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Abstract: Land degradation and extensive use of agricultural lands have led to the decline in soil fertility. To reverse the 

nutrient deterioration of cultivated lands, farmers have started employing various conservation agriculture practices. This study 

was initiated to examine the potential of conservation agriculture (integrated practices such as inter cropping, crop rotation, 

residue retention and minimum tillage) by smallholder farmers to enhance soil organic carbon stock and other selected soil 

physicochemical properties in Akaki district Bilbilo micro watershed. A systematic sampling method was employed for data 

collection. Totally 96 composite soil samples (8 plots x 2 systems x 2 replication of site x 3 depth: 0-10cm, 10-20cm and 20-

30cm) were collected for analysis. Results showed that soil bulk density (BD) was significantly (p<0.05) varied with practices 

and depth (p<0.001). It was lower in soil under conservation (0.78 g m
-3

) than under conventional practice (1.48 gm
-3

); and in 

the top layer 0-10 cm (1.21±0.05) than the rest depths. BD showed increasing trend with soil depth across the practices: lower 

on the top 0-10cm depth (0.78 ±0.03) compared with the rest. The pH was higher (7.28) in conservation than conventional 

(5.75). The CEC was higher (14.6Cmol (+)/kg) in conservation practice than in the conventional (10.3 cmol (+)/kg). Both pH 

and CEC had shown increase in the two practices and soil depth due to the leaching of base cation from upper to lower layers. 

The mean SOC stocks decrease with increasing soil depth about the significant variations with treatments and depth. The SOC 

stock was higher (110.6t c /h) in conservation practice than in conventional practice (50.22 t/ha). Similarly, total N stocks was 

also higher (19.5 t c/ha) in conservation practice than in conventional practice (17.4 t c/ha). SOC and total N in both practices 

had decreased with soil depth due to lower accumulation of organic residue in the lower layer. Likewise, C: N ratios had 

increases with depth due to similar reason the decrease the amount of soil organic carbon and TN pool (e.g. root biomass) with 

depth. However, the C: N ratio has higher value in conservation practice (6.51) than in conventional practice (6.05). Most of 

the measured soil properties were improved in CA aided followed by soil depth compared with conventional agriculture and at 

soil depth layers ones. The interaction of farming practice types and soil depth also significantly affected all parameters. 

Keywords: Nutrient Management, Residue Retention, Crop Rotation, Crop Land Use, Step-wise Integration,  

Soil Bulk Density 

 

1. Introduction 

Agricultural activities were responsible for about one third 

of the world’s greenhouse gas (GHG) emissions, especially 

in developing countries [13]. Certainly, smallholder 

agricultural systems are highly dynamic and heterogeneous 

environments that may have significantly contributed to 

GHG emissions from the past number of decades [3]. 

Another direct because of farmer’s persistent use of 

traditional production practices is rapidly increasing 

production costs agriculture-based technologies for 

production systems. Furthermore, these systems traditionally 

suffer from severe soil organic matter (SOM) depletion due 

to intense decomposition following soil ploughing, consider 
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using most of this ground biomass during harvested, and the 

enhanced soil erosion inherent to those activities [20]. 

Conservation agriculture has been promoted as an 

agricultural practice that increases agricultural sustainability, 

associated with a potential for mitigating greenhouse gas 

emissions [29]. Therefore, conservation agriculture (CA) 

aims to conserve, improve and make more efficient use of 

natural resources through integrated management of available 

soil, water and biological resources combined with external 

inputs. It’s can also be referred to as resource efficient or 

resource effective agriculture [14]. In Ethiopia, 85% of the 

population was direct supported by the agricultural economy 

[17]. 

The residue gradually breaks down in the soil, increasing 

the amount of organic matter in the soil. However, ploughing 

damages the soil cultivation leaves the soil bare, exposing it 

to erosion and water loss through evaporation, which results 

on the capping of the soil surface, accelerated decomposition 

of soil organic matter and contributes to the destruction of 

soil structure. 

Repeated ploughing and cultivation at the same depth 

increases the risk of soil compaction and creation of hardpans 

at the working depth and mixing of the soil layers can 

severely harm soil organisms and reduce soil fertility [24]. 

Since the smallholder farmer, conservation agriculture is 

enhancing the selected soil physicochemical properties and 

soil organic carbon stock, this study was initiated to generate 

scientific evidence on their effectiveness on improving the 

soil carbon stock and other soil physicochemical properties. 

