfaces (brick, concrete, 

slate, bark, pea gravel, sand, grass, asphalt, and others) can be used to indicate the transition from one area to 

another.  

¶ Furniture; durability, ease of maintenance, function, safety and design should be chosen for the 

purpose. It should be light, mobile and multi-purpose. 
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¶ The therapeutic garden should provide flexibility as children's needs change as they learn and grow, 

and as the needs of the dedicated educator / therapist change, such as new ideas and therapies.  

¶ Seating areas with special forms should be designed to encourage social interaction.   

¶ Physical elements that can be changed and moved must be included in the garden. Lightweight portable 

systems and modular hardware elements (water tables, sand bags, foldable tables, inflatable materials, lawn 

furniture, watering cans, hoses, pulleys, ropes, hammocks, tree swings, natural objects, and garden accessories) 

should be placed in. 

¶ Vegetation and other elements should be used to reduce or eliminate excessive visual or auditory 

stimuli.  

¶ Water-themed decoration items should be used with caution. For example, sprinklers that feel like a 

constantly dripping faucet or the smell of dense algae and moisture can disturb people rather than relieve them. 

¶ Mask unwanted sounds with soothing water sounds. 

¶ Places to prevent sun, shade, wind and rain should be kept.  

¶ Opportunities for planting and harvest should be provided. 

¶ In addition to natural landscape features, plant design should include perennial, fragrant, 

poisonous/non-stinging ornamental plants that attract butterflies and birds to appeal to five senses, including 

renewable landscaping. 

¶ Elements such as wind chimes activated by the sun or air, hanging crystals, recognizable colors or 

shadows on Earth, flowing features, or rain chains should be considered. 

¶ Avoid artistic elements that have no meaning for children. 

¶ According to Zeisel and Tyson, (1999), instead of the intense and uncomfortable lighting that will be 

directly on children, the water and roadsides should be provided with a shadow effect using light and low 

lighting elements. 

¶ If there are play features in the garden, playgrounds should be created for children who are cautious, 

shy or disabled, where they can feel comfortable and care for themselves.  

¶ Curious or comforting elements should be presented to a sick child. 

 

Design Principles of healing Gardens for Children with Physical Disabilities 

 Below are the design principles of healing gardens for children with physical disabilities (Whitehouse 

et al., 2001; ¥zg¿ner, 2004; Bulut and Gºktuĵ, 2006; ķakar, 2011; Sakēcē and Var, 2014; Pouya and Demirel, 

2015; A­ēksºz et al., 2016) 

¶ When gardening, functionality should be at the forefront for physical reliability and therapeutic 

benefits, and garden design should constitute continuity.  

¶ In terms of security, a ramp should be created instead of high stairs and slightly inclined transportation 

should be provided.  

¶ An alarm system should be set up in the outdoor area where they can ask for help in case of emergency. 

¶ Landmark and directional signs should be used. 

¶ According to Bowers, (2003), in order to prevent negative social behavior, exposed, visible and visible 

spaces should be designed. 

¶ Care should be taken not to use plants that attract bees and insects in these gardens.   

¶ Large crowned trees and shrubs should be used in the background and small crowned trees and shrubs 

should be used in the foreground to enable children to enjoy the sun.   

¶ Multi -Sense (multisensory) experience spaces should be created.  

¶ Shade elements and seating units should be created that provide the possibility to rest or linger in the 

space, have protective properties from the sun and other climatic factors. 

¶ Greenhouse/winter garden should be designed to increase the duration of outdoor activities seasonally.  

¶ According to Marcus, (2001), plant elements with a variety of textures and colors should be preferred 

in order to store images that are bad and disturbing to patients. 

¶ In the part of the garden facing the road, precautions should be taken against dust, noise, wind, etc. by 

using appropriate plants 

¶ Various forms, textiles, seasonal striking colors, such as the elements of the place, diversity in the 

garden design should be provided. 
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¶ In order to get rid of the tension of the child through the water and to make him feel confident, ponds 

should be placed within the recreation area which will allow the child to have short-term contact with the 

water.    

¶ Animals bring healthy relationships and self-confidence, not just the necessity of feeding them. For 

this reason, pet units can also be included in the garden. 

¶ Garden arrangement should be designed with round, curvilinear and smooth transitions instead of hard, 

dense and straight lines. 

¶ When designing roads, elements should be included that urge a child to recover from surgery or to 

walk in the garden of their temporary disability, giving them a sense of autonomy.  

¶ The textural features of the flooring coverings should be jagged and variable and there should be 

differences in the floor to find ways for disabled patients.  

¶ Playgrounds should have a swing to accommodate a stroller or wheelchair. 

 

CONCLUSION AND SUGGESTIONS 

Research in medicine and Environmental Psychology has shown that garden layouts are related to 

different health protection services. Considering the positive physical and psychological effects of healing 

Gardens on humans, it is seen that healing garden design is a comprehensive and unique study. In the design 

of healing Gardens, different professional disciplines such as landscape architect, architect, therapist, and 

psychologist need to be in cooperation (Bulut and Gºktuĵ, 2006). 

It should be noted first that healing gardens have no purpose in treating. The goal of Healing Gardens is 

to contribute to healing processes only by interacting with nature in the healing process of patients with 

different diseases. 

When planning healing Gardens, an approach that matches and resembles the design principles of other 

gardens is taken, but these criteria are applied to improve gardens in a way that gives them distinctive 

meanings. Improve gardens edit files, basically the requirements of the patient group should be taken into 

consideration that appeals, and health requirements of workers and visitors, and patient - companion patient-

visitor relations, design direction should be given by considering (Bulut and Gºktuĵ, 2006). 

The most important feature of the healing garden is to positively affect patients, visitors, staff and those 

concerned and to ensure consistent stress reduction. 

Despite the increasing importance given to healing gardens within the scope of our country, these 

gardens have not reached enough level yet. However, although there are many different types of patients and 

their relatives mentioned in the study in Turkey, there are no examples of gardens made in this style. In this 

respect, healing gardens can be designed together with professional groups in different disciplines (Architects, 

Landscape Architects, psychologists, engineers, and regional planners). 

Healing garden design for elderly people, Alzheimer's patients, disabled people and hospitals should be 

designed to reduce stress factor, prevent the progression of existing disease or speed up the healing process, 

eliminate the risk of developing new diseases. For this reason, the general principles that should be considered 

in Garden Design have been determined and the use of medicinal plants in plant selection and the design of a 

healing garden serving spiritual and physical health has been realized (ķakar, 2011). 

The need for spaces and gardens designed for our future children has been increasing in recent years 

with the development of technology. Because the times when children can go out and spend time are left in 

the hands of technological tools. healing gardens designed as a result of special design and research for children 

with disabilities who require more care are becoming a need. Exercise and activities in these gardens have 

been described according to literature studies in which many contributions have been made to the treatment 

processes applied on children with physical disabilities. Many children with intellectual disabilities are known 

to be overly sensitive to introverted external factors. This healing is implemented according to the design 

principles within the gardens of children with mental disabilities in social activities, people, flora and fauna 

and provides to socialize with children to instill a sense of self confidence to be nested. Unfortunately, there 

are no examples for children in our country. The fact that our work topic, which we have prepared in order to 

support this issue, is a sample literature to the relevant institutions and organizations will contribute to the 

application of the required healing gardens. Therefore, the healing gardens designed to support our disabled 

children in their safe and treatment processes will be an important step in the upbringing of more vigorous and 

confident children. 
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ABSTRACT 

The present study integrates hydrochemical and radiogenic data of groundwater samples taken from 

the Plio-Quaternary unconfined aquifer in Jerba Island, southeastern Tunisia, to identify the main 

hydrogeochemical factors responsible for the high ion concentrations and 222Rn content in the groundwater. 

Thirty-nine groundwater samples were collected from open wells widespread on the island. Physical 

parameters (EC, pH, TDS and T) were measured in the field, major ions (Ca2+, Mg2+, Na+, K+, Clī, SO4
2ī, 

HCO3
ī and NO3

ī) were analysed; 222Rn concentrations were determined using a RAD7-H2O equipment. 

Hydrogeochemical characterisation revealed that groundwater from the Jerba aquifer has several origins. 

Mainly, two water types exist in the island. One, with high salinity, dominated by Na-K-Cl type, as observed 

in coastal zones and parts with low topographic and piezometric levels. These zones seem to be affected by the 

seawater intrusion process. The second water type characterized by a low to moderate salinity with a chemical 

facies Ca-Mg-Cl-SO4, characterizes the central part of Jerba (recharge area) due to carbonate and gypsum 

dissolution. The 222Rn concentration in groundwater samples in Jerba varied from nil to 2.860 Bq.Lī1 

averaging 867 Bq.Lī1. The highest values were registered in the western coastal wells and near the geological 

faults. Nevertheless, the central and eastern wells showed low 222Rn levels. Compared to 222Rn activity in some 

countries with the same lithology, 222Rn concentrations in the Jerba unconfined aquifer have higher values 

influenced by ascending rich 222Rn groundwater flow and by seawater inflow enriched with 222Rn resulting 

from the decay of uranium derived from phosphogypsum artificial deposits in the gulf of Gabes. The EC and 
222Rn spatial variability in the study area were mapped using ARC Map 10.3 software. Hydrochemical results 

in addition to geological data and radon activities confirm the existence of vertical communication between a 

Miocene aquifer beneath and the unconfined Plio-Quaternary aquifer through a fault system, and by lateral 

communication with the sea via seawater intrusion. 

Keywords: Geochemistry, 222Rn, Unconfined aquifer, Fault system, Seawater intrusion, Jerba 

 

INTRODUCTI ON  

Jerba Island, located in southeastern Tunisia, is characterized by a high evaporation, low natural 

recharge rates and a constant increase of water requirements due to excessive consumption by the population. 

The excessive pumping leads to the depletion of water and a decline in water quality. 222Rn is a radioactive 

noble gas produced by the decay of 238U, this gas is present in soil, rock and water; its solubility in water 

depends on various factors such as mineral characteristics of the aquifer rock formations, water-rock 

interaction, mineral Ra content, etc. (Nikolopoulos et al., 2009). 222Rn is released from minerals in different 

ways, including the ejection from the surface during the decay process or the diffusion through pores, fractures 

and joints (Hashemi et al., 2013; Akawwi, 2014). It has been demonstrated that 222Rn in groundwater can be 

used as a tracer of seawater intrusion due to desorption in high ionic strength. Ra, 222Rnôs parent, has salinity 

dependent desorption behaviour (Spizzico and Sciannamblo, 2005). The aim of this study has been to 

determine the main factors and groundwater flow mechanisms controlling the chemistry and radioactive 

content of water of the Plio-Quaternary unconfined aquifer of Jerba and to identify the hydrochemical 

processes occurring in the area by using coupled groundwater chemistry and 222Rn activity as tracers.  

 

METHODOLOGY  

This study was carried out on the island of Jerba (Fig. 1). The climate is semiarid with an average annual 

rainfall of 220 mm and an evapotranspiration of about 487 mm. The geological features of Jerba (Fig. 1) can 

be described by the outcropping of Mio-Pliocene and Quaternary sediments, overlaying a Tertiary, Mesozoic 

and Paleozoic substrate (Davaud et al., 1996).  
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Fig. 1 [a] Geological map of Jerba Island and [b]  Geological cross-section 

The quaternary sediments consist of the superposition of two components: a quartz-rich unit and a 

carbonate rich one (Jedoui et al., 2002). A system of faults strikes NWïSE affects the island (Fig. 2). The Plio-

Quaternary aquifer is registered in different sandy levels of the Pliocene rocks as well as in marine limestone 

of the Tyrrhenian Formation; the depth to the water-table is less than 10 m at the coastal zones and reach 30 

m towards the center, suggesting discharge and recharge conditions respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Classic hydrogeological results show that groundwater flows in the island of Jerba follow the surface 

geomorphology (Telahigue et al., 2018). The piezometric surface shown by the contour lines in figure 3 shows 

a water-table height between ī2 and 3 m a.s.l. and demonstrates that considerable recharge occurs in the center 

of the island and that groundwater flows toward the sea. The groundwater flow system is local as the recharge 

and the discharge areas are adjacent to each other. This needs to be confirmed by isotopic techniques (stable 

isotopes (2H and 18O) and tritium (3H) and 13C-14C). In the study area, the unconfined aquifer is recharged by 

the infiltration of rainfall, and by a vertical ascending inflow of deep water coming from a confined aquifer 

(Jeffara aquifer) in the Mio-Pliocene sandstones from a depth of 320 m. A total of thirty nine water samples 

were collected for chemical analysis and 222Rn measurement from open wells in December 2013 (Fig. 2), using 

submersible pumps after the flushing of stagnant water in the wells for about 20 min. Samples for chemical 

analysis were collected in airtight polyethylene bottles of 1 L and in 40-mL vials for radon measurement. Prior 

to sample collection, those latter were rinsed with the water of the corresponding sample then entirely filled 

with the sampled water and immediately closed to avoid any chemical reactions and radon loss by degassing 

Fig. 2 Structural map of study 

area including sample locations 

Fig. 3 Piezometric map of 

the Plio-Quaternary aquifer 
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during transport to the laboratory. After collecting a sample, the sample vial was inverted to check for air 

bubbles. The date and time of sampling were recorded and samples stored in a cooler. 222Rn levels were 

determined within 3 h after sample collection in order to minimize the influence of radioactive decay. 222Rn 

concentrations were measured using RAD7-H2O at the Integrated Laboratory in the Higher Institute of Water 

Sciences and Techniques of Gabes-Tunisia. The results were corrected to account for radon activity decline 

due to radioactive decay from the time of sampling to analysis by multiplying them by the Decay Correction 

Factor (DCF) = 1.023 (DURRIDGE Company Inc. 2000). The concentrations of major ions were measured by 

ion chromatography (Methrohm 850 Professional IC) and HCO3
- were determined by the volumetric method. 

The precision of the chemical analyses was checked by calculating the ionic balance error (Ů). All the analysed 

samples had Ů Ò 5%. In situ measurements of EC, pH and TDS were taken using a pre-calibrated C933 Multi-

Parameter probe and water temperature was taken using a digital thermometer.  

 

RESULTS AND DISCUSSION 

TDS values are ranging from 1.880 to 19.920 mg.Lī1. Temperature ranges from 13.5 to 22 ÁC reflecting 

the recent origin of these waters. The pH is neutral to slightly alkaline and its values are increasing with flow 

path. The major ionic species obtained from the geochemical analysis are plotted on the Piper diagram (Fig. 

4). The spatial distribution of water types shows a dominance of a Ca-Mg-Cl-SO4 water type in the central 

parts of the island, where the substratum is mainly composed of gypsum clay. However, in the coastal zones 

and in some parts having low topographic and piezometric levels, the dominated water type is Na-K-Cl (Fig. 

4). The Na+-ClðCa2+-SO4
2- abundance in groundwater is probably due to the leaching of evaporitic minerals 

coupled to seawater intrusion in coastal zones (Kharroubi et al., 2012a). However, the other groundwater types 

(Ca-Mg-Cl-SO4) are mainly related to cation-exchange reactions (Maoui et al., 2009) as there are flows upward 

from the deep aquifer. 

