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Abstract 
 
 

A field study was conducted in 2008 and 2009 cropping seasons at the Teaching and  
Research Farm of the Department of Soil Science, university of Maiduguri, Maiduguri (11o 53’ N; 13o 
16’ E) to study the effect of Nitrogen fertilizer (inorganic) and organic manures combination on the 
major chemical properties of the soils. The treatments consisted of four levels of nitrogen fertilizers (0, 
45, 60 and 90 kg/ha N) combined with three different sources of organic manures (cow dung, 
municipal waste and poultry droppings) applied at three different rates of each organic manure (0.0, 
2.5, and 5.0 tons/ha). The experiment therefore contained twenty-eight (28) treatments laid out in 
factorial design and replicated three times in a randomized fashion. Soil texture (particle size analysis), 
soil pH, electrical conductivity (EC), effective cation exchange capacity (ECEC), percentage base 
saturation (PBS), soil organic carbon (SOC), total N, C:N ratio, available P (Bray-1), and exchangeable 
K were determined before the experiment.  Also some few chemical properties of the three organic 
manures used were analyzed. The result showed that soil of the study area was sand-loam in texture, 
slightly acidic (pH = 6.20), low in ECEC, organic carbon, and total N, wide C/N ratio and free from 
salinity (EC = 0.01 dS/m). The major soil chemical properties affected by the combined application of 
nitrogen fertilizer and different organic manures include soil pH, ECEC, soil organic carbon, total 
nitrogen and C/N ratio. There was significant decrease in soil pH as nitrogen fertilizer was applied in 
combination with poultry droppings in 2008, 2009 and in the combined analysis. The pH value was 
lowest at 90 kg N/ha in combination with 5.0 tons/ha of poultry droppings in 2008 (5.52), 2009 5.52) 
and in the combined analysis. Nitrogen fertilizer applied at 90 kg N/ha in combination with cow dung 
at 5.0 tons/ha had significantly highest amount of ECEC in 2009 and in the combined. On the other 
hand application of nitrogen fertilizer at 90 kg/ha in combination with municipal wastes at 5.0 tons/ha 
showed significant decreasing effects on soil ECEC in 2008, 2009 and in the combined analysis. There 
was a significant increased in soil organic carbon content with the addition of nitrogen fertilizer 
application in combination with cow dung in 2008, 2009 and in the combined analysis. The content of 
organic carbon increased progressively as the rates of fertilizer combination increased. Nitrogen 
fertilizer in combination with cow dung and nitrogen fertilizer combined with poultry droppings 
significantly increased total nitrogen contents in 2008, 2009 and in the combined analysis. The N 
content continued to increase as the N fertilizer rates and their combinations increased. Combined 
application of nitrogen fertilizer with poultry dropping significantly decreased C: N ratio in 2008, 2009 
and the combined analysis. The ratio was lower in soils treated with 90 kg N/ha in combination with 
5.0 tons/ha poultry droppings in 2009 (0.67) and the combined (1.17). From the study, it can be 
concluded that nitrogen fertilizer reduces soil pH and induces soil acidity, likewise poultry droppings. It 
is therefore advisable not to apply nitrogen fertilizer combined with poultry droppings.  
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Introduction 
 

Soils of Northern savanna of Nigeria are mostly sandy (Typic ustipsament) 
hence very fragile chemically. The fragile chemistry of soils of the Nigerian savanna 
induced by the presence of low activity clay, kaolinitic (Si4Al4O10(OH)4) mineralogy 
and inherent low fertility status cause a lot of agricultural challenges in this zone. This 
has resulted into poor and low crop production and yield (Rayar and Haruna, 1985; 
Ajayi et al., 1998; Azeez and Adetunji, 2005). Proper management of these soils is 
therefore of paramount importance. Fertilizers of both organic and inorganic sources 
either singly or in combinations have been found to have contributed in improving 
the soil chemical properties and increasing crop production (Rayar, 2000; Azeez and 
Adetunji, 2005).  

 
Despite the beneficial effects of chemical fertilizers, resource- poor farmers 

are confronted with some problems concerning their use. Firstly, scarcity in supply 
and high cost prohibit their use by most small-holder farmers, hence they have often 
resorted to the use of farm yard manure (FYM) and household refuse to build up the 
soil nutrient status. Secondly, there is also lots of soil problems associated with the 
use of chemical fertilizers (Foth and Royd, 1988). Application of ammonia (NH3) 
containing fertilizers produces an immediate alkaline effect owing to hydrolysis. 
However, oxidation and subsequent nitrification of such fertilizers produces a long 
term acidity effect (Osundare, 2008).  

