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ABSTRACT 
Incubation technique was followed under laboratory condition to evaluate 

and determine the rate of organic residues decomposition as well as N released in 
media. Rice straw, soybean straw, and leuceana cutting residue were used. These 
materials were incubated on virgin sandy soil up to 90 days intervals. Cups with 
mixture of sand and organic residues were inoculated with fungi, bacteria and 
mixture of them. Uninoculated treatment was also included.  Results showed that 
N released from the different organic materials was significant at 30 days of 
incubation. It seems that presence of Azotobacter was associated with enhanced 
demand on soluble N at this stage. Superiority of leucaena over the other two 
sources of rice straw and soybean straw occurred particularly during the 15 to 
30–day period. In greenhouse experiment, the results indicated that N derived 
from organic materials was high and easily released from compost as mediated 
materials comparing to leucaena as undigested raw materials. In the same time, 
barley had more benefits from organic residues than lupine crop.  
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INTRODUCTION 
 

Presence of organic matter in the soil contributes to enhancing the biological activity and 
fertility of the soil. Therefore, fresh sources of organic matter need to be regularly added to the 
soil to sustain its biological activity and fertility. According to Graves et al. (1) different 
organisms including bacteria, fungi, worms, and insects are active organisms making composts 
which are mainly organo–mineral substance of a considerable fertility. Composting resembles 
natural systems of breaking down organic residues which are mixed in the upper part of the soil, 
particularly where forests grow. Plant residues decompose slowly and eventually become humus 
and humic materials which keep the soil in physical conditions favorable for efficient plant 
growth. When residues of cultivated crops are returned to the soil, at least part of the nutrients 
removed from the soil will be returned to it, and the rate of decline of soil fertility can be slowed 
down (2). 

 
Organic nitrogen is transformed by microorganisms into mineral (inorganic) nitrogen in a 

processes called "mineralization", whereas inorganic mineral nitrogen utilized by growing 
microorganisms to build their bodies thus transforming it into organic (immobilized) nitrogen, in 
the processes of "immobilization". With time, decomposed organic matter attains a chemical 
composition similar to that of humus, and dead cells of microorganisms which could be 
mineralized by the microorganisms (3). The two processes of "mineralization" and 
"immobilization" occur in the soil. The net result could be either mineralization or immobilization 
depending on the nature of the organic manure, C/N ratio and other factors.  

 
Khalil et al.(4) reported that the timing along with the method of adding organic matter 

(particularly with respect to its decomposition and nutrient release) are vital in formulating 
effective management strategies, which may decrease the use of chemical fertilizers and lead to 
greater crop return and less environmental pollution.  They reported that ammonification of 



organic nitrogen takes place in soil until day 15 of  incubation, together with generally concurrent 
immobilization; and that oxidation of the evolved ammonium (i.e. it nitrification) was greater in 
the high pH non – calcareous soils than in the acidic soils. The C/N ratio of the organic 
amendment largely regulates accumulation or disappearance of NO3

-N in the soil. Shengmao 
Yang et al., (5) found that applying soluble N-fertilizers led to NO3 - N accumulation in most 
subsoil layers; but when combined with farmyard manure, such accumulation was less. They 
stressed the importance of balanced application of soluble mineral fertilizers and farmyard 
manure in order to sustain high crop yield and protect soil and underground water from potential 
NO3 pollution.  Fosu et.al (6) reported that it is important to quantify the fate of the applied 
organic-N to understand the efficiency of residue-N use and to estimate the minimum input 
required to obtain a reasonable level of crop response. Recovery of N from 15N-labelled 
Crotalaria juncea plant material was traced in the soil and the succeeding maize crop. Apparent 
N recovery (ANR) by maize from unlabelled plant materials of Sunn hemp (Crotalaria juncea), 
Devil bean (Crotalaria retusa), Calopo (Calopogonium mucunoides), Mucuna (Mucuna pruriens) 
as well as similar recovery of mineral fertilizer at three locations were evaluated. Maize crop 
recovered 4.7 % and 7.3 % of the 15N-labelled- Crotalaria juncea-N at 42 days after sowing 
(DAS) and at harvest, respectively. The corresponding 15N recovery from residue in the soil was 
92.4 % and 58.5 %. The highest mean ANR of 57.4 % was with mineral fertilizer, whereas the 
lowest of 14.3 % occurred with Crotalaria retusa. The amount of residue-N accounted for by the 
isotope dilution method 42 DAS was 97.1 % and at harvest it was 65.8 %.  