 

 

 

 

 

 

 

 

 

 

 

 

The hydrochemical correlations were realised using the relationship of Na+, SO4
2ī, Ca2+ versus Clī 

concentration. The Na+ and Clī concentration plot along and close to the mixing line between seawater and 

freshwater (Fig. 5a). Samples used for fresh water are samples number 6 (EC: 3.65 mS/Cm; Cl-: 553 mg/L), 

12 (EC: 3.75 mS/Cm; Clī: 636 mg/L) and 33 (EC: 2.86 mS/Cm; Clī: 669 mg/L) picked from the recharge area. 

Nevertheless, the relationship of Ca2+ and SO4
2ī with that of Clī diverges from the mixing line (Fig. 5b and c), 

suggesting that other hydrochemical processes (dissolution/precipitation, ion exchange) must also occur in the 

aquifer. The high concentrations of Clī (exceeding 500 mg/L) in groundwater of this aquifer can be explained 

by seawater intrusion in the coastal regions, septic tanks and untreated sewage and by the dissolution of 

chloride-rich marine aerosols. The spatial distribution of EC in groundwater (Fig. 6) shows high levels along 

the western and the southern coastal zones, implying seawater intrusion and the dissolution of gypsum and 

anhydrite. The concentrations of 222Rn for all the samples were in the range 0ï2,860 Bq.Lī1 with the mean 

value of 866 Bq.Lī1. It was recognized that high levels of radon in drinking water may constitute a major health 

hazard as 222Rn is a known as the number one cause of lung cancer among non-smokers and is responsible for 

some thousand cancer deaths every year (USEPA, 2008). The study area, which is heavily polluted by 

anthropogenic activities, is particularly well known for a significantly higher rate of cancer than the national 

average (Tunisia). The World Health Organization (WHO) Guideline for Drinking Water Quality limits the 

concentration of 222Rn for drinking water in domestic drinking water supplies originating from different types 

of groundwater sources and wells in different geological areas to 0.1 Bq.Lī1. The spatial distribution of 222Rn 

(Fig. 7) shows that wells located in the east and in the center of the Island (the recharge zone) have the lowest 

radon activities ranging from nil to 340 Bq.Lī1. It also shows that the highest 222Rn activities have been 

registered near the fault system, because groundwater flows through zones with high 222Rn concentration. 

Fig. 5 Correlation between (a) 

Na-Cl, (b) Ca-Cl and (c) SO4-Cl 

Fig. 4 Piper diagram and spatial 

distribution of groundwater types 
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However, some samples collected from coastal wells, with high EC levels, also showed high 222Rn values. This 

fact may be related to seawater intrusion in those zones. It is to mention the fact that the Gulf of Gabes and the 

Boughrara lagoon receive effluent discharge coming from Gabes chemical industries generating 106 kg dayī1 

of phosphogypsum waste enriched with heavy metals, including uranium which drains to the seawater without 

any treatment (Kharroubi et al., 2012b). The seawater intrusion may cause the enhancement of 222Rn 

concentration in groundwater by the decay of uranium introduced by the phosphogypsum pollution. Additional 

radioactivity is due to the absorption of the 226Ra and 222Rn from clayey sediments present in the aquifer and 

from the Jeffara coastal aquifer showing high uranium concentrations (Hadj Ammar et al., 2010), and mixing 

with the fresh groundwater, making them more radioactive.  

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION  

Based on geochemical composition, two groups of water salinity were found in the Jerba unconfined 

aquifer. A zone in the North-eastern part and in the centre of the Island, both with low to moderate salinity 

values; a second one, characterized by saline to highly saline waters, in the western coast. The spatial 

distribution of groundwater salinity and 222Rn concentration were investigated showing that the highest radon 

activities were registered near the fault system confirming vertical upward migration of 222Rn due to deep 

ascending groundwater flow from a deep aquifer, via the faults system. The actual source of 222Rn is another 

challenge. As to determine if the source is the deep confined aquifer or from a regional flow that uses this 

aquifer as a path to reach the surface. Samples from coastal wells (western and southwestern coast) with high 

EC levels confirm the lateral enhancement of EC by seawater intrusion by the absorption of the 226Ra and 222Rn 

from clayey sediments and potentially by the transport of uranium from the phosphogypsum deposit in the gulf 

of Gabes.  
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ABSTRACT 

In this report, a case of abdominal angiosarcoma was described in a 10-month-old mixed breed male 

cat. A soft subcutaneous mass was found to grow in the ventral abdomen for a while and this mass was removed 

by total extirpation. On macroscopic examination, the mass was soft and yellowish in color. The cut section 

was edematous and hemorrhagic. Microscopic examination revealed vascular formation in the form of slits 

and channels within subcutaneous connective and adipose tissue. While newly formed vessel lumens were 

generally empty, some vessel lumens were filled with erythrocytes. Among these vessels were connective tissue 

cells with prominent collagen formations and a small number of inflammatory cells. In some areas, atypical 

features, especially polymorphism and anisonucleosis, were observed in endothelium. Mitotic figures were 

also seen in some places. While some of the new vessels formed had blood vessel characteristics, the walls of 

some of them were quite thin and resembled lymph vessels. Numerous mononuclear cell infiltrations in the 

connective and adipose tissue adjacent to the tumor were noted. The use of the term angiosarcoma is reported 

to be more appropriate in cases where endothelial cell proliferation is of blood or lymphatic vessel origin. In 

this case, the presentation of this case is found appropriate in order to contribute to veterinary oncology as 

endothelial structures and vascular formation resemble both blood and lymph vessels and this tumor structure 

is defined only in cats. 

Keywords: feline, abdominal, angiosarcoma, pathology, cat 

 

ON AYLIK ERKEK BIR KEDIDE FELINE ABDOMINAL ANJIOSARKOM OLGUSU 
 

¥ZET 

Bu sunumda 10 aylēk melez ērk erkek bir kedide abdominal anjiosarcoma olgusu tanēmlandē. Bir s¿redir 

abdomenin ventralinde deri altē yerleĸimli yumuĸak bir kitlenin b¿y¿d¿ĵ¿ tespit edilmiĸ ve sonrasēnda total 

extirpasyonla alēnmēĸtēr. Makroskobik incelemede yumuĸak kēvamlē, sarēmsē renkte, kesit y¿z¿ ºdemli ve yer 

yer kanamalē gºr¿n¿mdeydi. Mikroskobik incelemelerde deri altē baĵ doku ve yaĵ doku i­erisinde yarēklar ve 

kanallar ĸeklinde damar oluĸumlarē dikkati ­ekti. Yeni oluĸan damar l¿menleri genelde boĸ gºr¿n¿rken bazē 

damar l¿menleri eritrositlerle dolu olduĵu dikkati ­ekti. Bu damarlar arasēnda baĵ doku h¿creleri belirgin 

kollagen oluĸumlarē ve az sayēda yangē h¿creleri vardē. Bazē alanlarda endotellerde polimorfizm ve 

anizon¿kleozis baĸta olmak ¿zere atipik ºzellikler dikkati ­ekti. Ayrēca yer yer mitotik fig¿rler de gºr¿ld¿. 

Oluĸan yeni damarlarēn bazēlarē kan damarē ºzellikleri gºsterirken bazēlarēnē duvarlarē olduk­a ince 

gºr¿n¿mde olup lenf damarlarēna benzemekteydi. T¿mºre bitiĸik baĵ ve yaĵ dokuda i­erisinde ­ok sayēda 

monon¿kleer h¿cre infiltrasyonlarē dikkati ­ekti. Endotel h¿cre proliferasyonunun kan veya lenfatik damar 

orijinli olup olmadēĵēnēn tam olarak belirlenemediĵi durumlarda anjiyosarkom terimini kullanēlmasēnēn daha 

uygun olduĵu bildirilmektedir. Bu olguda da endotel yapēlarēnēn ve damar oluĸumlarēnēn hem kan hem de lenf 

damarlarēna benzemesi ve bu t¿mºr yapēsēnēn sadece kedilerde tanēmlanmasē sebebiyle veteriner onkolojiye 

katkē  saĵlamasē amacēyla bu olgunun sunumunun uygun bulunmuĸtur. 

Anahtar kelimeler: Feline, abdominal anjiosarkom, patoloji, kedi,   

 

INTRODUCTION  

There is controversy over whether this tumor is of blood vessel or lymphatic origin. The term 

angiosarcoma is therefore preferred (Goldschmidt and Hendrick 2002). These are rare tumors in all species, 

but are most commonly reported in dogs, cats, and horses. A somewhat unique manifestation of this tumor, 

seen in the caudoventral abdominal wall of cats, was previously called ñfeline ventral abdominal 

angiosarcomaò (Goldschmidt and Goldschmidt 2017). This rare tumor is seen only in the cat, where it presents 

as a distinctive lesion on the caudoventral abdominal wall.  It has now been identified as a lymphangiosarcoma 
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by immunohistochemical analysis (Goldschmidt and Goldschmidt 2017, Galeotti, et al. 2004, Sugiyama, et al. 

2007)  

The caudoventral abdominal wall and mammary region has a diffuse ñbruisedò appearance, as if there 

were dermal and subcutaneous hemorrhage. When cut, the region is discolored red/black and oozes a 

serosanguineous fluid. A distinct mass is usually not discernible, but the area can vary in texture from soft and 

gelatinous to firm (Goldschmidt and Goldschmidt 2017, Thongtharb et al 2015).  

Histologically, the subcutis in this area is diffusely edematous, hemorrhagic, and infiltrated by 

neoplastic endothelial cells that form clefts and channels. Most neoplastic cells hug the collagen and show 

moderate to marked nuclear pleomorphism. Although there is extensive hemorrhage throughout the area, the 

vascular channels of the neoplasm usually contain only a few erythrocytes. Scattered throughout the tumor and 

the adjacent soft tissues are lymphocytes, plasma cells, and hemosiderophages. It is controversial whether the 

endothelial cell proliferation in this syndrome is of blood or lymphatic vessel origin.  Therefore, the diagnosis 

of lymphangiosarcoma is favored by some authors, based on light microscopic evidence of the close 

association of the neoplastic cells with collagen bundles and on the lack of a continuous basal lamina 

ultrastructurally (Galeotti et al., 2004, Goldschmidt and Hendrick 2002, Goldschmidt and Goldschmidt 2017).  

Factor VIII immunostaining is positive in some tumors, negative in others. The use of the term 

angiosarcoma avoids this controversy and may be a more appropriate name for this entity at this time (Galeotti 

et al., 2004, Goldschmidt and Goldschmidt 2017).  The extensive infiltrative growth of this neoplasm leads to 

frequent recurrences. Metastasis is rare. Repeated surgical excision has been the only recognized treatment 

(Goldschmidt and Goldschmidt 2017, Thongtharb et al. 2015).  

 

CASE HISTORY 

In this report, a case of abdominal angiosarcoma was described in a 10-month-old mixed breed male 

cat. A soft subcutaneous mass was found to grow in the ventral abdomen for a while and this mass was removed 

by total extirpation. On macroscopic examination, the mass was soft and yellowish in color (Fig. 1-A). The 

cut section was edematous and hemorrhagic.  

Microscopic examination revealed vascular formation in the form of slits and channels within 

subcutaneous connective and adipose tissue. While newly formed vessel lumens were generally empty, some 

vessel lumens were filled with erythrocytes  (Fig. 1-B). Among these vessels were connective tissue cells with 

prominent collagen formations and a small number of inflammatory cells  (Fig. 1-C). In some areas, atypical 

features, especially polymorphism and anisonucleosis, were observed in endothelium. Mitotic figures were 

also seen in some places. While some of the new vessels formed had blood vessel characteristics, the walls of 

some of them were quite thin and resembled lymph vessels (Fig. 1-D). Numerous mononuclear cell infiltrations 

in the connective and adipose tissue adjacent to the tumor were noted. 

 

CONCLUSION 

The use of the term angiosarcoma is reported to be more appropriate in cases where endothelial cell 

proliferation is of blood or lymphatic vessel origin.  The tumour was previously called ñfeline ventral 

abdominal angiosarcomaò, but it has now been identified as a ñlymphangiosarcomaò (Goldschmidt and 

Goldschmidt 2017, Lenard et al. 2007). The presentation of this case is found appropriate in order to contribute 

to veterinary oncology as endothelial structures and vascular formation resemble both blood and lymph vessels 

and this tumor structure is defined only in cats. 
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Figure 1. A. Tumour mass, soft and yellowish in color. B. Newly formed vessel lumens were generally 

empty (black arrow), some vessel lumens were filled with erythrocytes (red arrow), C. Inflammatory cells (red 

arrow) and newly formed vessel vessels (black arrows), D. Some of the new vessels formed had blood vessel 

characteristics (red arrow), the walls of some of them were quite thin and resembled lymph vessels (black 

arrows). H&E. 
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ABSTRACT 

In this presentation, acantholytic and spindle cell variants of ocular squamous cell carcinoma (OSCC) 

were identified in a mass taken from the right eyelid of a 4-year-old Simmental cow. The mass, which rapidly 

grew as a thick band in the right lower eyelid within 4 months, caused vision problems and was totally 

extirpated and brought to pathology laboratory. On macroscopic examination, the mass was 7x2,5x1,5 cm in 

size and had a hard consistency and a reddish colored cross-section. Microscopic examination revealed 

proliferating oval or polygonal spinosum cells with vesicular and hyperchromatic nuclei extending from 

epidermis to dermis. It was noted that the spinosum cells in the middle of the tumor islets in these proliferation 

and dermis were separated from each other (dyshesion) and lysis (acantholysis) occurred in these areas. 

Atypia, mitosis and intercellular bridges were prominent in tumor cells. In some sections, it was noted that 

some of the tumor cell proliferation were seen as spindle-like cells with hyperchromatic nuclei located parallel 

to each other and these cells seemed to be flowing. Squamous cell carcinomas are seen all over the skin, but 

are more common in non-pigmented areas and in mucocutaneous junction in cattle and horses. Ocular 

squamous cell carcinoma is the most common neoplasm of the eye and economically important in cattle. The 

tumor is identified histologically by spinosum cell proliferation and the formation of keratin pearls. In this 

case, both spindle cell and acantholytic variants, the rare forms of squamous cell carcinoma, were detected in 

the same tumor the eyelid of a cow and presented for the purpose of contributing to the literature. 