This study aims to disclose the potential of small holder 

farmers’ agricultural practices in enhancing soil organic 

carbon stock and other selected soil physico-properties. 

2. Method and Materials 

2.1. Description of the Study Area 

The study site was located in the Akaki district of the 

special zone surrounding Finfinnee, the Oromia region, 

Ethiopia. It located at 37km southeast of Addis Ababa. 

Geographically, it lies between 8°49'0” N and 8°43'30” N 

latitudes and between 38°43’00” E and 38°48’30” E 

Longitudes. Akaki district bounded by Ada’a district in the 

East, Sebeta Hawas and Kersa Malima districts in the West, 

LibenZukala district in the South and Addis Ababa, Ginbichu 

and Barak districts in the North [2, 15]. 

 

Figure 1. Study site map. 

The study sites were selected purposely; since the soil 

sample was taken from selected site categorized in to CA 

(10.12ha) identify activities like ( integration of acacia 

species distribution in farming land, crop rotation, 

intercropping, minimum tillage and residue retention) and the 

adjacent of conventional agriculture (10.12ha) where no 

management practices were applied and freely accessed were 

used. Criteria for the field site selection were due to recent 

application of conservation agriculture practice as compared 

with traditional farming practices. 

Since, the conservation and conventional agriculture 

practices were found adjacent to each other; the Green 

Foundation of Ethiopia (GEF) and climate resilience green 

economy (CRGE) of the Bibilo and Gemada kebele 
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beginning from 2015 to 2018 GC fund it. The conservation 

site was the project area supported by CRGE project farmers 

an integrated agronomical soil and water conservation 

implemented and conventional agriculture no management 

practices other farming practice without project area. 

2.1.1. Sample Size Determination 

The numbers of required sample plots were decided using 

statistical approach as follows: 

n=
(�∗�)�

��∗��

	
�
��∗��

=32plot                   (1) 

Where: n = total number sample plots 

N = Number of sample plots in the study area 

tα =Student’s t with degrees of freedom at 95% probability 

level 

D = are the standard deviation 

S=sample variance 

2.1.2. Soil Sampling Design and Analysis 

Totaling 96 composite soil samples (2 site replicates * 2 

farming practices * 8 sample plots *3 depth) were collected 

from the specified soil layers (0-10, 10-20 and 20-30) cm. On 

average, the soil sample plots were laid at a distance of 80m 

from each plot for both farming practices and 55m between 

the transect. To avoid the effect of disturbances the first and 

the last transects line were laid at a distance of 150m from 

the edges. Systematic random soil sampling techniques were 

used from two farming practices. At each site, soil samples 

were collected from 24 sampling points in February 2018. 

Soil samples were collected from two farming practices 

conservation and conventional agriculture at the specified 

three soil layers of the four sub-plots of the main plot within 

each soil layer of the two farming practices. The soil bulk 

density (Bd) samples were taken for the different depth 

intervals following the core method [4]. Totally 96 

undisturbed soil samples were taken from to determine soil 

bulk density. 

2.1.3. Soil Laboratory Analysis 

Soil particle size distributions were determined by 

Bouyoucos hydrometer method [7]. The soil organic C 

fraction was determining following [27] method. Total 

nitrogen was analyzed using the Kjeldahl method. Soil pH 

was measured potentiometrically in the supernatant 1:2.5 

soil: liquid mixture of waterusing a pH meter pH-H2O [25]. 

Cation exchange capacity was analyzed using Ammonium 

acetate by [6] method. 

The bulk density of 96 of soil samples was oven dried at 

105°C for 48 hours and the rock fragment correction was 

done. Soil bulk density of the soil sample was calculated 

using (equation 2). After the oven dried soil mass identified 

the rock fragment (>2mm) size was again dried for then mass 

rock fragments and fine soil bulk density was measured [8 

and 15]. 

BD-fine soil=
	
���	���	������

������	������ 
!"#$%		&'	(&)*	'(+)	#&,

-	(&)*	'(+$.",	

       (2) 

Where: BD=Bulk density, P = a rock fragment mass (ρ 

rock fragments) of 2.65g/cm
3
 [10]. In the laboratory the soil 

was air-dried and weighed. A sub sample was then oven-

dried, and gravimetric water content was calculates to 

establish the oven-dried weight of the total sample. 

