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ABSTRACT 

A field experiment was carried out at two seasons 2006/2007 and 2007/2008  to 
investigate the effect of phosphate dissolving bacteria (Bacillus megaterium var 
phosphaticum)  or AM- mycorrhiza on the growth and yield of peanut (Arachis 
hypogaea L.) at different fertilization patterns (organic and mineral) in the presence 
of some nitrogen fixers (Bradyrhizobium sp. and Azospirillum lipoferum). All the 
growth parameters were significantly increased with organic matter fertilization 
treatment, compared to mineral fertilization as well as control in the presence of 
phosphate dissolving bacteria (Bacillus megaterium) and nitrogen fixers than that in 
the presence of AM mycrrhiza at 45 day of planting. At 80 day of planting, all used 
biopreparations either in single or paired inoculants enhanced the growth and dry 
weight of treated peanut plants, the AM infection %, the nitrogenase activity and the 
NPK of the shoot dry matter especially with the treatment organic matter + AM 
mycorrhiza + Bradyrhizobium sp. + Azospirillum lipoferum. Moreover, AM 
mycorrhiza was more effective than B.megaterium. Phosphorous became more 
available with AM mycorrhizal inoculation (0.096 % and 0.418) than Bacillus 
megaterium inoculation (0.056 % and 0.332) at 45 and 80 day of planting, 
respectively during 1

st
 season. The significant highest increase in N and P % was in 

organic matter + AM mycorrhiza + Bradyrhizobium sp. + Azospirillum lipoferum 
(2.53 N %, and 0.219 P %) and (2.507 N %, and 0.709 P %) at 45 and 80 day of 
planting. Furthermore, AM mycorrhizal inoculation, recoded significant nitrogenase 
activity (1.291 and 5.227 mmol/C2 H4 /h/ g Nod.D.Wt at 45 and 80 day, respectively) 
higher than Bacillus megaterium inoculation (1.275 and 4.630 mmol/C2 H4 /h/ g 
Nod.D.Wt at 45 and 80 day, respectively). In addition, the results obtained revealed 
that, the organic matter application significantly increased pods number per plant, 
weight of 100 seeds (g) and yield (ton/fed) more than the mineral fertilization as well 
as control. It gave highest mean values 42.833, 69.882 and 1.258, respectively. 
productivity of peanut plants became enhanced with AM mycorrhizal inoculation than 
B. megaterium inoculation as indicated by the significant highest mean values of 
pods number per plant, weight of 100 seeds (g) and yield (41.111, 65.113 g and 1.191 
ton/fed, respectively). So, it could conclude that the combined inoculation of AM 
mycorrhiza and N2-fixers was more efficient in phosphorus solubilization than the 
inoculation with B. megaterium in the presence of organic matter (compost) 
fertilization than mineral fertilization.  
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INTRODUCTION 

Peanut (Arachis hypogaea L.) is an important summer oilseed and subsistence 
food crop which is cultivated in tropical, sub-tropical and temperate zones. It is an 
important agronomic crop and also has a role in the economy of many countries in the 
world (Yang et al., 2005). It contains about 50% oil, 25-30% protein, 20% 
carbohydrate and 5% fiber and ash which make a substantial contribution to human 
nutrition (Gobarah et al., 2006). 

After nitrogen, phosphorus is an essential plant nutrient whose deficiency 
restricts crop yields severely. Peanut is a legume that requires phosphorous for growth 
and development, nitrogen fixation as well as nodule formation (Atayese, 2007). The 
crop requirement of nitrogen is adequately obtained through nitrogen fixation in most 
soils while inorganic fertilizers are applied to supply the phosphorus requirement. 
Most tropical soils suffer from phosphorus deficiency and this is a major problem that 
reduced crops yield (Atayese et al., 1993). The low levels of phosphorus are due to 
high reactivity of soluble phosphate with other elements. For instance, in acidic soils 
phosphorus is associated with aluminum and iron compounds. 

Rhizospheric microorganisms mediate soil processes such as decomposition, 
nutrient mobilization and mineralization, nitrogen fixation and denitrification. 
Furthermore, the organisms possessing a phosphate-solubilizing ability can also 
convert the insoluble phosphatic compounds into soluble forms (Kang et al., 2002; 
Pradhan and Sukla, 2005) in soil and make them available to the crops. Solubilization 
of hardly soluble mineral phosphates in soil by microbes is an important process in 
natural ecosystems and in agricultural soils. In spite that soil usually contain a high 
amount of total phosphorus, its availability to plant is limited (Mikanová and 
Nováková, 2002). Phosphorus biofertilizers in the form of microorganisms, especially 
phosphate solubilizing bacteria in rhizosphere, can help in increasing the availability 
of accumulated phosphates for plant growth by solubilization (Son et al., 2006). 
Phosphobacterium, has an indirect but definite effect on the nodulation and yield of 
peanut. The seed and soil inoculations with phosphobacterium inoculants can 
significantly increased the pod yield of peanut as compared to no inoculation (Basu et 
al., 2006).  

Mycorrhizal (AM) fungi are involved in symbiotic association with the roots of 
more than 80% of land plant families (Gosling et al., 2006). These fungi are known to 
improve water in drought stress conditions, nutrient uptakes of plants particularly 
phosphorus in deficient soils and protection against some root pathogens (Atayese, 
2007).  

