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ABSTRACT 

Faba bean is one of the most economic winter pulse crops in Egypt, being cultivated under 
different soil properties. This research was carried out in order to solve some problems related to 
fertilization and soil-borne diseases.  Rhizoctonia solani and Fusarium  oxysporum are associated with 
root-rot and wilt symptoms of faba bean plants. The potential of some organic soil amendments  
(humic and fulvic acids individually or in combination) and biocontrol agents (Trichoderma 
asperellum, Serratia marcescens, cyanobacteria mixture  and Saccharomyces cerevisiae individually 
or in combination) were compared with the fungicide Topsin M-70® for controlling root-rot and/or 
wilt diseases and their effects on soil properties and growth  of faba bean plants . Under greenhouse 
and field conditions, all the tested biocontrol agents significantly reduced root-rot and wilt incidence 
and increased the percentage of survived plants. Consortium of T. asperellum, S. marcescens, 
cyanobacteria and S. cerevisiae was more effective in controlling root-rot and wilt diseases than their 
individuals followed by S. marcescens and T. asperellum treatments. The combination between 
biocontrol agents or organic acids gave the best results for growth parameters and seed yield of faba 
bean as well as soil properties. The NPK availability  increased under biocontrol agents especially 
mixed treatment than other treated acids .The availability of N and k significantly  increased under all 
investigated treatments specially N , while P  showed no clear trend , except the mixture of biocontrol 
agents or  acid treatments . Soil organic matter content insignificantly increased, while the EC values 
show decreased. The pH values slightly decreased under all investigated treatments especially under 
consortium of microorganisms followed by T. asperellum. The best soil aggregation was observed 
under the mixture of cyanobacteria. In conclusion, the application of biocontrol or organic acids 
mixture may be helpful to improve soil water penetration, aeration, and nutrients availability and 
consequently reflected on faba bean yield productions as well as controlling root- rot and wilt 
diseases.    

  
Keywords: Biocontrol agents, organic amendments, faba bean, root rot, wilt, disease Rhizoctonia 

solani, Fusarium  oxysporum , soil properties 

 
Introduction 

Faba bean (Vicia fabe L.) is used as an important human food in developing countries and as an 
animal feed, mainly for pigs, horses, poultry and pigeons in industrialized countries. Feeding value of 
faba bean is high and this legume has been considered as a meat extender or substitute due to its high 
protein content (20 - 41 %) (Chavan et al., 1989). Root rot and wilt diseases caused by several soil 
borne fungal pathogens are wide spread and serious in many crops cultivated in different soil types. 
Faba bean is subjected to attack by many pathogenic organisms wherever the crop is grown. Several 
root rot and wilt pathogens such as R. solani and F. oxysporum are reported to attack faba bean roots 
and stem base causing serious losses in seed germination and plant stand as well (Abdel-Kader et al., 
2011).  Wilt caused by F. oxysporum a soil borne pathogenic fungus, is considered as one of the 
constraints responsible for 50-100 % crop losses resulting in low productivity due to early wilting 
(Haware and Nene, 1980, 1982). Several attempts to control root rot and wilt diseases could be 
accepted. However, fungicides are one of several factors involving in environmental pollution, in 
spite of their satisfactory results in the control of plant diseases. In addition, control of disease with 
fungicides has proven very difficult, and almost all fungicides are effective only at phytotoxic levels 
(Jarvis, 1988). Recently, the growing concern over the use of pesticides to human health and 
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environment has brought increasing interest in the use of alternatives characterized with negative 
impact on the environment. An alternative to fungicidal application, it may be possible to utilize a 
scheme of inducible plant defenses which provides protection against a broad spectrum of disease-
causing organisms. Biological control is an environmentally acceptable alternative to existing 
chemical control against soil-borne pathogens as well as wilt disease (Harman et al., 2004 and Eziashi 
et al., 2007). One of the most important biocontrol agents is Trichoderma spp.; that is the most 
frequently isolated soil fungi and present in plant root ecosystems (Harman et al., 2004). Trichoderma 
spp., also, are commercially marketed as bio-pesticides, bio-fertilizers and soil amendments. The use 
of Trichoderma fungi in agriculture can provide numerous advantages such as colonization of the root 
and rhizosphere of plant, control of plant pathogens by different mechanisms as parasitism, antibiosis   
and inducing systemic résistance, improvement of the plant health by promotion of plant growth and 
stimulation of root growth (Harman et al., 2004). Several species of Trichoderma have been found to 
improve soil properties (Kaiser et al., 1992, Subhendu and Sitansu, 2007). The chemical properties 
that may be altered by soil amendments include soil fertility and pH. The physical properties of soil 
that are improved by amendments include soil structure, porosity, and water-holding capacity. Poor 
soil physical characteristics directly constrain root growth and in turn may have direct effect on 
microbial rhizosphere inhabitants.  

Common seed-borne fungi of faba bean can be controlled by the seed treatment with bread 
yeast before sowing in the soil (Zhang et al., 2003 and Elwakil et al., 2009b). The soil-borne 
pathogenic fungus F. oxysporum was suppressed by using Saccharomyces cerevisiae as biocontrol 
agent of sugar beet plants (Shalaby and El-Nady, 2008). Yeasts possess many features which make 
them eligible as biocontrol agents. They have simple nutritional requirements; the capacity to grow in 
fermenters on inexpensive media; the ability to survive in a wide range of environmental conditions 
and no production of anthropotoxic compounds (Wilson and Wisniewski, 1989). Algae, is one of the 
chief biological agents that have been studied for the control of plant pathogens, particularly soil 
borne fungi (Abdel-Kader, 1997 and Hewedy et al., 2000).  Cyanobacterial biomass is an effective 
bio-fertilizer source to improve soil physicochemical characteristics such as water-holding capacity 
and mineral nutrient status of the degraded lands. Recently, it has been proposed that cyanobacteria 
could be the vital bioagents in ecological restoration of degraded lands (Singh, 2014). Cyanobacteria 
are also useful for wastewater treatment, and have the ability to degrade the various toxic compounds 
even the pesticides (Cohen, 2006).  Cyanobacteria can contribute to about 20– 30 kg N ha−1 as well as 
the organic matter to the soil, quite significant for the economically weak farmers unable to invest for 
costly chemical nitrogen fertilizer (Issa et al., 2014). This is due mainly to a number of cyanobacteria 
and eukaryotic algae, particularly macroalgae, that produce various biologically active compounds, 
those could operate in biological control of plant pathogens (Kulik, 1995 and Schlegel et al., 1998). 
These biologically active compounds include antibiotics and toxins (Frankmolle et al., 1992a, b and 
Kiviranta et al., 2006). A new biocontrol agent viz., S.  marcescens appears to be an ideal agent for the 
control of R. solani and F. oxysporum as it is known to survive in the rhizosphere of plants grown 
under inundated conditions, as well as in the phyllosphere of many plants (Akutsu et al., 1993). 
Serratia marcescens produces chitinolytic enzymes, which causes degradation of the fungal cell 
walls, induction of plant defense reaction and certain antifungal low molecular weight molecules 
(Someya et al., 2000). Humic and fulvic acid preparations were reported to increase the uptake 
of mineral elements (Maggioni et al., 1987; De Kreij and Basar, 1995 and Mackowiak et al., 2001), 
promoted the root length (Vaughan and Malcolm, 1979 and Canellas et al., 2002) and increased the 
fresh and dry weights of crop plants ( Chen et al., 2004a, b).  Due to positive effect of humic 
substances on the visible growth of plants, these chemicals have been widely used by the growers 
instead of other substances such as pesticides.  

The benefits of humic acid include: i) addition of organic matter to organically-deficient soils, 
ii) Increased root vitality, iii) Improved nutrient uptake, iv) Increased both water and fertilizer 
retention uptake, vi) Better formation and stability of aggregates, and vii) Stimulate beneficial 
microbial activity (Wahdan et al., 2006 and Eldardiry et al., 2012). Soil microbes can handle the 
following important functions : i) recycling soil nutrients availability in organic form , ii) Improving 
soil  structure by producing different biochemical , iii) Alleviating salt stresses on plant growth and 
yield production, and iv ) Increasing crop productivity and sustained soil management of soil fertility 
(El-khadrawy , 2018).   

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=mineral+elements
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The objectives of the present study aims to evaluate some organic amendments and/or 
biocontrol agents for controlling root-rot , wilt diseases , their effects on soil properties and growth of 
faba bean plants under greenhouse and field conditions.  Also, the efficiency of biocontrol agents for 
producing plant growth promoting were investigated. Such of these treatments may be used as a part 
of integrated disease management for field crops in order to reduce the use of fungicides and chemical 
fertilization.  

