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SYMMARY 

 

In the is study, the endophytic bacteria were isolated from sugarcane stalks and tested for its in vitro 

antagonistic activity against Sporisorium scitamineum, the causal pathogen of sugarcane smut disease.  
Also some physiological characteristics such as its ability to produce some secondary metabolites i.e. PR-

proteins and growth-promoters were studied in both in vitro and in vivo. Only, 62 isolates among the total 240 

isolates were found to have a bioactivity against the pathogen in vitro. Six isolates from the bioactive isolates 

were selected for its high antagonistic activity to study its potential to produce the enzymes (chitinase, and β 1,3 

glucanase,) and growth-promoters (indole acetic acid (IAA) as well as  siderophores and salicylic acid (SA)) in 

vitro.  The selected isolates showed different degrees of antagonistic activity. The selected isolates were 

identified using the sequencing of the 16S ribosomal RNA (rRna) gene and subjected to mega blast-n in NCBI  

and proved to be Enterobacter sp.( LUX 27), Kosakonia radicictans (LUX41), Kosakonia radicictans(BAN 33), 

Klabsiella oxytoca (BAN 39), Bacillus subtilis subsp. Inaquosorum(Q17), Pantoea sp.(SOH 29). In vitro studies 

proved that, all selected endophytic bacteria produced Nitrogenase and indole acetic acid (IAA) while, 

Kosakonia radicictans, Klabsiella oxytoca and Bacillus subtilis subsp. Inaquosorum produced salicylic acid. 

Not one of the selected isolated prove to produce Siderophores.    Pantoea sp., Kosakonia radicictans and 

Klabsiella oxytoca produced chitinase. While, the isolates   Kosakonia radicictans and Bacillus subtilis subsp. 

Inaquosorum were the most effective in producing β 1,3glucanase. The bio-control activity of selected isolates 

was also studied in vivo under greenhouse conditions on sugarcane infected plants. All the tested isolates were 

completely reduced the disease compared to the infected control. All the selected endophytic bacteria increased 

Peroxidase, Chitinase and β-1, 3 glucanaseactivities in the treated plants while the isolates Kosakonia 

radicictans and Enterobacter sp. didn’t produce Polyphenol-oxidase in treated infected plants. The treated 

sugarcane plants showed a range of positive increase in   Leaf Area, Stalk length, Stalk Diameter, number of tillers 

and   total chlorophyll   compared to the untreated healthy and infected control. The present study show the 

efficiency of using endophytic bacteria as a bio-control system against sugarcane smut.  
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INTRODUCTION 
 

Sugarcane considered as an important industrial 

crop. It is covering 62 million hectares in more than 

100 countries. Sugarcane is a tropical and sub -

tropical plant, can be produced in different climates 

range from hot dry to cool and humid environment at 

higher elevations (Mehnaz, 2009). 

Sugarcane smut disease caused by, Sporisorium 

scitamineum (syd.)Piepenbring et al., 2002 formally 

named (Ustilago scitaminea). The fungus belongs to 

Phylum: Basidiomycota; Class: Ustilaginomycetes. 

In Egypt the disease was reported for the first time in 

1935 (Jones et al., 1935). The only control 

procedures of the disease is using resistant varieties 

or the hot water treatment of the seed – cane) cutting) 

before cultivation. Chemical control of the disease is 

very difficult and high cost in its application. The use 

of biological control of the disease is essential as the 

plant reproduce vegetatively.  

The plants and microorganisms relation is 

complicated and affected by the environmental 

conditions and microorganisms that affected by 

nutrition and plant physiological condition (Shastri et 

al., 2020). Endophytic bacteria reported as group of 

rhizospheric bacteria, named plant growth promoting 

rhizobacteria (PGPR). It is a specific group of 

rhizobacteria that can live symbiotically inside the 

host plants (Reinhold-Hurek and Hurek, 1998).  

In sugarcane, most of the research on endophytic 

bacteria has been focused on nitrogen fixing bacteria. 

Only few studies has been conducted on the 

sugarcane disease control by using endophytic 

bacteria. Liu et al., (2017) reported a mechanism of 

endophytic bacteria to control S. scitamineum in 

sugarcane. Viswanathan et al., (2003) reported 

Pseudomonas aeruginosa, Pseudomonas fluorescens 

and Pseudomonas putida as endophytic bio-control 

bacteria against sugarcane red rot pathogen. 
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Therefore, it is necessary to find a new endophyte 

sand explore their role in enhancing plant growth and 

plant disease control. Thus, the aim of this study was 

to isolate and characterize endophytic bacteria that 

are related to sugarcane and test its ability to act as a 

bio-control agent against sugarcane smut pathogen 

besides enhancing plant growth. 

 

MATERIALS AND METHODS 

 

1- Collection and isolation of sugarcane smut 

causal organism in the main growing areas: 

1.1- Collection of sugarcane smut spores: 

Samples of sugarcane smut whips were collected 

from commercial varieties cultivated in sugarcane 

main growing areas in Upper Egypt. Collected whips 

separated and left on laboratory bench under room 

temperature for 5 days. After dryness, the whips 

crashed by hand in a big container to release the 

spores.    

The major plant depresses removed and the 

remains were screened through a fine mesh to collect 

the spores. The activity of the collected spores was 

evaluated by in vitro germination method described 

by (Comstock and Heinz 1977) to assure the 

percentage of spore germination is above 80%. The 

collected spores were stored in a paper bags in the 

freezers at -40°C. 

 

1.3-Pathogenicity test: 

The pathogenicity test was conducted to the 

isolates in vivo. Spore suspension 10
4
/ml of each 

isolate was prepared using distilled water then 10 

sugarcane one bud cuttings were socked in each 

suspension for one hour and then transferred to the 

greenhouse for cultivation in 30 cm diameter pots.  

The disease incidence was checked after 3 months 

from inoculation and the percentage of diseased 

plants were calculated.  

The S. scitamineum isolate that proved the 

highest virulence was selected to present the 

pathogen in the entire work. 

 

2. Isolation and purification of endophytic bacteria 

from sugarcane plants: 

Sugarcane stalk samples (160 samples) were 

collected from five governorates (El-Giza, BeniSuef, 

Sohag, Qeina and Luxor) during growing seasons 

2018-2019. Collected samples were washed in 

running water. Hundred gram from each sample were 

disinfected superficially according to Araujo et al. 

(2001) and Queiroz et al. (2012). Through the 

following protocol :70% alcohol for 1 min, sodium 

hypochlorite (2.5%) for 4 min, ethanol for 30 second 

and 3 rinses in sterile distilled water.  

The samples were ground with 90 ml of aqueous 

solution (0.9% NaCl) using a sterile mortar and 

pestle. The tissue extract was subsequently 

incubation at 28°C for 3hours to allow the complete 

release of endophytic bacteria from the host tissue.  

