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ABSTRACT 

 Biomass wastes of crop residues are usually used in the production of organic fertilizer. 
However, one of the main problems in the transformation of these residues is their low-
biodegradability which consumes time and efforts to produce amended compost. This study reports a 
suitable method of acid pre-treatment of both rice and corn straw to enhance composting process. 
Incubation experiment  of rice and corn straw soaked in 5% H2SO4  for three weeks carried out 
followed by neutralization treatments for each type of  composted  materials by CaCO3 and NH4OH 
solution individually .Four types of composted materials were formed, composted rice straw gypsum 
(RG) ,composted rice straw ammonium (RA) ,composted corn straw gypsum (CG) ,and composted 
corn straw ammonium (CA). The incubation experiment followed by a split plot design field 
experiment for two seasons to study the impact of the different four types of composted materials at 
two nitrogen doses level 80 ,100 unit/fed on sorghum crop and their residual effects on barley crop. 
The obtained results showed that the composted rice straw has a higher dissolved organic carbon and 
dissociation percent than composted corn straw whereas the corresponding values were 3.45%, 
28.34%and 2.23%, 23.81 respectively. Also the data showed there were some enhancing in soil 
chemical properties, electric conductivity (EC), pH, organic matter OM and soil fertility N P K in the 
order composted rice straw ammonium (RA) > composted corn straw ammonium (CA) > composted 
rice straw gypsum (RG) > composted corn straw gypsum (CG) > control. The higher impact on both 
sorghum and barley yield was in the same respective order as the yield increased by RA > CA > RG > 
CG  at both the first and second seasons. 
  
Keywords: rice straw- corn straw- acid pre-treatment- compost. 

 
Introduction 

Soil fertility deterioration resulting from nutrients depletion by plants and the absence of plant 
residues recycling are defined as the factors that partially affect the sustainability of agriculture 
production system (Khalil, 2016). Rice (Oryza sativa), consider the world’s second most-grown crop, 
produces the largest amount of crop residues. According to FAO (2013), over the past ten years, the 
global paddy rice output on an average was about 664.3 million Mt. As rice generates about one Mt of 
straw per each Mt of grain, large amount of residue is accumulated annually. Rice straw is unique 
relative to other crop residues; it has limited use as an animal feed because of its high silica content 
(Van Soest, 2006). Agriculture straw is considered a renewable resource that has the potential to 
contribute greatly to soil nutrient supplies. Lignocelluloses biomass is considered the most abundant 
renewable resource that has the potential to contribute remarkably in the supply of organic matter and 
biofuel. Previous studies have shown that chemical pretreatments prior to anaerobic digestion can 
increase the digestibility of lignocelluloses biomass (Zilin et al., 2012). In Egypt, the problem has 
recently emerged with increasing the demand on rice grains to meet the rapidly growing population 
leaving behind a huge quantity of rice straw (4 billion tons/ annual), particularly in Delta regions 
where the crop is extensively grown (Afify et al., 2002).Instead, quite a large amount of rice straw is 
burnt or dumped into the field currently, causing serious problem such as air pollution, fire disaster, 
and adverse impacts on aircrafts and traffic safety .Therefore, developing a cost-effective technology 
for rice straw utilization is imperative(Zilin et al.,2012).Although it is widely accepted that organic 
matter additions are essential to maintain soil health, particularly, it is doubtful whether organic inputs 
alone will be able to compensate for the continuing removal of plant nutrients in harvested products 
(Vanlauwe et al. 2002). However, with a combination of mineral and organic sources of nutrients 
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yield levels can be maintained (Bationo et al., 1995).Composting offers several benefits such as 
enhanced soil fertility and soil health, thereby increased agricultural productivity, improved soil 
biodiversity, reduced ecological risks and a better environment. While traditional composting 
procedures take as long as 4-8 months to produce finished compost, rapid composting methods offer 
possibilities for reducing the processing period up to three weeks. 

