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ABSTRACT 

A field experiment was conducted at Ismailia Agricultural Research Station, Agric. Res. Centre (ARC), 
Egypt, during summer season of 2012 to study the effect of a symbiotic nitrogen fixer Azospirillum brasilense, 
phosphate dissolving bacterium Bacillus megaterium and potassium solubilizing bacterium Bacillus circulans in 
individual, or mixed forms supplemented with either humic or fulvic acids as well as their supernatants on the 
availability of nitrogen (N), phosphate (P) and potassium (K) and their reflection on some morphological,  
physiological and yield parameters of sorghum (Sorghum bicolor L.) Dorado cultivar in the presence of 50 % of 
the recommended dose of mineral NPK. 

Generally, the application of the microbial cells whether in single or mixed forms was more effective 
than their supernatants and succeeded to enhance the growth and the yield of treated sorghum plants. Almost 
values of the tested parameters significantly increased when sorghum plants were treated with viable cells or 
their supernatants supplemented with humic acid in comparison to the control. Generally, the treatments that 
possessed bacterial cells and humic acid were recorded the highest population of the bacterial group in 
rhizosphere area whether in single or mixed forms. Nitrogenase, dehydrogenase and phosphatase activities, 
plant height, plant dry weight and number of branches were significantly increased with combined mixture of 
Azospirillum brasilense, Bacillus megaterium and Bacillus circulans cells plus humic acid after 45 and 75 days 
of sowing. Moreover, high content of NPK in sorghum grains as well as crude protein and total carbohydrates 
(%) were determined with this treatment. The treatment also, exhibited the highest grains yield (3.55 ton/fed) 
and 1000 grains weight, whereas all other tested treatments including control (full NPK) attained less values. 
The obtained results clearly revealed that each bacterial stain was succeeded to compensate the half doses of 
NPK through N-fixation, P and K solubilization processes. Also, the combined inoculation with Azospirillum 
brasilense, Bacillus megaterium and Bacillus circulans in the presence of humic acid by using seed coating 
technique was more pronounced in comparison with control and all other tested treatments.  
 
Key words: Humic, fulvic, Azospirillum brasilense, Bacillus megaterium, Bacillus circulans, cells, supernatant, 

sorghum. 

Introduction 
Increasing production cost and the hazardous nature of chemical fertilizers for the environment, have 

led to the resurgence of interest in the use of biofertilizers for enhancing environmental sustainability with low 
production cost and to achieve good crop yield. Nitrogen (N), phosphate (P) and potassium (K) are the major 
essential macronutrients for biological growth and development. However, the concentration of soluble P and K 
in soil are usually very low, and the biggest proportion of P and K in soil are insoluble rocks, minerals and 
deposits (Goldstein, 1994). These sources constitute the biggest reservoirs of P and K in soil because, under 
appropriate conditions, they can be solubilized and become available for plants (Xiufang et al., 2006).  Thus, the 
use of alternative indigenous resources such as rock Feldspar (Orthoclase) is gaining importance to reduce using 
chemical fertilizers. 

Microorganisms play a central role in the natural P and K cycle and P- or K-solubilizing bacteria in soil 
and in plant rhizospheres (Sperberg, 1958); there are bacteria species having high ability to solubilize inorganic 
phosphate compounds (Goldstein, 1986) and silicate bacteria were found to resolve potassium, silicon and 
aluminum from insoluble minerals (Aleksandrov et al., 1967). The use of N2- fixers, phosphate and potassium 
solubilizes contributes in enhancing uptake of plant nutrients (Morsy et al., 2009). A variety of symbiotic 
(Rhizobium spp.) and non-symbiotic bacteria (Azospirillum, Azotobacter, Bacillus and Klebsiella  spp.) are now 
being used worldwide for enhancing plant productivity (Cocking, 2003). The plant microbe interaction in the 
rhizosphere play a pivotal role in transformation, mobilization and solubilization of nutrients and subsequently 
uptake of essential nutrients by plants to realize their full genetic potential (Massoud and El-Batanony, 2009). 
The plant growth promoting rhizobacteria (PGPR) have the ability to produce a vital enzymes, amino cyclo 
propane carboxylate deaminase to reduce the levels of ethylene in the root of developing plant thereby 
increasing the root length and growth beside, the ability to produce hormones like auxin, indole acetic acid 
(IAA), abscisc acid (ABA), gibberellic acid (GA) and cytokinins (Dey et al., 2004).  
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Fulvic and humic acids as an organic substances are among the means available to achieve 
sustainability in agricultural production. They play a vital role because of their beneficial effects on soil 
physical, chemical and biological characteristics of soil (Afifi, 2010). Humic substances can be added to the soil 
for improving the crop yield. A benefit of humic acid due to its ability to complex metal ions and form aqueous 
complexes with micronutrients and also may form an enzymatically active complex, which can be carry on 
reactions that are usually assigned to the metabolic activity of living microorganisms (Stevenson, 1994). In 
many studies, humic and fulvic acids preparations were reported to increase the uptake of mineral elements 
(Mackowiak et al. 2001), to promote the root length (Canellas et al. 2002), and to increase the fresh and dry 
weights of crop plants (Chen et al. 2004 a, b).  

Sorghum (Sorghum bicolor L.) is a major crop ranked fifth in the worldwide production of cereals; it is 
typically cultivated in the tropical, sub-tropical and temperate regions of the world (FAO, 2004). In Egypt 
sorghum is usually cultivated in the southern governorates, where the environmental conditions are relatively 
favorable for its production. Sorghum plants are cultivated on about 0.38 million Feddan, yielding 6.3 million 
ardab with yield average of 17.02 ardab/fed (Sorghum Research Department, Field Crops Res. Inst., ARC, Giza, 
Egypt, 2006). The current research aimed to evaluate the impact of selected active bacterial strains (Azospirillum 
brasilense, Bacillus megaterium and Bacillus circulans) or their culture supernatants supplemented with or 
without fulvic or humic acids on availability of NPK, growth and yield of sorghum under field conditions.  
 
