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ABSTRACT 
Two experiments were carried out; the first one was conducted in vitro to assay antifungal activity of 
Enterobacter cloacae strain LC07192 and Paenibacillus polymyxa against Fusarium verticillioides, the 
ear rot pathogen of maize plants and Bipolaris sorokiniana, the black point pathogen of wheat. The 
second experiment was conducted in the field at the private farm in Al-Dakahlia governorate to evaluate 
too the effect of previous mentioned bacterial strains as phosphate and potassium solubilizing bacteria 
in utilizing fertilizers either chemical ″super phosphate, potassium sulfate″ or natural alternative 
minerals ″rock phosphate, feldspar″ on growth, diseases incidence, yield characters and chemical 
composition of maize and wheat grown in a sequence seasons during 2019-2020. In addition, the 
available of nutrients post-harvest of maize and wheat. Results showed that in vitro, two bacterial strains 
showed a pronounced reduction of mycelial growth of both pathogens. Under field condition, the 
significant increase in growth and yield of maize were presented by the combination between two 
bacterial strains with classical soluble fertilizers. Also, the greatest NPK uptake and protein content of 
grains recorded with the same treatment. What worth to be mentioned for later crop (wheat), combined 
between bacterial strains and alternative natural minerals gave significant enhance in the different 
parameters. On other hand, two bacterial strains had high potential to be used as biocontrol agents, 
because dual inoculation whether with chemical or with natural mineral fertilizers reduces both ear rot 
disease incidence and severity of maize plants and the same pronounced decrease of black point index, 
black point grains and black point seed/spike disease characters of wheat. It worth to be mentioned that 
when treating soil with rocks combined bacterial strains increased available P and K in the soil post-
harvest of maize and enhanced P and K availability post-harvest of wheat. 
 
Keywords: Residual effect, rock phosphate, feldspar, E. cloacae, P. polymyxa,   biocontrol, maize ear 

rot, wheat black point. 

 
1. Introduction 

Maize is one of the important cereal crops in the world’s and Egypt; it is the third most important 
staple food crop both in terms of area and production after wheat and rice. Egypt is one of the major 
producing Arab countries, contributing an area of 9.948 million hectares, with a total annual production 
of 7.450 million tons (FAO, 2019). Wheat (Triticum aestivum L.) is considered a strategic crop in Egypt. 
It is the major staple crop produced in Egypt but its production doesn’t meet the current demand. The 
area grown in Egypt was estimated at 1.412 million hectares, yielding 9.0 million tons of wheat grains 
(FAO, 2019).  

Maize and wheat like other crops in Egypt suffers from the alkalinity of the soil which enhances 
the transformation of available P after a short period of application to tri-calcium phosphate which is 
unavailable to plants (Zayed, 2005). Consequently, to achieve optimum crop yields, soluble phosphate 
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excess fertilizer has been applied at rates that caused excess of phosphorus application. On the other 
hand, large amounts of K chemical fertilizers are used to maximize crop yield per unit area and to 
compensate K-decreases in soils due to crop uptake (Shams and Fekry, 2014).  

The use of natural alternative fertilizers as rock phosphate (RP) and feldspar as potassium 
material (RK) may be more useful and environmentally more feasible than soluble P and K (Abdel-
Kader and Saleh, 2017). The alternative use of natural elements compounds improving soil physical 
and chemical properties as well as increasing water uptake and nutrient availability (Eman et al., 2010). 
On other hand, they are not readily available to plants because they are released slowly and their use as 
fertilizers often gaves insignificant yield increases of current crops (Zapata and Roy, 2004). So, great 
attention has been directed towards using the bio-fertilizer (microbial inoculation) as phosphate-
solubilizing bacteria, Enterobacter cloacae for increasing crop yields, to convert insoluble phosphate 
in rocks into soluble forms available for plant growth (Shaaban et al., 2015a), through acidification, 
chelation and exchange reactions and produces strong organic acids in the periplasm (Dey et al., 2021). 
Therefore, increasing the bioavailability of P and K in soils by inoculation of plant growth-promoting 
rhizobacteria (PGPR) or combined inoculation with rock materials may lead to increase P and K uptake 
and plant growth (Shaaban et al., 2015b).  

The application of minerals, containing P and K as rock phosphate and feldspar, in combination 
with the P and K solubilizing bacteria provides the growing plants with a continuous supply of 
phosphorus and potassium for the best plant growth rate (Han and Lee, 2005). Soil inoculation with 
potassium releasing bacteria and the soil feldspar was applied solo or integrated might provide a faster 
and continuous supply of K for improved plant growth, yield and quality (Abou-el-Seoud and Abdel-
Megeed, 2012). So, the application of biofertilizers is eco-friendly, relatively cheap, nontoxic, and act 
as bio-control agent. Thus, usage of biofertilizers possesses significant potential to increase plant yield. 
In addition reducing the dependence on chemical fertilizers as well as providing a step forward toward 
sustainable agriculture (Salah et al., 2020 and Fasusi et al., 2021).  

Among PGPR, the genus Enterobacter is found in a wide range of diverse environments reported 
to secrete plant growth hormones. Inoculation of E. cloacae showed solubilization of phosphate, 
potassium and zinc (Ramesh et al., 2014 and El-Saied et al., 2020). Principle mechanism in soil for 
mineral phosphate and potassium solubilization is lowering of soil pH by microbial production of 
organic acids and mineralization of organic P by acid phosphatase (Khan et al., 2009). Also, isolates of 
E.cloacae are known to be bio-control agents (Kazerooni et al., 2020) Paenibacillus polymyxa 
(formerly Bacillus polymyxa), the type species of Paenibacillus, is considered to be a plant growth-
promoting rhizobacterium (PGPR) with a broad host plant range (Timmusk et al., 2013) and P. 
polymyxa is widespread in the soil and is widely used in agriculture (Park et al., 2012). Being a bio-
controlling species Bacillus polymyxa provides protection to various plants (Katare et al., 2020). 

More than 365 pathogens attach maize plant (Hussain et al., 2016). Fusarium ear rot [Fusarium 
verticillioides (Sacc.) Nirenberg and F. proliferatumis (Matsushima) Nirenberg] is the most destructive 
abundant disease associated with maize grains worldwide (Leslie and Summerell, 2006). It is 
characterized by discolored and a reduced number of grains, yield as well as the quality of the seeds 
(Gai et al., 2018). Both pathogens can be survived in infected maize seed without causing apparent 
symptoms or killing seed tissues (by producing toxic molecules and lytic enzymes) and subsequently 
transmitted to growing seedlings causing blights and root, stem and ear rot diseases. Under field 
conditions, the pathogen is systemically transmitted easily through infected seeds to maize growing 
seedlings by transmitting through stalk up to the ear (Thompson and Raizada, 2018). Furthermore, 
mycotoxins have harmful effects on human health, poultry and animals as well as enhance fungal 
virulence that infecting seedlings of some maize genotypes (Li et al., 2019).  

Kernel black-point disease has become one of the most serious problems of wheat, causing great 
losses in both yield and quality of grains (Fernandez and Conner, 2011). The disease characterized by 
symptoms of common root rot, seedling blight, leaf spot, head blight and black-point, with a grain loss 
ranged from 24 to 27% has been recorded in susceptible wheat cultivars (Bhandari et al., 2003). The 
causes of the appearance of black pointed grain are most often caused by a complex of species including 
mainly Alternaria species and Bipolaris sorokiniana (Sacc.) Shoem (Khlebova et al., 2019 and Masiello 
et al., 2020). Moreover, other fungi belonging to Aspergillus, Cladosporium, Curvulavia, Fusarium, 
Penicillium and Stemphylium genera can participate in the disease complex and all together these 
species can induce the expression of the symptoms of black point (Abdullah and Atrosh, 2014& 
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Ramires et al., 2018). Among these genera, Fusarium and Alternaria associated with wheat kernels 
were reported to produce mycotoxins, toxic secondary metabolites that can be accumulated in colonized 
tissues (Ramires et al., 2018 and Masiello et al., 2020). Under epidemic conditions, up to 82% of the 
prevalence of these pathogens in agrocenoses of cereal crops, with its ability to retain their viability in 
the soil for more than 5 years was reported (Khlebova et al., 2019). So, searching for sustainable 
alternative bio-agent that achieves more than one goal, which includes promotion of plant productivity 
and biological control of plant pathogens, is highly needed. 

The present study aims to use sustainable alternative bio-agents that achieve more than one goal, 
including promotion of growth and productivity as well as biological control of important fungal 
pathogens (B. sorokiniana and F. verticillioides) of wheat and maize grown in a sequence under 
influence of mineral fertilizers, whether chemical or alternative natural. 
 
2. Materials and Methods 
 
2.1. Microorganisms  

A highly pathogenic isolates of Bipolaris sorokiniana (Sacc) Shoem from a wheat plant causing 
black point disease as well as Fusarium verticillioides (Sacc.) Nirenberg from a maize plant causing 
ear rot disease was obtained from the Plant Pathology Research Institute, Agricultural Research Center, 
Giza, Egypt.  

Enterobacter cloaceae strain LC07192 was selected due to high efficiency in phosphate and 
potassium solubilizing capacity based on a previous study (El-Saied et al., 2020). Paenibacillus 
polymexa provided from the Microbiology Dept. Soils, Water and Environment Research Institute, 
Agricultural Research Center (ID: 60019332), Giza 12112, Egypt. 

