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ABSTRACT  

The present investigation aimed to evaluate the effect of some biocontrol agents alone, or in 
combinations with composts in controlling cucumber root-rot diseases caused by P. ultimum, S. rolfsii, R. solani 
and F. solani. The in vitro experiments revealed that biocontrol agents of P. fluorescens, B. subtilis, B. 
megaterium and T. harzianum, caused the highest reduction (%) in mycelial growth of the four pathogenic 
fungi. All biocontrol agents were able to produce chitinase, β.1, 3-glucanase enzymes, promoted cucumber plant 
growth and colonized cucumber roots in vitro. Greenhouse experiments in pots revealed that cucumber 
transplants previously treated with biocontrol agents, i.e. B. subtilis, B. megaterium P.  fluorescens and T. 
harzianum as nursery soil amendments and then transferred to potted soil infested with root-rot pathogens and 
amended with different compost types, reduced cucumber dead plants (%) due to infection by root-rot more 
strongly than did in individual treatments of both biocontrol agents and composts. Protected cultivation 
experiments in plastic greenhouse revealed that the treatments of nursery soil amended with biocontrol agents + 
soil amended with compost caused the highest pronounced reduction in cucumber dead plants (%) due to 
infection by root-rot; enhanced the total counts of fungi, bacteria and actinomycetes; enhanced the vegetative 
growth parameters of cucumber plants and cucumber yield. 
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Introduction 
 

In Egypt, cucumber (Cucumis sativus L.) is among the most important cucurbitaceous crops and 
leading export vegetable. Cucumber is grown under protected cultivation conditions in plastic greenhouses in 
two main growing seasons, i.e. autumn and winter. Cucumber was grown in about 20769 plastic greenhouses by 
the area of 9841173 m2 which produced 136877 tons (Anonymous, 2010). Unfortunately, in Egypt and in 
several other countries, cucumber is liable to infection by several soilborne fungi causing damping-off and root-
rot diseases which affected on both quantity and quality of the yield. Fusarium solani (Mart.) App. & Wr.; 
Pythium ultimum Trow; Rhizoctonia solani Khun and Sclerotium rolfsii Sacc. are considered the most important 
pathogens involved (Abd-El-Moneium, 2004; Roberts et al., 2005 and Jinghua et al., 2008). Some chemicals are 
effective in controlling these diseases but these chemicals are expensive and not environmental friendly. 
Therefore, alternative control methods are needed for managing these pathogens. The application of biological 
control using antagonistic microorganisms i.e., P. fluorescens, B. subtilis, B. megaterium and T. harzianum, 
proved to be successful for controlling various soilborne plant diseases in many countries (Killani et al., 2011; 
Devi et al., 2011; Vethavalli and Sudha, 2012 and Abdel-Kader et al., 2012). Moreover, the use of compost to 
suppress the root-rot pathogens has been extensively reviewed by many workers (Estrella et al., 2007; Youssef, 
2007; Abd-El-Khair et al., 2009; Catello et al., 2011; Abd-El-Razik et al., 2012 and Catello et al., 2013) .   

The objectives of the current study were to develop a biological control strategy for these diseases by 
the use of compost and/or biocontrol agents or combination between them for controlling cucumber root-rot 
diseases under protected cultivation system. 
 
Materials and Methods 
 
Cucumber root-rot pathogens: 

 Fusarium solani, Pythium ultimum, Rhizoctonia solani and Sclerotium rolfsii, which considered the most 
virulent pathogens causing root-rot disease of cucumber, were selected based on their pathogenic ability in 
previous study (Sabet et al., 2013).   Inocula of each of F. solani, P. ultimum, R. solani and S. rolfsii, were 
prepared, individually, by growing on sand-barley medium (Singleton et al., 1992). 

  
Biocontrol agents:  

The biocontrol agents isolated from cucumber rhizosphere that were characterized as P. fluorescens, B. 
subtilis, B. megaterium and T. harzianum, (El-Shahawy, 2014) were used in this study. Inocula of each T. 
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harzianum, P. fluorescens, B. subtilis and B. megaterium were prepared individually and the suspension was 
adjusted to 106 propagules / ml for fungal isolate and to an approximately 108 colony forming unit CFU/ml for 
bacterial isolates (Mosa et al., 1997 and Morsy et al., 2009). 
   
Compost:  
 

Five commercial composts was purchased from the Egyptian company for solid waste utilization, 
providing absolutely nature and organic compost, which was composted aerobically for four months. The 
compost types were Compost (A): a mixture of different aromatic plants, sugar beet and sugarcane; Compost 
(B): a mixture of rice straw and animal wastes; Compost (C): a mixture of cotton straw and maize straw; 
Compost (D): a mixture of town refuses (domestic waste) and Compost (E): a mixture of different agricultural 
residues. 
   
In vitro experiments 
Antagonistic potential of biocontrol agents:  
 
  The antagonistic activity of T. harzianum, P. fluorescens, B. subtilis and B. megaterium against F. 
solani, P. ultimum, R. solani and S. rolfsii was studied via the dual culture technique using the method described 
by Amel et al. (2007) and Estrella et al. (2001). The reduction in mycelial growth of the pathogenic fungi was 
calculated using the formula suggested by Fokemma (1973) and Pandy et al. (2000)  as follows: R =  C – T / C × 
100, whereas: R = Mycelial growth reduction (%) of the pathogen, C = Radial growth of the pathogen in control 
plates (cm) and T = Radial growth of the pathogen in dual culture plate (cm). 
 
Enzyme activity assays:  
 

Culture filtrates of biocontrol agents grown on minimal synthetic medium containing colloidal chitin 
and sucrose as a carbon sources SMCS (Di Pietro et al., 1993) obtained after 7, 14 and 21 days of incubation at 
28 ± 1°C were used for determination of mycolytic enzymes activities. Chitinase activity was determined using 
the method described by Miller (1959). Colloidal chitin was used as substrate and dinitrosalicylic acid (DNS) as 
reagent to measure reducing sugar. Chitinase activity was expressed in m M N-acetyle glucose amine equivalent 
released / 1 ml crude enzyme / 60 min. at 540 nm using UV spectrophotometer. β-1,3-glucanase enzyme activity 
was determined using the method described by Miller (1959). Laminarin (Sigma) was used as a substrate and 
dinitrosalicylic acid (DNS) as reagent to measure reducing sugars. β-1, 3-glucanase was expressed in mM 
glucose equivalent released / 1 ml crude enzyme / 60 min. at 500 nm using UV spectrophotometer. 
 
