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ABSTRACT 
 

A pot experiment was carried out to study the effect of inoculation with 

single,dual and triple inoculants of N2-fixer A. brasilense, P-solubilizer B. megaterium 
var.phosphaticum and the vesicular-arbuscular (VA) mycorrhizal fungus Glomus 
macrocarpus on growth and nutrition of maize in a calcareous soil amended with rock 
phosphate (0.5%) & compost (0.5%), and fertilized with low dose of N mineral 
fertilizer.  A significant positive effect on plant growth was obtained after inoculation of 
maize particularly with composed inoculant, in the presence of ½ dose of N fertilizer.  
Composed inoculants significantly increased the accumulation of N, P and K in maize 

plants.  N2-ase activity of maize plant roots was higher when A. brasilense and G. 

macrocarpus or A. brasilense, G. macrocarpus and B. megaterium var. 
phosphaticum were combined particularly in the presence of ¼ dose of N fertilizer.  
High percentage of VA mycorrhiza colonization in maize roots was formed, indicating 
good ecological adaptation of the mycorrhizal fungus to the calcareous soil.  The 
introduced biopreparations were able to colonize actively the rhizosphere of maize.   
The results obtained in this work demonstrate the potential benefit of inoculating 
maize plants growing in calcareous soil with a composed inoculant of N2-fixing 
bacteria (NFB), P- solubilizing bacteria (PSB) and VA mycorrhiza in the presence of 
low dose of N fertilizer 
Keywords: N2-fixing bacteria, Phosphate-solubilizing bacteria, VA mycorrhiza, 

Biofertilizers, Maize, Calcareous soil. 
 

INTRODUCTION 
 

In Egypt a considerable attention has been paid in the last years to 
soil reclamation to increase agricultural production.  Among the most 
promising land for agricultural expansion is the highly calcareous type of soils 
of the northwestern coastal region.  This type of soils is known to be low in 
their natural fertility due to low N level, P fixation and deficiency of some 
micronutrients (Balba, 1980).  Fertility problems are greatly solved by addition 
of mineral fertilizers.  However, the use of intensive and non-rational rates of 
mineral fertilizers increases not only the costs of agricultural production in 
these reclaimed areas but also pollutes the environment and forms                
a hazardous kinds of food products.  Therefore, it is essential to evolve a 
strategy of integrated nutrient supply by using a judicious combination of 
mineral fertilizers and biofertilization (Hauka et al., 1996). 

A promising trend for increasing the efficiency of biofertilizers is the 
use of different mixtures of biopreparations as N2-fixers, and P- & silicate-
solubilizers (Okon and Labandera-Gonzalez, 1994 and Hauka et al., 1996).     
A significant increases in yield and dinitrogen fixation have been observed 
when wheat and bearly were inoculated with mixed cultures of associative 
N2-fixers (Fayez, 1989).  There have been successful attempts to improve 
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maize development by using mixtures of N2-fixers and mycorrhiza 
(Sreeramulu et al., 1988).  The effect of combined inoculation of grasses with 
both NFB and PSB on yield and nutrient accumulation in plants was more 
significant than the effect of separate treatments (Kundu and Gaur, 1980 & 
1984).  Furthermore, the beneficial influence of PSB on survival of NFB in the 
rhizosphere has been observed (Ocampo et al., 1975, Kundu and Gaur, 1980 
and Alagawadi and Gaur, 1988).  In view of these encouraging findings, it is 
necessary to acquire a through knowledge of interactions between NFB, PSB 
and VA mycorrhiza. 

The present study aims at investigation the effect of combined 
inoculum of NFB, PSB and VA mycorrhiza in the presence of a low dose of N 
fertilizer and rock phosphate on maize plants grown in calcareous soils 
amended with rock phosphate and wheat straw compost.  The effect of 
inoculation treatments on N2-ase activity of plant root system, VA mycorrhiza 
colonization and population of certain bacteria was also investigated. 

 

MATERIALS AND METHODS 
 

A pot experiment was conducted during summer 1998 under 
greenhouse conditions at Agric. Res. Exper. Sta., Fac. of Agric., Mansoura 
Univ.  The experiment was carried out to investigate the effect of maize 
inoculation with A. brasilense as NFB, B. megaterium var. phosphaticum as 
PSB and G. macrocarpus, separately or mixed, on plant growth, nutrient 
uptake by maize plants and counts of microorganisms in soil. 
 

