
Int.J.Curr.Microbiol.App.Sci (2019) 8(1): 1863-1873 

 

 

1863 

Original Research Article     https://doi.org/10.20546/ijcmas.2019.801.196  

 

Effect of Natural Pesticide Bordeux Mixture on the Production of 

Metabolite (EPS and Siderophore) in Some PGPBs 
 

Hikmet Katircioglu
1*

, Sema Çetin
2
 and Dürdane Kaya

2
 

 
 

1
Department of Biology Education, Faculty of Education, Gazi University,  

Teknikokullar-Ankara, Turkey 
2
Department of Biology, Faculty of Arts and Sciences, Kırıkkale University,  

Yahşihan-Kırıkkkale, Turkey 

 
*Corresponding author 

 

   

 

 
 

                           A B S T R A C T  

 
  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 
 

Soil flora is heavily microorganism population 

and the majority of them constitute bacteria. 

Therefore, most of the physicochemical 

activities in the soil occur due to bacteria. In 

particular, there is plant growth promoting 

bacteria (PGPB) that encourage plant growth 

with direct and indirect effect mechanisms in 

the soil. The most important features of 

PGPB; 

 

-can bind free nitrogen in the atmosphere, 

-can solve organic phosphorus, 

-can produce some secondary metabolites 

(plant hormone, siderophore and antibiotics, 

etc.), 

-can increase systemic resistance in plants,  
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There are many researches on the role of pesticides used in agricultural applications in the 

ecosystem. However, detailed research on microbial flora, especially for metabolic activity 

products, has not been found. Therefore, in our study the effect on microbial flora of 

natural pesticide, bordeux mixture used in the control of plant harmful and diseases in 

agricultural applications was evaluated in terms of production of EPS and siderophore. By 

now, looking at the studies on the effects of pesticides on the microbial flora, it was seen 

that they are generally evaluated in terms of bacterial inhibition, but studies on the effects 

of these substances on microbial metabolism have been found to be incomplete. According 

to the data obtained from this study, it was determined that the bordeux mixture 

application on the isolated strains from agricultural lands reduced EPS production 

efficiency (53.2-61.16% in Bacillus cereus DY6 and 47.09 - 86.58% in Bacillus tequilensis 

DT2) and increased siderophore production. As it is known, while synthetic pesticides 

have a destructive effect on microbial flora, due to the stress conditions it creates, natural 

pesticide applications can also make a high rate of change in the bacterial useful metabolic 

products for agriculture. 
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-can suppress the disease with the race of 

place and food. 

 

Iron chelate siderofor, which is located in the 

antagonist mechanism of PGPB, both deprives 

the pathogen from this element by binding 

iron and facilitates the use of iron in the plant. 

All organisms need iron, one of the most 

abundant chemical elements in the world, to 

use it in biological processes and to maintain 

cellular life. Although it is very difficult to 

dissolve iron by eukaryotic organisms, 

bacteria have developed different strategies 

when using iron that is necessary for them. 

Siderophores make complex iron elements 

apart from bacterium dissolve and take into 

the cell by active transport (Kraemer, 2004). 

In addition that it has been reported in various 

studies, siderophores produced by bacteria has 

effects on plant pathogens (Vessey, 2003). For 

example, it has been determined that 

siderophores produced by Pseudomonas sp. 

prevent the formation of spores of fungal 

pathogens and eliminate disease, pathogens 

such as Fusarium oxysporum and Pythium 

maximum which cause wilting and root rot 

prevented the reproduction (Sahu and Sindhu, 

2011). At the same time, it has been reported 

that siderophores protect microorganisms from 

toxic effects of metals by linking metals such 

as aluminum, galium, chromium, copper, zinc, 

lead, manganese, cadmium with low affinity 

(Neilands, 1981; Miller, 2008; Cornelis and 

Andrews, 2010).  

 

Because of these characteristics, siderophores 

produced by existing soil microorganisms are 

important in making contaminated land by 

suitable industrial resources for agriculture 

and in the biological struggle against some 

plant pathogens (Cornelis and Matthijs, 2007, 

Couillerot et al., 2009). 

 

Another metabolite is exopolysaccharide 

(EPS) produced by soil microbiota and 

PGPBs. EPS has great importance in the 

interaction between the microorganism and 

the environment. (Kumar and Prasad, 1995; 

Ogut, 2009).  