 Plant growth promotion and root colonization:  
 

For plant growth promotion assay, cucumber seeds (Beta-alpha cv.) were surface-sterilized with 5% 
sodium hypochlorite for 3 minutes then rinsing three times in sterile distilled water. Surface sterilized cucumber 
seeds were allowed to germinate in moist chambers (a disc of filter paper placed in a 90-mm diameter Petri plate 
and moistened with sterile distilled water) at 27 ± 1oC for 36 h. Successful sterilization of seeds was tested by 
placing germinated seeds on nutrient agar. Then, one germinated cucumber seed was placed in glass tube (20-
cm height and 2.5-cm diameter) filled with 5ml of 0.8% sterile water agar and then inoculated with 100 μl of 
fungal and/or bacterial biocontrol agent suspensions, while only 100 μl distilled sterilized water were used for 
seed treatment in control tubes. Five glass tubes were used as replicates for each treatment as well as the control. 
Two weeks after incubation at 27 ± 1oC, 16h / 8h brightness / darkness in a phytochamber, fresh and dry 
weights of foliage and roots were measured to determine the effects of different biocontrol agents treatment on 
plant growth promotion (Idris et al., 2007).  

  For root colonization assay, cucumber seeds (Beta-alpha cv.) were surface-sterilized as mentioned 
before. For each treatment, 15 seeds were transferred to a sterile moist chamber, i.e. a disc of filter paper placed 
in a 90-mm diameter Petri plate and moistened with sterile distilled water. Cucumber seeds were watered 
aseptically by one drop of 1% methylcellulose solution. One hundred microliter aliquot of each fungal and/or 
bacterial biocontrol agent suspensions were added to the seeds in the moist chambers and the plates were 
incubated at 27 ± 1oC for a week in the dark for root development, while only 1% methylcellulose solution was 
added to control seeds.  After seven days, one gram of roots from each treatment was aseptically transferred to 
0.1 M MgSO4 solution, shaken and serially diluted. From the dilution 10-4,  a portion of 1.0 ml aliquot was 
plated on PDA medium and incubated at 25 ± 1°C for fungal enumeration after 4 days incubation. From the 
dilution 10-7, a 1.0 ml aliquot was plated on Nutrient agar medium and incubated at 28 ± 1°C for bacterial 
enumeration after 2 days incubation. The number of bacteria and fungi colonizing the root was calculated as 
colony forming units / g root (Idris et al., 2007). 
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Greenhouse experiments 
 
       Experments were carried out in the greenhouse at NRC. All experiments were arranged in a randomized 
complete block design.  
  
Compost enrichment with biocontrol agent: 
 
  Bio control agents suspensions (106 propagules / ml for fungal and 108 CFU / ml for bacterial 
biocontrol agents) were added to different composts at the dose of 10 ml suspension / 100 g compost. Inoculated 
compost was air dried under shadow and placed in open plastic containers at room temperature for three days. 
Sterilized soil (using formalin solution, 2.0 %, v : v) was infested with the inoculum of the desired fungus at the 
rate of 4% and irrigated weekly for two weeks before transplanting. Sterilized (using formalin solution, 2.0 %, v 
: v) pot, 30 cm in diameter, was filled with 5 kg infested soil amended with 25g biocontrol agents amended-
compost / kg soil, one week before transplanting. 

The treatments with each of T. harzianum, P. fluorescens, B. subtilis and B. megaterium amended-
composts plus each of cucumber root-rot pathogens were prepared. Five cucumber transplants were 
transplanting in each pot, 30 cm in diameter and 5 pots were used for each treatment as replicates as well as the 
control. Un-amended infested pots were used as control. Disease assessments were recorded as the percentage of  
dead plants (%) due to infection by root-rot at 45 days after seed sowing.  

 
Compost amended soil plus biocontrol agent amended nursery soil  
Compost amended potted soil:  
 

Disinfested soil was infested with the inoculum of the desired fungus at the rate of 4% and irrigated 
weekly for two weeks before sowing. Sterilized pot, 30 cm in diameter was filled with 5 kg infested soil 
amended with 25g compost / kg soil, one week before cucumber transplants were transplanted 

 
Biocontrol agent amended nursery soil:  
 

Cucumber  transplants was used in this study. Propagative trays were cleaned and then sterilized by 
formalin solution. A vegetable propagative medium was prepared by mixing the nursery soil materials of peat 
and vermiculite, at the rate of (1:1, v/v), fertilizers (N, P and K) was added at the recommended doses. After 
that, the vegetable propagative mixtures were spread in the propagative trays. Cucumber seeds (c.v Beit-alpha) 
were surface sterilized using 5% sodium hypochlorite solution for 3 min then air-dried. Cucumber seeds were 
sown in seedling-type preformed trays consisting of 84 conical compartments each measuring 4.5 x 4.5 x 5.5 
cm. Trays were distributed on the nursery bench. Seedlings were incubated at 24-30oC for 18 days under natural 
illumination and irrigated daily by spraying.  
          Inoculum of T. harzianum was applied in the nursery soil as a propagules suspensions (106 propagules 
/ml) at the rate of 10 ml /100 g nursery soil. Inocula of P. fluorescens, B. subtilis and B. megaterium were 
applied to the nursery soil as cell suspensions (108 CFU/ml) at the rate of 10 ml /100 g nursery soil. The 
treatments with each of T. harzianum , P. fluorescens, B. subtilis and B. megaterium amended- nursery soil plus  
potted soil amended-composts under each of cucumber root-rot pathogens infestation were prepared. Each pot 
was transplanted with five cucumber transplants (18 days old). Five pots were used as replicates for each 
treatment as well as the control. Disease assessments were recorded as the percentage of  dead plants due to 
infection by root-rot at 45 days after seed sowing. 
 