In native lignocellulose i.e. rice straw, lignin is intermeshed and chemically bonded with 
hemicellulose polysaccharides, which together form a barrier that becomes even more resistant to 
microbial degradation (Malherbe and Cloete, 2002).Chemical pretreatment digestion can increase the 
nutrient availability of agriculture straw to soils. It has been suggested that at least 50% of 
hemicellulose should be removed to significantly increase cellulose degradability (Agbor et al., 
2011).The application of several pretreatment methods such as steam, chemical, and biological 
treatments improves anaerobic efficiency (Penuad et al., 1999).Thermo-chemical pretreatment can be 
used to soluble organic matter before biological treatment when complex substrates such as sludge are 
concerned (Haug et al., 1983 and Sawayama et al., 1995).Chemical pretreatment prior to anaerobic 
digestion can increase the biodegrability  of agriculture straw (Teghammar et al., 2010, and Ferreira et 
al.,2013). The rice straw with its complex structures is hard to be bio-degraded even by anaerobic 
microorganisms or degradation enzymes. It contains hemi-cellulose (~31.6%), cellulose (~38.3%) and 
lignin (~11.8%) in addition to high silica content (9-14%) (Rashad and Hussien 2013). 

Chemical pretreatment methods are predominantly used because they are inexpensive and are 
effective for enhancing the biodegradation of complex materials (Zhou et al., 2012). the chemical 
pretreatment methods, sulfuric acid (H2SO4), hydrochloric acid (HCl), hydrogen peroxide (H2O2), 
acetic acid (CH3COOH), sodium hydroxide (NaOH), lime (Ca(OH)2), and aqueous ammonia 
(NH3.H2O) are the common chemicals to improve digestion performance of agricultural residues (Us 
and Perendeci, 2012, and González et al., 2005) .Nevertheless,ordinary composting of rice straw is a 
too slow process for farmers, and may require at least 90 days to allow transformation of the residue 
into stable and mature compost (Goyal and Sindhu, 2011). This is because, microbial access to 
cellulose (major biodegradable component of crop residue), is known to beinhibited by 
hemicellulose–lignin association during the decomposition process. In native lignocellulose i.e. rice 
straw, lignin is intermeshed and chemically bonded with hemicellulose polysaccharides, which 
together form a barrier that becomes even moreresistant to microbial degradation (Malherbe and 
Cloete, 2002). In order to accelerate the composting process, an innovative method of chemical pre-
treatment at field conditions on both rice and corn straw was selected as a rabid conversion and 
utilization of waste straw to benefit soil conditioner materials. 

 
Materials and Methods 
 
Field Experiment: 

A field experiment was carried out for summer season followed by winter season (2013/2014) 
in a clay loam soil at Bahtim Research Station, Agriculture Research Center, Kalubia Governorate, 
Egypt (Latitude 30o 8′ 31.316″ N and Longitude 31o 16′ 53.714″ E)  to determining the effect of 
Integration of crop residues rice straw and maize treated by acid and two rates of mineral nitrogen 
compared with recommended dose of mineral fertilizers (N, P and K) on Sorghum crop (Sorghum 
bicolor, cv. Giza 15).and their residual effect on cultivated of barley seeds (Hordeum vulgare L., cv. 
Giza 123). ,  
 
Soil samples: 

Some physical and chemical soil properties of the experimental field were determined 
according to Page et al., (1982) and the obtained data are presented in Table (1, 2).Surface soil 
samples (0-30 cm depth) were collected from the experimental field as shown in Table (1) to 
determinate their chemical and physical properties. All soil samples were air dried, crushed and 
sieved through 2mm sieved holes, and then were stored in plastic pages prior to analyses. Chemical 
and physical analyses of the soil are presented in table (1) and (2) respectively. 
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Table 1:Physical properties of the investigated soil 
 

 3CaCO
(%)  

Particle size distribution  
Sample location  Textural 

class  
Clay 
(%)  

Sil 
t(%)  

Fine sand 
(%)  

Corease sand 
(%)  

3.2  Clay loam  38.5  34.50  16.85  10.15  Agriculture Recerch Center farm  

 
Table 2: Chemical properties of the investigated soil 
SP 
(%) 

PH 
(1:2.5)  

EC  
ds/m 

O.M 
(%) 

Soluble anions mmol c/L Soluble cationmmol c/L SAR 
mmol 
c/L 

-2CO3 HCO3¯ Cl¯ -2SO4 2+Ca 2+Mg +Na +K 

52 7.63 2.1 1.1 0.00 1.00 9.00 11.63 5.01 4.42 11.80 0.40 5.40 

 
 
