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ABSTRACT 

Infection with the pathogenic root rot fungi (Rhizoctonia solani 
Kühn and Fusarium solani (Martins) Sacc.) to cucumber and squash 
increased peroxidase activity. The highest activity of peroxidase 
enzyme was detected in cucumber roots, while the lowest one was 
observed in squash roots. Infection also increased the polyphenol 
oxidase activity in the roots of both hosts. Inoculation with the 
pathogenic fungi and coating of seeds with plant growth promoting 
rhizomicroorganisms resulted in an increase in the percent of total 
phenol contents. Furthermore, the coating of seeds with plant growth 
promotings increased the plant roots content of Indol Acetic Acid 
(IAA) and Gibberellic Acid (GA3). 

Keywords : Cucumber, squash, causal organisms (Rhizoctonia solani 
Kühn and Fusarium solani (Martins) Sacc.), root rot, 
biochemical changes, plant growth promoting 
rhizomicroorganisms (PGPR). 

INTRODUCTION 

Cucumber (Cucumis sativus L.) 
and squash (Cucurbita pepo L.) are 
considered the most important 
vegetable crops in many countries. 
Yield-losses in cucumber and 
squash caused by soil-borne 
pathogens cause endemic problems.  

Soil borne pathogens have been 
reported to attack both crops from 
seedling to maturity, causing root 
rot diseases and severe damage as 
well as high reduction in quantity 
and quality of yield. 

Enzymes played an important 
role in decreasing or increasing the  
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pathogens infection. The enzymes 

activity were higher in infected 

tissues than in healthy ones, Arun 

and Arya (1991) and Aly et al. 

(2001). 

Biotic agents can induced 

systemic resistance (ISR) against 

fungi, by lipopolysaccharide 

(LPS), sidrophores, jasmonic acid 

(JA) and ethylene perception 

(Chen et al., 1999). Plant growth 

promoting rhizobacteria (PGPR) 

strain of B. subtilis and 

Pseudomonas fluorescens treatment 

increased phenylalanine ammonia-

lyase (PAL) and peroxidase 

activity, Chen et al., (2000). 

Bacillus sp. could be a potential 

agent to protect maize, horsebean, 

and rice (Oryza sativa L.) plants 

from infection with pathogenic 

fungi in vivo and had properties as 

a plant growth-promoting 

endophytic bacterium (PGPE) 

(Huili et al., 2009). 

Schroeder et al. (2009) found 

that soil borne pathogens can be 

particularly difficult to quantify. 

Unlike foliar disease symptoms 

caused by soil borne pathogens 

such as Pythium spp. and 

Rhizoctonia spp. are not 

observable, making it difficult to 

estimate pathogen populations. 

Soils were collected over a large 

geographic region of Eastern 

Washington in 2005, 2006 and 

2007. Total DNA was extracted 

from the pathogens and species-

specific primers for three species 

of Rhizoctonia solani and three to 

nine species of Pythium were used 

with a Roche Light Cycler to 

quantify pathogen DNA in these 

soils. The prevalence of Pythium 

species is favoured by higher 

precipitation zones. The diversity 

can also very greatly with as many 

as nine or as few as one species 

being detected in a single soil 

sample. Conversely, R. solani 

kühn AG-8 is quantified in low 

amounts in the higher 

precipitation zones and favors 

areas with less than 300 mm of 

annual precipitation. Rhizoctonia 

oryzae is less affected by 

precipitation, being prevalent in 

most regions. This work has also 

revealed correlations between the 

presence of certain species of 

these necrotrophic root pathogens 

with specific host plants. For 

example, R. solani AG-2-1 is 

favored by rotations with brassica 

crops. Using these real-time PCR 

assays, disease risk models are 
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being created to develop this 

procedure into a preplant tool for 

improved disease management. 

Galvez et al. (2009) 

investigated "DNA barcoding"  

as a tool that aims to become  

a taxonomic method using a  

short standard genomic sequence, 

present in all the taxons of  

interest and showing sequence 

variation, enough to discriminate 

among species. Barcoding could 

provide an easy and reliable 

method to overcome these 

problems.  

This work was designed to : 

1- Isolate and identificate the 

cucumber and squash root rot 

causal organisms. 2- The 

differentiation between the  

isolates of cucumber and squash 

root rot fungi using RAPD PCR 

was also undertacken. 3- The 

effect of infection with fungal  

root rot pathogens (R. solani and 

F. solani) and seed coated with  

plant growth promoting 

rhizomicroorganisms (PGPR) on 

some biochemical changes of 

cucumber and squash plants 

(oxidative enzymes, growth 

hormones and phenolic 

compounds) was also studied. 

MATERIALS AND 

METHODS 

Isolation, Purification and 

Identification of the Causal 

Organisms from Cucumber 

and Squash Rotted Roots  

The collected naturally infected 

roots from different districts (El-

Zagazig, El-Salhia and Abou-

Hammad) in El-Sharkia 

governorate were washed 

thoroughly several times with tap 

water then cut into small pieces 

and divided into two groups. The 

first one was surface disinfested by 

immersing in sodium hypochlorite 

2% for two minutes then washed 

thoroughly using several changes 

of sterilized water to get rid of 

excess sodium hypochlorite 

residues, while the second one was 

used without disinfestation to 

isolate the internal and extrenal 

microorganisms. 

The naturally infected pieces 

were dried between two sterilized 

filter papers, planted on plain agar 

in Petri-dishes then incubated at 28 

˚C for 3 – 5 days. All the dishes 

were daily examined binocularally 

for the fungal growth then picked 

and subcultured on potato dextrose 

agar (PDA) medium. The isolated 

fungi were purified using hyphal 
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tip and / or single spore techniques 

according to Kiet (1915) and 

Brown (1924) then transferred to 

PDA slopes medium and stored in 

refrigerator at 5 ˚C for further 

studies.  