 
MATERIALS AND METHODS 

 
Incubation Experiment 

 
The experiment was conducted to evaluate the nature of nitrogen release from each of the 

following residues: rice straw residue, soybean straw residue and leucaena cutting residue. The 
soil material used was a sand soil taken from a location not used for growing plants (a virgin site 
in the farm  of the AEA) at Inshas, Sharkia, Egypt. The sand soil (which is almost sand particles) 
was pre–washed with water then with dilute HCl (1 M) then washed again by water, then by 
distilled water until no Cl, test was positive. The soil was left to air–dry. The reason for washing 
was to get nil of salinity and other soluble and exchangeable (if any) ions, since biological agent 
of microorganisms are main treatments along with organic substances.   

A factorial randomized complete block design, executed in three replicates. Three factors 
were involved. Factor A: "Organic residue": there were 3 sources as follows: rice straw, soybean 
straw, and leucaena cutting residue. Factor B: "Inoculation": there were four treatments, no 
inoculation, inoculation with fungi (Asperigllus terreus), inoculation with bacteria (Azotobacter 
chroococum), and inoculation with a mixture of fungi + bacteria. Factor C: "Time duration of 
incubation " which was considered as a factor.  

 
There were 7 intervals (i.e. 7 timings) of sampling. They were at the following dates: 1, 15, 

30, 45, 60, 75, and 90 days after start of experiment. Mineral N was measured in samples after 
each timing. Application of microorganisms (inoculants) was carried out in the form of water 
suspensions to the small cups (50 g capacity) with thorough mixing of the soil at start of 
experiment. Cups were watered so as to reach about the water holding capacity of the soil 
throughout the 90 days of the experiment 

 
Due to data released from the laboratory incubation experiment, leucaena residues was 

selected in addition to compost for application in a pot experiment using Lupine (Lupinus  albus  
cv. local) and barley (Hordum Vulgare cv. Giza 15) as indicator plants to follow up the portion of 



N derived from residue (Ndfr). In this experiment, labeled ammonium sulfate with 5% 15N atom 
excess was added at rate of mg kg-1 soil (each pot have 5 kg soil) to follow up and estimate the 
portion of nitrogen derived from residue. In this respect, the indirect method after Hood et al.(7) 
was used. The standard equations and procedure related to 15N/14N ratio analysis were carried out 
according to IAEA Training Course manual Series no 14 (8). 

 
Chemical analysis of soil and plant samples were carried out according to Page et al. (9) and 

FAO (10), respectively. 
 
All data were subjected to ANOVA analysis followed by Dunncan’s multiple range test 

(DMRT) using SAS computer program, SAS (11).                                 
 

RESULTS AND DISCUSSION 
 

The results of this incubation experiment (Table 1) shows a steady increase in releasing 
nitrogen with time progress as a result of incubating soil supplied with different organic sources; 
with or without inoculation with microorganisms including Asprigillus fungi (As), Azotobacter 
bacteria (Az) either individually or in combination (As + Az)}. 
 