SP:  Saturation percent   

 

SAR: Sodium adsorption ratio (mmol c/L) =   
O.M: Organic matter                 

 
Preparation of compost: 

20 kilograms of each rice straw and corn straw prepared in four plastic drums of size of 200 L 
used for this purpose. The four drums were prepared as follows; 
The first and second drums filled with 20 kg of chopped rice straw then soaked by about 130 L of 5% 
sulfuric acid solution as catalyst for enhancing composting process, whereas the third and fourth 
drums filled by 20kg of chopped corn straw then soaked by also about 130 L of 5% sulfuric acid 
solution to the same purpose .The four drums leaved in open air for three weeks of incubation. 
 
Chemical analysis:  

The incubated materials samples were taken after one, two and three week of incubation. The 
samples were dried and grounded to pass through 2 mm sieve for chemical analysis of carbon, 
nitrogen, phosphorus and potassium. Total organic C in the compost was measured by the method of 
Nelson and Sommers (1982) and total N was measured by Kjeldahl’s digestion method (Bremner and 
Mulvaney, 1982). Phosphorus determined by (Watanabe, and Olsen, 1965) method .Sodium and 
potassium were determined by flame photometer (Jackson, 1967). 
After ending incubation period; The first and third drums neutralized by commercial CaCO3 up to 
about pH 7, the excess sulfuric acid reacts with calcium carbonate to form gypsum, whereas the 
second and fourth drums neutralized by ammonium hydroxide solution 25% to the same pH and 
ammonium sulfate was formed instead .The chemical compositions of acid treated straw were 
determined at the end of each of the first, second, and third week as shown in Table (3), Table (4) and 
Fig. (1). 
 

Table 3: Chemical compositions of straw through incubation period and chemical pretreatments 
Type of 
straw 

Total carbon 
(%) 

 
Dp* % 

Water dissolved organic carbon  
(DOC)% 

Weeks Control 1th 2nd 3rd Control 1th 2nd 3rd 
Rice straw 39.33 32.22 29.33 28.18 28.34 0.00 0.78 2.27 3.45 
Corn straw 38.21 35.32 30.14 29.11 23.81 0.00 0.53 1.72 2.23 

DP%: dissociation percent 

Type of  
straw 

Nitrogen% Phosphorus% Potassium% 

Weeks control 1th 2nd 3rd control 1th 2nd 3rd control 1th 2nd 3rd 
Rice straw 0.52 0.24 0.38 0.45 0.20 0.01 0.08 0.15 1.53 0.51 1.12 1.44 
Corn straw 0.77 0.31 0.44 0.67 0.43 0.11 0.25 0.37 1.72 0.62 1.22 1.58 

 
 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=chemical+analysis
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Fig.1: (a)rice straw untreated (b) rice straw acid treated (c) Corn straw untreated (d)corn straw acid 
treated (e ) water dissolved organic carbon rice straw 1:5 (f)water dissolved organic carbon 
corn straw 1:5.    

    
Table 4: Chemical composition of composting materials after adding neutralized materials (CaCO3, 

NH4OH) 
Straw type Total carbon% Total nitrogen% C/N ratio 

RG 12.22 0.21 58.19 
RA 14.09 1.15 12.25 
CG 12.05 0.29 41.55 
CA 15.11 1.25 12.08 

RG: composted rice straw gypsum.                                              RA: composted rice straw ammonium.   
CG: composted corn straw gypsum.                                            CA: composted corn straw ammonium. 
 

Experimental design: 
Split plot design filed experiment was carried out with plot sizes measuring 3m x 3.5m 

replicated three times in clay soil during two successive seasons at Agricultural Research Station farm 
in Bahtem, Kalubia Governorate, Egypt. Sorghum was selected as an indicator crop to evaluate the 
effect of modified types of compost as soil amendment materials then followed by planting barley to 
study the residual effect of these conditioner materials .The main plot was two doses of nitrogen 
treatments 80,100 units/fed. The sub main plots were four types of compost; composted rice straw 
gypsum (RG), composted rice straw ammonium (RA), composted corn straw gypsum (CG), and 
composted corn straw ammonium (CA).  