 
More so, application of mineral fertilizer continuously on the soils of the 

savanna was found to reduce soil pH, microbial populations and activities, organic 
matter content, buffering capacity and cation exchange capacity of the soils (Shukla 
1979; Foth and Royd, 1988; Olomilua, et al., 2007). According to Rayar (2000) and 
Bohn et al (2001), application of chemical fertilizers can also lead to potassium 
deficiency even with complex fertilizers including K. Secondary effects of inorganic 
fertilizer application is on the environment as well as ground and underground waters. 
It can also lead to leaching especially of nitrates into ground waters. Adverse effects 
of chemical fertilizers can also be realized on the lacustrine soils of Lake Chad Basin 
bringing algal bloom, which can lead to excessive mortality rates of fish and other 
aquatic organisms. It is necessary therefore to look for another alternative way of 
improving the soil properties and quality for sustainable agriculture in this part of the 
globe. 
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Organic manures could ameliorate these adverse effects of inorganic fertilizers 
(Sikora and Azam, 1993). Application of organic matter and organic manures to the 
soil serves as mulch which protects the soil surface from solar energy and rain drop 
effects, thereby increasing buffering capacity, and reduces evapotranspiration (Brady 
and Weil, 2002). It is a reservoir for various essential elements, a source of cation 
exchange capacity and soil buffering, and is a large geochemical reservoir of carbon 
(Bohn et al., 2001). However, excessive application of organic manures on the other 
hand can induce alkalinity and micronutrient deficiencies especially zinc. There is the 
need for the combined use of organic and inorganic fertilizers to improve the soil 
chemistry and improve and maintain the fertility status in the study area. Generally, 
this study was aimed at assessing the effects of nitrogen fertilizer in combination with 
different organic manure sources on the major chemical properties of the soils of 
Sudan savanna. 

 
Materials and Methods 
 
Description of the Study Area 
 

Field trials were conducted during the rainy seasons of 2008 and 2009 at the 
Teaching and Research Farm of the Department of Soil Science, University of 
Maiduguri (11o53’N; 13o16’E), on the northern fringes of the Sudan savanna belt of 
Nigeria.  This belt forms part of the semi-arid zone.   

 
It is characterized by a short rainy season of 100 – 150 days with a long dry 

season of at least 7 months, and a mean annual rainfall of about 500 mm (Yunusa and 
Ikwelle, 1990). The major soil type found in the study area is Typic ustipsament as 
described by Rayar (1987) derived primarily from the recent Aeolian sand deposits of 
the Sahel savanna. Thus, the soils are characterized by sandy texture with low organic 
matter content, low CEC and inherent low fertility status.     
 
Land Preparation 
 
  Field experiments were conducted in two successive cropping seasons, 2008 
and 2009. The field was ploughed and harrowed to a fine tilth and marked out into 
plots of 4x4 m (16 m2) during the first year. In the second year the plots were 
prepared by hand hoes so as not to disturb the plots.  
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Experimental Design and Treatments Combinations  
 
 The treatments were N0P0K0, N45 P30 K30, N60 P30 K30 and N90 P30 K30 which 
were combined with three sources of organic manures (cow dung, municipal wastes 
and poultry droppings) at three (3) rates each (0, 2.5 and 5.0 tons/ha). The experiment 
was a factorial design of 3x4x3 factorial, consisting of twenty-eight (28) treatments 
laid out in a randomized Completely Block Design replicated three times giving a total 
of 84 plots. 
 
Application of Fertilizer and Organic Manures 
 

The nitrogen fertilizer used was NPK 15-15-15 (standard) supplemented by 
urea (46 % N). The three types of organic manures used were cow dung (CD), 
municipal wastes (MW) and poultry droppings (PD). Complete doses of organic 
manures (2.5 t/ha or 4.0 kg/ net plot and 5.0 t/ha or 8.0 kg/net plot) were applied at 
land preparation. Half of nitrogen (45 kg/ha or 72 g/net plot, 60 kg/ha or 96 g/net 
plot and 90 kg/ha or 144 g/net plot) was applied at planting, while the last half was 
applied two weeks after planting. 

 
Soil Sampling and Analysis 
  

Soil samples were collected from surface (0-20 cm) using soil auger. Fifteen 
(15) samples were randomly collected across the farm, thoroughly mixed and a 
representative composite sample was taken before the experiment.  

 
After each harvest three (3) soil samples were collected from each plot, 

thoroughly mixed and neatly packed and carried in new polythene bags.  The soil 
samples were air-dried, crushed separately using wooden mortar and pestle and passed 
through 2 mm for pH, ECEC and available P and 0.5 mm sieves for organic carbon, 
total N and organic matter fractions. Each sample was analyzed for some selected 
properties of the soil.  

 
Statistical Analysis 
 

All data collected from plant growth and yield, and soil samples were 
subjected to analysis of variance (ANOVA) using Statistix 8.0 statistical package.  
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The differences between means were tested with Duncan’s Multiple Range 
Test (DMRT) (Duncan, 1955) at 5% level of probability.  

 
 Correlation coefficients (r) analyses of maize grain yield and other 

parameters as affected by nitrogen fertilizer levels and organic manures were also 
carried out. 

 
Results and Discussions  
 
Physico-Chemical Characteristics of the Soil of the Experimental Site  
 

The soil of the study was sandy loam in texture with high proportion of sand 
(76.20%). This implies that basic cations such as Ca, K, Na and Mg would be leached 
more easily as texture determines the degree of retention or ease of leaching of basic 
cations. Bationo and Mokwunye (2003) reported that Entisols and Alfisols occupy 
most of the soils of Sudano-Sahelian zones of West Africa which are mainly 
composed of quartz sand, with low water and nutrient holding capacity. 

