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ABSTRACT 

The experiment was carried out in pots (sandy soil cultivated with Barley plant) 
under greenhouse conditions, at Inshas, Egypt. The aim was to evaluate the 
transformation of nitrogen applied either as mineral form " 15NH4)2SO4", or as 
organic-material-N (plant residues) .Basal recommended doses of P and K were 
applied. Labeled 15N as "15NH4)2SO4 (5 % a.e) or plant residues (ground leuceana 
forage, compost, and mixture of them) were applied at a rate of 20   kg N/ ha). 15N 
technique was used to evaluate N-uptake and fertilizer use efficiency. The 
treatments were arranged in a completely randomized block design under 
greenhouse conditions. 

The obtained results showed that the dry weight of barley shoots was 
positively affected by reinforcement of mineral- N with organic-N. On the other 
hand, the highest dry weight was estimated with leuceana either applied alone or 
reinforced with mineral N. Similar trend was noticed with N uptake but only with 
organic N, while with treatment received 50% organic-N. plus 50% mineral- N. 
the best value of N uptake was recorded with mixture of leuceana and compost. 
The amount of Ndff was lowest where fertilizer 15N was applied alone. 
Comparing Ndff for the three organic treatments which received a combination 
of fertilizer-15N+organic-material-N, results showed that the highest Ndff was 
occurred with mixture of leuceana and compost, whereas the lowest was induced 
with individual leuceana treatment. 15N recovery in shoots of barley ranged 
between 22.14 %  to 82.16 %. The lowest occurred with application of mineral 
15N alone and; the highest occurred where mineral 15N was mixed with compost 
or leucaena-compost mixture. 
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INTRODUCTION 
 

     Addition of organic materials to soils is important for replenishing nutrients and improving 
soil properties (3). Leaving crop residues in the field and not removing them provides considerable 
amounts of available nutrients to succeeding crops (4). Poultry manure can supply from one third 
to one – half of nitrogen requirement of some crops (5). Soil microorganisms decompose organic 
residues and liberate plant nutrients in forms available for plant uptake (6) 

. 
Plant residues in soils are the parts of the plant crops which are left in the field after harvest of 

the crop. Straw of cereal crops (such as millet, sorghum, maize, wheat and rice) as well as straw, 
haulm, and shells of legume crops (such as beans, soybeans, peas, and groundnuts cowpeas), 
stalks of cotton and residues of other fiber crops are major sources of organic matter in soils. 
Other, plant parts such as cuttings resulting from pruning of trees, and shrubs (such as leucaena, 
delonix regia, acacia, and gliricidia) are important sources of soil organic matter (1). Residues of 



vegetable and sugar crops as well as those of root crops could form important sources of organic 
matter in soil. All of such residues are important in providing soil with organic matter (1) & (2).   

 
Shindo and Nishio (8) using 15N tracer, showed that within 15 days following addition of wheat 

straw to soils, a rapid decrease in nitrate N and a rapid increase in microbial biomass N as well as 
biomass C occurred. Synchronization between N release from organic residues and N demand by 
growing plants, is very poor and does not allow adequate N-supply (9; 10; 11). Hence in order to 
ensure an adequate N-supply from organic residues, efficient fertilization management is needed. 
Such management involves proper selection of organic residues (and plant materials), 
reinforcement with soluble fertilizer N, and application of slow release N sources.  

 
The objective of this work to study the fate trnsformation of nitrogen released from materials 

compared to the mineral N addition on barley plant growth and N uptake. 
 

MATERIALS AND METHODS 
 

A pot experiment was carried out under greenhouse conditions at experimental farm of 
Soils and Water Research department, Nuclear Research Center, Atomic Energy authority of 
Egypt. The soil involved was a virgin sandy soil of Inshas, Sharkia. Some chemical and 
physical properties of the soil sample were listed in Table (1). 
 
Table (1): Physical and chemical properties of soil used. 
 