All the subplot treatments consisted of four types of compost soil amendment were incorporated 
by soil (0.5 kg/m2). Phosphorus and potassium were applied with a rate of 23.25 kg P2O5 fed-1 and 24 
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Kg K2O fed-1 in the forms of superphosphate (15.5 % P2O5) and potassium sulfate (48 % K2O), 
respectively, before planting. While, nitrogen was applied as ammonium nitrate (33.5% N) at a rate of 
80 and 100 Kg N fed-1, in two equal doses after complete germination and even before the emergence 
of spikes. Sorghum grains were sown at the rate of 7 Kg fed-1. After Sorghum crop harvest, barley 
was grown under the same treatments to study the residual effect of the treatments on the next yield. 
The rate of barley was 60 kg / fed. 

After Sorghum and barley crops maturity grain crops were collected from each plot, oven dried 
at 70°C for 48 h, ground and prepared for digestion according to (Page et al., (1982). Then the digests 
were subjected to measure macronutrients (P and K) as described by Ryan et al. (1996). Plant N-
content was determined by micro Kjeldahl method according to Jackson (1973). The plots were 
treated as shown in Table (5): 
 

Table 5: the experiment plot treatments. 
Plot number Treatment 

1 RG +80 N unit/fed 
2 RG +100 N unit/fed 
3 RA +80 N unit/fed 
4 RA +100 N unit/fed 
5 CG +80 N unit/fed 
6 CG +100 N unit/fed 
7 CA +80 N unit/fed 
8 CA +100 N unit/fed 
9 control+80 N unit/fed 

10 control+100N unit/fed 
RG: composted rice straw gypsum.                     RA: composted rice straw ammonium. 
CG: composted corn straw gypsum.                   CA: composted corn straw ammonium 

 

Statistical analysis:  
All measurements were carried out in triplicate. The one-way analysis of variance (ANOVA) 

was carried out to determine the statistical significance of the treatment effects with Duncan grouping 
procedure at p = 0.05 by using SPSS and SAS software programs.   
 
Result and Discussion 

 
The effect of different composted straw on the soil chemical properties: 
 
a- First season: 

The data showed in Table(6 ) revealed that there are some changes in soil chemical properties 
EC, pH, and organic matter OM  compared with control whereas the composted materials showed 
slightly decrease in the EC values of the control from 2.00 dS/m and 2.20 dS/m at nitrogen dose of 80 
,100 unit/fed to 1.60 dS/m ,1.50 dS/m in case RG , 1.28 dS/m ,1.28 dS/m in case RA ,1.66 dS/m ,1.45 
dS/m in case CG and 1.39 dS/m ,1.30 dS/m in case CA respectively. 

The decreasing in the EC values at nitrogen dose of 80, 100 unit/fed from control through 
composted materials were ordered as follows control > CG> RG >CA>RA respectively. 
Also there were slightly decrease in the pH values of the control from 8.00 ,8.10 at nitrogen dose of 
80 ,100 unit/fed to 7.95 ,7.88 in case RG , 7.76 ,7.70 in case RA ,8.04 ,7.98 in case CG and 7.90 ,7.85 
in case CA respectively. 

Whereas decreasing in the pH values at nitrogen dose of 80, 100 unit/fed from control through 
composted materials were control > CG> CA> RG > RA respectively. 

Regarding to the OM there were also a slight increase in the total organic matter contents of the 
control from 1.11%, 1.14% at nitrogen dose of 80 ,100 unit/fed to 2.66%, 2.72% in case RG , 2.80%, 
2.85% in case RA ,2.53%, 2.61% in case CG and 2.86%, 2.72% in case CA respectively. Whereas the 
increasing in total organic matter contents at nitrogen dose of 80, 100 unit/fed from control through 
composted materials were RA> CA> RG > CG> control respectively. The added composted materials 
of both rice straw and corn straw improved significantly EC, pH and OM. This could be attributed to 
increasing organic matter decomposition by time and increasing microorganism’s activity in soil and 
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buffering pH. Lowering soil pH value through organic acid as well as increasing the activity of soil 
organisms liberates more nutrients from the unavailable reserves. These results were agreement with 
obtained by (Modaihsh et al., 2005 and Khalil, 2016). Also, decreased EC could be due to the 
increased permeability leading to leaching of salts (Deepa and Govindarajan 2002). 
 
