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ABSTRACT 
Turnover of organic-N was traced under greenhouse condition.15N-

labelled wheat and/or soybean residues were used as organic additives which 
applied individually or in combinations. These residues were applied at rates of 
100, 75 and 25 µg N g-1 soil. Also, labelled ammonium sulfate with 2% 15N atom 
excess, was applied either alone or in combination with the plant residues, at 
rates of 100, 75 and 25 µg N g-1 soil as single dose after 10 days from planting. 
Relative positive effect of the nitrogen plant residues on N-uptake and yield 
components can be arranged as follows: Soybean > wheat + > soybean > wheat 
residues. 

Tracer technique indicated that the mixture of labeled residues and 
ammonium sulfate at rates of   (*50 + 50) and (*25 + 75), was effective on dry 
matter and N uptake. Effect of organic and inorganic nitrogen sources on 
portions N derived from residue (Ndfr) and N derived from fertilizer (Ndff) to 
wheat could be arranged as following: ammonium sulfate > soybean >  mixture >  
wheat. 
Higher 15N recovery percentage was noticed in grains as affected by addition of 
soybean residues combined with ordinary ammonium sulfate at rates of (*25 + 
75) and (*50 + 50), respectively. 
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INTRODUCTION 

Addition of organic materials induced considerable increase in crop yield and exert significant 
influence on physical, chemical and  biological properties of soil, but its use alone is not 
sufficient to offer adequate requirement of nutrients.  Therefore, use of both organic materials and 
chemical fertilizers in appropriate proportion assumes special significance as supplementary to 
each other in crop production (1). 

The dynamics of N-mineralization / immobilization turnover of crop residues in soil are 
mainly controlled by the organic N content or C/N ratio of these residues.  Decomposition and 
mineralization are the means by which nutrients either held in the soil organic matter (SOM) or 
added through organic materials (manure, crop residues) are released into the soil as inorganic 
forms.  The inorganic N released becomes available either for utilization by plant and/or 
microorganisms or lost from the system (2).   

Soil N-mineralization is the transformation process where ammonical or ammonium- N 
(NH4

+) or amino acids(NH2) is released by soil microorganisms as they utilize organic N 
compounds as an energy source (3).  The process is complex and depends on the activity of 
nonspecific heterotrophic soil microorganisms under both aerobic and anaerobic conditions (4).   

Several studies have shown that the 15N recovery from labelled leguminous and non-
leguminous crop residues by subsequent cereal crops was about one-half and one-eight, 
respectively, of that from various forms of labelled fertilizer N. For example, in Australian dry 
land. Ladd and Amato(5) found that the 15N recovery  by the first wheat crop averaged 17 and 46 
% from legume and fertilizer sources, respectively, after 1 year.  Subsequent recoveries of both 



fertilizer and legume N in second year were lower (< 5%). Total 15N recoveries in plant and soil 
from fertilizer and legume were 84 and 80 %, respectively, indicating similar losses of N from 
both sources. In pot experiments, the recovery of plant-derived N by the subsequent crop has 
varied even more 5 % and 14-55 % of input (6 and 7). The total recovery of the plant-derived N after 
1-2 growing seasons has varied between 11.8 and 74.5% (6 and 7). Recoveries of 15N-legume 
residues by a first year crop vary from < 5 % to more than 30 % (9 & 10). 

In a pot experiment, Azam et al (6) found that maize plant utilized 20% of the N applied as 15N-
labelled ammonium sulphate (As), and the presence of sesbania aculeata (Sa) reduced the uptake 
to 14%.  Only 5 % of the Sa-15N was taken up by the plants while (As) had no effect on the 
availability of N from (Sa). Losses of N from (As) were 40% which were reduced to 20% in 
presence of (Sa). Losses of N were also observed from (Sa) which increased in the presence of 
(AS).  Application of (As) had no effect on the availability of soil or Sa-N.  However, more As-N 
was transformed into microbial biomass and humus components in the presence of (Sa). 

The objective of this work aimed to recognize the influence of plant residues either alone 
or in combination with mineral fertilizers on soil fertility and consequently the plant growth. 
The efficient use of mineral fertilizers under organic practices was also included. 

 
MATERIALS AND METHODS 

Greenhouse experiment was conducted in Soils and Water Res. Dept., Nuclear Research 
Center, Atomic Energy Authority, Inshas, Egypt, to study the dynamic of organic N-turnover  

The experimental soil sample was collected from the 0-15 cm layer Inshas, Sharkia 
Governorate. Soil passed through a 2- mm mesh sieve.  Experimental soil have pH, 8.00 ; EC, 
0.28 dS m-1 ; OC%,0.02 ; Total-N %,0.053; C/N, 0.33; NH4, 4.20 ppm; NO3, 7.00 ppm, and 
classified as sandy texture soil. Three plant residues listed in Table (1) were selected on the basis 
of their C/N ratios representing leguminous and non-leguminous residues. 15N-labelled wheat 
and/or soybean residues were ground to pass from 1-mm sieve. A combined treatment of wheat + 
soybean residues was included. These residues have 0.693, 0.06 and 0.339 % 15N- atom excess 
for wheat , soybean  and mixture, respectively. 