Mechanical analysis % Soluble ions in saturated extract 
C. 

sand 
F. 

sand Clay Silt Soil texture Cations mmol/L Anions mmol/L 

64.1 24.4 8.8 2.7 Sand Ca2+ Mg2+ Na+ K+ CO3
2- HCO3

- Cl- SO4
2- 

15.20 4.60 2.17 0.89 0.00 3.46 6.50 12.90 
Available nutrients mg/kg 

pH  
Sat. 
ext. 

WHC O.M. 
g/kg 

CaC
O3 

% 

EC 
dS/
m 

CEC 
mgl10
0g N P K 

7.1 15 0.3 1.0 2.3 6 5.0 2.0 0.2 
All analyses were carried out according to Piper (1955) (12) and Chapman and Pratt (1961) (13) 

 
      The organic materials of Compost or Leucaena as individuals or mixture of them were 
applied. The compost consisted of mixture of various organic residues (plant and animal residues) 
composted by the Soil Pollution Research Unit of the AEA and produced for commercial use. 
Tables ( 2 and 3) shows the chemical constituents of these materials. 

 
   Table (2). Chemical constituents of compost 
 

Chemical properties Contents of nutrients g/kg 
O.M. 

% 
Total 
C% 

Total 
N% 

C/N 
ratio P K Na Ca Mg Zn Fe Mn Cu 

32.9 19.1 1.25 15 3.5 7.2 69.0 47.0 20.0 4.0 19.0 27.0 1.0 
 
 
 

 
 



Table( 3): Chemical constituents of Leucaena pruning 
 

Chemical properties Contents of nutrients g/kg 
O.M. 

% 
Total 
C% 

Total 
N% 

C/N 
ratio P K Na Ca Mg Zn Fe Mn Cu 

92.0 53.49 4.09 13.1 17.8 8.0 1.8 25.0 20.0 0.4 2.2 2.0 0.1 
 

 Barley ( Hordum Vulgare cv. Giza 15) was used in the current experiment as an indicator 
plant. Seeds of plant were provided by Field Crops Research Institute, Agriculture Research 
Center, Giza, Egypt. 

 
Fertilization 

For general base application of P and K, chemical reagent grade of potassium phosphate 
(K2HPO4) was used (17.8 % P and 44.8 % K). N fertilizer was applied as labelled ammonium 
sulfate (15NH4)2SO4, "21.1 % nitrogen" with enrichment of 5% 15N atom excess. Besides 
micronutrients salts used for base application included borax (for B) and EDTA for Fe, Mn, Zn, 
and Cu               

 
Experiment layout 

The experiment was conducted using pots of 5 kg each   (30 cm height, 28 cm depth) packed 
with sandy soil of Inshas. All pots received P at 20 mg P kg-1 soil and 45 mg K kg-1 soil in the 
form of "K2HPO4", reagent grade. Addition of micronutrients was performed through the soil at 
the following rates: Fe, (20 mg kg-1), Mn (10 mg kg-1), Zn (5 mg kg-1), Cu (3 mg kg-1) and B (0.3 
mg kg-1). All nutrients were applied in forms of solutions sprayed on soil with thorough mixing 
prior to seeding (Fe, Mn, Zn, or Cu as EDTA; B as borax). Barley was seeded so as to obtain 10 
plants pot-1. Treatments were executed 4 replicates.  

The rate of N was 10 mg kg-1 soil; given either as totally mineral or totally organic-material-
total N (since organic material would contain organic as well as inorganic N "total N") or 
organic-material-N. The experimental design was a randomized complete block, factorial 
involving two factors as follows: 

Factor A: Form of organic N: there were three forms (1) leucaena, (2) compost, and (3) 
leucaena/compost mixture (1:1).  

 
Factor B: 15N reinforcement of sources using mineral 15N : there were two treatments (1) no 

reinforcements i.e. allowing all the N input (dose) in the organic material-N and (2) with 
reinforcement of half of the N–input (i.e. 5 mg kg-1) as mineral 15N, and half as organic material-
N, ( i.e. keeping the overall dose constant i.e. 10 mg N pot-1). 