Protected cultivation experiments 
 

The experiments were carried out at El-Dokki location, Giza governorate under plastic greenhouse during 
two successive seasons, i.e. winter of 2012 and 2013 growing seasons. The experiment consists of  plastic 
greenhouses 540 m2 with 5 rows. The dimensions of each row were 60m in length, 50cm in height , 1 m in width and 
50cm apart. Soil was brown sandy loam and drip irrigation system was applied.  

All treatments as well as non-treated control were replicated three times in a randomized complete 
block design and each consisted of plots each 1 m in width , 7 m length and 50cm apart.  Planting was 50cm 
apart using double ridges on each row.  The trials were as follow: 
Compost soil-amendment: 
 

The promising compost type, i.e. compost (A) and compost (B) was used in this study. Two cavities 
each 20-cm in depth were made in the double ridges of each row for the compost amendments. Each compost 
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was amended to this cavity by the rate of 4kg per 1m2 and then recovered with the soil and irrigated weekly for 
one month interval before cucumber transplanting. 
  
Biocontrol agents soil-amendment: 
 
 The promising biocontrol agents, i.e. P. fluorescens and T. harzianum were applied in this study. P. 
flourescens cell suspension (108 CFU/ml) and T. harzianum (106 propagules /ml) was added individually as a 
soil drench at the rate of 2000 ml/ plot (1× 7 m). Therefore, two cavities each 20-cm in depth were made in the 
double ridges of each row. Liquid suspensions of biocontrol agents were added to this cavity and then recovered 
with the soil and immediately irrigated weekly for one month interval before transplanting.  
 
Biocontrol agents and/or fungicide nursery soil-amendment:  
 

The biocontrol agents of P. flourescens (108 CFU/ml) and T. harzianum (106 propagules / ml) were 
applied as liquid suspensions to the nursery soil at the rate of 10ml /100 g nursery soil. The recommended 
fungicide Topsin M70 was applied at the rate of 3g /kg nursery soil as appositive control. At the end of the 
rooting period (at the time of marketing - after18 days for cucumber), the seedlings, about 360 Trichoderma-
treated seedlings, 360 Pseudomonas-treated seedlings, 90 Topsin M70- treated seedlings and 390 non-treated 
seedlings were transplanted in a plastic greenhouse for further observations. 

 
 Biocontrol agent soil- plus nursery soil-amendments: 
 
  P. fluorescens and T. harzianum as liquid suspensions, individually were amended as nursery soil- 
amendments plus soil-amendment, as mentioned before. 
 
Compost soil- plus biocontrol agents nursery soil-amendments: 
 
 P. fluorescens and/or T. harzianum as liquid suspensions, individually plus soil amendment with each of 
compost (A) and/or compost (B) individually were studied. Nursery-soil amendments and composts- soil 
amendments treatments were applied as mentioned before.  
 
Cucumber dead plants due to infection by root-rot:  
 

Disease assessments were recorded as the percentages of dead plants (%) due to infection by root-rot at 
30 days after transplanted.   

 
Microbial density:   
 

The effect of all treatments on total counts of fungi, bacteria and actinomycetes under natural infection 
conditions was studied. The total counts were determined after 30 days of transplanting as a number of colony 
forming units (CFU) of fungi, bacteria and actinomycetes in one gram dry rhizospheric soil using the poured 
plate method and dilution technique (Estrella et al., 2007). 

  
Vegetative growth parameters of cucumber plants:  
 

After 30 days from transplanting, some vegetative parameters of cucumber plants, i.e. plant height (cm) 
from soil surface to the apical bud, number of leavs per plant, leaf area (cm2), the fifth leaf from top of the plant 
was used for leaf area measurments- leaves were cut from the stem and the area of each was measured by an 
automatic leaf area-measuring apparatus (Portable Leaf Area Meter Model:YMJ-B) and total chlorophyll 
contents (spad unit) -chlorophyll concentration in the leaves was measured with a SPAD-502 chlorophyll meter 
(Minolta Camera Co., Japan) (Ajinath et al., 2011). Vegetative parameters of cucumber plants were measured 
from each treatments as well as the control.  A random sample of five cucumber plants of each treatment as well 
as control was choice. 

Cucumber yield: 
  

   After 30 days of cucumber transplanting up to the end of the experiment, cucumber fruits were 
collected periodically (three times per week). Cucumber yield per each treatment was recorded and the average 
of the fruit yield (kg/m2) was calculated for each treatment. 
 



915 
Middle East J. Appl. Sci.., 4(4): 911-923, 2014 

Statistical analysis 
 
 Statistical analyses of all the previously designed experiments were carried out according to (ANOVA) 
procedures reported by Snedecor and Cochran (1982). Treatment means were compared by the least significant 
difference test “LSD” at 5% level of probability. 
 
 Results  
 
In vitro experiments 
Antagonistic potential of rhizospheric soil biocontrol agents: 
  

Data presented in Table (1)  indicated that all bacterial and fungal biocontrol agents showed antagonistic 
activity against mycelial growth of cucumber root-rot pathogens. Among of them, the bacterial isolate of  P. 
fluorescens caused the highest reduction (%) in fungal mycelial growth reached to 71.1, 73.3, 74.4 and 66.7% 
against F. solani, R. solani, S. rolfsii and P. ultimum, respectively. Data also indicated that T. harzianum isolate 
showed the highest reduction (%) in fungal mycelial growth reached to 70.0, 65.6, 67.8 and 67.8% against F. 
solani, R. solani, S. rolfsii and P. ultimum, respectively. Other biocontrol agents showed moderate effect. 
  
Table 1. The antagonistic effect of biocontrol agents isolates obtained from cucumber rhizosphere against the mycelial growth of the 

pathogenic fungi. 
 