Table 6: The average values of EC, pH, and OM% of two seasons of cultivation for different 

composted materials 

Sorghum 

First 

season 

Treatment Nitrogen 

dose 

EC pH OM% 

RG* 80 1.60 7.95 2.66 

100 1.50 7.88 2.72 

RA* 80 1.28 7.76 2.80 

100 1.21 7.70 2.85 

CG* 80 1.66 8.04 2.53 

100 1.55 7.98 2.61 

CA* 80 1.39 7.90 2.68 

100 1.30 7.85 2.72 

Control 80 2.00 8.00 1.11 

100 2.20 8.111 1.14 

Barley 

Second 

season 

RG* 80 1.66 8.02 2.38 

100 1.60 7.96 2.42 

RA* 80 1.52 7.89 2.56 

100 1.51 7.83 2.63 

CG* 80 1.70 8.08 2.28 

100 1.62 8.00 2.35 

CA* 80 1.58 7.95 2.50 

100 1.52 7.88 2.57 

Control 80 2.10 8.14 1.21 

100 2.11 8.16 1.15 

RG: composted rice straw gypsum.                        RA: composted rice straw ammonium. 
CG: composted corn straw gypsum.                       CA: composted corn straw ammonium 
 

 b- Second season: 
The residual effect of composted materials also had shown an enhancing in the determined soil 

chemical properties and on cultivation of barley in the second season. Whereas the data declared in 
Table (6) showed a slightly decrease in the EC values of the control compared with the other 
treatments. The decrease in EC values were arranged as follows, control > CG> RG >CA>RA 
respectively.where the corresponding EC values at 80 nitrogen units/fed were 2.10ds/m, 1.70ds/m, 
1.66ds/m, 1.58ds/m and 1.52ds/m respectively. Whereas for 100 unit/fed were 2.11, 1.62, 1.60, 1.52, 
1.51 respectively. 

Concerning the obtained results for pH values were control > CG> CA> RG > RA where the 
corresponding pH values at 80 nitrogen unit /fed were 8.14, 8.08, 7.95, 8.02, and 7.89 respectively. 
Whereas for 100 unit/fed of nitrogen were 8.16, 8.00, 7.88, 7.96, and 7.83 respectively. Increasing in 
the total organic matter contents possessed the same respective trend obtained in the first season RA> 
CA> RG > CG> control. where the corresponding OM% values at 80 nitrogen unit /fed were  2.56%, 
2.50%, 2.38%,2.28%, and 1.21%respectively. Whereas for 100 unit/fed of were2.63%, 2.57%, 2.42%, 
2.35%, and 1.15% respectively. 

Comparing the data obtained from the two seasons it is obvious that a slight improve in the 
determined soil chemical properties affected by the addition of different types of composted materials. 
Where the T test values for EC, pH, and OM% were 6.82, 6.51, and 7.96 respectively of comparison 
obtained results of the two seasons as shown in Table(7) and illustrated in Figure(2). 
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Table 7: Paired Samples T test for (EC pH OM%) of two season. 
 Mean T Std. Deviation Std. Error Mean 

Pair 1 
EC season 2 1.63 6.82 0.19 0.045 
EC season 1 1.49  0.27 0.062 

Pair 2 
PH season 2 7.97 6.51 0.10 0.023 

PH season 1 7.91  0.12 0.028 

Pair 3 
OM% season 1 2.51 7.96 0.51 0.121 

OM % season 2 2.31  0.42 0.101 

Tabulated T test value =1.68 at p=0.05% 
 

 
Fig. 2: Means comparison of EC, pH, and OM% through two seasons 

 
From the Table (7) it is declared that there were a significant improving in the determined soil 

chemical properties where Tcalculated  for EC, pH, and OM%   6.82, 6.51, and 7.96 respectively were 
much more than  Ttabulated which equal 1.68 at P=0.05%. 