The isolated fungi were 

identified according to Barnett 

(1998) in the laboratory of Plant 

Pathology, Agric. Bot. and Plant 

Pathology Dept., Fac. of Agric., 

Zagazig Univ. All isolates were 

renewed every two weeks and 

restored in refrigerator. The 

frequency of the obtained fungi 

from roots was calculated and 

tabulated. 

Differentiation Between the 

Isolates of Cucumber and 

Squash Root Rot Causal 

Organisms  

In this study the differentiation 

between the tested isolates of 

cucumber and squash root rot 

causal organisms were done using 

random amplified polymorphic 

(RAPD) DNA. 

Seven different random primers 

namely A01, A15, A18, A19, 

B18,C10 and C11 as shown in 

Table 1 were used to discriminate 

the pathogenic isolates different 

genera.  

Table 1. List of primers names 

and their nucleotide 

sequences.  

Primer 

names 

Sequence 

A01 

A15 

A18 

A19 

B18 

C10 

C11 

5'CAGGCCCTTC3' 

5'TTCCGAACCC3' 

5'AGGTGACCGT3' 

5'CAAACGTCGG3' 

5'CCACAGCAGT3' 

5'TGTCTGGGTG3' 

5'AAAGCTGCGG3' 

 

Samples preparation  

Isolates tested were grown on 

tap water agar amended with 250 

chloramphenicol in order to get rid 

of bacterial contamination, then 

transferred into a Defined Nutrient 

Medium (DNM) according to 

Keijer et al., (1996).  

Samples extraction (DNA 

isolation) 

For each isolate, mycelium 

was freeze-dried over night, 

pulmerized with a pestle in a 

reaction tube, the DNA extraction 

was carried out as described in 

Keijer et al., (1996) and Schneider 

et al., (1997).  
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Amplification reaction mixture 

RAPD reactions were 

preformed in a total volume of 25 

µl containing a IX Polymerase 

Chain Reaction (PCR) reaction 

mixture (Promega); 2.5 mM 

MgCl2; 50 uM of each dNTP 

(Promega); 0.3 uM of primer; 50 

ng of genomic DNA; and 5 units 

of Taq polymerase. A negative 

control (distilled deionized water) 

was used instead of the target 

DNA included to test for 

contamination. Amplification 

conditions of the thermocycler MJ 

research model PTC-200 were as 

shown in Table (1) for each used 

primer. 

The amplified products and the 

DNA marker were loaded on 1.5% 

agarose gels, separated by 

electrophoresis in, 0.5x TBE 

buffer (45mM Tris-borat and ImM 

EDTA), stained with Ethidium 

bromide (Sambrook et al., 1989), 

and photographed under UV light 

using Herolab gel documentation 

system model Mididoc (Herolab, 

Germany) attached with vedio 

copy processor Mitsubishi. 

Dendrograms were calculated 

using computer soft ware 

statistical. 

Pathogenicity Tests  

Pathogenicity tests for the 

isolated fungi were carried out 

using Madina cucumber cultivar 

and Eskandrany squash cultivar 

seeds under greenhouse conditions 

of the Agricultural Botany and 

Plant Pathology Dept., Fac. Agric., 

Zag. Univ. Pots (25 cm in 

diameter) were sterilized by using 

formalin solution. Pots were filled 

at a rate of 3 kg sandy loam 

soil/pot and infected with the 

pathogenic fungi (Rhizoctonia 

solani and Fusarium solani) at the 

rate of 5% of soil weight.. 

The above mentioned infested 

pots were watered and mixed 

thoroughly with the inocula and 

left for one week to ensure even 

distribution of the inocula 

(Whithehead, 1957). Ten surface 

disinfected seeds of cucumber and 

squash/pot were sown. The disease 

assessments and plant growth 

reduction percent were calculated 

after 45 days from sowing. 

Root-Rot Diseases Incidence 

as Affected by Coated Seeds 

with Plant Growth Promoting 

Rhizomicroorganisms (PGPR) 

on Cucumber and Squash 

Plants  
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A greenhouse experiment was 

conducted to assess the biocontrol 

activity induced by PGPR against 

both cucumber and squash plants 

root-rot causal organisms using 

cucumber (Madina cv.) and squash 

(Eskandrany cv.). 

Treatments of each experiment 

were divided into four groups of 

pots arranged in complete 

randomized block design with 

three replications as follows:  

- The first group, seeds were 

sown without neither coating 

with PGPR nor soil inoculation 

with the pathogens to serve as 

control. 

- The second one, the seeds were 

sown in pots pre infested 

separately with Rhizoctonia 

solani Kühn and/or Fusarium 

solani (Martins) Sacc. 

- The third group having seeds 

pre coated individually with the 

growth promoting 

rhizomicroorganisms i.e. 

Trichoderma viride, 

Actinomyces sp., Bacillus 

subtilis and Pseudomonas 

fluorescens then seeded in soil 

free of any of the causal 

pathogens. 

- The fourth group, pots were 

separately inoculated with the 

two pathogenic fungal genera 

then each group of pots was 

sown with seeds previously 

coated individually with the 

different PGPR. Seeds of 

cucumber and squash were 

planted at depth of 

approximately 1 cm in 25 cm
3
 

plastic pots (2 seeds/pot) 

containing 3 kg of sandy loam 

soil. 

Plant growth reduction percent 

was determined after 60 days and 

plant growth parameters of the 

healthy survivals (plant height  (cm), 

stem length (cm), number of leaves, 

root length (cm), root weight (gm), 

number of flowers, number of 

branches, fresh weight (gm) and dry 

weight (gm), were investigated. 

