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Soil organic carbon is a fundamental soil resource base. However, there is limited information on soil 
organic carbon storage due to influence of tillage type and soil texture under smallholder production 
systems in Ethiopia. The objective of this study was therefore to quantify soil organic carbon in 
different soil textures and tillage types; and to the contribution of livestock in improving soil carbon, 
soil structure and soil fertility. Fifteen sample sites were selected for soil chemical analysis details on 
crops, soil and land management practices for each sample site was collected through household 
interviews, key informants discussion and literature review. The carbon storage per hectare for the four 
soil textures at 0 to 15 cm depth were 68.4, 63.7, 38.1 and 31.3 t/ha for sandy loam, silt loam, loam and 
clay loam; respectively. Sand and silt loams had nearly twice the organic carbon content than loam and 
clay loam soil.  The soil organic carbon content for tillage type at 0 to 15 cm was 8.6, 10.6, 11.8 and 19.8 
g kg

-1
for deep tillage, minimum tillage, shallow tillage, and zero tillage; respectively. Among tillage 

types soil organic carbon storage could be increased by using the minimum and shallow tillage. Carbon 
saved due to shallow cultivation as practiced by Ethiopian smallholders using oxen drawn plough 
contributed to carbon trade off of about 140 million ton per year. At current levels of carbon saving 
shallow tillage would generate $4.2 billion of revenue per year for Ethiopian smallholders. 
 
Key words: Carbon budget, crop residue, manure, smallholder farming, soil texture, tillage. 

 
 

INTRODUCTION  
 
Soil carbon storage is defined as ―the process of 
transferring carbon dioxide from the atmosphere into the 
soil through crop residues and other organic solids, and 
in a form that is not immediately reemitted‖. This transfer 
or  ―storage‖ of carbon helps to off-set emissions from 
fossil fuel combustion and other carbon-emitting 

activities, while enhancing soil quality and long term 
agronomic productivity (Sundermeier et al., 2005). Under 
mixed crop and livestock production systems in Ethiopia, 
crop production is the major cash income earner (IPMS, 
2004), while livestock production plays an important role 
as a source of draught power for crop production, organic 
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fertilizer, for crop production as well as serve as a living 
bank; and for household income generation and for 
human nutrition (Hadera, 2001).  

Although livestock production was associated with 
environmental degradation and ecological devastation 
and irreversible desertification (FAO, 2006); there is an 
ample evidence to show that livestock production 
contributed positively to environmental stability in terms 
of carbon balance into the soil. Under smallholders 
management, the positive aspects of livestock production 
contribution to carbon storage is attained when farmers 
use animal power for farm operations such as ploughing, 
disking, ridging, weeding, threshing and transporting 
agricultural inputs and outputs; which is a carbon zero 
operation compared  with mechanized agriculture (de 
Hann et al., 1998).  The addition of animal manure and 
livestock waste into the soil is an alternative management 
option as carbon input for soil carbon storage (FAO, 
2001; Lal, 2002, 2004). 

Soil texture plays an important role in carbon storage in 
the soil and strongly influences nutrient availability and 
retention. Whendee et al. (2000) reported that sandy soils 
stored approximately 113 t/ha carbon to 100 cm depth 
versus 101 t/ha carbon in clay soils in a forest ecosystem 
in the Amazon. Fine-textured soils prevent organic matter 
against decomposition by stabilizing with minerals and 
clay surfaces; and physical protection of organic matter 
within aggregates (FAO, 2004).Carbon and nitrogen 
mineralization rates are often lower in clay soils than in 
coarse-textured soils because of the holding capacity of 
organic molecules onto surface minerals, which seems to 
be a major mechanism of soil organic-matter preservation 
(Christensen, 2001). Soils with less than the protective 
capacity are potentially capable of sequestering soil 
organic carbon in their clay and silt fractions (FAO, 2004).  

Soil organic carbon content of cropping soils is well 
below the potential protective capacity, because they 
have been subjected to conventional tillage and burning 
practices, which cause substantial carbon losses (Lal, 
2004). Therefore, tillage types have important impacts on 
soil organic carbon including controlling residue 
placement in soils (FAO, 2004). Deep tillage buries crop 
residue, but the residue is not mixed uniformly throughout 
the tillage depth (Lal, 2004). Moreover, tillage brings 
subsoil to the surface where it is exposed to atmospheric 
cycles (Lemus and Lal, 2005) and increases the 
decomposition of soil organic carbon. However, zero 
tillage provides minimum soil disturbance and promotes 
soil aggregation through enhanced binding of soil 
particles (FAO, 2004).  