 

Bacterial EPS has a protective effect against 

bacteria drying, phagocytosis, phage attack, 

toxic components and osmotic stress and 

contribute to cell recognition, surface adhesion 

and biofilm formation in various ecosystems. 

EPS-producing soil microbiota and plant 

growth-promoting rhizobacteria can 

significantly enhance the volume of soil 

macropores and the rhizosphere aggregation, it 

results in increased water and fertility to 

inoculated plants. With the research in recent 

years by attention to the environmental impact 

of EPS produced by Pseudomonas sp., the 

cleaning of dirty areas, bioemulsion activity 

and effect of bioremediation are emphasized. 

Thanks to PGPB producing EPS and soil 

bacteria, cations such as Na
+ 

can relieve salt 

stress in growing plants in salty environments 

by connecting to EPS.  

 

By realizing long-term damage caused by the 

chemicals used to increase quality and yield in 

agricultural production, natural pesticides 

were included in order to minimize the input 

of synthetics under the headings of "Organic 

Agriculture", "Integrated Struggle" and "Good 

Agricultural Practices". Researches on the role 

of pesticides used in these applications in the 

ecosystem are very limited. In particular, it 

has not been found detailed research on the 

metabolic activity products of microbial flora. 

Therefore, the effect of bordeaux mixture that 

is natural pesticides used in the control of 

plant harmful and diseases in agricultural 

applications on microbial flora was evaluated 

in terms of EPS and siderophore production. 

The pesticides are generally evaluated in terms 

of bacterial inhibition in the studies conducted 

until now on the topic of the effect of 

pesticides on the flora, but studies on the 

effects of these substances on microbial 

metabolism have been found to be incomplete. 
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Materials and Methods 

 

Isolation and identification of bacteria from 

microbial flora 

 

Leaf and soil samples used in the study non-

applied the agricultural pesticide is provided 

from 2 station (Station 1:Demirısık Village, 

Station 2: Kuyuluk Region) specified as an 

agricultural land in Mersin. In designated 

stations the soil collected from 5 cm depth of 

selected parcels as 100/100 cm and leaves 

collected from trees in the region were 

brought to the laboratory under sterile 

conditions. Prepared 10 gram dilue soil and 

leaf samples were incubated in plates 

containing the nutrient agar and enrichment 

media. The isolations were carried out from 

the colonies formed as a result of incubation. 

In this way total 50 bacteria isolation was 

carried out from soil and leaf samples 

collected from agricultural land. Gram 

staining, spore staining, colony morphology 

and mobility have been investigated for 

determination of physiological and 

biochemical properties of isolated pure 

cultures. Primarily DNA isolation and 

sequence analysis were reviewed from 

samples given as pure for molecular 

identification. According to the the base 

sequence analysis of the 16S rRNA, gene 

region replicated with 16S rDNA PCR method 

was conducted in Gazi University Life 

Sciences Application and Research Center. In 

our study, Bacillus cereus DY6 (leaf isolate) 

and Bacillus tequilensis DT2 (soil isolate) 

strains were selected as an indicator for 

metabolic activity determinations. In the 

determination of strains, leaf and soil samples 

were taken from the same stations. 

 

Natural pesticide 

 

Bordeaux mixture is a protective drug that 

contains copper ions, the main toxic agents 

against pathogens, used to remove the 

phytotoxic effect by neutralizing the pH of 

acidic copper by adding lime. In our study, 

Bordeaux mixture was preferred because of 

the widespread use in organic farming 

practices in our country and in the world. 

Properties of Bordeaux mixture used;  

 

Product group: Fungicide 

 

Manufacturer: Lenafruit 20 WP 

 

Active ingredient: Calcium hydroxide and 

Copper (II) sulfate 

 

Land dose: 15mg / ml 

 

High dose: 240 mg/ ml 

 

Exopolysacccaride (EPS) production 

 

The amount of EPS was determined according 

to the method of Cerantola and his colleagues 

(Cerantola et al., 2000) Cells were boiled for 

15 minutes and 1.7 µl TCA was added to the 

ependorf.. The cells were removed with 

centrifuge for 30 minutes at 10,000 rpm at 4 
o
C, and supernatants were kept in 95% ethanol 

for 24 hours (4 
0
C). After centrifuge, ethanol 

was removed and pellets were dissolved in 

distilled water. In this process, the ethanol 

stage is repeated by centrifuging the collapsed 

EPS. The EPS standard (Torino et al., 2001), 

determined according to phenolsulphyricacid 

method (Dubois et al., 1956) based on 

different glucose concentrations. EPS values 

were measured at 490 nm. 