 
Table (1): Some chemical constituents of plant residues . 

   Residues Organic carbon (%)  Total nitrogen (%) C/N  ratio 
Wheat   49.50 1.20 41.26 
Soybean      47.15 2.31 20.41 
(Wh.+Soy.)   48.70 1.70 28.65 

 

Preparation of labelled organic residues 

Organic residues were prepared for labelling under greenhouse conditions. Selected varieties 
of soybean and wheat, i.e. Clarck and Sakha 69, respectively, were cultivated. 15N-labelled 
ammonium sulfate with 5% and 2% atom excess for soybean and wheat respectively were used 
for labelling these tested plants. The plants were left in the soil until the end of vegetative period, 
then harvested, dried and ground. The dry materials were subjected to 15N/14N ratio analysis to 
detect the percentage of 15N atom excess. Appropriate quantities of both plant residues were 
estimated on the basis of its Ncontent .     



Greenhouse experiment layout  

This experiment was carried out simultaneously, under greenhouse conditions, to study the 
effect of wheat, soybean and wheat + soybean combined residues and/or ammonium sulfate 
application in sandy soil on dry matter, grain yield and N uptake at vegetation (30 d.), booting 
(60 d.) flowering (90 d.) milking (120 d.), and harvesting stage (150 d.), respectively. Wheat 
plants were grown in plastic pots (20 cm in diameter, 30 cm in depth) filled with 5 kg of sandy 
soil and arranged in greenhouse in completely randomized block design and each treatment 
was replicated three times. 

Plant residues were applied at rates of 100, 75 and 25 µg N g-1 soil as wheat, soybean and 
(wheat + soybean).  Each pot received a basal dose of P and K in the form of super phosphate and 
potassium sulfate, respectively, and mixed thoroughly.  Soils were incubated for four weeks 
before planting.  Afterwards, the soil was lightly irrigated by about 60% of water holding 
capacity (WHC) to establish good microbial activity for decomposing plant residues in suitable 
time before sowing. 10 seeds of wheat (Sakha 69) were planted, thinned to 5 plants per pot after 
10 days from sowing. Labelled ammonium sulfate with 2% 15N atom excess was applied at rates 
of 100, 75 and 25 µg N g-1 soil, either alone or in combination with the plant residues, after 10 
days from planting with the following treatments:  1) 100 µg 15N g-1 soil as ammonium sulfate.;  
2) 100 µg 15N g-1 soil as wheat and/or soybean residues;  3) 75 µg 15N g-1 soil as wheat and/or 
soybean residues + 25 µg N g-1 soil as ammonium sulfate; 4) 50 µg15N g-1 soil as wheat and/or 
soybean residues + 50 µg N g-1 soil as ammonium sulfate; 5) 25 µg15N g-1 soil as wheat and/or 
soybean residues + 75 µg N g-1 soil as ammonium sulfate; 6) Unfertilized control. In this regard, 
the direct method concept was applied (11). 

Two sets (1st and 2nd) of pots were subjected to examine the dynamic changes of available 
soil-N (NH4, NO3). This determination was carried out during the growing season at different 
growth stages, i.e. vegetation (30 d.), booting (60 d.), flowering (90 d.), milking (120 d.) and 
harvesting (150 d.)  
 

15N/14N ratio analysis 
  15N-analyzed by emission spectrometer (NOI-6PC) following the description of (12).  

Percentages of N-derived from fertilizer (%Ndff) and plant residues (%Ndfr) were calculated.  

The obtained data were subjected to ANOVA statistical analysis followed by Duncan’s 
multiple range test (DMRT) according to (13). 
 

RESULTS AND DISCUSSION 

Dry matter accumulation and grain yields  

Dry matter accumulation of wheat plant significantly increased along with the growth stages 
due to the application of different nitrogen sources compared with the control at the beginning of 
vegetative growth stage until the harvest time (Fig 1). El-Sherbeiny et al.(14) found that dry matter 
yield of wheat plant at all growth stages were than when treated with potato, palma and orange 
residues combined with urea-N. 

Ammonium sulfate alone significantly improved the dry matter yield of wheat crop and give a 
higher rate of increase than that with soybean, wheat + soybean, and wheat residues applied 
solely.  Mubarak et al.(15) reported that during five crops cycle of continuous application of crop 
residues with inorganic fertilizer or combined with chicken manure, 43 % of the observed 



maximum yield of maize was sustained compared to 21 % in plots where crop residues were 
removed. 