The tissue extract was diluted (10
-1

 and 10
-2

) in 

aqueous solution (0.9%Nacl). 

Five-hundred micro-litter/ dilution was cultivated 

on plates containing LGI medium Hartmannand 

Baldani (2006) - (K2HPO4 0.2g, KH2PO4 0.6g, 

MgSo47H2O 0.2g, Na2MoO42H2O   0.002g, 

CaCl22H2O 0.02g, Sucrose 100g, Bromothymolblue 

5 ml, pH =5.5-6) - and spread using sterilized L-

shaped glass rod. Inoculated plates were incubated 

for up to 15 days at 30±2°C. Different types of 

bacterial colonies were selected on days 5, 10 and 15 

days of incubation depending on the morphological 

characteristic (color, size and shape) and their time of 

growth.  

Selected bacteria were picked up and streaked on 

petri-dishes containing an appropriate medium for 

purification.  

The purified bacterial isolates were transferred to 

slants of YGC medium (yeast extract 5g ; glucose 

15g and 0.1 % calcium carbonate) amend with / 

without 0.5 g /l active charcoal and incubated at 30 

°C for 48-72 h.) and kept at 4°C for further 

investigation or in 20% sterilized glycerol at -80°C 

for long preservation. 

 

3. Antagonistic effect of the different isolated 

endophytic bacteria on Sporisorium scitamineum 

growth in vitro: 

In this study Conventional streak was used to 

determine the antagonistic relation between the tested 

bacterial isolates and the pathogen Sporisorium 

scitamineum.  

Interactions between antagonistic bacteria and 

pathogenic fungus were determined by the 

Conventional streak described by (Kucuk and 

Kyvanc, 2003). Mycelia disks (5 mm in diameter) of 

Sporisorium scitamineum isolate were placed on 

center of a Petri dish containing PDA medium, while 

the bacterial isolates were streaked the two side of the 

plate. After the desired incubation time (20 days), at 

28 ±2°C, the growth reduction in Sporisorium 

scitamineum colony was determined and compared to 

control experiment where the bacterial was replaced 

by desk media.  

The plates incubated at 28±2°C for 20 days under 

weekly observations. At the end of incubation period, 

the average of longest and shortest diameter of 

Sporisorium colony was measured in the treated 

plates.  

The antagonistic potential of the bio-agents 

expressed according to the following formula: 

Antagonistic potential (%) = [(C – T)\ C] X 100  

Where:  

C = diameter of radial growth of the pathogenic 

fungus on plates containing it only.  

T = diameter of radial growth of the pathogenic 

fungus on plates paired with each antagonistic 

bacteria (dual cultures). 

 

4. Physiological characteristics of the isolated 

endophytic: 

4.1. Determination of Indol acetic acid (IAA): 

To determine the ability of the tested endophytic 

bacteria to produce IAA, a colorimetric technique 
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was performed using the Van Urk Salkowski reagent 

(1 ml of 0.5 M FeCl3 and 50 ml of 35% HClO4 in 

water); the microorganisms were grown in nutrient 

broth containing 0.2% L-tryptophan and incubated at 

a 35ºC of temperature for 5 days.   

Cultures were centrifuged (1000 rpm) after the 

incubation time then 1 ml of the supernatant mixed 

with 2 ml of the reagent and incubated for 25 min. at 

room temperature.  

The optical density was measured using the 

wavelength 530 nm. A standard curve of pure IAA 

(Sigma-Aldrich) was used as standard to calculated 

IAA production from tested isolates (Bricet et al., 

1991). 

 

4.2. Determination of Siderophores: 
 The tested endophytic bacterial isolates were 

grown in King’s B broth (King et al 1948) for 5 days 

at 35±2°C and centrifuged at 10000 rpm for 10min. 

The pH of the supernatant was adjusted to 2.0 with 

diluted HCl and equal quantity of ethyl acetate was 

added in a separating funnel, mixed well and ethyl 

acetate fraction was collected.  

The determination of Siderophores was done 

according to the method described by Reeves et al., 

1983. 

 

4.3. Determination of Salicylic acid (SA): 
The ten selected endophytic bacterial isolates 

were grown at 35±2°C for 5 days on a rotary shaker 

incubator in 250 ml conical flasks containing 50 ml 

of succinate medium.  

The quantity of SA in the culture filtrate was 

determined according to the method described by 

Meyer et al., 1992 and expressed as mg/ml. 

 

4.4. Determination of Chitinase: 

Bacterial isolates were grown in 250 ml conical 

flasks containing 50 ml of chitin–peptone medium 

for bacterial isolates according to Berger and 

Reynolds, (1958).  

The bacterial cultures were incubated at 35°C for 

5 days. After the incubation period, the cultures were 

centrifuged and the supernatant was used as crude 

enzyme source.  

The Chitinase activity was determined according 

to Reissig et al., (1955) as the release of N-

acetylglucosamine in the reaction mixture. The 

activity was expressed as µg of glucose released / ml 

/min. 

 

4.5. Determination of β 1, 3 glucanase: 

Bacterial isolates were grown in 250 ml conical 

flasks containing 50 ml of peptone medium contained 

laminarin (0.2%) (From Laminariadigitate Sigma-

Aldrich) and incubated at 35°Cfor 5 days on a rotary 

shaker incubator according to Lim et al., (1991).  

The reaction mixture, the substrate laminarin 

(2.5% w/v) in 10mM ammonium acetate, pH 6.0, and 

1 mM DTT. Samples were assayed for the release of 

reducing sugars according to the Somogyi-Nelson 

method Naguib, (1965). β 1,3 glucanase activity was 

determined as µg of glucose released / ml /min. 

 

4.6. Determination of nitrogenase activity: 

The nitrogenase activity of the selected 

endophytic bacteria isolated were conducted using 

acetylene reduction technique according to Dilowrth, 

1966 in Soil Microbiology Department, Soil and 

Water research institute, Agricultural Research 

Center, Giza, Egypt. Results were calculated as 

ethylene produced/ml liquid culture / hr. 

 

5. Greenhouse trials: 

5.1. Effect of the selected different isolates of 

endophytic bacteria on sugarcane smut disease 

incidence in vivo: 

5.1.1. Inoculum preparation of the selected 

endophytic bacteria organisms: 

Bacterial isolates were grown in 250 ml nutrient 

broth at 35±2°C for 5 days on a rotary shaker. After 

the end of incubation period the bacterial suspensions 

diluted by sterilized distilled water up to 1000 ml to 

be ready to socking by the endophytic bacteria for 

one hour before culture.  

Sugarcane one bud sets of variety GT54-9 were 

socked in the tested endophytic bacteria suspension 

for one hour before culture. Sugarcane plants were 

grown in 30 cm diameter pots filled with 3kg (sand: 

peat moss: clay soil) (1:1:1). 