 

Siderophore production  

 

Two methods were used in siderophore 

production. 

 

CAS agar test  

 

The strains selected for monitoring 

siderophore production were transferred to 
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Luria Broth media and incubated at 37ºC. The 

active strains were transferred to Chorome 

Azurole S agar medium with the technique of 

spreading with sowing and drilling with 

toothpast and incubated at 37 
0
C for 7 days. 

The expansion of orange rings around 

bacterial colonies proving siderophore 

production has been evaluated as data. All 

analyses were performed in three iterations. 

 

CAS liquid test 

 

In order to determine the production of 

siderophore by CAS liquid test, bacteria were 

activated in the MM9 liquid medium without 

iron. The culture transferred to fresh MM9 

liquid media (KH2PO4, NaCl, NH4Cl, dH2O, 

NaOH, Casaminoasit, Glucose, MgCl2, CaCl2) 

at 1/100 was incubated at 37ºC.  

 

Since siderophores are molecules secreted 

outside the cell, bacterial cultures were 

centrifuged at 10.000 rpm at 20 ºC for 5 

minutes at the end of the incubation and 

supernatant was obtained by providing the cell 

pellet to collapse. For each bacterial culture, 

0.5 ml supernatant mixed with 0.5 ml CAS 

solution, followed by added 10 µM shuttle 

solution (sulphosalicilic acid, dH2O) to 

strengthen the bond between CAS solution 

with siderophore and to clarify color change. 

It has been waited for at least 5 minutes for 

color change to occur. For spectrophotometric 

measurement, the culture-free MM9 medium 

was used as blind and the color variation in 

the samples were evaluated by measuring at 

630 nm wavelength. All analyses were 

performed in three replications for each 

culture. As in CAS agar analysis, siderophore, 

which is secreted from the bacteria, released 

the dye by binding to iron and turned the color 

of the media from blue to orange. The 

following formulation was used to determine 

the production percentages of siderophores 

secreted by indicator strains used in the study 

quantitatively, 

Siderophore's general percent account;  

% Siderophore = Ar-As x100 

Ar 

Ar: Reference value (A630) - (CAS solution) 

As: Sample value (A630) 

 

Determination of siderophore type 
 

O-CAS test was carried out to determine that 

siderofor type by producing bacterial strain 

(Perez-Miranda et al., 2007). CAS medium 

was prepared although only as a means to 

reveal changes, without the presence of 

nutrients (Schwyn and Neilands, 1987). The 

medium for a liter of overlay was as follows: 

Chrome azurol S (CAS) 60.5 mg, 

hexadecyltrimetyl ammonium bromide 

(HDTMA) 72.9 mg, Piperazine-1,4-bis(2-

ethanesulfonic acid) (PIPES) 30.24 g, and 1 

mMFeCl3·6H2O in 10 mM 10 mL HCl. 

Agarose (0.9%, w/v) was used as gelling 

agent. O-CAS medium prepared for the 

determination of the siderofor type produced 

was poured 20 ml into each petri dishes and 

the microorganisms will be tested were 

applied on plates. After a maximum period of 

15 min, a change in color will be observed in 

the overlaid medium, exclusively surrounding 

producer microorganisms, from blue to purple 

(as described in the traditional CAS assay for 

siderophores of the catechol type) or from 

blue to orange (as reported for 

microorganisms that produce hydroxamate 

type). Plates lacking microorganisms were 

used as negative controls at this point. All 

these experiments were made at least three 

times with three replicates for each one. 

 

Results and Discussion 

 

Identification of isolates obtained from soil 

and leaf 

 

It was performed that biochemical tests of 8 

isolates which we collected soil and leaf 
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samples from 2 stations and obtained data are 

shown in Table 1. 