Effect of Infection with 

Fungal Root Rot Pathogens 

and Seed Coated with Plant 

Growth Promoting 

Rhizoorganisms on Some 

Biochemical Changes of 

Cucumber and Squash Plants 

Root system was separated from 

these plants and oxidative enzyme 

activity (Peroxidase and 

polyphenol oxidase) and some 

plant growth hormones (Indol 

acetic acid "I.A.A." and 

Gibberellic Acid "GA3" as well as 
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total phenols were determined in 

the plant roots of both of cucumber 

and squash plants. 

Determination of oxidative 

enzyme activities  

One-gram of root tissues from 

treated plants was used to 

determine peroxidase and 

polyphenoloxidase activities. Each 

sample was cut into small pieces 

and grinded in a porcelain mortar 

by the pestle in the presence of 

purified sand and 2 ml of buffer 

phosphate (pH 7.0) as described by 

Goldschmidt et al. (1968). The 

obtained extract was quantitatively 

completed to 10 ml then 

centrifuged at 5000 rpm for 15 

minutes according to the methods 

described by Malik and Singh 

(1990). The resulted supernatant 

was used to determine peroxidase 

and polyphenoloxidase activities.  

Peroxidase activity  

Peroxidase activity was 

determined according to the 

method described by Allam and 

Hollis (1972).  

The reaction mixture contained 

0.5 ml phosphate buffer (pH 7.0); 

0.2 ml peroxidase enzyme (sample 

extract), 0.3 ml of 0.05 m 

pyrogallol, 0.1 ml of 1.0% (v/v) 

H2O2 and distilled water to obtain 

final volume 3.0 ml. The reaction 

mixture was incubated at 30 °C for 

five minutes, then the reaction was 

inactivated by adding 0.5 ml of 

5.0% (v/v) H2SO4 (Kar and 

Mishra, 1976) and the absorbance 

was recorded at wave length of 425 

nm using spectrophotometer. One 

unit of peroxidase activity was 

expressed as the change in 

absorbance at 425 nm/minute/ 1.0 

g fresh weight. 

Polyphenoloxidase activity  

The polyphenol oxidase activity 

was quantitatively determined in 

sample according to the method 

described by Matta and Dimond 

(1963).  

Determination of phenolic 

compounds  

Free and total phenols were 

determined using the colorimetric 

methods as described by Snell and 

Snell (1953). 

Identification of plant growth 

hormones from root of 

cucumber and squash 

Plant growth hormones were 

determined according to the 

method described by (Wasfy et al., 

1975). 
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RESULTS AND 

DISCUSSION 

Isolation, Purification and 

Identification of the Causal 

Organisms from the  

Cucumber and Squash Rotted 

Roots 

Data gives in Table 2 indicate 
that Rhizoctonia solani Kühn and 
Fusarium solani (Martins) Sacc. 
were the most frequently isolated 
fungal genera from randomly 100 
root rotted samples collected from 
different districts of El-Sharkia 
governorate.  

Rhizoctonia solani Kühn and 
Fusarium solani (Martins) Sacc. 
were previously reported by 
several investigators as the 
incidents of root rot diseases (Mehl 
and Epstein 2006). The virulence 
of the isolates differed according 
to the host genotype and fertile 
perithecium formed in some dual 
cultures between field isolates 
(Nagao, et al. 1994).  

Differentiation Between the 

Isolates of Cucumber and 

Squash Root Rot Causal 

Organisms  

Phylogeny relationship among 

fungal isolates based on 

amplified RAPD fragments 

(bands)  

Eighty six bands were detected 
as PCR products for the seven 
primers over all the six isolates 
fungi. The number of bands varied 
from 6 to 23 bands per primer and 
from 1 to 11 bands per isolate. The 
size of the amplified fragments 
ranged from 0.075 Mw to 3.107 
Mw. 

The amplified bands could be 
divided into three types :  

1. monomorphic bands which 
were present in all samples. 

2. polymorphic bands which 
presented in some samples 
and absent in others. 

3. Unique bands (positive 
specific bands) present only 
in one sample and absent in 
the others. 

Agarose gel electrophoresis for 
the seven RAPD PCR products 
shown in Fig. 1 reveal that, both 
primers A01 and A18 had the 
highest number of different PCR 
banding patterns (23 and 19). 
Meanwhile, the primers C10 and 
C11 showed the lowest number of 
different RAPD patterns (6 bands). 
This indicated that, the primers 
A01 and A18 were the highest 
among the tested seven primers in 
their ability to plank the DNA 
sequences of the six isolates tested 
in this work. 
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Table 2.  Frequency and occurrence of the isolated fungi from root-rotted cucumber and squash 

collected from different districts of El-Sharkia governorate during 2003 growing season 

 

Isolated fungi 

Cucumber Squash 

El-Zagazig El-Salhia 
Abou-
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El-Zagazig El-Salhia 
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Rhizoctonia solani 17 60.71 15 48.39 14 50.00 13 52.00 10 40.00 9 45.00 

Fusarium solani 11 39.28 16 51.61 14 50.00 12 48.00 15 60.00 11 55.00 

Total  28  31  28  25  25  20  
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Fig. 1. RAPD-PCR fragments produced by the seven primers in the 

six fungal isolates 
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The results revealed the 

possibility of DNA analysis to 

differentiate between the isolates. 

The Majority of random primers 

examined gave distinctly 

reproducible patterns among all 

isolates studied. Whatever, the 

primers vaired in the extent of 

information that generated. Some 

produced highly polymorphic 

patterns, whereas others produced 

less polymorphic products, some 

DNA fragments were apparently 

similar in size among the six 

isolates (monomorphic). However, 

others were unique to a particular 

isolates that could be used as 

markers for such isolates. 

These results demonstrated the 

usefulness of the RAPD-PCR 

technique for detecting DNA 

polymorphism in isolates. 

The similarity coefficient 

values among isolates based on 

band polymorphisms generated by 

RAPD-PCR after using all the 

presented primers in Table 3. The 

highest similarity coefficient value 

(0.928) was found between 

Fusarium (2) and Fusarium (1). 