Since the indiscriminate and excessive application of chemical fertilizers has led 
to health and environmental hazards, agronomists are desperate to find alternative 
strategies that can ensure competitive yields while protecting the health of soils. So, 
sustainable agriculture requires agricultural practices that are friendlier to the 
environment and that maintain the long-term ecological balance of the soil ecosystem. 
In this context, use of microbial inoculants (biofertilizers) including Phosphate-
solubilizing microorganisms in agriculture represents an environmentally friendly 
alternative to further applications of mineral fertilizers (Khan et al, 2007). Thus, the 
most important need now is to enhance the efficiency of the too little amount of 
external inputs by employing the best combinations of beneficial microbes for 
sustainable agricultural production (Dey et al., 2004).  
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Organic matter is among the means available to achieve sustainability in 
agricultural production. It plays an important role because it possesses many desirable 
soil properties and exerts beneficial effect on the soil physical, chemical and 
biological characteristics (Son et al., 2001). The use of organic amendments, such as 
composts has been used to increase crop productivity and yields and their use is 
usually associated with improved soil structure and enhanced soil fertility, increased 
soil microbial population and activity and improved moisture –holding capacity of the 
soil (Arancon et al., 2004).    

The current paper aims to find out the effect of phosphate dissolving bacteria 
(Bacillus megaterium var phosphaticum)  or AM- mycorrhiza on the growth and yield 
of peanut (Arachis hypogaea L.) at different fertilization patterns (organic and 
mineral) in the presence of some biofertilizers ( Bradyrhizobium sp. and Azospirillum 
lipoferum). 

MATERIALS AND METHODS 

Microorganisms: The AM mycorrhiza used was Glomus, Gigaspora and 
Acaulospora genera (Massoud, 1999). They were provided by Dr. Massoud, Soil, 
Water and Environment Research Institute, Agric. Res. Center (ARC), Giza, Egypt. 
Phosphate-solubilizing rhizobacterium (Bacillus megaterium var phosphaticum) and 
Azospirillum lipoferum were obtained on agar medium (Bunt and Revira, 1955) and 
(Dobereiner, 1978), respectively,  from Microbiology Department, Soil, Water and 
Environment Research Institute, Agricultural Research Center, Giza, Egypt. Peanut 
Bradyrhizobium sp. were provided by Biofertilizers Production Unit, Soil, Water and 
Environment Research Institute, Agricultural Research Center, Giza, Egypt, on  yeast 
extract-mannitol agar medium (Vincent, 1970).  

Seeds: Peanut seeds Giza 5 were provided by Unit, Field Crops Research Institute, 
Agricultural Research Center, Giza, Egypt.  

Inoculum preparation:  Bacillus megaterium var phosphaticum was grown on broth 
culture medium of (Bunt and Revira, 1955) for 48 h at 30°C. Azospirillum lipoferum 
cultures were prepared on semi solid malate medium (Dobereiner, 1978) for 48 h at 
30°C. Peanut Bradyrhizobium sp. was grown in yeast extract-mannitol broth medium 
(Vincent, 1970). Cultures were grown under shaking incubator at 28-30οC for 5-7 
days. Bacterial cultures containing 1 x 10

8 
cells / ml was used. 100 ml of each 

bacterial strain were used for single treatments and 50 ml of each bacterial strain were 
mixed just before inoculation for combined treatments. Bacterial cultures were 
applied to peanut seeds using Arabic gum (40%) as an adhesive agent.  

The AM fungi inocula prepared as modified by Dr. Massoud, Soil, Water and 
Environment Research Institute, Agric. Res. Center (ARC) Giza, Egypt. It was 
applied as follow: mixed spores of AM fungi genera were prepared after propagation 
and mixed with sterilized peat as a carrier (200 spore/g) and then applied as seed 
coating for surface sterilized peanut seeds for each mycorrhizal treatment. To aid 
adhesion, the inocula are often mixed with a sticker, such as Arabic gum and 
uniformly coating the seeds, then air dried for 2h before planting. 

Organic fertilization (compost): Compost prepared from shredded rice, wheat, faba 
bean, maize and clover straw, mixed with organic manure and some cellulose 
decomposers. Its chemical analysis was: pH, 7.3, Ec, 3.0 ds/m, organic matter, 50 %, 
bulk density 0.35 g/cm

3
, organic carbon, 28.9 %, total nitrogen, 1.15 %, C/N ratio, 

28.9 : 1.15 (25.130). The compost was added at the rate of 10 m
3
 / fed in all the plots 

containing organic fertilization treatments. 
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Mineral fertilization: Two third recommended dose of N (100 kg of ammonium 
sulphate, 20.5 %N) was added as 15 kg ammonium sulphate/fed at 30 day and the 
reminder (85 kg ammonium sulphate/fed) at 60 day. Phosphorus was added during 
soil preparation as third recommended dose (66 kg of super phosphate, 15 % P2O2) in 
two equal doses at 30 and 60 day. While K was added as full recommended dose (50 
kg/fed potassium sulphate, 48% K2O) in two equal does at 30 and 60 days. 

Field trials: Two field trials were carried out at Ismaielia Agricultural Research 
Station, Egypt during two successive summer seasons 2006/2007and 2007/2008. The 
field soil texture was sandy loam having the following characteristics, sand 70.7 %, 
silt 2.3 %, clay 27.0 %, pH 7.75, EC 1.15 ds/m, organic carbon 0.143 %, total N 0.02 
%, total P 0.02 ppm, available P 0.025 ppm and CaCO3 0.6 %. Anions and cations 
(meq/L): CO3

--
 trace, HCO3

-
 1.13, Cl

-
 0.20, SO4

--
 0.07, Ca

++
 0.64, Mg

+
 0.11, Na

+
 0.29 

and K
+
 1.13. 