Biocontrol agent 
 

Mycelial growth (cm) of 

F. solani R. solani S.rorfsii P. ultimum 

T. harzianum 2.70 3.10 2.90 2.90 
B. subtilis 2.00 3.70 2.80 3.30 
B. megaterium 3.40 3.00 3.20 3.70 
P. fluorescens 2.60 2.40 2.30 3.00 
Control 9.00 9.00 9.00 9.00 

LSD 0.05 0.39 0.37 0.19 0.24 

 
 Enzyme activity assays:  
 

The ability of biocontrol agents to produce chitinase enzyme is shown in Table (2). Presented data 
showed that biocontrol agents were able to produce chitinase enzyme after 7 days at 28 ± 1oC, and the levels of 
chitinase activity were increased gradually after 14 and 21 days. The highest chitinase enzyme activity was 
obtained by T. harzianum and B. subtilis being 0.70 & 0.76 unit/ml; 0.93 & 0.85 unit/ml and 0.97 & 0.89 
unit/ml, after 7, 14 and 21 days of incubation, respectively. Meanwhile, other biocontrol agents, i.e. B. 
megaterium and P. fluorescens showed moderate activity of chitinase enzyme. On the other hand, the ability of 
biocontrol agents to produced β.1, 3-glucanase enzyme is shown in Table (2).  

 
Table 2. Determination of chitinase activity of some biocontrol agents isolated from cucumber rhizosphere, grown on SMCS medium at 28 

± 1oC for 21 days. 

Biocontrol agent 
 

Age of culture (days) 
7 14 21 

Chitinase activity*/ml filtrate 
T. harzianum 0.70 0.93 0.97 
B. subtilis 0.76 0.85 0.89 
B. megaterium 0.65 0.67 0.75 
P. fluorescens 0.66 0.74 0.84 
LSD 0.05 0.09 0.08 0.06 
β.1, 3-glucanase activity**/ml filtrate 
T. harzianum 1.70 1.87 1.90 
B. subtilis 1.86 1.92 1.93 
B. megaterium 0.95 0.99 1.25 
P. fluorescens 1.66 1.94 1.96 
LSD 0.05 0.08 0.06 0.24 

(*): chitinase enzyme activity was expressed in m M N-acetyle glucose amine  equivalent released / 1 ml crude enzyme / 60 min. (**): β-1, 3-
glucanase was expressed in m M glucose equivalent released / 1 ml crude enzyme / 60 min. 

 
Presented data showed that biocontrol agents were able to produce β.1, 3-glucanase enzyme in SMCS 

medium after 7 days at 28 ± 1oC, and the levels of β.1, 3-glucanase activity were increased gradually after 14 
and 21 days. The highest β.1, 3-glucanase activity was obtained by B. subtilis follwed by T. harzianum and P. 
fluorescens being 1.86, 1.70 and 1.66 unit/ml filtrate; 1.87, 1.92 and 1.94 unit/ml filtrate and 1.90, 1.93 , 1.96 
unit/ml filtrate after 7, 14 and 21 days of incubation, respectively. Other biocontrol agents, i.e. B. megaterium 
showed moderate activity of β.1, 3-glucanase enzyme. 



916 
Middle East J. Appl. Sci.., 4(4): 911-923, 2014 

 

Plant growth promotion and root colonization: 
 
 Data in Table 3 showed that cucumber seedling shoot system fresh and dry weights (g) resulted by 
biocontrol agents treatments were in the range of 1.694 to 1.934 g and from 0.248 to 0.332 g, compared to 
control being 0.884 g and 0.134g, respectively. Also, cucumber seedling root system fresh and dry weight (g) 
resulted by biocontrol agents treatments was in the range of 0.756 to 0.876 g and 0.156 to 0.202 g,  compared to 
0.538 g and 0.056 g in the control, respectively. P. fluorescens treatment showed the highest cucumber seedling 
growth follwed by T. harzianum, while B. megaterium and B. subtilis treatments occupied significantly the 
second rank in enhancement cucumber seedling growth. On the other hand, significant differences in the ability 
of the different biocontrol agents to colonize roots were noticed (Table 3). For bacterial biocontrol agents, the 
highest population density was achieved by P. fluorescens, whose population attained 56.4 × 105 CFU g−1 roots. 
The population density on roots of plants treated with B. subtilis and B. megaterium attained 33.0 and 31.6× 105 
CFU g−1 root, respectively. For fungal biocontrol agents, the population density on roots of plants treated with T. 
harzianum attained 47.4 × 103 CFU g−1 root, respectively. 
 
Table 3.  Effect of seed inoculation with biocontrol agents on the weight  of shoot and root systems and root colonization of cucumber 

seedlings. 

Biocontrol agent 
Shoot system weight (g) Root system weight (g) In vitro root colonization 

Fresh Dry Fresh Dry CFU×105 CFU×103 
P. fluorescens 1.934 0.332 0.876 0.202 56.4 - 
B. subtilis 1.694 0.254 0.756 0.156 33.0 - 
B. megaterium 1.722 0.248 0.760 0.156 31.6 - 
T. harzianum 1.878 0.288 0.790 0.178 - 47.4 
Control 0.884 0.134 0.538 0.056 - - 
LSD 0.05 0.04 0.01 0.01 0.009 1.4 0.75 

  
Greenhouse experiments 
Effect of composts enrichment with biocontrol agents: 
 
  The promising treatments in reducing cucumber root-rot incidence (%) were composts enrichment with 
P.  fluorescens and/or T. harzianum (Table 4). Disease incidence values (%) in potted soil amended with 
composts enrichment with each of P. fluorescens and T. harzianum were in the range of (24.0 to 45.3%) and 
(24.0 to 42.7%), compared to the range of (32.0 to 38.7%), (32.0 to 38.7%), (26.7 to 46.7%) and (58.7 to 
76.0%), with P. fluorescens only, T. harzianum  only, composts only and control, respectively. No significant 
differences were found between compost B enrichment with each of P. fluorescens and T. harzianum and 
composts B only, while there were significant differences between composts A, C, D and/or E enrichment with 
each of P. fluorescens and T. harzianum and compost A, C, D and E, only. Meanwhile, other treatments showed 
moderate effects.  
 
