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ABSTRACT 

   Experimental work either in field scale or in green house conditions were 
conducted using 15N technique to evaluate the role of different biofertilizers and 
different plant residues as organic amendments on enhancement of plant N 
nutrition. Nitrogen fixation by asymbiotic bacteria has been observed in 
greenhouse and field experiments under dry land cropping systems.  Biological 
N2 fixation associated with crop residues (legumes or cereals) was investigated in 
pot experiments with wheat and chickpea cultivars. In these experiments, labelled 
wheat and rice straw were used as organic N sources in comparison with either 
15N-labelled ammonium sulfate or ammonium nitrate as chemical nitrogen 
fertilizers. Rhizobium inoculation extended to be used with wheat gave the best 
results of N uptake and N2 fixation when combined with Azospirillum brasilense 
as heterotrophic diazotrophs. The nitrogen uptake by wheat plants was 
significantly increased by application of soybean residues and inoculation with 
Azospirillum brasilense. From the field trial we can conclude that soybean residue 
as enriched N material, and Azospirillum brasilense inoculation enhanced N yields 
of wheat cultivars grown in poor fertile sandy soil. 
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INTRODUCTION 
 

   Bio-organic fertilizers are considered to be low cost, ecofriendly and renewable sources of 
plant nutrients supplementing chemical fertilizers in sustainable agricultural systems. This 
refers to microorganisms, which increase crop growth through different mechanisms, i.e. 
biological nitrogen fixation (BNF), growth-promoting or hormonal substances increased 
availability of soil nutrients. Also, it depends on recycling of organic wastes in the farm 
either it was green manure or animal wastes.  Their importance lies in their ability to 
supplement/ mobilize soil nutrients with minimal use of non-renewable resources and as 
components of integrated plant nutrient systems. The interaction of inoculants with plants 
under salinity conditions revealed that, in most cases, inoculation with salt-tolerant strains 
could improve the plant growth as compared with the effect of salt-sensitive strains (1) . 
 

   With respect to plant residue application with microbial inoculation, Halsall and Gibson 
(2)  reported that rice straw yielded the highest nitrogenase activities with Azospirillum than 
sawdust and sugar cane trash. Similarly, wheat residues maintained a considerable 
numbers of Rhizobium spp. in the soil (3). In most soils, where microbial activity is limited by 
a lack of carbon, cereal stubble   represented    a substantial potential source of energy, and 
the incorporation into the soil was more effective than mulching on the surface. Seed 
inoculation with Azospirillum spp. in combination with organic amendments induced 
stimulation of wheat growth and nitrogenase activity (4) . Comparative studies in relation to 
organic manuring have shown that morphologically and physiologically distinguishable 
types of bacteria, particularly Pseudomonas types, have been stimulated in the rhizosphere 
of wheat and rye like those found after incorporation of straw in the soil (5) . 



 

   Stimulation effects of different organic residues on nitrogenase activity and N2 fixation of 
soils cropped by non-legume crops have been reported (6; 2; 7; 8; 9;  10) . Kanungo et al. (8)  
reported that higher nitrogenase activity was associated with greater populations of 
nitrogen-fixing Azospirillum sp., anaerobic N2 fixer and Azotobacter sp. as affected by 
organic residue applications.  However,  little is known of how the organic residues 
influence the presence and activity of free-living N2-fixing bacteria (11) . Winter wheat 
recovered only 10% of 15N-labelled perennial rye-grass/clover residues incorporated into 
the field lysimeters, and the percentage of total crop N uptake originating from residues was 
only 14%. It means that the bulk of the 15N recovered was incorporated into the soil organic 
matter fraction  (12). 

 
   The aim of this work is tracing the effect of salt stress on growth and N 2 fixation by barley 
as well as the effect of organic waste recycling on wheat that representing cereal crops and 
chickpea as legume crop, and consequently tracing its effects on microsymbiont (bacteria, 
AMF, associative N 2 fixers). Potential of N2-fixation was also considered. 
 

Barley Experiment 
 
   Inoculation with Azospirillum either alone, dual (Rh+Azo) or composite inoculation 
(Rh+Azo+VAM) increased N uptake as compared to uninoculated treatment (2 fold, 2.4 
fold and 3 fold), respectively (Table 1). Composite inoculum of Rh+Azo+VAM has a 
positive effect on N uptake of barley root where the increments in N content were 4.5 fold, 
1.5 fold, 3 fold and 3 fold for root, stem, leaves and spike, respectively..  