Soil: 
A calcareous soil (34.8% CaCO3 and pH of about 8.0) was obtained 

from a surface layer (0-20 cm) in Bourg El-Arab region, Egypt.  The soil was 
air dried, ground to pass through a 2.0 mm sieve.  The main physical and 
chemical properties of the soil are recorded in Table (1). 
 

Table (1): Analysis of the used soil. 
Physical properties Chemical properties 

 Particle size distribution   CaCO3 % 34.9 
 Sand % 53.9  pH  7.92 
 Silt % 2.9  Total N % 0.6 
 Clay % 7.7  Available P (ppm) 2.1 
 Texture Sandy  Available K meq/100 g 0.45 
    E. C. m mhos/m 3.1 

 

Cultivar: 
Maize grains (Zea mays L. cv. triple hybrid 310) were used in this 

study.  They were provided from Agron. Dept., Sakha Agric. Station.  Grains 
were selected to be similar in size and weight. 
 

Organisms: 
A. brasilense was obtained from the Agric. Microbiol. Dept., Soils and 

Water Res. Inst., Egypt.  B. megaterium var. phosphaticum was obtained 
from Microbiol. Dept., Fac. of Agric., Mansoura Univ., Egypt.  Local strain of 
G. macrocarpus was provided from Fac. of Sci., Mansoura Univ., Egypt. 
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Compost preparation: 
2 kg finely powdered wheat straw and 1 kg shredded small pieces of 

wheat straw were mixed in a pile.  Wheat straw pile was amended with 120 g 

(NH4)2 SO4 dissolved in 7.5 L H2O.  The pile was kept at 22C.  Two doses of 
CaCO3, 20 g each, were added after 2 and 3 days.  Moisture was kept 
constant a round at 40% for 5 weeks.  The pile was remixed every two days.  
The composted wheat straw was mixed with soil at the rate of 0.5% (w/w). 
 

Grains inoculation: 
Bacterial inocula: 

A. brasilense was grown on modified nitrogen-deficient semi-solid 

malate medium (Döbereiner, 1978) at 30C for 48 h.  B. megaterium var. 
phosphaticum was grown on Bunt and Rovira liquid medium (1955) modified 

by Abdel Hafez (1966) at 30C for 72 h.  The suspensions obtained (1 x 108 
cells/ml each) were used for grain inoculation at the rate of 10 ml single 
inoculant, 5 ml of each culture in binary inoculant or 3.3 ml of each culture in 
triple inoculants.  The same doses were added to each pot after 10 days of 
sowing. 
 

VA Mycorrhiza inoculant: 
Grains planted over the thin layer from segments of highly infected 

onion roots and 5 ml of spores suspension ( 180 spores/ml) were added on 
the grains and then covered with some of the same soil. 
 

Plant growth conditions: 
The soil was mixed with the composted wheat straw and rock 

phosphate (26.4% P2O5, Abou Zaabal Phosphate Fertilizers Co.) at the rate 
of 0.5% (w/w) of each, before sowing.  Each plastic pot (30 x 45 cm) was 
filled with 10 kg of soil.  Grains were distributed at the rate of 5 grains/pot, 
then thinned to 1 seedling/pot after two weeks of sowing.  Fertilization rates 
were 60 kg N/fed (NH4NO3 33.5%) (recommended full dose), 30 kg N/fed (1/2 
N dose) or 15 kg N/fed (1/4 N dose) and 48 kg K2O/fed (K2SO4 48%).  
Irrigation stood at 60% of the water holding capacity (WHC) with tap water.  
The pots were incubated under greenhouse conditions.  All pots were 
irrigated with equal volume of tap water whenever, the available water 
content decreased till 40% of WHC.  16 experimental treatments were 
included.  Three replicate pots received each treatment.  One experimental 
treatment didn’t receive bio- or N mineral fertilization (control).  Another 
experimental treatment included a full dose addition of N (60 kg N/fed) 
without biofertilization.  Seven experimental treatments received a ½ dose of 
N addition (30 kg N/fed) and microbial inoculation.  Seven experimental 
treatments received ¼ dose of N addition (15 kg N/fed) microbial inoculation.   