 
Materials and Methods 
 
1-Materials:  
 
1.1 -Source of faba bean seeds:  

Faba bean (V. fabae L.) cultivar Giza-3 used in this study, was obtained from Legume Crop 
Research Department, Field Crop Res. Inst., Agric. Res. Center, Egypt.  

 
1.2- Fungal Pathogens and preparation of  inocula: 
       The fungi Rhizoctonia solani and Fusarium oxysporum were kindly provided by Legume and 
Forage Disease Research Department, Plant Pathology Research Institute, Agricultural Research 
Centre, Giza, Egypt. The fungi were isolated from naturally infected faba bean plants, showing 
damping off and wilt symptoms. Their pathogenicity were previously confirmed and identified on the 
basis of cultural properties as well as microscopic and morphological characters according to Booth 
(1971) and Sneh et al. (1991).  

Inocula of R. solani and F. oxysporum were prepared by growing the fungi in 500 cc glass 
bottles containing 100 gram sterilized sorghum grains medium. The bottles were inoculated with 
actively growing (0.5 cm) four days old R. solani or seven days old F.  oxysporum cultures. Bottles 
were incubated at 25 ± 1°C for 18 days; vigorously shaken daily for the first 4 days to encourage more 
rapid and uniform colonization of the sorghum grains (Gaskill, 1968 and Leslie and Summerell, 
2006). 

 
1.3- Organic soil amendments:  

Fulvic and humic acids individually or in combination were used in this study at the rate  of  ½ 
ml /l (v/v) applied as seed treatment before sowing and after 30 days of planting applied as a foliar 
spray at a rate of 30  l/fed directly before irrigation . 
 
1.4- Biocontrol agents:  

Trichoderma asperellum, Serratia marcescens, cyanobacteria (Anabena oryza, Nostoc 
muscoum ) and Saccharomyces cerevisiae  were used individually or in combination were obtained 
from Microbiology Department soils water and environment Res. inst. ARC. Giza, 
1.4.1 - Preparation of S. cerevisiae and S. marcescens: 

Each of strain broth culture spore suspension at the rate of  (108 cfu/ml) was prepared for seed 
treatment   and 30 days of planting  applied as a foliar  spray at a rate of  20 l/fed. 

 
1.4.2 - Preparation of T. asperellum : 

The fungal strain was  refreshed from spore suspension in flashes containing  50 ml of yeast 
extract –dextrose broth (10g yeast + extract 10 g dextrose   and 1000 ml distilled water) and incubated  
at 100 rpm .28°C for 5-7 days. 

 
1.4.3-Cyanobactera strains: 

A. oryza, N. muscorum were maintained in BGII medium ( Rippka et al., 1979).  Cultures were 
incubated for 30 days in a growth chamber under continuous illumination (2000 lux) and temperature 
of 25 ± 2°C. 

   
2-Seed and soil treatments: 

Healthy uniformity seeds of faba bean were surface disinfected by immersion in sodium 
hypochlorite 1 % for 2 min, and washed several times with sterilized water, then left to dry on screen 
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cloth with paper towel underneath to absorb the excess water at room temperature for approximately 
two hours. Fungicide treatment: seed soaking was carried out to the disinfected faba bean seeds by 
applying the Topsin-M 70® 70 % WP (Thiophanate- methyl), at the recommended dose (1g/L) for 2 
hours. Root-nodule bacteria treatment: A Formulation of faba bean Bradyrhizobium sp. was kindly 
obtained from Biofertilizers Production Unit, Soils Water and Environment Res. Inst., (SWERI), 
Agric. Res. Centre (ARC), Giza, Egypt, was used to inoculate potting  soils (infested or not-infested 
with pathogenic fungi) or field soil. Five grams of Bradyrhizobium sp formulation were mixed in each 
pot during sowing or mixed with approximately 50 kg of moistened fine sandy soil and added to field 
soil into the seed furrow during sowing, at the rate of 800 g  Bradyrhizobium formulation / feddan. 
The disinfected faba bean seeds were soaked in sterilized water for 2 hours previous of sowing then 
air-dried for 15 min. prior to sowing time. 

 
3-Laboratory experiment:  
 
3.1-Antagonistic activity of humic and fulvic acids against pathogenic fungi: 

Non-sterilized humic and fulvic acids were examined against Fusarium oxysporum, and  
Rhizoctonia solani using diffusion method (Brock, 1973). Two wells (5mm diameter) using sterile 
cork bore were made equidistantly from each other in 9 cm Petri-dishes containing potato dextrose 
agar medium (PDA) supplemented with 0.05 % peptone and seeded with each of the pathogenic 
fungi. Then, 0.2 ml of fulvic and humic was transferred, respectively into each well using sterile 
micropipette. The plates were then incubated for four days old for R. solani or seven days old for F.  
oxysporum cultures at 30 °C before measuring the inhibition zone diameter (mm). 
 
3.2 - Antibiosis of biocontrol agents towards the  concerned fungal pathogen . 

Petri dishes containing PDA medium for algae and amended with peptone (3.0gL-1), CaCO3, 
(0.2 g L-1) and MgSO4 (0.2 g L-1) for bacteria and fungi. The plates were centrally inoculated with the 
pathogenic fungi. Five of tested biocontrol agents were cheeked into agar plate. Plates were incubated 
for four days old for R. solani or seven days old for F.  oxysporum cultures at 25-30°C and inhibition 
zone diameters were measured. 

 
3.3- Biochemical activities of bioagents 
 
3.3.1- Siderophores  production: 

TSA medium amended with 8-hydroxyquinoline (50 mg liter-1) to chelate trace ferric iron (Fe3+) 
in a form that is unavailable to most microorganisms and thus 8 hydroxyquinoline proved to be an 
effective selective agent for siderophore-producing microorganisms (Alexander and Zuberer, 1991). 
Plates of TSA medium were inoculated with filter paper disc saturated with freshly grown bioagents 
cultures and incubated at 28oC for 8 days. Organisms grown on TSA medium were considered 
positive for siderophoric compounds production. 
 
3.3.2-  Hydrogen  cyanide production: 

For qualitative determination of HCN from glycine by antagonistic bioagents, the cultures 
showing biocontrol potential against pathogens were streaked on RBA medium supplemented with 
glycine (4.4 g L-1) in triplicates. Inoculated plates were inverted and a strip of sterilized filter paper 
Whatman no.1 saturated with 0.5 % picric acid in 2 % (w/v) sodium carbonate was placed in the 
upper lid. The plates were then sealed with parafilm in order to contain gaseous metabolites produced 
by the antagonists and to allow for chemical reaction with picric acid present in the filter paper 
padding and incubated at 28oC for 24-72 hr. A change in filter paper colors from yellow to orange-
brown indicate production of HCN. Yellow, limit cyanide production; orange, moderate cyanide 
production ; light brown,  relatively high cyanide production and brown , high cyanide production 
(Lorck ,2004). 

 
3.3.3- Ammonia  production: 

Biocontrol agents were tested for the production of ammonia in peptone water. Freshly grown 
cultures were inoculated in 10 ml peptone water in each tube and incubated at 28oC for 48-72 hrs. 
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Nessler’s reagent (0.5 ml) was added in each tube. Development of brown to yellow colour was a 
positive for ammonia production and optical density (O.D) was measured at wavelength 425 nm 
(Cappuccino  and Sherman, 2005). 
 
3.3.4-P-solubilization 

Phosphate  solubilization ; Pikovskaya’s (PKV) agar medium was used for screening of 
phosphate solubilizing  agents, PKV agar plates were inoculated with the selected biocontrol agents 
and kept in incubator at 30 °C  for 4-5 days. After incubation, biocontrol agents showing clear zones 
were considered phosphate solubilizers and solubilization efficiency was measured according to 
Nguyen et al. (1992). 

 

  Solubilization efficiency (%)   = 
Solubilization diameter  x  100 

Growth diameter 
 
3.4- Quantitative determinations of plant growth promoting substances in culture 
media: 

Biocontrol agents which antagonized root rot fungi were further tested for their capabilities to 
produce plant growth promoting substances such as indole-3-acetic acid and gibberellins in culture 
media. 