 
   Similar results were obtained by Defreitus and Germida (1990)(13) who confirmed the 
beneficial effect of N2- fixing bacteria associated with roots of cereal crops. Similar trend 
was observed by Sedik, et al. (1998)(14) who investigated the interaction between salinity and 
inoculation with composite inocula of associative diazotrophs (Azospirillum brasilense, 
A.lipoferum, Azotobacter chroococcum and Bacillus polymyxa) on N- content of rice seedlings 
where it contains the highest amounts in their tissues (0.77 mg N /seedling) as compared to 
uninoculated control.  

 
   Our results obtained under soil salinity are partially in harmony with those recorded by 
Sedik, et al. (1998)(14) who reported that addition of 0.5% salt to cultivated medium was 
responsible for reducing the N-content of seedling by 18% and 5% for GSR-38 and GSR-7 
rice cultivars, respectively. Raising the salt concentration of the culture medium to double 
fold of salt resulted in reduction in nitrogen content even in GSR-38 rice cultivar (0.32 mg N 
seedling-1). Seedlings inoculated with associative diazotrophs and grown in low salinized 
medium contained 109.0 % and 160.5 % more N for GSR-38 and GSR-7 rice lines over 
uninoculated seedlings, respectively. 

 
   Data of the present study also confirmed the positive effect of AM inoculation on N uptake 
especially when involved in composite inocula as compared to uninoculated plants. Negi, et 
al. (1990) (15)concluded that, the roots of barley plants inoculated with both VAM and 
Azospirillum fixed more N2 than singly inoculated plants. This may attribute to the 
synergistic effect of VAM on availability of P that required for N2 fixation.      
 



   So it became clear that, in addition to the enhanced P acquisition by VAM plants, 
enhanced N acquisition is also often reported for mycorrhizal barley plants (16) . The same 
authors concluded that, AM fungi hyphae increased soil N pool size, and used soil N 
sources, which were less available to and/or used available N more efficiently than non-
mycorrhizal plants. These results also separated direct (uptake and transport of N) and 
indirect (P-mediated demand for N) acquisition of N.  
 
 
 
 
 
 

Table 1. Nitrogen uptake (mg pot-1) in aerial and ground parts of barley plant as 
affected by different microbial inoculum in saline soil. 

Total nitrogen   (mg pot-1)  
 
Treatment 

 
Root 

 
Stem 

 
Leaves 

 
Spike 

 
Total 

 
RI (%) 

 
 
Uninoculated 
Rh 
Azo 
VAM 
Rh+ Azo 
Rh+VAM 
Azo+ VAM 
Rh+Azo+VAM 
 

 
7 d 
9 d 
16 b 
11 cd 
18 b 
10 cd 
15 bc 
32 a 
 

 
21 c 
25 bc 
33 b 
30 b 
44 a 
31 b 
32 b 
47 a 
 

 
45 c 
50 c 
81 b 
56 c 
97 b 
53 c 
78 b 
139 a 
 

 
48 d 
82 c 
118 abc 
106 bc 
134 ab 
102 bc 
107 bc 
143 a 
 

 
121 
166 
248 
203 
293 
196 
232 
361 
 

 
100 
137 
204 
167 
242 
161 
191 
298 

   LSD   (0.05) 4.98 8.35 22.41 32.97   
Means in each column followed by the same letter are not significantly different at P < 
0.05. 

 
Wheat Experiment 
 
   Amounts of atmospheric N2 in shoots and grain were significantly affected by inoculation 
and N fertilization (Table 2). Portions (%) of N2 fixed in shoots and grain were higher with 
dual inoculation and individual Rhizobium than Azospirillum inoculation alone. Dual 
inoculation was superior over the individuals in soil treated with rice straw. Grain N2 was, 
to some extent, higher than those in shoot The inoculants were frequently affected by N 
sources. It seems that the microorganism’s activity was rabidly affected by the available N 
source. At the same time, the positive effect of compound N on nitrogen fixation activity was 
also recognized.   
 
   Applications of organic 15N-rice residue was found to have a positive effect on all 
estimated parameters, but still in lower values than those obtained with the labelled 
inorganic fertilizer N. These lower values of N uptake could be attributed to low content of 
N and high C/N ratio (C, 42%; N, 0.46%; C:N, 91) that lead to N-immobilization in 
unavailable organic fraction. Seligman et al.(17) suggested that most of the N in organic 



residues with a wide C/N ratio is rapidly incorporated into a stable organic N fraction and 
is only moderately available to plants. They added, however, despite the wide C/N ratio of 
the 15N-labelled residues, some nitrogen was mineralized and taken up by the plants. 
Consistently, during the decomposition of plant residues low in N (i.e. wheat and rice 
straw), soil N may be transformed into highly stable and   complex organic matter 
components, rendering the soil N unavailable to the subsequent crop for a long time. Azam 
et al.(18) demonstrated that the decreased availability of soil N was responsible for the  
 
 
reduced plant growth in organic N amended to soil. In harmony with this finding, Norman 
et al. (19) reported that the minimum estimate of N mineralized from rice residue from the 
time of incorporation until rice harvest was 9% and only 3% of this was recovered in the 
subsequent rice crop. Similarly, Bremer and van Kessel (20) concluded that recovery of 
added N in wheat top was lower for green manure (i.e. lentil and wheat) than for (NH4)2 SO4 
fertilizer (19 vs. 34%) because the proportion of green-manure N mineralized was less than 
the proportion of fertilizer N immobilized. In a comparative study, Soon and Arshad (21) 
found that wheat straw decomposed more slowly than canola or pea straw loosing an 
average of 12%, 24% and 25%, respectively, of initial dry matter of residues.  