 

Primarily, DNA isolation and sequence 

analysis are reviewed from samples given as 

pure for molecular identification. According to 

the base sequence analysis of the 16S rRNA, 

gene region replicated with 16S rDNA PCR 

method was conducted in Gazi University Life 

Sciences Application and Research Center.  

  

Soil is a good development environment for 

the proliferation of microorganisms and their 

continued existence. These microorganisms 

play a major role in the chemical-physical 

properties and productivity of the soil 

(Haktanır and Arcak, 1997). Genus that are 

found in large numbers in the soil and created 

90% of bacterial population; Pseudomonas sp, 

Arthrobacter sp, Clostridium sp, 

Achromabacter sp, Bacillus sp, Micrococcus 

sp, Flavobacterium sp. and 

Cellulosimicrobium sp. was found in 

contaminated soil through rhizosphere 

colonization (Chatterjee et al., 2009).  

 

It is specified that one gram of fertile 

agricultural soil contains 2.5 million bacteria, 

400.000 mushrooms, 50.000 algae and 30.000 

protozoa (Yıldırım, 2008). Elements such as 

carbon, nitrogen, phosphorus, sulphur, iron, 

magnesium that plants need, are turned into 

beneficial state in plants as a result of 

metabolic activities of microorganisms. 

Generally, the leaves of plants don’t contain 

microorganisms when they first formed. 

However, different microorganisms come to 

the surface of the leaves in time and they live 

there. Leaf surface microflora is affected by 

many factors as type of host, structure of leaf, 

state of maturity and density of vegetation 

cover. Microorganisms that develop in the 

above-ground parts of plants such as leaves, 

branches and fruit, called epifitic 

microorganisms, heterotrophic and 

photosynthetic bacteria, yeasts, lichens and 

some algae are present in this group of 

microorganisms. Some of these 

microorganisms that form pigments are plant 

pathogens (Kaya, 2016). 

 

Bacillus cereus DY6 (leaf isolate) and 

Bacillus tequilensis DT2 (soil isolate) that is 

obtained strains in our study were selected as 

indicators for metabolic activity 

determinations. It has been noted that leaf and 

soil samples are from the same station when 

strains are identified. 

 

Production of exopolysaccharide (EPS) 

 

The standard was prepared for the 

determination of EPS production of strains 

using 5-100 mg /L glucose concentrations. 

EPS production of strains was calculated in 

mg /L compared with the standard curve. The 

EPS production before and after the 

incubation with bordeaux mixture (natural 

pesticide) and % changing rates in strains are 

given in Table 2. 

 

According to the data obtained from our study, 

EPS production in indicator strains was found 

to be 8.42 mg / L in B. cereus DY6 and 11,70 

mg / L in B. tequilensis DT2. After application 

of bordeaux mixture (natural pesticide) the 

reduction of EPS production was determined 

that 46.79 % for Bacillus cereus DY6 MIC 

and 38.83 % for high dose, 52.90 % for 

Bacillus tequilensis DT2 MIC and 13.41 % for 

high dose.  

 

The EPS-producing mesophilic species 

include Bacillus spp., Lactobacillus 

bulgaricus, L. helveticus, L. brevis, 

Lactococcus lactis, Leuconostoc 

mesenteroides ve Streptococcus spp. (Kumar, 

2012). It has been reported that the EPS 

produced by Bacillus spp. strain is highly 

viscous and pseudoplastic in a study. EPS 

produced by some Bacillus sp. species has 

features such as emulsifier, heavy metal 
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cleaning capacity, pharmacological activity 

(Fang et al., 2013). The EPS secreted from 

bacteria might plays a potential role in 

improvement of agricultural productivity, 

which is yet unexplored. EPS secreted from 

bacteria plays a key role in encystment of 

artificial seeds, which protects against 

desiccation and predation by the protozoon’s. 

(Looijesteijn et al., 2001), phage attack 

(Sutherland et al., 1994), and also affect the 

penetration of antimicrobial agents (Costerton 

et al., 1987) and toxic metals (Aleem et al., 

2003). However, its application in agriculture 

with respect to its role in plant growth and 

activity is less explored. The EPS secreted 

from bacteria has shown enormous effect on 

various soil properties and plant productivity: 

salt tolerance, pesticide/ insecticide tolerance, 

soil aggregation, resistant to antimicrobial 

agent, vb. EPS possess unique water holding 

and cementing properties. Therefore, it plays a 

vital role in the formation and stabilization of 

soil aggregates and regulation of nutrients and 

water flow across plant roots through biofilm 

formation (Roberson and Firestone, 1992; 

Tisdall and Oadea, 1982). Moreover, it helps 

to increase the uptake of nutrients by plant and 

brings subsequent increase in plant’s growth. 

