
Research Journal of Agriculture and Biological Sciences, 2(6): 274-281, 2006

© 2006, INSInet Publication

Corresponding Author: Moataza, M. Saad, Department of Microbial Chemistry, 
National Research Center, Dokki, Cairo, Egypt    E-mail: Moataza_Saad @yahoo.com

274

Destruction of Rhizoctonia solani and Phytophthora capsici Causing 
Tomato Root-rot by Pseudomonas fluorescences Lytic Enzymes
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Abstract: The efficacy of antagonistic bacteria isolates as biological agents was exploited against pathogenic

fungi causing root rot and stem rot of tomato plant. Five strains of Pseudomonas fluorescences were

screened from Egyptian soils and showed strong antagonistic strains to Phytophthora capsici and Rhizoctonia

solani in vitro, whereas Pseudomonas fluorescences NRC1 and Pseudomonas fluorescences NRC3 have a

relatively strong lytic activities of chitinase, â-1, 3 and â-1,4glucanases, protease and lipase , toward the

tested fungi. Treatment as seed coating with antagonistic bacteria; chitin or antagonistic bacteria amended

with chitin showed relatively reduced disease survival of Phytophthora capsici and Rhizoctonia solani, while

the antagonistic activities of Pseudomonas fluorescences NRC1 and Pseudomonas fluorescences NRC3

amended with chitin stimulate the lytic activity of these strains.
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INTRODUCTION

Under Egyptian conditions, roots of several plants

are liable to be attacked by several root-rot and wilt

diseases which responsible for considerable losses in

yield and quality. There is a growing realization that

biological control can be successfully exploited as an

agricultural method for soil-borne pathogens . The[8,30]

populations of non pathogens compete with; or

antagonize the diseases producing microorganisms and

affect their spread . Frommel and Pazos  screened[19,22] [15]

in vitro a number of bacterial spp. inhibited the growth

of 11 fungal pathogens, and they found that

Pseudomonas fluorescens, P. putida, Erwinia herbicola,

Clavibacter sp. and Xanthomonas sp. reduced the

disease incidence caused by Fusarium  sp. and Pythium

sp. Fluorescent pseudomonas are effective candidates

for biological control of soil borne plant pathogens

owing to their versatile nature, rhizosphere competence

and multiple modes of action besides being endophytic

in the plant system including black pepper .[9,20,40,10]

Microbial degrading enzymes of the cell wall of fungal

pathogens has been reported . The production of[5,14,21,23]

extracellular â-1,3 and â-1,4 glucanases, chitinase, lipase

and protease increased significantly when Pseudomonas

species was grown in a medium supplemented with

either autoclaved mycelium or host fungal cell

walls . These observation , together with the fact that[10,41]

chitin â-1,3-glucan and protein are the main structural

components of most pathogenic fungal cell walls ,[32]

suggesting that lytic enzymes produced by some

microorganisms play an important role in the destruction

of plant pathogens. â-1,3 glucanase, hydrolyze the O-

glycosidic linkages of â-glucan chains by two

mechanisms, the 1  is .exo -â-1,3 glucanase (ECst

3.2.1.58) hydrolyze a substrate by sequentially cleaving

glucose residues from the non reducing end , and 2  isnd

endo -â-1,3 glucanase (EC 3.2.1.39) cleave â-linkages at

random sites oligosaccharides. 

 The present study demonstrates the efficiency of

Pseudomonas fluorescens to produce lytic enzymes viz.

â-1, 3 and â-1,4 glucanases, chitinase , and protease in

addition to their possible role in the destruction of

Rhizoctonia solani and Phytophthora capsici causing

root rot and stem rot of tomato. 

MATERIALS AND METHODS

Microorganisms

M ycolytic bacteria: Five cultures of Pseudomonas

fluorescences were isolated from Egyptian soils and the

identification was carried out according to Bergy s,

Manual of Systematic Bacteriology. The methods used

for identification were performed according to Manual

of  Methods   for   General  Bacteriology .The[20]

isolated strains were maintained on  nutrient  agar

medium at 25 C.N

The pathogens: Highly virulent strains of pathogenic

fungi were isolated from diseased tomato plants and

identified as Phytophthora capsici and Rhizoctonia

solani according to Booth  and Nelson et al. The[4,28]

isolated fungi were maintained on PDA slants at 5-10 CN

and subcultured on fresh medium every 6-8 weeks. 



