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ABSTRACT: A study was conducted to determine the effects of short- and long-term 

application of organic manure on soil chemical properties including soil pH, EC, CaCO3, SOC, 
and soil available N and P under arid conditions. The solid and liquid organic manure were 
applied to the soils cropped with the vegetable for either up to 2-years under vegetable plants or 
15-years to soils cropped with fruit trees. Soil samples were collected at sampling depths of 0-
15, 15-30, 30-45, 45-60 cm. Results showed that the soil organic carbon (SOC) content ranged 
between 0.6-12 g kg

-1
 and 1.7-31.5 g kg

-1
 after organic manure application for one year and 15-

years in soil samples cropped with fruit trees, respectively. Moreover, SOC content ranged 
between 0.6 and 6.4 g kg-1 and 0.9 and 8.6 g kg

-1
 after organic manure application for the one 

year and 2-years in soil samples cropped with vegetable, respectively. The highest soil 
available N (211 mg kg

-1
) was found after long term application of organic manure (15-years) 

followed by that (162 mg kg
-1

) found after the 2-years organic manure application. The higher 
soil available P (52-60.2 mg kg

-1
) was also found with 15-years and 2-years application of 

organic manure. It could be concluded that the addition of organic manure to the soil of arid 
condition may be suitable for maintaining soil organic carbon and improving soil fertility by 
increasing N and P availability. 

Key words: Organic manure, soil organic carbon, soil available nitrogen, soil available 

phosphorus. 

 
INTRODUCTION 

Among the soils used for agriculture in arid conditions are the calcareous 
sandy soils. In calcareous soil, the high content of CaCO3 and high soil pH 
could reduce the availability of nutrients to plants (Wassif et al., 1995). 
Amelioration of these soils is a must to improve their productivity. In this 
context, the use of soil conditioners like organic wastes could be practiced for 
this purpose. The use of organic manures with high organic matter, N and P 
contents may improve soil properties for agricultural use (Wassif et al., 1995; 
Morera et al., 2002; Bouajil and Sana, 2011; Diacono and Montemurro, 2010; 
Miller and Miller, 2000). 

Soil quality is a complex characteristic and is determined by the physical, 
chemical and biological components of the soil (Manna et al., 2005; Johansson 
et al.,1999). Changes in soil physico-chemical and biological characteristics are 
considered good indicators of soil quality. The fact is that soil chemical and 
biological properties change when soil organic carbon content is increased due 
to organic amendments (Diacono and Montemurro, 2010; Bouajil and Sana, 
2011). There is evidence that organic residues can improve soil fertility by 
increasing nutrient availability (Bouajil and Sana, 2011). In soils, impact of 
addition of organic amendments on SOC and nutrients availability was 
investigated by several authors (Richard et al., 1995; Hue 1991; Hou et al., 
2012). Organic manure will maintain soil organic carbon as well as add N and 
other nutrients to the soils for agronomic crops (Triberti et al., 2008). 
Additionally, organic amendments may increase the solubility and availability of 
P in soils (Hue, 1991; Iyamuremy et al., 1996a; 1996b; 1996c).   
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Assessment of dynamics of soil organic carbon (SOC) and chemical soil 
properties under arid conditions after long term application of organic manure 
can help to draw the useful conclusion for their contribution. There is currently 
no available information about the effects of the long term application of organic 
manure on SOC and chemical soil properties in arid conditions in Saudi Arabia. 
Therefore, the objective of this study was to determine effects of the short and 
long term application of organic manure on soil chemical properties including 
soil pH, EC, CaCO3, SOC, and soil available N and P under arid conditions. 
 

MATERIALS AND METHODS 
The study area is located in the northern part of Saudi Arabia at Al Juaf 

(lat 29' 49" N, long 39' 52" E). According to Soil Survey Staff (2006), the area 
was classified as Aridic-Hyperthermic zone. The solid organic manure was 
applied to the soils for either up to 2 years under vegetable crops or 15 years 
under fruit trees. Soil samples were collected at sampling depths of 0-15, 15-30, 
30-45, 45-60 cm. The disturbed surface and subsurface soil samples for 
physico-chemical analyses as well as the total content of organic carbon were 
collected from soil profiles under fruit trees or vegetable plants. All soil samples 
were air-dried at room temperature (20-22oC) and ground to pass through a 2-
mm sieve. The particle size distribution was determined by the pipette method 
(Gee and Bauder, 1994). Soil texture is ranging between sand and sandy clay 
loam. Soil chemical properties were measured according to standard methods 
(Sparks 1996). Soil pH was measured using a glass electrode in a suspension 
of saturation soil paste. Electrical conductivity (EC) was measured in the soil 
extracts of saturation soil paste. Calcium carbonate content was determined 
using a calcimeter. The soil organic matter was measured according to Nelson 
and Sommers (1996). Soil available inorganic N (NH4-N and NO3-N) was 
determined according to Keeney and Nelson(1982). Also, ammonium 
bicarbonate extractable phosphorus was determined colorimetrically according 
to Soltanpour and Workman (1979). 
 