2.1.4. Soil Organic Carbon and Total Nitrogen Stock 

Estimation 

The soil organic carbon and TN by volume (C kg m
-2

, N 

kg m
-2

) for individual profile soil layers was calculated using 

(equations 3 and 4). 

SOC d/(kg/m
2
)=100×(OCi×Bdi×Di×(1-pi)  (3) 

TN d/(kg/m
2
)=100×(TNi×Bdi×Di×(1-pi)   (4) 

Where: SOCd is the Soil organic carbon density, 

STNd is the soil total nitrogen density (kg m
2
, N kg m

2
), 

Bdi is the bulk density of layer i, OCi is the 

concentration of organic carbon (C %) in layer i, Di is 

the thickness of this layer (cm), and pi is the volume of 

the fraction of fragments >2mm. 

Since the soil, particles were mostly above 2mm, this 

fragment fraction was calculate by (equation 2). Soil organic 

carbon stocks (t/ha) were primarily calculated by multiplying 

measured soil organic carbon (SOC) values (g soil
−1

) with 

bulk density (g/cm-
3
) and the depth of the sampled soil and 

also e×pressed in kg per mg of soil. The SOC (kg m−
2
) 

density was calculate [23]. The representative values of the 

soil organic carbon density were average and converted to 

soil organic carbon stock in tons per hectare (t C ha-1) for 

each farming practices. 

The soil carbon stock was calculated using the equation. 

SCS =
�
2�∗(����	3���	4���)

566
             (5) 

TNS =
�9��∗(����	3���	4���)

566
            (6) 

SCS (total) = ∑SCS                 (7) 

TNS (total) = ∑TNS               (8) 

Where: SCS is the soil carbon stocks (T/ha) or TNS is the 

total nitrogen stocks (T/ha), SOCd is the soil organic carbon 

density (kg/m
2
) or STNd is the soil total nitrogen density 

(kg/m
2
). (Area) were the SOC or TNS stock (Tons/ha), the 

SOC or TN density (kg/m
2
) and the area (m

2
) for agricultural 

land of each farming practices situation. SCS or TNS was the 

sum of the SOC or TN Sock of all land cover types at layer 

(0–10 cm, 10–20 cm and 20–30 cm). 

Soil organic carbon stock or TN stock each layer of the 

dominant CA and conventional agriculture was calculated by 

multiplying the SOC or TN density obtained from equation 3 

by the total area covered by a particular farming practices. 

Subsequently, SOC density or TN density in each soil layer 

thickness was summed up to determine soil organic C and 

TN stock contained up to 30 cm depth for each farming 

practices. 
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2.2. Statistical Analysis 

The soil carbon stocks and other selected soil 

physicochemical properties were subject to analysis of using 

(SAS. V. 9.3, SPSS 23 version) software program. Two-way 

ANOVA was employed by ‘t’ independent method, to 

analyze the interaction effects and mean values of selected 

soil properties within and among the two farming practice 

types and three soil depth at p<0.05 significance level. Test 

for normality by similar to Shapiro-wilk of the distribution of 

all dependent data was verified prior to analysis. All 

statistical analyses were performed at P ≤ 0. 05. 

3. Results and Discussion 

3.1. Soil Physical Properties 

Soil Particle Fractions and Bulk Density 

The soil textural class across the farming practices was 

clay (Table 1), indicating that the inherent property was 

originated from the same parent material. The result showed 

that the dominant clay mineral of the vertisols in the study 

area. 

The fact from the result showed that soil bulk density (Bd) 

varied significantly with treatments, depths and the 

interaction effects (p<0.0001, Table 2). It was lower in soil 

under conservation (0.78 g/cm
3
) in the top (0-10cm) surface 

soil than in the rest of the depths under the CA and 

conventional practice (Table 1). 

The soil Bd showed an increasing tendency with depth 

across the treatments (Table 1), Soil Bd at bottom layers of 

conventional agriculture increased by 47.29% as compared to 

the conservation agriculture (Table 1). In conventional 

agriculture, the bulk density at 0-10cm soil layer was higher 

(35.53%) than the 0-10 cm soil depth as well as in the 

conservation agriculture. Whereas, the conventional 

agriculture, the Bd of the soil layer, 20-30cm was 

significantly (P<0.05) higher (24.32%) than in that of the soil 

depth 20-30cm conservation agriculture (Table 1). 