The experiments were spilt- spilt design with three replicates. The fertilizer 
treatments (organic and mineral fertilization and control without organic or mineral 
fertilization) were in the main plots; Nitrogen fixers treatments (Bradyrhizobium sp., 
Azospirillum lipoferum and Bradyrhizobium sp.+ Azospirillum lipoferum) were in the 
sub-plots. While phosphate dissolving bacteria and AM mycorrhizal treatments were 
in the sub-sub-plots. Thus eighteen combinations were made. Field plots with 
standard size 3 x 3.5 m

2
 for every treatment were sown with seeds of peanut (Giza 5) 

and irrigated using sprinkler irrigation system. 

Plant root nodules (number/plant), root and shoot dry weigh (g/plant) were 
recorded after 45 and 80 days of planting while seeds yield were recorded at harvest. 
The infection percentage of AM mycorrhiza in plant root tissues was determined 
according to (Phillips and Hayman, 1970). The nitrogenase activity was measured in 
plant root tissues as acetylene reduction activity (ARA) by GC analysis using a 5880 
HP chromatograph (Hewlett Packard Inc Palo Alto, CA, USA) with an ionization 
flame detector at 135ºC according to (Somasegaran and Hoben, 1994). The total NPK 
percentages in the shoot dry matter were determined according to (Jackson, 1958). 
The previous parameters recorded periodically after 45 and 80 days of planting. The 
data obtained were subjected to statistical analysis according to (Duncan, 1955).  

RESULTS 

Results in Tables (1) and (2) proved that there was a significant increase in all 
values of growth parameters in the two seasons of planting, but there was a slight 
increase in growth parameter values in the 2

nd
 season than in the 1

st
 one. Moreover, 

data showed that, the organic matter fertilization was the best treatment compared to 
mineral fertilization and control in the presence of phosphate dissolving organisms 
and nitrogen fixers at both seasons. It gave the highest means with nodule numbers 
per plant, shoot dry weight (g/plant), root dry weight (g/plant), and AM mycorrhizal 
infection percentage (89.5, 18.883, 4.15 and 46.67%) and  (143.5, 30.828, 4.875 and 
72.667) at 45 and 80 day of planting,  respectively during the 2

nd
 season. However, 

data in Table (1) proved that inoculation with Bacillus megaterium  was more 
effective in all growth parameters for plants except AM infection %  at 45 day of 
planting than AM mycorrhizal inoculation as indicated by the significant increase in 
nodules numbers, shoot and root dry weights (77.667, 16.722 and 3.614), 
respectively. On the other hand, the combination of nitrogen fixers treatment 
(Bradyrhizobium sp. + Azospirillum lipoferum) at 45 day of planting gave the 
significant growth parameters (165.0 nodules. No. / Plant, 23.5 g/plant shoot dry 
weight and 4.8 g/plant root dry weight) with the treatment (organic matter + Bacillus 
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megatherium + Bradyrhizobium sp. + Azospirillum lipoferum). While, the treatment 
(organic matter + AM mycorrhiza + Bradyrhizobium sp. + Azospirillum lipoferum) 
gave the highest AM mycorrhizal infection percentage (80.0 %) after 45 day of 
planting (Tables 1). However, at 80 day of planting ,Table (2) showed that AM 
mycorrhizal inoculation was significantly better than Bacillus megaterium inoculation 
in nodules numbers, shoot, root dry weight and AM infection % (118.778, 27.32, 4.55 
and 67.556) , respectively. Also, Table (2) proved that all the growth parameters were 
significantly higher in the combined treatment (organic matter + AM mycorrhiza + 
Bradyrhizobium sp. + Azospirillum lipoferum) than in the treatments (organic matter + 
AM mycorrhiza + Bradyrhizobium sp.) and (organic matter + AM mycorrhiza + 
Azospirillum lipoferum).  

NPK analysis of shoot dry matter of peanut showed significant increase in N, P 
and K values in both two season of planting but there was a slight increase in the 2

nd
 

season. Furthermore, results of NPK analysis revealed that, the organic matter 
fertilization pattern was the best one compared with mineral fertilization and control 
at both seasons, (Tables 3 & 4). It gave significant highest mean values, (2.004 N %, 
0.124 P% and 1.766 K %) and (2.201 N %, 0.509 P% and 2.125 K %) after 45 and 80 
day of planting, respectively. Moreover, results in Tables (3 &4) indicated that 
phosphorous became more available with AM mycorrhizal inoculation (0.096 % and 
0.418) than Bacillus megaterium inoculation (0.056 % and 0.332) at 45 and 80 day of 
planting, respectively during 1

st
 season. The significant highest increase in N and P % 

was in organic matter + AM mycorrhiza + Bradyrhizobium sp. + Azospirillum 
lipoferum (2.53 N %, and 0.219 P %) and (2.507 N %, and 0.709 P %) at 45 and 80 
day of planting. 

The interaction between microbial inoculation and organic matter application 
demonstrated the effectiveness of such combined practice in improving significantly 
the nitrogenase activity in both seasons, but in 2

nd
 season there was a slight increase in 

nitrogenase activity (Tables 3&4). The organic matter fertilization treatment gave 
significant higher mean values (1.639 and 5.974 mmol/C2 H4 /h/ g Nod.D.Wt at 45 
and 80 day, respectively) than mineral fertilization treatment as well as control. 
Furthermore, AM mycorrhizal inoculation, recoded significant nitrogenase activity 
(1.291 and 5.227 mmol/C2 H4 /h/ g Nod.D.Wt at 45 and 80 day, respectively) higher 
than Bacillus megaterium inoculation (1.275 and 4.630 mmol/C2 H4 /h/ g Nod.D.Wt 
at 45 and 80 day, respectively). 