Depletion of soil organic carbon stocks has created a 
soil carbon deficit that represents an opportunity to store 
carbon in the soil through a variety of land management 
approaches (Franzluebbers et al., 2000). Increase in soil 
organic carbon can be achieved by increasing carbon 
inputs and decreasing the decomposition of soil organic 
matter or both (Rosenberg et al., 1999). Sundermeir et al. 
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(2005) observed that the rate of organic carbon 
sequestration in the soil increase by each ton of residue 
applied was more for zero tillage than for plough-tilled 
cultivation. 

Therefore, it is important to study the impact of different 
land tillage practices under mixed crop and livestock 
production systems on carbon storage as well as the 
contribution of livestock to carbon storage through 
shallow tillage. 

Previous research studies on carbon storage were 
related to natural resource management, forestry and soil 
perspective (Lal, 2004),  whereas the current study was 
related to the contribution of livestock to improving soil 
organic carbon, soil structure and soil fertility; and the 
role of animal draught power in decreasing soil organic 
carbon decomposition due to tillage.  

In this article, the relationships of soil organic carbon 
with both soil texture and tillage types was evaluated and 
discussed. The hypothesis that soil carbon content 
depends on the soil texture and tillage types was also 
tested. We also assessed the contribution of livestock 
and crop residues in improving soil structure, soil organic 
carbon and fertility. The investigation was based on soil 
samples collected in 2009 for chemical analysis as well 
as in the same year land; livestock and a crop 
management history of the study sites were captured 
through interviews with farmers and key informants who 
had a good knowledge of the study area. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was conducted in central Ethiopian highlands that 
represent 90%of the farming system in Ethiopia. In the highlands, 
the main agricultural activity is smallholder mixed farming systems 
dominated by crop production and livestock keeping (Constable, 
1984), livestock play a key role in crop farming in ploughing the soil, 
threshing, transporting and adding manure to the soil. 

The highland further subdivided into three zones based on the 
development potential and resource base at: the high potential 
cereal/livestock zones, the low potential cereal/livestock zone; and 
high potential perennial crop/livestock zone (Amare, 1980; FAO, 
1988). 

The current study  area falls under the high potential 
cereal/livestock production  zone (IPMS, 2004),  which is located 
southeast of Addis Ababaat latitude 8°46’ 16.20’’ to 8°59’ 16.38’’ N 
and longitude  38°51’ 43.63’’ to 39°04’ 58.59’’ E,  on the western 
margin of the Great East African Rift Valley. The altitude of the area 
ranges from 1500m to 2000m above sea level. Two major agro-
climatic zones were identified in the study area: the mountain zone 
>2000meter above sea level, which covers 150km2or 9% of the 
area; and the highland zone at 1500 to 2000 m above sea level, 
which covers >1600 km2or 91% of the area (IPMS, 2004). 

The agro-ecology of the study area is best suited for diverse 
agricultural production systems. The area is known for its excellent 
quality Teff grain, which is an important staple food grain in Ethiopia 
that is used for making bread (Enjera). Wheat is the second most 
abundant crop, while pulses especially chickpeas grow in the 
bottom lands and flood basins. Livestock production is an integral 
part of the whole agricultural production system.

http://academic.research.microsoft.com/Keyword/38705/soil-texture
http://academic.research.microsoft.com/Keyword/28636/nutrient-availability
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Table 1.Description of soil texture and tillage type of sample sites. 
 

Site No. Description(Crop history and ecology) 
Tillage 

type 

Soil 
texture 

At  0 to 15 
cm 

Soil 
texture 

at 15to 30 
cm 

1 
Fenced and resting land. This site has been undisturbed and unploughed for over 
30 years. 

ZT SL SL 

2 A commercial farm where farmyard manure was  applied for seven years. DT L SAL 

3 This site had experience of crop rotations of cereals with pulses. ST L L 

4 
The land  was ploughed   once and then  herbicides were applied during or just 
before  sowing of cereals 

MT L CL 

5 
This site was a smallholder backyard manure application plot closer to the 
homestead. 

ST SAL CL 

6 Compost was applied to this site. ST L L 

7 This site was a field where crop residues were well managed. ST CL CL 

8 This site was overgrazed, degraded and eroded land.  UT SL SL 

9 This site was degraded, fenced for more than 15 years.   UT SAL L 

10 This site experienced continuous  deep cultivation with heavy machinery. DT L L 

11 This site was a farm plot near plastic factory effluent.  ST SAL CL 

12 This site was a farm plot near detergent factory effluent.  ST CL CL 

13 This site was a farm plot near steel factory effluent.  ST SL SL 

14 This site was an animal waste disposal plot for 40 years without cropping.  ZT SAL SAL 

15 
This site was a swamp where runoff from the mountains leached away nutrients 
from the farms and deposited them in the swamp. 