The main effect, of conventional agriculture was also 

significantly (P<0.05) higher (1.34g/cm
3
) than CA (0.95 

g/cm
3
) (Table 1). In terms of the soil depth, the highest Bd 

(1.48g/cm
3
) was recorded at the lower soil depth (20-30cm) 

under conventional agriculture higher than the bottom layers 

(20-30cm) conservation agriculture (1.12 g/cm
3
) (Table 1). 

The mean bulk density for total depth 0–30 cm across the 

two farming practice was increased from 0.95 g/cm
3
 under 

conservation agriculture to 1.34 g/cm
3
 in conventional 

agriculture. However, the Bd in the CA was significantly 

(P<0.05) lower as compared with conventional agriculture 

across the farming practices and vertical soil profile. 

Table 1. Soil te×tural fractions and soil bulk density (Bd) in relation to farming practice and soil depths. 

Variables Depth (cm) 
Farming practice type 

Conservation Agriculture Conventional Agriculture 

Sand (%) 

0-10 16±4b 25.6±3a 

10-20 21±6b 24±5a 

20-30 17±4c 26±8b 

Overall 18±4.6b 25±5.3a 

Silt (%) 

0-10 24±4b 28±6a 

10-20 25±5b 26±6a 

20-30 30±11a 25±7b 

Overall mean 26.4±6.6b 26 ±6.3b 

Clay (%) 

0-10 60±4a 47±9b 

10-20 54±6ab 50±7b 

20-30 53±12b 50±12bc 

Overall mean 55.6±7.3b 49±9.3c 

Bd (g/cm3) 

0-10 0.78 ±0.03c 1.21±0.05d 

10-10 0.95 ±0.05b 1.35±0.04b 

20-30 1.12±0.13ab 1.48±0.04a 

Overall mean 0.95 ±0.07b 1.34±0.04b 

TL 

0-10 Clay Clay 

10-20 Clay Clay 

20-30 Clay Clay 

Similar superscript letters were shown in the column for the same parameter indicate no significant difference at 0.05 where, Bd=Bulk density (g/cm3), 

TL=Te×tural class. 

Table 2. Two-way ANOVA results for soil bulk density and soil te×ture. 

source of 

variation 
DF 

Sand (%) Silt (%) Clay (%) BD (g/cm3) 

MS P MS P MS P MS P 

FP 1 5.3 0.216 3.39 0.0235 1.47 <.0001 0.292 <.0001 

D 2 3.18 0.398 4.3 0.5102 0.58 <.0001 0.155 <.0001 

FP×D 2 11.48 0.039 1.57 0.1834 0.02 0.0457 0.04 <.0001 

Error 89 3.41 
 

63.9 
 

0.0057 
 

0.0028 
 

DF Degree of freedom, FP Farming practice, D soil depth, SE standard error of the mean 

The similarity in textural class with the two farming practices shows the fewest impacts of the on the soil forming 
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processed as parent materials could not be changed shortly, 

since the duration of the agricultural practices was four years. 

Thus, was in line with [5] in which the textural class of a soil 

did not change by the management practice. 

The highest soil bulk density of the conventional 

agriculture could be due to land degradation; high soil 

erosion and compaction of soil particles as resulting in higher 

bulk densities reduce soil fertility. However, the fine soil 

particle has transported by soil erosion and compaction by 

livestock’s. 

In line with this study, [22] reported that the bulk density 

of vertisols varies greatly from their swelling and shrinking 

nature with changes in soil moisture content. Similarly, [22] 

added that the soils have high bulk density when these are 

dry and low values when in a swollen stage. Such as 

variations at the lower end of BD are more than at the highly 

ending of BD because low BD is associates with organic 

soils (high C org) and a change from say, 0.78 to 1.48 g/cm3 

leads to a doubling of SOC stock and mass. The highest bulk 

densities was due to the land degradation and high soil 

erosion for compaction of soil particles as resulting of higher 

bulk densities of conventional practices [24]. 

Similarly, from Tanzania, Kenya, and Zimbabwe, reported 

that there was a significant difference in soil bulk density 

under conservation farming practice than conventional 

agricultural practices within four years practices [11, 19, 13]. 

So based on these findings, the soil bulk density may be 

affected or changed after practicing conservation agriculture 

at four years’ of duration. 