Keywords: Squamous cell carcinoma, Acantholytic, Spindle cell, Ocular, Cow 

 

SIMMENTAL IRKI BIR ĶNEKTE OK¦LER YASSI H¦CRELI KARSINOMUN 

AKANTOLITIK VE SPINDLE H¦CRELI VARYANTLARI 
 

¥ZET 

Bu sunumda 4 yaĸlē diĸi bir Simental inekte saĵ gºz kapaĵēndan alēnan kitlede spindle cell and 

akantolitik ok¿ler skuamºz cell carcinoma tanēmlanmēĸtēr. Saĵ tarafta alt gºz kapaĵēnda kalēn bir bant 

ĸeklinde 4 ay i­erisinde hēzla b¿y¿yerek gºrme problemine yol a­an kitle total ekstirpe edilerek patolojiye 

getirilmiĸtir. Makroskobik incelemede  kitlenin 7x2,5x1,5 cm ebatlarēnda sert kēvamlē, kesit y¿z¿n¿n kērmēzēmsē 

renkte olduĵu gºr¿ld¿. Mikroskobik incelemede epidermisten dermise doĵru uzanan, oval yada poligonal 

ĸekilli sitoplazmalarē belirgin, vezik¿ler ve hiperkromatik ­ekirdekli  spinozum h¿crelerinin oluĸturduĵu 

proliferasyonlar dikkati ­ekti. Bu proliferasyonlarēn ve dermisteki t¿mºr adacēklarēnēn ortalarēnda spinozum 

h¿crelerinde ayrēlma ve erimeler dikkati ­ekti. T¿mºr h¿crelerinde atipi, mitoz ve intersel¿ler kºpr¿ler 

belirgindi. Bazē kesitlerde t¿mºr h¿cre prolifersyonlarēnēn bir kēsmēnēn iĵ ĸeklinde birbirine paralel yerleĸimli 

hiperkromatik ­ekirdekli h¿creler ĸeklinde gºr¿ld¿ĵ¿ ve bu h¿crelerin akēntē gºr¿n¿m¿nde olduĵu dikkati 

­ekti. Yassē h¿creli karsinomlar derinin her yerinde gºr¿lmekle birlikte daha ­ok pigmentsiz bºlgeleri, sēĵēr 

ve atlarda mukokutanºz birleĸim yerlerinde sēk gºr¿l¿rler. T¿mºr histolojik olarak spinozum h¿cre 

proliferasyonu ve keratin incileri oluĸumuyla tanēmlanmasē yapēlēr. Bu vakada ise t¿mºr¿n az rastlanan 

spindle h¿creli ve akontolitik formlarē aynē anda tespit edilmiĸ ve  literat¿re katkē amacēyla sunulmuĸtur. 

Anahtar Kelimeler: Yassē h¿creli kanser, Akantolitik, Spindle h¿cre, Gºz, Sēĵēr 

 

INTRODUCTION  

Squamous cell carcinoma (SCC) is a malignant neoplasm of epidermal cells in which the cells show 

differentiation to keratinocytes. It is one of the most common malignant skin tumors of all domestic animals, 

including chickens. There are several factors that are associated with the development of SCC, including 

prolonged exposure to ultraviolet light, lack of pigment within the epidermis at the sites of tumor development, 

and lack of hair or a very sparse hair coat at the affected sites. Therefore, geographic location and climate 

(ultraviolet light exposure) and anatomic location (conjunctiva, vulva and perineum) will greatly influence the 

incidence. Recent studies have linked papillomavirus with SCC in several species (Goldschmidt and 
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Goldschmidt 2017). When exposed to solar radiation and higher altitude, cattle breeds at increased risk are 

those that lack circumocular or mucocutaneous pigmentation, including the Hereford and Simmental. In horses 

and cattle, SCC occurs primarily at mucocutaneous junctions, particularly the eyelids and conjunctiva, vulva, 

and perineum. SCC of the eyelid often is associated with a purulent conjunctivitis, while epistaxis, sneezing, 

ulceration, or swelling are the clinical signs associated with neoplasms arising from the planum nasale. In well

differentiated neoplasms there is the formation of distinct keratin ñpearlsò (Dubielzig 2017, Goldschmidt and 

Goldschmidt 2017). 

Ocular squamous cell carcinoma (OSCC) is easily the most common and economically important 

neoplasm of the eye in cattle. SCC is reported throughout the world. In the United States the tumor is more 

common in the southwest and areas with high sunlight exposure. SCC increases in incidence in older animals. 

Although all breeds are affected, Hereford cattle are the most frequently with an incidence estimated at 0.08%. 

The tumor most commonly begins on the lateral bulbar conjunctiva near the cornea. The lower lid and nictitans 

are also common but the medial canthus is less common  (Ceylan et al. 2012, Dubielzig 2017, Gharagozlou et 

al. 2007, Goldschmidt and Goldschmidt 2017, Yakan et al. 2017). 

Several uncummon variants of SCC have been described. Spindle cell SCCs consist of a proliferation 

of elongated cells arranged within whorls or bundles. The spindle cell variant is often difficult to differentiate 

from the surrounding stromal cells. However, the neoplastic cells stain positive with antikeratin antibodies on 

immunohistochemical evaluation. Other histological subtypes that have been described in domestic animals 

include adenosquamous and adenoid (also known as acantholytic) SCCs. Acantholytic SCCs are characterized 

by marked dyshesion of the neoplastic cells, which results in a pseudoglandular pattern. Both subtypes are best 

considered variants of conventional SCCs and are comprised predominantly of infiltrative trabeculae of 

anaplastic keratinizing epithelial cells (Dubielzig 2017, Goldschmidt and Goldschmidt 2017, Gu et al. 2012, 

Kiani et al. 2010, Rinker et al. 2001).  

 

CASE HISTORY 

In this presentation, acantholytic and spindle cell variants of ocular squamous cell carcinoma (OSCC) 

were identified in a mass taken from the right eyelid of a 4-year-old Simmental cow. The mass, which rapidly 

grew as a thick band in the right lower eyelid within 4 months, caused vision problems and was totally 

extirpated and brought to pathology laboratory. On macroscopic examination, the mass was 7x2,5x1,5 cm in 

size and had a hard consistency and a reddish colored cross-section. Microscopic examination revealed 

proliferating oval or polygonal spinosum cells with vesicular and hyperchromatic nuclei extending from 

epidermis to dermis (Fig 1-A). Atypia, mitosis and intercellular bridges were prominent in tumor cells (Fig 1-

B).  It was noted that the spinosum cells in the middle of the tumor islets in these proliferation and dermis were 

separated from each other (dyshesion) and lysis (acantholysis) occurred in these areas (Fig 1-C). In some 

sections, it was noted that some of the tumor cell proliferation were seen as spindle-like cells with 

hyperchromatic nuclei located parallel to each other and these cells seemed to be flowing (Fig 1-D). 

 

CONCLUSION 

Squamous cell carcinomas are seen all over the skin, but are more common in non-pigmented areas and 

in mucocutaneous junction in cattle and horses (Goldschmidt and Goldschmidt 2017). Ocular squamous cell 

carcinoma is the most common neoplasm of the eye and economically important in cattle The tumor is 

identified histologically by spinosum cell proliferation and the formation of keratin pearls (Dubielzig 2017, 

Gharagozlou et al. 2007). In this case, both spindle cell and acantholytic variants, the rare forms of squamous 

cell carcinoma, were detected in the same tumor the eyelid of a cow and presented for the purpose of 

contributing to the literature. 
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Figure 1. A. Proliferating spinosum cells extending from epidermis to dermis (arrows), B. Vesicular and 

hyperchromatic nuclei and atypical features (arrows), mitosis and intercellular bridges in tumor cells.  C. 

Spinosum cells separated from each other (dyshesion) (black arrow),  and lysis (acantholysis) (red arrow)  in 

the middle of the tumor islets, D. Spindle-like cells with hyperchromatic nuclei (arrows) located parallel to 

each other and these cells seemed to be flowing. H&E 
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ABSTRACT 

My country, which is regarded as the homeland of cultivation and viticulture, has a very wide variety 

and type of richness and thus a great potential for hanging genes due to its very favorable ecological 

conditions. This research was carried out in Manisa Viticulture Research Institute on two varieties found in 

Aegean Region suspended genetic resources parcels. Karazdaĵē and ¢avuĸ grape varieties were examined in 

the study. The ampelographic characteristics of the cultivars studied were determined according to the 

Descriptors for Grape norms prepared by IBPGR (International Plant Genetic Resources Center). In the study 

conducted, it was determined that all of the varieties belonged to Vitis vinifera L. strain. In addition, it was 

determined that all the varieties examined had a native flower structure and seeds. It was determined that the 

varieties had different cluster size, cluster length and bunch weight in terms of grain weight, grain shape and 

grain size. 

 

INTRODUCTION  

In country is in terms of viticulture in the most favorable climatic zone of the world and at the 

intersection of the gene centers of the hill. At the same time, our country is in the geography of the first cultures 

of vine (Oraman, 1970; Mullins et al., 1992). For this reason, viticulture has a long history of 5-6 thousand 

years in our country, Anatolian people have an important place in the social and economic life. Due to the 

civilization changes in Anatolia throughout history, different ecological conditions as well as different taste 

and consumption habits have increased the richness of varieties of grapes over time (Boz ve ¢elik, 1998; ¢elik, 

1998; Aĵaoĵlu, 1999). On the other hand, the heterozygous hereditary structure and mutations of lead vine to 

the spreading of a large grapevine gene potential in our country during this long history period (Dokuzoĵuz, 

1964; Fidan, 1985; Mullins et al., 1992; Eriĸ, 1995; Aĵaoĵlu, 1999; Diri and Aĵaoĵlu, 1999). 

 

MATERIAL  

This research was carried out in the period of 2015-2016 from the time of the eyes to the harvesting 

period under the vineyards of the Manisa Viticulture Research Institute. The specimens of the varieties studied 

were taken from healthy vines which grow on yield and on their own roots. In general, the characteristics of 

terrestrial Mediterranean climate are dominant. The research was carried out on two grape varieties grown in 

the region and named by the people of the region as Karazdaĵē and ¢avuĸ grapes. 

 

METHOD  

The International Board for Plant Genetic Resources (IBPGR), the OIV (Offices International de la 

Vigne et du Vin) and the UPOV (International Union for the Protection of New Varieties of Plants) have been 

established jointly to provide international methodology for determining the ampelographic characteristics of 

grape varieties. In 1983, descriptive norms, which consist of two complementary descriptors, were published 

under the title "Descriptors for Grape" (Anonymous, 1983). In this study, the ampelographic characteristics of 

the grape varieties studied were determined based on the criterions of the "Identification and Preliminary 

Evaluation" data which constitute the first step of the above mentioned method. 
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RESULTS: 

Characteristi

cs 

OIV 

Code 
Descriptions Karazdaĵē ¢avuĸ 

Young shoot 

001 Openness of tip Wide open Very open 

003 Anthocyanin coloration of hairs of tip Medium None or very sparse 

004 Density of prostrate hairs on tip Dense Very Dense 

005 Erect hairs on tip None or very sparse Dense 

Shoot 

006 Attitude (before tying) Semi erect Semi erect 

007 Color of dorsal side of internodes Green and red Green and red 

008 Color of ventral side of internodes Green Green and red 

009 Color of dorsal side of nodes Green and red Green and red 

010 Color of ventral side of nodes Green Green and red 

012 Erect hairs on internodes None or very sparse Dense 

017 Length of tendrils Short Long 

Young leaf 

051 Color of upper side of blade Green with anthocyannin spots Light copper - red 

053 Prostrate hairs between main veins on lower side of blade None or very sparse Very Dense 

056 Density of erect  hairs on main veins on lower side of blade None or very sparse Dense 

Mature leaf 

065 Size of blade Small Very large 

067 Shape of blade Pentagonal Pentagonal 

068 Shape of blade Five Seven 

070 
Proportion of main veins on upper side of blade with anthocyanin 

coloration 
Low Absent or very low 

076 Shape of teeth Both sides convex Both sides convex 

077 Length of teeth 0,59 Medium 0,59 Medium 

078 Ratio length/width of teeth 0,80 0,61 

079 Arrangement of lobes of petiole sinus Half open Closed 

082 Arrangement of  lobes of upper lateral sinuses Slightly overlapped Slightly overlapped 

084 Prostrate hairs between main veins on lower side of blade Dense Dense 

087 Erect hairs on main veins on lower  side of blade None or very sparse None or very sparse 

605 Depth of upper lateral sinuses 49,7mm Deep 46,1 mm Deep 

Flower 151 Sexual organs 
Fully developed stamens and fully developed 

gynoecium 

Fully developed stamens and fully developed 

gynoecium 

Bunch 

202 Size 15,8 cm  Medium 18,0 cm Medium 

204 Density Medium Medium 

206 Length of peduncle 1,7 cm Very short 4,3 cm Very short 

Berry  

220 Size 19,80 Long 23,61 Long 

223 Shape Globose Ovoid 

225 Color of skin Dark red-violet Yellow-green 

242 Seed length 5,39 mm Short 6,35 mm Medium 

243 Seed weight 24 mg Low 25 mg Low 

503 Single berry weight 3,78 g Medium 5,70 g Medium 
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ABSTRACT 

In this report, in an orange tabby cat, soft tissue tumor with dense giant cells was identified in the mass 

taken from the dorsal region.  

A rapidly growing mass within 2 months was detected in the dorsal region of an 8-years-old female 

tabby cat and was brought to the pathology laboratory after total extirpation. The mass was 5x4x2 cm in size 

with a hard consistency and the cross-section was yellowish. Tissue samples were fixed in 10% formaldehyde, 

followed by routine tissue procedure and stained with Hemotoxylin & Eosin and examined under light 

microscope.  

Histopathologically, dense pleomorphic histiocytes and fibroblasts, occasional inflammatory cells, and 

multinucleated giant cells with some oval-round and some spindle-shaped hyperchromatic nuclei were 

observed. While there were no bone and cartilage formation in the tumor areas, occasional hyalinizing areas 

were detected. Necroses were found in some areas.  

The cause of this tumor, also known as malignant fibrous histiocytoma (giant cell type) in cats has not 

been fully revealed, howewer it has been reported that it may develop due to vaccine applications. It is also 

reported to be confused with giant cell tumors of the bone and tendon sheaths. In this case, the tumor was 

defined as a giant cell tumor of soft tissue because of the development in the dorsal region where the vaccines 

have been performed frequently, and the absence of cartilage and bone structures within the tumor, and 

presented for contribution to literature. 

Keywords: Malignant Giant cell tumor, Soft tissue, Tabby cat, Pathology 

 

DĶķĶ BĶR SARMAN TEKĶRDE YUMUķAK DOKUNUN DEV H¦CRELĶ T¦M¥R¦ 
 

¥ZET 

Bu sunumda, turuncu renkli (sarman) bir tekir kedide, sērt bºlgesinden alēnan kitlede yoĵun dev 

h¿crelerinin gºr¿ld¿ĵ¿ yumuĸak doku t¿mºr¿ tanēmlandē. 

8 yaĸlē, diĸi bir tekir kedinin sērt bºlgesinde 2 ay i­erisinde hēzla b¿y¿yen bir kitle tespit edilmiĸ ve total 

ekstirpe edilerek patoloji laboratuvarēna getirilmiĸtir. Getirilen kitle 5x4x2 cm ebatlarēnda sert kēvamlē ve 

kesit y¿z¿ sarēmtērak renkliydi. Alēnan doku ºrnekleri %10 luk formolde tespit edildikten sonra rutin doku 

takibi yapēldē ve Hemotoksilen Eozin (HE) ile boyanarak, ēĸēk mikroskobunda incelendi.  