Res. J. Agric. & Biol. Sci., 2(6): 274-281, 2006

275

Pathogenicity test: The isolated fungi were grown on

barley grain medium (200g of grain/500ml bottle) for

Phytophthora capsici or Rhizoctonia solani at 25 C forN

15 days. Soils were infested with each fungus at a rate

of 3%. This experiment was carried out in pots (30 cm

in diameter). The control was mixed with the same

amount of non-inoculated autoclaved barley medium.

Three pots were used for each treatment. Ten seeds

were seeded in each pot.

Antagonistic study:
Plate method:  Preliminary test for the antifungal

activity of the isolated Pseudomonas fluorecences

against Phytophthora capsici or Rhizoctonia solani was

studied on Petri-dishes containing PDA medium. The

paired isolates of antagonistic bacteria and plant

pathogens were placed on opposite sides of Petri dishes.

Three replicates  for  each treatment were incubated

at25 C for 7 days. Inhibition zones of fungal growthN

were recorded to the formula adopted by Topps and

Wain  as follows: [38]

Percentage of reduction = [(A-B)] × 100, where:

A= diameter of the control hyphal growth.

B= diameter of the treated hyphal growth.

Screening of antagonistic strains: Pathogenic fungi

were individually  grown  in  25 ml of V8 broth for 7

days at 22<C. By the end of incubation, the cultures

were autoclaved, centrifuged and the mycelium were

rinsed three to four times with sterile water, then

resuspended in 25 ml of sterile water and fragmented.

Three volumes of sterile water and agar at a

concentration of 1.5% were then added to the

fragmented mycelium suspension. The resulting

mycelium agar was sterilized. This carried out to

determine their lytic enzymes by measuring growth

diameter (mm), visual growth density (using rang from

0 (no growth) to +4 (vigorous growth).

Propagation of pathogenic fungi: The fungal isolates

were grown in Erlenmeyer flasks (250 ml) each

containing 50 ml of Czapek s Dox broth medium
?

supplemented with glucose as a sole source of carbon at

a concentration of 1 % (w/v). Each flask was separately

inoculated by one disk (4 mm-diameter) of a fungal

strain and incubated shaken at 28± 2 °C for 5 days.

After the incubation period, the mycelium was then

collected by filtration and dried to a constant weight. 

Lytic enzymes production: Pseudomonas fluorescens

NRC1; Pseudomonas fluorescens NRC3 were separately

grown on a medium  developed  by  Okon  et  al.[29]

4 2 2 4which contained ( g / L):  MgSO .7H O,0.2 ;  K HPO

4 3 4 2,  0.9  ;  KCl , 0.2  ;  NH NO  ,  1.0 ; FeSO .7H O ,

4 2 4 20.002 ; MnSO . H O, 0.002  and  ZnSO .7H O,  0.002

(pH 6.5). The medium was supplemented  with  dead

fungal mycelium (Phytophthora capsici or Rhizoctonia

solani) as inducers for enzymes production at a

concentration of 1.0 % and dispensed in Erlenmeyer

flasks (250 ml) each flask contained 50 ml of medium.

The flasks were autoclaved and each flask was

inoculated with 1.0 ml of a precultured, Pseudomonas

fluorescences NRC1 or NRC3. The   cultures   were

incubated  shaken  (180  rpm.), at 28±2°C. Two  flasks

from  each culture were analyzed daily for 5 days. 

Enzymes assay procedures: Chitinase activity was

assayed following the release of N-acetylglucosamine

according to the method of Monreal and Reese . One[27]

ml of 1 % colloidal chitin in 0.1 M citrate phosphate

buffer (pH 6.5)  was  incubated  with  1.0 ml of culture

filtrate at 37 °C for 2 hrs. One unit of enzyme activity

is defined as the amount   of   enzyme   required  to

produce 0.5 µM/ml of N-acetylglucosamine per hour.