 

5.1.2.Inoculation of the endophytic bacteria pre-

infested sugarcane plants with the pathogen: 

The hypodermic injection technique according to 

(Gillaspie et al., 1983) was used to inoculate the 

emerged plants.  Shoots were inoculated when they 

were 20 cm long (4-5 weeks old).   

The teliospores suspensions contained about 

5x10
5
 viable spores per milliliter of distilled water.  

To reduce surface tension, Tween 20 was added 

at a rate of 100 ul per 100 ml of spore suspension. 

The spore suspension was injected twice into each 

plant at the base of the shoot (0.1 ml per injection) 

around the meristemic region, or until the inoculum 

was forced out the shoot tip.  

The numbers of infected plants showing the 

typical symptoms of smut (whip formation) were 

recorded weekly for each treatment during the time 

of experiment.  

 

6. Effect of the selected different endophytic 

bacteria isolates on the characteristics of sugarcane 

infested and un-infested plant: 

After 4 months, the bacteria treated infected and 

treated un infected plants, plant height (cm); stalk 

diameter (cm); and leaf area (average of leaves area 

cm
2 
F1) and total chlorophyll were determined. 

 

6.1. Effect of bio-agent application on some 

Pathogenesis related proteins (PR) and growth 

factors in both infected and un-infected sugarcane 

plants: 
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6.1.1. Preparation of samples: 

Leaf samples were collected from treated 

sugarcane plants variety (GT54-9) after one week 

from pathogen inoculation. Samples were frozen in 

liquid nitrogen (L-N2) then grounded in a mortar and 

pestle to form a fine powder.  

One gram of the grounded tissues was mixed with 

2 ml of extraction buffer according to Bollag et al., 

(1996). Samples were vortexed and centrifuged at 

13000 rpm for 15 min. under 4°C to remove cell 

debris. The clear supernatant (crude enzyme source) 

was collected and kept at -80°C for further study 

(Soltis and Pamela Soltis, 1990). 

 

6.1.1.1. Determination of peroxidase (PO): 

The reaction mixture extraction as described by 

Malik and Singh, (1990) was contained 0.5 ml 

phosphate buffer pH 7; 0.2 ml enzyme source; 0.3 ml 

of 0.05 M pyrogallol; 0.1 ml of 1%(v/v) H2O2 and 

distilled water was added up to obtained 3 ml .  
The reaction mixture was incubated at 30 

o
C for 5 

min. then the reaction stopped by adding 0.5 ml of   5 

%(v/v) H2O2 (Kar and Mishra, 1976).  
One unit of peroxidase activity was expressed as 

the changes in absorbance at 425 nm/ min. / 1 g fresh 

weight. 
 

6.1.1.2. Determination of Polyphenoloxidase (PPO): 

Samples were extracted according to the method 

described by Malik and Singh, (1990).  

The enzyme extract was prepared by grounding 5 

g leaves in 0.1 M sodium phosphate buffer pH 7 (2 

ml / g fresh weight), then centrifuged at 6000 rpm for 

30 min. under 4 
o
C , the clear extract was collected, 

completed to 15 ml volume using phosphate buffer 

and used as crude enzyme source.  

The reaction mixture contained 0.2 ml of crude 

enzyme source, 1 ml of phosphate buffer pH 7; 1 ml 

of 10
-3

 M catechol and complete with distilled water 

up to 6 ml. 

The reaction was incubated for 30 min. at 30 
o
C. 

One unite of polyphenoloxidase was expressed as the 

change in absorbance at 420 nm / 30 min. / 1 g fresh 

weight. 

 

6.1.1.3. Chitinase and β-1, 3 glucanase: 

Chitinase activity and β-1,3 glucanase activity was 

determined according to the method mentioned in 4.4 

and 4.5. 

 

7. Identification of the selected active endophytic 

bacteria using 16S rRNA gene methods: 

The selected endophytic bacteria isolates were 

cultured in Nutrient broth and incubated at 28°C for 

24 h then centrifuged at 14,000 r.p.m. for 5 min at 

4°C.  

The genomic DNA was extracted from the pellet 

by using bacterial genomic DNA extraction kit 

(Bioflux cat.no. BSC03S1).  

The isolated DNA were kept in-40°C. The 16S 

rRNA genes, the polymerase chain reaction (PCR) 

was performed with the universal primers 27F 5’-

AGAGTTTGATCMTGGCTC AG-3’ and 1492R 5’-

TACGGYTACCTTGTTACGACTT 3’ (Weisburg et 

al., 1991). The PCR consisted of a 95°C hold for 5 

min, followed by 35 cycles of 45 sec at 95°C, 30 sec 

at 55°C, 30 sec at 72°C, and a final extension for 15 

min at 72°C. The amplification was performed using 

a PCT-100 thermal cycler.  

The PCR fragment was purified by using a PCR 

Purification kit (QIAGEN, USA).The PCR products 

of the selected endophytic bacteria Isolates were 

purified using Wizard® DNA Clean-Up System 

(Promega).   

DNA of each sample were sent for direct 

sequencing using ABI 3730XL sequencers at 

MACLAB, 384 Oyster Point Boulevard, Suite 15 

South San Francisco, CA 94080, U.S.A. 

http://www.mclab.com/home.php). For each isolate, 

forward and reverse sequences were assembled and 

edited using the program DNAMAN V5.2.2 (Lynnon 

bio Soft). The obtained sequences were then 

compared to the National Center for Biotechnology 

Information (NCBI) database for BLASTn analysis 

according to Morgulis et al., (2008).  

 

RESULTS  

 

1-Collection of sugarcane smut causal organism: 

Results showed that 54 infected samples of 

sugarcane plants were collected from five different 

governorates. The isolation efficiency was 100% 

from all the samples.  

A total 54 fungus isolate were isolated from 

collected 54 samples during growing seasons 2019. 

 

2- Antagonistic effect of the different isolated 

endophytic bacteria on Sporisoriumscitamineum 

growth in vitro 

Two hundred and ten bacterial isolates were 

isolated from the collected 160 samples among of 

them 6 isolates proved positive antagonistic activity.  

The data show in Fig. 1 and Table (1) the number 

of sample, the total isolated bacteria and the number 

isolates showed antagonistic activity against the 

pathogen. Six bacterial isolates showed the highest 

antagonistic activity in vitro against S. scitamineum.  

It is worthy to mention that, the origin of the 

majority of the selected bacterial isolates were from 

samples collected from Luxor government (2 

isolates) followed by Qena government (1 isolate), 

Beni-Suef and Sohag governments (2, 1 isolates 

respectively). 