The lowest similarity coefficient 

value (0.454) was found between 

Rhizoctonia (2, 3) and Fusarium 

(2, 3). 

The potential application of 

RAPD analysis to relationships 

among fungal isolates was 

assessed through cluster analysis 

of those six different isolates with 

large number of scorable 

polymorphic markers from 7 

different random primers. 

Genetic distances, calculated as 

the total number of band 

differences between fungal 

isolates, are presented in Table 4. 

The minimum distance (2.646) 

was found between Fusarium (2) 

and Fusarium (1) isolates, while 

the maximum distance (7.280) was 

found between Rhizoctonia (2, 3) 

and Fusarium (2, 3). 

The dendrogram of genetic 

distances among six fungal 

isolates based on band 

polymorphisms generated by 

RAPD PCR using all primers is 

shown in Fig. (2). It is clear that 

six fungal isolates are segregated 

in two clusters. The first group 

involved three isolates, i.e. 

(Fusarium 1, 2, 3). The second 

main group was found to have 

three isolates which were 

(Rhizoctonia 1, 2, 3). The lowest 

degree of fungal isolates 

differentiation of Fusarium (1) and 

Fusarium (2) is shown by the low 

genetic distance between them. 
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Table 3.  Similarity coefficients (Dice measure) between fungal 

isolates on their RAPD-PCR markers 
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1
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Fungal 

isolates 

.485 .485 .588 .845 .928  Fusarium (1) 

 

.454 .454 .557 .856  .928 Fusarium (2) 

 

.454 .454 .536  .856 .845 Fusarium (3) 

 

.691 .711  .536 .557 .588 Rhizoctonia 

(1) 

.835  .711 .454 .454 .485 Rhizoctonia 

(2) 

 .835 .691 .454 .454 .485 Rhizoctonia 

(3) 

 

 

Table 4.  Genetic distances, calculated as the total number of band 

differences out of all  RAPD-PCR markers, between fungal 

isolates 
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Fungal isolates 

7.071 7.071 6.325 3.873 2.646  Fusarium (1) 

7.280 7.280 6.557 3.742  2.646 Fusarium (2) 

7.280 7.280 6.708  3.742 3.873 Fusarium (3) 

5.477 5.292  6.708 6.557 6.325 Rhizoctonia (1) 

4.000  5.292 7.280 7.280 7.071 Rhizoctonia (2) 

 4.000 5.477 7.280 7.280 7.071 Rhizoctonia (3) 
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                         Rescaled Distance Cluster Combine 

 

    C A S E             0         5        10        15        20        25 

  Label            Num  +---------+---------+---------+---------+---------+ 

 

  Fusarium 1        1   -+-------------------+ 

  Fusarium 2        2   -+                   +---------------------------+ 

  Fusarium 3        3   -----------+---------+                           I 

  Rhizoctonia 1     4   -----------+                                     I 

  Rhizoctonia 2     5   ---------------------------+---------------------+ 

  Rhizoctonia 3     6   ---------------------------+ 

 

Fig. 2.  Dendrogram of the six fungal isolates genetic distances 

generated by RAPD-PCR 

 

In conclusion, this study 

demonstrated that RAPD or PCR 

analysis could be considered as a 

valuable tool in determining the 

genetic relationships among 

isolates of Rhizoctonia spp. Thus, 

the genomic variability is 

associated or could explain the 

pathological variation among the 

isolates (Fouly et al., 2002). 

Similar results were also 

obtained with F. solani infected 

squash. The discoloration and 

collapse noticed on the diseased 

seedlings might be due to different 

oxidates metabolites produced by 

the pathogenic fungal genera that 

cause chlorosis, necrosis, and 

epinasty for diseased plants 

(Kinoshita and Ichitani, 1998). 

Pathogenicity Tests 

Pathogenicity tests of the 

most frequently isolated fungi 

namely Rhizoctonia solani Kühn 

and Fusarium solani (Martins) 

Sacc. were carried out under 

greenhouse conditions in Agric. 

Bot. and Plant Path. Dept., Fac. of 

Agric., Zagazig University. 

Data presented in Table 5 

indicate that Fusarium solani 

(Martins) Sacc. show similar 

percentages of infection being 

(50.00%) to cucumber and squash 

plants. While, the percentage of 

infection with R. solani differed in 

cucumber and squash plants. 
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Table 5.  Pathogenicity tests of Rhizoctonia solani and Fusarium 

solani causing root rot of cucumber Madina cv. and squash 

Escandarany cv. plant 

Treatment 

Cucumber 

(Madena cv.) 

Squash 

(Escandarany cv.) 

Root rot % 
Healthy survival 

% 
Root rot % 

Healthy 

survivual % 

Control 

Rhizoctonia solani 

Fusarium solani 

16.66 c 

50.00 a 

50.00 a 

83.33 a 

50.00 b 

50.00 b 

00.00 c 

33.33 ab 

50.00 a 

00.00 a 

66.66 c 

50.00 d 

L.S.D.0.05    3.21  4.32               3.88                 2.21 

 

Pathgoenicity tests of the 

isolated fungi of cucumber and 

squash showed that Rhizoctonia 

solani Kühn and Fusarium solani 

(Martins) Sacc. were pathogenic 

and differed in their virulence. In 

case of root-rot these fungi 

destroyed the tissues of older roots 

preventing the absorption of 

nutrient and water. These results 

were supported with those 

obtained by Vakalouakis and 

Fragkiadakis (1999). Differences 

in pathogenicity tests might be due 

to physiological reduction and 

anatomical changes essential for 

their pathogenicity and also to 

host-parasite - environment 

interactions (Tello et al., 1990 and 

Moulin et al., 1994). 