Similarly, EPS protects nitrogenase against 

high O2 concentration, and participates in 

bacteria interaction with plants (Leigh and 

Coplin, 1992; Mandal et al., 2008). Bacterial 

EPS bind the Na
+
 ion in the root, through 

which the plant’s Na
+
 accumulation decreases 

(Ashraf, 2004). In that way, bacteria help to 

alleviate salt stress in plants. It is reported that 

EPS produced by PGPB exhibit increased 

plant resistance to water stress (Sandhya et al., 

2009). 

 

Siderophore production  

 

CAS agar test was first applied to determine 

siderophor production capacities. According 

to the findings obtained (Table 3), before 

treatment with bordeux mixture siderophor 

production was observed in only B. cereus 

DY6 but it was determined that B. cereus DY6 

could not produce siderophore after treatment. 

In addition that Cas Liquid Test was also 

applied to verify the siderophor production 

capacities. 

 

When the liquid test results for confirmation 

were examined, siderophor production was 

detected in both B. tequilensis DT2 and B. 

cereus DY6 strains, unlike the agar test. For 

this reason, the results that appear to be 

negative because of insufficient substance 

diffusion in the agar tests are expected to be 

positive in the liquid test results.  

 

Generally increase in siderophor production 

was observed in liquid tests performed after 

pesticide application. The siderophores have 

the ability to solve various environmental 

problems such as heavy metal accumulation, 

paint removal and cleaning of sewage water. 

In addition, chemical compounds produced by 

microorganisms around the plant roots (in the 

rhizosphere) increase the availability and 

uptake of certain essential minerals such as 

iron. It has been determined that siderophores 

produced by bacteria are also effective on 

plant pathogens (Vessey, 2003). It has been 

reported that the siderophores can be used 

especially in agricultural applications, in soils 

that are industrially contaminated and salty 

caused by biological fighting (Cornelis and 

Matthijs, 2007, Couillerot et al., 2009). The 

increase in secondary metabolite siderophores, 

produced by bacteria in the stress conditions 

after the agricultural struggle practices, is an 

indication of the stress in the current 

ecosystem (Couillerot et al., 2009). 

 

The major issues in production of soil 

microorganisms or biofertilizers (PGPB) have 

the characteristics of high rate of dinitrogen 

fixation, wide range of antagonistic activity 

towards phytopathogens, the ability to produce 

EPS, siderophores, vitamins and growth 
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factors in agricultural prospective 

(Kravchenko et al., 2002). 

 

Siderophore production scales 

 

Strains that were not treated with pesticide 

were used as positive controls for siderophore 

production percentages of B. cereus DY6 and 

B. tequilensis DT2 strains selected as indicator 

strains for CAS Liquid Test. The values in the 

samples which have siderophor production 

should be lower than the reference values 

(Payne, 1994). The color loss in samples and 

reference (uninoculated 0.5 ml MM9 medium 

+ 0.5 ml CAS solution + 10 micromolar 

shuttle solution) were determined by 

measuring at 630 nm wavelength. The 

readings were made by using the reference 

tube as blind and reset. Accordingly, the 

changes in % the siderophor production 

capacities of indicator B. cereus DY6 and B. 

tequilensis DT2 strains were also calculated 

and given in Figure 1. 

 

According to this, the siderophore production 

rate of B. cereus DY6 strains isolated from 

agricultural soil was found to be 92.3% in our 

study whereas siderophore production was 

found to be 22.3% in Bacillus cereus DSM 

4312 bacterial isolate from sea (Güney, 2014). 

It is determined that the percentage of 

siderophore production in the strains were 

decreased after the incubation of bordeaux 

mixture with the dose used in field 

applications (MIC). This result is the first 

finding of natural pesticide (bordeaux 

mixture) applications, which is considered as 

an environmental factor in the production of 

siderophores. 