Materials and Methods 
 

Some physical and chemical properties of soil samples representing the studied location before 
cultivation. 

 
Mechanical analysis:  
 
Soil texture class was sandy, where coarse sand (53.4%), fine sand (34.4 %), silt (4.2 %) and clay (8.0 %).  
 
Physical and chemical analysis: 
 
  pH (7.73), EC (1.13 dS/m), organic matter (0.25%), total nitrogen (0.02%), total phosphorus (0.02%), 
available phosphorus (0.0023 ppm) and CaCO3 (0.6%).  
 
Anions and cations (meq /L): 
 

 CO--
3 (traces), HCO-

3 (1.13), Cl- (0.20), SO--
4 (0.07), Ca++ (0.64), Mg++ (0.11), Na+ (0.29) and K+ 

(1.13). 
 

Grains:  
 
Sorghum bicolor Dorado cultivar grains were provided by Field Crops Research Institute, Agricultural Research 

Center, Giza, Egypt. 
  
Microorganisms used: 
 
Azospirillum brasilense, Bacillus circulans and Bacillus megaterium were used throughout the current study. 

The used bacterial strains were obtained from Agric. Microbiol.  Res. Dept., ARC, Giza, Egypt. The used 
strains were tested biochemically to clear their capabilities to fix atmospheric nitrogen, excretion of 
hormones like substances and expolysaccharides (Table 1) according to the methods described by Cacciari 
et al. (1989) and Hebber et al. (1992). 

 
 Azospirillum brasilense:  
 

An active strain was grown on semisolid malate medium (Dobereiner et al., 1976). 
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Bacillus circulans: 
 

 An active silicate bacterial strain was inoculated in 250 ml conical flasks that contained 100 ml 
Alexandrov,s medium (Zahra, 1969 ) for 4 weeks at 28oC then enriched in nutrient broth medium (Difco, 1985) 
for 48 hours at 28oC.  
Bacillus megaterium:  
An active phosphate solubilizing strain was inoculated in 250 ml conical flasks contained 100 ml  of 

Pikovskya's medium (Pikovskaya ,1948)  for three days at 30oC. This strain was enriched in nutrient broth 
medium (Difco, 1985) for 48 hours at 28oC. The cultures reached 108 cfu /ml after incubation.  

 
Table 1.  Biological activities of the used strains 

Strain 
Nitrogenase 

(µmole C2H4/ml/h) 
IAA 

(mg/l) 
Gibbereilic acid 

(mg/l) 
Exopolysacharids 

(g/l) 

A. brasilense 5.28 1.20 1.70 1.22 
B. circulans nd 0.31 0.40 nd 
B. megaterium nd 0.51 0.91 0.34 

Preparation of bacterial inocula: 

The inocula of Azospirillum brasilense, Bacillus megaterium and B. circulans were prepared 
individually and in mixture forms. 500 ml Erlenmayer flask containing 200 ml of sterilized specific medium for 
each bacterial strain and 20 ml of preculture of Azospirillum brasilense grown on semisolid malate medium,  
Bacillus megaterium grown on Pikovskaya's medium and of B. circulans on Alexandrove's medium. The flasks 
of each medium were incubated at 30oC for 48 hours on a rotary shaker at 120 rpm. The cultures were 
centrifuged for 10 min at 5000 rpm at 4oC. The residual bacterial cells were then washed thoroughly with 0.8 % 
of NaCl solution and re-suspended in 1% peptone solution. The supernatants of each bacterial culture were 
collected under sterilization conditions and kept in a refrigerator at 4oC to be ready for use. 

 
Seeds coating and soaking technique:  
 

 The cells of each bacterial strain (108 cfu/ml) were coated on one set of sorghum grains as following: 
The grains were surface sterilized with 0.05% chlorox then washed 3 times with sterilized tap water then mixed 
with the cells and sterilized peat as a carrier using Arabic gum (40%) as a sticker. The coated seeds were air 
dried in shade for 2 hours. 

The supernatants of culture broth of A. brasilense, B. megaterium and B. circulans were diluted (1:2) 
and then the other set of sorghum grains were soaked for 6 hours directly before sowing. Parts of supernatant 
were added as soil drainage (5 L/ fed) after 15 and 30 days of sowing for the treatments that treated with 
supernatant only. 
 

Fertilization:   

a) Mineral fertilization: Half of the recommended dose (175 kg / fed) of ammonium sulphate (20.5%) 
was added in three equal doses during sowing and after 30 and 60 days for the treatments inoculated with 
Azospirillum brasilense only. Half of the recommended dose of phosphorus (100kg /fed) in the form of super 
phosphate (15.5 % P2O5) was applied during soil preparation for the treatments that inoculated with Bacillus 
megaterium only. Half of the recommended dose (25 kg/ fed) of potassium sulphate (48 % K2O)  was applied 
once at 60 days before earing stage for the treatments inoculated with Bacillus circulans only, whereas control 
treatment and uninoculated ones received full dose of NPK. Whereas, feldspar (orthoclase) was obtained from 
location represents the sediments of potash feldspar in eastern desert of Egypt between Ras Benas and Quseir. 
The sample was ground and sieved, 250 μm size fractions were collected. The percent of potassium oxide (K2 
O5) in feldspar was 11.25%. Half dose of feldspar (80 k/fed), as recommended dose, was mixed with soil before 
planting for the treatments inoculated with Bacillus circulans only. Application of half dose of NPK was 
according to Massoud et al. (2013). 