3.2. Soil Chemical Properties 

3.2.1. Soil pH (H2O) and CEC 

The results showed that the mean values of pH (H2O) were 

significant at (p<0.05) from the two farming practice and in 

all soil layers (Table 3). Similarly, the pH of the CA in all soil 

layers (0-10, 10-20 and 20-30cm) was higher by 24.42%, 

21.82% and 17.23% than the conventional agriculture at the 

same soil layers (Table 3). 

Together, the higher mean value of pH was recorded in CA 

by the variation in 8.38% to 34.63% at the middle soil layers 

(10-20 cm) and lower soil layer (20-30 cm) respectively. 

This study indicated that the mean values of pH under CA 

were at P<0.05 significant higher (7.28) than the mean values 

of the conventional agriculture (5.75) and the highest mean 

value of pH was recorded at the lower soil layers (Table 3). 

Table 3. Soil chemical properties in relation to farming practice and soil depths. 

Variables Depth (cm) 
Farming practice type 

Conservation Agriculture Conventional Agriculture 

pH (H2O) 

0-10 6.92±0.58a 5.23±0.45c 

10-20 7.33±0.10b 5.73±0.53d 

20-30 7.6±0.20a 6.29±0.65b 

Overall mean 7.28±0.29ab 5.75±0.54abc 

CEC (Cmol/kg) 

0-10 13.12 ±0.99b 8.50± 2.84d 

10-20 14.28±1.09b 9.99±2.16c 

20-30 16.4 ±1.67a 11.92±3.28ab 

Overall mean 14.6±1.66b 10.13 ±2.76c 

Overall means within rows and columns followed by the same letter are not statically different at p<0.05 with respect to soil depth and farming practice, 

Where PH= pH of soil, CEC=cation e×change-capacity (Cmol (+)/kg). 

The mean values of CEC under CA increased by 27.31% than 

conventional agriculture. Similarly, it increased by 35.21%, 

30.04% and 27.31% under the soil depth 0-10, 10-20 and 20-

30cm CA then conventional agriculture (Table 3). Moreover, the 

higher mean values of CEC were recorded at in all soil layer (0-

10, 10-20 and 20-30 cm) of the CA than the conventional 

agriculture of the same soil layers, respectively (Table 3). 

Consequently, the main effect of the two farming practices 

(conservation and conventional agriculture) on CEC was 

significant.i.e.; the CEC of the CA was greater than the CEC 

of conventional agriculture by 30.61%. Likewise, the CEC was 

to show increments significant (p<0.05%) (13.12 Cmol (+)/kg, 

14.28 Cmol (+)/kg, 16.4 Cmol (+)/kg) with the increase in the 

soil layer (0-10, 10-20 and 20-30 cm) (Table 3). 

Table 4. Two-way ANOVA results for soil pH and CEC. 

source of variation DF 
PH (H2O) CEC (Cmol (+)/kg) 

MS P MS P 

FP 1 12.8 <.0001 29.91 <.0001 

D 2 6.82 <.0001 3.37 <.0001 

FP×D 2 11.1 0.0304 0.24 0.0352 

Error 89 0.005 
 

5.31 
 

DF, Degree of freedom, FP farming practiced, D soil depth, SE standard error of the mean, MS Mean square, PH soil pH or soil reaction, CEC, Cation 

e×change capacity. 

 

The soil pH of conventional practice was generally lower 

from the early stages of management than conservation 

agricultural. This study is in line with [10; 1; 9] in which 

lower soil pH was e×hibited in conventional practice than the 

conservation practices. Such a result might be attributed to 

the depletion of organic matter in intensive cultivation/ 
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conventional agriculture. [20] also added that root respiration 

and decomposition of organic matter produces carbon 

dio×ide, which reacts and forms a weak acid, carbonic acid, 

and this can be a contributing factor to soil acidification in 

conventional agriculture farming practices. 

The higher CEC record in CA than the conventional 

agriculture could be due to the higher root biomass 

production of crop species and retention of crop residue on 

the soil surface that caused build-up of organic carbon 

responsible for greater CEC under conservation agriculture 

system. This study is in line with studies by [26; 28] also 

reported the higher the CEC in CA than the conventional 

agriculture. Similarly reported by [18] also reported increase 

the CEC in upper layers of soil the residue raised as 

compared residues was removed farming practice. Similarly, 

[18] also reported that increase the CEC in upper layers of 

soil the residue raised as compared residues was removed 

farming practice that attributed to the presence of high soil 

carbon content. 