Effect of composts amended soil plus biocontrol agents amended nursery soil:  
 

The promising treatments in reducing cucumber root-rot incidence (%) were nursery soil amended with 
P.  fluorescens and/or T. harzianum individually and potted soil amended with the five tested composts 
individually (Table 5).  Nursery soil amended with each of P. fluorescens and/or T.harzianum and potted soil 
amended with composts decreased cucumber dead plants due to infection by root-rot. The disease incidence (%) 
were in the range of (9.3 to 18.7%) and (16.0 to 29.3%), compared to the range of (30.7 to 40.0%),(36.0 to 
42.7%), (26.7 to 46.7%) and (58.7 to 76.0%), with P. fluorescens only, T.harzianum only, composts only and 
control, respectively. Significant differences were found between both combined treatments of P. fluorescens + 
composts and individual one by each of them. Also, significant differences were detected between both 
combined treatments of T.harzianum + composts and individual one by each of them. Meanwhile, other 
treatments showed moderate effects. 
 
Protected cultivation experiments 
Cucumber dead plants (%) deu to infection by root-rot : 
 

Data presented in Table (6) show that all treatments significantly reduced the cucumber dead plants, 
where the disease incidence values (%) were in the range of 1.0 to 7.3%, compared to the control, being 19.7 to 
20.0%, during the two growing seasons, respectively.  The highest pronounced reduction in disease incidence 
(88.3 & 85.0 %) and (88.3 & 86.5 %) was observed in the treatments, i.e. nursery soil amended with P. 
fluorescens + soil amended with compost (A) and nursery soil amended with  P. fluorescens + soil amended 
with compost (B) in winter 2012 and 2013 growing seasons, respectively. The treatments, i.e. nursery soil 
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amended with T. harzianum  + soil amended with compost (A); nursery soil amended with T. harzianum  + soil 
amended with compost (B); nursery soil amended with P. fluorescens + soil amended with compost (A) and 
nursery soil amended with T. harzianum + soil amended with compost (B) significantly ranked the second in 
reducing the disease incidence (%). The reduction values (%) reached 84.8 & 83.5; 86.3 & 85.0; 88.3 & 85.0 
and 89.8 & 90.0 in winter 2012 and 2013 growing seasons, respectively. Meanwhile, other treatments showed 
moderate effects, while the treatment of nursery soil amended with the fungicide Topsin M -70, showed the less 
one. 
 
Table 4. Effect of composts enrichment with soil biocontrol agents on cucumber dead plants (%) due to infection by root-rot.  

Treatment 
Dead plants (%) due to 

F. solani R. solani S. rolfsii P. ultimum 
B. subtilis + compost  A 36.0 33.3 40.0 37.3 
B. subtilis + compost  B 29.3 25.3 34.7 30.7 
B. subtilis + compost  C 32.0 30.7 37.3 36.0 
B. subtilis + compost  D 33.3 32.0 38.7 41.3 
B. subtilis + compost  E 40.0 36.0 44.0 44.0 
B. subtilis  42.7 36.0 44.0 48.0 
B.megaterium + compost A 37.3 34.7 41.3 40.0 

B.megaterium + compost B 29.3 25.3 36.0 32.0 
B.megaterium + compost C 37.3 30.7 41.3 42.7 
B.megaterium + compost D 40.0 32.0 42.7 45.3 
B.megaterium + compost E 38.7 36.0 44.0 44.0 
B.megaterium  48.0 49.3 50.7 52.0 
P. fluorescens + compost A 33.3 30.7 40.0 37.3 

P. fluorescens + compost B 28.0 25.3 36.0 32.0 
P. fluorescens + compost C 25.3 24.0 37.3 33.3 
P. fluorescens + compost D 28.0 26.7 40.0 40.0 
P. fluorescens + compost E 36.0 36.0 40.0 45.3 
P. fluorescens  36.0 32.0 36.0 38.7 
T. harzianum + compost A 33.3 32.0 40.0 36.0 
T. harzianum + compost B 29.3 24.0 36.0 30.7 
T. harzianum + compost C 30.7 26.7 34.7 28.0 
T. harzianum + compost D 32.0 32.0 37.3 37.3 
T. harzianum + compost E 37.3 36.0 41.3 42.7 
T. harzianum  36.0 32.0 36.0 38.7 
Compost A 37.3 34.7 42.7 40.0 
Compost B 30.7 26.7 36.0 32.0 
Compost C 44.0 38.7 48.0 49.3 
Compost D 46.7 40.0 49.3 52.0 
Compost E 42.7 37.3 45.3 46.7 
Control 58.7 65.3 69.3 76.0 
LSD 0.05 3.1 3.0 3.1 2.4 

 
  The total microbial counts:   
 

Effects of different treatments on the total microbial counts, in rhizospheric soil of cucumber plants  
grown  under naturally infestation soil in plastic greenhouse conditions are shown in Table (7). In 2012 growing 
season, after four weeks of cucumber transplanting, the treatments of biocontrol agents amended nursery soil + 
composts amended soil,  showed the highest microbial density, where the total counts of fungi, bacteria and 
actinomycetes as CFU/g dry soil were in the range of (36.3 to 56.0 × 104), (81.3 to 114.7 × 107) and (19.3 to 
29.3 × 105) compared to the control treatment, being (41.3 × 104), (40.7 × 107) and (6.7 × 105), respectively.  
Data also showed that the soil amended by composts occupied significantly the second rank in microbial 
density, while the treatment of nursery soil amended with the fungicide Topsin M -70, showed the less one.  On 
the other hand, the same trend of data obtained during 2012 growing season were also true during 2013 growing 
season as shown in  Table (7). 

 
Vegetative growth parameters of cucumber plants: 
 
  Data in Table 8 showed that after four weeks of cucumber transplanting, the treatments of biocontrol 
agents amended nursery soil + composts amended soil, showed the highest cucumber vegetative parameters, 
where the plant height was in the range of 123.32 to 139.60 cm;  number of leaves per plant was in the range of  
16.6 to 23.0; leaf area was in the range of  253.44 to 266.98 cm2 and chlorophyll content was in the range of 
42.34 to 44.80 spad unit during the two growing seasons, compared to the control treatment, where the plant 
height recorded  71.98 and 72.68 cm,  number of leaves was 8.0 and 8.2 per plant, leaf area was 202.54 and 
202.78 cm2 and chlorophyll contents recorded 35.7 and 35.94 spad unit during the two growing seasons, 
respectivelly.Data also showed that the soil amended by composts significantly ranked the second while the 
treatment of nursery soil amended with the fungicide Topsin M -70, showed the less one.  
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Table 5. Effect of nursery soil amended with rhizospheric soil biocontrol agents and potted-soil amended with compost on cucumber dead 
plants (%) due to infection by root-rot.  