 
Table 2 Nitrogen derived from air (Ndfa) and utilized by inoculated wheat plants 
amended with     15 N- ammonium nitrate or  15 N labelled rice straw. 

 15N-ammonium nitrate  15N  – rice straw 
Inoculation Ndfa  Ndfa 
 ( % ) (mg pot-1 )  ( % ) (mg pot-1 ) 
   Shoots   
Azospirillum  19.4 b 1.32 b  22.3 b 1.07 b 
Rhizobium  23.0 a 2.57 a  24.3 b 1.63 b 
Azosp. + Rhiz. 23.6 a 3.07 a  32.0 a 2.46 a 
LSD (0.05) 2.74 0.94  2.58 0.84 
C.V(%) . 6.31 18.03  4.97 21.62 
      
   Grains   
Azospirillum  20.9 c 1.46 b  29.9 c 1.52 b 
Rhizobium  34.9 a 3.52 a  35.0 b 2.06 b 
Azosp. + Rhiz. 30.2b 3.23 a  39.2 a 4.82 a 
LSD (0.05) 5.45 0.73  2.14 0.73 
C.V(%) . 9.58 11.80  3.10 11.52 

 Means in each column followed by the same letter are not significantly different at P < 
0.05. 

 

 

Field Experiment – Wheat 
 
 
Biologically Fixed N (BNF) 
 
   Amounts of nitrogen gained from atmosphere (Table 3) gave clear evidence on the 
significant and positive effect of bacterial inoculation with A. brasilense. Either shoot or 



grain of Giza 164 utilized more N gained from air than those estimated with Giza 163. This 
result confirmed a good association between variety Giza 164 and A. brasilense Sp 245. Also, 
it is obvious that organic residues have a significant effect on proportion of N gained from 
air. It seems that bacterial inoculation was benefits and compensated remarkable amounts 
of nitrogen that utilized by cereal crop. 
 
Table 3 Amounts of nitrogen derived from air (Ndfa) and uptaken by shoot and grain of 
wheat varieties as affected by inoculation and organic residue addition. Values are means of 
three replicates per plot area 3.6 m2 

Treatment Soil with organic residues Soil without organic residues 
 Shoot Grain Shoot Grain 
 % kg % kg % Kg % kg 

Giza 163 
        

Inoculated 39.3 0.9 b 32.6 0.69 b 40.2 0.76 b 41.2 0.59 b 

Giza 164 
        

Inoculated 64.5 1.17 a 52.3 1.19 a 55.8 1.07 a 63.5 1.19 a 
Means in the same column for each portion followed by the same letter are not significantly different 
at P ≤ 0.05 

   The present data eloquence demonstrated the effect of organic residues on nitrogen 
derived from air (%Ndfa). When organic source was applied at low or moderate level (450 
g per plot area that equal 1, 250 kg ha-1), the inoculated plants derived most of their N-
requirements from air. De Luca et al.(11) found that the incorporation of legume residues 
had significantly increased the nitrogenase activity levels in treated plots. Similar trend of 
nitrogenase activity was observed when A. brasilense strains were introduced to wheat 
straw-amended nonsterile soil (22) . In contrast, Bremer et al.(23) gave evidence against 
associative N2 fixation when they detected a negligible amount under exposure of wheat to 
15N2 gas in sealed growth chamber. This might have been due to the lake of inoculation with 
newly fresh and active bacterial strains of associative-N2 fixers, which is not described by 
them. On the other hand, they found that BNF was stimulated by straw additions, but 
amounts still negligible due to the slow breakdown of wheat straw and intense competition 
for C substrates from straw. 