Specific activity was expressed as units/mg protein.

â-1,4-glucanase activity was assayed following the

release of free glucose from carboxy methyl cellulose

(CMC) as a substrate . The activity was defined and

measured according to the method of Mandels et al. .[25]

One unit of enzyme was defined as the amount of

enzyme that release 1.0 µM glucose / min. Glucose

equivalents generated during assay were estimated by

using 3,5 dinitrosalicylic acid (DNS) method , with[26]

glucose as standard at 450 nm. 

â-1,3-glucanase activity was assayed by incubating

1.0 ml of 0.5% (w/v) laminarin in 0.1M sodium

phosphate buffer , (pH 4.0) with 1.0 ml of culture

filtrate at 55°C for 5 min . The reaction was stopped in

an ice bath, 3 ml of 3,5 dinitrosalicylic acid ( DNS )

reagent was then added and the mixture was heated in

a boiling water-bath for 12 min. As a control, 1.0 ml of

laminarin solution was incubated and cooled, then 1ml

of enzyme solution together with 3 ml of DNS reagent

were added to correct the reducing sugars in the

substrate and the enzyme solution. Reducing sugar

equivalents were measured in both the original and the

control solutions by the colorimetric method of

Miller , with glucose as standard at 450 nm. [26]

For protease activity, a reaction mixture containing

1.0 ml of 1 % soluble casein in 0.05M-citrate phosphate

buffer (pH 6.5) and 1.0 ml of culture filtrate was used.

The reaction mixture was incubated for 1 h at 37°C then

stopped by adding 10 % trichloroacetic acid (TCA),

kept for another 20 min at the same temperature,

followed by centrifugation at 4000 rpm for 20 min.

Samples of 75 µL were removed and tyrosine was

determined according to Lowry et al. . One unit of the[24]

enzyme activity was defined as the amount of enzyme

required for the formation of 1.0 µM. of the product /

min of the reaction, under the standard assay conditions.
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Lipase activity was determined by incubating 10 ml

of culture filtrate with 0.5 ml of corn oil in a shaking

water bath (200 rpm ) at 37°C for 2 h. Ethanol was

added to the reaction mixture until reached to a final

concentration of 30 %. Free fatty acids (FFA) were

extracted by 25 ml of pure petroleum ether. The

extractant was evaporated in a rotaevaporator and the

FFA was dissolved in 15 ml of neutralized ethyl alcohol

containing phenolphthalein at 60°C. Each sample was

titrated with ethyl alcohol containing 0.005N NaOH.

The FFA were neutralized and one lipolytic unit was

defined as µ mole of NaOH / mg protein .[11]

Experimental conditions: These experiments were

carried out at National Research Center (NRC) Tomato

seedless, were grown in infested potted soil (pot 30cm-

diameter) with Phytophthora capsici or Rhizoctonia

solani according to Ziedan et al., . Six plants were[41]

used as replicates for each treatment. Untreated

transplants were used as control.

Preparation of biocontrol agents inocula and
inoculation method
Bacterial inocula:Each isolate of Pseudomonas

fluorescens NRC1and Pseudomonas fluorescens NRC3

were individually grown on nutrient broth medium

(Beef, 5g; peptone, 3g and distilled water 1000 ml)

according to ATCC . Hundred ml of sterilized medium[1]

were added to each conical flask. Flasks were incubated

at 30 °C ±2 for 3 days. Cell suspension of each test

bacterium were centrifuged at 4000 rpm / min for 15

minutes and adjusted to 3 x 10  cell/ml.8

Green house experiments: Phytophthora capsici or

Rhizoctonia solani were grown on barely grain medium

(20gm of grain / 50ml bottle) at 25°C for 15 days. Soil

was infested with each of the tested fungi at a rate of

5%, the   control   was  mixed  with  the  same  amount

of non-inoculated autoclaved barely medium. Tomato

seeds were coated before sowing with the suspension

according to the method described by Chung and Choi ,[6]

inoculum of the mycolytic bacterium was prepared as

mentioned above. Solutions (1/10) the volume of

bacterial growth. Seeds treatments were conducted as

follows:-

C Seed were soaked in bacterial suspension for 24hr.

to adhesion of the cells to the seed coat.