 
The soil was slightly acidic in pH (6.20) and low EC (0.0173 dS/m). Effective 

cation exchange capacity (ECEC) was low in the soil with high percentage base 
saturation (PBS). Organic carbon content, total nitrogen and available P were also low 
in the soil. Low organic carbon and organic matter in the soil of the experimental site 
was probably as a result of high proportion of sand content of the soil. Jones and 
Wild (1975) reported that organic matter content decreased latitudinal from the south 
to the north as the amount of rainfall received and vegetation cover decreases. Low 
organic carbon is attributed to inadequate supply of organic litter, bush burning, long 
dry season and intensive mineralization during the rainy season (Dugje et al., 2008). 

  
Wapa and Kwari (2004) also observed that the soils of northern savanna of 

Nigeria are characteristically sandy, low in active clay content but high in kaolinite and 
variable in cation exchange capacity. Furthermore, the low N levels observed in the 
soil can be attributed to continuous cropping and increased land use intensity. 
Mafongaya et al. (2003) cautioned that soil fertility depletion would be a serious 
problem in areas where land use intensification was on the increase.  
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 The low available P agrees with reports of Jones and Wild (1975) and Dugje 

et al. (2008), that P is one of the limiting nutrients to crop production in northern 
Nigeria. Based on FAO (1984) ratings, nutrient contents of the soil were within the 
low rating scale.  

 
Selected Chemical Properties of the Different Organic Manures Used   
  

All the three organic manures used were neutral in pH (cow dung = 7.3, 
municipal wastes = 7.3 and poultry droppings = 6.85), yet the pH was slightly higher 
(alkaline) in municipal wastes and lowest in poultry droppings. The EC was highest in 
municipal wastes and lowest in poultry droppings. On the other hand nitrogen 
content was highest in poultry droppings and lowest in municipal wastes. The higher 
content of nitrogen in poultry droppings might be as a result of higher content of uric 
acid in the poultry droppings. Delin (2011) reported that poultry manure differs from 
that of mammals because of its content of uric acid, which is rapidly converted to 
ammonium and therefore has a higher fertilizer value than other organic nitrogen in 
manures. Nahm (2003) earlier observed that the amount of N that mineralizes from 
poultry manure after application depends on the amount of uric acid that has already 
been transformed during storage.  

 
Effect of Nitrogen Fertilizer and Organic Manures Combinations on some Selected 
Chemical Properties of the Soil  
 

The effects of Nitrogen Fertilizer and Organic Manures Combinations on 
some Selected Chemical Properties of the Soil were observed and reported in soil pH, 
electrical conductivity (EC), effective cation exchange capacity (ECEC), soil organic 
carbon (SOC), C:N ratio, percentage base saturation (PBS) total nitrogen, available 
phosphorus (Bray 1-P) as well as exchangeable potassium (K). From the results, it was 
found that nitrogen levels either applied singly or in combination with poultry 
droppings in particular significantly decreased soil pH especially in the first year 
(2008) and in the combined analysis. In 2008, pH in soils not treated with N (0 kg 
N/ha) decreased from 6.54 to 6.20 in soils treated with even 60 kg N/ha.  

 
This indicated that nitrogen fertilizer especially urea and ammonium nitrates 

decrease soil pH. This was in agreement with the reports of Rayar and Isa (1990) in 
Maiduguri, Rayar (2000) in Maiduguri, Graham et al (2002) in Europe and Fagbola and 
Ogunbe (2007) in Ogun. According to Rayar (2000), excess and continued application 
of chemical fertilizers can jeopardize the soil through its effects on soil pH.  
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On the other hand, nitrogen fertilizer in combination with cow dung 
stabilized soil pH as the pH proved to be higher in soils treated with nitrogen 
fertilizer in combination with cow dung than in those combined with poultry 
droppings.  

 
This was in line with the study of Kwari et al., (1998), who reported that the 

use of mineral fertilizer alone generally results in high crop yield, but these are not 
sustainable in the soils of the Sudano Sahelian savanna because of leaching, run-off, 
nutrient depletion by crops and volatilization of ammonium fertilizer in form of 
ammonia gas creating nutrient imbalance. As such, the use of organic manures in 
combination with chemical fertilizer will reduce these undesirable characteristics by 
improving the pH and buffering capacity of the soil.   

 
 There was no significant effect of nitrogen fertilizer in combination with each 
of the three sources of manures used on EC. On the hand, ECEC was significantly 
affected by the nitrogen fertilizer levels in 2008, 2009 and in the combined analysis. 
Nitrogen fertilizer in combination with cow dung in particular significantly increased 
the ECEC of the soil in both years of the experiment and in the combined analysis. 
The contents consistently increased with increasing the application rates of the 
fertilizer materials. This was in line with the results of Jones and Wild (1975), 
Bhardwal and Patil (1982) and Rayar (2000). Rayar (2000), in particular observed that 
organic manures and their fractions reduce acidification of the soil that comes from 
continued cropping especially where ammonium fertilizers are often used. This may 
be due to large base content (Ca, Mg, K, and Na) of the manures. Bhardwal and Patil 
(1982), observed that increase in soil organic matter content due to addition of 
organic manures raised the CEC of the soil. Brady and Weil, (2002) reported that 
organic matter and organic manure application in combination with mineral fertilizer 
reduce leaching and considerably increase the soil CEC.  
 