Regarding the harvest yields, the application of plant residues and/or ammonium sulfate had a 
significant positive effect on wheat grain and straw yields.  Among the different treatments, 
inorganic N added alone produced the most positive effect on the wheat biomass yield (straw + 
grain). 

The addition of 25 and 50 % of entire N requirements by wheat as crop form soybean, wheat 
+ soybean, residues and the rest in ammonium sulfate  induced the almost yield as an increase in 
the proportion of chemical fertilizer N compared to plant residues-N in their mixtures. In this 
respect, Metwally and Khamis (16) found that the addition of 50 % of entire N requirement of 
wheat crop in organic form (water hyacinth, farmyard manure and broad bean straw) and the rest 
in mineral form produce almost the same yield as in case of 100 % chemical N source.   

Also, the results obtained by Kundu and Samuel(17) clarified that nutritional requirements of 
the crops in rice-wheat sequence can be met with  combination of inorganic and organic sources 
in 50 : 50 or 75 : 25 ratios added to rice and a recommended NPK (100 %) has to be applied 
through inorganic source to get high yields of wheat. In addition, Ramiesh(18) reported that 
application of 100 % recommended dose of nitrogen during the preceding crop improved the dry 
matter. 

N uptake 

Nitrogen uptake was significantly increased due to nitrogen addition in different forms of 
plant residue and/or ammonium sulfate (Fig 2).  This holds true at all growth stages. Nitrogen 
taken up by wheat grains and straw was significantly increased in soil treated with the inorganic 
N.  This effect is due to the availability of inorganic-N to wheat plants, while the organic-N form 
slowly becomes available to plants through microbial activity and the conversion to available 
inorganic N forms taking more time (19).  Furthermore, results showed that when plant residues 
and conventional chemical fertilizer N as ammonium sulfate were applied together, N uptake was 
lower than with inorganic N alone, but higher than with plant residues N alone.  This may be 
explained on the basis that the combined addition of organic and inorganic N at (proportion 
50:50, soybean residue: ammonium sulfate) and (proportion 25:75, Soybean residue: ammonium 
sulfate), gave the best values of N uptake at harvest stage, when comparison was held between 
the residues / fertilizer combinations.   
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Fig. (2): Wheat N-uptake (mg/pot) as affected by different plant residues  
and/or  ammonium sulfate application in sandy soil at various growth 

stages.

 
The minimal N-uptake by wheat straw was obtained 77.43 and 86.93 mg pot-1, whereas, in 

wheat grain it was 136.69 and 142.15 mg pot-1 when wheat residues was combined with 
ammonium sulfate at the same previous proportions, respectively.  These trend are in agreement 
with those obtained by (16) who reported that a significant difference among organic N sources 
was observed in their effects on N uptake in wheat grain and straw, which can be arranged in the 
following order : water hyacinth  > farmyard manure  >  broad bean  >  wheat straw  >  rice 
straw.  They also, showed that N-uptake was essentially similar in the treatments that have 
mixtures of 1:1 and 1:3 (organic: inorganic).  Poor-quality residues (high C/N ratio, high lignin, 
and polyphenol content) are known to cause the temporary immobilization of inorganic N (20).  

In general, dry matter of wheat crop was increased with increasing N uptake up to flowering 
growth stage. At final harvest, N uptake in the wheat straw was decreased. Similar trend were 
obtained by Fageria(21) who reported that N uptake as well as shoot dry weight of rice was 
decreased at harvest compared to flowering growth stage due to N translocation to the grain. 
Galal(22) reported that the dry matter accumulation and nitrogen uptake by shoots and grains of 
wheat were significantly higher with ammonium nitrate (15NH4NO3) than those recorded for rice 
residues application. 

Availability of soil inorganic N at the early tillering stage was a key determining factor for the 
final barley dry matter yield  and  N- uptake (23).  However, (24) pointed out that increasing 
nitrogen rates up to 75 mg N kg-1 soil significantly increased the concentration and uptake of 
nitrogen in wheat plant at tillering and flowering stages. 
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Nitrogen derived from residue (Ndfr) and fertilizer (Ndff): 

Percentage Ndfr markedly increased with increasing amount of 15N-labelled residue added in 
combination with unlabelled ammonium sulfate (Fig. 4).  Consequently, the high percentage Ndfr 
% was affected by the quantity of added residue, whereas it was ranged from 26.67 to 93.33 % 
for soybean residue and from 8.23 to 41.56 % for wheat residue at milking growth stage for the 
proportions of (*25 : 75) and (*100 : 0), respectively.  These findings are in accordance with 
those reported earlier by (Hood. 2001) who indicated that the percentage Ndfr was ranged from 5 
to 21 % and increased significantly with increasing amount of residue.  Likewise, data indicated 
that, in all treatments, percentage N derived from labelled residues either applied alone or in 
combinations with unlabelled ammonium sulfate markedly increased along with the time of 
vegetative growth stage until milking stage but a little bit difference was noticed between the 
milking and harvesting stages.    