Organic fertilization: 
 
Extraction of humic and fulvic acids: 
 

 Extractions of humic (HA) and fulvic (FA) acids from biogas manure were run according to Afifi 
(2010). Purification of HA and FA were accomplished as described by Kononova (1966). Total phosphorus was 
determined according to Murphy and Riley (1962). Total potassium was determined using flame 
photometrically (Chapman and Pratt, 1961). Both humic and fulvic acids were added as soil drench during 
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irrigation intervals at a rate of 75% (7.5 L/fed) from 200 ppm (as a recommended dose) according to Stevenson 
(1994). Elemental analysis (C, H, N, S and O2) of the purified HA and FA (Table 2) was performed by gas 
microanalysis (vario elementoric, H, N, S, Germany 2004 as described by Goh and Stevenson (1971). Total 
acidity of HA and FA acids were determined as described by Dragnova (1958). Carboxyl groups were 
determined according to Schintzer and Gupta (1965) phenolic groups were determined as described by 
Kononova (1966). 

 
Table 2. Characteristic of humic and fulvic acids extracted from biogas manure  

Treatment C % N % H % S % O % P ppm K Ppm 

Total acidity 
(mmol/100g) 

COOH groups 
(mmol/100g) 

Phenolic 
groups 

(mmol/100g) 

HA 57.1 5.6 5.1 2.1 30.1 0.001 0.017 275 210 310 

FA 48.6 2.8 4.3 2.3 42.0 0.016 0.240 600 300 650 

 
Experimental design: 
 

A field experiment was carried out at the Experimental Research Station, Ismailia Governorate, Egypt 
in the summer season of 2012. The treatments were arranged in a complete randomized plots design with three 
replicates as following: 

 
T1:  Full NPK (control). T10:  Bacillus circulans (B. c) cells T19:  B. m supernatant 
T2:  Humic acid (HA) T11:  B. c cells + HA T20:  B. m  supernatant + HA 
T3:  Fulvic acid (FA) T12:  B. c cells + FA T21:  B. m  supernatant + FA  
T4:  Azospirillium brasilense (Azo) cells T13:  B. c supernatant T22:  Mix Bio-NPK (cells) 
T5: Azo cells + HA T14:  B. c supernatant +HA T23:  Mix Bio-NPK (supernatant)  
T6:  Azo cells + FA T15:  B. c supernatant + FA  T24:  Mix Bio-NPK (cells) +HA 
T7:  Azo  supernatant T16:  Bacillus megaterium (B. m) cells T25:  Mix Bio-NPK (cells) +FA 
T8:  Azo supernatant + HA T17: B. m cells + HA T26:  Mix Bio-NPK supernatant + HA 
T9:  Azo supernatant + FA T18: B. m cells +FA T27: Mix Bio-NPK supernatant +FA  

 
The plot area was 3m in length X 2m in width (6m2). It Involved 6 ridges, 5 ridges were cultivated, 

whereas, the sixth one was left between each two experimental units to avoid overlapping, each ridge contained 
20 hills.  Plant and rhizospheric samples were taken periodically to study the following parameters:  
a) Agronomical: Shoot length (cm), shoot dry weight (g) and number of branches were measured after 45 and 

75 days of sowing. 
b) Microbiological: Most probable number (MPN) of Azospirillum spp. and plate count of both Bacillus 

megaterium and B. circulans, were determined after 45 and 75 days of sowing. 
c) Enzyme activities: Nitrogenase in the rhizosphere was measured as acetylene reduction assay (ARA) by GC 

analysis at 45 and 75 days according to Somasegaran and Hoben (1994). The dehydrogerase activity 
in the rhizosphere of sorghum was also determined according to the method described by Skujins 
(1976). Whereas total phosphatase (acid and alkaline phosphatase) was determined at 45 and 75 days 
of sowing in soil according to the method described by Tabatabai (1982). 

d) Physiological parameters: Total nitrogen, phosphorus and potassium (NPK), total carbohydrates and crude 
protein percentage (%) were determined in sorghum grains according to Black et al. (1965).  

e) Yield: 1000 grain weight (g), grain yield (ton/ fed) and grain index were also determined. 
f) Statistical analyses: The results were expressed as means. Treatment means were compared using the least 

significant difference; the significant difference (at P < 0.05) was evaluated by analysis of variance 
(ANOVA by using Gen-Stat Discovery Edition 3.  

 
Results  

Table (3) indicates the positive effect of organic acids (humic and fulvic) on increasing microbial 
populations in sorghum rhizospheric area besides, the response of sorghum to the bacterial inoculation 
represented in Azospirillum spp., Bacillus megaterium and Bacillus circulans. The most probable number of 
Azospirillum spp. was clearly higher in cells more than in its supernatants, also in treatments inoculated with 
Azospirillum than other treatments even the mixture ones. Therefore at 45 days treatments T5, T6 and T22 
exhibited the highest populations (48.7, 47.3 and 49.9 ×105 cfu/g rhizosphere, respectively). Whereas at 75 days 
T5 and T22 gave the highest populations (79.5 and 83.1×105 cfu/g rhizosphere, respectively). 

Regarding to the plate count of Bacillus megaterium at both growth intervals 45 and 75 days, T17 and 
T22 recorded the highly populations being 55.0 and 53.6 ×105 cfu/g rhizosphere and 87.7 and 90.0 ×105 cfu/g 
rhizosphere, respectively. 

In concern the population density of Bacillus circulans, the treatments T11 and T22 were the ones that 
postulated the highest populations where they gave 23.0 and 24.5 and 57.5 and 56.1 ×105 cfu/g rhizosphere at 45 
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and 75 days, respectively. It could be concluded that, the populations were higher with bacterial cells more than 
its supernatants and they were also higher in the treatments that involved inoculation with the specific microbial 
source.  
 