Histopatolojik incelemede yoĵun pleomorfik fibroblastlar ve histiyositler, tek t¿k yangē h¿creleri, 

bazēlarēnēn ­ekirdekleri oval-yuvarlak bazēlarēnēn ise mekik ĸekilli olan ­ok ­ekirdekli hiperkromatik dev 

h¿creleri gºr¿ld¿. T¿mºral alanlarda kemik ve kēkērdak oluĸumuna rastlanmazken, yer yer hiyalize alanlar 

tespit edildi. Bazē alanlarda nekrozlara rastlandē.  

Kedilerde malignant fibrºz histiositom (dev h¿creli tip) olarak da bilinen bu t¿mºr¿n nedeni tam olarak 

ortaya konulamamēĸ, ancak aĸē uygulamalarēna baĵlē geliĸebileceĵi bildirilmiĸtir. Ayrēca kemiĵin ve tendo 

kēlēflarēnēn dev h¿creli t¿mºrleriyle karēĸabildiĵi belirtilmektedir. Bu vakada da t¿mºr¿n  aĸēlarēn sēk yapēldēĵē 

sērt bºlgesinde geliĸmesi, t¿mºr i­erisinde kēkērdak ve kemik yapēlarēnēn bulunmamasē neticesinde yumuĸak 

dokunun dev h¿creli t¿mºr¿ olarak tanēmlanmēĸ ve literat¿re katkē amacēyla sunulmuĸtur. 

Anahtar kelimeler: Malignant Giant cell tumor, yumuĸak doku,  Sarman kedi, Patoloji 

 

INTRODUCTION  

Giant cell tumors may occur in bone, joints or soft tissue (Fletcher ve ark., 2002). In the past, it has been 

accepted that the malignant fibrous histiostoma has the same meaning as the giant cell variant (Enzinger ve 

Weiss, 1995). Recently, tumors with similar histological features; A population of mononuclear cells mixed 

with osteoclast-like giant cells but without significant cytological atypia and mitotic activity was defined as a 
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soft tissue giant cell tumor with low malignant potential (Folpe ve ark., 1999). Giant cell tumor of soft tissue 

is a malignant tumor resembling a giant cell tumor of bone, often consisting of a mixture of multinucleated 

giant cells, mononuclear histiocytes and fibroblasts, and often growing multinodularly (Christopher, 1926; 

Fine ve Stout, 1956; Enzinger ve ark., 1969). Two morphologically similar giant cell tumors that occur in bone 

and soft tissue are giant cell bone tumor (GCTB) and giant cell tumor of soft cells (GCTST) (Fletcher ve ark., 

2002). GCTST is a rare soft tissue tumor that histologically closely resembles GCTB (Fletcher ve ark., 2002). 

It occurs as a superficial or deep soft tissue lesion in the thigh, trunk or upper extremity. GCTST, which occurs 

in deep soft tissue, is eroded in the bone as in other giant cell rich soft tissue lesions such as giant cell tumor 

of tendon sheath and causes significant osteolysis (Fujikawa ve ark., 1996; Massey ve Flanagan, 1999). 

 

CASE HISTORY  

A rapidly growing mass within 2 months was detected in the dorsal region of an 8-years-old female 

tabby cat and was brought to the pathology laboratory after total extirpation. The mass was 5x4x2 cm in size 

with a hard consistency and the cross-section was yellowish. Tissue samples were fixed in 10% formaldehyde, 

followed by routine tissue procedure and stained with Hemotoxylin & Eosin and examined under light 

microscope. Histopathologically, dense pleomorphic histiocytes and fibroblasts, occasional inflammatory 

cells, and multinucleated giant cells (Fig 1 C-D) with some oval-round and some spindle-shaped 

hyperchromatic nuclei were observed. While there were no bone and cartilage formation in the tumor areas, 

occasional hyalinizing areas (Fig 1 A-B) were detected. Necroses were found in some areas. 

 

CONCLUSION 

The cause of this tumor, also known as malignant fibrous histiocytoma (giant cell type) in cats has not 

been fully revealed, howewer it has been reported that it may develop due to vaccine applications. It is also 

reported to be confused with giant cell tumors of the bone and tendon sheaths. In this case, the tumor was 

defined as a giant cell tumor of soft tissue because of the development in the dorsal region where the vaccines 

have been performed frequently, and the absence of cartilage and bone structures within the tumor, and 

presented for contribution to literature. 
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Figure 1. A. General hyalinizing area of tumor tissue, H&E, x 40.  B. Giant cells and general hyalinizing 

field, H&E, x100.  C. Hyperchromatic giant cells (arrows) and hyalinizing field (thin arrows), H&E, x200. D. 

Dense pleomorphic histiocytes and fibroblasts(thin arrow), hyperchromatic giant cells and hyalinized field 

(arrowhead), H&E, x400. 
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ABSTRACT 

In this report, a case of parasplenic hemangiosarcoma in a 10-year-old male German shepherd dog 

was described pathologically. It was informed that experimental laparotomy was performed on the dog 

brought to the clinics of Veterinary Faculty with the complaint of loss of appetite and weight loss for a while, 

and the spleen was taken with the accompanying mass and then sent to pathology laboratory. 

In macroscopic examination, the mass was 6x3x3 cm in size, soft consistency and adjacent to the serosa 

of the spleen. Cross section of the mass revealed a dark red and bloody surface, and intense bleeding. Tissue 

samples taken from the tumor were fixed in 10% formaldehyde solution, followed by routine tissue procedure 

and stained with Hemotoxylin-Eosin and examined under light microscope. 

Histopathological examination showed that round or oval endothelial cells with hyperchromatic and 

pleomorphic nuclei occasionally form vascular lumen. Numerous mitotic figures, large necrosis and bleeding 

areas, and inflammatory cells were observed in the tumoral areas. There was no tumor invasion within the 

spleen parenchyma. 

In dogs, visceral hemangiosarcoma has been reported to originate from differentiated vascular 

endothelial cells or bone marrow stem cells with hemangioblastic potential. Although hemangiosarcoma is 

the most common splenic neoplasm of dogs, no tumor in the splenic parenchyma was observed in this case, 

and it was intended to present for contributing the oncology literature. 

Keywords: parasplenic hemangiosarcoma, dog, oncology 

 

ALMAN KURDU BĶR K¥PEKTE PARASPLENĶK HEMANGĶOSARKOM OLGUSU 
 

¥ZET 

Bu sunumda 10 yaĸēnda erkek Alman kurdu bir kºpekte parasplenik hemangiosarkom olgusu patolojik 

olarak tanēmlandē. 

Bir s¿redir iĸtahsēzlēk, kilo kaybē ĸikayeti ile kliniklere getirilen kºpeĵe deneysel laparotomi yapēlmēĸ ve 

dalak beraberindeki kitle ile alēnarak patoloji laboratuvarēna gºnderilmiĸtir. Kitlenin makroskobik 

incelemesinde 6x3x3 cm b¿y¿kl¿ĵ¿nde, yumuĸak kēvamda ve dalaĵēn kapsulasēna bitiĸik gºr¿n¿mde olduĵu 

gºr¿ld¿. Kesit y¿z¿ koyu kērmēzē renkte ve y¿zeyden kan sēzēyordu. Alēnan doku ºrnekleri %10 luk formolde 

tespit edildikten sonra rutin doku takibi yapēldē ve Hemotoksilen Eozin (HE) ile boyanarak, ēĸēk mikroskobunda 

incelendi.  

Histopatolojik incelemede yuvarlak yada oval yapēda, ­ekirdekleri hiperkromatik ve pleomorfik 

gºr¿n¿mde endotel h¿crelerinin yer yer damar l¿meni oluĸturduĵu dikkati ­ekti. T¿mºral alanlarda ­ok 

sayēda mitotik fig¿r, geniĸ nekroz ve kanama alanlarē ile yer yer yangē h¿creleri gºr¿ld¿. Dalak i­erisinde 

t¿mºral infiltrasyon yoktu. 

Kºpeklerde viseral hemangiosarkomun, farklēlaĸmēĸ vask¿ler endotel h¿creleri veya hemangioblastik 

potansiyeli olan kemik iliĵi kºk h¿crelerinde kºken aldēĵē bildirilmektedir. Hemangiosarkom kºpeklerin en sēk 

gºr¿len splenik neoplazmasē olmasēna karĸēn bu vakada dalak parankimi i­erisinde t¿mºr¿n bulunmamasē 

sebebiyle ve literat¿re katkē saĵlamasē amacēyla sunulmuĸtur. 

   

INTRODUCTION  

Hemangiosarcoma (HSA) has historically been classified as a vascular tumor and specifically as a tumor 

originating from malignant endothelial cells (Fosmire ve ark., 2004). The etiological and cellular origins of 

HSA are not fully understood (Dobson, 2013; Tonomura ve ark., 2015). In general, tumor-associated blood 

vessels are crimped and malformed, and blood cells tend to aggregate and coagulate (Ruoslahti, 2002). 

Splenic hemangiosarcoma, a highly metastatic neoplasm originating from vascular endothelium, is one 

of the most common and fastest fatal cancers in dogs (Prymak ve ark., 1988; Johnson ve ark., 1989; Kim ve 

ark., 2007; Tonomura ve ark., 2015). The most common site of HSA is spleen (28 to 50%), right atrium / 
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auricle (3 to 50%) and skin or subcutaneous tissue (13%), respectively (Aronsohn, 1985; Ogilvie ve Moore, 

1995; Withrow, 2007; Bonagura ve Twedt, 2008). The spleen is the most common primary site, accounting 

for 35 to 62% of all primary hemangiosarcomas (Aronsohn, 1985; Srebernik ve Appleby, 1991). The overall 

prevalence has been reported to be 0.3 to 2.0% of all tumors in dogs; German shepherd dog, Golden retriever 

and Labrador retriever are frequently seen (Brown ve ark., 1985; Srebernik ve Appleby, 1991; Bonagura ve 

Twedt, 2008). The tumor is often ruptured, which in turn can cause acute hemoabdomens and result in clinical 

symptoms (Prymak ve ark., 1988; Johnson ve ark., 1989; Wood ve ark., 1998; Kim ve ark., 2007). Metastasis 

and local infiltration occur early in disease progression. Liver, omentum and lungs with splenic HSA are the 

most common sites of metastasis that may occur following hematogenous spread or tumor rupture (Brown ve 

ark., 1985; Ogilvie ve Moore, 1995; Bonagura ve Twedt, 2008)(Withrow, 2007). 

 

CASE HISTORY 

It was informed that experimental laparotomy was performed on the dog brought to the clinics of 

Veterinary Faculty with the complaint of loss of appetite and weight loss for a while, and the spleen was taken 

with the accompanying mass and then sent to pathology laboratory.  

 
Figure 1. A. Parasplenic tumoral tissue. B. Hemorrhagic appearance (white arrow) on       cut surface 

of the tumoral masses (yellow arrow). 

 

In macroscopic examination, the mass was 6x3x3 cm in size, soft consistency and adjacent to the serosa 

of the spleen (Fig 1). Cross section of the mass revealed a dark red and bloody surface, and intense bleeding 

(Fig 2). Tissue samples taken from the tumor were fixed in 10% formaldehyde solution, followed by routine 

tissue procedure and stained with Hemotoxylin-Eosin and examined under light microscope.  

Histopathological examination showed that round or oval endothelial cells with hyperchromatic and 

pleomorphic nuclei occasionally form vascular lumen (Fig 3A-B). Numerous mitotic figures (Fig 3A-F), large 

necrosis (Fig 3E) and bleeding areas (Fig 3C-D), and inflammatory cells were observed in the tumoral areas. 

There was no tumor invasion within the spleen parenchyma. 

 

CONCLUSION 

In dogs, visceral hemangiosarcoma has been reported to originate from differentiated vascular 

endothelial cells or bone marrow stem cells with hemangioblastic potential. Although hemangiosarcoma is the 

most common splenic neoplasm of dogs, no tumor in the splenic parenchyma was observed in this case, and it 

was intended to present for contributing the oncology literature. 
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Figure 3. A. Tumor cells showed significant atypia and mitoses (arrows), H&E, x400. B. Round or oval 

endothelial cells with hyperchromatic and pleomorphic nuclei occasionally form vascular lumen (arrows), 

H&E x200. C. Hemorrhage (arrow) in tumor tissue H&E, x200. D. Hemorrhage and mitosis in tumoral 

endothelial cells, H&E x200. E. Necrosis in the tumoral area (arrow), H&E, x200. F. Numerous mitotic figures 

in the tumoral area (arrows), H&E, x200.               
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ABSTRACT 

Soil-borne plant pathogens cause significant losses in yield and quality of important agricultural crop. 

Causing agents of soilborne diseases are fungi (Sclerotium rolfsii, Rhizoctonia solani, Fusarium spp, Pythium, 

Phytophthora etc.), bacteria (Erwinia, Raltsonia, Rhizomonas, Agrobacterium, Streptomyces etc.) and 

nematodes (Meloidogyne, Heterodera, Longidorus, Paratrichodorus etc.). They can be able to survive for long 

years in different forms e.g. hyphae, microsclerotia, sclerotia, chlamydospores, oospores in plant debris and 

soil matrix. As a synthetic fumigant, methyl bromide has been widely used for soilborne disease control for 

long time. Since, Methyl Bromide was taken to list of ozone-depleting substance under the Montreal Protocol 

in 1992, the usage of methyl bromide was phased out. Afterwards, the control of these pathogens became more 

difficult and insufficient in some cases with the chemicals available on the market. One of the solution 

approaches to overcome the soilborne disease problems is óbiofumigationô which basically based on the 

process of growing, cruching and admixing plants belonging to Brassicaceae into the soil,  leading to the 

release of isothiocyanate compounds (ITCs) through the  hydrolysis of glucosinolate (GSL) in the plant tissues. 

Brown mustards, white mustards, radishes and rocket species are mostly used as biofumigant plants and the 

GSLs contents are varied based on plant species. Although, some soilborne plant diseases are suppressed 

through the use of biofumigant plants, the levels of control may vary depending on different target organisms 

and their life cycle stages. When the right biofumigant plant is used at the right time, biofumigation can be 

considered as a ónaturalô alternative to control soilborne diseases. 

Keywords: biofumigation, nature friendly, combat, soilborne, disease,  

 

INTRODUCTION  

One of the most important biotic factors limiting agricultural production is soil-borne diseases. Soil-

borne plant diseases are defined as diseases caused by surviving pathogenic agents e.g. fungi, bacteria in soil 

matrix and plant residues in soil. The soil is a shelter of many microorganisms including phytopathogens. The 

control of such soil-borne diseases would be possible by chemicals, e.g., seed applications. Although, chemical 

protection with fungicides is highly efficient, they do not control for long in some cases besides their hazardous 

effects for environment and living organisms.  