The following inoculants were included: 
1- A. brasilense. 
2- B. megaterium var. phosphaticum. 
3- G. macrocarpus. 
4- A. brasilense + B. megaterium var. phosphaticum. 
5- A. brasilense + G. macrocarpus. 
6- B. megaterium var. phosphaticum + G. macrocarpus. 
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7- A. brasilense + B. megaterium var. phosphaticum + G. 
macrocarpus. 

Microbiological analysis: 
After 30 and 60 days from sowing, rhizospheric soil was 

microbiologically analyzed for determining the densities of total bacteria, 
azospirilla and phosphate-solubilizing bacteria on Allen (1969) medium, semi-
solid malate medium (Döbereiner, 1978) and Bunt and Rovira (1955) medium 
as modified by Abdel Hafez (1966), respectively.  Most propable numbers 
were calculated according to Cochran (1950).  Mycorrhizal infection was 
estimated microscopically on a sample of fresh root as described by 
Trouvelot et al. (1986), after clearing and staining (Phillips and Hayman, 
1970). 
 

Nitrogenase activity: 
The N2-ase activity of roots at 30 and 60 days after sowing was 

measured using the acetylene reduction assay (Hardy et al., 1973).  Values 
of N2-ase activity were recorded as n moles C2H4/g plant/h. 
 

Chemical analysis: 
After 30 and 60 days from planting, inoculated and uninoculated 

representative plants (3 plants/replicate) were carefully uprooted.  The root 
was dipped in water to remove soil particles, washed with distilled water.  
Total dry weight of plant, root dry weight and shoot dry weight were 

determined after drying at 70C for 48 hr.  The oven dried plants were 
powdered and mineralized by sulfuric-perchloric acids (Piper, 1950).  Content 
of total nitrogen, P and K was determined by the method of Jackson (1973).   
 

Statistical analysis: 
Differences between treatments were determined using the statistical 

procedures for agricultural research (Gomez and Gomez, 1984) and the 
significance of differences among treatments was tested at the 5% and 1% 
probability level.  The data were tabulated to reveal the effect of the main 
studied factors and significances of the different ways of interaction. 

 

RESULTS AND DISCUSSION 
 

Dry-weight yields: 
Data presented in Table (2) show that, in general, inoculation with 

used biopreparations, in the presence of ½ dose of N mineral fertilizer, 
increased dry weights of maize plants to a degree approximately similar to 
dry weights in full dose (N) treatments.  However, the highest dry weights 
were recorded in most treatments of composed inoculation.  The maximum 
increase in dry weight of maize over control, after 60 days, was 304.68% in 
soil inoculated with triple inoculant and fertilized with ½ dose of N fertilizer.  
Triple inoculant, however, increased dry weight to a greater extent than either 
singular or dual inoculants.  The beneficial effect of used organisms on plant 
growth can be attributed not only to N2-fixation (Fayez, 1989) and nutrient 
availability (Hauka et al., 1990 & 1996), but also to the production of growth 
substances (Sundaro-Rao, 1988 and Hauka et al., 1990).  These results are 
in agreement with those reported by Kothari et al. (1990) and Heggo & 
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Barakah (1993) who reported that in calcareous soil composed inoculation 
improved the dry matter of maize plants. 

Table (2): Dry weights (g/plant) of maize plants grown in calcareous soil amended 
with rock phosphate (0.5%) and composted wheat straw (0.5%). 

 
Treatments 

30 (day) 60 (day) 

Root 
Dry Wt 

Shoot 
Dry Wt 

Total 
Dry Wt 

Root 
Dry Wt 

Shoot 
Dry Wt 

Total 
Dry Wt 

 A: Uninoculated treatments: 

Mineral N-free control 0.22 0.43 0.65 1.48 3.43 4.91 

Full dose of N 0.31 1.00 1.31 5.01 8.77 13.78 

 B: Inoculated treatments: 