Content of available N in soil as affected by  incubating time intervals, inoculation 
and organic source:  

 
The overall features of the results of the incubation experiment shows a steady increase in 

releasing nitrogen with the passage of time. Thus, mineralization of organic N proceeded at an 
accelerated rate. The pattern shows a considerable increase up to day 30, at such date, mineral N 
content reached its highest level. Then after, a steep decrease occurred on day 45. From then on, 
in most cases a decrease persisted reaching minimum on day 90 which is the end of incubation. 
Therefore the most active stage in net mineralization seems to have occurred during the first 30 
days. Khalil et al (4) observed that within 15 days of incubation, mineralization of organic nitrogen 
was most active. In the current study, contents of mineral N produced during the course of the 
experiment ranged from as low 0.01 g N kg-1 soil (for the soil treated with non-inoculated rice 
straw on day 45 or day 90) to as high as 46.05 g N kg-1 soil (for the soil treated with Azotobacter 
″Az″ and leucaena on day 30). This is a manifestation of the large difference between rice straw 
which is very low in N-content (since it is non-leguminous) and leucaena which is high in N 
content (since it is leguminous). Inoculation was effective in causing considerable liberation of 
mineral N. The two organic residues which are leguminous origin (i.e. the soybean straw and the 
residues of leucaena) showed greater N liberation of mineral N as compared with the residue of 
rice straw which comes from a non-leguminous plant. 
 
Effect of time intervals 

 
The main effect of the time shows the progressive considerable initial increase of liberated N. 

The increase progressed on day 15, and went on persistently and considerably up to day 30 when 
contents showed their highest levels. On day 15, the increase averaged 479 %, relative to day 1. 
On day 30 the progressive increase persisted its upward trend, particularly with leucaena. The 
average increase on day 30 relative to day 1 was 617 %. Following day 30 a decrease occurred 
and went on till reaching a minimum on day 90, end of incubation. However, N contents on days 
45, 60, and 75 were greater than day 1 by averages of, 25, 70, and 21 % respectively. It was on 
day 90 when contents were lower than on day-1 a decrease of 29 %. Therefore, mineralization was 
rapid and considerable in first few weeks. Rapid N-mineralization was reported by Shindo and 



Nishio (12) within first week of decomposition of organic matter. Formation of increased contents 
of mineral N was reported by Khalil et al (4) to occur vigorously during the first two weeks of 
adding organic matter. 
 
Interaction effects 

 
There were interactions affecting the response to time. One was caused by inoculation. The 

other was caused by the organic source.  
 
A. Interaction effect caused by inoculation on the pattern  of response to 

time: 
 

With the non-inoculated and the Asprigillus-inoculated treatments, the increase between day 
45 and day 75 was considerable, whereas with Azotobacter or (As + Az) inoculated treatments 
the change between the two dates was not significant. It seems that presence of Azotobacter was 
associated with enhanced demand on soluble N at this stage. 

 

B. Interaction effect caused by the organic source on the pattern of response 
to time:  
 The progressive increase up to day 30 was particularly prominent where leucaena was used. 

With this source, the greater N in day 30 over, that of day 1 was considerable; it was nearly ten-
folds. Rice straw on the other hands showed six-folds and soybean straw showed five-folds. 
Organic material of leucaena was of a narrower C/N ratio compared with the organic material of 
the other two sources.  

 
Raiesi (13) found that wheat residue which has a wider C/N ratio than alfalfa residue was 

decomposed more slowly and gave less mineral N than alfalfa residue during 60 days of 
incubation.  
Assessment on the effect of inoculation  

 Although the main effect of inoculation showed slight variation between non-inoculated and 
inoculated treatments, the interaction effect was significant indicating a significant positive effect 
of inoculation under certain conditions. 
    
       Table 1. Available N (g kg-1 soil) released from different organic sources 

as affected by inoculation and time intervals. 
Organic 
sources Inoculation Incubation intervals (days) Mean 

  1 15 30 45 60 75 90  
Rice 

straw None 1.33 2.00 4.67 0.01 5.01 1.33 0.01 2.05 

 As 1.67 3.67 4.67 0.33 6.01 1.33 1.33 2.72 
 Az 1.67 8.34 9.01 2.33 6.01 2.33 0.01 4.24 
 As+Az 0.67 5.34 11.01 2.00 1.67 2.00 1.67 3.48 

Mean 1.33 4.84 7.34 1.17 4.67 1.75 0.75 3.12 
Soybean 

straw None 5.00 6.01 7.35 0.00 6.00 3.33 2.33 4.29 

 As 2.67 13.35 17.68 1.00 6.34 4.34 2.33 6.81 
 Az 2.00 16.01 15.01 2.67 3.33 3.13 2.00 6.31 
 As+Az 3.67 13.35 15.68 4.00 3.00 2.67 2.00 6.34 