3.2.2. Soil Organic Carbon and TN Content 

The mean values of soil organic C and TN content of the 

soils showed much variation among the two farming 

practices and soil depth (Table 5). The soil organic C and TN 

content of upper soil layers (0-10cm) of the conservation 

agriculture (CA) increases by 36.3% and 43.75% as 

compared to soil layers (0-10) of conventional agriculture 

practices (Table 5). 

Similarly, the soil organic carbon and TN content in CA 

under 20-30cm soil depth increased by 28.39% and 9.09% as 

compared with 20-30cm soil depth of conventional agriculture. 

With further variability (11.21% to 27.97%) was recorded at 

the top soil layer (0-10cm) of the two farming practices 

(conservation and conventional agriculture) with the lower 

range of soil disturbance in conservation agriculture and higher 

range of soil disturbance in the conventional agriculture. 

It was higher SOC and TN content (1.68%, 0.32%) 0-10cm at 

soil layers, and the lower (1.07%, 0.18%) at 0-10cm of CA and 

conventional agriculture (Table 5). With increasing the soil 

depth, both SOC and TN were decreased in both farming 

practice (conservation and conventional agriculture); while, the 

SOC and TN in conservation agriculture (CA) was higher than 

in the conventional agriculture. It is also clearly visible that as 

the soil depth increases the SOC and TN content decreased 

continuously in both farming practices (Table 5). Soil organic C 

concentration in the total soil layers was higher (1.19%) in CA 

than the conventional agriculture (0.78%) at P<0.05 significant. 

An overall total N for the CA was increased by 35% 

higher than the conventional agriculture at significant 

(P<0.05) (Table 6). An effect of farming practices by soil 

depth of TN was significantly higher (0.32%) at 0-10cm 

surface layer of the conservation higher than in the surface of 

the conventional agriculture (0.10%) (Table5). The higher 

(1.68%) SOC was recorded at the top soil layer of the CA 

than the conventional agriculture (0.72%). 

Table 5. Soil chemical properties in relation to the farming practice and soil depths. 

Variable Depth (cm) 
Farming practice type 

Conservation Agriculture Conventional Agriculture 

SOC (%) 

0-10 1.68±0.47a 1.07±0.12b 

10-20 1.1±0.22b 0.72±0.09c 

20-30 0.81±0.25ba 0.58±0.12d 

Overall mean 1.19 ±0.31c 0.78±0.11a 

TN (%) 

0-10 0.32 ±0.04b 0.18±0.03c 

10-20 0.17 ±0.03b 0.13±0.02c 

20-30 0.11 ±0.01ab 0.10±0.02d 

Overall mean 0.2±0.02a 0.13±0.023a 

C: N 

0-10 6.23 ±2.7c 5.5 ±2.5cb 

10-20 6.38±1.01b 6.04 ±1.3ba 

20-30 6.93 ±2.4a 6.62 ±1.23ab 

Overall mean 6.51±1.01ac 6.05 ± 1.03cb 

Overall means within rows and columns followed by the same letter are not statically different at p<0.05 with respect to soil depth and farming practice, 

Where SOC=soil organic carbon content (%), TNC=total nitrogen content (%), C: N=carbon to nitrogen ratios. 

The increasing result of SOC and TN in CA was consistent 

with another study that indicated SOC as affected by conservation 

agriculture within four years of practice when compared to 

conventional agriculture. Similarly [21] reported higher plant 

biomass production leading to large amounts of root residues left 

in the system and a lower rate of organic matter decomposition 

due to minimum soil disturbance. In addition, [13] reported higher 

SOC concentrations in surface soils under CA as compared to 

conventional agriculture of northwestern India. 

In line, [6] reported that adding more N fertilizer increase 

total amount of crops; hence, production of more field biomass 

that has been also lead to more addition of C contents with the 

higher N level to the soil through more crop residues and a 

larger root biomass. Inline, [12] also reported that increases in 

total N had been measured with increasing additions of crop 

residue. Similarly, reported with increasing [18] also added 

reported that the amount of straw retained under permanent 

raised cropland increased total N. Following the rating of total 

N of > 1% as very high, 0.5 to 1% high, 0.2 to 0.5% medium, 

0.1 to 0.2% low and < 0.1% as very low N status as indicated 

by [29] conservation agriculture practices with the soil depth 

layers have medium content of total N. 