In 1987, the World Commission on Environment and Development (WCED) published a book entitled 

ñOur Common Futureò that emphasized everyone needs sustainable development. The basic principles of 

sustainability in agriculture are based on soil protection. Some of the factors that threaten the sustainability of 

land use in agricultural production are chemical fertilizers as well as synthetic pesticides applied for controlling 

of soil-borne diseases. Since the 1950s, chemicals, in particular, Methyl Bromide (MeBr) have been used 

effectively in the controlling of soil-borne diseases and pests. However, in 1992, the MeBr was identified as a 

risk for ozone layer and the phasing out of its use was decided by the Montreal Protocol. The fact chemicals 

have many side effects and the prohibition of the use of an effective chemical such as MeBr has led researchers 

to seek an alternative control method. Numerous studies have been conducted on fumigants obtained from 

non-synthetic biological products. The plants, especially those belonging to the Cabbage family have been the 

focus of the biofumigation studies (Motisi et al., 2013; Wang et al., 2014; Rios et al., 2012).  

 

PREDOMINANT SOILBORNE P ATHOGENS AND THEIR SURVIVAL IN THE SOIL  

Soilborne diseases are caused by a group of fungi (Sclerotium rolfsii, Rhizoctonia solani, Fusarium, 

Pythium, Phytophthora etc), bacteria (Erwinia, Raltsonia, Rhizomonas, Agrobacterium, Streptomyces etc.) and 

nematodes (Meloidogyne, Heterodera, Longidorus, Paratrichodorus etc.).  The pathogens cause diseases 

include root rots; stem, collar and head rots; wilts; seedling blights and damping off which are accounted for 

economical yield loss in crop plants.   

Soilborne pathogens survive as soil inhabitants (survive in soil for relatively longer periods), soil 

invaders or soil transients (survive in the soil for relatively shorter periods). Soilborne pathogens also survive 
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as non-pathogenic and generally in the form of saprobes (organisms that live on decaying organic matter). 

Under certain congenial conditions these saprobes will turn into pathogenic form. The distribution of soilborne 

pathogens depends on production practices, cropping history, and a variety of other factors. Along a vertical 

axis, the inoculum of most root pathogens lies within the top 10 inches of the soil profile, the layers where host 

roots and tissues and other organic substrates are present.  

Biofumigantion and Mechanism of Biofumigant Crops 

Biofumigation has been described by some researchers as fumigation of soil with toxic volatile 

substances released by decomposition of animal material or plants belonging to Brassicaceae family 

containing Glucosinolates (GSLs) (Halberendt, 1996; Kirkegaard ve Sarwar, 1998). The first study of 

biofumigation was performed by Angus et al. (1994). Brassicas produce glucosinolates, which can be 

converted to chemicals that exhibit biofumigant activity. The application of such plants as biofumigants not 

only controls soilborne diseases and pests, but also contributes greatly to the combat with weeds, to prevent 

soil erosion, and to led to increase the organic matter in the soil (Griffiths et al., 2011).  

Brown mustards, white mustards, radishes and rocket species are most common used biofumigant 

plants.  Their different content of GSLs amounts or profiles can be varied depending on cultivars, temperature, 

soil depth, or plant parts resulting in different ITCs being released (Table 1). For instance, 2 phenylethyl GSL 

is mainly produced in the roots of B. napus (Youssef, 2015).  Brassicas are mainly used for biofumigation, but 

plants in the Moringaceae, Salvadoraceae and Tropaeolaceae families also have biofumigant properties. 

 

Table 1. Some commonly used biofumigant crops and their respective GSLs and ITCs (Clarkson et al., 

2015) 

Common name GSLs ITCs 

Brown mustard  

(Brassica juncea ) 

Sinigrin 2-propenyl-ITC (= allyl-ITC) 

Black mustard  

(Brassica nigra) 

Sinigrin 2-propenyl-ITC (= allyl-ITC) 

White mustard  

(Sinapsis alba) 

Sinalbin 4-hydroxybenzyl-ITC 

Radish  

(Raphanus sativus) 

Glucoraphenin 4-methylsulfinyl-3-butenyl-ITC  

Rocket 

(Eruca sativa) 

Glucoerucin 4-methylthiobutyl-ITC  

 

Many cruciferous species produce significant levels of glucosinolates. When glucosinolates come in 

contact with water and a family of enzyme myrosinase, contained in plant cells, they are transformed in another 

group of compounds called ñisothiocyanateò (Vig et al., 2009). ITCs have a wide range of biocidal 

characteristics and are acutely toxic to a variety of pests and pathogens (Chew, 1987). These compounds have 

shown promise against a number of soilborne plant parasites including Meloidogyne spp. (Lazzeri et al., 2009). 

A liquid formulation has been developed from B. carinata seed meal against Meloidogyne incognita (De 

Nicola et al., 2013). Other products based on pellets of dried-high GSL plants have also been developed and 

showed good activity in vitro against Pythium and Rhizoctonia (Lazzeri et al., 2004). Fresh Brassica tissues 

and Brassica pellets provided good control for soil-borne pathogens Phytophthora nicotianae and 

Phytophthora cinnamoni (Morales-Rodriguez et al., 2014; Morales-Rodriguez et al., 2015). Simple drying of 

biofumigant plants can also be effective at conserving GSLs/myrosinase as Michel (2014) reported that dried 

brown mustard plants inhibited the number of Verticillium dahliae microsclerotia in a greenhouse soil.  

 

USE OF BIOFUMIGANT CROPS  

Biofumigant plants can be used in various ways for disease control; 

Intercropping and rotations with biofumigant crops 

When the relevant literature is examined, it is seen the studies are generally focused on the rotation of 

crop plants with plants from Brassica family (Motisi et al., 2013; Wang et al., 2014; Rios et al., 2012). In the 

application of biofumgant crop rotation, the activity against plant pathogens rely on GSLs, ITCs or other 

compounds released from leaf washes or root exudates of harvested aboveground plant material. GSLs and 

ITCs can influence the composition of rhizosphere communities which may also suppress soilborne plant 
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diseases and some common beneficial microbial species such as Trichoderma show high tolerances to ITCs 

(Galetti et al., 2008; Gimsing and Kirkegaard, 2009, Smith and Kirkegaard, 2002). 

 

Incorporation of biofumigants crops 

This is the most common applicaiton of biofumigation in which a biofumigant plant grown specifically 

for intermixing to convert GSLs into ITCs in soil. To achieve high levels of ITC release, maceration of plant 

tissue is required followed by rapid incorporation into soil and addition of water if required to ensure complete 

hydrolysis (Matthiessen and Kirkegaard, 2006; Kirkegaard, 2009). As some ITCs are quite volatile, 

sealing/smearing the soil with a plastic mulch may be beneficial (Kirkegaard and Matthiessen, 2004). 

 

Seed meals and other processed biofumigant crops  

Defatted seed meal produced after the processing of brassica seeds for oil (e.g. in mustard crops) also 

offer a convenient source of high GSL material for soil amendment as the myrosinase required for hydrolysis 

to ITCs remains intact (Brown and Mazzola, 1997). Pellets of dried-high GSL Brassica plants have also been 

developed and showed good in vitro and in vivo activity against soil-borne pathogens Pythium and Rhizoctonia 

Phytophthora nicotianae and Phytophthora cinnamoni (Lazzeri et al., 2004; Morales-Rodriguez et al., 2014; 

Morales-Rodriguez and Vannini, 2015). These materials gave promise against a number of soilborne plant 

pathogens. The main advantages of nature-frienly approach are that these products can be used throughout of 

the year when bio-fumigant plant grown is restricted (e.g. in winter), more easily integrated in rotations and 

more favorable to production systems where there is only a short non-cropped. 

 

MEASURES  FOR AN ACCOMPLISHED BIOFUMIGATION  

Biofumigant crop cultivation requires good management and attention to detail similar to other crops as 

those biofumigant crops may need fertilizer and irrigation. Clarkson et al. (2015) recommended a 

comprehensive plan should be taken into consideration to get maximum biofumigation action from 

biofumigant crops for suppression of the soilborne pathogens, respectively: i) Choosing the right biofumigant 

plant variety. There are several varieties available, each with specific requirements and benefits. ii) Optimising 

agronomical practices. Have the necessary equipment to manage the crop correctly iii) Planting at the best time 

within your rotation. Test soils to ensure appropriate nutrient management for the biofumigant crop as well as 

subsequent crops in your rotation. iv) Growing and incorporating high amounts of biofumigant biomass. v) 

Maximizing incorporation efficacy and ITC release. Cell disruption is key to efficient conversion of GSLs to 

ITCs and equipment for pulverising and crushing plant material is superior to chopping. Immediate 

incorporation is then required with addition of water to maximise GSL hydrolysis and sealing the soil or tarping 

will maximise ITC retention. vi) Allowing 1-2 weeks before planting following crops. ITCs and other products 

of GSL hydrolysis can be phytotoxic. 

 

LIMITATIONS OF BIOFUMIGATION  

Biofumigation gives promise for suppression of soilborne pathogens, however, its broad spectrum 

toxicity might harm non-target beneficial soil organisms such as biocontrol agents or pest egg parasites 

(Ramirez et al., 2009). Henderson et al. (2009) reported that biofumigation disrupted the biological control of 

Meloidogyne chitwoodi by the entomopathogenic nematodes Steinernema feltiae and Steinernema riobrave.  

Biofumigants are volatile, thus, it does not provide a long term control option for pests. Farmers might have 

to integrate the biofumigation with other crop protection practices.  

 

CONCLUSION 

Since the usage of MeBr was banned due to its harmful effect risk on ozone layer, Soilborne diseases 

became difficult to control. Seeking for less hazardous and effective commercial crop protection product in 

equivalent has been increased by supermarkets, farmers and other users. In addition, many of the traditional 

chemicals for soil-borne disease control have been banned or restricted. In this case, biofumigation seems to 

be the most natural and sustainable approach to control soil borne diseases. Despite its side effects on beneficial 

organisms, biofumigation has many advantages in compare with synthetics if only considering the 

comprehensive plan including right plant choice, appropriate timing for planting (for both biofumigant plants 

and crop plants), proper agronomical practices, and right application for getting maximum efficacy.   
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ABSTRACT 

Plant Growth Promoting Rhizobacteria (PGPR) is a group of microorganisms which colonize the plant 

rhizospheric area (soil surrounding the root zone) and boost the plant growth in the ways of both directly and 

indirectly including synthesis of plant hormones. Phytohormones for plant-growth promotion by PGPRs 

include bacterial synthesis of auxins, cytokinins, and gibberellins.  Microbial synthesis of the phytohormone 

auxin has been known for a long time. The auxin group of phytohormones has been reported in many of 

microorganisms isolated from the rhizosphere of various crops. Auxins mainly active in plant roots, leading 

to an increase nutrient exchange in soil, thereby improving plant nutrition and growth capacity. Auxins 

synthesized by the plant and the microorganisms differ only in the biosynthetic pathway, depending on the 

plant and/or microorganism. Cytokinins can be produced by PGPRs are purine derivatives that promote and 

maintain plant cell division in cultures and are also involved in various processes such as shoot formation, 

primary root growth, and callus formation. High levels of cytokinins increase the resistance of plants to some 

pathogens and herbivores. Gibberellins production by PGPR promotes the growth and yield of crop plants, 

deconjugation of gibberellin-glucosyl conjugates exuded by the roots, or in the plant. However, the production 

of gibberellins by PGPRs is rare, only a few strains, belonging to Bacillus and Pseudomonas genera, produce 

gibberellins were reported. PGPRs producing plant hormones can also trigger defense mechanisms such as 

systemic acquired resistance (SAR) and induced systemic resistance (ISR) against pathogenic stress factors as 

well as elicit induced systemic tolerance (IST) to abiotic stress. The phytohormone producing rhizobacteria 

have considerable contribution to plant growth through different mechanisms including root system 

architecture modulation, increased shoot growth, trigger defense mechanism under stress conditions.  

Keywords: rhizobacteria, phytohormone, plant, promotion 

 

INTRODUCTION  

In the part of the soil defined as rhizosphere, the density of microorganism population is reasonably 

high. The physicochemical activities in the soil are completely dependent on these microorganisms. Bacteria 

constitute the largest part of soil microorganisms. It has been shown that a group of bacteria living in the 

rhizosphere support the plant development in many ways with different mechanisms of action. These beneficial 

bacteria were first named as Plant Growth Promoting Rhizobacteria by Kloepper et al. (1980) and they are also 

known as "Probiotic Rhizobacteria" because of their many benefits to the plant (Ram et al., 2003). Altēn and 

Bora (2005), in their articles about the general characteristics and effects of root bacteria stimulating plant 

growth, mentioned the direct and indirect effects of PGPRs. The researchers described PGPRs, which can 

promote plant growth and also act as biological control agents in suppressing the disease agent, as two-sided 

medallions. The first commercial preparation of rhizobacteria as a biological control agent was produced in 

the United States in 1985 from Bacillus subtilis A-13 strain (Broadbent et al., 1977). The other mechanism of 

PGPR in suppressing stress factor in plants is ISR (Induced Systemic Resistance). ISR, which is based on root 

colonization, has been successful when coating a high number of bacteria to seed or when applied to the soil 

by planting (Kloepper, 1996). PGPRs promote plant growth through mechanisms of action such as nitrogen 

fixing, solubilisation of phosphorus and degradation of heavy metals, phytohormone production, increasing 

water and mineral uptake, supporting root growth, increasing enzyme activity in plants. Investigations on the 

wide use of rhizobacteria have been carried out by many researchers. These studies include detoxification of 

heavy metals in rhizobacteria (Ma et al., 2011; Wani and Khan, 2010), breakdown of pesticides (Ahemad and 

Khan, 2012), tolerance to salinity (Mayak et al., 2004), biological control of plant diseases and pests (Hynes 

et al., 2008; Tozlu et al., 2012; ¦nl¿ and Aysan, 2016), increasing the use of nutrients and minerals by plants 

(¢akmak­ē, 2009), and promoting plant growth by production phytohormone and enzymes (Dejordjevic et al., 

1987; Ferreira et al., 1987). Kloepper (1994) characterized PGPRs with some distinctive features. These are; 

i. being able to colonize the root surface and plant rhizosphere, ii. being able to maintain population, proliferate 

and compete with other microorganisms to protect the plant against stress factors such as pathogen attack iii. 
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being able to promote plant growth. Somers et al. (2004) divided PGPRs into 4 groups based on their action 

characteristics including biofertilizer group (making the nutrients ready for plant use), plant stimulator group 

(promoting plant growth), rhizoremediator group (degrading organic pollutants) and the biopesticide group 

(bio-controlling of diseases and pests by producing some compounds such as antibiotics and hydrogen 

cyanide). Ram et al. (2013) were divided PGPRs into two groups on the basis of their direct and indirect effect 

mechanisms on plant. One of the direct mechanisms of PGPRs is phytohormone production. Some bacterial 

strains directly regulate plant physiology by mimicking synthesis of plant hormones such as auxins, cytokinins 

and gibberellins (Jha and Saraf, 2012).  