However, data revealed that fertilizer added alone (Ndff) markedly decreased from the start 
until the harvest.   

These trends are in agreement with those obtained by Fosu et al.(25) who reported that the 
proportion of N derived from sun hemp in the maize was 34 % at 42 days after sowing and 19 % 
at final harvest, respectively. 
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Fig. (4): Nitrogen derived from residues (Ndfr) and from fertilizer (Ndff) 
for wheat plants grown as affected by different 15N-labelled plant 

residues  and 15N-ammonium sulfate at various growth stages.

 
At harvest time, the application of soybean residue at rate of 50 mg N kg-1 soil compensated 

55 %, whereas it was 58.6% when 100 mg N kg-1 soil was applied  as labelled N fertilizer. In this 
respect, Ngoran et al.(26) reported that application of casuarinas residue with C/N ratio of 21-27, 
applied at rate of 100 mg N kg-1 soil resulted in 21 % of labelled N in maize, equivalent to 50 mg 
N kg-1 soil (24 %) of labelled N fertilizer in maize. 

 
Crop 15N-recovery 
 

15N-recovery by whole plant markedly increased along with the time of vegetative growth 
stage until the end of harvest time as affected by different 15N-sources added either alone or in 
combination (Figs 6 and 7).  Accordingly, percentage 15N-recovery was ranged from 0.13 to 4.81 
%, 1.69 to 17.73 %, 0.50 to 8.75 % and 9.48 to 34.90 % for wheat, soybean, wheat + soybean 
residues and ammonium sulfate, respectively. 

In this regard, it was obvious that 15N-recovery was highest in case of labelled ammonium 
sulfate than those of combinations of ammonium sulfate plus organic residues. These findings are 
in accordance with those obtained by Jordan et al.(27) who found that the sorghum crop recovered 
within 8 weeks 61, 22 and 18 % of applied N from fertilizer, clover and wheat residues, 
respectively.  Likewise, Harris et al.(28) found that more fertilizer than cover legume-N was 
recovered by cereal crops (40 % vs. 17 % of input).  Similarly, Ladd and Amato (5) found that the 
recovery of 15N by the first wheat crop averaged 17 and 46 % from legume and fertilizer sources, 
respectively.  In the same direction, Ngoran et al (26) also, found that the total recovery by maize 
of casuarina residue-N and fertilizer-N averaged 11 and 24 %, respectively.  In addition, our 
results come to agree with those obtained by Fosu et al (25) who reported that the maize crop 
recovered 4.7 % and 7.3 % of the 15N-labelled Crotalaria juncea-N (Sunn hemp) at 45 days after 



sowing (DAS) and at final harvest, respectively.  However, harvesting data showed that fertilizer 
15N-recovery by the whole plant was 34.9 %. A similar result was obtained by Ichir (29) who 
reported that fertilizer N recovery by the wheat in the first year was 33.1 %.  Also, soybean 
residue being more pronounced effect on 15N-recovery values in the whole plant than those of 
(wheat + soybean) and wheat residues, respectively.   

On the other hand, our data showed that 15N-labelled soybean residue in combination with 
unlabelled ammonium sulfate have positive effect on percentage 15N-recovery in the whole plant 
than those in other treatments.  On average, 37, 29, 11 and 13 % of crop residue-N from white 
clover, peas, ryegrass and wheat, respectively, were recovered by the first wheat crop (30).   

Concerning wheat straw and grains, data in Fig (7) showed that, in general, percentage 15N-
recovery by straw and grains were markedly higher with 15N-labelled ammonium sulfate than 
those in all other treatments.  Accordingly, percentages 15N-recovery by straw were 14.52, 1.34, 
3.76 and 3.35 %, while in grains were 20.66, 3.49, 14.05 and 5.44 % for 15N-labelled ammonium 
sulfate, soybean and (wheat + soybean) residues, respectively.   

From the aforementioned results, it could be concluded that the nitrogen derived from residue 
(Ndfr) and fertilizer (Ndff), as well as, 15N-recovery by whole plant and by straw and grains 
followed the order:  ammonium fertilizer  >  soybean  >  wheat + soybean  >  wheat residues.  
Also, it could be concluded that applications of labelled soybean residue in combination with 
ordinary ammonium sulfate was found to be effective on 15N-recovery by grains at rates of (*25 : 
75) and (*50 : 50), respectively. 
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Fig. (6): 15N-recovery (%) for wheat plant grown as affected by different 
15N-labelled plant residues  and 15N-ammonium sulfate at various growth 

stages.
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