3.3. Carbon-nitrogen Ratio 

The mean value of C: N at 20-30cm layer of the soil of 
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conventional agricultural was significant (p<0.05) lower than 

in the 20-30cm of conservation agriculture (CA) (Table 6). 

Mean value of C: N ratios in the CA increased by 4.47, 5.32 

and 11.71% than the conventional agriculture at the soil layers: 

0-10, 10-20 and 20-30cm (Table 5). C: N ratio of surface and 

subsurface layers increases with depth, with values ranging 

from 6.62 to 6.93 at 20–30cm soil layer and 6.04 to 6.38 at soil 

layers 10–20 and 5.5 to 6.23 at soil layer 0-10cm in both 

conventional and conservation agriculture respectively (Table 

5). At depths of 0–10, 10–20 and 20-30cm the C: N ratio was 

greater conservation agriculture (CA) then under conventional 

agriculture due to influence by management practices. The C: 

N ratio was highly variable, especially lower in the soil depth 

due to influenced soil disturbed by cultivation. The C: N ratio 

differed between CA and conventional agriculture at any soil 

depth. Mean C: N ratios in vertical soil depth was significantly 

the agricultural practice increases with increase soil depth in 

the lower layers of soil depth 20- 30cm increases than the 

upper layer soil profile at significance level (Table 5). The C: 

N showed an increasing tendency with depth across the 

treatments (Table 5), C: N an overall soil layers of 

conservation agriculture increased by 7% as compared to the 

conventional agriculture (Table 5). 

Table 6. Two-way ANOVA results for soil SOC, TN and C: N. 

Source of variation DF 
SOC (%) TN (%) C: N 

MS P MS P MS P 

FP 1 3.2599 <.0001 11.75 <.0001 309.5 <.0001 

D 2 3.1848 <.0001 5.483 <.0001 92.34 <.0001 

FP×D 2 0.0372 0.048 0.856 0.043 0.66 0.046 

Error 89 0.0548 
 

0.026 
 

5.423 
 

DF=Degree of freedom, SE standard error of the mean, FP=farming practice, D= soil depth, MS=Mean square, SOC= soil organic carbon content, TN= Total 

nitrogen content, C: N= carbon to nitrogen ratios. 

The relatively narrow range of soil organic C: N throughout 

the soil profile and its general increases with depth. The ration C: 

N in conservation agriculture, soil was slightly higher than 

conventional agriculture soils. However, due to C: N lower in 

conventional agriculture affects the decreasing of N pool. 

However, conventional agriculture mono cropping was 

probably, caused by larger root biomass that might have been, 

e×posed to drier soil by rapid soil water uptake throughout the 

year each time available. The observed values of C: N ratios 

may suggest that there was no N immobilization, which could 

significantly affect the availability of N for crop uptake. 

Estimation of Soil Organic Carbon and Total Nitrogen 

Stock 

The mean values of soil organic carbon and Total N stocks 

of the soil showed significant variation across sampled 

farming practices and in all soil depths (Table 7). 

The average differences in soil carbon stocks in CA and 

conventional agriculture in the soil depth 0-10cm layer varied 

between 37.59 CT/ha and 1.54 NT/ha whereas, the average 

difference in soil depth 20-30cm soil carbon stock varied 

from 27.52 CT/ha and 2.39 NT/ha. This means the carbon 

concentration the mean of SOC and TN stocks decreases 

with increasing soil depth for both CA and conventional 

agriculture treatments. 

The carbon stock was a conservation agriculture for the 0-10cm 

depth layers significantly (p<0.05) higher than conventional 

agriculture for the 0-10cm soil depth layers. The SOC stock in all 

soil layers (0-10, 10-20, and 20-30 cm) were also higher by 

47.61%, 57.75% and 61.15% than in the conventional agriculture 

of the same soil layer at (P<0.05) significant level. 

Table 7. SOC and TN stocks in relation to the farming practice and soil depths. 