Table 3. Effect of biofertilizers and humic substances on MPN of Azospirillum spp. and plate count of B. megaterium and B. circulans at 

different growth intervals 
Treatments 

            Period       

(days) 

MPN of Azospirillum spp. 

(×105 cfu/g rhizosphere) 

Plate count of B. megaterium 

(×105 cfu/g rhizosphere) 

Plate count of B. circulans 

(×105 cfu/g rhizosphere) 

45 d 75 d 45 d 75 d 45 d 75 d 

T1 1.1 4.5 1.3 5.0 5.0 10.0 

T2 2.2 5.6 3.0 7.0 5.1 13.0 
T3 2.2 5.8 4.0 7.5 4.5 12.1 
T4 35.5 65.7 9.9 22.0 7.1 15.1 
T5 48.7 79.5 10.0 23.0 8.0 17.3 
T6 47.3 71.1 9.2 20.0 7.5 16.3 
T7 6.6 40.0 6.0 14.0 4.3 14.4 
T8 8.8 42.2 6.6 17.7 4.5 14.5 
T9 7.9 40.0 6.4 15.5 4.4 14.0 
T10 20.0 36.6 5.3 11.1 17.0 54.0 
T11 25.5 37.1 5.5 12.0 23.0 57.5 
T12 21.1 30.0 5.4 10.0 20.6 56.0 
T13 25.5 31.0 4.1 10.5 9.2 26.0 
T14 26.5 32.1 4.7 10.0 10.5 27.7 
T15 24.4 31.0 4.3 11.0 9.3 23.3 
T16 26.9 37.0 33.6 77.0 4.0 9.0 
T17 26.6 3.91 55.0 87.7 4.3 9.9 
T18 24.3 34.4 43.1 78.5 4.1 8.3 
T19 20.3 33.1 28.1 30.0 3.6 8.6 
T20 22.5 35.1 26.0 40.0 4.0 8.4 
T21 24.3 30.0 23.1 38.5 3.7 8.8 
T22 49.9 83.1 53.6 90.0 24.5 56.1 

T23 26.9 42.1 31.1 66.6 21.3 37.0 

T24 46.3 80.0 52.1 86.6 19.5 56.1 

T25 40.0 52.1 44.4 62.1 19.3 33.1 
T26 22.5 41.1 34.0 50.0 21.0 24.4 
T27 21.1 41.0 33.2 48.9 18.0 23.3 

 
Nitrogenase activity in sorghum rhizospheric area was significantly greater in almost all treatments 

inoculated with Azospirillum brasilense whether in a single form or in a mixture compared to the control (Table 
4). A pronounced increase in nitrogenase activity was achieved in the treatment T24. It recorded the highest 
enzyme activity in the two growth intervals 45 and 75 days being 6.11 and 15.2 µmole C2H4/g/day, respectively. 

Data in Table (4) showed, significantly increases in the activity of dehydrogenase enzyme in almost all 
treatments, especially the mixed ones compared to the control (T1). All treatments inoculated with the bacterial 
cells exhibited remarkable increases in the activity of dehydrogenase enzyme at 75 days from sowing being 
greater higher than those at 45 days.  At both 45 and 75 days, T24 exhibited the optimum activities whereas; it 
recorded 25.70 and 40.1 µg TPF/g soil/day, respectively. Treatments that treated with microbial supernatants 
attained moderate activities of dehydrogenase enzyme. 

 The increase of total phosphatase enzyme (acid and alkaline) indicates of the activity of phosphate 
solubilizing bacteria (Bacillus megaterium) in soil. There were significant increases in all treatments inoculated 
with B. megaterium individually or in mixed forms. The maximum activity was recorded at 75 days from 
planting. T24 revealed as superior being significantly higher compared to all other treatments including the 
control, it reached 62.7and 65.5 µg/g soil/day at 45 and 75 days, respectively. 

Data in Table (5) revealed that, shoot length and dry weight besides the number of branches 
significantly increased in mixed treatments compared to individual ones and control.  The obtained data 
revealed an increase in growth parameters of microbial inoculated plants than uninoculated ones. It is clearly 
shown that the mixture of microbial supernatants gave nearly the same estimates as the mixture of microbial 
cells. The highest plant length, plant dry weight and the number of branches were recorded with T25. There were 
slightly significant differences between T25 treatment and T26. Other treatments recorded low values of growth 
parameters. These results confirm the stimulating influence of combined mixture organisms and supernatants 
mixed with humic substances on plant growth along the growth intervals. 

The obtained results of NPK content of sorghum grains (Table 6) showed significant increases in 
nitrogen, phosphorous and potassium percentage with T24 over all other treatments including the control where 
it recorded 1.90, 0.98 and 0.53 %, respectively, while control treatment scored (1.70, 0.96 and 0.39 %, 
respectively). Data also revealed that crude protein and total carbohydrates were significantly increased whereas 
the highest values were recorded (11.88% and 53%, respectively).   
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Table 4. Effect of biofertilizers and humic substances on nitrogenase, dehydrogenase and phosphatase activities at different growth intervals 
Treatment 

 

Period (days) 

Mean± SE Nitrogenase activity        

   (µmole C2H4/ g dry soil/ day) 

Mean± SE Dehydrogenase activity   

(µg TPF/g dry soil/day) 

Mean ±  total phosphatase  

   (µg/ g dry soil/day) 