 

Root-Rot Disease Incidence as 
Affected by Plant Growth 
Promoting Rhizo-
microorganisms (Seed Coating) 
on Cucumber and Squash 
Plants Regarding Plant 
Growth Parameters 

Cucumber plants  

The effect of four plant growth 
promoting rhizo-microorgansism 
(PGPR)  (Trichoderma viride, 
Actinomyces sp. Bacillus subtilis 
and Pseudomonas fluorescens on 
root rot disease incidence and 
growth parameters of cucumber, 
was tested under greenhouse 
conditions. 

Data in Table 6 indicate that 
application of the PGPR as seed 
coating    before    planting    was  
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Table 6.  Cucumber root rot incidence as affected by plant growth promoting rhizomicroorganisms 

(seed coating) regarding plant growth parameters 

Treatment 

Disease 

reduction 

percent 

(%) 

Plant 

height 

(cm) 

Stem 

length 

(cm) 

Number 

of leaves 

Root 

length 

(cm) 

Root 

weight 

(gm) 

Number 

of flowers 

Number 

of 

branches 

Fresh 

weight 

(gm) 

Dry 

weight 

(gm) 

Control 50.00 36.40 j 34.50 h  19.00 ef 5.42 hi  4.22 h 7.00 h  1.00 b 117.1 h 17.14 g 

Rhizoctonia solani 

Fusarium solani 

33.33 

33.33 

35.40 j 

35.42 j 

33.20 h 

34.00 h 

17.00 fg 

17.00 fg 

5.55 h 

5.50 h 

1.03 j 

1.40 j 

6.00 hi 

6.00 hi 

1.00 b 

1.00 b 

116.4 h 

116.7 h 

15.22 g 

15.23 g 

Trichoderma viride 

Actinomyces spp. 

Bacillus subtilis 

Pseudomonas fluroscens 

100.00 

100.00 

100.00 

100.00 

69.40 a 

56.00 b 

54.00 c 

57.00 b 

65.50 a 

54.60 b 

50.00 c 

55.60 b 

31.00 a 

30.00 a 

29.00 ab 

30.00 a 

14.00 a  

9.80 def 

11.50 bc 

12.00 b 

8.50 a 

7.62 bcd 

7.43 b-e 

8.01 ab 

18.00 a 

14.00 c 

16.00 b 

19.00 a 

2.00 a 

1.00 b 

1.00 b 

2.00 a 

145.4 a 

137.3 c 

136.3 c 

142.4 b 

24.05 a 

23.20 abc 

23.00 a-d 

23.55 ab 

R
h

iz
o

ct
o

n
ia

 

so
la

n
i 

Trichoderma viride 

Actinomyces spp. 

Bacillus subtilis 

Pseudomonas fluroscens 

100.00 

83.33 

100.00 

100.00 

45.50 f 

45.20 f 

42.50 gh 

41.00 h 

44.00 e 

44.30 de 

40.00 f 

40.20 f 

25.00 cd 

23.00 d 

25.00 cd 

25.00 cd 

9.50 ef 

9.00 f 

9.20 f 

10.00 def  

7.60 bcd 

7.02 def 

6.85 ef 

7.95 abc 

12.00 de 

10.00 fg 

11.00 ef 

11.00 ef 

2.00 a 

1.00 b 

1.00 b 

1.00 b 

126.3 de 

125.4 ef 

123.5 fg 

126.3 de 

21.96 b-e 

21.20 c-f 

20.54 ef 

21.54 b-f 

F
u

sa
ri

u
m

 

so
la

n
i 

Trichoderma viride 

Actinomyces spp. 

Bacillus subtilis 

Pseudomonas fluroscens 

100.00 

100.00 

100.00 

100.00 

53.00 cd 

52.00 d 

47.90 e 

52.40 d 

45.60 d 

50.00 c 

45.00 de 

50.00 c 

29.00 ab 

27.00 bc 

27.00 bc 

27.00 bc 

10.60 cde 

10.50 cde 

10.50 cde 

11.00 bcd 

7.35 b-e 

7.30 cde 

6.85 ef 

7.65 bcd 

13.00 cd 

13.00 cd 

14.00 c 

13.00 cd 

2.00 a 

1.00 b 

1.00 b 

2.00 a 

140.9 b 

127.9 d 

127.5 de 

127.9 d 

21.69 b-e 

21.50 b-f 

21.65 b-e 

21.50 b-f 

L.S.D0.05                                                    1.691      1.389       2.140       1.235       0.6755       1.903       0.5095       2.375      2.062 

Z
a
g
a
zig

 J
. A

g
ric. R

es., V
o
l. 3

7
 N

o
. (3

) 2
0
1
0

 

 

 



 

Abbas, et al. 

 

630 

accurate as biological control way 
against root-rot of cucumber. 

Data in the same Table 
indicate that the plant seeds 
treated with PGPR reveal high 
significant reduction percentage 
of root-rot followed with high 
plant growth parameters. 

Treated plants with PGPR in 
the presence of the pathogenic 
fungi led to a reduction in percent 
of root-rot and high values of 
plant growth parameters even 
when plants were infected with 
Rhizoctonia solani and/or 
Fusarium solani in the three 
different treatments. Actinomyces 
spp. exhibit lower effect with  
R. solani being (83.33%) if 
compared with the other 
bioagents. 

Squash plants  

The effect of four plant growth 
promoting rhizomicroorganisms 
(PGPR) (Trichoderma viride, 
Actinomyces sp. Bacillus subtilis 
and pseudomonas fluorescens on 
root-rot disease incidence and 
growth parameters of squash 
under greenhouse conditions, was 
tested. 

Data reveal significant higher 
percentage of root-rot than the 
control treatment in case of 
Fusarium solani in the three 
different treatments. 

Data in Table 7 indicate that 

application of the PGPR as seed 

coating before planting was the 

most effective biological way to 

control root-rot of squash if 

compared with the application of 

the PGPR even after inoculation 

with the different pathogenic 

fungi (soil drench). 