 

Table.1 Morphological, cultural and molecular characteristics of bacterial strains isolated from 

soil and leaf samples (DY, Leaf isolate; DT, Soil isolate; S1, Station 1; S2, Station 2) 

 
Isolate 

Code 

Isolation 

Place 

 

Station  

Name 

Colony  

Color 

Colony 

Morphology 

Cell  

Form 

Spore 

Painting 

EMBL/Gen 

Bank 

Number 

Name of the 

Species  

DY1  S1 Leaf Station A White R Type Bacil     + KT720227.1 B. invictae 

DY2 S2 Leaf Station B White R Type Bacil     + KJ801578.1 B. cereus 

DY3 S1 Leaf Station A White R Type Bacil     + HQ678662.1 B. subtilis 

DY4 S2 Leaf Station B Yellow S Type Coccus     - KC117526.1 Cellulosimicro

bium sp. 

DY5 S1 Leaf Station A White R Type Bacil     + KT720017.1 B.  subtilis 

DY6 S1 Leaf Station A White R Type Bacil     + KT719870.1 B. cereus 

DT1 S1 Soil Station A Yellow S Type Coccus     - KT719656.1 Micrococcus 

yunnanensis 

DT2 S1 Soil Station A White R Type Bacil     + KT720350.1 B.  tequilensis 

 

Table.2 EPS production volume changes in strains after incubation with bordeaux mixture 

(natural pesticide) 

 
Bordeaux mixture 

Concentration 

B. cereus DY6 

EPS (mg/L) 

B. tequilensis  DT2 

EPS (mg/L) 

B. cereus DY6 

% change 

B. tequilensis  DT2 

% change 

Control 8.42±0,01 11.70±0,01 - - 

MIC(15 mg/ml) 4.48±0,01 5.51±0,01 53.2 47.09 

High dose(240 mg/ml) 5.15±0,01 10.13±0,01 61.16 86.58 
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Table.3 CAS Agar and liquid test results 

 
Test strains CAS-agar test 

drilling 

CAS- liquid test 

(OD630 ) 

B. tequilensis  DT2 - 0,171- 0,196 

B. tequilensis  DT2 MIC - 0,187- 0,208 

B. tequilensis  DT2 High dose - 0,056- 0,076 

B. cereus DY6 + 0,077 

B. cereus DY6 MIC - 0,100 

B. cereus DY6 High dose - 0,111 

 

Fig.1 % siderophor production capacities and % change rates 

 

 
 

Siderophor type 

 

The type of siderophores produced by strains 

isolated in our study was determined as 

"catecholate type". The siderophores are 

divided into four major groups, hydroxamate, 

catecholate, carboxylate and mixed ligands 

mainly according to chemical composition 

and microbial origins. The transition from the 

blue to the yellow-orange shows hydroxomate 

type and transition from the blue to the purple 

shows catecholate type (Pérez-Miranda et al., 

2007). It is known that Bacillus species 

produce catechol-type siderophor from many 

previous studies (Williams et al., 2012; Modi 

et al., 2012). 

 

In conclusion, there aren’t any studies about 

the effects of natural pesticides on plant and 

soil flora until now. The naturally classified 

and the most common use of pesticides used 

in our study is bordeaux mixture. When we 

look at the studies conducted in relation to 

this subject, it was seen that studies of the 

effect on living things concentrate in synthetic 

pesticides (Bilaloğlu, 1982; Çelik, 2003; 

Pandey, 2008; Aydemir, 2008; Bolle, 2004; 

Koca, 2008; Kara,1998; Gill. and Shaukat, 

2000; Ozorgucu, et al.,1995). It is realised 

that the literature has been found to be very 

limited when the studies about the effects of 

natural pesticides (bordeaux mixture, plant 

and animal fats, some plant extracts, etc.) and 

biopesticides (Bacillus thuringiens preparats 
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etc) on microorganisms (Kotan et al., 2010; 

Tozlu et al., 2011). Pesticides used in 

agricultural warfare can cause increase in 

product by destroying target organisms and 

also cause damage to non-target organisms 

(MacMahon, 1994). As a result; this study is 

example work in terms of determining these 

soil microorganisms that beneficial to 

agriculture how affected by natural pesticides. 
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