Treatment 

Dead plants (%) due to 

F. solani R. solani S. rolfsii P.ultimum 

Nursery soil Potted soil 
B. subtilis + compost A 20.0 18.7 24.0 24.0 
B. subtilis + compost B 18.7 17.3 24.0 22.7 
B. subtilis + compost C 22.7 21.3 28.0 26.7 
B. subtilis + compost D 24.0 22.7 29.3 28.0 
B. subtilis + compost E 21.3 20.0 26.7 26.7 
B. subtilis (nursery soil)      36.0 33.3 40.0 41.3 
B.megaterium + compost A 25.3 26.7 28.0 28.0 
B.megaterium + compost B 22.7 24.0 28.0 26.7 
B.megaterium + compost C 29.3 30.7 32.0 30.7 
B.megaterium + compost D 30.7 32.0 36.0 33.3 
B.megaterium + compost E 28.0 30.7 30.7 32.0 
B.megaterium  (nursery soil)      44.0 45.3 46.7 48.0 
P. fluorescens + compost A 12.0 12.0 16.0 13.3 
P. fluorescens + compost B 09.3 10.7 13.3 12.0 
P. fluorescens + compost C 16.0 16.0 17.3 16.0 
P. fluorescens + compost D 16.0 16.0 18.7 17.3 
P. fluorescens + compost E 14.7 16.0 17.3 16.0 
P. fluorescens (nursery soil)      30.7 32.0 33.3 40.0 
T. harzianum + compost A 21.3 17.3 24.0 20.0 
T. harzianum + compost B 18.7 16.0 22.7 18.7 
T. harzianum + compost C 22.7 18.7 26.7 24.0 
T. harzianum + compost D 25.3 20.0 29.3 25.3 
T. harzianum + compost E 22.7 18.7 25.3 21.3 
T. harzianum  (nursery soil)      37.3 36.0 40.0 42.7 
Compost  A (potted soil)      37.3 34.7 42.7 40.0 
Compost  B  (potted soil)      30.7 26.7 36.0 32.0 
Compost  C (potted soil)      44.0 38.7 48.0 49.3 
Compost  D (potted soil)      46.7 40.0 49.3 52.0 
Compost  E  (potted soil)             42.7 37.3 45.3 46.7 
Control 58.7 65.3 69.3 76.0 
LSD 0.05 3.0 3.0 3.3 2.7 

  
Table 6. Effect of different treatments on cucumber dead plants (%) due to infection by root-rot under natural  infection conditions in plastic 

greenhouse. 
Treatment Dead plants due to infection by root-rot 

Nursery Soil Dead plants (%) Reduction (%) 

Winter 2012 growing season 
- Compost A 05.0 74.6 
- Compost B 04.0 79.7 
- P.fluorescens 07.0 64.5 
- T.harzianum 07.3 62.9 
P.fluorescens - 07.0 64.5 
T.harzianum  - 06.3 68.0 

P.fluorescens 
Compost A 02.3 88.3 
Compost B 02.3 88.3 

T.harzianum 
Compost A 03.0 84.8 
Compost B 02.7 86.3 

P.fluorescens P.fluorescens 04.7 76.1 
T.harzianum  T.harzianum 04.7 76.1 
Topsin M-70 - 11.3 42.6 
Control 19.7 - 
LSD 0.05 0.9 - 
Winter 2013 growing season 
- Compost A 05.3 73.5 
- Compost B 04.3 78.5 
- P.fluorescens 07.7 61.5 
- T.harzianum 08.0 60.0 
P.fluorescens - 07.3 63.5 
T.harzianum  - 06.7 66.5 

P.fluorescens 
Compost A 03.0 85.0 
Compost B 02.7 86.5 

T.harzianum 
Compost A 03.3 83.5 
Compost B 03.0 85.0 

P.fluorescens P.fluorescens 05.0 75.0 
T.harzianum  T.harzianum 05.0 75.0 
Topsin M-70 - 11.7 41.5 
Control 20.0 - 
LSD 0.05 0.8 - 
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Table 7. Effect of different treatments on total counts of fungi, bacteria and actinomycetes (4 weeks after cucumber transplanting) under 
natural soil infestation conditions in plastic greenhouse. 

Treatment Total counts (CFU*/g dry soil) 

Nursery Soil Fungi Bacteria Actinomycetes 

Winter 2012 growing season 
- Compost A 45.3 078.0 18.7 
- Compost B 49.3 074.3 25.3 
- P.fluorescens 32.3 066.7 14.3 
- T.harzianum 45.3 049.3 10.7 
P.fluorescens - 27.3 068.0 15.0 
T.harzianum  - 40.7 051.3 11.3 

P.fluorescens 
Compost A 36.3 087.7 19.3 
Compost B 41.3 103.7 26.7 

T.harzianum 
Compost A 49.3 081.3 20.0 
Compost B 54.7 082.0 27.0 

P.fluorescens P.fluorescens 25.3 073.3 15.0 
T.harzianum  T.harzianum 46.7 053.3 12.0 
Topsin M-70 - 36.0 038.3 06.0 
Control 41.3 040.7 06.7 
LSD 0.05 2.3 3.2 1.7 
Winter 2013 growing season 
- Compost A 46.0 079.3 19.0 
- Compost B 50.0 078.7 25.3 
- P.fluorescens 31.3 065.3 13.7 
- T.harzianum 43.7 049.0 10.3 
P.fluorescens - 28.7 068.3 15.7 
T.harzianum  - 41.0 051.0 11.3 

P.fluorescens 
Compost A 36.7 086.3 17.7 
Compost B 40.7 103.7 24.7 

T.harzianum 
Compost A 49.7 084.7 21.3 
Compost B 54.7 083.3 27.3 

P.fluorescens P.fluorescens 25.3 074.7 15.3 
T.harzianum  T.harzianum 46.3 052.7 12.3 
Topsin M-70 - 41.3 041.3 07.0 
Control 31.3 041.3 07.0 
LSD 0.05 2.4 1.7 1.6 

(*):The real number of CFU is multiplied by 104 for fungi, 107 for bacteria and 105 for actinomycetes in one gram dry soil.  
 