NFB + ½ N dose 0.25 1.02 1.27 2.96 6.63 9.59 

PSB + ½ N dose 0.33 0.84 1.17 2.75 7.91 10.66 

VAM + ½ N dose 0.44 0.71 1.15 3.70 8.55 12.25 

NFB + PSB + ½ N dose 0.22 0.55 0.77 5.14 9.20 14.34 

NFB + VAM + ½ N dose 0.52 1.13 1.65 3.07 11.54 14.61 

PSB + VAM + ½ N dose 0.32 1.20 1.52 2.36 7.49 9.85 

NFB +PSB + VAM + ½ N dose 0.30 1.17 1.47 4.76 10.20 14.96 

NFB + ¼ N dose 0.42 0.97 1.39 2.97 6.37 9.34 

PSB¼ N dose 0.31 0.94 1.25 1.94 5.81 7.75 

VAM¼ N dose 0.37 1.00 1.37 2.00 7.67 9.67 

NFB + PSB¼ N dose 0.32 1.00 1.32 2.66 5.67 8.33 

NFB + VAM¼ N dose 0.30 1.18 1.48 3.74 9.11 12.85 

PSB + VAM¼ N dose 0.27 0.95 1.22 2.42 8.37 10.79 

NFB +PSB + VAM¼ N dose 0.34 1.09 1.43 3.01 11.55 14.56 

F-test ** ** ** ** ** ** 

N-LSD 5% 0.05 0.18 0.19 0.33 0.51 0.48 

N-LSD 1% 0.06 0.22 0.24 0.43 0.67 0.63 

NFB, N2-fixing bacteria (A brasilense), PSB, P-solubilizing bacteria (B. megaterium var. 
phosphaticum), VAM, vesicular-arbuscular mycorrhiza ( G. macrocarpus), N-LSD, 
new least significant difference. 
 

 
N, P and K content in maize: 

Data presented in Table (3) show that N, P and K in maize plants 
were found to be affected positively by inoculation treatments with NFB, PSB 
and VAM.  The increase in nutrient content of maize plants was much higher 
in inoculated plants that received ½ dose of N mineral fertilizer. Both the 
content and uptake of nutrients increased with age of maize plants.  The 
increases may be due to more dry matter accumulation with plant age progress 
and its metabolic processes.  The highest accumulation in nutrients was 
scored by plants inoculated with dual or triple inoculants.  The highest 
accumulation of N, P and K in maize plants corresponded with inoculants of 
the triple inoculants, NFB + VAM and NFB +PSB.  It could be concluded that 
N, P and K content in maize plants were increased significantly by the 
synergistic effect mainly between both N2-fixers and P-solubilizers. The 
present study also revealed that A. brasilense is capable of enhancing the 
absorption of N and P fertilizers by the maize plants.  B. megaterium also had 
beneficial effect on P and N nutrition of maize.  The intensive assimilation of 
N and P as well as the enhancement of root uptake capacity may be 
responsible for the enhancement of K accumulation by the maize plants after 
inoculation.  This may be attributed to the functional link between N, P and K 
within the plant (Kumar et al., 1979). 
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Table (3): Nutrient contents (%) in plants and nutrients-uptake 
(mg/plant) by maize plants grown in calcareous soil amended 
with rock phosphate (0.5%) and composted wheat straw 
(0.5%). 