C Seeds were coated with chitin in Arabic gum and

air dried

C Seeds were treated with the bacterial suspension as

previously mentioned in step 1, the coated with

chitin in Arabic gum and air dried. 

The seeds were planted at the rate of 20 seeds/pot.

Three pots were used for each treatment. After one

month, the number of plants per pot was reduced to five

plants. Disease assessment for the pre-emergence

dumping-off was recorded 30 days after sowing.

Percentage root-rot was calculated after 90 days as

follows:

Survival: The survival  of  tomato  plants  was

recorded 60 days after sowing as follow:

Survival or healthy plants* = No. of sowing seed-

pre& post emerging damping off.

Determination of disease index:Root-rot index was

determined according to the linear scale from 0 to 4:

O = Healthy roots.

1 = 1/3 secondary roots do not exist.

2 = 3/4 secondary roots do not exist.

3 = Primary roots exist, secondary roots do not exist.

4 = Primary roots do not exist.

 

RESULTS AND DISCUSSIONS

Pathogenicity testes: The soil infesting technique was

carried out to test the Pathogenicity of the isolated fungi

on tomato, under green house condition. Phytophthora

capsici caused pre and post-emergence damping-off and

stem rot diseases .It was observed that the infection

decreased with the increasing of plant age. Also, soil

infested with Rhizoctonia solani caused pre-emergence

damping-off reisolation from artificially infected tomato

plants confirmed that basal stem rot was caused by

Phytophthora capsici however; Rhizoctonia solani

caused root-rot and crown rot diseases. The highest

number of healthy plant was recorded in the control.

Such results are in line with the results obtained by

Thompson , Stephane et al. .[37] [36]

Antagonistic studies in vitro: The classical method by

using  plate  was  used.  Five  isolates of Pseudomonas

fluorescens were  tested.   Results   in   Table   1

clearly show that all bacterial isolates were relatively

effective against Phytophthora capsici or Rhizoctonia

solani. This result was agreement with Vidhhyasekaran

et al. , Siddqui    and   Shaukat ,    Diby   et  al.[39] [34] [10]

and  Kandan et   al. ,   they  found   that [18]

Pseudomonas  fluorescens  
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Table 1: Antagonistic reaction among five Pseudomonas fluorescens  isolates and the causal pathogens of basal stem rot and rot-root diseases
in vitro.

                Phytophthora capsici  Rhizoctonia solani
------------------------------------------------------------------ ---------------------------------------------------------------

Antagonistic bacteria Zone of inhibition Reduction of mycelial growth Zone of inhibition Reduction of mycelial growth
Pseudomonas fluorescens NRC1 +5 84 +4 90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas fluorescens NRC 2 +3 52 +2 33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas fluorescens NRC 3 +4 88 +5 91
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas fluorescens NRC 4 +3 30 +4 42
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas fluorescens NRC 5 +3 26 +5 38

Table 2: Lysis of Phytophthora capsici and Rhizoctonia solani  with
Pseudomonas  fluorescences.

Phytophthora Rhizoctonia
capsici solani
--------------------------------------
Degree of Degree of

Antagonistic bacteria growth growth

Pseudomonas fluorescens NRC1 +4 +4
Pseudomonas fluorescens NRC 2 +0 +0
Pseudomonas fluorescens NRC 3 +4 +5
Pseudomonas fluorescens NRC 4 0 0
Pseudomonas fluorescens NRC 5 0 0

induced lytic enzymes or systemic resistance such as

antibiotic or organic acids.