Soil organic carbon is another soil chemical property that was significantly 
affected by combining nitrogen fertilizer with organic manures. Nitrogen fertilizer in 
combination with cow dung significantly increased soil organic carbon content in 
2008, 2009 and in the combined analysis, and the content increased progressively as 
the rates of fertilizer combination was increased. On the other hand, there was no 
regular trend in applying nitrogen fertilizer in combination with municipal wastes nor 
combined with poultry droppings.  



34                                           American International Journal of Biology, Vol. 2(2), June 2014             
 

 
There was a significant increasing trend in the content of total nitrogen with 

the addition of nitrogen fertilizer in combination with poultry droppings and with 
cow dung in 2008, 2009 and in the combined analysis.  

 
In 2009 in particular, the content of total N increased from 2.11 g/kg for 0 kg 

N/ha treatment to 3.20 g/kg for 90 kg N/ha in combination with 5.0 tons /ha of 
poultry droppings representing 65.95 % increase. Delin (2011) reported that poultry 
manures differ from that of mammals because of its content of uric acid which is 
rapidly converted to ammonium (NH4

+) and therefore has a higher fertilizer value 
than other organic nitrogen in manure. Shukla (1990) also found that addition of 
organic materials to the soil of the savanna reduces K fixation but enhances N-
fixation thus increasing nitrogen content of the soil. Awotundun et al (2005) also 
observed that organic colloid which is the product of organic matter decomposition 
releases and supplies most of the important plant nutrients especially N, P and S. 
Awotundun et al., (2005) similarly observed that both organic and nitrogen fertilizers 
combination provide the needed nutrients for plant. Awoduni and Olafusi (2007) also 
conclusively stated that combined application of organic manure especially FYM and 
nitrogen fertilizer particularly urea at sub-optimal rates ensured more availability of 
macronutrients in the soil. 

 
The C:N ratio was also significantly affected by the application of nitrogen 

fertilizer in combination with sources of organic manures used. There was a 
significant decreasing effect of nitrogen fertilizer in combination with poultry 
droppings on C:N ratio in 2008, 2009 and in the combined analysis. The ratio was 
lowest in soils treated with nitrogen fertilizer applied at 90 kg N/ha in combination 
with 5.0 tons/ha of poultry droppings in 2009 (0.67) and in the combined analysis 
(1.17).  

This showed that nitrogen fertilizer in combination with organic manure 
narrowed the C: N ratio of the soil as a result of their effect on organic matter 
decomposition through their effect on the population and activities of micro 
organism in the soil.  

 
Available phosphorus (Bray-1 P) was significantly increased when nitrogen 

fertilizer was applied in combination with cow dung and the content continued to 
increase as the rates of application were also increased in 2008, 2009 and in the 
combined analysis. The content of P was highest in soils treated with 90 kg N/ha 
combined with 5.0 tones /ha of cow dung in 2008 (6.20 mg/kg-1) in 2009 (8.43 
mg/kg-1) and in the combined analysis (7.32 mg/kg-1).  
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Similar trend was found when combined with poultry droppings. Generally, P 
content was higher in 2009 than in 2008 irrespective of the treatment. This was in line 
with the findings of Awotundun et al., (2007) which indicated that application of 
organic manures in form of animal dung and poultry droppings increase availability of 
phosphorus in the soil solution and reduce phosphate adsorption.  

 
Nitrogen fertilizer in combination with cow dung had significant effect on 

exchangeable potassium (Exch. K). However the trend was no regular. There was an 
increase in the exchangeable K with increase in the level of nitrogen fertilizer in 
combination with municipal wastes in 2008, 2009 and in the combined analysis. The 
increase might be as a result of high content of ash in the municipal wastes which also 
is the primary supplier of potassium. 

 
Conclusion and Recommendations 
 
Conclusion 
 
 The chemical properties of the soil were affected significantly by nitrogen 
fertilizer application in combination with organic manure. Soil pH was particularly 
affected negatively by nitrogen fertilizer as the pH values decreased significantly with 
increase in nitrogen levels in 2008, 2009 and in the combined analysis. It can be 
concluded that nitrogen fertilizer induces acidity. However, this effect was corrected 
as nitrogen fertilizer was applied in combination with organic manure. Nitrogen 
fertilizer (90 kg/ha) in combination with cow dung (5.0 tons/ha) stabilizes soil pH, 
also improved CEC, organic carbon and available P of the soil.  

 
Combination of nitrogen fertilizer (90 kg/ha) with poultry manure (5.0 

tons/ha) significantly increased total N and P but reduced soil pH thereby inducing 
soil acidification.  