The highest productivity of peanut plants was recorded when organic matter 
fertilization was applied than mineral fertilization as well as control (Table 5). There 
was a significant increase in all the yield parameters in the both two season of 
planting but there was a slight increase in the 2

nd
 season. The organic matter 

application significantly increased pods number per plant, weight of 100 seeds (g) and 
yield (ton/fed). It gave highest mean values 42.833, 69.882 and 1.258, respectively. 
Furthermore, data in Tables (5) showed that productivity of peanut plants became 
enhanced with AM mycorrhizal inoculation than B. megaterium inoculation as 
indicated by the significant highest mean values of pods number per plant, weight of 
100 seeds (g) and yield (41.111, 65.113 g and 1.191 ton/fed, respectively). In 
addition, the productivity of peanut plants gave the highest pods number per plant, 
weight of 100 seeds and yield (ton/fed) when organic matter + AM mycorrhiza + 
Bradyrhizobium sp. + Azospirillum lipoferum were applied (Table 5). 
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Table (1): Effect of using different fertilization patterns with N2-fixers, combined with phosphate solubilizing organisms (AM 

mycorrhiza or Bacillus megaterium), on growth and AM mycoherrizal infection of peanut after 45 days of planting during 

2006/2007 and 2007/2008 growing seasons under field conditions. 

 

N2-fixers: Br.: Bradyrhizobium sp;  A: Azospirillum lipoferum; A+B: Azospirillum lipoferum+ Bradyrhizobium sp.; Phosphate solubilizers:  AM: Arbusclar 
mycorrhiza, B.m: Bacillus megaterium var phosphaticum Nod.No:  Nodules number.  Sh.D.Wt: Shoot dry weight. Ro.Dwt.: Root dry weight. Pl.: Plant. 

Treatments L.S.D0.05 

Nod. no/pl. 
Sh. 

D.wt. (gm)/pl 
Ro. D.wt.(gm)/pl AM Infection% 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

(A) 1.745 1.557 0.49 0.913 0.342 0.316 1.889 6.353 

(B) 1.453 2.3 0.57 0.604 0.240 0.151 2.839 4.078 

(C) 1.507 1.808 0.2199 0.352 0.119 0.127 2.696 3.742 

(AxBxC) 4.521 5.425 0.6596 1.056 0.358 N.S N.S N.S 

 

Fertilization 
Patterns 

N2-Fixers 
(B) 

Nod. no/pl. 
Sh. 

D.wt. (gm)/pl 
Ro. D.wt.(gm)/pl AM Infection% 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

AM B.m AM B.m AM B.m AM B.m AM 
B.

m 
AM B.m AM B.m AM B.m 

Organic 

matter 

Br 90.0 88.0 93 90 16.7 19.0 18.4 20.4 3.5 4.0 3.9 4.4 40.0 20.0 50 35 

A 50.0 50.0 53 53 15.0 17.25 16.0 18.0 2.9 3.5 3.3 3.8 35.0 15.0 40 25 

A+Br 80.0 162.0 83 165 16.0 22.0 17.0 23.5 4.0 4.6 4.7 4.8 75.0 45.0 80 50 

Mean (A) 86.667 89.5 17.658 18.883 3.750 4.15 38.333 46.67 

Mineral Br 53 43 56 47 13.5 18.4 14.5 19.5 2.9 3.4 3.2 3.8 35.0 10.0 40 15 

A 36 29 40 33 12.8 12.6 13.6 13.2 2.8 3.3 3.0 3.8 25.0 10.0 30 15 

A+Br 50 100 53 103 13.0 18.6 15.2 19.2 3.3 3.8 3.5 4.1 40.0 20.0 45 25 

Mean (A) 51.833 55.333 14.817 15.867 3.250 3.567 23.333 28.33 

Control Br 70 56 72 60 12.1 12.5 13.0 13.6 2.3 2.3 2.5 2.5 30.0 10.0 35 12 

A 57 88 60 91 10.2 8.5 11.2 9.4 2.2 2.2 2.4 2.4 20.0 10.0 25 13 

A+Br 75 50 80 57 13.5 12.9 14.3 13.7 2.4 2.6 2.6 2.9 45.0 25.0 50 30 

Mean (A) 67.889 70.0 11.617 12.539 2.333 2.55 23.333 27.5 

Mean (C) 62.333 74.0 65.556 77.667 13.644 15.75 14.767 16.722 2.922 3.3 3.233 3.614 38.333 18.333 43.89 24.44 
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Table (2): Effect of using different fertilization patterns with N2-fixers, combined with phosphate solubilizing organisms (AM) 
mycorrhiza or Bacillus megaterium), on growth and AM mycoherrizal infection of peanut after 80 days of planting 
during 2006/2007 and 2007/2008 growing seasons under field conditions 

 

N2-fixers: Br.: Bradyrhizobium sp;  A: Azospirillum lipoferum; A+B: Azospirillum lipoferum+ Bradyrhizobium sp.; Phosphate solubilizers:  AM: Arbusclar 

mycorrhiza, B.m: Bacillus megaterium var phosphaticum Nod.No:  Nodules number.  Sh.D.Wt: Shoot dry weight. Ro.Dwt.: Root dry weight. Pl.: Plant. 

Treatments L.S.D0.05 

Nod. no/pl. 
Sh. 

D.wt. (gm)/pl 
Ro. D.wt.(gm)/pl AM Infection% 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

(A) 1.511 2.934 0.315 0.718 0.147 0.059 5.489 3.831 

(B) 3.817 3.932 0.103 0.116 0.094 0.295 3.665 5.02 

(C) 3.218 3.114 0.251 0.472 0.067 0.241 2.885 2.953 

(AxBxC) 9.653 9.344 0.753 1.417 0.202 N.S 8.656 N.S 

 

 

 

 

Fertilization 
Patterns Biofertilizers 

(B) 

Nod. no/pl. 
Sh. 