 
Treatments 

30 days 60 days 30 days 60 days 30 days 60 days 

N P K 
% Uptake % Uptake % Uptake % uptake % Uptake % uptake 

A: Uninoculated treatments 
Mineral N-free 

control 

1.13 7.35 1.68 82.49 0.23 1.50 0.27 13.26 1.18 7.67 2.50 122.7 

Full dose of N 1.45 19.00 2.95 406.5 0.28 3.67 0.34 46.85 1.23 19.00 3.55 489.2 

 B: Inoculated treatments: 
NFB + ½ N 
dose 

1.50 19.05 2.98 237.8 0.32 4.06 0.36 34.52 1.45 18.42 3.60 345.2 

PSB + ½ N 

dose 
1.50 17.55 3.32 354.2 0.32 3.74 0.37 39.44 1.45 17.32 3.51 374.2 

VAM + ½ N 
dose 

1.53 17.60 2.91 356.5 0.33 3.80 0.38 46.55 1.48 17.02 3.55 434.9 

NFB + PSB + ½ 
N dose 

1.52 11.70 2.99 428.8 0.33 2.54 0.35 50.19 1.48 11.47 3.55 509.1 

NFB + VAM + ½ 
N dose 

1.54 25.41 2.96 432.5 0.32 5.28 0.38 55.52 1.49 25.58 3.75 547.4 

PSB + VAM + ½ 

N dose 
1.48 22.50 2.98 253.5 0.36 5.48 0.38 37.43 1.55 23.71 3.64 358.5 

NFB +PSB + VAM + 
½ N dose 

1.48 21.76 3.01 450.3 0.36 5.15 0.38 56.85 1.56 23.52 3.66 546.0 

NFB + ¼ N 
dose 

1.21 16.82 1.75 163.5 0.25 3.48 0.30 28.02 1.60 16.96 2.55 238.2 

PSB + ¼ N 
dose 

1.25 15.63 1.75 135.6 0.26 3.25 0.30 23.25 1.22 15.25 2.56 198.2 

VAM + ¼ N 
dose 

1.25 17.13 1.75 169.2 0.26 3.56 0.30 29.01 1.22 16.85 2.60 251.4 

NFB + PSB + ¼ 

N dose 
1.24 16.37 1.76 146.6 0.25 3.30 0.30 24.99 1.23 16.10 2.61 243.5 

NFB + VAM + ¼ 
N dose 

1.26 18.65 1.78 228.7 0.25 3.70 0.30 38.55 1.22 18.20 2.59 332.8 

PSB + VAM + ¼ 
N dose 

1.26 15.37 1.76 189.9 0.25 3.05 0.31 33.45 1.23 14.88 2.58 278.4 

NFB +PSB + VAM + 
¼ N dose 

1.26 18.02 1.78 259.2 0.27 3.86 0.33 48.05 1.22 17.59 2.61 380.0 

F-test ** ** ** ** ** ** ** ** ** ** ** ** 
N-LSD 5% 0.16 2.57 0.19 10.29 0.029 0.23 0.025 4.71 0.32 2.64 0.24 8.98 
N-LSD 1% 1.00 3.36 0.25 13.45 0.039 0.301 0.033 6.16 0.39 3.34 0.31 11.74 

NFB, N2-fixing bacteria (A. brasilense), PSB, P-solubilizing bacteria    (B. megaterium var. 
phosphaticum), VAM, vesicular-arbuscular mycorrhiza (G. macrocarpus), N-LSD, 

new least significant difference. 
 

The ability of associative N2-fixers, P-solubilizing bacteria and VA 
mycorrhiza to increase the mineral N- and P-uptake by plants has been 
demonstrated previously (Hauka et al., 1990 and Belimov et al., 1995).  The 
effect of increasing nutrient content in plant can be explained by an 
enhancement of the biological N2-fixation or by activities of NFB and PSB on 
N & P cycling in soil as well as the possibility of interaction between the 
mycorrhizal fungus and PSB in helping the plant to use sparingly soluble 
phosphate (Azcon et al., 1978 and Azcon-aguilar et al., 1986).  Ba and 
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Guissou (1996) suggested that VAM plants take up more P from soil and rock 
phosphate than non-VAM plants.  On the other hand, VAM are able to 
increase N-concentration in plants by an indirect P-supply, a direct uptake of 
N-compounds from soil by hyphae and an indirect effect on nitrate reductase 
activity in plants (Barea et al., 1986). 
 

N2-ase activity: 
Inoculated maize plants showed low C2H2 reduction rates (6.29-39.48 nmol 
C2H4/h. plant) (Table 4).    The high level of N2-ase activity after 60 days was 
observed in combined inoculation treatments.  However, the highest N2-ase 
activity was observed among maize plants associated with A. brasilense 
particularly in composed inoculant, i.e., A. brasilense + B. megaterium var. 
phosphaticum + G. macrocarpus.  Generally, maximum values of N2-ase 
activity was found when soil was fertilized with ¼ dose of mineral N.  In 
contrast, no or slight increase in N2-ase activity was observed in the roots of 
maize plants growing in soil inoculated with single inoculum of either B. 
megaterium + G. macrocarpus.  These findings are in harmony with data of 
Hegazi (1983). 
 