Table 8. Effect of different treatments on some vegetative parameters of cucumber plants (Parcoda cv.) at 30 days after transplanting under 

natural soil infestation conditions in plastic greenhouse. 
Treatment Vegetative growth parameters 

Nursery Soil 
Plant height(cm) No. of leaves/ plant Leaf area 

(cm2) 
Chlorophyll 
(Spad units) 

Winter 2012 growing season 
- Compost A 111.24 13.4 228.30 42.54 
- Compost B 110.94 12.8 228.56 42.20 
- P.fluorescens 082.52 11.2 214.18 37.82 
- T.harzianum 081.80 10.4 214.04 37.86 
P.fluorescens - 097.80 12.0 215.60 39.10 
T.harzianum  - 088.64 11.4 216.44 38.24 

P.fluorescens 
Compost A 125.72 19.4 254.18 44.16 
Compost B 126.22 20.2 256.06 44.00 

T.harzianum 
Compost A 123.32 16.6 253.44 42.34 
Compost B 125.50 17.4 256.98 43.34 

P.fluorescens P.fluorescens 108.86 12.0 228.84 40.60 
T.harzianum  T.harzianum 108.60 12.2 228.66 40.42 
Topsin M-70 - 072.40 09.4 203.44 35.56 
Control 071.98 08.0 202.54 35.78 
LSD 0.05 1.5 0.8 1.2 0.7 
Winter 2013 growing season 
- Compost A 112.04 13.2 228.54 42.62 
- Compost B 112.26 13.0 229.56 42.38 
- P.fluorescens 82.60 11.0 214.18 37.86 
- T.harzianum 81.94 10.4 214.18 38.00 
P.fluorescens - 98.56 12.0 215.74 39.34 
T.harzianum  - 88.26 11.2 216.82 38.40 

P.fluorescens 
Compost A 126.08 19.4 254.48 44.60 
Compost B 127.10 20.6 256.60 44.60 

T.harzianum 
Compost A 123.50 17.0 253.64 42.74 
Compost B 125.76 17.8 257.44 43.66 

P.fluorescens P.fluorescens 108.88 12.0 228.90 40.80 
T.harzianum  T.harzianum 108.78 12.2 228.78 40.42 
Topsin M-70 - 076.76 10.0 203.50 35.68 
Control 072.68 8.2 202.78 35.94 
LSD 0.05 1.8 0.7 1.3 0.8 
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Cucumber yield: 
 

Data in Table 9 revealed that the treatment with compost (A) and/or compost (B), increased the 
cucumber yield by the rang of 22.7 to 25.9%, over the control treatment, during the two growing seasons. 
Meanwhile, The treatments of biocontrol agents amended nursery soil and composts amended soil increased the 
cucumber yield by the rang of  25.7 to 38.1%, over the control treatment, during the two growing seasons, while 
the treatment of Topsin-M70, increased the cucumber yield by the rang of  19.0 and 20.8%, over the control 
treatment,  during the two growing seasons. 
 
Table 9. Effect of compost and biocontrol agents amended soil or combinations between them on cucumber (Parcoda cv.) yield under 

plastic greenhouse conditions. 
Treatment Cucumber yield (kg/m2) 
Nursery Soil Yield Increase to control (%) 
Winter 2012 growing season 
- Compost A 13.36 23.7 
- Compost B 13.20 22.7 
- P.fluorescens 12.76 19.7 
- T.harzianum 12.80 20.3 
P.fluorescens - 12.90 20.9 
T.harzianum  - 12.90 20.9 

P.fluorescens 
Compost A 13.83 26.2 
Compost B 13.93 26.8 

T.harzianum 
Compost A 13.73 25.7 
Compost B 13.80 26.1 

P.fluorescens P.fluorescens 13.00 21.5 
T.harzianum  T.harzianum 13.00 21.5 
Topsin M-70 - 12.60 19.0 
Control 10.20 - 
LSD 0.05 0.1 - 
Winter 2013 growing season 
- Compost A 13.50 25.9 
- Compost B 13.36 25.1 
- P.fluorescens 12.73 21.4 
- T.harzianum 12.80 21.9 
P.fluorescens - 12.90 22.4 
T.harzianum  - 12.86 22.2 

P.fluorescens 
Compost A 13.90 28.1 
Compost B 14.00 28.6 

T.harzianum 
Compost A 13.80 27.5 
Compost B 13.90 28.1 

P.fluorescens P.fluorescens 13.00 23.1 
T.harzianum  T.harzianum 13.20 24.2 
Topsin M-70 - 12.63 20.8 
Control 10.00 - 
LSD 0.05 0.2 - 

 