  
2.2. Natural alternative fertilizers 

Rock phosphate and feldspar were kindly obtained from Soils, Water and Environment Research 
Institute, Agric. Res. Center, Giza, Egypt. 

 
2.3. Seeds 

Maize (Zea mays L., cv. Giza 10) and wheat (Triticum aestivum L., cv. Giza 168) were obtained 
from the Ministry of Agriculture and Land Reclamation, Egypt.  

 
2.4. Nitrogenase (N-ase) assay. 

Nitrogenase activity of Paenibacillus polymyxa was measured by the acetylene reduction assay 
method, after growing on selective Norris-glucose, nitrogen to ensure its ability to fix atmospheric 
nitrogen based on the method described by Lin et al., (2002). 

 
2.5. Antagonistic activity of the bioagents. 

Assessment of the antifungal activity of E. cloacae LC07192 and P. polymyxa was explored against 
Bipolaris sorokiniana and Fusarium verticillioides pathogens using the dual culture plate technique. A 
5 mm diam. disc, taken from 7 d culture of each of the tested pathogen was placed 1 cm from the edge 
of each potato dextrose agar (PDA) plate, and a loop of E. cloacae LC07192 or P. polymyxa was 
streaked 2 cm from the opposite edge of the plate. PDA plates each inoculated only with the fungal disc 
served as experimental controls. The test was performed in triplicate. The plates were incubated at 25°C 
and the inward linear growth of the pathogen was measured after 8 d. The test was ended when fungal 
growth completely covered the control plates. Fungal growth inhibition was calculated using the 
following equation: R1 – R2 Growth Inhibition (%) = × 100 R1 where R1= inward linear growth in the 
control plate, and R2= inward linear growth in the dual culture plate. 

 
2.6. Field experiment 

A field experiment was carried out at a private farm, Belqas city, Al-Dakahlia Governorate, 
Egypt, during two successive seasons, summer season 2019 with maize and winter season 2020 with 
wheat to study the efficiency of bacterial strains in utilizing fertilizers either chemical or natural 
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alternative minerals in soil on growth, diseases incidence, yield and nutrient content of maize plant as 
the first crop and assay their residual effect on wheat plant as the second crop.  

 
2.7. Experimental soil and cultivation 

The soil sample was collected from the experimental field at the beginning of the experiment. 
The chemical and physical analyses were carried out according to the procedures outlined by Richards 
(1954) and Jackson (1958). Analyses were performed both before planting and after harvesting maize 
and wheat. Soil is sandy clay loam in texture containing 29.7% clay, 37.9% silt and 32.4% sand. The 
EC in soil past = 1.84 dSm-1. pH in water suspension (1:2.5) = 7.86, organic matter = 0.90% and 
saturation percentage (SP) = 53.5%. Available N, P and K were 43.5, 13.08 and 355mg kg-1, 
respectively.  

Maize and wheat plant were cultivated in a completely randomized design with plot dimensions 
of 10.5 m2. Each treatment was replicated three times. Concerning maize, the grains were sown on 20 
May in 2017. For wheat, the grains were sown on 5 November 2017 after harvest maize. 

  
2.8. Treatments and experimental design 

All treatments had received both organic fertilizers as farmyard manure (FYM) at a rate of 20 
m3/ fed during the soil preparation. Nitrogen was added as ammonium nitrate (33.5%) at (150and 120 
kg ammonium nitrate fertilizer/ fed.) for maize and wheat, respectively.  

Phosphorous fertilizer was added in two forms; superphosphate (15.5% P2O5) was applied at 150 
kg/fed., Rock phosphate (22.5% P2O5) was applied at 100 kg/fed. Also, potassium was added in two 
forms; potassium sulfate (48% K2O) was applied at 48 kg/fed, and feldspar (11% K2O) was applied at 
220 kg /fed. Phosphorous and potassium fertilizers were applied at one time just at the sowing of the 
first crop (maize). Accordingly, the experiment was designed as follow; control (T1); chemical 
fertilizers (superphosphate + potassium sulfate) (T2); chemical fertilizers (superphosphate + potassium 
sulfate) with inoculation by bacterial strains (T3); natural fertilizers (rock phosphate + feldspar) (T4) 
and natural fertilizers (rock phosphate + feldspar) with inoculation by bacterial strains (T5). The 
agricultural practices and irrigation were done according to the recommendations of the Ministry of 
Agriculture.  

 
2.9. Preparation of seeds and grains with inoculants 

Healthy and homogenous size maize and wheat grains were wetted by adhesive agent (5% Arabic 
gum) then air-dried for 30 minutes in shade after that inoculated by the solution of bacterial strains 
using a liquid culture from E. cloacae and P. polymyxa. E. cloacae. The biofertilizers inoculation in 
liquid culture was added two times, the 1st one with sowing and the second was two months later 
(according to treatments). After the harvest of maize crops, the soil was prepared for the wheat plant. 
After sowing grains of wheat, just nitrogen fertilizer was applied in form of ammonium nitrate 
(33.5%N) two times before first and second irrigation. Biofertilizers inoculation in liquid culture was 
added two times, the 1st one with sowing wheat grains and the second was two months later (according 
to treatments). 

 
2.10. Sampling and collecting data 
I. External morphology 

Different morphological characteristics of maize and wheat plants at vegetative stages (60days) 
were measured i.e., plant height (cm); number of leaves/plant; stem diameter of maize and number of 
tillers/ plant of wheat; Leaf area (cm2) Leaf area/plant in dm2 measured according to Alessi and Power 
(1975) using the following formula: Leaf area (LA) = leaf length x maximum leaf width x 0.75. Leaf 
area in dm2 of three plants was summed and the leaf area/plant was calculated. Fresh and dry weight 
(g)/plant, the samples including stems and leaves were dried in an oven at 70oc until a constant weight 
(Black, 1965). 

 
II. Photosynthetic pigments content  

Photosynthetic pigment content were determined by taking three plant samples randomly from 
each plot for determination chlorophyll a, chlorophyll b and carotenoid (mg/g f. wt) on the 4th leaf from 
the plant apex. According to Saric et al. (1976) 
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III. Disease’s assessment  
Maize disease rating by ear rot disease was recorded, 90 days after sowing. Infection by ear rot 

symptoms was recorded as the percentage of infected leaf area (% average lesion size) under heavy 
natural infection. Criteria expressing the severity of infection as described by Hilu and Hooker (1963) 
and El-Shafey (1970) was used. Ear rot disease incidence was determined by counting the number of 
infected ears of a random sample of 50 plants in 5 different positions according to Multitu et al., (2003). 
Severity was scored using a scale where, 0= 0% infection, 1= 1-10%, 2=11-25%, 3=26-50%, 4=51-
75% and 5=76-100% infection (Bigirwa et al., 2007).  

During the winter season, observations on wheat seedling emergence and seedlings mortality per 
square meter were recorded after 2 and 3 weeks, respectively of sowing by counting the total number 
of seedlings in four linear meters selected randomly from the middle five rows of each plot. The number 
of spikes per square meter was noted before harvest following the same procedure as used for seedling 
emergence and post-emergence mortality. After harvest, data on black point infection of seed were 
recorded. Black pointed grains per spike were recorded from 20 spikes selected randomly in each plot. 
The percentage of black pointed grains was calculated from 400 grains of a composite sample taken 
from each plot. The grains were indexed for black point infection using a 0-5 scale suggested by 
Gilchrist, (1985). 
 
IV. Yield and yield components 

At the harvesting stage, plants were collected from each plot to determine yield and its 
components. For maize, no. grains/plant, no. of rows/ear, length of the ear & grain and straw yields 
(g/plant) were determined. For wheat, the number of spikes/m2, number of grains/spike, wt. of 1000 
grain (gm), length of the spike (cm), grain yield (g/m2) and straw yield (kg/m2) were measured. The 
biological yield (ton/fed.) and harvest index for the two crops. 

 
VI. Chemical constituents in grains 
- Nitrogen content in grains (g/100g D. wt) was determined in the digested solution by the modifed 

microkjeldahl method as described by Jones et al. (1991).  
- Phosphorus content in grains (g/100g D. wt) was estimated spectrophotometrically by model no. 

UV2100 S/N: BH 16041603003according to Peters et al, (2003).  
- Potassium content in grains (g/100g D. wt) was determined by photometrically by JENWAY PFP7 

model according to Peters et al., (2003).  
- Determination of nutrient uptake (kg/fed) of nitrogen, phosphorus and potassium (kg/fed.) was 

calculated by multiply N, P and K % by grain yield (kg/fed.) (Chapman and Pratt, 1961). 
- Crude protein in grains was calculated by multiplying N content by 6.25 factor for maize (A.O.A.C. 

1970) and by 5.71 for wheat (Bishni and Hughes, 1979).  
- Determination of total carbohydrates in grains (g/100g D. wt) was estimated using the anthrone 

method (Sadasivam and Manickam, 1996). 
 

2.11. Statistical analysis 
The statistical analysis software; CoStat version 6.4 (CoHort Software) was used for the analysis 

of variance (ANOVA) of the data, comparison among means was carried out using Duncan's new 
multiple range test at probability (P) level ≤ 0.05(CoStat, 2005). Trials of the field experiments were 
arranged in a complete randomized block design. 
 