ZT SL SL 

 

Key for tillage: ZT=Zero tillage, DT= deep tillage, ST= shallow tillage, MT=minimum tillage, Key for texture: L= loam, SL= silt loam, SAL= sandy loam, CL= clay 
loam.  

 
 
 
Study methods 
 
The study was designed to quantify soil organic carbon in different 
soil textures and tillage types and to determine the contribution of 
livestock in improving soil carbon, soil structure and soil fertility. The 
study combined socioeconomic surveys with laboratory chemical 
analyses. The laboratory data were complemented by land 
management histories and the current land management practices. 
Sample sites were selected purposely in consultation with farmers, 
experts and reviewing of secondary data. The selected sample 
sites had 15 characteristics, which were further subdivided into soil 
textures and tillage types to estimate carbon stock. Sample sites 
were described as shown in Table 1 based on world overview of 
conservation approaches and technology categorization system for 
conservation measures and land use management (WOCAT, 
2013). The soil textures were subdivided into four classes based on 
the AOAC (2000) and Asnakew (1988) as loam, sandy loam, silt 
loam and clay loam.  

The tillage types were classified as described by Abiye and 
Firewe (1993) as follows: deep tillage uses mechanized tractors 
with disc ploughs at a soil depth 30 cm and above. Minimum tillage 
involves the removal of weeds first by using herbicides followed by 
ploughing only once by oxen at the depth of 8 to 10 cm before 
sowing. Shallow tillage uses a traditional ox-drawn plow at the 
depth of 15 to 20 cm. Zero tillage is where an area has never been 
ploughed for a long period of time. 
 
 
Soil sampling and analysis 
 
In June 2009, soil samples were taken from the above 15 sites 
samples were collected to  determine the impacts  of  different  land 

management practices and conservation measures such as slopes, 
degradation level, crop history, tillage type, level of fertilization, 
residue management  and compost or manure application. Crops, 
soil and land management practices for each site were described 
based on detailed interviews with farmers, key informants and 
literature review. At each site, the auger was used to take samples 
from the top soil  at 0 to15 cm and 15 to 30 cm soil depths at four 
points spaced within 30 to 50 m intervals through a transect walk. 
Soil extracted at these points was pooled to make up a single 
sample for analysis and mineralization assays. Prior to the soil 
sample collection, coarse organic matter (leaves, wood, and roots) 
was removed by hand. The samples were mixed and homogenized, 
and the pooled sample was stored in a plastic bag and transported 
to Debrezeit research centre soil laboratory within two hours of 
collection. Immediately after the arrival, soil samples were air dried 
ground with mortar and pestle, and sieved through a 2mm sieve. 
Soil organic carbon content was determined by using the procedure 
described by Walkely and Black (1934). Particle size analysis was 
carried out as described by Bouyoucos (1951).   

Soil moisture analysis was done by oven drying of 15 samples for 
24 hat 105°C. Samples were weighed and the amount of carbon 
per unit area was calculated using the formula described by 
Pearson et al. (2005) as:  C (t/ha) = [(soil bulk density, (g/cm3) x soil 
depth (cm) x % c)] x 100. The carbon content was expressed as a 
decimal fraction that is, 2.2%C was expressed as 0.022. Soil bulk 
density was estimated by using the Adams equation (Adams, 1973) 
as shown below: 
 

 

 

BD =
100

𝑂𝑀%+ 100−𝑂𝑀% 

0.244𝑀𝐵𝐷
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Table 2. Analysis of variance for soil organic carbon at soil textures 0 to 15 and 15 to 30 cm. 
 

Variables Sum of squares df Mean square F Sig. 

Soil texture 0 to 15 cm 8.39 3 2.80 4.719 0.02 

Soil  texture15 to 30 cm 1.79 3 0.60 1.156 0.37 
 
 
 

Table 3.Soil organic carbon for soil textures at 0 to15 and 15 to 30 cm depth. 
 