D.wt. (gm)/pl 
Ro. D.wt.(gm)/pl AM Infection% 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m 

Organic 

matter 

Br 163.0 130.0 166.0 136.0 29.850 28.550 33.22 29.24 4.460 4.130 5.2 4.6 75.0 55.0 78 60 

A 136.0 56.0 142.0 62.0 19.800 20.250 21.75 21.6 4.000 3.400 4.4 3.65 70.0 60.0 76 65 

A+Br 172.0 162.0 178.0 177.0 39.7 35.85 41.66 37.5 5.300 4.800 6.0 5.4 85.0 70.0 87 70 

Mean (A) 136.5 143.5 29.0 30.828 4.48 4.875 69.167 72.667 

Mineral Br 70.0 51.0 75.0 58.0 27.500 20.250 29.0 23.66 3.920 3.897 4.3 4.21 55.0 35.0 56 40 

A 58.0 39.0 61.0 45.0 20.150 18.400 21.6 20.23 3.500 2.900 4.2 3.3 50.0 45.0 54 50 

A+Br 100.0 109.0 104.0 115.0 30.300 30.150 32.5 31.81 3.950 4.000 4.4 4.6 55.0 45.0 56 50 

Mean (A) 71.167 76.333 24.458 26.483 3.694 4.168 47.5 51.0 

Control Br 133.0 84.0 140.0 90.0 23.400 15.600 24.6 16.5 3.450 3.148 4.35 3.7 65.0 40.0 68 40 

A 45.0 46.0 50.0 51.0 14.150 12.500 15.25 13.4 3.000 2.750 3.6 3.0 55.0 48.0 58 50 

A+Br 149.0 119.0 153.0 125.0 24.450 25.423 26.3 25.2 3.800 3.450 4.5 3.8 70.0 50.0 75 50 

Mean (A) 96.00 101.5 19.254 20.208 3.266 3.825 54.667 56.833 

Mean (C) 114.0 89.556 118.778 95.444 25.478 22.997 27.32 24.349 3.931 3.608 4.55 4.029 64.444 49.778 67.556 52.778 
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Table (3): Effect of using different fertilization patterns with N2-fixers, combined with phosphate solubilizing organisms (AM 
mycorrhiza or Bacillus megaterium),, on N, P and K content, and nitrogenase activity of  Arachis hypogaea after 45 
days of planting during 2006/2007 and 2007/2008 growing seasons under field conditions. 

 
N2-fixers: Br.: Bradyrhizobium sp;  A: Azospirillum lipoferum; A+B: Azospirillum lipoferum+ Bradyrhizobium sp.; Phosphate solubilizers:  AM: Arbusclar 
mycorrhiza, B.m: Bacillus megaterium var phosphaticum;    N:  Nitrogen, P: Phosphorous,   K: Potassium. 

 
Treatments L.S.D0.05 

N % P % K % 
N2-ase activity 

(mmol/C2 H4 /h/ 

Nod.D.Wt) 
2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

(A) 0.043 0.131 0.014 0.003 0.076 0.050 0.058 0.037 

(B) 0.0339 0.105 0.0108 0.004 0.0388 0.043 0.025 0.034 

(C) 0.033 0.06 0.006 0.003 0.031 0.032 0.027 0.013 

(AxBxC) 0.098 0.181 0.019 0.010 0.093 0.097 0.0799 0.039 

 

Fertilization 

Patterns 
Biofertilizers 

(B) 

N % P % K % N2-ase activity(mmol/g dry root/h. 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m 

Organic 

matter 

Br 1.90 1.60 2.o9 1.76 0.186 0.073 0.205 0.08 1.340 1.850 1.474 2.017 1.422 1.538 1.543 1.646 

A 1.850 1.479 2.037 1.63 0.083 0.045 0.091 0.05 1.180 1.770 1.298 1.912 1.375 1.480 1.471 1.584 

A+Br 2.30 1.80 2.53 1.979 0.199 0.091 0.219 0.10 1.480 2.10 1.628 2.268 1.487 1.884 1.576 2.016 

Mean (A) 1.822 2.004 0.113 0.124 1.620 1.766 1.531 1.639 

Mineral 

Br 1.603 1.30 1.763 1.433 0.077 0.047 0.089 0.052 1.291 1.280 1.420 1.382 0.963 0.861 1.021 0.921 

A 1.40 1.20 1.54 1.32 0.054 0.04 0.059 0.044 1.231 1.231 1.353 1.33 0.864 0.738 0.916 0.797 

A+Br 1.70 1.40 1.87 1.54 0.078 0.049 0.086 0.054 1.320 1.969 1.452 2.107 1.012 0.976 1.073 1.035 

Mean (A) 1.434 1.578 0.058 0.064 1.387 1.507 0.902 0.960 

Control 

Br 1.700 1.100 1.617 1.21 0.043 0.045 0.047 0.05 1.410 1.450 1.551 1.552 1.150 1.005 1.219 1.075 

A 1.300 0.900 1.43 0.99 0.042 0.043 0.046 0.047 1.436 1.350 1.580 1.448 1.312 0.738 1.391 0.790 

A+Br 1.75 0.150 1.925 0.165 0.099 0.071 0.109 0.078 1.470 1.510 1.617 1.616 1.316 1.350 1.408 1.445 

Mean (A) 1.150 1.223 0.057 0.063 1.438 1.561 1.145 1.221 

Mean (C) 1.723 1.214 1.867 1.336 0.096 0.056 0.106 0.062 1.351 1.61 1.486 1.737 1.211 1.174 1.291 1.257 
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Table (4): Effect of using different fertilization patterns with N2-fixers, combined with phosphate solubilizing organisms (AM 
mycorrhiza or Bacillus megaterium), on N, P and K content, and nitrogenase activity of  Arachis hypogaea after 80day 
of planting during 2006/2007 and 2007/2008 growing seasons under field conditions. 