3. Results  
 
3.1. In vitro study 
I. Antagonistic activity of the E. cloacae  and P. polymyxa 

In vitro, two antagonistic bacterial isolates, E. cloacae and P. polymyxa obtained from the soil 
rhizosphere were tested in dual culture assay against maize Fusarium verticillioides (FV) and wheat 
Bipolaris sorokiniana (BS) pathogens (Fig. 1). Both antagonistic bacteria strongly inhibited the growth 
of the two target pathogens, with different degrees. P. polymyxa recorded the highest reduction of BS 
and FV pathogens (27.06 and 29.33%, respectively). E. cloacae treatment came in the second rank in 



Middle East J. Agric. Res., 10(3): 996-1013, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.3.65  

1001 

reduction of BS or FV pathogens (22.94 and 24.56%, respectively). Enterobacter cloacae was found to 
have the ability to solubilize complex phosphate and potassium. Paenibacillus polymyxa on the other 
side was found to fix atmospheric nitrogen. Testing nitrogen fixation test revealed nitrogen activity of 
49 nmol C2H4 /100ml/h. 
 

 
Fig. 1: Growth of Fusarium verticillioides (maize) and Bipolaris sorokiniana (wheat) pathogens as 

affected by Enterobacter cloacae and Paenibacillus polymyxa in a dual culture test 
*Growth inhibition of each fungal pathogens (%) =Radius growth of each pathogen in the direction of antagonistic 
bacteria/radius of growth in the absence of antagonistic bacteria 
Columns superscripted by the different letters are significantly different using Duncan's Multiple Range Test at P-value 
of ≤.0.05. 

 
3.2. In field study 
I. Growth parameters 

Regarding the effect of mineral fertilization either chemical ″superphosphate, potassium sulfate″ 
or natural ″rock phosphate, feldspar″ either applied alone or in combination with microbial inoculation 
(Enterobacter cloacae and Paenibacillus polymyxa) on vegetative growth at 60 days of maize growth 
as the first crop and wheat plants as the second crop. Data presented in (Table 1) revealed that all the 
investigated parameters were significantly increased with the mineral application when compared with 
the control treatment.  

 
Table 1: Growth parameters of maize and wheat grown in a sequence as influenced by mineral 

fertilizers (chemical and natural) with or without biofertilizers.  

Treatments 
Maize plant (first crop) 

Stem 
(cm) 

Leaves 
(No.)/plant 

Diameter of 
stem (cm) 

Leaf area 
(cm2) 

F.wt ear leaf 
(g/plant) 

D. wt ear leaf 
(g/plant) 

T1 96.00 e 13.50 e 1.32 d 503.63 e 12.19 e 3.89 d 
T2 123.0 c 14.50 c 1.71 b 689.06 c 13.44 c 4.17 c 
T3 167.5 a 16.00 a 2.30 a 826.20 a 15.60 a 5.74 a 
T4 108.5 d 14.00 d 1.50 c 518.00 d 12.81 d 4.03 cd 
T5 137.5 b 15.00 b 1.82 b 732.38 b 13.94 b 4.50 b 

Wheat plant (second crop) 

Treatments 
Stem 
(cm) 

Leaves 
(No.)/plant 

No. of 
tillers 

Leaf area 
(cm2) 

F.wt shoot 
(g/plant) 

D. wt shoot 
(g/plant) 

T1 77.50 d 16.50 d 4.00 d 29.25 e 11.73 e 3.17 e 
T2 79.00 c 20.00 c 4.75 c 31.50 d 15.00 d 3.70 d 
T3 83.50 b 24.00 b 6.00 b 37.50 c 17.50 b 4.55 c 
T4 84.00 b 24.50 b 6.00 b 38.25 b 16.80 c 4.95 b 
T5 88.75 a 27.50 a 7.25 a 42.07 a 20.05 a 6.07 a 

For each plant, the means of each criterion followed by the different letters within each column are significantly different 
using Duncan's Multiple Range Test at P-value of ≤.0.05. 
T1. Control; T2. Chemical fertilizers "super phosphate +potassium sulfate"; T3. Chemical fertilizers "super phosphate 
+ potassium sulfate"+ inoculation with bacterial; T4. Natural fertilizers "rock phosphate+feldspar"; T5. Natural 
fertilizers "rock phosphate + feldspar"+ inoculation with bacterial strains. 
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For maize, the application of biofertilizers with chemical mineral fertilizers (superphosphate + 
potassium sulfate) increased stem length by 74.48%, number of leaves/plant by 18.52%, the diameter 
of stem by 74.24%, leaf area by 64.05%, fresh and dry weight of ear leaf by (27.97 and 47.56%), 
respectively. Referring to wheat plants, the highest values of growth parameters enhanced with 
biofertilizers combined with natural alternative fertilizers ″rock phosphate+ feldspar″ as a residual by 
(14.52, 66.67, 81.25, 43.83, 70.93 and 91.48%) For stem length, number of leaves/plant, number of 
tillers, leaf area, fresh and dry weight (g)/plant, respectively compared with control. 
 
II. Photosynthetic pigments 

Results tabulated in (Table 2) showed that mineral fertilizers either chemical or natural applied 
solely or combined with bacterial strains had a positive effect on photosynthetic pigments of maize and 
wheat comparing with control. For maize, application of chemical fertilizers with biofertilizers 
increased by (36.85, 35.97, 36.51 and 180.51%) for chl a, chl b, total chlorophyll and carotenoid, 
respectively over control. Concerned with wheat, application alternative natural fertilizers with 
biofertilizers were increased by 65.46% for chl a, 94.39% for chl b, 76.80 for total chlorophyll, 112.95% 
for carotenoid compared with control. 
 
Table 2: Photosynthetic pigment of maize and wheat grown in a sequence as influenced by mineral 

fertilizers (chemical and natural) with or without biofertilizers.  

Treatments 
Chl a 

 (mg/g) 
Chl b  
(mg/g) 

Total chlorophyll 
(mg/g) 

Carotenoid  
(mg/g) 

Maize plant 
T1 0.426e 0. 278 d 0.704 e 0.118 e 
T2 0.504 c 0.317 c 0.821 c 0.263 c 
T3 0.583 a 0.378 a 0.961 a 0.331 a 
T4 0.449d 0.307 c 0.756 d 0.221 d 
T5 0521 b 0.339 b 0.860 b 0.297 b 

Wheat plant 
T1 0.304 d 0.196 e 0.5 00 e 0.193 d 
T2 0.323 d 0.233 d 0.556 d 0.274 c 
T3 0.451 c 0.271 c 0.722 c 0.309 b 
T4 0.477 b 0.310 b 0.787 b 0.320 b 
T5 0.503a 0.381 a 0.884 a 0.411 a 

For each plant, the means of each criterion followed by the different letters within each column are significantly different 
using Duncan's Multiple Range Test at P-value of ≤.0.05. 
T1. Control; T2. Chemical fertilizers "super phosphate +potassium sulfate"; T3. Chemical fertilizers "super phosphate 
+ potassium sulfate"+ inoculation with bacterial; T4. Natural fertilizers "rock phosphate+feldspar"; T5. Natural 
fertilizers "rock phosphate + feldspar"+ inoculation with bacterial strains. 

 
III. Yield parameters 

The data given in (Table 3) represent the response of the yield parameters to the mineral 
application either classical "soluble fertilizer" or alternative natural along with or without biofertilizers. 
Concerning maize, the data clearly showed that the yield parameters were significantly increased with 
the combined application of biofertilizers and chemical mineral fertilizers compare with control. Where 
it increased the number of ears/plant by 50%, number of seeds/plant by 242.24%, number of rows/ear 
by 24% and length of the ear by 32.35%. Moreover, it enhanced by (50.50, 23.32, 36.02 and 10.64 %) 
for grain yield/fed, straw yield/fed, biological yield/fed and harvest index, respectively, compares with 
control treatment. Biofertilizers together with natural mineral fertilizers (rock phosphate + feldspar) 
recorded the highest number of spikes/m2 by (41.15%), the number of grains/spike by (65.93%) and 
weight of 1000 grains by (20.83%). The same treatment gave increasing by (33.58, 23.13, 26.87 and 
5.09%) for grain yield (ton/fed.), straw yield (ton/fed), biological yield (ton/fed.) and harvest index, 
respectively compared with control. From the above-mentioned results, it can be noticed that 
fertilization with natural mineral fertilizers to maize enhanced yield parameters of the second crop 
(wheat). 
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Table 3: Yield parameters of maize and wheat grown in a sequence as influenced by mineral fertilizers (chemical and natural) with or without biofertilizers. 

Treatments 

Maize plant 

No. of 
ear/plant 

No. of 
seeds/plant 

No. of 
rows/ear 

Length of ear 
(cm) 

Grain yield 
(g)/plant 

Straw 
yield(g)/plant 

Grain yield 
(ton/fed.) 

Straw yield 
(ton/fed.) 

Biological 
yield 

(ton/fed.) 

Harvest 
index 

T1 1.00 c 303.00 e 12.50 e 17.00 e 107.5e 122.65e 3.01d 3.43d 6.44d 46.71d 

T2 1.20 b 963.00 c 14.25 c 19.50 c 137.56c 137.89c 3.85b 3.86b 7.71b 49.94b 

T3 1.50 a 1037.00 a 15.50 a 22.50 a 161.77a 151.23a 4.53a 4.23a 8.76a 51.68a 

T4 1.00 c 439.00 d 14.00 d 18.50 d 120.12d 130.45d 3.36c 3.65c 7.01c 47.94c 

T5 1.40 a 987.00 b 14.50 b 20.00 b 139.00b 139.15b 3.89 b 3.90b 7.79b 49.97b 

Wheat plant 

Treatments 
Number 

of spikes / 
(m2) 

Number of 
grains / 
(spike) 

Wt. of 
1000 

grains  
(g) 

Length of 
spike 
 (cm) 

Grain yield 
/m2(g) 

Straw 
yield/m2 

(kg) 

Grain yield 
(ton/fed.) 