The after mentioned data confirmed with Salvatore and Luigi (2017) who found that bio-waste 
compost can affect soil organic carbon accumulation directly through its application to soil or 
indirectly through altering crop growth and returning crop residues. The anaerobic decomposition of 
organic matter may lead to the accumulation of organic acids (Singh et al., 2008).The soil organic 
matter  accumulation can improve soil structure which in turn exerts a feedback on soil organic 
carbon stock and dynamics (Oades, 1988). Compost has been used extensively in reclamation of 
marginal and low quality soils. It has the unique ability to improve soil properties and the growing 
media physically (structurally), chemically (nutritionally) and biologically. Addition of compost to 
soil improves soil structure and lowers bulk density, (Caravaca et al., 2002). Using of rice straw as 
chopped increased soil moisture accumulation, increased soil nutrients, enhanced soil bioactivity, 
increased plant growth and consequently increased plant production (Davies et al., 1993). Gypsum 
and compost have been used extensively to reclaim saline sodic-soils to reduce physical degradation. 
It is well known that applying gypsum and compost to saline-sodic soils improves soil physical 
conditions by promoting flocculation, enhancing aggregate stability and increasing the infiltration rate 
(Lebron et al., 2002; Ekwue and Harrilal, 2010; Mazaheri and Mahmoodabadi, 2013). 
Esawy et al., (2009) found that the application of compost to soil caused a slight decrease in soil pH. 
Also Organic matter increased from 1.15% in control to 3.75% under the 20 g compost kg-1 soil 
application. 
 
The effect of different composted straw on the soil fertility: 
 
a- First season: 

The data listed in Table(8) declared that there were significant increasing in soil nutrients  N, P, 
and K compared with the control through the first season impacted by adding deferent composted 
materials. The increasing in soil nutrients values at both nitrogen doses 80, 100 unit/fed were ordered 
as follows RA>CA>RG>CG>control .where the corresponding data for N were 56.52, 52.70, 50.12, 
49.01 and 45.62 mg/Kg and 62.12, 57.20, 53.1, 51.32,and 47.13 mg/Kg at nitrogen dose 80, 100 
unit/fed  respectively, for P were 16.48, 15.98, 14.82, 13.32, and 12.03 mg/Kg and 18.02, 17.22, 
15.93,14.02, and 12.46 mg/kg at nitrogen dose 80, 100 unit/fed  respectively, and for K the 
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corresponding data were 391.92, 386.23, 379.76,373.28, and 360.12 mg/Kg and 391.40, 403.53, 
385.70, 377.92 and 363.25 mg/Kg at nitrogen dose 80, 100 unit/fed  respectively. 
 
Table 8: The average values of water soluble soil nutrients N, P, and k (mg/Kg) of two seasons of 

cultivation for different composted materials. 

Sorghum 
First season 

Treatment 
Nitrogen dose 

unit/fed 
N P K 

RG* 
80 50.12 14.82 379.76 

100 53.10 15.93 385.70 

RA* 
80 56.52 16.48 391.92 

100 62.12 18.20 403.53 

CG* 
80 49.01 13.32 373.28 

100 51.32 14.02 377.92 

CA* 
80 52.70 15.98 386.23 

100 57.20 17.22 391.40 

Control 
80 45.62 12.03 360.12 

100 47.13 12.46 363.25 

Barley 
Second season 

RG* 
80 49.11 13.10 370.04 

100 50.08 15.12 372.56 

RA* 
80 52.15 16.02 377.15 

100 55.91 16.62 380.52 

CG* 
80 48.11 12.02 364.50 

100 49.82 13.71 368.82 

CA* 
80 51.12 14.46 371.32 

100 53.02 14.90 375.28 

Control 
80 44.18 11.47 356.28 

100 43.81 11.16 359.43 
RG: composted rice straw gypsum.                        RA: composted rice straw ammonium. 
CG: composted corn straw gypsum.                       CA: composted corn straw ammonium 

 
b- Second season: 

Also the residual effect of added composted materials showed enrichment in the soil nutrients 
N,Pand K by the same respective order where the corresponding data for N were 52.15, 5.12, 49.11, 
48.11 and 44.18, mg/Kg and 55.91, 53.02, 50.08, 49.82,and 43.81 mg/Kg at nitrogen dose 80, 100 
unit/fed  respectively, for P were 16.02, 14.46, 13.10, 12.02, and 11.47 mg/Kg and 16.62, 14.90, 
15.12, 13.71, and 11.16 mg/kg at nitrogen dose 80, 100 unit/fed  respectively, and for K the 
corresponding data were 377.15, 371.32, 370.04, 364.50, and 356.28 mg/Kg and 380.52, 375.28, 
372.56, 368.82 and 359.43 mg/Kg at nitrogen dose 80, 100 unit/fed  respectively. 