Mean 3.33 12.18 13.93 1.92 4.67 3.37 2.17 5.94 
Leucaena 
residue None 3.76 20.04 25.04 1.67 5.01 4.67 1.02 8.21 



 As 6.01 26.70 37.04 4.00 6.67 5.01 2.33 12.54 
 Az 1.67 30.70 46.05 4.34 5.00 5.01 1.33 13.44 
 As+Az 5.67 38.71 38.71 4.34 4.67 5.01 3.00 14.30 

Mean 4.25 29.04 36.71 3.59 5.34 4.93 1.92 12.12 
 Means of inoculation 

None 3.36 9.35 12.35 0.56 5.34 3.11 1.12 5.03 
As 3.46 14.57 19.80 1.78 6.34 3.56 2.00 7.36 
Az 3.78 18.35 23.36 3.11 4.78 3.49 1.11 8.00 

As+Az 3.00 19.13 21.98 3.45 3.11 3.23 2.22 8.04 
General means 2.97 15.35 19.37 2.23 4.89 3.35 1.61  

 
 
 
LSD (0.05) 
 

G I T GI GT IT GIT 
0.725 
0.863 
1.235 

ns 
ns 
ns 

1.107 
1.318 
1.886 

1.450 
1.726 
2.469 

1.918 
2.284 
3.266 

2.124 
2.637 
3.771 

ns 
ns 
ns 

Notes:(1) organic material added at 200 g kg-1 soil {Asprigillus fungi (As), Azotobacter 
bacteria (Az)      
              and (As + Az)}. 

                       (2) soil: a sandy soil of  88.50 % sand, and 8.80 % clay. 
                (3) Inoculation was performed at start of experiment. 
                (4) Available N extracted by KCl (0.5 M). 
                 (5) GI organic Source; I : inoculation; T: time intervals. 
 
 
 
 
 
 
 
Interaction effects  
  

There were interaction effects caused by time as well as by organic source. 
 
Interaction effects of inoculation in response to time 

 
There were interactions affecting the response to time. One was caused by inoculation. The 

other was caused by the organic source.  
 

Interaction effects caused by inoculation on response of the pattern to time: 
 
With the non-inoculated and the Asprigillus-inoculated treatments, the increase between day 

45 and day 75 was considerable, whereas with Azotobacter or (As + Az) inoculated treatments 
the change between the two dates was not significant. It seems that presence of Azotobacter was 
associated with enhanced demand on soluble N at this stage. 
 
Interaction effects caused by organic sources on response of the pattern to time: 



 
The progressive increase up to day 30 was particularly prominent where leucaena was used. 

With this source, the greater N in day 30 over, that of day 1 was considerable; it was nearly ten-
folds. Rice straw on the other hands showed six-folds and soybean straw showed five-folds. 
Organic material of leucaena was of a narrower C/N ratio compared with the organic material of 
the other two sources.  

 
Raiesi (13) found that wheat residue which has a wider C/N ratio than alfalfa residue an 

decomposed more slowly and gave less mineral N than alfalfa residue during 60 days of 
incubation.  
 
Assessment on the effect of inoculation  
  

Although the main effect of inoculation showed slight variation between non-inoculated and 
inoculated treatments, the interaction effect was significant indicating a significant positive effect 
of inoculation under certain conditions. 
             
Interaction effects 
  

There were interaction effects caused by time as well as by organic source 
 
Interaction  effect of time on the response to inoculation: 

 
The only time when the inoculated treatments surpassed the non-inoculated ones was 

between day 15, and day 45, when the Az and (As + Az) surpassed the non-inoculated. Otherwise 
differences between inoculated and non-inoculated were not significant. This shows that the 
micro-organisms activity was most effective during the active stage mineralization. On day 45 
inoculated treatments of As, Az, and (As + Az) surpassed that the non-inoculated. 
 