Soil texture 
Soil carbon at 0 to 15 cm 

depth (g kg
-1

) 
Soil carbon at 15 to 30 cm 

depth(g kg
-1

) 
Soil organic carbon storage  at 

15 to 30 cm (t/ha) 

Clay loam ( n=4) 7.9 ± 4.0 6.6 ±3.3 31.3 

Loam (n=6) 13.1 ± 7.4 8.1 ±4.4 38.1 

Sandy loam (n=3) 28.1 ± 9.5 15.1 ± 5.6 68.4 

Silt loam (n=2) 7.4 ± 3.7 14.0 ±7.5 63.7 

Total (n=15) 14.0 ± 10.3 9.9 ±7.3  
 
 
 

Where; BD = bulk density, OM = organic matter, MBD= mineral bulk 
density  

A typical value of 1.64 was used for MBD (Mann, 1986). 

 
 
Statistical analysis 

 
Detailed statistical analysis of the data was carried out by SPSS 
Version 17.0.1 (2008). A post hoc multiple comparison tests of 
means were done by univariate least significant difference. 

 
 
RESULTS AND DISCUSSION 
 
Effect of soil texture on soil organic carbon content 
 
Haque et al. (1993) noted that chemical properties of 
vertisol type of Ethiopia showed low organic matter and 
total nitrogen, while Ali (1992) observed that at 0 to 25 
cm depth soil organic carbon content was 18.6 g kg

-1
in a 

similar site in the present study area. In the current study 
the average soil organic carbon content across all soil 
textures was 14.0 g kg

-1
in 0 to 15 cm and 10.0 g kg

-1
at 15 

to 30 cm, which were well below the value reported by Ali 
(1992). The reason for these differences could be due to 
the effect of human anthropogenic factors such 
continuous ploughing, removal of crop residue, and 
change in traditional practices (such as use of manure for 
energy source than for soil fertilization) for the last 30 
years. The soil textures in the study area were 
categorized into four groups, namely:  clay loam (27%), 
loam (40%), sandy loam (20%) and silt loam (13%). At P-
value<0.05, there  was a significant  difference in soil 
organic carbon content  between these soil texture 
groups at 0 to 15 cm soil depth which is probably 
attributed due to organic inputs and land use history, but 
there was no  significant difference at 15 to 30 cm depth 
(Table 2). Post and Kwon (2000) reported that the 
amount of decomposition rate and  placement  of  carbon 

inputs above and below ground differed between 
ecosystems, soil texture and land uses.  

Sandy Loam had the highest carbon content at both 
soil depths, estimated to be 28.1±9.5 6 g kg

-1
 for 0 to 15 

cm soil depth and 15.5±5.6 g kg
-1

 for 15 to 30 cm soil 
depth. Mengistu and Fassil (2010) reported that in 
Northern Ethiopia the total organic carbon (TOC) ranged 
from 7.3 to 17.4 g kg

-1
. The highest 17.4 g kg

-1 
was found 

at the depth of 0 to 15cm in the forestland and the lowest 
7.3 g kg

-1
 was observed in the farmland. In the current 

study the average carbon content ranged from 6.6 ± to 
28.1±9.5 6 g kg

-1 
which was a wide range of variation 

because of differences in agriculture management 
practices. 

From the mean results in Table 3, at the depth of 15 to 
30 cm sandy loam texture had 15.1 ±5.6 g kg

-1
 carbon 

content and silt loam had 14.0±7.5 g kg
-1

.
 
Both textures 

maintained better carbon contents than loam and clay 
loam which had soil organic carbon of 8.1±4.4 g kg

-1 
and 

6.6±3.3 g kg
-1

; respectively. Organic carbon content was 
higher at 0 to 15 cm depth than at 15 to 30 cm depth for 
all soil texture types (Table 3). The result indicated that 
sandy loam and silt loam had twice more soil organic 
carbon content than loam and clay loam. Similarly, 
Tilahun and Asefa (2009) reported that in south east 
Ethiopia the soil dominated with clay in texture was 
negatively correlated with SOC stocks. 

This implied that porosity and particle size had an effect 
on soil organic carbon accumulation (Whendee et al., 
2000; Lal, 2004). However, Christensen (2001) and Milne 
and Heimsath (2012) suggested that soils with high clay 
content tend to have higher soil organic carbon than soils 
with low clay content under similar land use and climate 
conditions. In the current study the variation could be 
accredited mainly due to differences in land use type and 
crop history.  

In the current study the carbon storage was calculated 
per hectare based  on  the  average  soil  organic  carbon 
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percentage. The carbon storage for the four soil textures 
at 15 to 30 cm soil depth were 68.4, 63.7, 38.1 and 31.3 
t/ha for sandy loam, silt loam, loam and clay loam, 
respectively, as shown in Table 3. 