Hormones such as indole-3-acetic acid (IAA), cytokinin and giberellin are of great importance in plant 

growth. IAA, in other words, auxins are known for their effects such as cell division, root growth, expansion 

of root surface area, assisting the plant with the introduction of nutrients. Similarly, cytokinin plays a role in 

physiological and growth functions such as cell division, seed germination, root growth, chlorophyll 

accumulation, leaf growth and delay of aging. Gibberellins are known to be effective in functions such as 

elongation of the stem, germination, dormancy, initiation of enzyme function, and maturating of leaves and 

fruits. Fallik et al. (1989) reported as the major hormone produced by PGPRs is indole-3-acetic acid followed 

by indole lactic acid (Tien, 1979) , indole-3-butyric acid (Fallik et al., 1989), indole-3ethanol, indole-3-

methanol (Crozier et al., 1988) unidentified indole compounds (Bashan  and Levanony, 1990), some 

gibberellins (Bottini et al., 1989) and some cytokinins (Horemans, 1986).  

 

Auxines 

Auxins are derived from tryptophan metabolism and their effects depend on concentration, the affected 

organ and the physiological state of the plant. Auxins synthesized by plants and microorganisms differ only in 

the biosynthetic path depending on the plant and / or microorganism. IAA is the most known of auxins and 

can be synthesized by 80% of microorganisms isolated from soil (Patten and Glick, 2002)]. IAA is involved 

in many growth-related functions in plants acting as a signal molecule in gene expression in some 

microorganisms. Auxins produced by PGPR activate biosynthetic signaling pathways (Roy et al., 2010). Since 

the level of auxins present in the plant environment critically affects plant development so it is speculated that 

microbial auxin production by PGPR may alter the level of auxins and affects all the physiological processes 

regulated by auxins thus promoting plant height, biomass and grain yield etc. (Khan and Doty, 2009). Most of 

the Rhizobium species produce IAA (Ahemad and Khan, 2012) which has a significant task in the basic 

processes of plant nodule formation such as cell division in the plant, formation and exchange of vascular 

tissue (Hannin et al., 2003; Spaepen et al., 2007). IAA synthesis by indole-pyruvic acid and indole-3-acetic 

acid was identified in Erwinia herbicola, some saprophytic Pseudomonas and Agrobacterium, 

Bardyrhizobium, Rhizobium, Azospirillum, Klebsiella and Enterobacter. In addition, IAA derived from 

Tryptophan is found in Cyanobacteria bacteria, whereas IAA production independent of Tryptophan has been 

detected in Azopirilla as well as Cyanobacteria (Ahemad and Kibret, 2013). Recent evidence suggests that the 

auxin pathways act in a mutually antagonistic manner during plant defense. Auxin also affects disease 

outcomes indirectly through effects on development (Kazan and Manners, 2009). 

 

Cytokinins 

Cytokinins (CKs) are purine derivatives that support and maintain plant cell division in cultures and are 

also involved in a variety of differentiation processes, including shoot formation, primary root growth and 

callus formation. Plants constantly use cytokinins to protect totypotent stem cell pools in their shoots and stem 

meristems. Endogenous cytokine overproduction in transgenic plants causes pleiotropic phenotypic changes 

involving the cytokinin-oxotropic growth of calli in vitro (Howell et al. 2003). The chemical structures of 

major cytokinins are as follows: i6Ade [6-(3-methyl-2-butenylamino)purine]; trans-zeatin [6-(4-hydroxy-3-

methyl-trans-2-butenylamino) purine] cis-zeatin [6-(4-hydroxy-3-methyl-cis-2-butenylamino) purine]; 

dihydrozeatin [6-(4-hydroxy-3-methyl-butylamino)purine] (Murai, 2014). The pathways for cytokinin 

biosynthesis and metabolism have been characterized by the identification of isopentenyl pyrophosphate 

transferase, cytokinin oxidases, cytokinin hydroxylase, zeatin cis-/trans-isomerase, cytokinin phosphoribosyl 

hydrolases, cytokinin-specific riboside phosphorylase, and others enzymes. Loss of function mutant 

phenotypes of cytokinin degradation/activating enzymes indicate the regulation of concentration and spatial 

distribution of bio-active cytokinin plays a pivotal role in the increase in panicle size, in the numbers of floral 

organs, and eventually in seed yield (Murai, 2014). Recent studies confirmed that, a number of bacterial species 

mostly associated with the plant rhizosphere, are found to be associated with cytokinins production including 
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Flavobacterium, Acinetobacter, Bacillus, Arthrobacter, Aerobacter, Azospirillum and Pseudomonas sp. 

(Perrig et al., 2007; Arkhipova et al., 2007; OrtizCastro et al., 2008).  

Giberellins 

Giberellins (GAs) are ubiquitous plant hormones that induce various metabolic functions required 

during plant growth, such as seed germination, root elongation, sex expression, flowering, fruit formation 

and senescence (Hedden and Kamiya, 1997). A small number of rhizobacteria (PGPR) are known to produce 

gibberellins. Bacillus pumilus and Bacillus licheniformis were reported as producers of gibberellins. These 

bacteria were isolated from the rhizosphere of A. glutinosa and have shown a capacity to produce large 

quantities of gibberellins GA1, GA3, GA4, and GA20 in vitro (Guti®rrez Manero et al., 2001).  GAs were 

identified and isolated from higher plants, fungi and bacteria. The gibberellin characterization in bacteria 

using physico-chemical methods was ýrst reported by Atzorn et al. (1988), who demonstrated the presence 

of GA1, GA4, GA9, and GA20 in gnotobiotic cultures of Rhizobium meliloti. Apart from Azospirillum sp. 

and Rhizobium sp., production of gibberellin-like substances has also been claimed in different bacterial 

genera. Gibberellins has been conýrmed in Acetobacter diazotrophicus, Herbaspirillum seropedicae (Bastia 

Ën et al. 1998) and Bacillus sp. Kang et al. (2014)  isolated, detected and quantified different GAs in 

Leifsonia soli namely; GA1, GA4, GA7, GA8, GA9, GA12, GA19, GA20, GA24, GA3 and GA53 by 

chromatographic analysis. The authors emphasised GA secretion by L. soli SE134 might prove advantageous 

for its ameliorative role in crop growth and the potential of this strain as a PGP bacterium. Patel and Saraf 

(2017) identified novel three bacterial isolates producing phytohormones such as indole 3-acetic acid (IAA), 

gibberellic acid and cytokinin. In their study, IAA was detected in all the three isolates, where in highest 

production was found in Stenotrophomonas maltophilia MTP42 followed by Pseudomonas stutzeri MTP40 

and Pseudomonas putida MTP50. Gibberellic acid production was found highest in MTP40 followed by 

MTP42 and MTP50. The cytokinin production from the isolates was max in MTP40 and followed by MTP42 

and MTP50 were respectively.  

The balance between auxins and cytokinin is a key regulator of in vitro organogenesis. Exposure of 

callus cultures to a high auxin / cytokine ratio leads to root formation, while a low ratio of these hormones 

promote shoot growth. Many experiments have demonstrated the presence of synergistic, antagonistic, or 

additional interactions between auxins and cytokinins, suggesting complex instantaneous interactions 

involved in the modulation of root and shoot architecture (Jha and Saraf, 2012). 

 

Boosting Plant Growth by Phytohormone Producing Microorganisms 

Microorgonisms producing small amount of phytohormones improve tolerance and plant growth under 

stress conditions including salinity, temperature, drought, metal toxicity, pathogen/pest attacks. The 

beneficial effect of phytohormone producing microbes on suppression of biotic and abiotic stressor 

influences was reported in numerous studies. In Table 1, there are several studies reported for phytohormone 

producing bacteria and their ability to mitigate abiotic stress.  

Pre-treatment of plants with plant growth-promoting bacteria can provide significant protection to 

plants against various damage caused by pathogen infection as well as abiotic factors e.g. water deficit 

(Amutharaj et al., 2012; Nascimento et al., 2013). However, available biocontrol agents in some cases fail in 

the field. Some factors can affect biocontrol agent efficacy in the field, e.g., environmental factors, 

ecological factors, formulation type, application method. GroÇkinsky et al. (2016) identified the ability of 

Pseudomonas fluorescens G20-18 to efficiently control P. syringae infection in Arabidopsis and cytokinin 

production which was identified as a key determinant for this biocontrol effect on the hemibiotrophic 

bacterial pathogen, allowing maintenance of tissue integrity and ultimately biomass yield. Naseem and 

Dandekar (2012) also reported that cytokinin confers protection to Arabidopsis against infection with 

Pseudomonas syringae pv. tomato (Pto). 

 

CONCLUSION  

PGPRs live in plant rhizosphere, endosphere and polysphere as their habitat. These features add the 

potential for easy applicability and sustainability to PGPRs to be used in the agricultural production systems. 

Some bacteria may produce several types of phytohormones in plant tissue that interact to crucial processes 

in plants, including hormonal balance. Auxins and cytokinins interact in many important processes in plants, 
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particularly apical predominance. Gibberellins production by PGPR promotes the growth and yield of many 

crop plants. However, understanding the interactions between PGPR and plants can improve the quality and 

quantity of crops. Bioagents are important components of integrated approaches to stress factors limiting 

crop production. Although there is an enourmes number of researches on PGPRs, including rhizobacteria 

producing phytohormone, there are still many factors that can affect biocontrol agent efficacy to be studied 

e.g. environmental factors, ecological factors, formulation type, application method. 

 

Table 1. IAA, CK, GA producing bacteria and their ability to mitigate abiotic stress  
Microorganisms Phytohormone Host plant, abiotic stress 

Pseudomonas sp., Bacillus sp. IAA  Sulla carnosa (Desf.), Salt 

stress 

Bacillus licheniformis IAA  Triticum aestivum L., Salt 

stress 

Bacillus subtilis, Arthrobacter sp. IAA  Triticum aestivum L., Salt 

stress 

Pseudomonas putida, Bacillus megaterium IAA  Trifolium repens, Drought 

stress 

Marinobacterium sp., Pseudomonas sp., Rhizobium sp., Sinorhizobium sp. IAA  Triticum aestivum L., Salt 

stress 

Serratia plymuthica, Stenotrophomonas rhizophila, Pseudomonas fluorescens, 

Pseudomonas extremorientalis 

IAA  Cucumis sativus, Salt stress 

Acinetobacter faecalis, Bacillus cereus, Enterobacter hormaechei, Pantoea 

agglomerans 

IAA  Triticum aestivum L., Salt 

stress 

Curtobacterium flaccumfaciens, Ensifer garamanticus IAA  Hordeum vulgare, Salt stress 

Streptomyces coelicolor, Streptomyces geysiriensis IAA  Triticum aestivum L., Salt 

stress 

Bacillus subtilis IAA  Acacia gerrardii Benth., Salt 

stress 

Pseudomonas sp. IAA  Zea mays, Salt and heat 

stresses 

Serratia sp. IAA  Cicer arietinum L., Nutrient 

stress 

Achromobacter xylosoxidans IAA  Brassica juncea, Cu stress 

Pseudomonas putida IAA  Glycine max (L.) Merr., Salt 

stress 

Leifsonia sp., Bacillus sp. IAA  Zea mays, Cd stress 

Burkholderia sp. IAA  Solanum lycopersicum L., Cd 

stress 

Bacillus subtilis IAA  Brassica juncea L., Ni stress 

Bacillus megaterium IAA  Vinca rosea L., Ni stress 

Micrococcus luteus CK Zea mays, Drought stress 

Arthrobacter sp., Bacillus sp., Azospirillum sp. CK Glycine max (L.) Merr., Salt 

stress 

Bacillus subtilis CK Platycladus orientalis, 

Drought stress 

Azospirillum lipoferum GA Triticum aestivum L., 

Drought stress 

Bacillus aryabhattai IAA, GA Glycine max (L.) Merr., Heat 

stress 

*The table is adapted from Egamberdieva et al.(2017). 
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ABSTRACT 

In this research, cereal brans (rice, rye, wheat and oat) were depyhtinized by two different methods 

(phytase enzyme and malt flour) and used in noodle formulation (at 20% level) with different enzyme 

applications (xylanase and transglutaminase). Cereal brans decreased the brightness (L*) and increased the 

redness (a*) values of noodle compared to the control samples (p<0.05). The weight increase, volume increase 

and cooking loss values of noodle samples containing different cereal brans varied between 159.62-170.65%, 

222.56-232.68% and 9.36-9.50%, respectively. The highest weight increase value was obtained with wheat 

bran and the lowest volume increase value was obtained with oat bran samples. The cooking loss values of 

noodle samples containing rice, rye, wheat and oat bran were not found statistically different from each other. 

Transglutaminase and ótransglutaminase + xylanaseô enzyme applications increased the weight increase and 

decreased the cooking loss values of noodle samples. The firmness values of noodle samples ranged from 

324.90 to 850.30 g. The use of cereal bran increased firmness in noodle samples compared to control samples. 

According to the sensory analysis results, noodles containing rice bran had lower appearance and taste scores 

than other varieties. Oat and wheat bran noodles were more appreciated by the panelists.   

Keywords: Noodle, dephytinization, bran, cereal. 

 

INTRODUCTION  

Noodle has an important place in our traditional products. While it is a cereal product which is frequently 

consumed in rural areas and villages in our country, it is produced commercially and started to take its place 

in the markets ( T¿lbek, 1999; Eyidemir, 2006). It was generally produced from soft wheat flour, salt and egg 

as the major ingredients. Mixing the ingredients, sheeting of dough, cutting and drying are the main production 

steps of the noodle (¥zkaya et al. 2001). 

Bran is the outer layer of the grain and is removed from the grain during grinding and refining of the 

grain (Elg¿n and Ertugay, 1995). Cereal bran obtained from wheat, rice, oats, rye, barley and corn is generally 

considered animal feed. Cereal bran is a rich source of non-starch carbohydrates, phenolic acids, flavonoids, 

fats, vitamins, oligosaccharides, folates and sterols (Patel, 2015). 

In this research, cereal brans were dephytinized by 2 different methods (the use of malt flour and phytase 

enzyme). After dephytization process cereal brans were  used in noodle  production. The effects of cereal brans 

and enzyme applications on the noodle quality were evaluated. 

 

MATERIALS AND METHODS   

Materials 

The ingredients refined wheat flour was provided by Golda Gēda San. A.ķ. in Karaman, Turkey. Eggs 

and salt were purchased from local markets in Karaman. Malt flour was obtained from Ireks Gēda A.ķ., rice 

bran was obtained from Baĸhan Tarēm ¦r¿nler A.ķ. (Balēkesir) and rye, wheat and oat bran were obtained 

from Saĵlēk Tarēm ¦r¿nleri (Konya). Vētal wheat gluten and transglutaminase enzyme were provided by 

Sinerji Gēda Kimya Tekstil San. ve Tic. A.ķ., Ķstanbul, Turkey and  FMI Gēda ve Kimya, Ķzmir, Turkey, 

respectively.  Xylanase and phytase enzymes were obtained from Orba Biokimya San. ve Tic. A.ķ.  