Interaction  effect of organic source on the response to inoculation: 

 
The superiority of Az over As in producing mineral N from the organic N was most 

prominent where rice straw was the source. With the other sources of soybean straw and 
leucaena, the superiority was not significant. Azotobacter seems to function more efficiently 
where the wide C/N ratio of the rice source is secured. Mengel (14) reported that sources of wide 
C/N ratio encourages activity of microbial biomass.  

Crews and Peoples (15) stated that N from leguminous residues may act as slow release N 
sources. On the other hand Mayer et al. (2004) found that incubation of leguminous residues of 
faba bean, lupine and pea, showed that mineralization started first with faba bean residues 
followed by lupine residues and Pea residues. 
 
Assessment of the effect of organic source  

 
The main effect shows a considerable superiority of leucaena in particular over the other two 

sources of rice straw and soybean straw. The average content of N released from leucaena was 
twice the content produced by soybean straw and more than four times the content produced by 
rice straw. About 14 g N kg-1 soil was released from leucaena as compared with 7 g N kg-1 soil 
released by soybean straw and 3 g N kg-1 soil released by rice straw. The leucaena source is far 



greater in its nitrogen content than than other two source, as shown from the analysis of total N of 
the three sources.  
 
Interaction effects  
  

There were interaction effects affecting the response to the source of organic matter. This was 
caused by time as well as by inoculation.  
 
Interaction  effect of time on the response to organic source: 
 

Superiority of leucaena over the other two sources of rice straw and soybean straw occurred 
particularly during the 15 to 30–day period. During the other period, i.e. the first 15 days, and the 
last 60 days, leucaena was as effective as soybean straw, although both sources kept a superiority 
over rice straw. It seems that during this 15-30 day period which is the most active period of 
microorganisms, leucaena with its high N enhanced mineralization. Recous et al. (16), reported 
considerable increase in mineral N produced during 124 days of adding maize residues to soil. 
 
Interaction  effect of inoculation on response to organic source: 
 

Superiority of soybean over rice straw was slight where Az was used as inoculant. Otherwise, 
and where As or (As + Az) or where no inoculant was added, superiority of soybean straw over 
rice straw was considerable. Since rice straw had a wide C /N ratio, thus performed efficiently 
when Azotobacter work on such organic source of a wide C/N ratio.  
 
Nitrogen derived from organic residue-15N analysis 
 

Results of N derived from organic residues as graphically illustrated by Fig. (1) showed that 
the  portion of N derived from these organic residues and uptake by lupine and barley plants were 
frequently dependent on the nature and origin of organic residue. In this respect, compost 
materials resulted in higher percentage of Ndfr uptake by lupine shoots than those recorded with 
leuceana residue. Similar trend was noticed with the mixture of compost and leuceana. There was 
no significant difference between individual compost and mixture. With barley shoots, data 
reflected the superiority of compost over leucaena either alone or in combination with compost. 
In this regard, the N derived from residues could be arranged as following: 

 
    Compost > Mixture > Leucaena  
 

These results indicated that N derived from organic materials was high and easily released 
from compost as mediated materials comparing to leucaena as undigested raw materials.  

 



Fig. (1) Nitrogen derived from organic residues (%Ndfr) 
and uptake by lupine and barley plants
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In this regard, Hood et al. (17) showed that the values of Ndfr obtained using the new approach 
to the isotope dilution technique gave good agreement with the direct values in most treatments. 
The cross-labelling approach allowed easy comparison of the two methodologies. The challenge 
now is to develop a field pre-labelling procedure that will allow indirect estimations of Ndfr for a 
variety of organic residues. However, Hood et al. (18) showed that pool substitution as described 
by Jenkinson et al. (19) and Hart et al. (20) could lead to erroneous values for the quantity of N 
derived from mineralization of residues. But the values, which we have, are lower or to some 
extent nearly closed to the values recorded by the aforementioned literature.  

In conclusion, our results indicated that the nitrogen mineralized and derived from organic 
residues should be considered as a reasonable source of N demand for crop nutrition.    
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