 
3.4.1- Extraction: 

Production of indole-3-acetic acid (IAA) by different agents was investigated by the 
method of Xin et al. (2009). Culture cultivated for 1–2 days on YM agar at 25oC was 
inoculated in 50 mL of yeast extract peptone dextrose (YPD) broth (10 g/L yeast extract, 2 
g/L peptone and 2 g/L dextrose) supplemented with 1 g/L L-tryptophan in a conical flask 
(250 ml-capacity) and incubated on a shaker at 30 ± 2oC and 150 rpm for 7 days in darkness. 
The culture broth was centrifuged at 8,000 rpm for 5 min and the supernatant was collected 
for determination of IAA concentration. For extraction of total gibberellins, the supernatant 
(30 ml) was adjusted to pH 8.6 with 1 % NaOH and extracted 3 times with equal volumes of 
ethyl acetate. The aqueous phases were adjusted to pH 2.8 with 1 %  HCl and extracted 3 
times with equal volumes of ethyl acetate (acid fractions) and the remaining aqueous phase 
was discarded. (Shindy and Smith, 1975). 

 
3.4.2 - Determination of Indole acetic acid 

One mL of supernatant was mixed with 1 mL of Salkowski reagent (12 g/l FeCl3 and 7.9 M 
H2SO4 (Glickmann and Dessaux, 1994), and the intensity of pink color developing in the mixture after 
30 min was quantified with a spectrophotometer at a wavelength of 530 nm. Calibration curve using 
pure IAA was established for calculation of IAA concentration. Growth was determined as dry weight 
by drying cells after centrifugation at 70oC until constant weight. 

 
3.4.3- Determination of total gibberellins  

Gibberillic acid was determined using 1 mL ethyl acetate acid fraction and 1 mL HCl   added 
followed by 1 mL Folin Denis's reagent and 3 mL water, and mixed in a vortex. The test tubes were 
put in a boiling water bath for 5 minutes, then left to cool at room temperature. The absorbance was 
measured at 750 nm according to the method of Udagwa and Kinoshita (1961). 

 
3.4.4- Extraction and determination of  aflatoxin  

Extraction and determination of  aflatoxin were  carried out in Mycotoxins and Food  Safety 
Control Laboratory National Research Center Egypt . Gumming mycelia were harvested by 
centrifugation, washed twice with phosphate buffer and used as seed inocula treatment and after 
planting 30 days all strains were presided by the Biofertilzer Unit Soil Water and Envi. Res. Inst. 
Giza, Egypt. 
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4 - Greenhouse experiment: 
A pot experiments was carried out in the greenhouse of Ismailia Agricultural Research Station, 

Agricultural Research Centre. Pots (30 cm in diameter) with a bottom drainage hole were sterilized by 
dipping in 5 % formalin solution for 15 minutes, and left for one week until complete formalin 
evaporation. Pots were filled with steam disinfested sandy clay soil 1:2 (v/v). Soil infestation was 
achieved by mixing the inoculum of R. solani or F. oxysporum with the soil at the rate of 2 % of soil 
weight (Papavizas and Davey, 1962). Sterilized un-inoculated grounded sorghum grains were added 
to the disinfested soil at the same rate as control. The infested soil was mixed thoroughly and watered 
every 2 days for a week before planting to stimulate the fungal growth and ensure its distribution in 
the soil. Five seeds of treated faba bean seeds, were sown in each pot and pots were irrigated. Four 
pots were used for each   treatment. All pots were irrigated when necessary and kept in a greenhouse. 
The treatments were as follows: (1)Fulvic acid; (2) Humic acid (3) Fulvic+ Humic mixture; 
(4)Trichoderma asperellum ; (5) Serratia marcescens ; (6) Cyanobacteria mixture ; (7) 
Saccharomyces cerevisiae ; (8) Combined treatment (T. asperellum + S. marcescens + cyanobacteria 
+ S. cerevisiae ) ; (9) Topsin M-70® ; (10) Infested control  and (11) Healthy control . Pots were 
arranged in the greenhouse in a completely randomized design with three replicates.  

 
5 - Disease assessment: 

The disease incidence (DI)  %  was determined by recording pre-emergence damping-off, post-
emergence damping off, root-rotted plants, wilted plants  and the percentage of survived plants  
after15, 30,  and 90 days of sowing, respectively according to the following formula : 

  Pre-emergence   (%) =               Total No. of un-germinated seeds x 100 
Total No. of planted seeds 

Post-emergence   (%) = 
Total No. of rotted seedlings x 100 

Total No. of planted seeds 
  

 Survived seedlings   = 

 

Total No. of planted seeds - (pre +post emergence + root rotted 
 and/ or wilted plants) 
 

Reduction or increasing (%) over the infected control was also calculated according  to the 
following formula : 
 

  Reduction or increasing (%) = 
DI of Control - DI of treatment x100 

DI of Control  
 
Percentages of early and late wilt were recorded after 30 and 90 days of sowing, respectively, while 
the number of the survived plants was recorded 120 days after sowing. Survived plants were 
examined by cutting longitudinally stem and root; survived plants are considered healthy when no 
visual evidence of the disease is observed. 
 
6 - Field experiments: 

The field experiments were carried out during the two winter growing seasons (2016/2017) and 
(2017/2018) at Ismailia Agricultural Research Station, Egypt, in field known to have root rot history. 
The disinfected faba bean seeds were treated by the same manner as in the greenhouse experiment. In 
the control treatment, seeds were soaked in distilled water. The field trial (30 plots) was designed in 
complete randomized block with three replicates (2×3 m2) in diameter. The field plot with four rows, 
each row contained 10 hills on the eastern side. 100 seeds of cv Giza- 3 were sown in each plot. All the 
recommended agricultural practices were applied. The treatments were as follows: (1)Fulvic acid; (2) 
Humic acid (3) Fulvic+ Humic; (4)Trichoderma asperellum; (5) Serratia marcescens; (6) 
Cyanobacteria mixture ; (7) Saccharomyces cerevisiae ; (8) Combined treatment (T. asperellum + S. 
marcescens + cyanobacteria + S. cerevisiae ) ; (9) Topsin M-70® ; (10) Water (control). The disease 
incidence (DI) % and percentage of wilt were determined as mentioned before. Also, all plots received 
superphosphate (15 % P2O5) at a rate of 200 Kg fed-1 before sowing. Nitrogen and potassium were 
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added in the form of ammonium nitrate (33.5 % N) and potassium sulfate (48 % K2O) at rates of  60 
and 50 Kg fed. -1, respectively. Ammonium nitrate was added as four split equal doses after 2, 4, 6 and 
8 weeks from sowing. While potassium was divided into two equal doses, the first was added at sowing 
and the second after 35 days from sowing. 

Ten random samples of faba bean plants were collected (from the inner rows) at harvest stage 
from each plot. Plant growth parameters of plant height (cm), number of branches, number of pods per 
plant, weight of one hundred seed and seed weight per plant were recorded as well as seed yield (ton/ 
feddan) were calculated. Surface soil samples (0-20 cm depth) were taken  before cultivation and  
after harvesting stage to determine pH, EC, SP, organic matter content and available macronutrients 
(N, P and K) according to Page et al. (1982). Some physical and chemical characteristics of soil, and 
the chemical properties of applied humic and fulvic acid are presented in Tables (1) and (2), 
respectively. Soil aggregates size distribution  (%)  was carried out according to Rouiller et al. (1972) 
and the soil aggregate  percentage  was calculated as the total differences between each fraction and 
it’s control except  the last two fractions which are  0.125 – 0.063  and < 0.063 mm . 

 
7 - Statistical analysis 

Completely randomized design (CRD) and randomized block design (RBD) were conducted in 
greenhouse and field experiments, respectively. The obtained data were subjected to computer 
statistical software (ASSISTAT) originated by Silva and de Azevedo (2009). Data analyzed using 
analysis of variance (ANOVA), and mean values were compared using Duncan’s multiple range test 
at a significance level of P ≤ 0.05. 
 
Table 1: Some characteristics of the experimental soil. 

pH* EC** 
dS/m. 