Table (4): Nitrogenase activity (nmol C2H4/g plant/h) of maize plants 
grown in calcareous soil amended with rock phosphate (0.5%) 
and composted wheat straw (0.5%). 

Treatments 
N2-ase activity (nmol C2H2/g plant/h) 

30 (day) 60 (day) 
 A: Uninoculated treatments: 

Mineral N-free control 7.17 8.58 

Full dose of N 10.85 14.60 

 B: Inoculated treatments: 

NFB + ½ N dose 14.46 11.83 

PSB + ½ N dose 8.67 9.12 

VAM + ½ N dose 6.29 6.49 

NFB + PSB + ½ N dose 14.58 16.31 

NFB + VAM + ½ N dose 14.82 27.57 

PSB + VAM + ½ N dose 9.39 17.59 

NFB +PSB + VAM + ½ N dose 13.86 24.41 

NFB + ¼ N dose 15.29 13.27 

PSB + ¼ N dose 13.48 8.27 

VAM + ¼ N dose 12.98 8.14 

NFB + PSB + ¼ N dose 16.06 17.05 

NFB + VAM + ¼ N dose 32.42 38.63 

PSB + VAM + ¼ N dose 10.60 24.69 

NFB +PSB + VAM + ¼ N dose 21.26 39.48 

F-test ** ** 

N-LSD 5% 1.47 1.71 

N-LSD 1% 1.92 2.24 

NFB, N2-fixing bacteria (A. brasilense), PSB, P-solubilizing bacteria  (B. megaterium 
var. phosphaticum), VAM, vesicular-arbuscular mycorrhiza  (G. macrocarpus), N-LSD, 

new least significant difference. 
 
 

Mycorrhizal infection: 
Data presented in Table (5) show that the inoculation with                

G. macrocarpus successfully developed a high level of infection in maize 
plants, which indicated good ecological adaptation of mycorrhizal fungus to 
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the calcareous soil.  Very low infection was observed in the uninoculated 
control plants.  The highest percentages of VAM colonization were found 
when soil inoculated with G. macrocarpus or G. macrocarpus  + B. 
megaterium.  The rate of fungal colonization was higher after 60 days as 
compared to plants with 30 days.  Colonization in soils fertilized with half 
dose of N were less than ¼ dose-fertilized ones.  Azcon-aguilar et al. (1986) 
found that the essential synergistic effect of bacterial inoculation increased 
the degree of mycorrhizal infection.  The high colonization of VA mycorrhiza 
may be also due to compost addition which can stimulate the growth of 
hyphae, that would achieve further infection (St-Jhon et al., 1983). 
 
Table (5): Level of mycorrhizal infection in maize plants grown in calcareous soil 

amended with rock phosphate (0.5%) and composted wheat straw 
(0.5%). 

Treatments 
30 days 60 days 

Infection parameters (%) 
F M A F M A 

Mineral N-free-uninoculated control 2.30 1.00 0.00 7.30 3.40 2.20 

VAM + ½ N dose 20.00 18.00 13.00 71.00 60.10 43.50 

NFB + VAM + ½ N dose 18.30 15.00 11.00 73.00 52.30 44.00 

PSB + VAM + + ½ N dose 22.90 17.30 14.00 90.50 77.00 57.00 

NFB +PSB + VAM+ ½ N dose 20.10 16.30 9.00 65.10 55.00 45.00 

VAM + ¼ N dose 29.40 25.00 22.00 100.00 81.00 61.00 

NFB + VAM + ¼ N dose 28.10 23.30 18.00 100.00 85.00 60.00 

PSB + VAM + ¼ N dose 13.50 11.00 6.00 100.00 75.00 60.00 

NFB +PSB + VAM + ¼ N dose 22.00 19.00 13.00 98.10 65.00 53.00 

F-test ** ** ** ** ** ** 

N-LSD 5% 0.90 1.58 1.03 3.96 1.35 2.28 

N-LSD 1% 1.21 2.12 1.39 5.32 1.81 3.07 

F, frequency of root infection; M, intensity of cortical infection; A, arbuscular frequency in 
roots; NFB, N2-fixing bacteria (A. brasilense), PSB, P-solubilizing bacteria (B. 
megaterium var. phosphaticum), VAM, vesicular-arbuscular mycorrhiza (G. 

macrocarpus), N-LSD, new least significant difference. 