 
Municipal wastes either applied singly or in combination with N fertilizer 

increased soil pH, EC and exchangeable K, but deceased available P, organic carbon 
and ECEC of the soil.  
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It could be concluded, therefore, that cow dung (5.0 tons/ha) could be 

regarded as best among the three organic manures used in respect of stable pH and 
improved soil chemical properties especially when combined with 90 kg N/ha of 
nitrogen fertilizer. 
 
Recommendation 
 
From the findings of this study, the following recommendations were proposed; 
 
1. For improving the chemical properties of the soil, cow dung at the rate of 5.0 

tons/ha was regarded best and to be applied with optimal rate of nitrogen fertilizer 
(60 or 90 kg/ha). 

2. Nitrogen fertilizer rate of 60 or 90 kg/ha in combination with poultry manure or 
cow dung (5.0tons/ha) will give optimum yield of maize on the savanna soils.. 

3. Municipal wastes should not be applied for improving soil properties or for 
increasing grain yield of maize because of its significantly low nitrogen content. 
However, it can be applied on acid soils for the amelioration of soil pH.  
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Table 1: Physico-Chemical Characteristics of the Soil of the Experimental Site 
 
Soil characteristics Value 
pH (1:2.5 H2O) 6.20 
EC (dS/m) 0.01 
CEC (Cmol/kg) 
Exch. Acidity (H+ + Al3+ Cmol/kg)                                                                   

4.46 
0.20 

ECEC (Cmol/kg) 4.66 
Percentage Base Saturation (PBS %) 95.71 
Organic carbon (g/kg) 19.0 
Total Nitrogen (g/kg) 1.0 
C : N Ratio 19.0 
Available Phosphorus (Bray-1 P mg/kg) 2.80 
Exchangeable Potassium (Cmol/kg) 0.24 
Percentage Sand (g/kg) 762.0 
Percentage Silt (g/kg) 116.0 
Percentage Clay (g/kg) 122.0 
Textural class Sandy loam 
 

Table 2: Some Chemical Characteristics of the Different Organic Manures 
Used 

 

 
 
 
 
 
 
 
 
 
 
 

Sample pH (1:2.5 H Org. C (%) N (%) C : N RatioP (g/ kg)K (g/kg)   
Cow dung (CD) 7.31 14.63 0.39 37.52 2.9 19.7    
Municipal wastes (WM)7.34 6.83 0.34 20.08 0.5 6.0    
Poultry droppings (PD)6.85 11.31 0.45 26.13 0.5 5.7    
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Table 3: Effects of Nitrogen Fertilizer and Organic Manures Combination on 
Soil Ph in 2008 and 2009 Cropping Seasons 

 
 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 6.62a-c 6.06d-h 5.97f-i 6.33a-g 
CD at 2.5 t/ha 6.45a-f 6.65ab 5.92g-i 6.34a-g 
CD at 5.0 t/ha 6.72a 6.58a-c 5.99e-i 6.14c-h 
MW at 2.5 t/ha 6.28a-h 6.55a-c 5.99e-i 6.64ab 
MW at 5.0 t/ha 6.58a-c 6.42a-f 6.49a-d 6.65ab 
PD at 2.5 t/ha 6.47a-e 6.34a-g 6.06d-h 5.79hi 
PD at 5.0 t/ha 6.52a-d 6.17b-h 6.03d-h 5.53i 
      SE±  0.246   
  2009  
 Control 6.65a-c 6.61a-c 6.62a-c 6.15f 
CD at 2.5 t/ha 6.53a-d 6.44b-f 6.69ab 6.16f 
CD at 5.0 t/ha 6.59a-d 6.64a-c 6.50a-e 6.15f 
MW at 2.5 t/ha 6.64a-c 6.60a-d 6.82a 6.78a 
MW at 5.0 t/ha 6.70ab 6.68ab 6.68ab 6.62a-c 
PD at 2.5 t/ha 6.63a-c 6.50a-e 6.41b-f 5.56g 
PD at 5.0 t/ha 6.33c-f 6.28d-f 6.20ef 5.52g 
      SE±  0.164   
  Combined  
Control 6.63ab1 6.33b-e 6.30c-e 6.70a 
CD at 2.5 t/ha 6.49a-e 6.55a-d 6.30c-e 6.57a-c 
CD at 5.0 t/ha 6.65ab 6.61a-c 6.25de 6.59a-c 
MW at 2.5 t/ha 6.46a-e 6.58a-c 6.40a-e 6.71a 
MW at 5.0 t/ha 6.64ab 6.55a-d 6.59a-c 6.64ab 
PD at 2.5 t/ha 6.55a-d 6.42a-e 6.24de 5.53d 
PD at 5.0 t/ha 6.43a-e 6.22e 6.29de 6.34b-e 
      SE±  0.163   
    

Means in a column followed by similar letters are not significantly different at 5% 
level of probability by DMRT test. 
* = significant at 5% level of the F-test 
** = significant at 1% level of the F-te 
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Table 4: Effects of Nitrogen Fertilizer and Organic Manures Combination on 