Soluble cations** (meq./l) 

  Ca++ Mg++ Na+ K+ 
7.84 0.45 1.23 0.75 1.63 0.55 

SAR ESP 
Soluble anions** (meq./l) 

CO3
= HCO3

- Cl- SO4
= 

1.64 1.14 0.0 1.01 2.68 0.47 
SP CaCO3 O.M % Available nutrients (mg/kg) 

21.23 6.95 0.38 
N P K 

13.85 9.30 62.6 
Particale size distribution (%)  

Coarse sand Fine sand Total sand Silt Clay Texture class 
55.60 34.03 89.63 4.57 5.80 sand 

pH* In suspension 1:25 
EC**(dS/m), and Soluble cations** and anions**(meq./l):In saturated paste extract 

  
  Table 2: Chemical properties of  humic and fulvic acids  

Characteristics Humic acid Fulvic acid 
PH 5.56 1.23 

EC (dSm-1) 6.52 4.61 
O.c (%) 9.50 4.20 

Total macronutrients (%) 
N 1.29 0.42 
P 0.25 0.15 
K 2.00 2.00 

 
Results 
 
1 - Laboratory experiments: 
  
1.1 - Effect of organic amendments and biocontrol agents on fungal growth of pathogenic fungi  

The biocontrol agents were in vitro evaluated for their antagonistic effects against the two  
pathogenic tested fungi  Fusarium oxysporum and Rhizoctonia solani. The results in Table (3) 
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indicate that Trichoderma asperellum and Serratia marcescens were found highly antagonistic to 
pathogens compared to other treatments.  
 
 Table 3: Diameter of inhibition  zone  (mm) . 

Treatments F. oxysporum R.  solani 
Fulvic acid + - 
Humic acid + + 
Serratia marcescens ++ ++ 
Anabena oryza + + 
Nostoc muscorum + - 
 Saccharomyces cervicia ++ + 
Trichoderma asperellum  +++ ++ 
+ = 1.0- 2.9 mm  ,   ++ = 3.0 – 5.9 mm ,  +++  ≥ 6.0 mm 

 
1.2- Effect of  organic amendments and biocontrol agents on plant growth promoting substances 
production .  

Results in Table (4) show that the  most biocontrol agents were able to produce GA, IAA and 
ammonia . A. oryza and N. muscorum were negative for siderophore .  Also, the tested biocontrol 
agents were  negative for HCN production expect S. marcescens . The ability of biocontrol agents to 
solubilize inorganic phosphate was performed on Pikorskaya agar plates. Meanwhile , the negative 
test of phosphate solubilization were observed under all biocontrol agents treatments except   S. 
cervicia  treatment which showed positive reaction. 

 
Table 4: Production of the plant growth promoting substances IAA, GA , siderophore , HCN, P –

Solubilization and ammonia . 

Bioagents 
IAA 

(mg/L) 
GA (mg/L) 

P- 
Solubilization 

(%) 

Ammonia 
(O.D) 

Siderophore HCN 

T. asperellum 121.93 205.3 0 0.075 + - 
S. marcescens 28.11 172.40 0 0.075 + + 
A. oryza 47.05 197.09 0 0.651 - - 
N. muscorum 26.2 111.75 0 0.532 - - 
S. cervicia 96.34 290.06 20 0.193 + - 

 
2 - Greenhouse experiment 
 
2.1. Effect of organic amendments and biocontrol agents on the incidence of faba bean root- rot  
and Fusarium  wilt diseases 

Results in Table (5 , A & B ) indicate that all treatments significantly increased survived plants 
compared to untreated control in case of artificial infestation by R. solani. The combined treatment of  
T. asperellum, S. marcescens, cyanobacteria mixture., and S. cerevisiae gave highest increase 
followed by S. marcescens and either fulvic acid, humic acid, S. cerevisiae, T. asperellum or Topsin 
M-70®. While, the combined treatment showed the highest effect in controlling wilt disease of faba 
bean plants compared to other tested treatments followed by S. marcescens, T. asperellum and humic 
acid, respectively. 

 
2.2-Effect of organic amendments and biocontrol agents on nodule numbers and dry weights of 
faba bean plants infested with F. oxysporum and R. solani: 

Results in Table (6) show that the highest values of the nodule numbers and dry weights   of 
faba bean were obtained by S. cerevisiae followed by cyanobacteria mixture. On the other hand,  F. 
oxysporum and R. solani treatments  inhibited the nodules of  infested control  as compare with 
healthy control. The highest values of numbers and dry weights of nodules were observed under  
fulvic acid, humic acid  and other microorganisms  than Topsin M-70® . 
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Table 5: Effect of organic amendments and biocontrol agents on the percentage of damping- off, 
root- rot and wilt diseases of faba bean plants grown in artificial infested soil by Rhizoctonia 
solani (A) or Fusarium oxysporum (B) under greenhouse conditions  

Treatments 

Damping- off 

Root rot  Survived 
plants 
(%) 

Increase  
(%) 

Pre-emergence Post- emergence 

Incidence 
(%) 

Reduction 
(%) 

Incidence 
(%) 

Reduction 
(%) Incidence 

(%) 
Reduction 

(%) 

           (A) R. solani: 
Fulvic acid (F) 5.0 de 83.40 10.0 b 50.0 5.0 a 50.0 80.0 bc 100.00 
Humic acid (H) 5.0 de 83.40 5.0 c 75.0 10.0 a 00.0 80.0 bc 100.00 
F + H 20.0 b 33.40 0.0 c 100.0 5.0 a 50.0 75.0 c 87.50 
S. marcescens (S.m.) 10.0 cd 66.70 0.0 c 100.0 5.0 a 50.0 85.0 bc 112.50 
Cyanobacteria mix (C.) 20.0 b 33.40 0.0 c 100.0 5.0 a 50.0 75.0 c 87.50 
S. cerevisiae (S.c.) 15.0 bc 50.00 0.0 c 100.0 5.0 a 50.0 80.0 bc 100.00 
T. asperellum (T.) 10.0 cd 66.70 0.0 c 100.0 10.0 a 00.0 80.0 bc 100.00 
S.m.+ C.+ S.C. +T. 5.0 de 83.40 0.0 c 100.0 5.0 a 50.0 90.0 ab 125.00 
Topsin M-70® 10.0 cd 66.70 0.0 c 100.0 10.0 a  00.0 80.0 bc 100.00 
Infested control 30.0 a - 20.0 a - 10.0 a - 40.0 d - 
Healthy control 0.0 e - 0.0 c - 0.0 a - 100.0 a - 

               (B) F. oxysporum 
Fulvic acid (F) 5.0 b 66.70 15.0 a 00.0 5.0 ab 50.0 75.0 d 25.0 
Humic acid (H) 5.0 b 66.70 0.0 c 100.0 5.0 ab 50.0 90.0 bc 50.00 
F + H 5.0 b 66.70 10 ab 33.40 5.0 ab 50.0 80.0 cd 33.40 
S. marcescens (S.m.) 5.0 b 66.70 0.0 c 100.0 5.0 ab 50.0 90.0 bc 50.00 
Cyanobacteria mix (C.) 15.0 a 00.00 5.0 bc 66.70 00.0 b 100.0 80.0 cd 33.40 
S. cerevisiae (S.c.) 0.0 b 100.0 0.0 c 100.0 15.0 a 00.0 85.0 bc 41.70 
T. asperellum (T.) 0.0 b 100.0 0.0 c 100.0 10.0 ab 00.0 90.0 bc 50.00 
S.m.+ C.+ S.C. +T. 0.0 b 100.0 0.0 c 100.0 5.0 ab 50.0 95.0 ab 58.40 
Topsin M-70® 0.0 b 100.0 5.0 bc 66.70 10.0 ab 00.0 85.0 bc 41.70 
Infested control 15.0 a  - 15.0 a - 10.0 ab - 60.0 e - 
Healthy control 0.0 b - 0.0 c - 00.0 b - 100.0 a - 
Means in each column followed by the same letter are not significantly different according to Duncan’s multiple range test, 
(p = 0.05). 

 
Table 6: Nodule characteristics of  faba bean plants infested with F. oxysporum and R. solani and 

treated with different biocontrol agents and organic amendments  
                 Treatments Number of nodules / plant  Dry weight of nodules g/plant 

F. oxysporum R. solani F. oxysporum R. solani 
Fulvic acid (F) 39 c 33 c 0.067 bc 0.069 def 
Humic acid (H) 32 d 37 bc 0.073 abc 0.070 def 
F + H 34 d 38 bc 0.090 abc 0.080 cd 
S. marcescens (S.m.) 41 bc 40 b 0.080 abc 0.087 c 
Cyanobacteria mix (C.) 45 b 38 bc 0.096 ab 0.110 b 
S. cerevisiae (S.c.) 50 a 53 a 0.110 a 0.140 a 
T. asperellum (T.) 33 d 37 bc 0.053 cd 0.060 f 
S.m.+ C.+ S.C. +T. mix 50 a 48 a 0.097 ab 0.079 cde 
Topsin M-70® 27 e 26 d 0.029 de 0.063 ef 
Infested control 0.0 g 0.0 f 0.000 e 0.000 h 
Healthy control   17 f 17 e 0.015 e 0.016 g 

Means in each column followed by the same letter are not significantly different according to Duncan’s multiple range test, 
(p = 0.05). 