Straw yield 
(ton/fed.) 

Biological 
yield 

(ton/fed.) 

Harvest 
index 

T1 678 e 45.5 e 48.00 e 5.50 638 e 1.08 d 2.68e 4.54d 7.22 e 37.14 d 

T2 717 d 53.0 d 49.50 d 6.00 731 d 1.19 c 3.07d 5.00c 8.07 d 38.05 c 

T3 815 c 64.0 c 54.00 c 7.00 776.91c 1.25 b 3.26c 5.25 b 8.51 c 38.33 b 

T4 823 b 67.0 b 55.50 b 7.50 789.56b 1.27 b 3.32b 5.33b 8.65 b 38.34 b 

T5 957 a 75.5 a 58.00 a 8.50 851.5 a 1.33 a 3.58a 5.59 a 9.16 a 39.03 a 

For each plant, the means of each criterion followed by the different letters within each column are significantly different using Duncan's Multiple Range Test at P-value of ≤.0.05. 
T1. Control; T2. Chemical fertilizers "super phosphate + potassium sulfate"; T3. Chemical fertilizers "super phosphate + potassium sulfate"+ inoculation with bacterial; T4. Natural 
fertilizers "rock phosphate+feldspar"; T5. Natural fertilizers "rock phosphate + feldspar"+ inoculation with bacterial strains. 
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IV. Disease’s assessment 
 

Data in (Fig. 2) show that all of the tested chemical or natural fertilizers in the presence or absence 
of bacterial strains reduced DI and DS along the tested period during maize growing season. Among 
the tested applications, natural fertilizers and chemical fertilizers dual with bacterial strains (11.62 and 
11.26%, respectively) followed by sole natural and chemical fertilizers (12.37 and 12.18%, 
respectively) were found to be the best treatments in reducing DI as compared to the negative control 
(13.36%). However, a similar trend was recorded in DS parameters by chemical fertilizers + bacterial 
strains application (1.26), followed by natural fertilizers dual with bacterial strains and sole natural 
fertilizers applications (1.5 and 1.7, respectively) as compared to the negative control (2.22). 

 

  

Fig. 2: Effect of seed bacterial treatments on ear rot incidence and severity of maize under field 
conditions 

For each criterion, columns superscripted by the different letters are significantly different using Duncan's Multiple 
Range Test at P-value of ≤.0.05. Where, T1= Control, T2= Chemical fertilizers (super phosphate +potassium sulfate), 
T3= Chemical fertilizers (super phosphate + potassium sulfate) + bacterial strains, T4= Natural fertilizers (rock 
phosphate feldspar) and T5. Natural fertilizers (rock phosphate + feldspar) + bacterial strains. 

 
Data in (Fig. 3) show a significant (P≤0.05) reduction in the infection percentage of black point 

disease as a response to the residual effect of previous maize crop treatment by bacterial strains. 
Moreover, such disease reduction, however, was greatly marked in seedling mortality percentage when 
treatments of chemical fertilizers + bacterial strains, sole natural fertilizers, or its dual with bacterial 
strains were applied (2.10, 1.77 and 1.58%, respectively) as compared to control treatment (4.92%). 
The same pronounced decrease in the level of black point index percentage was recorded by a dual 
application of natural fertilizers + bacterial strains, being 3.41%, followed by the sole natural fertilizers 
and chemical fertilizers + bacterial strains applications (3.85 and 4.30%, respectively). However, a 
similar trend recorded in the percentages of both black point grains and black point seeds/spike 
characters as a response to chemical fertilizers + bacterial strains, sole natural fertilizers or it’s dual 
with bacterial strains applications (10.86, 10.48 & 10.44% and 3.96, 3.95 & 3.54%, respectively) as 
compare to negative controls (13.17 and 5.12%, respectively). 
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Fig. 3: Effect of seed bacterial treatments on black point incidence of wheat under field conditions 
 
For each criterion, columns superscripted by the different letters are significantly different using Duncan's Multiple 
Range Test at P-value of ≤.0.05. Where, T1= Control, T2= Chemical fertilizers (super phosphate +potassium sulfate), 
T3= Chemical fertilizers (super phosphate + potassium sulfate) + bacterial strains, T4= Natural fertilizers (rock 
phosphate feldspar) and T5. Natural fertilizers (rock phosphate + feldspar) + bacterial strains. 

 
V. Chemical constituents in grains 

Data showed in (Table 4) cleared the application of different mineral fertilizers either chemical or 
natural and biofertilizers (Enterobacter cloaceae and Paenibacillus polymyxa). It was noticed that 
chemical fertilizers applied with bacterial strains, significantly increased chemical constituents for 
maize. Where, it recorded increased uptake by (78.49, 339.87 and 214.71%) for nitrogen, phosphorous 
and potassium, respectively compared with control. And there are no significant differences between 
values of protein in inoculated treatments. While, it increased by 27.80 % for carbohydrates over 
control. 
 
Table 4: Chemical constituents in grains of maize and wheat grown in a sequence as influenced by 

mineral fertilizers (chemical and natural) with or without biofertilizers.  

Treatment 

Nitrogen Phosphorous Potassium 
Crude 
Protein 

(%) 

Total 
carbohydrate 

(%) 
N 

(%) 
N uptake 

kg/fed. 
P 

(%) 

P 
uptake 
kg/fed. 

K 
(%) 

K 
uptake 
kg/fed. 

Maize plant 
T1 1.56 c 46.95e 0.13 d 3.913 e 0.22 d 6.622 e 9.75 c 44.21 e 
T2 1.62 b 62.39c 0.27 b 10.400 c 0.31 b 11.94 c 10.13b 51.00 c 
T3 1.85 a 83.80 a 0.38 a 17.212 a 0.46 a 20.84 a 11.56a 56.50 a 
T4 1.60bc 53.81d 0.20 c 6.727 d 0.28 c 9.42 d 10 bc 47.17 d 
T5 1.81 a 70.44 b 0.29 b 11.287 b 0.32 b 12.45 b 11.31a 52.12 b 

Wheat plant 
T1 1.68 c 45.017e 0.33 d 8.84 d 0.42 e 11.25d 9.66 c 43.22 e 
T2 1.73 b 53.11 d 0.47 c 14.43c 0.51 d 15.66c 9.95 b 47.60 d 
T3 2.10 a 68.52 b 0.53 b 17.29b 0.57 c 18.60b 12.08 a 53.34 c 
T4 1.75 b 58.03 c 0.55 b 18.24b 0.60 b 19.90b 10.06 b 54.12 b 
T5 2.12 a 75.82 a 0.61 a 21.82a 0.65 a 23.25a 12.19 a 58.19 a 

For each plant, the means of each criterion followed by the different letters within each column are significantly different 
using Duncan's Multiple Range Test at P-value of ≤.0.05. 
T1. Control; T2. Chemical fertilizers "super phosphate +potassium sulfate"; T3. Chemical fertilizers "super phosphate 
+ potassium sulfate"+ inoculation with bacterial; T4. Natural fertilizers "rock phosphate + feldspar"; T5. Natural 
fertilizers "rock phosphate + feldspar"+ inoculation with bacterial strains. 
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Referring to wheat, application natural fertilizers with biofertilizers gave the highest uptake for 
nitrogen, phosphorous and potassium uptake by (68.43, 146.83 and 106.67%) respectively, over control. 
While inoculated treatments recorded insignificant differences in protein values. Values increased by 
34.64% for carbohydrate compared with control. 
  
VII. N, P and K availability in soil post-harvest of maize and wheat 

Results presented in (Table 5) cleared those applications of natural fertilizers (rock phosphate & 
feldspar) consistently increased available P and K nutrients in the rhizosphere over the control in both 
crops. Application of rocks with bacterial strains increased available P and K in the soil post-harvest of 
the maize by (64.54 and 27.99%), respectively compares with control. On other hand, sole application 
rocks to maize (as the first crop) enhanced the availability of P by (49.65%) and K by (16.44%) in the 
soil post-harvest of the wheat (as the second crop). Concerning nitrogen availability, it did not affect by 
different applications either chemical or natural with or without inoculation.  
 
Table 5: Available nutrients in the soil postharvest of maize and wheat grown in a sequence as 

influenced by mineral fertilizers (chemical and natural) with or without biofertilizers.  

Treatments 
After harvest maize plant 

Nitrogen 
(ppm) 

Phosphorous 
(ppm) 

Potassium 
(ppm) 

T1 44.50 a 10.18 e 368.77 e 
T2 41.50 c 14.50 c 432.57 c 
T3 35.00 e 12.30 d 395.40 d 
T4 43.47 b 15.03 b 448.50 b 
T5 36.50 d 16.75 a 472.00 a 

After harvest wheat plant 
T1 42.75 a 8.56 e 320.35 e 
T2 41.50 b 11.08 c 337.00 c 
T3 33.60 c 10.00 d 330.50 d 
T4 43.50 a 12.81 a 373.00 a 
T5 31.50 d 12.15 b 368.80 b 

For each plant, the means of each criterion followed by the different letters within each column are significantly different 
using Duncan's Multiple Range Test at P-value of ≤.0.05. 
T1: Control ; T2. Chemical fertilizers "super phosphate +potassium sulfate"; T3. Chemical fertilizers "super phosphate 
+ potassium sulfate"+ inoculation with bacterial; T4. Natural fertilizers "rock phosphate + feldspar"; T5. Natural 
fertilizers "rock phosphate + feldspar"+ inoculation with bacterial strains. 