 
 
N2-fixers: Br.: Bradyrhizobium sp;  A: Azospirillum lipoferum; A+B: Azospirillum lipoferum+ Bradyrhizobium sp.; Phosphate solubilizers:  AM: Arbusclar 
mycorrhiza, B.m: Bacillus megaterium var phosphaticum.    N:  Nitrogen, P: Phosphorous,   K: Potassium. 
 

 
Treatments L.S.D0.05 

N % P % K % 
N2-ase activity 

(mmol/C2 H4 /h/ Nod.D.Wt) 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

(A) 0.043 0.051 0.014 0.013 0.076 0.024 0.058 0.106 

(B) 0.0339 0.043 0.0108 0.014 0.0388 0.041 0.025 0.127 

(C) 0.033 0.033 0.006 0.011 0.031 0.020 0.027 0.087 

(AxBxC) 0.098 0.098 0.019 0.034 0.093 0.061 0.0799 0.261 

 

Fertilization 
Patterns 

Biofertilizers 
(B) 

N % P % K % N2-ase activity(mmol/g dry root/h. 
2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m 

Organic 

matter 

Br 2.1 1.9 2.268 2.071 0.35 0.49 0.534 0.382 2.0 1.89 2.128 2.060 5.686 4.547 6.084 4.865 

A 1.95 1.7 2.106 1.853 0.3 0.48 0.523 0.327 1.94 1.77 2.100 1.912 5.498 4.19 5.883 4.483 

A+Br 2.3 2.2 2.507 2.398 0.53 0.65 0.709 0.578 2.2 1.99 2.398 2.150 5.947 7.536 6.463 8.064 

Mean (A) 2.025 2.201 0.467 0.509 1.965 2.125 5.567 5.974 

Mineral 

Br 1.6 1.32 1.696 1.439 0.27 0.27 0.294 0.294 1.31 0.93 1.428 1.014 3.853 3.442 4.123 3.683 

A 1.45 1.29 1.537 1.406 0.22 0.24 0.263 0.240 1.2 0.88 1.362 0.960 3.456 2.954 3.732 3.161 

A+Br 1.75 1.77 1.923 1.865 0.32 0.37 0.403 0.349 1.84 0.99 2.006 1.079 4.047 3.902 4.371 4.175 

Mean (A) 1.53 1.644 0.282 0.307 1.2 1.308 3.609 3.874 

Control 

Br. 1.93 1.2 2.046 1.308 0.36 0.45 0.467 0.392 1.8 1.01 1.962 1.101 5.248 4.018 5.615 4.299 

A 1.6 1.13 1.969 1.232 0.2 0.33 0.360 0.218 1.55 0.93 1.690 1.014 4.601 2.953 4.923 3.160 

A+Br 2.0 1.28 2.120 1.395 0.37 0.55 0.600 0.403 1.87 1.23 2.038 1.341 5.463 5.4 5.845 5.778 

Mean (A) 1.523 1.633 0.377 0.404 1.398 1.524 4.614 4.937 

Mean (C) 1.853 1.532 2.019 1.663 0.418 0.332 0.461 0.354 1.751 1.291 1.901 1.403 4.867 4.327 5.227 4.630 
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Table (5): Effect of using different fertilization patterns with N2-fixers, combined with phosphate solubilizing organisms (AM 

mycorrhiza or Bacillus megaterium), on Arachis hypogaea yield (ton/fed) during 2006/2007 and 2007/2008 growing 

seasons.  
Fertilization 

Patterns 

Bifertilizer

s (B) 

Pods no./pl. Weight of 100 seeds (g) Yield (ton/fed) 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

AM B.m AM B.m AM B.m AM B.m AM B.m AM B.m 

Organic 

matter 

Br 40 38 44 41 70.333 66.167 72.443 67.49 1.3 1.000 1.378 1.05 

A 38 33 41 36 65.000 62.173 66.95 63.416 1.100 1.100 1.166 1.144 

A+Br 45 42 49 46 75.000 70.333 77.25 71.74 1.55 1.200 1.56 1.248 

Mean (A) 39.333 42.833 68.168 69.882 1.208 1.258 

Mineral 

Br 39 1.200 43 41 68.133 63.000 69.496 64.26 1.200 1.000 1.248 1.354 

A 33 1.100 40 38 63.000 61.000 64.26 62.22 1.100 0.900 1.144 0.936 

A+Br 41 1.400 45 45 72.000 70.000 73.44 71.4 1.400 1.200 1.457 1.248 

Mean (A) 38.000 42.0 66.189 67.513 1.133 1.231 

Control 

Br. 32 31 35 34 53.000 50.000 54.06 50.91 0.927 0.900 0.964 0.927 

A 30 30 33 33 51.000 44.000 52.02 44.88 0.780 0.743 0.811 0.773 

A+Br 37 35 40 38 55.000 53.000 56.1 54.06 0.950 0.910 0.988 0.946 

Mean (A) 32.500 35.5 51.000 52.005 0.868 0.901 

Mean (C) 37.222 36.000 41.111 39.111 63.607 59.964 65.113 61.153 1.145 0.995 1.191 1.07 

N2-fixers: Br.: Bradyrhizobium sp;  A: Azospirillum lipoferum; A+B: Azospirillum lipoferum+ Bradyrhizobium sp.; Phosphate solubilizers:  AM: Arbusclar 

mycorrhiza, B.m: Bacillus megaterium var phosphaticum. 