Discussion 
 
        Cucumber plants, grown under protected cultivation conditions, highly infected with damping-off and root-
rot diseases caused by P. ultimum, S. rolfsii, R. solani and F. solani (El-Shahawy, 2014). Results of the present 
study in vitro, revealed that different biocontrol agents isolated from cucumber rhizosphere, i.e. P. fluorescens, 
B. subtilis, B. megaterium and T. harzianum showed antagonistic potential against root-rot pathogens. These 
results are in agreement with those recorded by Scherwinski et al. (2008), who reported that biocontrol strains 
can be isolated from rhizospheric soil. The rhizosphere is a region populated by several beneficial 
microorganisms and is thought to be a region of first line of defense for roots against attack by pathogenic fungi 
(Aris et al., 2011). In this regards, Chakraborty and Chatterjee (2007) found that T. harzianum strains produces 
chitinase protein which showed clear hyphal lysis in in vitro observations. Also, B. subtilis and P. fluorescens 
showed inhibition zones against R. solani, Colletotrichum truncatum, S. sclerotium, M. phaseolina, Phomopsis 
spp., P. aphanidermatum, F. verticilloides, F. equiseti, F. solani, F. oxysporum and F. oxysporum f.sp. 
lycopersici under in vitro conditions (Devi et al., 2011and Vethavalli & Sudha 2012).  
         In the present study, the biocontrol agents were able to produce chitinase and β.1,3-glucanase enzymes. 
The findings reported by Diby et al. (2005) conifermed the results recorded here. They found that the 
antagonists,  P. fluorescens,  B. subtilis and Trichoderma spp. produced mycolytic enzymes, viz. chitinase and 
β.1, 3-glucanase.    
         In the present study, all biocontrol agents had the ability to promote cucumber seedling growth and 
colonize cucumber roots in vitro. Successful root colonization by a biocontrol agent is important for two 
reasons: first, it is a prerequisite for successful expression of other biocontrol mechanisms, and second, it can act 
as a biocontrol mechanism in its own right, since the biocontrol agent might occupy ecological niches on roots 
that might otherwise be colonized by pathogens (Khalid et al., 2004). Growth promotion resulted by the 
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biocontrol agents isolates may be due to thier PGPB effect. Plant growth-promoting bacteria (PGPB) promote 
plant growth in two different ways. First, they directly affect the metabolism of the plants by providing 
substances that are usually in short supply. These bacteria are capable of fixing atmospheric nitrogen or 
solubilizing phosphorus and iron and producing plant hormones such as auxins, gibberellins, cytokinins, indole 
acetic acid (IAA) and ethylene. One or more of these mechanisms may contribute to the increases obtained in 
plant growth and development that are higher than normal for plants grown under standard cultivation 
conditions. A second group of PGPB, referred to biocontrol PGPB, indirectly promote plant growth by 
preventing the deleterious effects of phytopathogenic microorganisms (bacteria, fungi, and viruses). They 
produce substances (siderophores, β-1,3-glucanases, chitinases, antibiotics and cyanide) that harm or inhibit 
other microbes but not plants, by limiting the availability of iron to pathogens (production of siderophores) or by 
altering the metabolism of the host plant to increase its resistance to pathogen infection. Biocontrol PGPB can 
also possess traits similar to PGPB, e.g. they may fix nitrogen or produce phytohormones (Khalid et al., 2004). 
On the other hand, Trichoderma spp. are thought to promote plant growth by at least two different mechanisms: 
(i) by controlling the population of pathogenic microorganisms in the rhizosphere (Benitez et al., 2004), and (ii) 
by influencing plant physiology through mineral solubilization or hormone secretion (Blanchard and Bjorkman, 
1996).  
        In greenhouse experiment, our results showed that cucumber seeds sown in soil previously treated with 
biocontrol agents, i.e B. subtilis, B. megaterium P. fluorescens and T. harzianum as nursery soil application for 
production cucumber transplants were transferred to potted soil infested with root-rot pathogens and amended 
with different compost type, reduced cucumber dead plants (%) due to infection by root-rot more strongly than 
did in individual treatments. This may be due to the strong colonization of biocontrol agents during nursery 
period (18-days) plus compost potted soil amendments which reduced the inoculum potential of root-rot 
pathogens. The results are consistent with the findings obtained by El-Mougy et al. (2013), they demonstrated 
the use of antagonistic microorganisms (T. viride, P. fluorescens and B. subtilis) and organic amendments 
against various soilborne fungal pathogens.  
       Under protected cultivation conditions in plastic greenhouse, all treatments significantly decreased 
cucumber dead plants (%) due to infection by root-rot under natural soil infestation conditions. It was observed 
that the combinations between nursery soil treatments with biocontrol agents plus soil amended with composts 
gave the highest reduction in cucumber dead plants (%). Our results postulated that nursery soil treatments with 
biocontrol agents protected the seedlings from pathogens invasion after transplanting by highly colonized the 
root systems. In addition, soil amended with composts increased the total microbial activity in the soil and 
enhanced general suppression of pathogens by increasing competition for nutrients. These results are in 
harmony with those obtained by Estrella et al. (2007) and El-Mougy et al. (2013).  

The soil biological properties evaluated in this study were modified after treatments. Composts are an 
important source of nutrients usable by the microorganisms. As a consequence, composts amendments generally 
enhance the development of the microflora and increase the global activity of the soils. On the other hand, 
compost (A) and compost (B) have highly microbial biomass of fungi, bacteria and actinomycetes which 
enrichments the soil microflora (El-Shahawy, 2014).  

The incorporation of the composts into the soil one month before transplanting plus transplanting 
cucumber transplants previously grown in soil treated with T. harzianum and P. fluorescens as nursery soil 
treatments increased the values of plant growth parameters at one month after transplanting. On the other hand, 
all treatments increased the cucumber yield by 19.0 to 36.8%, over the control treatment. This may be due to the 
nutritional contents and high microbial contents of compost A and compost B especially gram-positive and 
gram-negative bacteria (El-Shahawy, 2014).  Also may be caused by biocontrol agents found in composts and/or 
nursery amendments. Our results are in harmony with those obtained by Sallam et al. (2008), who found that the 
formulation of Trichoderma spp. treatments enhanced yield of bean plants compared to the control. Bacterial 
biocontrol agents found in composts and/or nursery amendments enhanced the plant growth parameters by plant 
growth-promoting (PGPB) effects. Fungal biocontrol agents found in composts and/or nursery amendments 
enhanced the plant growth parameters by plant growth-promoting (PGPF) effects. Plant growth-promoting fungi 
(PGPF) improved plant growth and productivity in many crops such as cucumber (Yedidia et al., 2001). 
Trichoderma spp. influence plant growth through numerous mechanisms, which mainly include enhancing the 
solubilization of soil nutrients (Kapri and Tewari 2010), increasing root length and number of root hairs to 
explore larger spaces of soil to absorb nutrients (Samolski et al., 2012) and improving the production of plant 
stimulatory compounds, such as growth hormones, i.e. indole acetic acid, cytokinin, gibberellins, and zeatin 
(Contreras et al., 2009). Promotion of plant growth by Trichoderma spp. may also result from their secretion of 
antifungal substances, such as iron chelators (siderophore) and hydrogen cyanide (Ushamailini et al., 2008), 
which can protect plants from infection by phytopathogens. 
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