 

Methods 

Refined wheat flour was replaced with cereal brans  dephytinized by 2 methods at 20% levels in noodle 

formulation. Noodle samples were prepared according to the methods given by Bilgi­li (2009) with some 

modification. In noodle samples, xylanase and transglutaminase enzyme were used in noodle formulation at 

0.01% and 0.5% levels (on flour basis), respectively. 
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Color values were determined using Minolta CR-400 (Konica Minolta, Inc., Osaka, Japan). Weight 

increase, volume increase and cooking loss values of noodle samples were determined as cooking properties 

(Oh et al., 1985; ¥zkaya and Kahveci, 1990).  

Firmness analysis was performed on nutritional and technologically superior noodle samples. It was 

measured in noodle samples using TAXT Plus Texture Analyzer (Stable Microsystems, Surrey, UK). 

Sensory properties of noodles samples were determined by 22 panelists (25-55 years). Panelists were 

asked to evaluate noodle samples in terms of colour, appearance, hardness, stickiness, taste, odor and overall 

acceptability. A scale of 1-7 (1: extreme bad, 7: excellent) was used to evaluate sensory characteristics (Epler 

et al., 1998).  

JMP statistical program, version 10.0 (SAS Institute Inc., Cary, NC, USA) was used for statistical 

analysis. 

 

RESULTS AND DISCUSSION 

When the results were evaluated in terms of bran type factor, average L * value in noodle samples ranged 

from 84.13 to 86.45. The L*, a* and b* values of control samples were 93.46, 0.02 and 10.17, respectively. 

The use of cereal brans in noodle formulation decreased L* and increased a* and b* values of noodle samples. 

Phytase enzyme and malt flour application did not affect the L * values of noodle samples statistically. When 

the averages were compared according to the bran type factor, rye bran gave lower redness value in noodle 

samples compared to wheat and rice bran. When the redness value was evaluated according to the enzyme 

application factor, noodle samples without enzyme gave lower redness value than the noodle samples produced 

with other enzyme applications. Niu et al. (2017), evaluated the effect of different enzymes and emulsifiers on 

whole wheat flour noodles and reported that xylanase increased the product redness and yellowness value. 

When the comparison of means was evaluated according to bran types, C* and hue values in noodle samples 

ranged between 13.35 and 14.44, 86.03 and 88.10, respectively. 

 

Table 1. The comparison of the averages of the color measurement results of the noodle samples 

  L*  a* b*  C* hue 

Type of bran       

Rice  84.38b 0.94a 14.40a 14.44a 86.26b 

Rye  86.45a 0.55b 13.34b 13.35b 88.10a 

Wheat  84.13b 0.99a 14.07ab 14.11ab 86.03b 

Oat  85.23ab 0.80ab 13.77ab 13.80ab 86.76b 

Dephytinization method       

Phytase enzyme  85.24a 0.80a 13.75a 13.78a 86.78a 

Malt flour  84.85a 0.84a 14.04a 14.07a 86.79a 

Enzyme application       

NEA  88.04a 0.36b 12.76b 12.75b 88.43a 

X  84.15a 0.97a 14.03a 14.07a 86.47b 

T  84.26a 0.95a 14.28a 14.31a 86.25b 

X+ T  83.74a 1.01a 14.53a 14.56a 86.02b 

The means with the different letter in column are significantly different (p<0,05); NEA: No enzyme 

application; K: Xylanase; T:Transglutaminase 

 

Table 2 shows the cooking test results of rice, rye, wheat and oat bran noodles. Weight and volume 

increase values ranged from 159.62 to 170.65% and 222.56 to 232.68%, depending on the type of bran used 

in the noodle. The highest weight increase values were found in wheat bran noodles, while the lowest weight 

increase values were found in rye bran noodles. Noodles should maintain their integrity during cooking; there 

must be a minimum loss of solids in the cooking water during boiling (Wu and Corke, 2005). Ertaĸ (2014) 

reported that weight increase and volume increase values of noodles increased with the use of rice bran (0-

25%) compared to the control sample and the highest weight and volume increase value was obtained at 25% 

usage level. When weight and volume increase values were compared in terms of enzyme application factor, 

the highest weight increase values were found in transglutaminase (169.42%) and xylanase + transglutaminase 

(172.26%) and the highest volume increase value was found in xylanase + transglutaminase (233.56%).  The 

amount of cooking loss ranged from 9.36% to 9.50% depending on the type of bran used in noodles (Table 2). 

The amount of cooking loss of the control noodles prepared with wheat flour was found to be 6.90%, and the 

use of cereal bran in the production of noodles increased the amount of cooking loss. There was no statistically 
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significant difference between cooking loss values of noodle samples according to type of bran. Noodle 

samples without enzyme were the highest cooking loss values (9.94%). The transglutaminase and xylanase + 

transglutaminase enzyme had a positive effect on noodle cooking properties by reducing the amount of cooking 

loss in noodle samples. Jyotsna et al. (2004) reported that noodles prepared with xylanase enzyme at a ratio of 

0.012% had less cooking loss value. 

 

Table 2.  The comparison of the averages of cooking test results of noodle samples 

  Weight increase (%) Volume increase (%) Cooking loss (%) 

Type of bran     

Rice  167.03b 228.57b 9.39a 

Rye  159.62c 229.34ab 9.36a 

Wheat  170.65a 232.68a 9.45a 

Oat  164.65b 222.56c 9.50a 

Dephytinization method     

Phytase enzyme  165.12a 228.35a 9.39a 

Malt flour  165.85a 228.22a 9.46a 

Enzyme application     

NEA  156.38c 223.95c 9.94a 

X  163.88b 225.88c 9.58b 

T  169.42a 229.76b 9.18c 

X+ T  172.26a 233.56a 9.00c 

The means with the different letter in column are significantly different (p<0,05); NEA: No enzyme 

application; K: Xylanase; T:Transglutaminase 

 

The firmness values of noodle samples varied between 324.90-850.30 g. The use of cereal bran in noodle 

samples increased the firmness values compared to the control samples (p<0.05). The highest firmness value 

was obtained in rye bran noodles. 

 

Table 3. The results of firmness analysis of nutritional and technologically superior noodle samples 

 Firmness (g) 

Control 324.90Ñ29.13d 

Rice bran noodle 677.80Ñ21.92b 

Rye bran noodle 850.30Ñ13.46a 

Wheat bran noodle 549.50Ñ28.71c 

Oat bran noodle 602.80Ñ44.83bc 

The means with the different letter in column are significantly different (p<0,05); 

 

The sensory analysis results of noodle samples which are superior in nutritional and technological 

aspects are given in Figure 1. As a result of sensory evaluation, rice bran noodles samples had the lowest 

appearance and taste scores. Yēlmaz Tuncel et al. (2017) used rice bran  (10, 20 and 30%) in the production of 

noodles and reported that the use of more than 10% rice bran adversely affected noodle sensory scores. The 

use of rye bran in noodle samples decreased color, appearance and taste scores compared to the control sample. 

Wheat and oat bran noodles were scored equivalent to control in terms of appearance, hardness, stickiness, 

taste, odor and overall acceptability. 
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Figure 1. Sensory  properties of noodle samples 

 

CONCLUSION 

The use of cereal brans in the production of noodles a decreased L * (brightness) and increased a* 

(redness) and b* (yellowness) values compared to the control sample. Dephytinization method was not 

significant on colour values of noodle samples. The highest weight increase values were found in wheat bran 

noodles. The transglutaminase and xylanase+ transglutaminase enzyme reduced the cooking loss values of 

noodle samples. When the firmness values of the noodle samples were examined, the use of cereal bran caused 

an increase in the firmness value of the noodle samples. Rice bran noodles scored lower in terms of appearance 

and taste than other noodle varieties.  
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ABSTRACT 

Tarhana, one of the traditional products in Turkey, is produced by fermentation of wheat flour, yoghurt, 

yeast, vegetables and spice mixture.  Wheat flour and yoghurt are major ingredient in tarhana formulation.  

Tarhana fermentation lasts 1-7 days and the fermented dough is dried, ground and used to make soup. 

Fermentation is an important production stage of tarhana production. It increases riboflavin, niacin, 

pantothenic acid, ascorbic acid and folic acid content and mineral bioavalibility in tarhana. Furthermore, by 

fermentation, lactic acid bacteria and yeasts produce lactic acid, ethanol, carbon dioxide and some other 

organic compounds that give the characteristic flavor and taste to tarhana. Food components such as 

carbohydrates, proteins and fats are broken down by microorganisms into low molecular components during 

fermentation. Tarhana is known as kishk and kushuk in the Middle East, trahana in Greece, atole in Scotland, 

talkuna in Finland and thanu in Hungary.  Tarhana is a good source of B-group vitamins, organic acids and 

free amino acids and has an important place in healthy nutrition. Different ingredients can be added to tarhana 

formulation to improve nutritional profile such as whole wheat meal, wheat germ, bran, barley, oat, corn flour, 

legumes, buckwheat, quinoa, carob flour, resistant starch, kefir, tomato seed, whey concentrate, cherry laurel, 

citrus albedo, etc. While homemade tarhanas are generally consumed, they are now also being produced 

industrially. 

Keywords: Traditional food, tarhana, fermentation, cereal. 

 

INTRODUCTION  

There have been many fermented products made from cereals throughout human nutrition history. The 

different characteristics of the developed products are mainly due to the fermentation process (¥zdemir et al., 

2007). One of these products, tarhana, is a Turkish traditional cereal-based lactic acid fermented food product, 

mostly produced at home. It is also commercially made on small and large scales (Settanni et al., 2011). 

Tarhana is based on lactic acid fermentation of a mixture of wheat flour, yoghurt (stirred or set yoghurt), 

and depending on the consumed region, raw or cooked vegetables (tomatoes, onions, peppers, etc.), spices 

(mint, basil, dill, tarhana herb), yeast and salt. This product is generally allowed to ferment at ambient 

temperature for one week and the microbial composition is predominantly represented by lactic acid bacteria 

(LAB) and yeasts. The resulting product is one of the acidic fermented foods characterized by acidic taste and 

yeast aroma (Ķbanoĵlu and Ķbanoĵlu, 1999; ķeng¿n et al., 2009). At the end of the fermentation, wet tarhana is 

usually dried in the sun and laid on the ground. It is widely used in soup making because of its high nutritional 

value. In addition, it is consumed as a snack when dried as thin layer after fermentation (Erbaĸ et al., 2005). 

Tarhana is identified in Turkish Standardization Institute (TSE), Tarhana standard (TS 2282) as óA 

foodstuff obtained by drying, grinding and sieving of a mixture that formed by wheat flour and semolina 

(or both), yoghurt, pepper, salt, onion, tomatoes and flavors, fragrant and harmless herbal substances after 

mixingô (Anonymous, 2004). 

Tarhana is a form of preservation of yoghurt which has an important place in Turkish cuisine. The word 

ótarô is used in the meaning of yoghurt stored from summer to winter in óDivan¿ L¿gatiôt T¿rkô. It was first 

written as ótarhanahô in the phrases of Kipchak and Egyptian Mamluk inscriptions (Coĸkun, 2014). 

In the past, kurut, a similar food to tarhana, was among winter food types prepared with precipitate, salt, 

flour, dried meat (¥gel, 1982; Oĵuz, 2002). Tarhana, known as ókishkô in Egypt, is prepared by adding chicken 

to the sour milk-wheat mixture. The ókushukô consumed in Iraq is prepared by adding turnip to the milk-sour 

dough mixture. The ótrahanasô, known in Greece, is mainly produced from curd cheese, produced by lactic 

acid fermentation from sheep and goat milk, and wheat flour. óTarhonyaô, a tarhana like product in Hungary, 

is prepared by mixing white flour with enough eggs. The mixture is kneaded and dried and passed through a 

sieve. In Finland's ótalkkunaô, other cereal flours such as oats, barley rye and peas are mixed. It is baked and 

dried with very little salt. It is stored dry and highly diluted form in pouches (Coĸkun, 2014). 
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It is reported that there are 50 kinds of tarhana in Turkey. This diversity is due to the changes in the raw 

materials used locally and the presentation (Coĸkun, 2014). 

COMPOSITION OF TARHANA  

In addition to yoghurt as a starter, sour milk or skimmed milk curd can be added to Tarhana composition. 

The lactic acid bacteria Streptococcus thermophilus and Lactobacillus bulgaricus are mainly responsible for 

the development of acidity during tarhana fermentation. In addition, bread yeast (Saccharomyces cerevisiae) 

is added to the dough in the production in Central Anatolia and Aegean Region. The nutritional value of tarhana 

may vary due to differences in content and production (Aktaĸ, 2018; ¥z­elik and ¥zdoĵan, 2008). 

Tarhana standard (TS 2282) specifies that; The percentage of protein should be at least 12%, the 

percentage of humidity should be at most 1%, the percentage of salt should be at most 1% in dry matter 

(Anonymous, 2004). 

There are four types of tarhana in TS 2282 numbered tarhana standard; óflour tarhanaô, ógºce tarhana, 

ósemolina tarhanaô, and ómixed tarhanaô. These tarhana types were determined depending on the use of wheat 

flour, ground wheat grain and semolina in production. These tarhana types were determined depending on the 

use of wheat flour, ground wheat grain and semolina in the production. Semolina is used instead of flour in 

semolina tarhana production. In the production of mixed tarhana, at least two of wheat flour, ground wheat 

grain or semolina are used (Anonymous, 2004). 

Although the basic production is the same in almost every country and region, there may be differences 

in the composition of tarhana depending on tradition, customs and eating habits. The main reason why tarhana 

is called with different names the fermentation progresses in different ways and therefore has different sensory 

properties such as taste and odor (Erbaĸ et al., 2004; Ķbanoĵlu et al. 1995). Here are some local tarhana types 

consumed in different geographical regions and provinces in Turkey: 

Ege tarhana: This is a kind of flour tarhana. It is a product obtained by mixing the vegetable mixture 

obtained by boiling tomatoes, peppers, onions and aroma-giving herbs called mortar after cooling with yoghurt 

and flour, and allowing the dough prepared in this way to be fermented at different times (Evangelos et al., 

1993). 

Gºce tarhana: It is commonly consumed in Ankara, Kahramanmaraĸ, Muĵla and Aydēn provinces. In 

the production of Gºce tarhana, the cracked wheat is cooked raw or with a little water and salt, and mixed with 

plenty of oily or skimmed yoghurt in warmly and left to fermentation (Evangelos et al., 1993). 

Trakya tarhana: In Edirne, the composition of this tarhana is formed by yoghurt, red pepper, onion, 

wheat flour, sour dough, salt, tomato and paste (pepper or tomato). In Kērklareli, spices, gravy, butter and 

cheese can be mixed additionally. Since the rate of red pepper is very high, the color of tarhana can be quite 

red (Coĸkun, 2002). 

Ak tarhana: Wheat flour, yeast yoghurt, red pepper, mint, salt, hot pepper and tomato are used as 

materials in the ak tarhana made in K¿tahya region (Coĸkun, 2014). 

Gediz tarhana: It is produced by adding red pepper, onion, yoghurt, mint, salt, flour and sour yeast 

obtained from the previously made tarhana. The feature of Gediz tarhana is that it is packaged one month after 

production (Coĸkun, 2014). 