Data in the same table indicate 

that the plants treated with 

PGPR reveal a high reduction 

percentage of root-rot followed 

with high plant growth 

parameters when coating seeds, 

were investigated. 

Plants treated with PGPR in 

the presence of the pathogenic 

fungi led also to a reduction 

percent of root rot with high 

values of all investigated plant 

growth parameters. 

The effects of Trichoderma spp. 

on plants, including induced 

systemic or localized resistance, 

are also very important. These 

fungi colonize the root epidermis 

and the outer cortical layers and 

release bioactive molecules that 

cause walling off of the 

Trichoderma spp. thallus. At the 

same time, the transcriptome and 

the proteome of plants  

are   substantially   altered.   As   a  
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Table 7.  Squash root rot incidence as affected by plant growth promoting rhizomicroorganisms 

(seed coating) regarding plant growth parameters 

Treatment 

Disease 

reduction 

percent 

(%) 

Plant 

height 

(cm) 

Stem 

length 

(cm) 

Number 

of leaves 

Root 

length 

(cm) 

Root 

weight 

(gm) 

Number 

of flowers 

Number 

of 

branches 

Fresh 

weight 

(gm) 

Dry 

weight 

(gm) 

Control 83.33 50.00 o 4.50  f 15.00 d 8.50 ef 2.713 fg  3.00 cd 1.00 c 240.6 j 34.82 g 

Rhizoctonia solani 

Fusarium solani 

16.66 

50.00 

45.00 j 

40.00 k 

4.50 f 

5.00 f 

10.00 h 

10.00 h 

10.20 d 

8.40 efg 

1.40 jk 

1.01 k 

2.00 d 

2.00 d 

1.00 c 

1.00 c 

231.4 j 

221.1 j 

30.54 hi 

28.42 i 

Trichoderma viride 

Actinomyces spp. 

Bacillus subtilis 

Pseudomonas fluroscens 

100.00 

100.00 

100.00 

100.00 

97.50a 

91.32 b 

93.00 b  

91.50 b 

13.0 d 

20.0 a 

15.0 cd 

19.0 ab 

24.00 a 

17.00 c 

20.00 b 

20.00 b 

13.5 c 

15.0 b 

7.0 g 

16.5a  

6.66 a 

5.23 c 

3.95 d 

5.23 c 

4.00 bc 

4.00 bc 

6.00 a 

4.00 bc 

2.00 b 

2.00 b 

3.00 a 

2.00 b 

995.9 a 

798.8 b 

976.4 a 

770.7 c 

66.51 a 

65.73 a 

66.36 a 

53.32 b 

R
h

iz
o

ct
o

n
ia

 

so
la

n
i 

Trichoderma viride 

Actinomyces spp. 

Bacillus subtilis 

Pseudomonas fluroscens 

100.00 

100.00 

83.33 

100.00 

78.60 e 

69.50 f 

69.00 f 

69.20 f 

13.5 d 

13.0 d 

17.0 bc 

17.0 bc 

14.00 de 

15.00 d 

14.00 de 

13.00 ef 

7.5 fg 

13.2 c 

16.5 a 

7.5 fg 

2.68 fgh 

3.57 de 

6.53 a 

2.48 gh 

4.00 bc 

3.00 cd 

4.00 bc 

3.00 cd 

1.00 c 

1.00 c 

2.00 b 

1.00 c 

546.0 e 

541.4 e 

466.8 g 

452.2 g 

46.59 c 

41.40 e 

38.57 f 

29.35 hi 

F
u

sa
ri

u
m

 

so
la

n
i 

Trichoderma viride 

Actinomyces spp. 

Bacillus subtilis 

Pseudomonas fluroscens 

100.00 

100.00 

83.33 

100.00 

66.50 g 

63.00 h 

63.50 h 

66.00 g 

13.0 d 

8.0 e 

10.0e  

20.0 a 

15.00 d 

11.00 gh 

12.00 fg 

11.00 gh 

8.5 ef 

9.5 de 

8.2 efg 

10.0d 

2.12 hi 

3.25 ef 

3.05 feg 

5.25 c 

3.00 cd 

2.00 d 

3.00 cd 

3.00 cd 

2.00 b 

1.00 c 

1.00 c 

2.00 b 

445.7 g 

227.0 j 

291.2 i 

346.0 h 

24.49 h 

19.75 k 

19.77 k 

20.04 k 

   L.S.D0.05                 2.254        2.226       1.662       1.447       0.5773      1.086       0.9247       22.88      2.739 

Z
a
g
a
zig
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consequence, in addition to 

induction of pathways for 

resistance in plants, increased 

plant growth and nutrient uptake 

occur (Harman (2006). Bacillus 

brevis produced gramicidin S and 

acted as an antifungal compound. 

It would appear that from the in 

vitro studies. The target   site  of  

this antifungal was  the  plasma  

membrane  (although  other  

internal membranes e.g. the 

mitochondrial membranes are not 

excluded) with the loss of 

membrane integrity and selective 

membrane permeability) (Droby 

and Chalutz, 1994). Improving the 

effectiveness of biological control 

by fluorescent Pseudomonas spp. 

might be established by using 

combinations of strains that have 

different mechanisms of disease 

suppression, such as competition 

for iron and ISR. Combining SA-

dependent and SA-independent 

ISR is another possibility to 

increase effectiveness. Several 

Pseudomonas strains produce SA 

under conditions of low iron 

availability and potentially are 

able to induce the SA-dependent 

signal transduction pathway. 

However, ISR by these SA-

producing strains does not appear 

to depend on SA, and it is 

speculated that in most cases the 

SA is channeled into SA-

containing siderophores. 

Manipulating SA production in 

these bacteria by either uncoupling 

SA production from the 

biosynthesis of SA-containing 

siderophores or by transfer of SA 

biosynthesis genes into non-SA 

producers seem effective. 