Antibiosis activity of antagonistic biocontrol agents:

Antagonistic microorganisms (Pseudomonas  fluorescens

NRC1 and Pseudomonas  fluorescens NRC3) are able

to produce various cell-wall degrading enzymes

(Chitinase, â-1, 3 and, â-1, 4-glucanases, protease and

lipase) which may be involved in the cells lysis of

phytopathogenic  fungi. Antibiosis activity of

Pseudomonas  fluorescens NRC1 and Pseudomonas

fluorescens NRC3 were observed on liquid media

containing dead mycelia of Phytophthora capsici or

Rhizoctonia solani as a carbon sources to determine the

production of lytic enzymes. Data represented in Tables

3 and 4 showed that the lysis of dead mycelia of

Phytophthora capsici or Rhizoctonia solani were very

efficient by Pseudomonas  fluorescens NRC1 and

Pseudomonas  fluorescens NRC3 solani (100% lysis)

after 72hrs of incubation at 25± 2°C . On dead

mycelium  of  Phytophthora capsici, â-1, 3-glucanase,

â-1, 4-glucanase, and protease were the most lytic

enzymes produced by all antagonistic strains.

Meanwhile, chitinase was produced at a moderate rate.

On the other hand, lipase was produced at the least rate.

But on dead mycelium  of  Rhizoctonia  solani

chitinase, protease and â-1, 3-glucanase were the most

lytic enzymes produced by all antagonistic strains  but

â-1, 4-glucanase and lipase were produced at the least

rate. The two Pseudomonas  fluorescens strains were

found to differ in their ability to produce lytic enzymes

when attack Phytophthora capsici or Rhizoctonia solani.

This related to differentiation between the chemical

structure of its fungal cell walls as well as the amount of

their components. The complete lysis of fungal mycelia

by two Pseudomonas  fluorescences strains showed

positive correlation with antibiosis activities of lytic

enzymes. The mechanism of action of Pseudomonas

fluorescences NRC1 and Pseudomonas  fluorescences

NRC3 are implemented by molecular techniques.

Formulations of selected isolates are prepared for

biological control of pests in greenhouse and field.

There are many reports on the production of lytic

enzymes by microorganisms  detected[7,2,17,16,10,41,5]

glucanases and chitinase in soil inoculated with

Trichoderma harzianum . The isolates of T. harzianum ,

which were found to differ in their ability to attack

Sclerotium rolfsii, Rhizoctonia solani, and Pythium

aphanidermatum, also differed in the levels of mycolytic

enzymes produced by them, as reported by Elade et

al. . El-Trabily et al.  reported that Serratia[11] [12]

marcescens as a biocontrol agent acts only through the

production of pathogen  cell  wall  lysing  enzymes,

chitinase  and â-1, 3-glucanase not through any

antifungal metabolites. Since the cell wall of

Phytophthora capsici consisted largely of cellulose,

which makes up 80-90% of the dry weight . It can be[13]

inferred that â-1, 3-glucanase and â-1, 4-glucanase

produced  by  antagonistis  were  involved   in

pathogen suppression.

Effect of seed coating with some biotic agents on

controlling basal stem rot , crown rot and root-rot

diseases on tomato plant: The effectiveness of biotic

agents , i.e. two isolates of Pseudomonas  fluorescens

NRC1 and Pseudomonas  fluorescens NRC3 controlling

basal stem rot and root rot diseases caused by

Phytophthora capsici and crown rot and root rot caused

by Rhizoctonia solani. was evaluated. These treatments

were applied as seed coat before sowing. Sowing was

carried out in soil infested with Phytophthora capsici or

Rhizoctonia solani , non treated and non infested soil

served as  control.  In  this  study, the percentage of 
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Table 3: Lytic enzymes produced by Pseudomonas  fluorescences NRC1 and Pseudomonas  fluorescences NRC3 grown on dead mycelium
of Phytophthora capsici after 72 hrs of incubation at 25±2 °C

Residual                          Lytic enzymes (unit/ml)

dead mycelium -----------------------------------------------------------------------------------------
Microorganisms mg/50 ml medium Lysis% chitinase â-1,3-glucanase â-1,4-glucanase protease Lipase

Control 2.0 0.0 0.0 0.0 0.0 0.0 0.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens NRC 1 0.0 100 33.5 50.4 42.8 56.1 3.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pseudomonas  fluorescens NRC 3 0.0 100 29.1 37.9 34.3 44.2 1.8