Variables Depth (cm) 
Farming practice type 

Conservation Agriculture Conventional Agriculture 

SOC stock (T/ha) 

0-10 133.3±37.6a 69.83±1.55c 

10-20 109.4±26.7bc 46.22±1.84b 

20-30 89.1±27.5c 34.61±2.39d 

Overall mean 110.6±7.65ad 50.22±0.79a 

SOC density (kg/m2) 

0-10 13.1±3.5a 6.86±0.24b 

10-20 10.75±2.4b 4.54±0.12c 

20-30 8.76±2.5 c 3.4±0.15d 

Overall mean 10.87±3.6ab 4.9±0.17a 

TN stock (T/ha) 

0-10 27.03±3.24a 20.27±2.6a 

10-20 17.65±2.44b 16.72±1.3b 

20-30 13.83±3.10c 15.22±1.7c 

Overall mean 19.5±2.92ac 17.4±1.86ab 

TN density (kg/m2) 

0-10 2.48±0.3a 0.86±0.14d 

10-20 1.62±0.22b 0.54±0.12b 

20-30 1.27±0.3c 0.4±0.15c 

Overall mean 1.79±0.27ab 0.6±0.13d 

Similar superscript letters shown in the column for the same parameter indicate no significant difference, not significant at 0.05. SOCd, soil organic carbon 

Density (kg/m2) SOCS, soil organic carbon stocks (T/ha), TNd, total nitrogen density (kg/m2), TNS, total nitrogen Stocks (T/ha). 
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In terms, of the main effect of the farming practices, soil 

organic carbon and total N stocks were 110.6 CT/ha and 

19.5NT/ha under conservation and conventional agriculture 

practices respectively (Table 7). Whereas, conventional 

agriculture 50CT/ha and 17.4 NT/ha the comparison between 

the management system (Table 7) showed a significant 

decrease in the SOC stocks of conventional agriculture. 

Among the two farming practices and soil depths, the lowest 

mean soil organic carbon stock (0.58% or 34.61 t/ha) in the 

lower layer of conventional agriculture and the highest SOC 

stock (1.68% or 133.3CT/ha) at the upper soil layer of 

conservation agriculture practice was recorded (Table 7). The 

soil organic carbon and TN stock was showed a decreasing 

tendency with depth across the treatments at significantly 

(P<0.05) (Table 7). 

Table 8. Two-way ANOVA results for soil SOC and TN stocks. 

source of variation DF 
SOC stock (T/ha) TN stock (T/ha) 

MS P-Value MS P 

FP 1 625.5 <.0001 11.75 <.0001 

D 2 18.1 0.0808 5.483 <.0001 

FP×D 2 12.6 0.01723 0.856 0.0433 

Error 89 56.29  0.2633  

DF, Degree of freedom, FP Farming practice, D soil depth, SE standard error of the mean, MS mean square, and SOC soil organic carbon stocks, TN, Total 

nitrogen stocks. 

Such management practices impact improving the soil 

physicochemical properties and SOC stocks. Furthermore, a 

low carbon stock in the conventional agriculture has been 

due to the crop uptake, leaching, and surface erosion losses. 

The lower TN stocks in the soil depth and across the farming 

practices were due to the reductions under the conventional 

system could related to topsoil soil layer, to no input of 

organic material and to increase topsoil e×posure. 

A continuous various leguminous crop can e×plain the 

presence of high soil nitrogen stocks in the conservation as 

compared conventional agriculture and crop residue could 

constitute the lion’s share for the high soil OC and total 

nitrogen stocks conservation agriculture practice. 

4. Conclusion 

The conventional farming practice that involves intensive 

and continuous cultivation is the cause of the lower SOC 

stock and other soil physicochemical properties e×hibited in 

the cultivated land without any conservation measures. The 

lower other selected soil chemical properties concentrations 

have recorded in conventional farming practices. 

Furthermore, soils under these conventional farming 

practices had lower SOC stocks than in the conservation 

agricultural practice due to crop residues are being grazed, 

burned or removed and sometimes incorporated by the 

plough, and intensive tillage and mono cropping; that is 

causing the soil fertility depletion. The conservation, 

agricultural practices have influenced the selected soil 

physicochemical properties and soil carbon stocks. It has 

enhanced the SOC stock and other selected soil 

physicochemical properties in conservation agriculture than 

in the conventional agricultural practice. The soil depth is 

also influencing these soils physicochemical properties 

regardless of the farming practices. 

Therefore, CA practices improve soil aggregation; reduce 

bulk density in long run due to carbon pool and improvement 

of soil structure. The higher amount of SOC in surface soil 

layer in CA is due to higher accumulation of crop residue, 

which also increases the availability of mineral nutrition. 

Thus, the implementation and adoption of restorative land 

use. Such as CA practice with appropriate soil management 

could result in carbon and nitrogen accumulation, 

stabilization, and sustainable use of soil resources. 
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