 

Biological Nitrogen Fixation and Fertilizer or Crop Residue N Uptake by Chickpea 
 
   Contribution of biological nitrogen fixation was recorded only with Rhizobium alone or in 
combination with AM fungi under chemical N fertilization (Table 4). Total N2-fixed (shoot + 
seed) was higher in dual inoculation than in Rh solely thereby providing definitive evidence 
for the enhancement effect of AMF on nodulation and consequently N2 fixation process (24) . 
Similar effect of B. japonicum combined with A. brasilense on N2 fixation by soybean was 
recorded earlier (25). Rhizobium x cultivars interaction was noticed whereas Giza 195 
accumulated more N from air than Giza 2. Such significant effects of chickpea genotypes 
and inoculation with rhizobia were also observed for %Ndfa, %Ndff were the %Ndfa 
values ranged from 70 to 81% (26) and these percentages are nearly closed to that recorded 
in the present study (72-82%). Similarly, El Hadi and Elsheikh  (27) using protein content of 
chickpea seeds as indicator for N fixation found that Rhizobium strains were infective and 
effective in N fixation of six genotypes. In a pot experiment, the acetylene reduction assay 



revealed that four chickpea cultivars had accumulated in their shoots about the same 
amount of N from fixation (28) . Nitrogen derived from fertilizer (Ndff) was significantly 
affected by inoculation. The highest value of fertilizer N uptake by total plant (shoot + 
seeds) was induced by AMF inoculation indicating the promotion effect of fungi on plant 
growth and nutrient uptake. The %Ndff is still lower than %Ndfa as affected by 
inoculation. Similar trend was observed by Sattar et al. (26).  
 
   Nitrogen derived from air and organic residues (Table 5) were to somewhat extent, 
identical to those resulted with 15N labelled chemical fertilizer (Table 4). This indicates the 
importance of crop residues in development of soil N and plant nutrition as equal as 
chemical fertilizer. Application of 15N direct approach showed no significant differences 
between N derived from labelled barley or maize and that of labelled ammonium sulfate (29) 
. However, it has been widely accepted that organic inputs play a significant role in the 
long-term build up of soil organic matter and associated soil stabilization. 
 

CONCLUSION 
 
   Results presented in this text indicated that biofertilization technology and organic waste 
recycling (organic farming) has an effective role in developing the N nutrition of plants 
grown on desert poor sandy soil and help in conserving the environment. Similarly, 
bacterial inoculation helps the plant to grow well with low input agricultural systems beside 
compensating considerable amounts of plant N demand via biological nitrogen fixation 
process . 
 

 

 

 

 

 

Table 4 Nitrogen derived from fertilizer (Ndff) and air (Ndfa) and uptake by shoot and 
seeds of chickpea cultivars as affected by inoculation treatments in soil amended with 
15N-ammonium sulfate. 

Treatment Nitrogen derived from fertilizer mg 
pot-1 

Nitrogen derived from air mg pot-1 

 
Shoot 

Seed Total 
Shoot 

Seed 
Total 

Giza 2 
      

Uninoculated 2.2 d 4.5 b 6.7 b - - - 
Rhizobium 
(Rh) 

2.7 d 2.2 c 4.9 c 32.3 b 33.0 b 65.3 b 

AM fungi 12.5 a 13.0 a 25.5 a - - - 
Rh + AMF 4.8 c 3.8 b 8.6 b 60.0 a 78.0 a 138.0 a 

Giza 195 
      

Uninoculated 9.0 ab 4.4 b 13.4 b - - - 
Rhizobium 
(Rh) 

4.9 c 1.8 c 6.7 c 60.0 b 38.0 b 98.0 b 



AM fungi 11.4 a 7.9 a 19.3 a - - - 
Rh + AMF 4.8 c 2.8 c 7.6 c 95.0 a 77.3 a 172.3 a 

Means in the same column followed by the same letter are not significantly different at P ≤ 0.05. 
 

 

Table 5 Nitrogen derived from organic residues (Ndfr) and air (Ndfa) and uptake by 
shoot and seeds of chickpea cultivars as affected by inoculation treatments in soil 
amended with 15N-wheat straw. 

Treatment Nitrogen derived from residue mg 
pot-1 

Nitrogen derived from air mg pot-

1 
 

Shoot 
Seed 

Total Shoot 
Seed Total 

Giza 2 
      

Uninoculated 4.1 b 2.2 b 6.3 b - - - 
Rhizobium (Rh) 3.7 b 2.6 b 6.3 b 39.3 b 33.3 b 72.6 b 
AM fungi 5.1 a 10.9 a 16.0 a - - - 
Rh + AMF 4.5 a 3.6 b 8.1 b 54.3 a 48.6 a 102.9 a 

Giza 195 
      

Uninoculated 3.4 d 1.8 d 5.2 d - - - 
Rhizobium (Rh) 7.0 c 2.4 d 9.4 c 88.2 b 33.0 b 121.2 b 
AM fungi 21.3 a 9.8 a 31.1 a - - - 
Rh + AMF 6.8 c 2.5 d 9.3 c 113.2 a 50.0 a 163.2 a 

Means in the same column followed by the same letter are not significantly different at P ≤ 0.05. 
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