 
At day 45, barly shoots were removed from the soil and divided into leaves + stems. Plant 

materials were dried at 70 0C for 48 hours and dry weight was recorded. The plant material was 
chemically analyzed according to Bremner and Mulvaney (13). The data of 14N/15N ratio analysis 
was carried out using emission spectrometer model Fischer NOI-6PC and the different portions of 
nitrogen derived from the different N sources were estimated using the equations presented in 
IAEA Training manual series no. 14, IAEA (14). 

 



Statistical Analysis 
Analysis of variance (ANOVA) for the final data obtained in the present study was carried out 

and Least Significant Differences (LSD) among the means of various treatments followed by 
Duncan’s multiple range test was also applied at 5% level according to SAS, (15).  

 
RESULTS AND DISCUSSION 

Dry Weight 

Accumulation of dry weight by shoots was positively affected by N fertilization at any forms 
(Fig, 1). The highest values of dry weight were obtained with leucaena residue as compared to 
other organic treatments. Compost came to the next followed by mixture. Relatively, the addition 
of leuceana, compost and mixture of them had increased the dry weight by about 151%, 86% and 
30% over the untreated treatment. On the other hand, the mean value of leucaena residue induced 
relative increase of dry weight by about 35% and 94% over compost and mixed treatment, 
respectively. 

The current results are in harmony with those obtained by Pilbeam, et al. (16) who found that 
the grain and straw yields of maize were greater following application of fertilizer either alone or 
in combination with manure, rather than manure alone.  

Nitrogen Accumulated in Shoot 
Nitrogen uptake by shoots as listed in Table (4) was greatly affected by the organic form of N 

either it was individual leucaena, compost or mixture of them. In this respect, the application of 
organic-N reflected superiority of leucaena over both compost and mixture. Comparison between 
the organic residues showed that leucaena resulted in relative increase by about 30% and 50% 
over compost and mixture, respectively. It is worthy to mention that the organic additives induced 
relative increase in N uptake over the non-treated control by about 174%, 111% and 82% for 
leucaena, compost and mixture, respectively. This confirms the positive role of organic residues 
on N nutrition of barley plants comparable to the non-fertilized treatment (8.99 mg pot-1).  

Nitrogen Derived from Fertilizer (Ndff) and Soil (Ndfs) 
The portions and absolute values of nitrogen derived from fertilizer by shoots were 

significantly affected by fertilization treatments (Table 5). It seems to be higher in case of 
leucaena-compost mixture reinforced with 25 mg 15N pot-1 than those recorded  with individual 
treatments or totally mineral 15N (50 mg pot-1). In this respect the organic additives have the 
following order: Leucaena+compost > Compost > Leucaena > Total 15N fertilizer(mineral) 

Table( 4) :  Effect of organic-N fertilization on N uptake by shoots of barley (mg  pot-1) 
 

Organic source   )O(  

RI % Mixture (LC) RI % Compost (C) RI % Leucaena (L) Control 
82 16.38 111 18.99 174 24.64 8.99 

       LSD (0.05) 1.449   
     
Relatively, the addition of organic materials in different combinations had enhanced the Ndff 

by about 85%, 37%, and 20% over the totally 15N mineral for mixture, compost and leucaena, 
respectively. These results confirmed the synergistic effect of organic additives on  mineral form 
of N that derived from fertilizer and gained by barley shoots. 

  
       
 
 



Table ( 5):  Follow up the portions of N derived from fertilizer and soil by barley shoots       
                         under different combinations of organic amendments (rate 10 mg N  kg-1 
soil) 
 
Added 15N (mg  pot-1) Ndff % Ndff (mg pot-1) Ndfs % Ndfs (mg pot-1) 

 
50 29.67 11.07 D 70.33 26.23 C 

25* + 25 L 26.43 13.28 C 73.57 36.74 B 
25* + 25C 30.09 15.20 B 69.91 35.28 B 

25* + 25 LC 32.13 20.54 A 67.87 43.44 A 
   Means in the same column followed by the same letter are not significantly different at P≤ 0.05 

Fig (1) Effect of organic residues on dry matter yield of barley shoots
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Similar trends, but to higher extent,  were noticed with portions and absolute values of N 

derived from  soil and utilized by shoots. The amount of Ndfs reflected the superiority of mixture 
over all the other treatments. 