From the data of carbon storage in Table 3 the 
difference between sandy loam (68.4 t/ha) and that of 
clay loam (31.3 t/ha) was 36.7 t/ha. Using FAO(2001) 
plotting unit of carbon to wheat yield a difference of 36.7 
t/ha for sandy loam would enable to produce 734 to 1468 
kg more wheat per hectare than would have been 
produced by clay loam under the assumption of similar 
weather and management condition. In order to translate 
the impact of increase in crop yield because of carbon 
storage and subsequent repercussion on livestock it is 
useful to mention the use of crop residues as animal 
feed. To estimate the amount of crop residues produced 
from increased storage, the use of extrapolation of grain 
to straw ratio is important. In a study conducted in 
Ethiopian highlands wheat grain to straw ratio 1:1.8 and 
positively correlated (Kahsay, 2004). That meant the 
increase in grain productivity consequently results in an 
increase in straw production, which eventually add value 
to livestock feed.  

The study area was dominated by Vertisols (IPMS, 
2004; Kahsay, 2004), and this soil type is characterized 
with low organic carbon content and poor response to 
chemical fertilization (Haque et al., 1993; Srivastava et 
al., 1993). Thus under traditional soil management 
practices vertisols produce low crop yield. However, there 
was ample proof to show that this type of soils was 
capable of producing much more food and feed than they 
were producing, provided that they were adequately and 
properly managed (Mesfin and Jutzi, 1993).  

Abate et al. (1993) reported that with proper drainage 
of vertisols using oxen drawn broad bed makers, cereal 
grain yield increased by 106% and that of straw 
increased by 78% compared with traditional hand used 
drainage systems. The effect of improved drainage on 
fertilizer use efficiency of cereal was investigated by 
Abate et al. (1993) who found that grain and straw yield 
were increased by 30%. They also noted that different 
crops and soil husbandry practices increased grain and 
straw yield; for example, sequential cropping increased 
by 60%;  mixed cropping of legumes and cereals raised 
by 40%; row intercropping of forage legumes with cereals 
boosted by 30%; and forage grass and legume mixed 
cropping improved by 40%. All this resulted in high 
biomass production of both grain and straw. These 
results showed that through proper soil drainage and 
agronomic management practices it is possible to 
increase soil organic content and land productivity. 

In smallholders farming livestock contributed to soil 
drainage by drawing broad bed markers for better 
aeration, nutrient uptake and improve storages. 
Therefore, livestock had a role in generating power for 
the improvement of soil structure and fertility under 
smallholder mixed agriculture, too. 

 
 
 
 
It should also be noted that nitrogen is the most limiting 

nutrient in vertisols. The use of forage and grain legumes 
enhances nitrogen fixation which leads to increased 
productivity of grain and straw (Desta, 1988; Haque, 
1992). Hence, animal feed production can be integrated 
with soil structure and fertility improvement. Animal 
manure and other animal wastes increase soil organic 
carbon content, total nitrogen and water retention 
capacity (Jutzi et al., 1987) which increase both grain and 
straw storage, and meet livestock nutrient demand for 
better milk and meat production. 
 
 
The contribution of livestock in soil organic carbon 
storage in tilled land 
 
The depth of ploughing has a significant impact on 
carbon storage in the soil, where organic matter and 
minerals are mechanically mixed with the top layer (Lal, 
2009). Sundermeier et al. (2005) reported that sub-soiling 
at 35.6 cm depth caused the loss of more carbon than 
ploughing at 20.3 cm depth. They also reported that sub-
soiling caused the loss of more carbon than strip-tillage 
and zero tillage. In a 40-yearexperimentation in Ohio 
State University, Sundermeier et al. (2005) found that 
continuous zero tillage nearly doubled the organic matter 
content in the top 5 cm, while ploughing reduced it by a 
third. In another study conducted in Brazil, Barreto et al. 
(2009) found that soils under natural vegetation and 
conservation tillage systems generally had higher 
aggregation indices and total organic carbon stocks in the 
surface layer than soils under conventional tillage. It 
showed that zero tillage had an effect on carbon 
stabilization between the natural ecosystem and 
conventional tillage. 