 
3- Field experiments: 
 
3.1. - Effect of organic amendments and biocontrol agents on the incidence of faba bean root- rot 
and Fusarium  wilt diseases 

The  effects of organic  amendments and biocontrol agents compared with Topsin M-70® were 
evaluated in field  trials  during the winter seasons 2016-2017 and 2017- 2018. Results in Table ( 7, A 
& B) exhibited that most treatments  decreased the percentages of pre and post-emergence damping-
off and percentage of root- rotted and/or wilted plants compared with untreated control in the two 
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growing seasons. In the first season, all the tested treatments significantly increased the percentage of 
survived plants compared with the control and the highest increase percentage over the control was 
obtained from the combined treatment of T. asperellum, S. marcescens, cyanobacteria, and S. 
cerevisiae  followed by S. marcescens, T. asperellum and humic acid, respectively. Meantime, there 
were no significant differences between these treatments. The treatments of fulvic acid and S. 
cerevisiae were less effective regarding survived plants. In the second season, the highest increasing 
percentages over the control were obtained by S. marcescens  treatment  followed by the combined 
treatment of all . 

 
Table 7: Effect of organic amendments and biocontrol agents on the percentage of damping- off, 

root-rot and wilt  diseases of faba bean plants grown under field conditions during the 
growing  seasons 2016/2017 (A) and 2017/2018 (B). 

Means in each column followed by the same letter are not significantly different according to Duncan’s multiple range test, 
(p = 0.05). 
 

3.2 - Effect of organic amendments and biocontrol agents on growth parameters and yield of faba 
bean plants 

Organic amendments and biocontrol agents significantly improved growth parameters and yield 
compared to the untreated control in the two growing seasons (Table 8, A & B). Results indicate that, 
the maximum plant height was recorded with the combined treatment of T. asperellum, S. 
marcescens, cyanobacteria, and S. cerevisiae at the first season followed by humic and fulvic acids 
mixture and S. marcescens, respectively. There were no significant differences between these 
treatments. The maximum plant height was recorded with S. marcescens treatment followed by S. 
cerevisiae and T. asperellum at the second season with no significant differences. 

All treatments in both seasons significantly increased the number of branches as compared with 
untreated control. Highest significant increases in the number of branches per plant were recorded 
with the combined treatment of T. asperellum, S. marcescens, cyanobacteria, and S. cerevisiae at the 
first season followed by humic and fulvic acids mixture treatment and both of S. marcescens and/ or 
T. asperellum, respectively. While, in the second season, the combined treatment gave the highest 
increases in number of branches followed by either of S. marcescens or T. asperellum.  

All treatments significantly increased number of pods per plant as compared with untreated 
control except fungicide treatment. The maximum number of pods was recorded with the combined 
treatment for of T. asperellum , S. marcescens, cyanobacteria,  and S. cerevisiae  at the first season 
with no significant differences among them. The maximum numbers of pods were recorded by the 

Treatments 

Damping- off 
Root rotted  

plants  
Wilted 
plants 

Survived 
plants 

(%) 

Increasing 
(%) 

Pre-emergence Post- emergence 

Incidence 
(%) 

Reduction 
(%) 

Incidence 
(%) 

Reduction 
(%) 

Incidence 
(%) 

Reductio
n (%) 

Incidence 
(%) 

Reduction 
(%) 

A-Season 2016/2017 
Fulvic acid (F) 5.70 a 18.57 5.30 a 0.0 2.70 ab 46.0 3.30 ab 8.40 83.00 d 4.53 
Humic acid (H) 3.70 a 47.14 2.60 a 48.0 2.70 ab 46.0 2.00 ab 44.50 89.00 abc 12.00 
F + H 7.00 a 0.00 6.00 a 0.00 3.00 ab 40.0 3.60 a 0.00 80.40 de 1.26 
S. marcescens (S.m.) 5.00 a 28.57 1.30 a 74.0 1.30 b 74.0 1.70 ab 52.80 90.70 ab 14.23 
Cyanobacteria mix (C.) 5.70 a 18.57 1.60 a 68.0 4.70 ab 6.0 1.60 ab 55.60 86.40 c 8.80 
S. cerevisiae (S.c.) 6.40 a 8.57 2.60 a 48.0 2.00 ab 60.0 2.00 ab 44.50 87.00 c 9.57 
T. asperellum (T.) 5.70 a 18.57 1.60 a 68.0 1.30 b 74.0 2.00 ab 44.50 89.40 abc 12.60 
S.m.+ C.+ S.C. +T. mix. 4.00 a 42.85 1.00 a 80.0 2.30 ab 54.0 1.00 b 72.30 91.70 a 15.50 
Topsin M-70® 5.00 a 28.57 2.00 a 60.0 3.00 ab 40.0 2.00 ab 44.50 88.0 bc 10.83 
 Control 7.00 a - 5.00 a - 5.00 a - 3.60 a - 79.40 e - 

B- Season 2017/2018 
Fulvic acid (F) 9.40 ab  17.54 2.60 abc 39.53 1.60 ab 38.46 1.70 ab 0.00 84.70 g 5.34 
Humic acid (H) 5.30 c 53.50 2.30 abc 46.51 1.00 b 61.53 1.00 bc 23.0 90.40 cd 12.43 
F + H mixture 9.40 ab  17.54 4.0 ab 6.97 2.60 a 0.00 2.30 a 0.00 81.70 h 1.60 
S. marcescens (S.m.) 3.70 c 67.54 2.0 bc 53.48 1.30 ab 50.00 0.30 c 76.92 92.70 a 15.30 
Cyanobacteria mix (C.) 9.0 ab 21.00 1.60 c 62.80 1.00 b 61.53 1.00 bc 23.00 87.40 f 8.70 
S. cerevisiae (S.c.) 6.00 bc  47.36 2.30 abc 46.50 1.60 ab 38.46 1.40 abc 0.00 88.70 ef 10.32 
T. asperellum (T.) 3.60 c 68.42 2.60 abc 39.53 1.30 ab 50.00 1.60 ab 0.00 91.0 bc 13.20 
S.m.+ C.+ S.C. +T. mix 3.70 c 67.54 2.30 abc 46.50 1.30 ab 50.00 0.70 bc 46.20 92.0 ab 14.42 
Topsin M-70® 5.00 c 56.20 3.30 abc 46.50 1.00 b 61.53 1.30 abc 0.00 89.40 de 11.20 
 Control 11.40 a - 4.30 a - 2.60 a - 1.30 abc - 80.40 h - 
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combined treatment of T. asperellum, S. marcescens, cyanobacteria, and S. cerevisiae followed by   S. 
marcescens and T. asperellum, respectively . 

In the first season, the maximum seed weight per plant was recorded with the combined 
treatment of T. asperellum, S. marcescens, cyanobacteria, and S. cerevisiae. In the second season, the 
maximum seed weight per plant was recorded with the combined treatment followed by T. asperellum 
S. marcescens, Topsin M-70®, respectively. There were no significant differences between these 
treatments.  

In both seasons, all treatments increased the weight of one hundred seed as compared with 
untreated control. The combined treatment increased the weights and differed from the other 
treatments. 

All treatments significantly increased the seed yield as compared with untreated control. The 
maximum seed yield was recorded from the combined treatment followed by S. marcescens, humic 
and fulvic acids mixture and T. asperellum, respectively. Whereas, minimum seed yield was recorded 
by fulvic acid treatment. 

 
Table 8: Effect of organic amendments and biocontrol agents on growth parameters and yield of faba 

bean plants grown under field conditions during the growing seasons 2016/2017 (A) and 
2017/2018 (B). 