Production of SA by strains that 

already possess determinants that 

effectively trigger SA-independent 

ISR may create strains that induce 

both signal transduction pathways 

simultaneously (Bakker et al., 

2007). 

Effect of Infection with 

Fungal Root Rot Pathogens 

and Seed Coated with Plant 

Growth Promoting 

Rhizoorganisms (PGPR) on 

Some Biochemical Changes of 

Cucumber and Squash Plants 

Peroxidase activity  

Data presented in Table 8 show 

the effect of Rhizoctonia solani 

kühn and Fusarium solani 

(Martins) Sacc. on peroxidase 

activity in cucumber and squash 

roots. Pathogenic fungi led to 

increased the peroxidase activity 

compared with the control 0.40 

and 0.26  unit/g  fresh  weight  for  
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Table 8. Effect of pathogenic fungi tested combined with PGPR on 

peroxidase activity (unit/g fresh weight) 

Treatments 

Peroxidase activity (u 

nit/g fresh weight) 

Cucumber Squash 

Control 0.40 0.26 

Rhizoctonia solani 3.33 2.42 

Fusarium solani 3.43 2.56 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

0.47 

0.53 

0.47 

0.64 

0.33 

0.60 

0.53 

0.26 

Average  1.32 0.99 

R
h

iz
o

ct
o

n
ia

 

so
la

n
i Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

2.50 

1.40 

2.21 

1.96 

2.10 

1.73 

2.35 

1.50 

F
u

sa
ri

u
m

 

so
la

n
i Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

2.12 

1.34 

2.11 

1.56 

2.02 

1.65 

2.30 

1.32 

 

cucumber and squash, 

respectively. 

Furthermore, the highest 

activity of peroxidase enzyme was 

detected in cucumber roots, while 

squash roots exhibited lower 

activity. 

The highest peroxidase activity 

was detected when roots of 

cucumber and squash plants were 

infected with Rhizoctonia solani 

Kühn and Fusarium solani 

(Martins) Sacc. and treated with T.  

 

viride followed by B. subtilis. The 

lowest peroxidase activity was 

detected when roots of cucumber 

and squash plants were infected 

with the two tested pathogenic 

fungi and treated with either 

Actinomyces sp. and/or 

Pseudomonas fluroscens. 

Polyphenoloxidase activity  

The inoculation with 

Rhizoctonia solani Kühn and 

Fusarium solani (Martins) Sacc. 

increased the polyphenol oxidase  
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Table 9.  Effect of tested pathogenic fungi on polyphenoloxidase 

activity (unit/g fresh weight).  

Treatment 

Polyphenoloxidase activity  

(unit/g fresh weight) 

Cucumber Squash 

Control 0.42 0.21 

Rhizoctonia solani 3.11 3.02 

Fusarium solani 3.01 2.95 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

1.07 

0.74 

1.04 

0.1 

0.49 

0.79 

0.91 

0.35 

R
h

iz
o

ct
o

n
ia

 

so
la

n
i Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

2.55 

2.60 

3.00 

2.43 

1.65 

2.21 

1.83 

1.65 

F
u

sa
ri

u
m

 

so
la

n
i Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

2.42 

2.56 

2.81 

2.33 

1.58 

2.11 

1.72 

1.51 

 

activity in the roots of both 

cucumber and squash plants, being 

3.11, 3.02, 3.01, 2.95, respectively 

compared with the control 

treatment. 

On the other hand, infection of 

cucumber and squash plants with 

the pathogenic fungi and seed 

coated with plant growth 

promoting rhizomicroorganisms 

caused a slight increase of 

polyphenoloxidase activity 

compared with the control 

treatment. 

 

The higher polyphenoloxidase 
activity was obtained in cucumber 
roots compared with the squash 
roots. 

Enzymes activity played an 
important role in plant disease 
resistance through increasing of 
plant defense mechanisms which 
are considered the main tool of 
varietal resistance (Takuo et al, 
1993). Data obtained revealed that, 
the inoculation with the tested 
pathogenic fungi (especially F. 
solani) gave higher increase in 
both peroxidase and  
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polyphenoloxidase activity 

comparing with the control 

treatment especially in the 

susceptible cultivar. It is also 

concluded that, peroxidase activity 

is frequently increased in plants 

infected by pathogens and the level 

of its activity correlated with 

disease resistance (Guirgis and 

Clark, 1989). This might be due to 

such enzymes seem to be 

important in oxidize phenols to 

quinines which more fungal toxic 

(Singh and Singh, 1994). These 

were in line with the results  

 

obtained by Tohamy et al. (1987); 

Cherif et al. (1994) and Chen et al. 

(2000). 

Determination of total 

phenols 

It is noticed from Table 10 that 

the inoculation with R. solani and 

F. solani and seed coated with 

plant growth promoting 

rhizomicroorganisms increased the 

total phenol contents in the roots 

of both cucumber and squash cvs. 

compared with the control 

treatment which reached 30.9, 28.1 

unit/g fresh weight, respectively. 

Table 10. Effect of pathogenic fungi tested combined with PGPR on 

total phenol contents in the roots of cucumber and squash 

plants (unit/g fresh weight) 

Treatment 

Total phenol contents 

(unit/g fresh weight) 

Cucumber Squash 

Control 30.9 28.1 

Rhizoctonia solani 70.10 66.11 

Fusarium solani 68.0 65.0 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

63.7 

47.6 

60.1 

44.1 

53.5 

51.0 

33.5 

40.29 

R
h

iz
o

ct
o

n
ia

 

so
la

n
i 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

88.5 

85.60 

71.12 

74.23 

81.60 

74.13 

66.11 

86.90 

F
u

sa
ri

u
m

 

so
la

n
i 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

87.3 

85.6 

70.1 

72.2 

81.1 

73.1 

65.7 

86.7 
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In addition the treatment of 

treated cucumber seeds infected 

with Rhizoctonia solani Kühn 

and/or Fusarium solani (Martins) 

Sacc. with T. viride caused the 

highest phenolic content. In case 

of treated squash seeds with P. 

fluroscens lead also to highest 

phenolic content. The highest total 

phenol contents were obtained in 

cucumber roots as compared with 

the squash treatment. 