 
Populations of total bacteria, NFB and PSB: 
Data presented in Table (6) show that the introduced bacteria were able to 
actively colonize the rhizosphere of maize plants particularly in the presence 
of half dose of N.  The improvement in the viability of tested microorganisms 
may be due to the inoculation with different biopreparations (Belimov et al., 
1995) as well as to the compost and mineral fertilizers addition (Eweda and 
Vlassak, 1988 and El-Sawah et al., 1995).  The density of total bacteria, 
azospirilla and PSB in the rhizosphere of maize plants increased with the 
increase in plant development.  The densities of tested  microorganisms in 
the rhizosphere of maize plants were affected by biopreparations form used 
and N fertilizer level.  The population size of tested microorganisms indicated 
an active rhizosphere of plant.  The highest numbers of total bacteria was 
found in most combined inoculation treatments.  The highest numbers of P-
solubilizing bacteria, namely 14.39 x 105 cfu/g was found in the soil 
inoculated with P-solubilizing bacteria.  The maximum response of A. 
brasilense was found when the soil was inoculated with the A. brasilense 
and G. macrocarpus in the presence of ½ dose of N fertilizer. 
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Table (6): Population* of total bacteria, azospirilla and PSB in 

rhizosphere of maize plants grown in calcareous soil 
amended with rock phosphate (0.5%) and composted wheat 
straw (0.5%). 

 
 

Treatments 

Counts of 
Total bacteria (x 
106 cell/g soil) 

Counts of 
PSB  (x 105 cell/g 

soil) 

Counts of 
Azospirillum (x 
104 cell/g soil) 

30 day 60 day 30 day 60 day 30 day 60 day 

 A: Uninoculated treatments: 

Mineral N-free control 0.91 1.61 2.34 3.88 3.15 9.52 

Full dose of N 2.01 2.79 4.50 13.14 4.01 11.50 

 B: Inoculated treatments: 

NFB + ½ N dose 2.95 3.84 6.27 6.88 7.63 17.52 

PSB + ½ N dose 4.27 5.28 8.88 14.39 4.83 14.02 

VAM + ½ N dose 3.64 3.60 5.75 12.52 4.96 11.51 

NFB + PSB + ½ N dose 2.94 4.23 6.25 13.15 6.69 21.28 

NFB + VAM + ½ N dose 2.95 8.05 4.97 12.35 7.63 30.04 

PSB + VAM + ½ N dose 3.24 6.28 8.13 14.39 5.37 14.76 

NFB +PSB + VAM + ½ N dose 4.67 5.51 5.00 14.39 6.88 22.18 

NFB + ¼ N dose 2.02 3.02 3.38 4.64 3.50 19.73 

PSB ¼ N dose 3.22 4.58 4.25 10.25 3.25 11.77 

VAM ¼ N dose 2.97 2.96 3.15 4.75 2.73 13.82 

NFB + PSB ¼ N dose 1.01 2.79 4.50 6.00 6.06 15.37 

NFB + VAM ¼ N dose 1.60 2.79 3.75 7.39 7.66 22.17 

PSB + VAM ¼ N dose 2.04 3.66 6.57 12.52 4.67 14.88 

NFB +PSB + VAM ¼ N dose 4.34 4.90 4.38 10.01 6.88 17.89 

  F-test ** ** ** ** ** ** 

N-LSD 5% 0.27 0.55 0.38 0.72 0.65 1.58 

N-LSD 1% 0.35 0.71 0.50 0.94 0.85 2.07 

NFB, N2-fixing bacteria (A. brasilense), PSB, P-solubilizing bacteria (B. megaterium var. 
phosphaticum), VAM, vesicular-arbuscular mycorrhiza (G. macrocarpus), N-LSD, new 
least significant difference.  * Number of total bacterial counts, PSB, azospirilla at zero 

time before cultivation were 0.50 x 106, 1.09 x 105, 2.24 x 104 cells/g dry soil, 
respectively. 