45 75 45 75 45 75 

T 1 1.31 ±0.53f 3.11 ±1.3h 0.51±0.2g 4.61±1.9g 24.10 ±0.3a 24.5 ±0.36t 
T 2 1.51±0.61ef 4.10 ±1.7g 3.11±1.3f 7.61±3.1f 30.30 ±0.2n 33.00 ±0.12p 
T 3 1.73±0.69ef 5.32 ±2.1f 2.88±1.2f 6.11±2.5f 27.60 ±0.3p 29.00 ±0.05s 
T 4 3.22±1.3de 7.10 ±2.9de 13.60±5.5c 22.43±9.1d 31.50±0.2m 34.90 ±0.2o 
T 5 4.21±1.7cd 9.31 ±3.8d 15.61±6.3bc 30.11±12cd 40.50 ±0.3h 42.50 ±0.28k 
T 6 4.63±1.87c 8.72 ±3.5d 14.21±5.7c 27.66±11d 33.60 ±0.1k 37.30 ±0.2n 
T 7 2.11±0.85e 6.33 ±2.7e 11.61±4.7c 12.50±5.1ef 35.30 ±0.3j 38.60 ±0.1m 
T 8 2.71±1.09de 6.81 ±2.6de 11.51±4.6c 13.00±5.2ef 40.60 ±0.4h 44.31 ±0.17j 
T 9 2.81±1.13de 6.60 ±1.7de 10.31±4.2d 13.00±5.3ef 38.30 ±0.2i 40.40 ±0.23i 
T 10 0.90±0.36g 4.31 ±1.8g 8.51±3.4de 12.66±5.1ef 26.30 ±0.2r 29.00 ±0.12s 
T 11 0.93±0.37g 4.50 ±1.7g 9.31±3.7de 13.21±5.3ef 28.30 ±0.1o 30.20 ±0.21r 
T 12 0.95±0.38 4.30 ±1.6g 10.00±4.1de 15.50±6.2e 27.00 ±0.06p 28.60 ±0.34s 
T 13 0.61±0.25j 4.01 ±1.8g 8.51±3.4de 12.00±4.8ef 30.30 ±0.3n 31.00 ±0.17q 
T 14 0.55±0.22k 4.42 ±1.7g 6.11±2.5e 9.66±3.9f 32.60 ±0.1l 35.40 ±0.2o 
T 15 0.7±0.28h 4.22 ±1.5g 7.71±3.1e 12.11±4.8ef 31.00 ±0.11m 33.30±0.17p 
T 16 0.81±0.33h 3.81 ±1.6 9.31±3.8de 13.66±5.5ef 43.40 ±0.3g 45.40 ±0.23i 
T 17 0.83±0.34h 4.04 ±1.6g 12.12±4.9c 16.31±6.6e 44.40 ±0.2f 47.00 ±0.12h 
T 18 0.73±0.29h 3.81 ±1.5h 10.00±4.1d 15.31±6.2e 43.00 ±0.06g 44.40 ±0.11j 
T 19 0.43±0.17k 3.13 ±1.3h 7.96±3.2e 8.51±3.4f 45.00 ±0.2p 50.00 ±0.11g 
T 20 0.66±0.26j 4.04 ±1.6g 12.20±4.9c 17.71±7.2e 50.20 ±0.2d 53.60 ±0.23f 
T 21 0.71±0.28h 3.60 ±1.4h 13.00±5.3c 20.00±8.1d 47.42 ±0.2e 50.00 ±0.17g 
T 22 4.7±1.89c 12.63 ±5.1c 20.00±8.1b 36.6±14.8b 50.61 ±0.3d 55.50 ±0.28e 
T 23 3.85±1.56d 10.30 ±4.1d 20.10±8.1b 32.60±13.2c 52.70 ±0.2e 57.00 ±0.11d 
T 24 6.11±2.4a 15.20 ±6a 25.71±10.3a 40.10±16.2a 62.70 ±0.2a 65.50 ±0.06a 
T 25 5.00±2.02b 13.50 ±5.4b 23.63±9.2b 36.60±14.8b 60.60 ±0.4b 63.40 ±0.23b 
T 26 5.55±2.2ab 14.30 ±5.8b 22.30±9.1b 35.30±14.3bc 50.90 ±0.3d 56.60+0.23 d 
T 27 5.11±2.06b 14.30 ±5.8b 22.00±8.9b 33.60±13.6c 60.90 ±0.1b 61.70 ±0.28c 
LSD 0.05 0.3125 0.3879 0.3354 0.4523 0.6591 0.5734 

 
Table 5. Effect of biofertilizers and humic substances on the growth parameters of sorghum at different growth intervals.  

Treatments 

                   

            period       

             (days) 

Mean ± SE 

Plant height (cm) 

Mean ± SE 

Plant dry wt.(g) 