The isolates of   BAN33, Q17 and SO29 showed 

the significant highest percentage of growth 

reduction (54.7, 44.7 and 39.9% respectively). On the 

other hand, isolates of, LUX 41, LUX 27 and BAN39 

significantly reduced the liner growth of S. 

scitamineum by (25.7, 23.5 and 11.5 % respectively) 

 

http://www.mclab.com/home.php
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(Fig 1): Isolation of endophytic bacteria collected from different localities in five governorates in Upper Egypt, 

during the growing seasons 2019-2020 

 

Table (1): Antagonistic effect of selected sugarcane entophytic bacterial isolates on the growth of S. 

scitamineum, on PDA medium using dual culture assay 

   No. Isolate code Linier growth reduction compared to pathogen control (%) 

     1 SOH 29 39.9 

     2 LUX 27 23.5 

     3 LUX41 25.7 

     4 BAN 33 54.7 
     5 BAN 39 11.5 

     6 Q17 44.4 

7 LSD at 5% 8.4 

 

3-Physiological characteristics of the isolated 

endophytes: 

The ability of the selected bacterial to produce 

indole acetic acid was determined as shown in Table 

(2). It is noticed that, the ability of the selected bio-

control active bacterial isolates significantly differed.    

Isolate of LUX 27 showed the highest significant 

ability in producing IAA (1.7 (µg/ml)) followed by 

BAN 33 isolates (0.99 µg/ml).  

While the isolates of LU41 and BAN39 recorded 

the lowest significant IAA production among all the 

tested bacterial isolates (0.4 and 0.1 µg/ml).  

While the isolates of SOH29 and Q17 gave the  

same result 0.3 µg/ml. On the other hand,  none of 

the selected bacterial isolates were able to produce 

siderophores in the medium the same was with SA 

production  except  two  isolates BAN 33 and BAN 

39 that were able to produce SA 0.3 and  0.4 mg/ml, 

respectively). 

The obtained data also showed that, the highest 

significant nitrogenase activity recorded by SOH29 

and BAN 39  isolates (1.34nmole/C2H4/ml/hr) 

followed LUX27 and Q17 isolates which recorded 

(1.1 nmole/C2H4/ml/hr., respectively), BAN 33 

isolate gave (0.9 nmole/C2H4/ml/hr.,) and 

LUX41(0.4 nmole/C2H4/ml/hr). 

 

Table (2): Estimation of indole acetic acid (IAA), salicylic acid (SA) , siderophores and nitrogenase 

activity content (Optical Density at 700 nm) produced by different endophytic bacteria, In vitro 

Isolate IAA (µg/ml) Siderophores SA mg/ml Nitrogenase 

(nmole/C2H4/ml/hr) 

SOH 29 0.3 0 0 1.34 

LUX 27 1.7 0 0 1.1 

LUX41 0.4 0 0 0.40 

BAN 33 0.99 0 0.3 0.9 

BAN 39 0.1 0 0.4 1.34 

Q17 0.3 0 0.0 1.1 
LSD at 5 % 0.8 - - 2.7 

 

On the other hand, concerning the ability of the tested 

isolates to produce the hydrolytic enzymes chitinase 

and β-1, 3 glucanase in vitro the data presented in  

Table, (3) show that three isolates BAN39, SOH 29 

and LUX 41 showed   chitinase activity among the 

tested isolates (8.05, 1.81 and 1.3 ug of glucose  
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released /ml /min, respectively) while the majority of 

the tested bacterial isolates were not able to produce 

β-1, 3 glucanase, in vitro. The isolates (BAN 33 and, 

Q17 recordedβ-1, 3 glucanaseactivity (3.1, and 1 g of 

glucose released /ml /15min, respectively). 

 

6. Greenhouse trials: 

6.1. Effect of the selected different isolates of 

endophytic bacteria on sugarcane smut disease 

incidence, in vivo under greenhouse conditions: 

The present experiment was carried out to 

evaluate the bio-control activity of the selected 

bacterial isolates as biological control agents against 

the disease under greenhouse condition.  

All the tested endophytic bacteria isolates were 

able to 100% inhibit the disease incidence in infected 

plants compared to the un-treated infected control 

plants. 

 

7. Effect of the selected different isolates of 

endophytic bacteria on sugarcane plant 

characteristics (Leaf area, Stalk length, Stalk 

diameter, Number of tillers and total chlorophyll: 

In this experiment, the effect of the endophytic 

bacteria on treated uninfected and treated infected 

sugarcane plants on some plant characteristics were 

measured and tabulated in table 4.   

 Data in Table (4) show the effect of endophytic 

bacteria treatment on the leaf area of sugarcane 

treated plants. 

The endophytic bacteria isolate SOH29, recorded 

the highest significant leaf area (220 cm
2
) followed 

by the Isolates BAN33, LUX41, LUX27, Q17and 

BAN39 (170, 120, 100, 95 and 50   respectively.). On 

the other hand, the recorded leaf areas resulted from 

the the treated un-infected plants increased the leaf 

area significantly compared with the healthy un-

treated control.  

The obtained data showed that, the highest 

significant increase in leaf area was recorded by the 

isolate SOH29 (225cm
2
) followed by the isolates 

(BAN 33 and LUX 41) which recorded a significant 

increase in leaf area (180 and 120cm
2
). 

The isolates Q17, LUX27 and BAN39 recorded 

the same leaf area (100 cm
2
). 

The effect of the treatments of different 

endophytic bacteria either with or without the 

existence of the pathogenic fungus on sugarcane stalk 

length has been studied. Data in table (4)show that, 

the isolates (BAN33, SOH29, LUX41 and BAN39) 

which recorded stalk length ranged from 65 to 125 

cm in the infected treated plants compared with the 

infected un treated and the healthy treated control 

witch recorded 43cm and 70 cm respectively.  

The diameters of sugarcane stalk were 

significantly increased in treated infected and treated 

on infected plants (Table, 4).   

The isolates SOH29, BAN33 and BAN39 showed 

a significant increase in the stalk diameter (2.3, 2.1 

and 1.5 cm respectively) compared to the healthy un-

treated control (1.2 cm). Only two isolates Q17 and 

LUX27 that didn’t show any significant difference 

with the treated infected control.   

Concerning the effect of the application of 

endophytic bacteria in infected and healthy sugarcane 

plants.  

The presented data in Table 4 show that the 

isolates Q17, LUX 27, LUX 41, SOH29, BAN33 and 

BAN 39 significantly increased the resulted tillers 

which ranged from 2-8 tillers from the main plant 

compared with the treated infected control (1.83 

tillers). 

The application of pathogenic fungus and 

endophytic bacteria affected on total chlorophyll in 

sugarcane plants compared with control treatment. 

The application with the endophytic bacterial isolates   

BAN33, Q17, BAN39,  LUX41 and SOH29 led to a 

significant increase in the total chlorophyll in the 

infected sugarcane plants the increase  ranged from 

37.3 to 47 ug/gram fresh weight compared with the 

infected untreated control (26.8. ug/gram fresh 

weight).  