 
Recovery of 15N  in Barley Shoots 

Data in Table (6) show that recovery in shoots of barley was ranged from 22.14 %  to 82.16 
%. The lowest occurred with application of mineral 15N without mixing with organic residues; the 
highest occurred where mineral 15N was mixed with compost or leucaena-compost mixture. This 
indicates an active absorption of mineral 15N where compost accompanied the 15N mineral 
fertilizer.  

Kramer et al. (17) reported that short–term  15N recoveries was unaffected by the form of 15N 
application and whether organic or inorganic N – based systems are evaluated. 

 
          
 
 
 
 



Table( 6) : Nitrogen recovery in shoots of barley plants 
 

Added 15N 
mg  pot-1 % Recovery 

50 22.14 D 
25  + 25 L 53.12 C 
25  + 25 C 60.80 B 
25 + 25 LC 82.16 A 

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

In conclusion, the incorporation of leucaena and compost either individually or in combination 
have a positive role on enhancement of fertilizer-N utilization and consequently its recovery by 
plant was altered.  

 
Organic matter incorporation into soil can increase nutrient availability to plants but it can 

affect soil microbial communities. These in turn influence soil fertility and plant growth. Soil 
biochemical and microbiological properties are indicators of soil quality, but there is still no 
consensus as to how these should be used. The long-term impact of crop residue management on 
the microbial biomass, and on the activity and community structure of soil bacteria was evaluated 
in a clay soil of Southern Italy, where a monoculture of durum wheat (Triticum durum Desf.) was 
grown in semiarid conditions, and burning or incorporation of post harvest plant residues were 
typical practices. The role of N-mineral fertilization, simultaneously with the ploughing in of crop 
residues and during the plant growth cycle was also investigated. Total bacterial counts of viable 
cells, biomass C, ATP content of soil microorganisms, genetic fingerprinting of the total 
eubacterial community and of ammonia oxidizers were evaluated. Burning and incorporation did 
not affect microbial biomass C, ATP content, and total bacterial counts of viable cells although 
statistically relevant changes were detected among rhizosphere and bulk soil samples regardless 
of the crop residue management used. Molecular fingerprinting confirmed that: no significant 
change in the composition and diversity of total bacteria, as well as of ammonia oxidizers was 
induced by the crop residue managements; that soil bacteria were more sensitive to N fertilizer 
application during the plant growth cycle; and that rhizosphere soil samples were significantly 
different from those of the bulk soil. As microbiological and genetic factors related to soil fertility 
were not affected significantly, the long-term incorporation of crop residues, under the field 
conditions investigated, is a sustainable practice to manage post-harvest residues (18). 

 
Application of two different composts produced from municipal solid wastes to sandy soil 

cultivated with Triticale (X Triticosecale), showed improvement of soil physical properties, 
associated with increasing content of organic carbon (OC). Both composts caused a large increase 
of plant-available P, K, and magnesium (Mg), which was observed during the entire period of the 
experiment. Beneficial changes were also observed in soil humic substances composition (19). 

At the low to medium Ndfa found for all treatments, soybeans did not improve the N supply 
to the system but removed significant amounts of soil N. The high-N mineralization potential of 
the soil at the field site may explain this finding. In addition, in spite that plants were well 
nodulated, the efficiency of the symbiosis in the bio-dynamic (DYN), bio-organic (ORG), and 
non-fertilized control (NON) soils might have been limited by low-soil P availability (20). 

 
 
 

 



CONCLUSION 
 

The use of organic residues or manure may compensate a considerable amount of nitrogen 
demand and in the same time protect the environment from the hazard pollution which may 
caused from the excessive use of mineral fertilizer and agrochemicals in general. 
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