Mean ± SE 

No. of branches 

45 75 45 75 45 75 

T 1 70 ± 0.36i 115 ± 0.2d 46.8±0.1j 132.1±0.2no 4 ±0.1gh 6 ±0.2g 
T 2 74 ± 1.0g 117 ± 0.1d 37.5±0.1p 128.2 ±0.2p 5 ±0.3g 6 ±0.12g 
T 3 71 ± 0.17h 115 ± 0.2 d 38.5±0.1o 130 ±0.1op 5 ±0.17g 6 ±0.21f 
T 4 76 ± 0.4e 111 ± 0.1 d 59.1±0.1f 140 ±0.21l 5 ±0.15g 7 ±0.12f 
T 5 77 ± 0.15d 121 ± 0.2 c 50.0 ±0.1i 166 ±0.12e 5 ±0.17g 7 ±0.15f 
T 6 75 ± 0.31f 117 ±0.3 d 53.0 ±0.2h 165 ±0.15e 7 ±0.2def 8 ±0.12e 
T 7 66 ± 0.05k 113 ±0.1 d 36.0 ±0.2g 133 ±0.23mn 5 ±0.15g 8 ±0.12e 
T 8 75 ± 0.17f 122 ±0.2 c 60.0 ±0.2i 160 ±0.17f 7±0.2bcd 7 ±0.1e 
T 9 75 ± 0.11f 121 ±0.2 c 63.0 ±0.1e 162 ±0.18e 8±0.2bcd 8 ±0.12e 
T 10 65 ± 0.12l 110 ±0.1 d 30.0 ±0.2s 170 ±0.15d 7 ±0.2def 9 ±0.12d 
T 11 70 ± 0.06i 114 ±0.15d 45.0 ±0.1k 131 ±0.1op 7 ±0.1def 9 ±0.15d 
T 12 70 ±0.2hi 119 ±0.2 d 50.0 ±0.2i 146 ±0.2k 7 ±0.2def 9 ±0.06d 
T 13 62 ± 0.21n 105 ±0.1 e 39.6±0.5m 150 ±0.06j 8±0.2bcde 10 ±0.2c 
T 14 64 ±0.20m 114 ±0.2 b 53.0 ±0.2g 140 ±0.17l 6 ±0.1cf 8 ±0.06e 
T 15 60 ± 0.40o 115 ±0.2d 39.0 ±0.1n 153 ±0.21hi 7±0.2bcde 8 ±0.15e 
T 16 67 ± 0.15j 120 ±0.2 c 44.0 ±0.1l 130 ±0.17op 8±0.1bcde 8 ±0.06e 
T 17 70 ± 0.25i 121 ±0.2 c 50.0 ±0.1i 155 ±0.12gh 8 ±0.2bcde 9 ±0.1d 
T 18 70 ± 0.31i 122 ±0.2 c 35.0 ±0.2r 160 ±2.9g 8 ±0.06def 9 ±0.21d 
T 19 59 ± 0.20p 103 ±0.1 e 45.0 ±0.2k 135 ±0.12m 7 ±0.1def 9 ±0.15d 
T 20 64 ± 0.11m 112.6±0.2 d 50.0 ±0.1i 151 ±0.12ij 7 ±0.2cde 10 ±0.12c 
T 21 70 ± 0.15i 119 ±0.1 d 65.0 ± 0.1d 160 ±0.21f 9 ±0.25bc 10 ±0.1c 
T 22 75 ± 0.25f 123 ±0.2 c 63.0 ±0.2e 170 ±0.15d 7 ±0.3bcde 9 ±0.06d 
T 23 73 ± 0.06g 120 ±0.2 c 70.0 ±0.1c 160 ±0.23e 9 ±0.2bcd 9 ±0.12d 
T 24 79 ± 0.15b 127 ± 0.2 b 73.0 ±0.2i 175 ±0.23c 9 ±0.12ab 10 ±0.12c 
T 25 80 ± 0.20a 128±0.1 a 75.3 ±0.1a 183 ±.0.06a 9 ±0.17a 11 ±0.06a 
T 26 80 ± 0.06a 127 ±0.1 b 75.0 ±0.2ab 178+0.21b 10±0.12a 11 ±0.12a 
T 27 78 ±0.12c 126.2±0.1 b 73.0 ±0.1b 180 ±0.23b 9 ±0.17a 11 ±0.1ab 
L.S.D (0.05) 8.546 18.185 0.749 25.229 0.8734 0.4598 
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Table 6. Effect of biofertilizers and humic substances on NPK, total carbohydrates and crude protein percentage in sorghum grains . 
Treatments Mean ±SE Total N 