 
On the light of the obtained results and under the conditions of this 

investigation, it can be recommended with a strategy of integrated nutrient 
supply by using a judicious combination of low dose of N fertilizers, rock 
phosphate, compost and biopreparations (N2-fixers, P-solubilizers and VA 
mycorrhiza). 
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ف سأأأفترتتأأأر التلقتح أأأاكتلقنلاأأأتتنأأأ تلقثاتالاأأأترتلقن ثتأأأيتقحلاتأأأل  ا ت لقن اثأأأيتقح
ت لقناا لازلتعحىتلن ت تغ ايتلق لةتفىتللأللضىتلق الاي

تنحن دتنحندتع ضتاللهتلقس لح
تنصلت.ت–لقنلص لةتت– تنعيتلقنلص لةتت–ايتلقزللعيتاحت–قسمتلقناال ثا ق  ىت

 
أجريتتت رجر تتت  أتتتتو راتتتت  تتترة  لتتتتة    باوتتت  لترجتتتجرم ةلت اتتتة  لت رل يتتت   ججب تتت  

 كريريتج (  غرض درلس  رأثير لتلقجاجت لتبرك   بن لت كريريج لتبث رت  تلنيرترةجين ةلت1998لتبنتةرة )تي  
ةجينيت  ش رةى ن جرتجت لتتذرة بتن لت نجتتر ش ةنإتجو  نت يت لتنيررلتبذي   تلفةسفجت ةلتبيكةرهي ل  لى نبة ةبا

 تر   ةنس    تج   لتجذةر  جتبيكةري ل ش ةأ دلد لتبيكرة جت ش ةذتك رات  رة  للأرلضى لتجيري  تبنوقت 
ت رد يت رلت رم ش ةقد  سرخدت فى هذه لتدرلس  نت  ةر ع لتجر   لتبةتى  هج بن لتسبجد لتنيررةجينى ش كبج 

ة ( ش ةقد أةضات لتنرجئج أن أ لى  يجد %0.50( ةكةب ةست قش لتقبح ) %0.5 تخر لتفةسفجت ) لترر   
تب جبلات لفى للأة لن لتججف  تلن جرجت ةفى بارةلهج بن  نجتر لتنيررةجين ةلتفةسفةر ةلت ةرجسيةت فى ب  ت 

 يت جتد نإتجو  تجتى  نتلتبلقا   جتلقجاجت لتبخرلو  فى ةجتةد نتت  جر ت  بتن لتستبجد لتنيررةجينتى ش كبتج ة
لتنيررةجنيتت  فتتى جتتتذةر ن جرتتجت لتتتذرة فتتتى لتب تتجبلات لتبلقاتت   لقجاتتتجت برك تت  ) ستتةل  تقتتتج  بتت دة  بتتتن 

ب تدنى ش للآ ةس يريللت + لتبيكةري ل أة تقج  ثلاثى ( خجت  فى ةجةد ر ع جر   بتن لتستبجد لتنيررةجينتى لت
 لتفور فى بيكةري ل  بج يإير  تى ادة  نبة جيد تهذلكبج ةجدت ب دلات  تج    جتي  تجذةر ن جرجت لتذرة  جت

اتجت للأرلضى لتجيري  بةضع لتدرلس  خجت  لتبسبدة  ر تع جر ت  بتن لتستبجد لتنيررةجينتى ش ةقتد أدت لتلقج
لقج   جبلات لتبلتبسرخدب   تى رأثير  يجج ى   يجدة كثجف  أ دلد لتبجربع لتبيكرة ى ش ةقد سجلت أك ر أ دلد فى 

سترخدلت  بسبدة  نت  جر   بن لتسبجد لتب تدنى ش ةرةتتى نرتجئج لتدرلست  لتاجتيت   يبكجنيت  ررإتيد لتثلاثى لت
ة للأستتبدة لتكيبجةيتت  فتتى للأرلضتتى لتجيريتت   ياستترخدلت ن تتجت رستتبيد بركجبتتن بتتن جر تت  بنخفضتت  بتتن للأستتبد

يرتترةجين لتبث رت  تلن لتنيررةجينيت  ةتتخر لتفةستفجت ةلتكةب ةستت  تتى ججنتم لتلقجاتجت لتبيكرة يت  ) لت كريريتج
 لتجةى ةلت كريريج لتبذي   تلفةسفجت ةلتبيكةري ل ( .
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