Table 4: Lytic enzymes produced by Pseudomonas  fluorescences NRC1 and Pseudomonas  fluorescences NRC3 grown on dead mycelium
of Rhizoctonia solani after 72 hrs of incubation at 25± 2 °C

Residual                         Lytic enzymes (unit/ml)

dead mycelium -------------------------------------------------------------------------------------------
Microorganisms mg/50 ml medium Lysis% chitinase â-1,3-glucanase â-1,4-glucanase protease Lipase

Control 2.0 0.0 0.0 0.0 0.0 0.0 0.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens NRC 1 0.0 100 97.3 29.8 10.1 32.0 2.5

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens NRC 3 0.0 100 66.5 41.2 6.7 84.9 4.7

Table 5: Effect of seed coating with Pseudomonas  fluorescences NRC1 or Pseudomonas  fluorescences NRC3 on basal stem rot and root-rot
incidence and plant morphogenesis of tomato plants in soil infested Phytophthora capsici.

            Infection % Morphogenesis of survival shoots

--------------------------------------------- ------------------------------------------------------------------------
Treatment Pre-emergence Post-emergence Survival Length (Cm) Fresh weight(mg) Dry weight(mg)

Control (unifested) 10 6.66 83.34 44.2 70.1 15.29

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Infested soil only 55.23 25.12 20.65 42.1 68.23 14.98

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC1 seed coating 20.11 4.52 75.37 58.3 99.25 19.96

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC3 seed coating 18 3.2 78.8 58.0 100.2 20.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chitin seed coating 22 20.8 57.2 48.8 70.17 16.9

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC1+ chitin seed coating 13 3.5 83.5 55.4 108.44 22.35

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC3+ chitin seed coating 15 2.99 82.01 50.1 96.22 18.3

pre-emergence-off   in   soil   infested   with

Phytophthora capsici  or  Rhizoctonia  solani   under

the  influence of biological agents was estimated. Data

obtained in Tables 5 and 6 indicated   that   all

treatments  reduced  the  occurrence of  the diseases.

Regarding  the  morphogenesis of survival plants are

represented by the length of plants , fresh  and  dry

weights of the shoot system, Data presented in Tables 5

and 6 reveal that these records increased in the presence

Pseudomonas fluorescens NRC1; Pseudomonas

fluorescens NRC3; chitin; Pseudomonas  fluorescens

NRC1+chitin and Pseudomonas  fluorescens NRC3

+chitin. 

Diseases infection with Phytophthora capsici or

Rhizoctonia solani resulted in reduction in the fresh and

dry weight of shoot system in addition to the plant

length in comparison with the control. On the potential

solution was the exploitation of natural biological agents

with nearly no toxic residues and at the same time

biologically competitive to soil borne pathogenic fungi.

The use of biological agents to control soil borne 
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Table 6: Effect of seed coating with Pseudomonas  fluorescences NRC1 or Pseudomonas  fluorescences NRC3 on crown rot and root-rot
incidence and plant morphogenesis of tomato plants in soil infested Rhizoctonia solani.

Infection % Morphogenesis of survival shoots
-------------------------------------------- ------------------------------------------------------------------------

Treatment Pre-emergence Post-emergence Survival Length (Cm) Fresh weight(mg) Dry weight(mg)
Control (unifested) 10 6.66 83.34 44.2 70.1 15.29
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Infested soil only 60.6 33.4 7.0 40.9 68.0 12.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC1 seed coating 16.3 3.9 59.8 55.9 86.38 18.64
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC3 seed coating 13 4.1 82.9 49.9 107.59 20.33
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chitin seed coating 18 3.3 77.7 47.9 69.38 14.22
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC1+ chitin seed coating 15 3.54 81.46 50.2 107.99 17.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas  fluorescens
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC3+ chitin seed coating 12 5.27 82.73 56.4 110.2 19.2

pathogenic fungi is an attractive possibility. There are

many  reports  on  the  successful use of biological

control agents such as T. harzianum, T. viride, Bacillus

subtilis and Pseudomonas  fluorescens . [33,35,36]
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