The increase of the total phenolic 

compounds in the infected roots was 

highest in case of infection by 

Rhizoctonia solani followed by 

Fusarium solani. These results were 

supported by Abou-Taleb et al. 

(1998). The difference in total phenol 

content between plants might be due 

to the different resistant degrees of 

these plants Xue et al. (1998). 

Identification of plant growth 

hormones from root of 

cucumber and squash 

Data concerning the effect of 

infection with F. solani, the most  

pathogenic fungus to cucumber 

and squash cvs., on plant growth 

hormones activity are presented in 

Table 11 showed that seed of 

cucumber and squash coated with 

plant growth promoting 

rhizomicroorganisms increased the 

content of Indol Acetic Acid 

(IAA) and Gibberellic Acid (GA3) 

in the roots of the cucumber and 

squash infested with T. viridie 

compared with the control 

treatment. 

Table 11.  Identification of plant hormones from root of cucumber and 

squash inoculated with Fusarium solani 

Treatment 
IAA (mg/100 g) GA3 (mg/100 g) 

Cucumber Squash Cucumber Squash 

Control 0.139 21.26 0.444 6.58 

Fusarium solani 0.056 15.64 0.243 2.15 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

1.699 

0.303 

0.241 

0.293 

511.54 

286.68 

301.66 

908.12 

7.323 

2.937 

1.719 

2.675 

20.90 

15.67 

17.44 

20.59 

F
u

sa
ri

u
m

 

so
la

n
i 

Trichoderma viride 

Actinomyces sp. 

Bacillus subtilis 

Pseudomonas fluroscens 

0.217 

0.197 

0.093 

0.113 

208.96 

102.88 

136.42 

154.53 

1.458 

0.382 

0.299 

0.482 

14.4 

6.63 

3.26 

10.9 
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Infected squash plants either of 

coated seeds with plant growth 

promoting microorganisms or non, 

exhibited greatest amount of Indol 

acetic acid if compared with the 

similar treatments of cucumber. 

On the other hand squash roots 

showed higher amount of GA3 

rather than cucumber of all 

treatments. 

The presence of fungus  

(F. oxysporum) in submerged 

culture of T. harzianum (T8) in the 

absence of growth regulators 

increases the ability of  

T. harzianum to control  

F. oxysporum by increasing the 

chitinase production. On the other 

hand, the presence of plant growth 

regulators in T. harzianum culture 

medium decrease both the 

chitinase production and mycelia 

growth of T. harzianum which 

could decrease the mycoparasitim 

of this fungus on phytopathogens 

Badri et al. (2007). 
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 وكائُاخ انجذور انذليمح جذور انعفٍ  يسثثاخ تكم يٍ اتحالإصذأثيز 
 انكيًوحيويح عهي تعط انرغييزاخ نًُو انُثاخ  فشجانًح

 في َثاذاخ انخيار وانكوسح

 عيذ محمدـانس ي محمدـهاَ –انسيذ عثذ انُثي عثاص إَرصار     

 ادرـذ انمـور عثـد أَـدون –  يـي عهـي عهـذ سكــأحً      

 جايعح انشلاسيك -كهيح انشراعح –لسى انُثاخ انشراعي وأيزاض انُثاخ 

ياٍ أهاى َثاذااخ انعائهاح انمزعياح وانراي ذرعازض إناي فماذ فاي َثاذاخ انخياار وانكوساح ذعرثز 

انًحصول َريجح نرعزظااا نهًساثثاخ انًزظايح انماغُاح فاي انرزتاح وانراي ذساثة أيازاض عفاٍ 

سولاَي وانفيوسارياوو ساولاَي  انزيشوكروَيا فطزىأوظحد َرائج انعشل وانرعزيف أٌ  انجذور.

درجاح انرااات   وأيعزفاح الاترففااخ كًا ذى دراساح  كزاراً في عًهيح انعشل.أكثز انفطزياخ ذ اكاَ

 .تإحذى انطزق  انحذيثح يٍ غزق انثيونوجياا انجشييياحناذيٍ انفطزيٍ انًخرهفح  يا تيٍ انعشلاخ

أعطاد أكثاز عاذد ياٍ انحاشو فاي  01وب 01و أ 10انثوادئ انعاوائيح أشارخ انُرائج إني أٌ أولذ 

يا  عاشلاخ  ذطثيماااانراي ذاى وعٍ انثاوادئ انعااوائيح ارتازى  انًرسهسماترثار ذفاعم انثهًزج 

ً  وأوظاحد انُراائج انًخرثزجانزيشوكروَيا وانفيوساريوو  أٌ أعهاي درجاح ذااات  كاَاد تايٍ  أيعاا

ايهاح انُثاذااخ تكائُااخ انجاذور يعانُرائج أيعاً أٌ  هذا ولذ تيُد (.2( ، )0عشنري انفيوساريوو )

 وكاذا أعهي َسثح يٍ انُثاذاخ انساهيًح أعطد نًُو انُثاخ تطزيمح ذغطيح انثذور انًحفشجانذليمح 

ور انذليماح ذانخياار وانكوساح تكائُااخ انجا كًاا أدى يعايهاح تاذور َثاذااخ لياساخ انًُاو انُثااذي.

وكساايذيش وانثااوني فيُااول أكساايذيش سيااادج فااي َااااغ إَشيًااي انثيزانًحفااشج نًُااو انُثاذاااخ إنااي 

َثاذاااخ انخيااار وانكوسااح فااي جااذور وارَااذول أسااريي أساايذ وانجثزيهااي أساايذ وانفيُااولاخ انكهيااح 

 انًصاتح يمارَح تانكُرزول.