(%) 
Mean ±SE Total P 

(%) 
Mean ±SE Total K 

(%) 
Mean ±SE Total carbohydrates 

(%) 
Mean ±SE Crude protein 

(%) 
T 1 1.70  ±0133 0.96 ±0.01b 0.39 ± 0.04cd 30.61 ± 1.78i 10.63± 1.68bc 
T 2 1.73 ±0.09fg 0.33 ±0.01d 0.45 ±0.03ab 33.5 ±2.4fghi 10.81 ±1.55e 
T 3 1.71 ± 0.14g 0.89 ±0.07 b 0.43± 0.04abc 32.31 ±2.38ghi 10.69 ±1.66cf 
T 4 1.75 ±0.02e 0.33 ±0.02 d 0.22 ±0.023ef 30.54 ±2.37i 10.94 ±1.70d 
T 5 1.77 ± 0.11d 0.32 ±0.03 d 0.23 ±0.051ef 40.10 ±1.2cdefghi 11.06 ±1.62d 
T 6 1.74 ±0.02f 0.66 ±0.01 bc 0.22 ±0.021ef 41.31 ±1.8cdefgh 10.88 ±1.55e 
T 7 1.57 ±0.03ij 0.80 ±0.03 b 0.21 ±0.029ef 37.51 ±2.49efghi 9.8 ±1.30fg 
T 8 1.51 ± 0.12j 0.22 ±0.01 e 0.20 ±0.01ef 45.51 ±2.95abcdf 9.44 ±1.39gh 
T 9 1.58 ±0.011ij 0.64 ±0.03 bc 0.30±0.02bcdef 45.00 ±3.47abcdf 9.88 ±1.35fgf 
T 10 1.80 ±0.20c 0.63 ±0.03 bc 0.25 ±0.03def 40.33 ±4.67bcd 11.55 ±1.654cd 
T 11 1.82 ±0.03b 0.45 ±0.01 c 0.27 ±0.03cdef 41.30 ±2.86cdefghi 11.38 ±1.46c 
T 12 1.79 ±0.032cd 0.62 ±0.01 bc 0.24 ±0.038ef 38.40 ±3.57defghi 11.19 ±1.53cd 
T 13 1.40 ±0.02l 0.54 ±0.02 bc 0.23 ±0.029ef 38.00 ±4.05 defghi 8.75 ±1.24hij 
T 14 1.45 ±0.013k 0.61 ±0.05bc 0.24 ±0.031f 40.00 ±4.62bcd 9.06 ±1.38h 
T 15 1.42  ±0.04kl 0.40 ±0.02 c 0.2 ±0.029ef 42.00 ±3.06abcdef 8.88 ±1.28hi 
T 16 1.60 ±0.01i 0.50 ±0.02 bc 0.27 ±0.03cdef 45.00 ±4.62abcdf 10.0 ±1.57fg 
T 17 1.63 ±0.021h 0.52 ±0.03 bc 0.27 ±0.06cdef 43.33 ±2.3abcdfg 10.19 ±1.32f 
T 18 1.61 ±0.041i 0.31 ±0.02 d 0.18 ±0.040ef 36.00 ±3.47efghi 10.06 ±1.51fg 
T 19 1.48 ±0.03j 0.61 ±0.02 bc 0.31 ±0.038ef 38.30 ±1.25defgh 9.25 ±1.35fgh 
T 20 1.50 ±0.023j 0.81 ±0.02 b 0.30 ±0.03bcdef 47.31 ±4.11abcde 9.38 ±1.435fgh 
T 21 1.49 ±0.02j 0.30 ±0.02 d 0.21 ±0.026ef 47.51 ±1.2abcde 9.31 ±1.28gh 
T 22 1.83±0.16b 0.44 ±0.05 d 0.42 ±0.046abc 50.00 ±4.05abc 11.44 ±1.55c 
T 23 1.70 ±0.032g 0.31 ±0.02d 0.13 ±0.034ef 49.10 ±2.95abcd 10.63±1.45bc 
T 24 1.90  ±0.025a 0.98 ±0.01 a 0.53 ±0.037a 53.00 ± 2.89a 11.88 ±1.81a 
T 25 1.87 ±0.01b 0.60 ±0.03 bc 0.34 ±0.1bcde 52.11 ±2.38ab 11.69 ±1.75b 
T 26 1.75 ±0.312e 0.23 ±0.03 e 0.21 ±0.012ef 52.00 ±3.47ab 10.94 ±1.66d 
T 27 1.73 ±0.028fg 0.60 ±0.04 bc 0.31 ±0.023ef 50.00 ± 4.05abc 10.81 ±1.65e 
L.S.D (0.05) 1.0258 2.3423 0.146 8.9229 3.821 

 
Data in Table (7) revealed that, the highest productivity of sorghum plants was recorded with 

inoculation with Bio-NPK cells with humic acid compared to soaking with microbial growth media 
(supernatants). There were significant increases in all the yield parameters with T24 where it recorded 49.03 g 
(1000 grain wt) and 3.55 ton ⁄fed (grain yield). Meanwhile, the control and some other treatments attained less 
yield parameters.  It was noticed that both T23 and T27 exhibited slight decrease in 1000 grain weight and grains 
yield than T24. As for grain index, the highest filling rate in sorghum grains recorded also with T24. 
 
Table 7. Effect of biofertilizers and humic substances on weight of 1000 grain and sorghum grain yield.   

 Treatments Mean  ± SE 1000 
grain weight (gm) 

Mean  ± SE 
Grains yield (ton/fed) 

Mean  ± SE 
Grain index 

T 1 44.12 ± 0.153ab 3.35 ±0.22abc 10.20 ± 0.046k 
T 2 36.00± 0.115cde 0.90±0.03i 16.53±0.02d 
T 3 30.20± 0.058e 0.91±0.03i 18.16±0.03c 
T 4 36.67± 0.14cde 1.20±0.058h 14.50±0.029f 
T 5 39.01± 0.173bcd 1.50±0.208g 10.40 ±0.02j 
T 6 39.00± 0.208bcd 2.56±0.035e 10.40 ±0.023j 
T 7 33.01± 0.116f 3.00±0.152d 12.70± 0.058g 
T 8 36.02± 0.20de 2.60±10.018e 16.50±0.05d 
T 9 35.05± 0.252de 2.31±0.012f 18.60±0.116a 
T 10 33.00± 0.173de 2.71±0.049e 10.20±0.033j 
T 11 35.00± 0.306de 2.32±0.023f 16.50±0.012d 
T 12 37.03± 0.347cde 2.32±0.04f 14.50±0.05f 
T 13 40.05±0.173bcd 2.19±0.021f 18.40±0.035b 
T 14 40.00±0.152bcd 2.22±0.069f 12.40±0.017h 
T 15 41.03±0.10bcd 2.15±0.021f 16.30±0.029e 
T 16 41.17±0.78bcd 2.77±0.047e 16.30±0.012e 
T 17 43.10±0.780abc 3.00±0.153d 12.24±0.012i 
T 18 38.00±0.20bcd 3.10±90.017cd 16.44±0.03de 
T 19 41.00±0.208bcd 3.26±0.023bc 16.32±0.012e 
T 20 40.07±0.057bcd 3.44±0.021abc 18.36±0.017b 
T 21 40.00 ±0.173bcd 3.44±0.012abc 18.36±0.023b 
T 22 47.04± 0.20ab 3.50±0.06ab 1.08±0.035mn 
T 23 48.50±0.152a 3.42±0.038abc 1.02±0.012n 
T 24 49.30 ±0.185a 3.55±0.017a 0.00±0.0o 
T 25 44.03±0.115ab 3.19±0.012cd 1.15±0.104mn 
T 26 45.20±0.115ab 3.50±0.015ab 1.467±0.177i 
T 27 48.90±0.173a 3.33±0.017abc 1.20±0.40m 
L.S.D (0.05) 5.7391 0.2180 0.01943 

 

Discussion 

There is an urgent need for integrated nutrients management (INM) that target of agricultural inputs 
and lower the environmental impacts of agricultural fertilizers and practices. Better understanding of the 
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interactions between microbes whether cells or supernatants or both, fertilizer and plants is very important. The 
INM system promotes low chemical input and improved nutrient-uptake efficiency by combining natural and 
manmade sources of plant nutrients in an efficient and environmentally prudent manner. 