 
4. Discussion 

Our data indicate that each of E. cloaceae and P. polymyxa has a strong inhibitory effect against 
the linear growth of B. sorokiniana and F. verticillioides pathogens. These results are compatible with 
(Zhang et al., 2018) who reported that P. polymyxa ShX301, among five isolated strains, showed the 
highest antagonistic activity against spore germination and mycelial growth of Verticillium dahliae, a 
causal agent of cotton wilt disease. Previous data showed different antagonistic activity, ranging from 
75.00 to 59.52%, against five tested fungal pathogens, including Sclerotinia sclerotiorum ZH25, 
Fusarium oxysporum f. sp. niveum ZH4, Botrytis cinerea ZH256, Colletotrichum truncatum ZH26, 
Rhizoctonia solani (AG 1-1A) HZ36 and Phytophthora capsici ZH56 (A2 mating type), causal agents 
of different diseases in crops and vegetables. Additionally, several biological studies showed the 
antifungal activity of E. cloacae isolates against the growth of different soil-borne phytopathogens such 
as Pythium ultimum, Fusarium moniliforme and Fusarium oxysporum (Hinton and Bacon, 1995 and 
Suárez-Estrella et al., 2007).  

Generally, it can be concluded that the superiority may be due to the fast effect of NPK in chemical 
form for plant growth (Kabesh et al., 2009). What is more, RP and K materials (alternative natural 
mineral fertilizers) are cheaper sources of P and K; however, most of them are not readily available to 
a plant because the minerals are released slowly and their use as fertilizer often causes insignificant 
yield increases of current crop (Zapata and Roy, 2004), so such natural mineral fertilizers are more 
useful for wheat, as a later crop. So, it is necessary to use biofertilizers. Enterobacter cloacae have 
phosphate and potassium solubilizing properties (El-saied et al., 2020). Also, it is known to be bio-
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control agent (Kazerooni et al., 2020). So, affect accelerate growth parameters, yield criteria, nutrient 
concentration. In addition, reduces disease incidence. Paenibacillus polymyxa on the other side 
considered bio-controlling agents (Katare et al., 2020) and is regarded as free-living nitrogen-fixing 
bacteria; therefore it was subjected to nitrogenase activity test to ensure its ability to fix atmospheric 
nitrogen. The positive nitrogenase activity of Paenibacillus polymyxa is in line and supported by the 
previous studies on such bacterium and thus, such strain might play an important role in protein 
biosynthesis, either by direct nitrogen supply (through fixation of nitrogen) or indirectly by the 
accumulation of nitrite and its subsequent increased the plant yield (Hussein and Arafa, 2009 and 
Yazdani et al., 2009). It was found that there is no antagonistic activity between Paenibacillus polymyxa 
and Enterobacter cloaceae (El-saied et al., 2020) and this is attributed to they did not produce 
antibacterial metabolites (Glick et al., 1999). Therefore, both bacteria could be used together as a single 
complimentary formula. 

Bio-inoculation with chemical mineral fertilizers recorded the best results for maize. These results 
agreed with Borham et al. (2017) on wheat and Yassen et al. (2019) on maize plants. On other hand, 
the application of biofertilizers in conjunction with natural mineral fertilizers (RP and RK) to maize 
improved significantly the growth parameters of wheat as a second crop at the vegetative growth stage 
(60 days). The inoculation with biofertilizers through insoluble rock phosphate enhanced plant vigor 
and nutrient uptake and caused a dramatic increase in plant growth of wheat crop (Shams El-Deen et 
al., 2020). This may be due to the ability of bacteria to produce hormones, especially IAA (Sheng and 
Huang, 2001). In these connections, P. polymyxa were correlated with its nitrogen fixation, soil 
phosphorus solubilization and producing plant growth regulating hormones such as indole-acetic acid 
and cytokinins (Spaepen et al., 2007 & Lal and Tabacchioni, 2009). Phosphorus and nitrogen are known 
to play an important role in the molecular structure of nucleic acids, DNA and RNA resulting in 
increased protein synthesis and protoplasm formation with increasing in vegetative growth (El-
Shanshoury, 1995). This is attributed to creating favorable conditions for bacteria for the root system 
to absorb and translocate water and nutrients to the green parts of the plant and promoting 
photosynthetic activities that result in denser vegetative growth (Zaki et al., 2019). 

Bio-inoculation with chemical mineral fertilizers recorded favored higher accumulation of 
chlorophyll a, b and carotenoid contents of maize that matched with previous findings (Borham et al., 
2017) on wheat and (Yassen et al., 2019) on maize plants. On other hand, synergetic effects of 
biofertilizers and natural alternative fertilizers matched with (Shaaban et al., 2015b) on the wheat plant. 
Bacterial inoculation reduced chlorophyll loss and stimulated synthesis of chlorophyll through 
encourages pyridoxal enzymes formation that plays an vital role in α-amino levulinic acid synthetase 
as a primary compound in chlorophyll synthesis (Ramadan et al., 2003) or promotion of cytokinins 
(Gaballah, 1995). By increasing absorption and translocation of essential metal ions by bacterial 
inoculation, which leads to acceleration of metabolic rates related to the synthesis of these constituents 
(Costa-Santos et al., 2021).  

Inoculation tests showed that chemical fertilizers or natural alternative mineral with dual bacterial 
strains were able to delay foliage symptoms and significantly reduce both disease incidence (DI) and 
severity (DS) of black point symptoms on maize plants. Data also showed a significant reduction in 
seedlings mortality percentages, black point grains and black point seeds/spike characters of wheat 
seedlings. Previous studies indicated that P. polymyxa and E. cloaceae have the broad-spectrum 
antagonistic activity related to the antimicrobial compounds secreted by such bacteria, which effectively 
managed plant diseases caused by fungi, bacteria and nematodes (Timmusk et al., 2009; Weselowski 
et al., 2016 and Zhang et al., 2018). The results were parallel to Zhang et al. (2018) who reported the 
ability of P. polymyxa ShX301strain to decrease the incidence of cotton wilt disease under naturally 
infected soil by Verticillium dahliae.  

Several isolates of Enterobacter cloacae are known to be bio-control agents for different rots and 
pre-emergence damping-off of pea, beet, cotton, and cucumber plants incited by Pythium spp., as well 
as of Fusarium wilt of cucumber, spinach and some other plant diseases caused by fungal pathogens 
(Tsuda et al., 2001 and Kazerooni et al., 2020). The antifungal activity of E. cloacae against the growth 
of Pythium sp. and Rhizoctonia solani may be related to the possible production of volatile compounds 
such as ammonia (Howell et al., 1988). P. polymyxa, has long been known for its ability to produce 
peptide antibiotics resistant, such as polymyxins, polypeptins, gavaserin, saltavalin, and jolipeptin 
against bacteria and a series of LI-F antibiotics, gatavalin, and fusaricidins against fungi, Gram-positive 
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bacteria and actinomycetes (Deng et al., 2011 & Lal and Tabacchioni, 2009). Additionally, Kavitha et 
al. (2005) purified a 37-kDa protein from culture filtrates of Bacillus polymyxa strain VLB-16 inhibiting 
mycelial growth of Pyricularia grisea and Rhizoctonia solani. Similar result was obtained by Deng et 
al. (2011), by a purified 71.9-kDa protein of P. polymyxa JSa-9 that exhibiting a broad range of 
antimicrobial activity against several bacterial and fungal pathogens. Rybakova et al. (2016) reported 
the ability of P. polymyxa Sb3-1 to effectively suppress the growth of Verticillium longisporum directly, 
and via its volatiles, and some of these antimicrobial volatiles have been identified as 2-nonanone and 
3-hydroxy-2-butan (Rybakova et al., 2017). 

Data of the current results matched with Yazdani et al. (2009), who stated that application of 
biofertilizers in combination with chemical fertilizer (NPK) gradually improved yield of maize as 
compared with mineral fertilizers only. Synergetic effects of biofertilizers and chemical fertilizers have 
also been reported by Borham et al. (2017) on wheat Yassen et al. (2019) and Nyaera et al., (2019) on 
maize plants. These increases in yield parameters may be due to an increase in the solubilization of 
chemical fertilizers, therefore, stimulate the growth and absorption of minerals by plants (Park et al., 
2003). As for wheat, consensus effects of biofertilizers and alternative fertilizers have also been 
matched with the work on some plant species such as potato (El-Sayed et al., 2014) and table beet El-
Sayed et al., 2018), wheat (Shams El-Deen et al., 2020). Furthermore, it can be attributed to the increase 
in nitrogen fixation by bacterial inoculation that improves vegetative growth and finally the yield of 
plants (Vessey, 2003 and Premsekhar and Rajashree, 2009). Also, production of plant growth hormones 
by the bacteria and effect root growth and extension positively, leading to more absorption of nutrients, 
which reflect more growth through nitrogen compounds assimilation, forming growth substances that 
increase cell division and tissues enlargement, finally, affects the formation of the organs, which was 
reflected as a high yield production (El-Khawas, 1990).  