ECEC (Cmol/Kg) in 2008 and 2009 Cropping Seasons 
 

 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 5.82a-d 6.29a-c 5.91a-c 6.84ab 
CD at 2.5 t/ha 6.17a-c 6.14a-c 6.11a-c 6.12a-c 
CD at 5.0 t/ha 6.02a-c 5.59cd 5.96a-c 5.70b-d 
MW at 2.5 t/ha 6.57a-c 6.01a-c 6.06a-c 6.13a-c 
MW at 5.0 t/ha 4.77d 6.14a-c 6.40a-c 5.62cd 
PD at 2.5 t/ha 6.02a-c 5.64cd 6.23a-c 6.30a-c 
PD at 5.0 t/ha 6.43a-c 6.40a-c 6.90a 6.46a-c 
      SE±  0.569   
  2009  
Control 6.63d 10.02cd 9.70cd 10.75cd 
CD at 2.5 t/ha 6.97d 11.31cd 9.67cd 9.92cd 
CD at 5.0 t/ha 13.28bc 9.54cd 16.70b 16.82b 
MW at 2.5 t/ha 7.62d 7.11d 9.27cd 10.72cd 
MW at 5.0 t/ha 8.43cd 9.05cd 7.91d 8.46cd 
PD at 2.5 t/ha 9.47cd 9.67cd 9.48cd 9.83cd 
PD at 5.0 t/ha 10.33cd 7.36d 8.22cd 22.73a 
      SE±  2.536   
  Combined  
Control 6.22d 8.15b-d 7.81b-d 8.79b-d 
CD at 2.5 t/ha 6.57d 8.72b-d 7.89b-d 8.02b-d 
CD at 5.0 t/ha 9.65b-d 7.57b-d 11.33ab 11.26ab 
MW at 2.5 t/ha 7.10cd 6.56d 7.67b-d 8.43b-d 
MW at 5.0 t/ha 6.60d 7.60b-d 7.16b-d 7.04d 
PD at 2.5 t/ha 7.74c-d 7.66b-d 7.85b-d 8.07b-d 
PD at 5.0 t/ha 8.38b-d 9.88d 7.59b-d 14.60a 
      SE±  2.122   
     
 

Means in a column followed by similar letters are not significantly different at 5% 
level of probability by DMRT test. 
* = significant at 5% level of the F-test 
** = significant at 1% level of the F-test 
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Table 5: Effects of Nitrogen Fertilizer and Organic Manures Combination on 
Soil Organ Carbon (G/Kg) in 2008 and 2009 Cropping Seasons 

 
 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 3.20f-h 2.23ij 2.77hi 3.93c-e 
CD at 2.5 t/ha 3.37e-h 3.33e-h 2.97gh 4.07b-d 
CD at 5.0 t/ha 4.33a-c 4.70ab 4.90a 4.80a 
MW at 2.5 t/ha 2.90h 1.63j 3.10f-h 2.73hi 
MW at 5.0 t/ha 2.80hi 2.93gh 3.37e-h 3.10f-h 
PD at 2.5 t/ha 3.87c-e 3.57d-g 3.87c-e 3.73c-f 
PD at 5.0 t/ha 3.73c-f 3.10f-h 3.57d-g 4.27a-c 
      SE±  0.318   
  2009  
Control 2.80k-n 2.83k-n 3.13j-m 3.03j-n 
CD at 2.5 t/ha 3.03j-n 4.47c-e 3.73e-j 4.40d-f 
CD at 5.0 t/ha 5.20a-c 5.10b-d 5.78ab 5.97a 
MW at 2.5 t/ha 2.30n 3.04j-n 2.63l-n 2.63l-n 
MW at 5.0 t/ha 2.37mn 3.03j-n 3.13j-m 3.27i-n 
PD at 2.5 t/ha 2.67l-n 3.67f-j 3.50g-k 3.03j-n 
PD at 5.0 t/ha 3.93e-i 4.23e-g 4.10e-h 3.33h-l 
      SE±  0.329   
  Combined  
Control 3.00g-k 2.53kl 2.95h-k 3.48d-h 
CD at 2.5 t/ha 3.20e-j 3.90cd 3.35d-h 4.23bc 
CD at 5.0 t/ha 4.77ab 4.90a 5.33a 5.38a 
MW at 2.5 t/ha 2.60j-l 2.19l 2.87h-k 2.68i-l 
MW at 5.0 t/ha 2.58J-L 2.98g-k 3.25e-i 3.18f-j 
PD at 2.5 t/ha 3.27d-i 3.62c-g 3.68c-h 3.38d-h 
PD at 5.0 t/ha 3.83c-e 3.67c-f 3.83c-e 3.80c-f 
      SE±  0.299   
     
 

Means in a column followed by similar letters are not significantly different at 5% 
level of probability DMRT test. 
* = significant at 5% level of the F-test 
** = significant at 1% level of the F-test 
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Table 6: Effects of Nitrogen Fertilizer and Organic Manures Combination on 