Our current study aims to maximize the role of bacterial inoculants either in cell or supernatant forms 
as these inoculants have the capacity to promote plant growth, enhance nutrient availability, uptake and support 
the health of plants as reported by Weller (2007). The use of PGPR strains represented in nitrogen fixation and 
phosphorus and potassium solubilizers besides organic fertilization with humic and fulvic acids enhanced 
sorghum growth in all growth stages. Strains that applied individually or in combination in the presence of 
organic acids succeeded to increase N and P uptake that was suggested to result from improved a symbiotic N2-
fixation and improved both nitrogenase and phosphatase activities. 

From our results, inoculation with mixed strains of Azospirillum brasilense, Bacillus megaterium and 
Bacillus circulans especially in cell form in the presence of either humic or fulvic acid obtained more consistent 
than mixed bacterial supernatents and single strain inoculations, these results were confirmed by Massoud et al. 
(2013). 

It must be emphasized that nitrogen fixation is not the only mechanism; other mechanisms that have 
been proposed in Azospirillum include production of phytohormones leading to improve root growth, water 
adsorption and mineral uptake (e.g; phosphate solubilization), proton and organic acids (Bashan et al., 2004). 

The nitrogenase enzyme complex has been credited for the capacity of some PGPR to convert nitrogen 
into ammonia in a free state so the presence of ammonia has a strong impact on the expression of nif gene in 
most diazotrophs. Results were share in the conclusion of Baldani and Baldani (2005) that with progressive 
understanding of the interactions between nitrogen fixing bacteria and cereal crops, the world is closer to the 
dream for developing an ecofriendly nutrient source for cereal crops. 

The increase of phosphatase enzyme and phosphorus content in the treatments that received combined 
mixed culture plus humic acid more than the control treatment and other individual inoculants, depend on the 
principal mechanism for the capacity of phosphate solubilizing bacteria (B. megaterium) to produce organic 
acids as confirmed by Chen et al. (2006) who reported that gluconic acid is the principal organic acid produced 
by many organisms including  Bacillus megaterium, but they also produce other acids including 2-α 
ketogluconic, acetic, citric, glycolic, isovaleric, isobutyric, lactic, malonic, oxalic, propionic and succinic acids.   

The increase of some biochemical constituents (total carbohydrates and crude protein) in sorghum 
grains in mixed treatment  (Azospirillum brasilense + B. megaterium + B. circulans cells+ HA) was attributed to 
the inoculants that positively  influenced the uptake of many elements such as N, P and K, these results were 
emphasized by Khan (2005) who observed that inoculation with Azospirillum spp., Bacillus megaterium and 
Bacillus circulans resulted in enhanced uptake of Fe, Zn, Mg, Ca, K and P by crop plants. 

The results also confirm those of Mehrvaiz et al. (2008) who reported an increase uptake of P and K 
when soil was inoculated with both P and K solubilizing bacteria and suggested that the production of organic 
acids (citric, oxalic, tartaric and α-ketogluconic) by the bacterial strains led to chelating of metals and 
mobilization of K from K containing minerals.  Also, Afifi (2010) found that the humic substances succeeded to 
enhance the uptake of macro and micro elements by Phaseolus vuglaris. 

Dehydrogenase is an oxidoreductase, which is only present in viable cells, this enzyme has been 
considered as a sensitive indicator of soil quality and it has been proposed as a valid biomarker to indicate 
changes in total microbial load due to changes in soil management (Roldan et al., 2004). The present data 
confirmed the previous findings that proved a significant increase in the activity of dehydrogenase nearly in 
most of the treatments especially in cells of combined ones. This could be due to the increase of microbial 
populations in sorghum rhizosphere because of the effect of combination of bacterial strains, in addition to the 
amendment with humic acid that help in enrichment of soil microbial content as well as nutrients (Morsy et al., 
2009). 

Significant increases in plant height, plant dry weight and yield of agronomical important crops in 
response to inoculation with PGPR represented in the used strains have been reported where Azospirillum 
brasilense, Bacillus megaterium and Bacillus circulans strains in cell form could positively affect seed 
germination and seedling growth. These results also confirmed by Massoud et al. (2009). 

The present investigation confirms the results of Wu et al. (2005), who reported that inoculation with 
bio-NPK strains in combination significantly increased grain and straw yields of sorghum and chickpea plants. 

Generally, the obtained results could be explained on the bases that certain specific microorganisms 
when applied to the soil amended with humic and fulvic acids played a vital role by improving soil fertility, 
modifying physical and chemical conditions, and directly by acting as powerful cheaters and increasing 
nutrients availability to the plants (Siddiqui et al., 2008). 

In conclusion, from the aforementioned results it could be obvious that, grains soaking in bacterial 
supernatants exhibited less effect on sorghum growth and yield whereas, the inoculation with bacterial cells 
gave marked increases in all parameters. Thus, it is strongly recommended to use grains coating with microbial 
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cells because this method is more easier, exists more quantities of inoculant in rhizospheric area and, has an 
economic impact on saving mineral fertilization to approximately one third of the recommended dose 
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	The supernatants of culture broth of A. brasilense, B. megaterium and B. circulans were diluted (1:2) and then the other set of sorghum grains were soaked for 6 hours directly before sowing. Parts of supernatant were added as soil drainage (5 L/ fed) after 15 and 30 days of sowing for the treatments that treated with supernatant only.