The current results matched with these of Yassen et al. (2019) who reported that phosphorous and 
potassium content of maize plants gave the highest data with conjunction application of, soluble 
fertilizer with bacterial strains. Hence, their uptake increased. Regarding wheat, alternative natural 
fertilizers as a residual with dual strains gave the highest contents from phosphorous and potassium, 
therefore, lead to the highest P and K uptake. These results agreed with El-Sayed et al. (2018) on table 
beet and Shams El-Deen et al. (2020) on wheat. Higher nutrient uptake might be related to higher 
biomass yield, inoculation with PK solubilizing bacteria produced a beneficial effect on the growth of 
different plants (Xiao et al., 2017 and El-Saied et al., 2020). Bacterial strains can provide an alternative 
technology to make K and P available for uptake by plants. In our case, co-inoculation of E. cloacae 
synergistically solubilized RP, which were added into the soil and make them much more available for 
uptake by the plant (Mahfouze and Sharaf–Eldin, 2007) found that E. cloacae as phosphorus solvent 
bacteria can produce organic acids that increasing solubility and availability of phosphorus to plant. 
Moreover, it has a considerable role in proving K compounds to plant by storing K in their biomass (a 
significant quantity of fixed K), which is potentially available to plants (Jones et al., 2003). It has been 
reported that the production of various extracellular polymers (primarily proteins and polysaccharides) 
can also be led to the release of K from K-bearing minerals for plant uptake (Shelobolina et al., 2012). 
Increasing N uptake may be related to the Paenibacillus strain used in this study that might have the 
capacity to fix atmospheric nitrogen, solubilize the complex phosphate, synthesis of growth hormones 
and production of antibiotics (Radhakrishnan et al., 2017). 

Enhanced total carbohydrate of maize has been matched with previous findings Yassen et al. 
(2019) on maize plants and El-Saied et al. (2020) on fennel. On other hand, synergetic effects of 
biofertilizers and natural alternative fertilizers matched with Shaaban et al., (2015b) on the wheat plant. 
The importance of biofertilizers in increasing the percentages of total carbohydrate may be due to the 
role of these biofertilizers on the enzymatic systems responsible for the biosynthesis of these 
compounds (Hassan, 2009). The results suggest that the synthesis of photosynthetic pigments in leaves 
is an induced factor for carbohydrate synthesis (Kahil et al., 2017). 

Our results demonstrated that the synergistic effects of co-inoculation of PK solubilizing bacteria 
integrated with the direct application of PK rocks regards to P and K availability after first crop. On 
other hand, PK rocks treated soil increased both P and K availability in the rhizosphere after second 
crop. Synergetic effects of biofertilizers and natural alternative fertilizers agreed with Han et al. (2006) 
on pepper and cucumber plants; El-Sayed et al. (2018) on table beet and Shams El-Deen et al., (2020) 
on wheat. A synergistic effect could occur between the co-inoculation of phosphorus and potassium 
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solubilizing bacteria from one side and the direct application of P and K rocks on the other side because 
these rocks are solubilized slowly (Han et al., 2006) and the presence of bacterial inoculation improve 
P and K availability in soils by producing organic acids and other chemicals, which stimulate growth 
and mineral uptake by plants (Park et al., 2003 and Mardad et al., 2013). 

 
5. Conclusion  

Combining two bacterial strains (E. cloacae and P. polymyxa) with classical soluble fertilizers 
enhanced growth, yield parameters and chemical composition of the first test crop (maize).While dual 
inoculation combined with natural alternative fertilizers significantly increased growth and productivity 
of the second crop (wheat) and has positive effect on available nutrient post-harvest of two crops. In 
addition, the ability of two bacterial strains as safe, environment-friendly and effective means to fight 
B. sorokiniana, the causal agent of black point in wheat and F. verticillioides, the causal agent of ear 
rot in maize plant. So, dual Inoculation of both bacteria is providing a step forward toward sustainable 
agriculture and lowering excessive use of synthetic fungicides. 
 
References 
 
Abdullah, S. and H. Atrosh, 2014. New records of fungi on wheat grains from Iraq. Sci. J. Univ. Zakho, 

2: 256-265.  
Abdel-Kader, A.A.S. and F.E.M. Saleh, 2017. Improvement of yield and quality of roselle (Hibiscus 

sabdariffa L.) by using natural sources of phosphorous and potassium in calcareous sandy soils. 
Scientific J. Flowers & Ornamental Plants, 4(3):233-244. 

Abou-el-Seoud, B. and A. Abdel-Megeed, 2012. Impact of rock materials and biofertilizations on P and 
K availability for maize (Zea maize) under calcareous soil conditions. Saudi J. Biol. Sci., 19 (1): 
55–63. 

Alessi, J. and J.F. Power, 1975. Response of an early maturing corn hybrid to planting date and 
population in the northern plains. Agron. J., 67: 762-765. 

Bhandari, D., M.R. Bhatta, M.R. Duveiller, and S.M. Shrestha, 2003. Foliar blight of wheat in Nepal: 
Resistance breeding, epidemiology and disease management. Proceedings of 4th Int. Wheat Tan 
Spot and Spot Blotch Workshop, Bemidji, Minnesota, USA, 34-41. 

Bigirwa, G., A.N. Kaaya, G. Sseruwu, E. Adipala, and S. Okanya, 2007. Incidence and severity of 
maize ear rots and factors responsible for their occurrence in Uganda, J. Appl. Sci., 7(23): 3780-
3785. 

Bishni, U.R. and I.L. Hughes, 1979. Agronomic performance and protein content of fall-planted tritica, 
wheat and rye. Agron. J., 71: 359-360. 

Black, C.A., 1965. Method of soil analysis, Part 2, Chemical and Microbiological Properties, American 
Society of Agronomy, Inc, Publisher, Madison, Wisconsin USA. 

Borham, A., E. Belal, M. Metwaly and Sh. El-Gremy, 2017. Phosphate solubilization by Enterobacter 
cloacae and its impact on growth and yield of wheat Plants. J. Sus. Agric .Sci. 43(2): 89 -103. 

Chapman, H.D. and P.F. Pratt, 1961. Methods of analysis for soils, plants and waters. Univ. California, 
Los Angeles, 60-61, 150-179. 

Costa-Santos, M., N. Mariz-Ponte, et al., 2021. Effect of Bacillus spp. and Brevibacillus sp. on the 
photosynthesis and redox Status of Solanum lycopersicum. Hort., 7 (24):1-14. 

Deng, Y., Z. Lu, F. Lu, C. Zhang, Y. Wang, H. Zhao, and X. Bie, 2011. Identification of LI-F type 
antibiotics and di-n-butyl phthalate produced by Paenibacillus polymyxa. J. Microbiol. Meth., 85: 
175–182. 

Dey, G., P. Banerjee, R.K. Sharma, et al., 2021. Management of phosphorus in salinity-stressed 
agriculture for sustainable crop production by salt-tolerant phosphate-solubilizing bacteria-A 
review. Agronomy, 11 (1552):1-27. 

El-Khawas, H.M., 1990. Ecological studies on a symbiotic N2- fixing bacterium in soil and 
rhizoshphere of certain plants. M. Sc. Thesis Fac. Agric. Cairo Univ. 

El-Saied, R.M., R.S. Abd Elhamed, and W.A. Hassanein, 2020. Possibility of decreasing consumption 
of chemical fertilizers with using phosphorous and potassium solubilizing bacteria inoculation on 
fennel. Plant Archives, 20(2): 315-3169. 



Middle East J. Agric. Res., 10(3): 996-1013, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.3.65  

1010 

El-Sayed, S.F., H.A. Hassan, M.M. El-Mogy, and A. Abdel-Wahab, 2014. Growth, yield and nutrient 
concentration of potato plants grown under organic and conventional fertilizer systems. American-
Eurasian J. Agric. and Environ. Sci., 14 (7): 636-643. 

El-Sayed, M.A.M., M.F. Attia and M.R. Hafez,, 2018. Effect of natural biofertilizers on productivity 
and quality of table beet (Beta vulgaris L.) grown in sandy soil at Siwa oasis, Egypt. J. Alex. Sci. 
Exch., 39: 722-738.  

El-Shafey, H.A., 1970. A study of Helminthosporium leaf-spot disease of maize and sorghum in UAR. 
with special reference to leaf-blight caused by Helminthosporium turcicum. PhD. Thesis, Faculty 
of Agric., Al-Azhar Univ. Cairo.  

El-Shanshoury, A.R., 1995. Interactions of Azotobacter chroococcum, Azospirillum 
brasilense and Streptomyces mutabilis, in relation to their effect on wheat development. J. Agron. 
Crop Sci., 175: 119-127. 

Eman, E.K.A., S.S. Mervate, and A.Z. Wafaa, 2010. Effect of Some Organic and Mineral Fertilizer 
Applications on Growth and Productivity of Pomegranate Trees. J. Alex. Sc. Exch., 31(3):296-
304. 

FAO. 2019. FAOSTAT online statistical service. Food and Agriculture Organization of the United 
Nations, Rome, Italy.  

Fasusi, O.A., C. Cruz, and O.O. Babalola, 2021. Agricultural sustainability: microbial biofertilizers in 
rhizosphere management. Agric., 11(163):1-19. 