Combination between the soil nutrients data obtained from the two seasons it is concluded that 
some consumption of the soil nutrients N, P and K through the first season of sorghum cultivation 
compared with the barley cultivation at the second season as shown in Table (9) and illustrated in 
Figure (3).  

Understanding decomposition and nutrient release patterns of plant materials is an important 
first step to better manage organic inputs. Rates of N mineralization differ among species having 
differing leaf chemistry (Palm et al., 2001). Soil microorganisms direct the decomposition process of 
the organic materials by liberating CO2 and plant nutrients (Mary et al., 1996). The amended crop 
residues increase the supply of carbonaceous materials as an energy source for the living 
microorganisms and the dead microbial biomass provides the substrate (Mengel, 1996),As such, 
information on the timing and method of adding organic matter, particularly with respect to its 
decomposition and nutrient release pattern for a specific soil is vital towards generating effective 
management strategies. These may reduce the use of chemical fertilizers while offering better crop 
return and less environmental degradation (Tian et al., 1995).Soil organic matter caused by NPK 
fertilizer use reduces bulk density and improves porosity of the soil (Haynes and Naidu, 1998). 
Positive relationships were found between N, P and K availability and SOM. The random effect 
model reports a highly significant elasticity of N with respect to SOM of 0.75, meaning that an 
increase of 1% of SOM will increase soil N by 0.75 (Maria et al., 2014). It is a reserve of nutrients, 
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and helps the formation of soil aggregates, enhances soil porosity, increases the water holding 
capacity and cation exchange capacity, improves root growth, and it activates soil biota development  
(Syers 1997, and Pimentel et al., 1995). 
 
Table 9: Paired samples T test for (N,P, and K mg/Kg) of two season 
 Mean Std. Deviation Std. Error Mean 

Pair 1 N season 1 52.48 5.01 1.58 
N season 2 49.73 3.73 1.18 

Pair 2 P season 1 15.04 2.06 0.65 
P season 2 13.85 1.89 0.59 

Pair 3 K season 1 381.31 13.35 4.22 
K season 2 369.59 7.65 2.42 

 

 
Fig. 3:  Means comparison of N, P and K mg/Kg through two seasons 

 
The effect of different composted straw materials on the crop yield: 

The data obtained from Table (10) and Fig. (4) showed that the effect of composted rice straw 
ammonium (RA) possessed the higher impact on both sorghum and barley yield –at the first and 
second seasons respectively-than composted corn straw ammonium (CA), than composted rice straw 
gypsum(RG), than, composted corn straw gypsum(CG) this is may be attributed to that the composted 
rice straw has a higher dissolved organic carbon than composted corn straw knowing that the C/N 
ratio for (RA) and (CA) were closed to each other where the corresponding values were 12.45, and 
12.08 respectively as shown in Tables (3), (4) where the corresponding values of dissolved organic 
carbon for composted rice straw was 3.45% and for composted corn straw was 2.23%. Also the 
dissociation percent of total carbon content at the end of incubation period of composted rice straw 
was more the corn straw one where the corresponding data were 28.34% and 23.81% respectively.  