It worthy to mention that, isolate LUX 27 didn’t 

show any significant increase in the total chlorophyll. 
 

 

 

 

 

Table (3): Activity of chitinase   and β-1, 3-glucanase enzymes of different endophytic bacteria 

Isolate 
Chitinase β-1,3 glucanase 

Enzyme activity as µg of glucose released / ml /min. 

SOH 29 1.81 0 

LUX 27 0 0 

LUX41 1. 31 0 

BAN 33 0 3. 108 

BAN 39 8. 05 0 

Q17 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q17 

0 1 

LSD at 5% 1.98 1.21 

https://www.google.com/search?sa=X&biw=1707&bih=720&sxsrf=ALeKk021PdHdvRV6-i2JA_PBz3p-A2SxFQ:1593866304231&source=univ&tbm=isch&q=sugarcane+tillers&ved=2ahUKEwj664fXzrPqAhUHxIUKHezpARIQsAR6BAgIEAE
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Table (4) Effect of the selected endophytic bacteria  on Leaf Area,  Stalk length, Stalk Diameter,  number of tillers and total 

chlorophyll sugarcane plants treated with the selected endophytic bacteria 

8- Effect of bio-agent application on some 

Pathogenesis related proteins (PR) and growth 

factors in both infected and un-infected sugarcane 

plants: 
Results in Table (5) present the effect of 

endophytic bacteria treatments on the PO levels in 

the infected and un-infected sugarcane plants.  

The levels of peroxidase noticed higher in 

infected control than in healthy control. The POlevels 

were significantly higher in the treated plants 

compared to the healthy control while the levels 

recorded by the treated infected plants didn’t show 

any significant with the infected control (0.71 

Unit/hr./g fresh wt).  

The levels of PO recorded in the treated infected 

plants with the tested bacteria were very close. 

The effect of endophytic bacteria treatments on 

the PPOlevels in the infected and un-infected 

sugarcane plants.  

The data showed that, there were no noticeable 

effect on the levels of PPO in both treated infected 

plant and treated un-infected plants compared to the 

healthy (0.43 Unit/hr./g fresh wt)  and infected 

control (0.51 Unit/hr./g fresh wt). 

On the other hand, the effect of endophytic 

bacteria on chitinase activity of sugarcane treated 

plants Table (5).  

The obtained data showed that chitinase levels 

dramatically increased in the treated un-infected 

plants compared to the healthy control. Also in the 

treated infected plants the levels of chitinase 

increased significantly than the infected control. The 

isolates BAN33, andBAN39 recorded the highest 

significant increase in chtinase (6.12 and 5.69 mg/hr/ 

g leaf respectively) compared to the healthy and 

infected control. 

Data in Table (5) showed that the effect of 

endophytic bacteria on β-1, 3 glucanase was similar 

to chitinase. Β-1, 3 glucanase levels significantly 

increased in the treated un-infected plants compared 

to the healthy control (8.09 mg/hr/ g leaf).  

While in the treated infected plants the levels of 

β-1, 3 glucanase increased significantly than the 

infected control (13.81 mg/hr/ g leaf). 
 

Table (5): Determination of Peroxidase activity, Polyphenol-oxidase (PPO) activity, Chitinase activity and β-1, 3 

glucanase activity in sugarcane plants treated with smut fungus plus endophytic bacteria and / or only endophytic 

bacteria under artificial inoculation condition 

Isolate code 

Peroxidase 

activity 

(Unit/hr/ g fresh 

wt) 

Polyphenol-oxidase 

(PPO) 

(Unit/hr/ g fresh wt) 

Chitinase 

activity 

(mg/hr/ g leaf) 

Β-1, 3 glucanase activity (ug / hr/ g 

fresh wt.) 

 F+B B F+B B F+B B F+B B 

SOH29 23.58 13.16 0.70 0.61 2.67 2.16 30.40 22.81 

BAN39 20.05 18.00 0.26 0.00 5.69 5.00 15.59 4.61 

BAN33 21.28 17.44 0.11 0.01 6.12 5.00 36.17 37.10 
Q17 19.87 15.14 0.77 0.31 5.08 3.78 25.38 10.37 

LUX27 17.68 13.55 0.01 0.01 5.72 4.87 33.85 31.10 

LUX41 23.68 21.10 0.09 0.00 4.97 4.17 21.08 14.09 

Healthy 10.94 0.43 4.39 8.09 

Infected 14.50 0.71 4.37 13.18 

 LSD at 5% 3.25 3.13 0.34 0.28 1.15 1.22 3.33 3.41 

 

Isolate code Leaf area 

(cm
2 
) 

stalk length 

(cm) 

Stalk 

diameter 

Tillers  

number 

Total Chlorophyll 

(microgram/gram 

fresh weight) 

 F+B B F+B B F+B B F+B B F+B B 

Q17 95 100 72 70 0.9 1.3 8 8 42.5 40.1 

LUX27 100 100 65 70 1.3 1.3 2.17 6.33 30 43 

LUX41 120 120 90 89 1.4 1.3 1 4 40.3 39.6 

SOH29 220 225 110 120 2.1 2.3 3 1 39.6 40.8 

BAN33 170 180 125 122 2 2.1 2 3.83 44.8 40.6 

BAN39 50 100 45 70 1.3 1.5 8 5 41.5 39.9 

Infected 40.0 43.0 0.5 1.83                     26.8  

Healthy          100           70           1.2 1.66                     35.3 

LSD at 5% 13.6 14.1 8.3 9.2 0.6 0.5 2.8 2.3                    10.2  

F+B= Plants treated with the endophytic bacteria and inoculated with the pathogenic fungus. B=Plants treated with the 

endophytic bacteria only Healthy= Plants without any treatment or infection   Infected= Plants infected with Pathogenic 

fungus only without bacterial treatment. 
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9- Identification of the selected active endophytic 

bacteria using 16S rRNA gene methods: 
Among the tested isolates six isolates from those 

isolates that suppressed the infection by S. 

scitamineum for two successive seasons were chosen 

for the Identification by 16S rRNA. The chosen 

isolates (Fig. 2) were (LUX 27 and LUX 41) 

representing Luxor and (BAN33 and BAN 39) 

representing BeniSuef, (Q17) representing Qeina, 

SOH29 representing Sohag. 

The resulted Sequences of the PCR product of the 

16S ribosomal RNA (rRNA) gene (Fig.2) were 

subjected to mega blast-n searches in National center 

for biotechnology information, NCBI 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The 6 

selected endophytic bacteria isolates showed 

significant homologies to 16S rRNA gene (partial). 

 

 

 

The obtained 16S rRNA gene sequences of each 

isolate are presented in Table 6. The similarities of 

16S rRNA gene sequence of the isolates were 

compared with the known species in GenBank, as 

shown in Table 6.  The obtained sequencing data of 

16S rDNA genes grouped the selected six isolates in 

6 genera, Enterobacter sp., Kosakonia sp., Klabsiella 

sp., Bacillus sp., Pantoea sp. and Pseudomonas sp. 