 
Treatments 

Plant 
height 
(cm) 

Branches 
number / 

plant 

Pods 
number 
/ plant 

Seed yield 
/ 

plant (g ) 

100 seed 
weight 

(g) 

Seed yield   
weight 
(Kg/ 

feddan) 
A-Season 2016/2017 

Fulvic acid (F) 73.0 ab 2.70 ab 12.0 ab 23.98 a 76.86 ab 733.30 g 
Humic acid (H) 73.0 ab 2.87 ab 11.93 ab 25.28 a 77.93 ab 916.70 e 
F + H mixture 75.70 a 3.07 a 13.70 a 26.0 a 80.86 ab 1033.35 b 
S. marcescens (S.m.) 75.40 a 2.94 ab 14.20  a       29.28a 80.93 ab 1066.0 c 
Cyanobacteria mix (C.) 69.40 b 2.26 bc 11.80 ab 22.40 ab 75.26 b 783. 35 f 
S. cerevisiae (S.c.) 70.60 ab 2.70 ab 11.46 ab 23.71 a 75.5 b 800.0 f 
T. asperellum (T.) 73.0 ab 2.94 ab 12.80 ab 25.48 a 77.93 ab 966.70 d 
S.m.+ C.+ S.C. +T. mixture 76.40 a 3.13 a 14.46 a 30.40 a 85.56 a 1116.65 a 
Topsin M-70® 68.70 b 2.60 ab 8.70 bc 21.54 ab 74.83 b 800.0 f 
 Control 63.40 c 1.80 c 6.27 c 14.0 b 73.53 b 700.0 h 

B- Season 2017/2018 
Fulvic acid (F) 74.47 c 4.14 b 13.0 bc 29.0 bc 88.0 bc 748.0 h 
Humic acid (H) 82.84 b 4.14 b 13.17 bc 31.45 bc 92.50 bc 929.20 e 
F + H mixture 85.60 ab  3.60 bc 14.50 bc 31.95 abc 95.0 b 1050.13 c 
S. marcescens (S.m.) 92.80 a 5.70 a 21.24 a 43.0 ab 96.14 b 1080.23 b 
Cyanobacteria mix (C.) 82.24 b 3.47 bc 13.27 bc 26.76 c 90.60 bc 790.41 g 
S. cerevisiae (S.c.) 88.90 ab 3.60 bc 13.94 bc 29.52 bc 89.70 bc 814.63 f 
T. asperellum (T.) 86.70 ab 5.70 a 19.0 ab 46.59 a 95.27 b 980.0 d 
S.m.+ C.+ S.C. +T. mixture 91.70 a 5.84 a 21.27 a 46.81 a 106.80 a 1120.30 a 
Topsin M-70® 71.17 c 3.27 cd 11.90 cd 25.85 c 88.0 bc 810.72 f 
 Control 59.47 d 2.60 d 6.57 d 19.88 c 84.57 c 706.82 i 
Means in each column followed by the same letter are not significantly different according to Duncan’s multiple range test, 
(p = 0.05). 

 
3.3 - Effect of biocontrol agents and organic amendments on soil fertility status:    

Results in Table (9) showed the availability of NPK-macronutrients (mg kg-1soil) in the studied 
soil under investigated treatments. The available nitrogen (N) values significantly enhanced  followed 
by the values of available potassium (K) by using biocontrol agents and /or organic soil amendments  
after first and second seasons .The  available nitrogen and potassium values  increased as compared 
with control from 13.85 to 16.80 and 15.50 (mg kg-1soil) , and  from 42.60 to 49.90 and 47.80 (mg kg-

1soil) by  using S. marcescens , cyanobacteria mixture  , S. cerevisiae and T. asperellum mixture  , and  
fulvic and humic acid mixture for first season ,respectively . While the respective values of second 
season were, 13.85 to 17.0 and 15.70 (mg kg-1soil), and from 42.60 to 55.01 and 51.00 (mg kg-1soil). 
The mixture of cyanobacteria increased the availability of nitrogen than organic soil amendments i.e. 
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fulvic , humic acid and /or mixture treatments . However, the used  treatments  could be arranged 
ascending  due to their  impacts on the availability of the nitrogen and potassium  as  follows : Topsin 
M-70® > Fulvic acid (F) > S. cerevisiae  (S.c.) > Humic acid (H) > T. asperellum  (T.) > F + H 
mixture > S. marcescens (S.m.) > cyanobacteria mixture (C.)  > S.m.+ C.+ S.C. +T. mixture , and  
Topsin M-70® > Fulvic acid (F) > S. cerevisiae (S.c.) > Humic acid (H) > T. asperellum (T.) > 
cyanobacteria mixture (C.) > F + H mixture > S. marcescens (S.m.) > S.m.+ C.+ S.C. +T. mixture , 
respectively . 

On the other hand, the available phosphorus not enhanced except the mixtures of biocontrol 
agents and organic amendments along the two seasons . 

 
Table 9: Effect of biocontrol agents and organic amendments on the availability of soils 

macronutrient contents.   
 
 

Treatments 

 
First  season (2016/2017) 

 

 
Second season (2017/2018) 

 
Available macronutrients 

(mg Kg-1soil) 
Available macronutrients 

(mg Kg-1soil) 
N P K N P K 

Fulvic acid (F) 14.30 ef 4.61 d 43.80 h 14.20 h 4.71 d 44.00 h 
Humic acid (H) 14.85 d 4.70 cd 44.61 f 14.95 e 4.90 bcd 44.80 f 
F + H mixture 15.50 b 5.10 b 47.80 c 15.70 c 5.30 a 51.00 c 
S. marcescens (S.m.) 15.78 b 4.90 bc 48.31 b 15.98 b 5.00 bc 48.50 b 
Cyanobacteria mix (C.) 15.99h 4.91 b 46.20 d 16.31 g 5.11 ab 46.70 d 
S. cerevisiae (S.c.) 14.50 e 4.65 d 44.30 g 14.77 f 4.86 cd 44.50 g 
T. asperellum (T.) 15.20 c 4.70 cd 45.62 e 15.40 d 4.90 bcd 45.72 e 
S.m.+ C.+ S.C. +T. mixture 16.80 a 5.40 a 49.90 a 17.00 a 5.30 a 55.01 a 
Topsin M-70® 13.80 g 4.35 e 42.50 i 13.70 i 4.35 e 42.71 i 
Control 13.85 g 4.30 e 42.60 i 13.85 i 4.30 e 42.60 i 
- Means in each column followed by the same letter are not significantly different  according to Duncan’s multiple range 
test, (p = 0.05). 

 
3.4 - Effect of biocontrol agents and organic amendments on soil OM, EC and pH 
       Data presented in Table (10) showed that,  organic matter content slightly or insignificantly 
increased under  biocontrol  agents  and  organic  amendments, and the significant increase as 
compared with control  was  observed under S. marcescens , cyanobacteria mixture  , S. cerevisiae 
and T. asperellum mixture. The same trend was obtained for EC values. Meanwhile, the soil pH 
values decreased under all biocontrol agents especially the mixture treatment followed by T. 
asperellum (T.) treatment. Also, results show a constant trend for  soil saturated percent (Sp) under all 
investigated treatments except the mixture of biocontrol  agents  and  organic  amendments which 
gave significant increases .Generally , the previous trend was more clear in second cultivated season 
than first one . 
 
Table 10. Effect  of  biocontrol  agents  and  organic  amendments  on  some   soils chemical 

properties . 
 

Treatments 
First  season (2016/2017) Second season (2017/2018) 

OM 
 (%) 

EC 
dSm-1 

pH OM 
 (%)  

EC 
dSm-1 

pH 

Fulvic acid (F) 0.39 ab 0.44 ab 7.70 bc 0.41 b 0.43 abc 7.60 b 
Humic acid (H) 0.39 ab 0.44 ab 7.56 cd 0.40 b 0.42 bc 7.53 c 
F + H mixture 0.40 ab 0.43 ab 7.44 de 0.42 ab 0.41 c 7.38 d 

S. marcescens (S.m.) 0.40 ab 0.44 ab 7.33 ef 0.42 ab 0.43 abc 7.29 e 
Cyanobacteria mix (C.) 0.40 ab  0.43 ab 7.30 ef 0.40 b 0.42 bc 7.19 f 
S. cerevisiae (S.c.) 0.39 ab 0.44 ab 7.60 cd 0.41 b 0.44 ab 7.51 c 
T. asperellum (T.) 0.39 ab 0.43 ab 7.30 ef 0.41 b 0.43 abc 7.10 h 
S.m.+ C.+ S.C. +T. mixture 0.41 a 0.42 b 7.20 f 0.43 a 0.42 bc 7.13 g 
Topsin M-70® 0.38 b 0.45 a 7.90 a 0.38 c 0.45 a 7.84 a 
Control 0.38 b 0.45 a 7.84 ab 0.38 c 0.45 a 7.84 a 
- Means in each column followed by the same letter are not  significantly different according to Duncan’s multiple range 
test, (p = 0.05). 
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3.5 - Effect of biocontrol agents and organic  amendments on  soil aggregate size  distribution  
          The distribution of different aggregate size classes showed marked variations associated with 
different  bio treatments (Table ,11). The highest significant values were obtained due to soil treated 
by cyanobacteria mixture followed by the mixture of S. marcescens, cyanobacteria mixture, S. 
cerevisiae and T. asperellum and followed by S. cerevisiae as  compared with control and /or other 
treatments for both seasons . The other biocontrol agents showed no evident trend. Generally, 
biocontrol agents slightly overcame organic amendments. The mixture of fulvic and humic acid gave 
the highest values than either separately.  The higher values of dry sieving aggregates size distribution 
(%) were occurred for those of 0.5 – 0.25 mm than other fractions and the lowest one are having 
diameter < 0.063 mm. 
 