Statistical analysis 

The values of mean are calculated. The statistical analysis was 
performed by using Statistica for Windows Statistical Software (StatSoft, 1995).   
 

RESULTS AND DISCUSSION 
Effects of organic manure on soil chemical properties 

Table 1 shows the average values of the measured soil chemical 
properties as affected by organic manure application. In addition, table 2 shows 
significance at the 0.05 and 0.01 probability levels. The pH values of soil 
samples ranged between 7.94 and 8.85 in soil samples of fruit trees and 
between 8.00 and 8.85 in samples of vegetables soils (Table 1). The high 
values of soil pH may be attributed to the high free CaCO3 content in soil.  

The EC values ranged between 0.002 and 0.461 dSm-1 in soil samples of 
fruit trees and between 0.098 and 0.379 dSm-1 in soil samples of vegetable 
crops (Table 1). Generally, the EC values were lower at surface layers after 
short term of organic manure application than those after long-term of organic 
manure application. This suggests that the continuous application of organic 
manure, for long time, may be responsible for the increasing soil salinity. 
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However, these increases in EC did not reach to the high levels that may be 
responsible for damaging plants. The results also indicated that the long-term 
application (15-years) of organic manure showed lower EC values than the 
short-term application (1-year) with increasing sampling depth of fruit soils. One 
possible reason is that the long term of organic manure application may lead to 
enhance root growth of fruits trees, resulting in depletion of nutrient and solutes  
from lower depths and subsequently decreasing soil salinity.  The    CaCO3 
contents ranged between 3.8 and 8.40% in soil samples of fruit trees and 
between 3.2 and 9.2% in soil samples of vegetable soils (Table 1). It was 
observed that there are significant differences in pH, EC and CaCO3 content 
values between 1-year and 15-years application under fruit trees and between 
1-year and 2-years under vegetable crops of the surface layer (Table 2). This 
can be explained by the effects of organic manure on soil physico-chemical 
properties. 

 
Table (1). Soil chemical properties of the soil profile under fruit trees and 

vegetable crops 
 

Soil 
depth 

Under Fruit Trees Under Vegetables 

1-year Application 
15-years 

Application 
1-year Application 

2-years 
Application 

pH ECe CaCO3 pH ECe CaCO3 pH ECe CaCO3 pH ECe CaCO3 

0-15 8.22 0.002 8.40 8.28 0.269 7.10 8.30 0.23 9.20 8.28 0.258 8.30 

15-30 8.82 0.183 8.10 8.85 0.141 8.20 8.00 0.379 7.30 8.39 0.158 7.10 

30-45 8.47 0.461 4.10 7.94 0.002 6.10 8.68 0.122 4.50 8.34 0.190 5.10 

45-60 8.64 0.189 4.60 8.15 0.002 3.80 8.69 0.098 3.90 8.85 0.098 3.20 

 
Table (2). Summary statistics showing significance at 0.05 and 0.01 

probability levels 
 

.Effects/property pH EC CaCO3 OC Soil available N Soil available P 

Under fruit trees 

Depth (1-year Application ) ** ** ** ** ** ** 

Depth (15-years Application ) ** ** ** ** ** ** 

Year (0-15 cm depth) * * ** ** ** ** 

Year (15-30 cm depth) NS ** NS NS ** * 

Year (30-45 cm depth) ** ** ** ** NS NS 

Year (45-60 cm depth) NS ** ** NS NS NS 

Under vegetable crops 

Depth (1-year Application ) NS ** ** ** ** ** 

Depth (2-years Application) ** ** ** ** ** ** 

Year (0-15 cm depth) ** ** ** ** ** ** 

Year (15-30 cm depth) NS ** ** ** ** NS 

Year (30-45 cm depth) NS ** ** NS NS NS 

Year (45-60 cm depth) NS NS ** ** NS NS 

 
NS: not significant;  * significant at p < 0.05;  ** significant at p < 0.01 
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Effects of organic manure on OC content and distribution of soil profile  
Soil organic matter plays a major role in the improvement of soil physical, 

chemical and biological properties. It has been reported that organic matter of 
soils (especially of sandy soils) is a very valuable property, mainly due to its 
high capacity for water and nutrient-holding. Additionally, its decay in soils could 
provide recycled essential nutrients to plants. Figure 1 shows the average 
values for measuring SOC as affected by organic manure application. In 
addition, Table 2 shows significance at the 0.05 and 0.01 probability levels. The 
results showed that the SOC contents ranged between 0.6 and 12 g kg-1 after 
organic manure application for the 1-year and between 1.7 and 31.5 g kg-1 after 
manure application for 15-years in soil samples of fruit trees (Figure 1). 
Moreover, the SOC contents ranged between 0.6 and 6.4 g kg-1 and 0.9 and 8.6 
g kg-1 after organic manure application for 1-year and the 2-years in soil 
samples of vegetable crops. It should be mention that the soil organic C content 
was greater in the surface layer (0–15 cm) than the sub-surface layer (15–30, 
30-45 and 45-60 cm) for all treatments. The higher content of SOC content in 
the surface soil is mainly due to organic manure incorporated in the surface 
layer. Overall, the higher organic carbon content (31.5 g kg-1) was pronounced 
after long-term of organic manure application (15-years) in soil samples under 
fruit trees. These results indicate that long-term additions of organic manure 
would have the beneficial effects in building carbon pools in soils of arid 
conditions. An increase in contents of soil organic carbon in soil amended with 
manure has been reported by several researchers (Gong et al., 2008; Manna et 

al., 2005). The increase in nutritional status of soils due to the continuous 
addition of organic manure can result in an increase of plant residues, which 
could be accumulated in the surface soil and subsequently it results in higher 
content of soil organic carbon. 
 