Fernandez, M.R. and R.L. Conner, 2011. Black point and smudge in wheat. Prairie Soils and Crops (4): 
158-164. 

Gaballah, M.A., 1995. Effect of water logging and kinetin on the stability of leaf membranes, leaf 
osmotic potential, soluble carbon and nitrogen components and chlorophyll content of Ricinus 
communis plants. Phyton. Horn. 30: 199-208. 

Gai, X., H. Dong, S. Wang, B. Liu, Z. Zhang, X. Li , et al., 2018. Infection cycle of maize stalk rot and 
ear rot caused by Fusarium verticillioides. PLoS ONE, 13(7). 

Gilchrist, L.I., 1985. CIMMYT methods for screening wheat for Helminthosporium sativum resistance. 
pp. 149-151. In: Wheat for More Tropical environments: A Proceeding of the International 
Symposium, September 24-28, 1984. Mexico, D.F.: CIMMYT. 

Glick, B.R., C.L. Patten, G. Holguin, and D.M. Penrose, 1999. Biochemical and genetic mechanisms 
used by plant growth promoting bacteria. Imperial College Press, London, United Kingdom, 267. 

Han, H.S. and K.D. Lee 2005. Phosphate and potassium solubilizing bacteria effect on mineral uptake, 
soil availability and growth of eggplant. Res. J. Agric. Biol. Sci., 1(2):176–180. 

Han, H.S., E. Supanjani, and K.D. Lee, 2006. Effect of co-inoculation with phosphate and potassium 
solubilizing bacteria on mineral uptake and growth of pepper and cucumber. Plant Soil Environ., 
52(3):130–136. 

Hassan, F., 2009. Response of Hibiscus sabdariffa L. plant to some biofertilization treatments. Annals 
Agric. Sci. Ain Shams Univ. Cairo, 54(2): 437- 446. 

Hilu, H.M. and A.L. Hooker, 1963. Monogenic chlorotic lesion resistance to Helminthosporium 
turcicum in corn seedling. Phytopathology, 53: 909-912. 

Hinton, D.M. and C.W. Bacon, 1995. Enterobacter cloacae is an endophytic symbiont of corn. 
Mycopathologia, 129: 117-125. doi:10.1007/ BF01103471. PubMed, 7659140. 

Howell, C.R., R.C. Beier, and R.D. Stipanovic, 1988. Production of ammonia by Enterobacter cloacae 
and its possible role in the biological control of Pythium preemergence damping off by the 
bacterium. Phytopathology, 78: 1075-1078. 

Hussein, M.M.M. and M.S.A. Arafa, 2009. Nitrogenous nutrition of paspalum turf grass grown in sandy 
soil using chemical and biofertilizers. J. Hort. Sci. & Ornam. Plants, 1(3):100-108. 

Hussain, H., F. Raziq, I. Khan, B. Shah, Altaf, M., Attaullah, W. Ullah, A. Naeem, M. Adnan, K. Junaid, 
S.R.A. Shah, and M. Iqbal, 2016. Effect of Bipolaris maydis (Y. Nisik & C. Miyake) shoemaker 
at various growth stages of different maize cultivars. J. Ento.and Zoo. Stud., 4(2): 439-444. 

Jackson, M.L., 1958. Soil chemical analysis prentice Hall. Inc., Englewood Cliffs, NJ, 498, Pp 183-204. 
Jones, S., et al., 1991. The CDC25 protein of Saccharomyces cerevisiae promotes exchange of guanine 

nucleotides bound to ras. Mol. Cell Biol., 11(5):2641-6. 



Middle East J. Agric. Res., 10(3): 996-1013, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.3.65  

1011 

Jones, D.R., J.K. Northcutt, M.T. Musgrove, P.A. Curtis, K.E. Anderson, D.L. Fletcher, and N.A. Cox, 
2003. Survey of shell egg processing plant sanitation programs: Effects on egg contact surfaces. J. 
Food Prot., 66:1486–1489. 

Kabesh, M.O., M.F. El-kramany, G.A. Sary, H.M. El-Naggar, and S.H.B. Gehan, 2009. Effect of 
sowing methods and some bio-organic fertilization treatments on yield and yield components of 
wheat. Res. J. Agric. and Biol. Sci., 5(1): 97-102. 

Katare, P., K. Chaudhari, and M. Mohan, 2020. Bacillus polymyxa: A potential probiotic species. Elec. 
J. Bio., 16(5): 128-133. 

Kavitha, S., S. Senthilkumar, S. Gnanamanickam, M. Inayathullah, and R. Jayakumar, 2005. Isolation 
and partial characterization of antifungal protein from Bacillus polymyxa VLB16. Process 
Biochem., 40:3236–3243. 

Kazerooni, E.A., H. Al-Shibli, A. Nasehi, and A.A. Al-Sadi, 2020. Endophytic Enterobacter cloacae 
exhibits antagonistic activity against Pythium damping-off of cucumber. Ciência Rural., 50(8):1-
7. 

Kahil, A.A., F.A.S. Hassan, and E.F. Ali 2017. Influence of biofertilizers on growth, yield and 
anthocyanin content of Hibiscus sabdariffa L. plant under Taif region conditions. ARRB, 17(1): 
1-15. 

Khan, A.A., G. Jilani, M.S. Akhtar, S.M.S. Naqvi, and M. Rasheed, 2009. Phosphorus solubilizing 
bacteria: occurrence, mechanisms and their role in crop production. J. Agric. Biol. Sci., 1:48–58. 

Khlebova, L.P., N.V. Barysheva, A.I. Ziborov, and I.A. Brumberg, 2019. Black point in spring durum 
wheat under different environmental conditions. Uk. J. Eco., 9(4): 713-718 

Lal, S. and S. Tabacchioni, 2009. Ecology and biotechnological potential of Paenibacillus polymyxa: a 
minireview. Ind. J. Microbiol., 49: 2-10. 

Leslie, J.F. and B.A. Summerell, 2006. The fusarium laboratory manual. Blackwell Publishing, Ames, 
IA, USA., 388.  

Li, L., Q. Qu, Z. Cao, Z. Guo, and H. Jia, et al., 2019. The relationship analysis on corn stalk rot and 
ear rot according to Fusarium species and fumonisin contamination in kernels. Toxins, 11: 320. 
doi:10.3390/toxins11060320. 

Lin, Q., Z. Rao, Y. Sun, J. Yao, and L. Xing 2002. Identification and practical application of silicate-
dissolving bacteria. Agric. Sci. China, 1: 81–85. 

Mardad, I., A. Serrano, and A. Soukri, 2013. Solubilization of inorganic phosphate and production of 
organic acids by bacteria isolated from a Moroccan mineral phosphate deposit. African J. 
Microbiol. Res., 7(8): 626-635. 

Mahfouz, S.A. and M.A. Sharaf-Eldin, 2007. Effect of mineral vs. biofertilizer on growth, yield and 
essential oil content of fennel (Foeniculum vulgare, Mill. Int. Agrophysics, 21: 361-366. 

Masiello, M., S. Somma, A. Susca, V. Ghionna, A.F. Logrieco, M. Franzoni, S. Ravaglia, G. Meca, and 
A. Moretti, 2020. Molecular identification and mycotoxin production by Alternaria species 
occurring on durum wheat, showing black point symptoms. Toxins, 12, 275; 
doi:10.3390/toxins12040275. 

Multitu, E.W., R. Narla, H. Oduor, and J.K. Gathumbi, 2003. Causes of ear rot of maize with mycotoxin 
implications in eastern and central Kenya. In: Book of Abstracts for the 6th Biennual Conf. Afri. 
Crop Sci. Soc., Nairobi, Kenya October, 12-17: 71. 

Nyaera, K., T.A. Mtaita, M. Mutetwa, and T. Masaka, 2019. Maize yield response under various 
phosphorus sources and their ratios. European J. Exp. Bio., 9 (1):5 

Park, M., O. Singvilay, Y. Seok, J. Chung, K. Ahn and T. Sa, 2003. Effect of phosphate solubilizing 
fungi on P uptake and growth to tobacco in rock phosphate applied soil. Korean J. Soil Sci. Fertil., 
36: 233–238. 

Park, S.Y., S.H. Park, and S.K. Choi, 2012. Active inclusion body formation using Paenibacillus 
polymyxa PoxB as a fusion partner in Escherichia coli. Anal. Biochem., 426, 63–65. doi: 
10.1016/j.ab.2012.04.002. 

Peters, I.S., B. Combs, I. Hoskins, I. Iarman, M. Koverwatson, and N. Wolf, 2003. Recommended 
methods of manure analysis. University of Wisconsin, cooperative extension published, Madison. 

Premsekhar, M. and V. Rajashree, 2009. Influence of biofertilizers on the growth characters, yield 
attributes, yield and quality of tomato. Am. Eurasian J. Sustain. Agric., 3:68-70. 



Middle East J. Agric. Res., 10(3): 996-1013, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.3.65  

1012 

Radhakrishnan, R., A. Hashem, and E.F. Abd_Allah, 2017. Bacillus: A biological tool for crop 
improvement through bio-molecular changes in adverse environments. Front. Physiol., 8, 667. 