 

 

 

 

 

 

 

 

Treatments 

L.S.D0.05 

Pods no./pl Weight of 100 seeds (g) Yield (ton/fed) 

2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

(A) 1.901 2.934 0.396 0.419 0.067 0.159 

(B) 0.342 1.922 0.093 0.435 0.041 0.083 

(C) 0.269 1.07 0.101 0.316 0.034 0.076 

(AxBxC) 0.809 N.S 0.303 0.949 0.102 N.S 
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DISCUSSION 

The effects of microbial activities on the biogeochemical cycling of plant 

nutrients are essential for sustainable ecosystems (Toro et al., 1997). The majority of 

crop plants have been found to be positively affected by the association with 

rhizospheric microorganisms under phosphorus-deficient conditions. This association 

could result either in improved uptake of the available phosphates or rendering 

unavailable phosphorus sources accessible to the plant. AM mycorrhizae belong to the 

former category, while the latter category includes numerous bacteria and fungi 

capable of solubilizing insoluble mineral phosphate (Khan et al., 2007). The results of 

this study of the interaction between a biotechnological practice (microbial 

inoculation) and different fertilizers application have demonstrated the effectiveness 

of such combined practices in improving sustainable nutrient supply to plants. 

The results obtained showed that, all the growth parameters were significantly 

increased with organic matter fertilization treatment, compared to mineral fertilization 

as well as control in the presence of phosphate dissolving bacteria (Bacillus 

megaterium) and nitrogen fixers than that in the presence of AM mycrrhiza at 45 day 

of planting. These results were in agreement with Ravindran et al., 2007, who 

observed that application of halophytic composts increased the growth characteristics 

in Arachis hypogaea when compared to its unmanured soil. Among nine halophytic 

compost treatments given, Suaeda compost + farmyard manure and phosphobacteria 

increased the overall growth when compared to other treatments and unmanured soil. 

Moreover the present observations were in agreement with several findings that 

application of organic such as farmyard manure and phosphobacteria increased the 

plant height in maize up to 40% (Nanjundappa et al., 2000) and 24% in leaf area in 

blackgram with biofertilizers (Javid et al., 2003). Also, our findings were coincide 

with the finding of other authors (Arancon et al.,2004)  who found that, the use of 

organic amendments (i.e. compost)  is usually with improved soil structure and 

enhanced soil fertility, increased soil microbial populations and activity, in addition to 

improving moisture-holding capacity of soil. 

Furthermore, our results indicated that, at 80 day of planting, all used 

biopreparations either in single or paired inoculants enhanced the growth and dry 

weight of treated peanut plants, the AM infection %, the nitrogenase activity and the 

NPK of the shoot dry matter especially with the treatment organic matter + AM 

mycorrhiza + Bradyrhizobium sp. + Azospirillum lipoferum. Moreover, AM 

mycorrhiza was more effective than B.megaterium. These findings may be due to the 

increased impact of AM mycorrhiza infection that enhanced the N2 –fixers to fix 

atmospheric nitrogen and produce growth promoting substances as well as the organic 

matter that increased the efficient release of more nutrients. 

 These results were in agreement with those reported by Rabie and Al. Humiany, 

2004 on different biofertilizers including mainly nitrogen fixer and phosphorus 

solubilizing bacteria, AM fungi and plant growth-promoting microorganisms. The 

inoculation of cowpea plants with these biofertilizers, either single or in combination 

with each others, increase crop production. In addition, the organisms with phosphate-

solubilizing potential increase the availability of soluble phosphate and can enhance 

plant growth by increasing the efficiency of biological nitrogen fixation or enhancing 
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the availability of other trace elements such as iron, zinc, etc., and by production of 

plant growth-promoting regulators (Kahan et al., 2007). Apart from making P 

available to the crops, phosphate solubilising microbes produce plant growth 

promoting substances which may improve plant health and stimulate the microbial 

activity in rhizospheric soils of different crops. The use of AM-fungus has shown to 

possess the ability of increasing nutrient uptake of plants by developing association 

with roots (Zaidi et al., 2003). The main effect of AM mycorrhiza in improving plant 

growth is through improved uptake of nutrients, especially phosphorus, due to the 

exploration by the external hyphae of the soil beyond the root-hair zone where 

phosphorus is depleted. Also, the AM mycorrhiza produces plant growth hormones 

(Kahan et al., 2007). 

The results also, revealed that phosphorus % of the shoot dry matter of peanut 

was higher in organic matter fertilization than mineral fertilization as well as control. 

The significant increase in phosphorus % was obtained with the organic matter + AM 

mycorrhiza + Bradyrhizobium sp. + Azospirillum lipoferum treatment. These results 

coincide with Zaidi et al., 2003 who found that the combined inoculations of nitrogen 

fixing, phosphate solubilising and AM-fungus, i.e. Rhizobium sp., Pseudomonas. 

striata and G. fasciculatum  significantly improved the nodulation, nutrient uptake 

and yield of chickpea over control. This may be due to the cumulative effect of these 

organisms which provided N and available P and improve nutrient absorption in 

addition to growth promoting substances. 