The isolate the isolate LUX 27 showed 100% 

similarity to Enterobacter sp. andKosakonia 

radicictans while LUX 41 showed 100% similarity to 

Kosakonia radicictans and Kosakonia oryzae; BAN 

33 showed 99.88% similarity to Kosakonia 

radicictans and Enterobacter sp.; BAN 39 showed 

100% similarity to Kosakonia radicictans and 

Klabsiella oxytoca.; Q17   showed 100% similarity to 

Bacillus subtilis subsp. inaquosorum andSOH 29   

showed 99% similarity to Pantoea sp. and 

Pseudomonas. Agglomerans 

Table (6) Identification of the selected bacteria from sugarcane by Sequence Analysis of the 16S rRNA 

universal bacterial primers 27F and 1492R 

No. 
Isolate 

code 

Closest similarity of partial 16S rRNA gene 

sequences in the NCBI 

Accession 

number 

Max 

Idnt. % 

1 LUX 27 
Enterobacter sp. 

Kosakonia radicictans 

HM748058.1 

MT640268.1 
100 

2 LUX41 
Kosakonia radicictans 

Kosakonia oryzae 

CP040392.1 

KJ605844.0 
100 

3 BAN 33 
Enterobacter sp. 

Kosakonia radicictans 

HM748058.1 

HM222646.1 
99.88 

4 BAN 39 
Kosakonia radicictans, 

Klabsiella oxytoca 

MT435030.1 

MK530089.1 
100 

5 Q17 Bacillus subtilis subsp. Inaquosorum MN931355.1 100 

6 SOH 29 
Pantoea sp. 

Pseudomonas. Agglomerans 

MT367789.1 

HQ647279.1 
99 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Amplification 16S rDNA of the selected isolates 1=LUX27, 2= LUX41, 3=BAN39, 4=BAN33, 5=Q17 and 

6=SOH29 using the universal bacterial primers 27F and 1492R      

 

DISCUSSION 

Concerning the sugarcane endophytic bacteria, a 

survey was conducted during the growing seasons 

2018- 2019 in the main sugarcane growing areas in 

Upper Egypt to isolate endophytic bacteria from 

sugarcane stalk tissues.  

Two hundred and forty bacterial isolates were 

isolated from the collected 160 samples among them 

6 bacterial isolates proved a bioactivity against S. 

scitamineum.   

The term of Endophytic bacteria is indicating “the 

bacteria that colonize plant tissues without causing 

any harm or disease on host’ (Yan et al., 2018 and 

Shastri et al., 2020).  

A big list of bacterial endophytes were reported 

from sugarcane Chauhan et al., 2013 .The in vitro 

antagonistic effect of the endophytic bacteria isolated 

from sugarcane stems against the fungus S. 

scitamineum was studied.   

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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IAA is a very important auxin that is involved in 

different plant physiological activities. These include 

the cell signaling, activation of plant defense systems 

and controlling the plant development and growth 

(Gravel et al., 2007).  

Shastriet al., (2020) reported that, Endophytic 

bacteria increase the growth level of the plant by the 

synthesizing a various secondary metabolites which 

enhance the growth of the plant in direct and indirect 

manner. Indole 3 acetic acid (IAA) production and 

phosphate solubilization are one of the important 

mechanisms for plant growth promotion as shown by 

the variety of PGP endophytes (Walitang et al., 2017 

and Yan et al. 2018).  

Sharma and Johri 2003 reveled that, the 

siderophores produced by endophytic bacteria are 

important to the plants because it has a role in 

inhibiting plant pathogens growth. The direct effect 

of Siderophores produced by endophytic bacteria on 

plant growth by supplying the plant with iron which 

is always exist in low concentrations, and that 

explains that organic chelators produced by 

endophytic bacteria increase iron concentration in 

plant and increase its growth and in the same time 

decreasing the iron availability to the pathogens that 

inhibit its growth (Szilagyi-Zecchin et al., 2014). 

These siderophores produced by the endophytic 

bacteria capture iron form the plant pathogens and 

that affect the development and growth of the plant 

pathogens which improve the plant growth indirectly 

(Alexander and Zeeberi 1991).Van Loon et 

al., (1998) reported that, the induction of systemic 

resistance by plant growth promoting bacteria is 

related to the production of siderophore. 

Among the tested bacteria only 2 isolates 

produced the enzyme chitinase in the medium and 

only 3 isolates were able to produce β -1,3-glucanase. 

Endophytic bacteria have received considerable 

attention for their potential as biocontrol agents of 

fungal plant pathogens. They secrete and excrete 

various metabolites that can interfere with the growth 

or activities of the pathogens. One of the most 

important hydrolytic enzymes that has a great role in 

bio-control agents is chitinases. Chitinase has been 

reported to be produced by many endophytic bacteria 

(El-Tarabily and Sivasithamparam, 2006) the two 

enzymes chitinase and β-1,3-glucanase together or 

separate have been reported to have a great role in 

biocontrol of plant pathogens .  

All the isoletes (6) endophytic bacteria were able 

to produce nitrogenase, the highest significant ability 

in producing Nitrogenase activity BAN 39 and SOH 

29 (1.34 nmole/C2H4/ml/hr), Q17 and LUX27 (1.1 

nmole/C2H4/ml/hr), BAN33 then LUX 41. The 

endophytic bacteria fixing the nitrogen in their host 

plants and increase its concentration. These bacteria 

can provide the host with atmospheric nitrogen by 

activating the nitrogenase activity (Montanez et al., 

2012). Nitrogen fixing bacteria like Azoarcus 

sp.BH72, Azospirillum brasilense, Burkholderia spp., 

Gluconacetobacter diazotrophics, and Herbaspirillum 

seropedicae found able  to increase N2 fixation in the 

host and increase its biomass (Bhattacharjee et 

al.,2008 and Carrell and Frank, 2014).All the tested 

endophytic bacteria isolates were completely 100% 

reduced the disease incidence (symptoms 

expression).   

The smut fungus transmitted through buds 

germinates along with meristem of shoots (Hoy 

1993), and it was reported that entry of the fungus 

into bud meristem takes 6–36 h after teliospore 

deposition (Alexander and Ramakrishnan 1980). 

Jayakumar et al., (2019) reported that, sugarcane 

setts pre-treated with endophytic bacteria showed a 

higher percentage of germination than the untreated.  

Natural products from endophytic microbes have 

been observed to inhibit or kill a wide variety of 

harmful disease-causing agents including, phyto-

pathogens. A number of mechanisms are leading to 

these antagonistic activities, such as pathogen growth 

inhibition through antibiotics, toxins and degrading 

enzymes such as proteases, cellulases and chitinases 

(de Souza et al., 2003). Uroz et al., 2003 and Newton 

and Fray 2004 reported that certain plant growth 

promoting bacteria interfere pathogen quorum-

sensing signals, and blocking the expression 

virulence genes. 