Tarhana with mince: For the production of this tarhana, commonly consumed in the Trakya region, 

tomato paste, red pepper, tomato, onion, milk, mince, salt, cheese, yoghurt, yeast bread, tarhana and flour made 

in previous years are used (Coĸkun, 2014). 

Kiren tarhana (Cranberry tarhana): Its composition consists of wheat flour or gºce and cranberry. 

Unlike other types of tarhana, it is a product prepared with mixture of wheat flour or barley gºce and 

cranberries (Y¿cecan et al., 1988). 

Beyĸehir tarhana: Its composition consists of butter, milk and water, as well as gºce and ayran obtained 

from strained yoghurt (Coĸkun, 2014). 

Gº­men tarhana: It is commonly consumed in Marmara Region. Gº­men tarhana is composed of curd 

cheese, tomato, tomato paste, green pepper, egg, salt, yeast and various spices (powdered cloves, powdered 

cinnamon, black pepper, chili pepper, cumin) besides the wheat flour and yoghurt which are the main raw 

materials (Coĸkun, 2014). 

Some of the other local tarhana types were Kastamonu wet tarhana, Sivas tarhana, Maraĸ tarhana, milk 

tarhana (Gelibolu), dough tarhana (Gºlhisar), meat tarhana (Ermenek), grape tarhana (Tokat), and sweet 

tarhana (Malatya). 
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THE NUTRITIVE VALUE OF TARHANA  

Flour and yoghurt, two main elements of tarhana, complement each other in terms of amino acid profile: 

Flour is a source of low-quality protein because it is poor from amino acids such as lysine and threonine, on 

the other hand these amino acids are found in high amounts in yoghurt. Therefore, tarhana, a balanced product 

in terms of essential amino acids, has an important place in healthy nutrition (Han­er, 2010). 

When the mineral content of tarhana is examined, the combination of basic components ówheat flour 

and yoghurtô complemented each other, as in the amino acid profile. Flour is rich in iron, while calcium-rich 

yoghurt is poor in iron. Besides, addiction of other ingredients also contributes to the enrichment of mineral 

content of tarhana, that is a more balanced product in terms of calcium and iron (Han­er, 2010). Tarhana is 

also an important source of vitamins. In a study examining the effect of fermentation and drying processes on 

some water-soluble vitamins in tarhana, it was reported that fermentation causes an increase in the amount of 

riboflavin, niacin, pantothenic acid, ascorbic acid and folic acid.  On the other hand, this process did not affect 

thiamine and pyridoxine amounts significantly (p>0.05). In the same study, it was stated that the drying process 

decreased vitamin levels (p<0.05) (Ekinci, 2005). 

In a study, conducted by Y¿cecan et al. (1988), tarhana samples were collected from 15 different regions 

and the range of some nutritional parameters were reported. The percentage ranges of humidity, protein, and 

fat were %9.0-12.1, %12.5-18.6, and %4.0-7.2, respectively. Also, the calcium, iron, sodium, and potassium 

contents were 59-191 mg/100 g, 2.1-5.9 mg/100 g, 296-1130 mg/100 g, and 60-182 mg/100 g, respectively. 

According to the standard recipe (Nutrition Information System, 2004) 1 bowl (200 g) tarhana soup 

contains 15 g tarhana, 165 g water, 1 g salt, 7 g sunflower oil, 0.3 g dry mint, and 0.1 g red powdered pepper. 

Here is nutrient composition of 1 bowl tarhana soup (Table 1): 

 

Table 1. Nutrient composition of tarhana soup (Nutrition Information System, 2004) 

Content Amount 

Energy 120.0 kcal 

Water 177 g 

Protein 1.8 g 

Carbohydrate 10.5 g 

Fat 7.9 g 

Dietary fiber 1.0 g 

Vitamin A 12.0 Õg 

Vitamin E 4.8 mg 

Folate 4 Õg 

Vitamin C 1.6 mg 

Sodium 570 mg 

Potassium 50.0 mg 

Calcium 28.0 mg 

Iron 0.5 mg 

The nutrient content of tarhana varies considerably due to the fact that the raw materials in the 

formulation are not standard and varies according to the region. But it is known that the raw materials such as 

tomato, pepper, cereals and dill are rich in antioxidant vitamins; and chickpeas, beans, onions, bulgur and other 

grains are rich in dietary fiber. So, it is possible to consider tarhana in the functional food category (Esimek, 

2010).  

 

CONCLUSION 

It is thought that further studies are needed to increase the nutritional properties of tarhana which is one 

of the indispensable flavors in Turkish cuisine and to develop a more valuable product in terms of healthy 

elements.  

 

REFERENCES 

Anonymous, 2004. TS 2282 Tarhana Standardē. T¿rk Standartlarē Enstit¿s¿, Ankara. 

Coĸkun, F., 2002. Trakya'nēn deĵiĸik yºrelerinde ¿retilen ev tarhanalarēnēn kimyasal, mikrobiyolojik ve 

duyusal ºzellikleri ¿zerine bir araĸtērma, Gēda M¿hendisliĵi Dergisi, 6 ,48-52.  

Coĸkun, F., 2014. Tarhananēn tarihi ve T¿rkiyeôde tarhana ­eĸitleri, Gēda Teknolojileri Elektronik 

Dergisi, 9(3), 69-79. 



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

179 

 

Ekinci, R., 2005. The effect of fermentation and drying on the water-soluble vitamin content of tarhana, 

a traditional Turkish cereal food, Food Chemistry, 90 (1-2), 127-132. 

Erbaĸ, M., Certel, M., Uslu, M.K., 2004. Yaĸ ve kuru tarhananēn ĸeker i­eriĵine fermentasyon ve 

depolamanēn etkisi, Gēda, 29(4), 299-305. 

Erbaĸ, M., Certel, M., Uslu, M.K., 2005. Microbiological and chemical properties of Tarhana during 

fermentation and storage as wet ð sensorial properties of Tarhana soup, LWT - Food Science and Technology, 

38(4), 409-416. 

Esimek, H., 2010. Tarhananēn besinsel lif i­eriĵi ve antioksidatif ºzelliklerinin belirlenmesi, Ķnºn¿ 

¦niversitesi Fen Bilimleri Enstit¿s¿ Gēda M¿hendisliĵi Anabilim Dalē Y¿ksek Lisans Tezi, Malatya, T¿rkiye, 

68 s. 

Evangelos, S., Lazos, Aggelousis, G., Bratakos, M., 1993. The fermentation of trahanas : a milk ïwheat 

flour combination, Plant Foods For Human Nutrition, 44(1), 45-62 . 

Han­er, A., 2010. Besinsel liflerin tarhana ¿retiminde kullanēmē, Ķnºn¿ ¦niversitesi Fen Bilimleri 

Enstit¿s¿ Gēda M¿hendisliĵi Anabilim Dalē Y¿ksek Lisans Tezi, Malatya, T¿rkiye, 80 s. 

Ķbanoĵlu, ķ., Ainsworth, P., Wilson, G., Hayes, G.D., 1995. The effects of fermentation conditions on 

the nutrients and acceptability of tarhana, Food Chemistry, 53(2), 143-147. 

Ķbanoĵlu, ķ., Ķbanoĵlu, E., 1999. Rheological properties of cooked tarhana, a cereal based soup, Food 

Research International, 32(1), 29-33. 

Nutrition Information System, 2004. Ebispro for Windows. Turkish Version. Data Bases: 

Bundeslebenmittelschlussell,11.3 and Other Sorces. BEBIS., Stuttgart, Germany. 

Oĵuz, B., 2002. T¿rkiye Halkēnēn K¿lt¿r Kºkenleri 1, Anadolu Aydēnlanma Vakfē Yayēnlarē:7, K¿lt¿r 

Dizisi:5, 2. Baskē, Ķstanbul.  

¥gel, B., 1982. T¿rk K¿lt¿r Tarihine Giriĸ, Cilt IV. K¿lt¿r ve Turizm Bakanlēĵē, Yayēn No: 638, Ankara.  

¥zdemir, S., Gº­men, D., Yēldērēm-Kumral, A., 2007. A traditional Turkish fermented cereal food: 

tarhana, Food Reviews International, 23, 107-121. 

Settanni, L., Tang¿ler, H., Moschetti, G., Reale, S., Gargano, V., Erten, H., 2011. Evolution of 

fermenting microbiota in tarhana produced under controlled technological conditions, Food Microbiology, 

28(7), 1367-1373. 

ķeng¿n, Ķ.Y., Nielsen, D.S., Karapēnar, M., Jakobsen, M., 2009. Identification of lactic acid bacteria 

isolated from tarhana, a traditional Turkish fermented food, International Journal of Food Microbiology, 

135(2), 105-111. 

Y¿cecan, S., Kayakērēlmaz, K., Baĸoĵlu, S., Tayfur, M., 1988. Tarhananēn besin deĵeri ¿zerine bir 

araĸtērma, T¿rk Hijyen ve Deneysel Biyoloji Dergisi, 45(1), 47-51. 

  



6th International Conference on Sustainable Agriculture and Environment 

October 3-5, 2019, City of KONYA ï TURKEY  

 

180 

BEET CURLY TOP VIRUS  

 

HALIME ĶRGĶN AĴCA1, SERKAN YEķĶL2 
 

1 Eskiĸehir Sugar Factory,  

2 Department of Plant Protection, Faculty of Agriculture, Sel­uk University, Turkey 

 

ABSTRACT 

About 80% of the sugar produced in the world is provided from sugarcane and 20% from beet (Beta 

vulgaris var. saccharifera). While approximately 20 million tons of sugar beet are grown annually in our 

country, 2 million tons of sugar is produced from these crops. As in all plants, sugar beet cultivation has many 

pests and disease agents that cause negative effects on the yield and quality of the crop. Disease and pest 

problem have increased in sugar beet cultivation especially due to the global warming seen in recent years. 

Diseases that did not cause any economic problems previously, they started to be a problem such as virus 

diseases. One of the important viruses that cause economic loss of product in sugar beet production is Beet 

curly top virus (BCTV). It was detected firstly in Nebraska (USA) in 1888. Nowadays, the virus is seen in 

Africa, Europe, Asia, America and Mediterranean Basin where the world's arid and semi-arid climate prevails. 

In Turkey, emerging from time to time since 1955, the disease was detected in ķerefliko­hisar (Ankara) and 

Kozaklē (Nevĸehir) in 2008 and in some fields in the Haymana district of Ankara in 2009 has led to up to 50% 

root yield losses. This virus is only transmitted from plant to plant by leafhoppers. It couldnôt be transmitted 

by sugar beet seed or by mechanical means. It can be advised some control methods of the disease such as; 

cultivating resistant sugar beet varieties, adjusting the sowing time in order to prevent sugar beet plants from 

being exposed to the outbreaks of vectors in the early period, and spraying insecticides against vectors when 

necessary, or a combination of these methods. In this review; general information about genome structure, 

epidemiology, symptoms, transmit and control methods of the virus is given. 

 

STRUCTURE of the GENOME  

BCTV is a type member of the genus Curtovirus from the Geminiviridae family. The virus has the 

ssDNA genome. Curtoviruses have a 3-kb single-part genome and seven reading frames (ORFs) duplexed 

from the 450 bp intergenic region, which forms the origin of viral DNA replication (Baliji et al., 2004; Briddon 

et al., 1998; Klute et al., 1996; Stanley et al., 1986; Stenger, 1994). 

The virions of the BCTV consist of an uncoated capsid. Capsid is long and double and shows icosahedral 

symmetry. Capsid is composed of a total of 22 capsomer, 18 nm diameter and 30 nm length. The genome is 

non-compartmental and contains a round, ambisense, single-stranded molecule of a closed circle. The entire 

genome is 2993 nucleotides in length. 

 

Diagnosis of BCTV 

BCTV can be diagnosed in sugar beet plants and insects by Enzyme Linked-Immunosorbent Assay 

(ELISA), Tissue-Blot Immunoassay (TBIA), Electron microscope (Brlansky and Derrik, 1979; Wintermantel 

et al., 2003; Farzadfar et al., 2006; Heydarnejad et al., 2007), PCR, Southern Blot, Western Blot (Hauser et al., 

2000; Soto and Gilbertson, 2003; Soto et al., 2005; Farzadfar et al., 2006; Heydarnejad et al., 2006). Since 

there is no commercial ELISA kit for serological diagnosis, other methods are used in the diagnosis. 

 

Economic Losses Because of BCTV 

About 80% of the sugar produced in the world is produced from cane and 20% from beet (Beta vulgaris 

var. saccharifera). Approximately 20 million tons of sugar beet are grown annually in our country, while 2 

million tons of sugar is produced from these products.  As in the cultivation of all cultivated plants, sugar beet 

cultivation has many harmful and disease factors that cause negative effects on the yield and quality of the 

product. Disease and pest problem have increased in sugar beet cultivation especially due to the global 

warming seen in recent years. In the previous years, diseases that did not cause any economic problems started 

to be a problem. Virus diseases are among these diseases, too. One of the important viruses that cause economic 

loss of product in sugar beet production is Sugar beet curly top virus (BCTV) and it is called curly top because 

it causes curling especially on the young leaves. BCTV has been detected first in Nebraska in 1888.It is seen 

in Africa, Europe, Asia, America and Mediterranean Basin where the world's arid and semi-arid climate 

prevails. In Turkey, BCTV has been emerge occasionaly since 1955, the disease was seen in, ķerefliko­hisar 
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(Ankara) and Kozaklē (Nevĸehir) district in 2008 and it caused up to 50% root yield losses in some fields in 

the Haymana (Ankara) district in 2009. 

Symptoms 

Leaves of susceptible cultivars are dwarfed, crinkled, rolled inward, and cupped upward. Veins on the 

underside of leaves are roughened and often produce swellings or spine-like outgrowths. Roots are stunted and 

may exhibit a proliferation of secondary rootlets. Phloem tissues become necrotic and appear as dark rings 

when taproots are viewed in cross section. Delayed infection results in milder plant symptoms (Figure 1). 

 
Figure 1: Symptoms of BCTV on beet leaves 

 

Transmission ways 

Sugar beet curly top disease is transmitted from plant to plant with vectors only (Bennett, 1971). It is 

also spread by transporting both vector and diseased plant materials to healthy areas. Depending on the host 

species can be carried with three dodder (Cuscuta spp.) species (Bennett, 1944) (Figure 2). Although the scum 

grows in infected plants, it contains a high concentration of virus and shows phloem necrosis, but the scum 

itself is not infected. The virus is not transported by sugar beet seed (Bennett and Esau, 1936), nor is it carried 

by mechanical means such as touch or physical contact. 

 
Figure 2: Cuscuta spp. 

 

Control of BCTV  

Since Sugar beet curly top virus has a complex epidemiology, effective combat strategies remain limited 

(Wang et al., 1999). In the fight against this disease in the world, cultivation of resistant varieties of sugar beet 

(Martin and Thomas, 1986; Lewellen, 1989), not to be exposed to the outbreak of vectors in the early period 

of sugar beet plants and for this purpose to adjust the sowing time, when necessary to apply insecticides to the 

vectors (Duffus, 1986) or a combination of several of them. 
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