Favorable effects of inoculation with N2 fixing and phosphate solubilising 

microorganisms and significant increase in nodulation, N2 fixation and yield of 

legume crops have been reported by many workers (Khan et al., 1997). The results 

obtained revealed that, the organic matter application significantly increased pods 

number per plant, weight of 100 seeds (g) and yield (ton/fed) more than the mineral 

fertilization as well as control. The significant highest yield (ton/fed) were obtained 

when organic matter + AM mycorrhiza + Bradyrhizobium sp. + Azospirillum 

lipoferum were applied. The findings of our experiment were in agreement with Zaidi 

et al., 2003, who found that the combined inoculations of N2 fixing, phosphate 

solubilising and AM-fungus, improved nodulation as well as N and P uptake by 

chickpeas and hence also yields are increased. Furthermore, Basu et al., 2008 found 

that, integrated plant nutrient management system comprising farmyard manure and 

chemical fertilizers in conjunction with soil amendment (lime) was superior as 

compared to sole application of inorganic fertilizers. It was effective in improving the 

growth, nitrogen fixation, yield and seed quality like oil content, protein content, 

mineral composition and hydration coefficient of peanut crop. 

In conclusion, these data confirmed that the combined inoculation of AM 

mycorrhiza and N2-fixers was more efficient in phosphorus solubilization than the 

inoculation with B. megaterium in the presence of organic matter (compost) 

fertilization than mineral fertilization. In addition, the use of organic matter and 

biofertilizers are important practice because of the environmental problems associated 

with the mineral fertilization and the harmful effect on human health. 
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نتاجية الفول السودانى  تأثير األسمدة ومثبتات النيتروجين ومذيبات الفوسفور عمى نمو وا 
 لمسادة الدكاترة

 2نادية حامد البتانونى    -   1أسامة نجدى مسعود

 مــــــن
 الجيزة. –مركز البحوث الزراعية  –معيد بحوث التربة والمياه والبيئة  1

 فرع السادات. –جامعة المنوفية  –معيد الدراسات والبحوث البيئية  2
 

إن التعااون باين ميكروباات الترباة والنباات رو أاار فعااح عمااى تاحة النباات وةتاوبة الترباة. ومان أىا  ىااره 
عماى  إيجابياا زا ومابتات النيتاروجين والبكتيرياا المريباة  لمفوسافورث حياث تاهار ىاره الميكروبااتيالميكروبات الميكور 

وتحسااين ةااوا  التربااة  المااواد الميريااة يااة وتساااعد عمااى زيااادة ال اادرة عمااى إمتتااا نمااو النبااات وزيااادة ا نتاج
 2002/2002ث 2002/2002فاااى موسااامى  تاااينح مي بتينوا حتفااااظ باااالمحتوى الماااائى لياااا. لااارل  تااا  عماااح تجااار 

دنياة( زا ث باسمس ميجاتيري ( مع معامالت مةتمفاة مان امسامدة )عةاوية ومعيلدراسة تأاير مريبات الفسفور)ميكور 
وجود بعض مابتاات النيتاروجين ) برديارازوبي ث سزوسابيريمي  ليباوفير ( فاى معاامالت منفاردة ومزدوجاة ث عماى  كرل 

نتاجية الفوح السودانى.         نمو وا 
عماااى جمياااع ال ياساااات  معناااوىياااو  مااان الزراعاااة كااان لبكتيرياااا باسااامس ميجااااتيري  أار  54وقااد وجاااد أناااو عناااد 

ياو  مان الزراعااة وجاد أن معااامالت التم ايي والتسااميد  20اث ولكان عنااد الميكوريزا الةةارية ماعادا نساابة ا تاابة باا
عمااى جميااع ال ياسااات الةةاارية إةااافة الااى معاادح ا تااابة  معنوىالمةتمفااة سااواف منفااردة او مزدوجااة رات تااأاير 

زا عان يلجافة لمنباتث كرل  نشاط إنزي  النيتروجينيز ماع التم ايي باالميكور فى المادة ا N, P, Kونسبة الا الميكوريزا ب
 + organic matter + AM mycorrhizaالتم ااايي بالباسااامس ميجااااتير  و ةتوتاااا المعامماااة  

Bradyrhizobium sp. + Azospirillum lipoferum  كمااا كاناات نسابة تيسااااااايير الفوسااااافور أعمااى مااع .
(عناد and 0.332 % 0.056(عنياا ماع التم ايي بالباسامس ميجااتير  )and 0.418 % 0.096زا )يالميكور باالتم ايي 

 organicماع المعامماة  معنوياة . أيةا كانت أعمى زيادةلمزراعة يو  عمى التوالى فى الموس  اموح 20يو  و 54

matter + AM mycorrhiza + Bradyrhizobium sp. + Azospirillum lipoferum  الاى . إةاافة
 زيادة نشاط إنزي  النيتروجينيز.

 زا مااع إسااتةدا  المااادة العةااويةيوقااد أدت ىااره الطري ااة ماان إسااتةدا  الم احااات الحيويااة وةتوتااا الميكااور 
الى زيادة ا نتاجية لنبات الفوح السودانى ث حياث تا  الحتاوح عماى أعماى إنتاجياة ماع التم ايي  ومابتات النيتروجين

 كاناات إنتاجيااة الفاادان( ث كماg 65.113) ووزن مائااة حبااة 41.111)ون لكااح نبااات )زا وكااان عاادد ال اار يبااالميكور 
 (. ton/fed 1.191الفدان) 

زا كماريبات يإستةدا  التم يي المزدوج بالم احات الحيوياة وةتوتاا ماع الميكاور ب نوتى مما سبق نستطيع ان
 فعاح عمى نمو وانتاجية الفوح السودانى.   أار رومن رل  ومابتات النيتروجين  فسفور وفى وجود المادة العةويةلم

 

 