Table 11. Effect  of  biocontrol  agents  and  organic  amendments  on  soil aggregate size  

distribution during the  growing  seasons 2016/2017 (A) and 2017/2018 (B). 

Treatments 

   Dry sieving aggregates size distribution   (%)  
Aggregates 

(%) 10 – 1  
mm 

1 - 0.5 
mm 

0.5 – 0.25 
mm 

0.25 – 0.125 
mm 

0.125 – 
0.063 mm 

 < 0.063 
mm 

A- Season 2016/2017 
Fulvic acid (F) 4.43 ef 22.30 e 44.12 cde 14.03 e 6.22 e  8.86 c 4.32 
Humic acid (H) 4.50 de 22.39 cd 44.20 C 13.79 e 6.13 d 8.99 bc 4.28 
F + H mixture 5.01 cd 22.77 cd 44.83 C 12.48 d 6.11 a 8.80 bc 4.49 
S. marcescens (S.m.) 4.27 de 22.20 cd 44.23 c  14.43 e 6.25 e 8.62 bc 4.53 
Cyanobacteria mix (C.) 6.92 a 23.77 a 45.83 A 10.65 a 5.19 de 7.73 a 6.48 
S. cerevisiae (S.c.) 5.65 bc 23.13 bc 45.25 b 11.67 c 5.80 c 8.50 bc 5.10 
T. asperellum (T.) 4.50 de 22.24de 44.31 cd 13.89 e 6.31 a 8.75 bc 4.34 
S.m.+ C.+ S.C. +T. mix. 6.78 ab 23.42 b 45.15 b 11.20 b 5.46 b 7.99 ab 5.95 
Topsin M-70® 3.49 f 21.95 f 42.23 de 13.17 f 8.05 f 11.11 d 0.24 
Control 3.47 f 21.94 f 42.18 e 13.01 f 8.02 g 11.38 d 0.00 

B - Season 2017/2018 

Fulvic acid (F)  4.35 e 22.36 e 44.24 de    14.24 c 5.95 e  8.86 e 4.59 

Humic acid (H) 4.33 e 22.45 d 44.31 d 14.24 cd 6.00 d 8.67 e 4.73 
F + H mixture 5.26 cd 22.67 cd 44.86 cd 12.20 b 6.36 c 8.65 cd 4.39 
S. marcescens (S.m.) 4.35 a   22.26bc 44.43 d 14.08 c 6.46 d 8.42 de 4.52 
Cyanobacteria mix (C.) 6.77 a  23.90 a 45.53 a 11.26 a 5.00 a 7.54 a 6.86 
S. cerevisiae (S.c.) 5.47 bc  23.26ab 45.15 bc 11.97 b 5.60 b 8.55 b 5.25 
T. asperellum (T.) 4.33 de  22.40d 44.16 de 13.91 c 6.28 d 8.92 c 4.20 
S.m.+ C.+ S.C. +T. mix. 6.78 b 23.55 ab 45.25 b  A11.27 5.34 b 7.81 b 6.25 
Topsin M-70® 3.51 F 21.96 f 42.31 e 13.05 d 8.03 f 11.40 f 0.23 
Control 3.47 F 21.94 f 42.18 e 13.01 d 8.02 f 11.38 f 0.00 

- Means in each column followed by the same letter are not significantly different according to Duncan’s  
multiple range test, (p = 0.05). 

 
Discussion 
           Root rot and wilt diseases caused by a number of soil pathogenic fungi (Rhizoctonia solani 
and Fusarium oxysporum) have became a common diseases of faba bean in Egypt. They cause 
considerable loss in the crop productivity and quality of seeds (Mazen et al., 2008 and Elwakil et al., 
2009a). Until now, traditional methods for controlling the disease by crop rotation, resistant varieties 
and fungicides are economically limited. In the research for alternatives to chemical treatments, 
biological control may be a useful tool (Elwakil et al., 2009b). The objective of this study was to 
investigate the efficiency of the organic amendments fulvic   and humic acids individually or in 
combination and biocontrol agents (T. asperellum, S. marcescens, cyanobacteria  and S. cerevisiae 
individually or in combination   compared with Topsin M-70® treatment for in vivo biological control 
of damping-off, root rot and wilt diseases and growth promoting of faba bean plants.  
 Seed and soil treatments with the mixture of T. asperellum, S. marcescens, cyanobacteria 
mixture. and S. cerevisiae enhanced resistance against damping- off, root-rot and wilt diseases caused 
by R. solani and F. oxysporum  followed by S. marcescens and T. asperellum treatments, respectively 
and highest percentages of survived plants under greenhouse and field conditions, besides suppressing 
the root-rot and wilt incidence, the application of integrated treatments increased the growth and yield 
significantly when compared to untreated control. In this respect, results clearly showed that S. 