Total N in 2008 and 2009 Cropping Seasons 
 

 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 1.47h-k 1.80f-i 1.67f-j 2.03d-g 
CD at 2.5 t/ha 1.90e-h 1.97e-h 1.30i-k 2.03d-g 
CD at 5.0 t/ha 1.60g-j 1.63f-h 2.37b-e 2.17c-f 
MW at 2.5 t/ha 1.73f-j 1.00k 1.90e-h 1.33i-k 
MW at 5.0 t/ha 1.27i-k 1.20jk 1.80f-i 1.57g-j 
PD at 2.5 t/ha 2.70a-c 1.93e-h 1.90e-h 1.60g-j 
PD at 5.0 t/ha 3.10a 2.73ab 2.53b-d 2.67a-c 
      SE±  0.270   
  2009  
Control 1.23l 2.47e-i 2.20i-k 3.13d-f 
CD at 2.5 t/ha 1.67j-l 3.07d-g 2.40g-i 3.57b-d 
CD at 5.0 t/ha 2.30h-j 3.90bc 4.87a 3.53b-d 
MW at 2.5 t/ha 1.37l 2.43f-i 2.30h-j 2.23i-k 
MW at 5.0 t/ha 1.53kl 1.77i-l 2.20i-k 2.47e-i 
PD at 2.5 t/ha 3.17de 2.97d-h 3.17de 2.27h-j 
PD at 5.0 t/ha 3.47b-d 3.23cd 4.13b 5.20a 
      SE±  0.357   
  Combined  
Control 1.35k 2.13e-k 1.93i-k 2.58c-i 
CD at 2.5 t/ha 1.78i-k 2.52c-j 1.85i-k 2.80b-g 
CD at 5.0 t/ha 1.95h-k 2.77c-h 3.62ab 2.85b-f 
MW at 2.5 t/ha 1.55k 1.72jk 2.10f-k 1.78i-k 
MW at 5.0 t/ha 1.40k 1.48k 2.00g-k 2.02g-k 
PD at 2.5 t/ha 2.93b-e 2.45d-j 2.53c-j 1.93i-k 
PD at 5.0 t/ha 3.28a-c 2.98b-d 3.33a-c 3.93a 
     SE±  0.419   
 

Means in a column followed by similar letters are not significantly different at 5% 
level of probability by DMRT test. 
* = significant at 5% level of the F-test 
** = significant at 1% level of the F-test 
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Table 7: Effects of Nitrogen Fertilizer and Organic Manures Combination on 
C:N Ratio in  2008 and 2009 Cropping Seasons 

 
 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 2.27b-d 1.27g-i 1.67d-i 1.97c-f 
CD at 2.5 t/ha 1.77c-i 1.67d-i 2.33a-d 2.03c-f 
CD at 5.0 t/ha 3.00a 2.93ab 2.17c-f 2.23b-e 
MW at 2.5 t/ha 1.67d-i 1.67d-i 1.70d-i 2.10c-f 
MW at 5.0 t/ha 2.33a-d 2.33a-d 1.90c-h 1.70d-i 
PD at 2.5 t/ha 1.50f-i 1.90c-h 2.13c-f 2.47a-c 
PD at 5.0 t/ha 1.23hi 1.17i 1.53e-i 1.67d-i 
      SE± 0.353 0.353 0.353 0.353 
  2009  
Control 2.33a 1.20e-j 1.57c-g 1.00h-j 
CD at 2.5 t/ha 1.63b-f 1.60c-f 1.63b-f 1.30d-i 
CD at 5.0 t/ha 2.17ab 1.30d-i 1.20e-j 1.70b-e 
MW at 2.5 t/ha 1.90a-c 1.33d-i 1.20e-j 1.63b-f 
MW at 5.0 t/ha 1.60c-f 1.83a-d 1.43c-h 1.33d-i 
PD at 2.5 t/ha 0.87ij 1.33d-i 1.20e-j 1.43c-h 
PD at 5.0 t/ha 1.13f-j 1.30d-i 1.03g-j 0.67j 
      SE± 0.277 0.277 0.277 0.277 
  Combined  
Control 2.30ab 1.23fg 1.62c-g 1.48e-g 
CD at 2.5 t/ha 1.70c-g 1.63c-g 1.98b-e 1.67c-g 
CD at 5.0 t/ha 2.58a 2.12a-c 1.68c-g 1.97b-e 
MW at 2.5 t/ha 1.78b-f 1.50e-g 1.45e-g 1.87b-e 
MW at 5.0 t/ha 1.97b-f 2.03a-d 1.67c-g 1.52d-g 
PD at 2.5 t/ha 1.18g 1.62c-g 1.63c-g 1.95b-e 
PD at 5.0 t/ha 1.18g 1.23fg 1.28fg 1.17g 
      SE± 0.290 0.290 0.290 0.290 
     
 

Means in a column followed by similar letters are not significantly different at 5% 
level of probability by DMRT test. 
* = significant at 5% level of the F-test 
 ** = significant at 1% level of the F-test 
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Table 8: Effects of Nitrogen Fertilizer and Organic Manures Combination on 