Ramadan, B.S., H.R. Hassan, and F.A. Abdo, 2003. Effect of minerals and biofertilizers on 
photosynthetic pigments, root quality, yield components and anatomical structure of sugar beet 
(Beta vulgaris L.) plants grown under reclaimed soil. J. Agric. Sci. Mansoura Univ., 28(7):5139-
5160. 

Ramesh, A., S.K. Sharma, M.P. Sharma, N. Yadav, and O.P. Joshi, 2014. Inoculation of zinc 
solubilizing Bacillus aryabhattai strains for improved growth, mobilization and biofortification of 
zinc in soybean and wheat cultivated in vertisols of central India. Agric. Ecosyst. Environ. Appl. 
Soil Ecol. 73: 87–96. 10.1016/j.apsoil.2013.08.009 . 

Ramires, F.A., M. Masiello, S. Somma, A. Villani, A. Susca, A.F. Logrieco, C. Luz, G. Meca, 2018. 
Moretti, A. Phylogeny and mycotoxin characterization of Alternaria Species Isolated from wheat 
Grown in Tuscany, Italy. Toxins, 10: 472.  

Richards, L.A., 1954. Diagnosis and Improvement of Saline Alkali Soils, Agriculture, 160, Handbook 
60. US Department of Agriculture, Washington DC. 

Rybakova, D., T. Cernava, M. Köberl, S. Liebminger, M. Etemadi, and G. Berg, 2016. Endophytes-
assisted biocontrol: novel insights in ecology and the mode of action of Paenibacillus. Plant Soil, 
405: 125-140.  

Rybakova, D., U. Rackwetzlinger, T. Cernava, A. Schaefer, M. Schmuck, and G. Berg, 2017. Aerial 
Warfare: a volatile dialogue between the plant pathogen Verticillium longisporum and its 
antagonist Paenibacillus polymyxa. Front. Plant Sci., 8. 

Sadasivam, S. and A. Manickam, 1996. Biochemical methods, second edition, New Age Inter. India, 2: 
124-126. 

Salah,G.A., O.A.O. Saad, and O.H.M. Hassan, 2020. Evaluation of biofertilization on growth and 
quality of Moringa oleifera grown on sandy soil. Scientific Journal of Agricultural Sciences, 2 (1): 
42-49. 

Saric, M., R. Kastrori, R. Curie, T. Cupina, and I. Gerie, 1976. Chlorophyll Determination, Univ. 
Unoven Sadu Parktikum is fiziologize Bibjoke, Beagard, Hauncna, Anjiga, 215. 

Shaaban, L.D., W.A. Hassanien, and R.M. El-saied, 2015a. Role of phosphate and potassium 
solubilizing bacteria on physiological changes and yield parameters of Vigna unguiculata L. Egypt 
J. Bot., 1: 37-52.  

Shaaban, L.D., K.E. Khalil, and R.E. El-Tantawy, 2015b. Integration effect between biofertilizers and 
natural fertilizers on growth, Npk uptake and yield parameters of wheat plant grown in alkaline 
soil. Egypt. J. Bot., 55(2): 269-279. 

Shams, A.S. and W.A. Fekry, 2014. Efficiency of applied K-feldspar with potassium sulphate and 
silicate dissolving bacteria on sweet potato plants. Zag. J. Agric. Res., 41(3): 467-477. 

Shams El-Deen, O.R., S.A.M. Abd El-Azeem, A.F. Abd Elwahab, and S.M. Saleh, 2020. Effects of 
Phosphate Solubilizing Microorganisms on Wheat Yield and Phosphatase Activity. Egypt. J. 
Microbiol. The 14th Conference of Applied Microbiology, 71-86. 

Shelobolina, E., H. Xu, H. Konishi, R. Kukkadapu, T. Wu, M. Blöthe, and E. Roden, 2012. Microbial 
lithotrophic oxidation of structural Fe (II) in biotite. Appl. Environ. Microbiol., 78: 5746-5752. 

Sheng, X.F. and W.Y. Huang, 2001. Physiological characteristics of strain NBT of silicate bacterium. 
Acta Pedol. Sin., 38: 569-574. 

Spaepen, S., J. Vanderleyden, and R. Remans, 2007. Indole-3-acetic acid in microbial and 
microorganism-plant signaling. Fems Microbiol. Rev., 31: 425-448. 

Suárez-Estrella, F., C. Vargas-García, M.J. López, C. Capel, and J. Morenoa, 2007. Antagonistic 
activity of bacteria and fungi from horticultural compost against Fusarium oxysporum f. sp. 
melonis. Crop Protect, 26: 46-53. doi:10.1016/j.cropro.2006.04.003. 

Thompson, M.E.H. and M.N. Raizada, 2018. Fungal pathogens of maize gaining free passage along the 
silk road. Pathogens, 7: 81. doi:10.3390/pathogens7040081 

Timmusk, S., K. Timmusk, et al., 2013. Rhizobacterial plant drought stress tolerance enhancement. J. 
Food Security, 11: 10-16. 

Timmusk, S., P.V. West, N.A.R. Gow, and R.P. Huffstutler, 2009. Paenibacillus polymyxa antagonizes 
oomycete plant pathogens Phytophthora palmivora and Pythium aphanidermatum. J. Appl. 
Microbiol., 106: 1473-1481. 



Middle East J. Agric. Res., 10(3): 996-1013, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.3.65  

1013 

Tsuda, K., Y. Kosaka, S. Tsuge, Y. Kubo, and O. Horino, 2001. Evaluation of the endophyte 
Enterobacter cloacae SM10 isolated from Spinach roots for biological control against Fusarium 
wilt of Spinach. J. General Plant Pathology, 67(1):78-84. doi. 10.1007/PL00012993. 

Vessey, J.K., 2003. Plant growth promoting rhizobacteria as biofertilizers, Plant Soil, 255: 571–586. 
Weselowski, B., N. Nathoo, A.W. Eastman, J. Macdonald, and Z.C. Yuan, 2016. Isolation, 

identification and characterization of Paenibacillus polymyxa CR1 with potentials for biopesticide, 
biofertilization, biomass degradation and biofuel production. Bmc Microbiol., 16, 244. 

Xiao, D., Y. Shi, B. Hoagland, J. Del Vecchio, T.A. Russo, R.A. DiBiase, and L. Li, 2017. 
Understanding controls of hydrologic processes across two headwater monolithological 
catchments using model-data synthesis. American Geophysical Union Fall Meeting, New Orleans, 
LA, 11-15 Dec.  

Yassen, A.A., M.A. Abou Seeda, E.A.A. Abou El-Nour, M.Z. Sahar and S.A. AboSedera, 2019. 
Response of maize Plant to bio, chemical fertilizers and their combination on growth, yield and 
some nutrient contents. Middle East J. Agric. Res., 8(2): 561-568. 

Yazdani, M., M.A. Bahmanyar, H. Pirdashti, and M.A. Esmaili, 2009. Effect of phosphate 
solubilization microorganisms (PSM) and plant growth promoting rhizobacteria (PGPR) on yield 
and yield components of corn (Zea mays L.) World Academy of Sci. Eng. & Technol., 49: 90-92.  

Zaki, M.F., S.A. Abou Sedera, H.A.A. Mahdy, and M.M. Abou El Magd, 2019. Effect of bio-and 
mineral phosphorus fertilization on vegetative growth, nutrients content, yield and quality of sweet 
fennel plants cultivated under newly reclaimed soil. Curr. Sci. Int., 8(1): 147-160. 

Zapata, F. and R.N. Roy, 2004. Use of Phosphate Rock for Sustainable Agriculture. FAO and IAEA, 
Rome, Italy. 

Zayed, G., 2005. Bio-production of compost with low pH and high soluble phosphorus from sugar cane 
bagasse enriched with rock phosphate. World J. Microb and Biotech., 21: 747-752. 

Zhang, F., X. Li, S. Zhu, M.R. Ojaghian, and J. Zhang, 2018. Biocontrol potential of Paenibacillus 
polymyxa against Verticillium dahliae infecting cotton plants. Biological Control, 127: 70–77. 
doi.org/10.1016/j.biocontrol.2018.08.021.  

 

 

http://dx.doi.org/10.1007/PL00012993

	1Plant Nutrition Department, Soils, Water and Environment Research Institute, Agriculture Research Center, (ID: 60019332), Giza 12112, Egypt. E-mail: dr.rehamelsaid@yahoo.com
	2Seed Pathology Research Department, Plant Pathology Research Institute, Agricultural Research Center (ID: 60019332), Giza 12112, Egypt. E. mail: ehsanrashad78@yahoo.com  
	Received: 10 August 2021	Accepted: 20 Sept. 2021	Published: 30 Sept. 2021
	ABSTRACT
	In vitro, two antagonistic bacterial isolates, E. cloacae and P. polymyxa obtained from the soil rhizosphere were tested in dual culture assay against maize Fusarium verticillioides (FV) and wheat Bipolaris sorokiniana (BS) pathogens (Fig. 1). Both antagonistic bacteria strongly inhibited the growth of the two target pathogens, with different degrees. P. polymyxa recorded the highest reduction of BS and FV pathogens (27.06 and 29.33%, respectively). E. cloacae treatment came in the second rank in reduction of BS or FV pathogens (22.94 and 24.56%, respectively). Enterobacter cloacae was found to have the ability to solubilize complex phosphate and potassium. Paenibacillus polymyxa on the other side was found to fix atmospheric nitrogen. Testing nitrogen fixation test revealed nitrogen activity of 49 nmol C2H4 /100ml/h.