Middle East J. Agric. Res., 7(4): 1727-1746, 2018 
ISSN: 2077-4605 

1740 

marcescens was found to be the most antagonistic to R. salani and Fusarium oxysporum. Hence, S. 
marcescens was selected for the subsequent studies .Several reports are available about the 
antagonistic effect of S. marcescens against various fungal pathogens (Akutsu et al., 1993; Iyozumi et 
al., 1996; El-Tarabily et al., 2000 and Someya et al., 2000). On the other hand, Someya et al. (2000) 
reported that cyclamen plants treated with S. marcescens resulted in reduced damping off incidence 
under greenhouse conditions. Also, Jaiganesh et al. (2007) observed that rice seeds treated with talc-
based formulation of S. marcescens showed lesser blast incidence. The antagonistic mechanisms of S. 
marcescens have been shown by Someya et al. (2000) who reported that S. marcescens produces 
chitinolytic enzymes, which cause degradation of the fungal cell walls, induction of plant defense 
reaction and certain antifungal low molecular weight molecules. 
     Furthermore, T. asperellum treatment had also a significant effect on root rot and wilt diseases 
reduction and significantly enhanced the vegetative and seed growth parameters of faba bean plants 
under greenhouse and field conditions, although, this treatment was less effective than the combined 
tratment and S. marcescens. Many authors reported that T. asperellum was effective and promising 
biocontrol agent in the control of several soil borne fungi, such as  Phytophthora drechsleri  and 
Phytophthora cryptogea (Moayedi and Mostowfizadea-Ghalamfarsa, 2010), Phytophthora capsici  
(Osorio-Hernández et al., 2011) and Fusarium oxysporum (Ommati and Zaker, 2012). Some 
Trichoderma species are able to increase the root system surface and improve nutrient availability, 
and in conjunction with it, increase plant growth, crop production and resistance to some diseases, 
enhancing the plants ability to resist biotic stresses (Harman et al., 2004; Lucon, 2009 and Liu et al., 
2016). From the control of Fusarium wilt in tomato with isolate from T. asperellum, researchers have 
observed that this antagonist has the potential to reduce the severity of the disease, as well as promote 
plant growth and increase nutrient uptake (Li et al., 2017). T. harzianum was demonstrated to be very 
efficient producer of a wide range of extracellular enzymes and some of these were implicated in the 
biological control of plant diseases (Almeida et al., 2007). Some Trichoderma biological control 
agents (BCAs) produce highly efficient siderophores that chelate iron and stop the growth of other 
fungi (Chet and Inbar, 1994). Substantial information provides support that the extraordinary capacity 
of T. harzianum to attack the structures of phytopathogenic fungi and sclerotial degradation by 
mycoparasitism which has been observed for R. solani (Almeida et al., 2007). Strains of Trichoderma 
are always associated with plant roots and root ecosystems. However, some authors have defined 
Trichoderma strains as plant symbiont opportunistic avirulent organisms, able to colonize plant roots 
by mechanisms similar to those of mycorrhizal fungi and to produce compounds that stimulate growth 
and plant defense mechanisms (Harman et al., 2004). Trichoderma strains that produce cytokinin-like 
molecules, e.g. zeatyn and gibberellin GA3 or GA3-related, have been detected (Benitez et al., 2004). 
Furthermore, strains of Trichoderma added to the rhizosphere protect plants against numerous classes 
of pathogens, e.g. those that produce aerial infections, including viral, bacterial and fungal pathogens, 
which points to the induction of resistance mechanisms similar to the hypersensitive response (HR), 
systemic acquired resistance (SAR), and induced systemic resistance (ISR) in plants (Harman et al., 
2004). 
        On the other hand, in case of organic amendments (fulvic acid and humic acid individually or in 
combination) data strongly suggest that humic acid treatment had also a significant effect on root-rot 
and wilt diseases reduction and significantly enhanced the vegetative and seed growth parameters of 
faba bean plants under greenhouse and field conditions compared with untreated control followed by 
fulvic acid and the mixture of humic and fulvic acids. It is evident from reviews by several 
investigators that humic and fulvic acids have been early recorded to have positive effects against 
plant pathogens and their cells biological activities (Vaughan et al., 1985; Hoitank and Fahy 1986 and 
Zhang et al., 1996). They directly or indirectly, play as a signal for inducing systemic resistance as 
proposed by Abd-El-Kareem (2007). Humic acid is a suspension, based on potassium humates, which 
can be applied successfully in many areas of plant production as a plant growth stimulant or soil 
conditioner for enhancing natural resistance against plant diseases and pests (Scheuerell and 
Mahaffee, 2004) which consequently increase yield of plant. Application of humic acid consistently 
enhanced antioxidants such as á-tocopherol, â-carotene, superoxide dismutases, and ascorbic acid 
concentrations in turf grass species (Zhang, 1997). These antioxidants may play a role in the 
regulation of plant development, flowering and chilling of disease resistance (Dmitrier et al., 2003). 
Humic acid increase the permeability of plant membranes and enhance the uptake of nutrients. 
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Moreover, humic acid is also considered to improve soil nitrogen uptake and encourage the uptake of 
potassium, calcium, magnesium and phosphorus, making them more mobile and available to plant 
root system (Piccolo et al., 1992). In this regard, Russo and Berlyn (1990) reported that humic 
substances (granular and liquid forms) can reduce plant stress that involved plant diseases as well as 
enhance plant nutrient uptake. In addition, fulvic acid can be used as a growth regulator by regulating 
endogenous hormone levels (Piccolo et al., 1992 and Frgbenro and Agboola, 1993). From the 
obtained results, it can be concluded that  treatment with the  T. asperellum , S. marcescens, 
cyanobacteria and S. cerevisiae followed by S. marcescens and  T. asperellum  as a seed and foliar 
spray  treatments  increased plant resistance against the infection by R. solani and/or F. oxysporum,  
improved plant growth, yield, accumulation of  antimicrobial substances such as phenolic compounds. 
Humic acid treatment was the most effective on root-rot and wilt diseases reduction compared with 
untreated control followed by both of fulvic acid and the mixture of humic and fulvic acids. These 
treatments may be used as a part of integrated disease management for field crops in order to reduce 
the use of fungicides.  

In respect to soil faba bean characteristics, results revealed that the NPK availability more 
enhanced under investigated  biocontrol agents than soil organic amendments . The availability of 
nitrogen and potassium significantly increased under mixed biocontrol of S. marcescens (S.m.), 
cyanobacteria mixture (C.)  , S. cerevisiae (S.c.) and T .asperellum (T.). Plant growth promoting 
rhizobacteria (PGPR) may be used to increase NPK uptake by plants and thereby , promote growth 
and production of faba bean crops , stimulation of root growth by production of phytohomones (Ha, 
2008) . In addition , the superiority of the mixed yeast , fungal ,  algae and bacterial enhanced the 
productivity of the soil by fixing atmospheric nitrogen or by solubilizing soil phosphate  or by 
stimulating plant growth for synthesis of growth promoting substances by increasing the availability 
of primary nutrient (EL-Khadrawy, 2018 ). It is worth to mention that the mixture of cyanobacteria 
treatment was significant exceeded the availability of  both of N and P especially nitrogen than 
S.cerevisiae , T. asperellum and S. marcescens , and also than fulvic  or humic  acids and the mixture 
of them. These availability  are known to excrete extracellular a number of compounds like 
polysaccharides , peptides , lipids , etc. (Mandel, 1999), these compounds possibly diffuse around soil 
particles and enhanced the macronutrients availability ,also polysaccharides are made of fibber  which 
can also entangle the soil particle and protect nutrients from leaching .Moreover, the availability of 
phosphorus significantly enhanced under mixture of S.m., C., S.c. and T. followed by mixture  of 
Fulvic and Humic acids , after that no evident trend was obtained under other soil treatments . 
Generally, phosphorus is found in complex organic insoluble salt forms which were H2PO4

-1 and 
H2PO4

-2, presented in the soil solution at very low concentration. Similar results were reported by EL-
Gamal (2015) who mentioned that, P assimilated by algae mixture and incorporated into their cells 
during growth and released during decomposition in soluble organic P compounds such as sugar-P, 
lipid-P, nucleic-P and nucleotide-P etc. Some cyanobacteria like Anabaena oryza and Nostoc 
musccorum have been reported (Roychoudhury and Kaushik, 1989) to solubilize insoluble phosphate 
and make it available to the crop plants. 

 The use of fulvic and humic acids in the case of mixture was better than using them 
individually. Also, the pplication of humic acid gave more significant availability of nitrogen and 
potassium than fulvic acid. This indicates that humic acid contains many elements which improve soil 
fertility and increase the availability of nutrients and consequently plant growth and yield 
(Moraditochaee, 2012). Also, Eldardiry et al. (2012) found that the humic acid had a highly 
significant effect on improving soil characteristics such as aggregate size, soil pH, EC as compared 
with control treatment. 

With regard to soil organic matter content, results showed an insignificant increase under all 
treatments, except the soils that received the mixture of S.m., C., S.c. and T. in both  cultivated 
seasons but were significant as compare with control . The organic matter increase may enhance the 
biomass of microorganisms mixture. Similar results were obtained by De and Sulaiman (1950) who 
reported that, cyanobacteria inoculation was benefit to build up organic matter in soil. In addition, 
mixture of biocontrol treatment containing  Trichoderma spp. which produce lytic enzymes for  
residual crop yield decomposition and enhanced organic matter content  . Also, algae in the 
investigated mixture treatment add to the soil organic matter as the result of death and decay   ( EL-
Gamal, 2015) . Concerning the EC values, results showed insignificant decreases under all treatments 
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expect the two mixture treatments  especially the mixture of  biocontrol agents which have the ability 
to excrete extracellular organic component  such as  polysaccharides , peptides , lipids , organic acids 
etc. (Mandel, 1999 ; El-Ayuoty  et al., 2004 and  EL-Khadrawy, 2018)  leading to adsorb both sodium 
and magnesium ions and consequently soil EC decrease , and thus prevent the harm effect to  the 
cultivated plants .On the other hand , the pH values slightly decreased under all treatment , also the 
mixture of  S.m., C., S.c. and T. followed by  T. asperellum recorded the highest rates of decreases . 
These results may be due to exhalation of the organic matter decomposers reduced soil pH (Singh and 
Dhar, 2007) .Similar results were obtained by El-Ayuoty (2004) who attributed this trend due to 
dissolved CO2 in the soil  and  leading to reduce the of soil pH. Also, the polysaccharides , peptides , 
lipids  and organic acids extracted by the cyanobacteria led to decrease soil pH . 

 Also, data pointed out that the maximum values  of aggregates size distribution (%) were 
recorded for cyanobacteria mixture treatment followed by the mixture of  S.m., C., S.c. and T.,  and 
followed by  S. cerevisiae treatments . The superiority of cyanobacteria mixture treatment may be due 
to improve the microbial biomass (Chan and  Heenan, 1999) than other treatments . In addition , 
increasing the amount of soil adhering  materials causes enhanced soil structure (Gouzou et. al., 
1993). These results are in agreement with Abo–Kora ,(2004) who mentioned that, increasing 
aggregates stability of soil is associated with root growth of alfa  alfa due to  polysaccharides 
produced in the rhizosphere  .The mixed fulvic and humic acids recorded the best values than other 
treatments of organic amendments. However, the class of 0.5 – 0.25 mm of dry sieving aggregates 
size distribution (%) were higher than other fractions , while the lowest were those having diameters 1 
- 10 mm. 
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