On the other hand the sugarcane plants treatment 

with different endophytic bacteria led to a significant 

increase in some of the studied plant characteristics 

(leaf area, stalk height, stalk diameter, number of 

tillers and the total chlorophyll). 

 Some of the endophytic bacteria treatment 

caused a significant increase in the determined plant 

characteristics either in the infected or un-infected 

plant compared to the un-treated plants or infected 

control respectively. IsolatesSOH29, BAN33, 

LUX41, Q17 and LUX27 it was noticed that the IAA 

level produced by these isolates was high as well as 

the total chlorophyll.  That might be the reason of 

increasing leaf area. These results are in agreement 

with work of Ma et al., (2016) and Shastri et al., 

(2020) on the direct effects of endophytic bacteria on 

assisting plants in getting nutrients, and improving its 

growth by producing plant growth substances, which 

can help plants to grow better under normal and 

stressed conditions.  

The auxins functions are cell division, extension, 

and also the differentiation of plant cells and tissues. 

Plant growth regulators belongs to this group activate 

the germination of seed and tuber; control plant  

growth, and fructification of plants; and also affect 

photosynthesis, pigment formation, biosynthesis of 

various metabolites, and resistance to stress factors. 

 IAA exhibits the greatest activity, although 

plants are known to contain other auxins, most of 

them also belonging to indole derivatives 

(structurally similar to IAA). These indoles may be 

precursors or products of the transformation of IAA 

(Tsavkelova et al., 2006). 

From the present work, it was found that, the 

peroxidase and polyphenol oxidase levels 

significantly increased in infected sugarcane plants 

treated with the endophytic bacteria isolates and also 
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in the treated uninfected sugarcane plants. On the 

other hand, it was noticed that the enzyme levels 

were higher in the treated infected plants than in the 

treated un infected plant.  

The activity of peroxidase in sugarcane plants is 

significantly increased after smut infection, and the 

enzyme activity of resistant varieties is higher than 

that of susceptible varieties (Esh et al., 2014 and 

Xiupeng et al., 2019). Karthikeyan et al., 2005 

reported that, the black gram plants treated with 

endophytic bacteria showed increased activities of 

peroxidase (PO), polyphenol oxidase (PPO) in 

addition to accumulation of phenolics and lignin after 

inoculation with the causal pathogen of dry root rot. 

On the other hand it was found that, the endophytic 

bacteria Serratia marcescens, activated the production 

of peroxidase, polyphenol oxidase, phenylalanine and 

ammonia lyase, as well as the total soluble phenols 

and lignothioglycolic acid in banana (Singh et al., 

2017). 

Polyphenol oxidase is responsible of the 

oxidation of phenols to form strontium and the 

polymerization of lignin. Several experiments 

suggested that poly-phenol oxidase activity is a 

marker for plant disease resistance (Xiupeng et al., 

2019). 

 Esh et al., 2014 reported that the levels of 

phenylalanine ammonia lyase, peroxidase, 

polyphenol oxidase, chitinase and β-1,3-glucanase 

increased dramatically in the resistant  smut infected 

sugarcane  plants compared to the susceptible 

infected plants and to the control. Xiupeng et al., 

2019 reported that, in smut resistant sugarcane 

varieties it was noticed that the activity of chitinase, 

β-1, 3-glucanase, peroxidase and polyphenole 

oxidase increased after inoculation. Chitinase belong 

to PR families 3, 4, 8, and 11 and have been 

characterized in tobacco Legrand, et al., (1987), 

sugarcane Esh et al., (2014) and sugar beet Bargabus 

et al., (2002). Plant growth-promoting bacteria 

(PGBR) can affect plant growth in both ways directly 

or indirectly. The direct effect of PGBR on plant 

growth include helping the plant to use macro and 

micro nutrients and also  regulating plant growth by 

producing different growth regulators such as auxin, 

cytokinin or ethylene. Indirect effect of plant growth 

by PGBR is that the bacterium limits or prevents 

diseases caused by various pathogenic agents such as 

bacteria, fungi and nematodes. The indirect effects of 

PGBR include the production of antibiotics, cell 

wall-degrading enzymes, lowering plant ethylene 

levels, induced systemic resistance, capturing the iron 

from the pathogen and the producing of volatile 

compounds that inhibit the hyphal growth (Glick, 

2015). 

In order to identify the bioactive bacterial isolates 

namely (LUX 27, SOH 29, LUX41, Q17, BAN 39, 

BAN 33) were subjected to DNA sequence analysis. 

The obtained sequencing data of 16S rRNA genes  

grouped the selected six bioactive isolates in 6 

genera, Enterobacter sp., Kosakonia sp., Klabsiella 

sp., Bacillus sp., Pantoea sp. and Pseudomonas sp. 

The isolate (SOH 29) was identified as Pantoaesp. 

recently, based on total DNA homology and 

electrophoretic protein pattern similarities, some 

strains of E. agglomerans and E. herbicola, including 

the two type strains were proposed to form a new 

genus called Pantoea (Gavini et al. 1989).Found 

endophytically in sugarcane many important crops, 

acting as a plant growth promoter (Quecine et al., 

2012), bio-control agent (Plaza et al., 2004), and 

even a systemic resistance inducer (Liu et al., 1995). 

The isolate (LUX27, BAN33) was identified as 

Kosakonia was classified as a member of 

Enterobacter and but now it is separated to be new 

genus (Brady et al., 2013). After that, a strain of 

endophytic diazotrophic bacteria isolated from 

sugarcane plants was described as Kosakonia 

sacchari (Chen et al., 2014) while other members of 

the genus Kosakonia are beneficially associated with 

cereal crops. K. radicincitans was isolated from 

wheat and it increase the growth of other plants, such 

as shorting the time of the flowering and ripening of 

tomato (Berger et al., 2017).  Kleingesinds et al., 

2018 reported that, Kosakonia sp. ICB117 able to 

produce IAA in vitro, and increase sugarcane root 

dry mass. Kosakonia sacchari found associated with 

sugarcane (Saccharum officinarum) (Chen et al., 

2014).Kim et al., 2011 and Orberáet al., 2014 

reported that, B. subtilis subsp. inaquosorum could be 

used as a biological control agent. The bacterium was 

able to inhibit the liner-growth of different 

pathogenic fungi in vitro such as Fusarium 

oxysporum and Fusarium solani as well as members 

of the Colletotrichum sp.  

The isolate (Q17) was identified as Bacillus 

subtilis produces Iturins which is a group of 

antifungal compounds known as iturinic lipopeptides. 