Available P (Mg/Kg) in 2008 and 2009 Cropping Seasons 
 
 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 3.00i-k 5.07c-g 3.90e-j 5.23c-e 
CD at 2.5 t/ha 4.83c-h 3.67g-k 6.03a-c 5.30b-e 
CD at 5.0 t/ha 4.90c-h 4.20d-i 5.37b-e 6.20a-c 
MW at 2.5 t/ha 6.97a 4.03d-j 2.53jk 4.10d-i 
MW at 5.0 t/ha 5.20c-f 4.83c-h 2.93i-k 3.97e-j 
PD at 2.5 t/ha 3.43h-k 3.60g-k 5.07c-g 5.80a-c 
PD at 5.0 t/ha 2.23k 3.79f-k 5.50a-d 6.80ab 
      SE±  0.750   
  2009  
Control 2.20l 5.83d-h 6.17d-g 5.00f-j 
CD at 2.5 t/ha 2.37l 5.90d-h 6.53c-f 4.43h-k 
CD at 5.0 t/ha 5.70f-h 6.30c-g 7.47b-d 8.43b 
MW at 2.5 t/ha 3.60j-l 5.60f-h 7.87bc 2.33l 
MW at 5.0 t/ha 2.63l 5.77e-h 5.37f-i 2.63l 
PD at 2.5 t/ha 3.77i-l 6.27c-g 5.77e-h 4.83g-j 
PD at 5.0 t/ha 7.40b-d 6.03d-h 2.90kl 10.73a 
      SE±  0.826   
  Combined  
Control 2.60h 5.45cd 5.03c-f 5.12c-e 
CD at 2.5 t/ha 3.60e-h 4.78c-g 6.28bc 4.87c-g 
CD at 5.0 t/ha 5.30c-e 5.25c-e 6.42bc 7.32ab 
MW at 2.5 t/ha 5.29c-e 4.82c-g 5.20c-e 3.22gh 
MW at 5.0 t/ha 3.92d-h 5.30c-e 4.15d-h 3.30f-h 
PD at 2.5 t/ha 3.60e-h 4.93c-g 5.42cd 5.32c-e 
PD at 5.0 t/ha 4.82c-g 4.87c-g 4.20d-h 8.77a 
      SE±  0.906   
     
 

Means in a column followed by similar letters are not significantly different at 5% 
level of probability by DMRT test. 
* = significant at 5% level of the F-test 
** = significant at 1% level of the F-test 
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Table 9: Effects of Nitrogen Fertilizer and Organic Manures Combination on 
Soil Exchangeable K (Cmol/Kg) in 2008 and 2009 Cropping Seasons 

 
 N-level (kg/ha) 
Organic source 0 45 60 90 
  2008  
Control 0.20h 0.25e-h 0.28c-h 0.25e-h 
CD at 2.5 t/ha 0.43ab 0.22gh 0.36bc 0.32c-f 
CD at 5.0 t/ha 0.30c-g 0.29c-h 0.32c-f 0.26d-h 
MW at 2.5 t/ha 0.29c-h 0.25e-h 0.35b-d 0.30c-g 
MW at 5.0 t/ha 0.48a 0.36bc 0.42ab 0.34b-e 
PD at 2.5 t/ha 0.35b-d 0.27c-h 0.28c-h 0.31c-g 
PD at 5.0 t/ha 0.23f-h 0.27c-h 0.25e-h 0.32c-f 
      SE±  0.045   
  2009  
Control 0.15h 0.32c-f 0.26e-h 0.29c-h 
CD at 2.5 t/ha 0.30c-g 0.37bc 0.22f-h 0.33c-f 
CD at 5.0 t/ha 0.32c-f 0.36bc 0.40ab 0.48a 
MW at 2.5 t/ha 0.41ab 0.30c-h 0.51a 0.44ab 
MW at 5.0 t/ha 0.66a 0.32c-f 0.87a 0.81a 
PD at 2.5 t/ha 0.31c-g 0.26e-h 0.33c-f 0.33b-e 
PD at 5.0 t/ha 0.26e-h 0.29c-h 0.36b-d 0.30c-g 
      SE±  0.046   
  Combined  
Control 0.18e 0.28c-e 0.27c-e 0.27c-e 
CD at 2.5 t/ha 0.36bc 0.30cd 0.29c-e 0.33b-d 
CD at 5.0 t/ha 0.31cd 0.33b-d 0.36bc 0.37bc 
MW at 2.5 t/ha 0.35b-d 0.28c-e 0.43b 0.37bc 
MW at 5.0 t/ha 0.57a 0.34b-d 0.65a 0.57a 
PD at 2.5 t/ha 0.33b-d 0.27c-e 0.30cd 0.32b-d 
PD at 5.0 t/ha 0.25de 0.28c-e 0.31cd 0.31cd 
      SE±  0.047   
     
 

Means in a column followed by similar letters are not significantly different at 5% 
level of probability by DMRT test. 
* = significant at 5% level of the F-test 
** = significant at 1% level of the F-test 
 