Effects of organic manure on soil available N and P  

Figures 2 and 3 show the average values of the amount of available N 
and P in soils as affected by organic manure application. In addition, Table 2 
shows significance at the 0.05 and 0.01 probability levels. Data show that the 
soil available N ranged between 30 and 67 mg kg-1 after organic manure 
application for the first year and between 35 and 211 mg kg-1 after manure 
application for the 15 year in soil samples cropped with fruit trees (Figure 2). 
Moreover, the soil available N ranged between 22 and 62, 50 and 140, and 50 
and 162 mg kg-1 after organic manure application for the five month, the first 
year and the second year in soil samples cropped with vegetable plants. It 
should be mentioned that the soil available N was greater in the surface layers 
(0–15 cm and 15-30 cm) than the sub-surface layers (30-45 and 45-60 cm) 
layers, which is attributed mainly to organic manure incorporated in the surface 
layer. Overall, our results showed that the higher soil available N (211 mg kg-1) 
was pronounced after long term of organic manure application (15-years) in soil 
samples cropped with fruit trees followed by that found after the two-years 
organic manure application to the soil of vegetable plants. An increase in the 
availability of N in soil amended with manure has been reported by several 
researchers (Gong et al., 2008; Hou et al., 2012; Eghball, 2000; Zaman et al., 
2004). It has been reported that continuous application of compost and non-
composted manure increased N mineralization (Eghball, 2000), reflecting on 
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enhancing plant growth. Zaman et al. (2004) reported also that the long-term 
application of organic amendments resulted in a positive impacts on N 
mineralization, mainly due to enhancing microbial and enzyme activities. 
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Fig. (1). Distribution of soil organic carbon (SOC) in soil profile under fruit 
trees and vegetable crops 

 
Soil available P ranged between 0.5 and 2.8 mg kg-1 after organic 

manure application for the 1-year and between 0.9 and 52 mg kg-1 after manure 
application for the 15-years in soil samples cropped with fruit trees (Figure 3). 
Moreover, the soil available P ranged between 1.5 and 9.2, and 0.2 and 60.2 
mg kg-1 after organic manure application for the 1-year and the 2-years in soil 
samples cropped with vegetable plants. Similar to N, the soil available P was 
greater in the surface layers (0–15 cm) than the sub-surface layers (15-30 cm, 
30-45 cm and 45-60 cm), which is mainly due to organic manure incorporated in 
the surface layer. Overall, our results showed that the higher soil available P 
(52-60.2 mg kg-1) was reported after 15-years and 2-years application of 
organic manure in soil samples cropped with fruit trees and vegetable plants. 

In soil samples of fruit trees, there is significant relationship between soil 
organic C content and soil available N (r2 = 0.57) or soil available P (r2 = 0.88) 
(Figure 4). Moreover, in soil samples cropped with vegetable plants, there is 
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significant relationship between soil organic C content and soil available P (r2 = 
0.71) (Figure 5). The general factors controlling P solubility and availability in 
the soil include soil pH, Fe and Al oxides, organic matter, and the presence of 
other elements such as N, S, and cations. The application of organic materials 
to calcareous soils can decrease P adsorption, possibly due to competition 
between P ions and organic anions or retention sites in the soil (Hue, 1991; 
Iyamuremye et al., 1996a; 1996b; 1996c). Decomposition of organic matter by 
soil microorganisms also produces CO2 which dissolves in water to form 
carbonic acid, increasing the solubility of Ca-P and Mg-P precipitates in alkaline 
soils. 
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Fig.(2). Distribution of soil available N in soil profile under fruit trees and 

vegetable crops 
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Fig. (3). Distribution of soil available P in soil profile under fruit trees and  
vegetable crops. 
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Fig.( 4). Relationship between soil organic carbon (SOC) and soil available 
N and P in soil samples of fruit trees. 
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Fig. (5). Relationship between soil organic carbon (SOC) and soil available 
N and P in soil samples of vegetable crops. 
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 CONCLUSIONS 
The long-term application of organic manure resulted in greater C 

sequestration in agricultural soils. In this study, the accumulation of SOC was 
greater in the surface layer of the soil as compared to subsurface layers. In 
addition, SOC accumulation, applying organic manure to the soils improved soil 
fertility by increasing the availability of N and P. However, future study should 
focus on C fractions that are more sensitive for the changes in SOC. In addition, 
the effect of the agriculture practices on soil C sequestration should be 
investigated under arid conditions. 
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