The Iturins group consists of different compounds 

namelly: iturin, bacillomycin D, bacillomycin F, 

bacillomycin L, mycosubtilin, and mojavensin. These 

compounds are produced by many Bacillus strains 

used in commercial bio-fungicides against fungal 

plant pathogens and as plant growth promoters 

(Dunlap et al., 2019).  

Bacillus.subtilissubsp. inaquosorum is the only 

one reported to produce bacillomycin F, while, B. 

velezensis found the only species to produce 

bacillomycin L. it was reported that, B. velezensis 

also produces bacillomycin D instead of bacillomycin 

L. (Dunlap et al., 2019). Kim et al., 2011 and Orberá 

et al., 2014 reported that, B. subtilis subsp. 

inaquosorum could be used as a biological control 

agent.  

The bacterium was able to inhibit the liner-growth 

of different pathogenic fungi in vitro such as 

Fusarium oxysporum and Fusarium solani as well as 

members of the Colletotrichum sp. They suggested 

that the bacterium secreting different antifungal 

compounds that responsible for this inhibition.  

 

This would explain the high bio-control activity 

of this isolate against sugarcane smut fungus in the in 

vitro and the in vivo studies. 
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The isolate (LUX41, BAN33 and BAN39) were 

identified as Kosakonia sp. 

The genus Kosakonia was classified as a member 

of Enterobacter and but now it is separated to be new 

genus (Brady et al., 2013).  

After that, a strain of endophytic diazotrophic 

bacteria isolated from sugarcane plants was described 

as Kosakonia sacchari (Chen et al., 2014) .Reported 

that, Kosakonia sp. ICB117 able to produce IAA in 

vitro, and increase sugarcane root dry mass.  
Kosakonia sacchari found associated with sugarcane 

(Saccharum officinarum) (Chen et al., 2014).
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 انمهخص انعرتي

 

ودورها في انمقاومه انحيىيه نمرض انتفحم فى قصة انسكر وتاثيرها عهى خصائص انىمى نهىثاتاخ انثكتريا انذاخهيه 

 قصة انسكر
 

شاديه تغيان
1
أيمه دمحم حسىى عش - 

1
واجى يس عثذ انغفار -*

2
عفاف زيه انعاتذيه انمىيسى -

2 

 

 .مصر  –انجيسج  –انمحاصيم انسكريح قسم تحىث امراض  –معهذ انثحىث انمحاصيم انسكريح  -. مركس انثحىث انسراعيح1

 .مصر –انقاهرج -11241حذائق شثرا  – 86ص.ب  –جامعح عيه شمس  –كهيح انسراعح  –. قسم امراض انىثاخ 2

 

فٗ ْذِ انذراسّ حى ػسل انبكخرٚا انذاخهّٛ يٍ سٛماٌ لصب انسكر ٔأخخبرث لذرحٓا ػهٗ حثبٛػ انًسبب انًرض نهخفحى فٗ لصب انسكر ػهٗ 

 انًؼًم ٔحمذٚر انخٕاص انفسٕٛنٕجّٛ يثم لذرحٓا ػهٗ إَخاج انبرٔحُٛاث ٔانًٕاد انًشجؼّ نهًمأيّ ٔدنك ػهٗ يسخٕٖ انًؼًم ٔانصٕبّ.يسخٕٖ 

ػسنّ كفائخٓى فٙ حثبٛػ ًَٕ انًًرض فٙ األغباق . اظٓرث سخّ ػسالث يُٓا أػهٙ َسبّ حثبٛػ انًُٕ  انًسبب انًرض  462ػسنّ يٍ  24أثبخج 

(  ٔيحفس انًُٕ اَذٔل اسٛخك ٔ أٚعا ٔ كاٚخُٛٛس 3.5جهٕكاَٛس بٛخا  لذرحٓى ػهٗ اَخاج االَسًٚاث انًرحبطت بانًسبب انًرظٙ فٗ انًؼًم  )ٔكذنك 

. اظٓرث انؼسالث انًخخارِ درجاث يخخهفّ فٗ لذرحٓا ػهٗ انخعاد. حى حؼرٚف انؼسالث انًخخارِ ػٍ ٔحايط انسهسٛهك فٗ انًؼًم –سٛذرٔفٕرز 

  :ش رَا انرابٕسٕيٙ ٔكاَج َخٛجّ انخؼرٚف 32ْٗحخابؼاث انحايط انُٕٔ٘ غرٚك 

Enterobacter sp.( LUX 27), Kosakonia radicictans (LUX41), Kosakonia radicictans(BAN 33), Klabsiella 

oxytoca (BAN 39), Bacillus subtilis subsp. Inaquosorum(Q17), Pantoea sp.(SOH 29). 

ٗ اَخاج اثبخج كم انؼسالث اٌ نٓا انمذرِ ػهٗ اَخاج اَسٚى انُٛخرٔجُٛٛس ٔاالَذٔل اسخك اسٛذ بًُٛا نى حظٓر ا٘ يٍ انؼسالث انًخخبرِ انمذرِ ػه

ارِ ٔلذرحٓا جهٕكاُٚٛس. حى دراسّ انُشاغ  انحٕٛ٘ نهؼسالث انًخخ3.5انسٛذرٔفٕرز. ٔكاٌ نبؼط انؼسالث انمذرِ ػهٙ اَخاج اَسًٚٙ انكاٚخُٛٛس ٔ بٛخا

ػهٙ يمأيّ  انًرض ػهٗ يسخٕٖ انصٕبّ. ٔػًهج كم انؼسالث ػهٗ خفط شذِ االصابّ فٙ انُباحاث انًؼايهت يمارَّ بانكُخرٔل انًؼذ٘ انغٛر 

انكاٚخُٛٛس  فٗ انُباحاث انًؼايهّ بانؼسالث انًخخبرِ . ًُٚا انؼسنخٍٛ –انجهٛكَٕٛس –يؼايم. زاد َشاغ كال يٍ  انبٛرٔكسٛذٚس 

radicictansKosakonia ٔ sp.Enterobacter  . ٗٔلذ اظٓرث فهى حسخطغ اَخاج انبٕنٗ فُٕٛل أكسٛذٚسفٗ انُباحاث انًؼذّٚ بانًسبب انًرظ

ػذد االفرع ٔ يحخٕ٘ انكهٕرٔفٛم انكهٗ  يمارَّ -غٕل انساق –َباحاث  لصب انسكر  انًؼايهّ بانبكخٛرٚاث انًخخبرة زٚادِ اٚجابّٛ فٗ يساحّ انٕرلّ 

 .انُباحاث انسهًّٛ ٔانًصابّ . دنج انذراسّ ػهٙ كفائّ اسخخذاو انبكخرٚا انذاخهّٛ كؼايم  يمأيّ حّٕٛٚ نًرض انخفحى بمصب انسكرب
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