Also the data recorded in Table (10) declared that there were non-significant differences in 
sorghum and barley yield were observed between nitrogen levels 80, 100 units/fed. That is may be the 
presence of available nutrients and dissolved organic matter which released from composted materials 
and compensated the nutrient needs for plants. Decomposition considers the most important processes 
that accounts for carbon and nutrient cycling in soil. When organic matter decomposes, nitrogen 
usually experiences two different stages of mineralization and immobilization. Mineralization of 
nitrogen means that nitrogen is decomposed into plant accessible forms such as NH4+ (via 
ammonification) and NO3-(via nitrification). Immobilization of nitrogen occurs when the accessible 
nitrogen species are taken up by microorganisms preventing them from being accessible by plants. 
The rate and extent of nitrogen immobilization are related to the biochemical composition of the 
compost. A high C/N ratio in compost will promote nitrogen immobilization. The immobilized 
nitrogen will be available to plantsafter the microorganisms die and the nitrogen is released (Chaves 
et. al., 2007). Dissolved organic carbon  producing from decomposition (DOC) belongs to the most 
labile soil organic carbon (SOC) pools (Strosser, 2010) and appears to be an important part of the 
global carbon (C) cycle (Siemens, 2003). Although there is consensus that it is highly bio available 
and biodegradable( Ghani et al., 2013) and an important C source for microbes (Smolander and 
Kitunen, 2002 ) Numerous biotic and abiotic factors, e.g., plant growth, microbial community 
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structure and its activity (Li et al., 2013), and nitrogen (N) speciation and bioavailability (Heumann et 
al., 2012), influence the formation of DOC  given that decomposition itself is an important source of 
DOC formation and evident to likewise gather information on seasonal N dynamics. Soil DOC can be 
obtained by water extraction, yielding water-extractable SOC (WESOC) as an additional indicator for 
labile SOC pool dynamics. The C/N ratio is an important agronomic parameter of final compost 
product as it was found to affect mobilization and release of nitrogen and other important crop 
nutrients in the soil (Ahmad et al., 1969). Because of higher loss of carbon compounds generally, 
decreasing trend in C/N ratio is expected. The C/N ratio smaller than 25 is indicative of an acceptable 
maturity (CCQC, 2001), a ratio of 15 or even less being most preferable (Jimenez and Garcia, 1989). 
Bakhtiyor et al., (2014) found that the hydro thermal pre-treatment of rice straw possessed major 
reduction in the C/N ratio of the rice straw compost through 6 weeks. The C/N ratio values at Week 0 
and Week 6 were 27.4 and 12.5, respectively. 
 
Table 10: Duncan groping of both sorghum and barley yields impacted by different compost 

materials and nitrogen doses. 
Treatment Sorghum -first season ton/fed Barley- second season ton/fed 

RG 0.998d 1.896d 
RA 1.341a 2.548a 
CG 1.031c 1.959c 
CA 1.307b 2.483b 

Control  0.639e 1.213e 
Nitrogen dose unit/fed: 

80 
100 

 
1.127* 
1.134* 

 
2.143* 
2.155* 

CV% 17.53 19.61 
*Non significant 
RG: composted rice straw gypsum.                   RA: composted rice straw ammonium. 
CG: composted corn straw gypsum.                  CA: composted corn straw ammonium. 
 

  
(a) (b) 

Fig. 3: a and b means of yield of both sorghum and barley crop as affected by different 
composted straw 

 
This can suggest that biodegradation rate of the rice straw was enhanced with hydro thermal 
pretreatment and the compost product can be considered stable and adequate for field application after 
6 weeks. The compost could be stable from this point, since this value is very close to the C/N ratio of 
many humic substances found in stable soil organic matters (Kuwatsuka et al., 1978). Dissolved 
organic matter is a major vehicle for the leaching of many elements from the forest floor. The rate of 
C mineralization seemed to correlate positively with the pre-incubation concentrations of both DOC 
and DON (r=0.97, r=0.90 at P<0.01) (Smolander and Kitunen, 2002 ) and as a whole, the C-to-N ratio 
of the dissolved organic matter (DOC-to-DON ratio) did not differ much from the C-to-N ratio of the 
soil organic matter, which indicates that in these stands dissolved organic matter was not a richer 
source of N than solid organic matter was. Microbial activities in agricultural soils are mainly 
determined by C availability (Schnürer et al., 1985). It is thought that below a critical amount of 
mineral N, the rate at which soil microbes decompose organic C is regulated by N availability (Elliott 
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et al., 1983), also he found that a marked decrease in C mineralization rate with a decrease in initial 
mineral N content below 60 mg kg. Data provide provisional evidence that under growing plants in 
the field, N availability might regulate dynamics of soluble C in the soil (Henning et al., 2017).  
 
Conclusion 

To reduce composting time for straw or any biomass it must there is a suitable method of   
straw pre-treatment cracks association in-between lignocellulose materials. According to the obtained 
results the acid pre-treatment of rice and corn straw improved the composting process. The compost 
products can be considered suitable for field application after 3 weeks. Moreover the acid pre-
treatment of both straw types will produce compost free from pests, germs, pathogens, weed and 
undesired seeds due to acidic incubation. 
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