Hernanz et al. (2009) studied different tillage practices 
such as conventional tillage, minimum tillage and zero 
tillage in an experimentation which combined the rotation 
of cereals with pulses for 20 years. They found that the 
average soil organic carbon content was 14% higher in 
zero tillage than in minimum tillage and conventional 
tillage. They also reported that in zero tillage, stocked soil 
organic carbon content increased in the top layer but 
declined systematically in the bottom layer.  

In the current study tillage types were categorized into 
four groups: deep tillage, minimum tillage, shallow tillage 
and zero tillage. The analysis of variance showed that 
there was no significant difference in carbon content 
between tillage types at both 0 to 15cm and 15 to 30 cm 
depth as shown in Table 4.  

Soil organic carbon content of 0 to 15 cm depth was 
8.6, 10.6, 11.8 and 19.8 g kg

-1
for deep tillage, minimum 

tillage, shallow tillage, and zero tillage; respectively. A 
similar trend was found at 15 to 30 cm depth for different 
tillage types as shown in Table 5. A land that had never 
been cultivated had soil carbon storage of 87.55 t/ha at 0 
to 15 cm compared with 40.34 t/ha  of  deep  tillage.  That
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Table 4. Analysis of variance of soil organic carbon in tillage types at 0 to 15 and 15 to 30 cm soil depth.  
 

Variables 
Sum of 
squares 

Df 
Mean 

square 
F Sig. 

Tillage type at 0 to15 cm 

Between groups 2.74 3 0.91 0.8 0.51 

Within groups 12.19 11 1.11   

Total 14.95 14    

       

Tillage type at 15 to 30 cm 

Between groups 2.14 3 0.71 1.5 0.28 

Within groups 5.33 11 0.49   

Total 7.48 14    

 
 
 
Table 5. Soil organic carbon content for tillage types (Mean ± SD). 
 

Soil tillage 
Soil carbon at 0 to 15 cm depth 

(g kg
-1

) 
Soil carbon at 15 to 30 cm 

depth (%) 
Soil organic carbon storage  at 0 

to 15 cm (t/ha) 

Deep  8.6 ±5.6 4.9 ±3.4 40.34 

Minimum  10.6 3.0 48.87 

Shallow  12.8 ±7.6 8.8 ±6.1 54.28 

Zero 19.8 ± 13.7 14.7 ±8.7 87.55 

Total (n=15) 14.0 ±10.3 9.9 ± 7.3  

 
 
 
was twice the carbon storage capacity. Shallow tillage 
under traditional farming methods using oxen-drawn 
ploughs had carbon storage capacity of 54.28t/ha (62% 
of the zero tillage). Higher amount of soil organic carbon 
in zero tillage soils could have been occurred due to the 
protection of carbon from decomposition (Sundermeier et 
al., 2005). In contrast, conventional tillage causes 
oxidation of soil organic carbon because of the disruption 
of macro aggregates and exposure of soil organic carbon 
to microbial oxidation and decomposition (Hernanz et al., 
2009). 

The results of the current findings were in agreement 
with the findings by Edwards et al (1992), who reported 
that after 10 years of experimentation comparing 
conventional mould board plough tillage with 
conservation tillage, the latter had increased surface 
carbon and nitrogen to 67% and the former had 
decreased by 66%. Jastrow (1996) also reported that the 
storage of soil organic carbon in shallow soil depth (<7.5 
cm) was usually greater with zero tillage than with 
conventional tillage when sweep (<10 cm), chisel (15 cm) 
or mould board Plough (15 to 30 cm depth) were the 
primary tillage tools. Assuming a linear increase in soil 
organic carbon with time, Jastrow (1996) found that the 
rate of soil organic carbon storage at 0 to 50 cm depth in 
zero tillage was 84.44 g/m

3
C per year. He also reported 

that the carbon stock of continuously cropped and 
conventionally tilled soils was also 25% lower than the 
carbon stock in conservation tillage. 

In the current study the amount of carbon saved by 
using shallow tillage with ox-driven plough instead of 

deep ploughing with mechanized tractors  was  estimated 
at 140 million tons of carbon per year, calculated based  
on the assumption that the difference of 54.28 for shallow 
tillage to 40.34 t/ha for deep tillage equals to 14 t/ha 
carbon saved due to tillage type and multiplied by 10 
million hectares land annually ploughed by smallholder 
farmers using animal draught power in Ethiopia (MoFED, 
2009). In addition to the carbon saving, shallow tillage 
fostered carbon-free non-fuel consuming draught power 
farm operations. For example, a wheat farm required 
about 5 tractor hours per hectare to complete all farm 
operations equivalent of 160 kg of carbon per hectare 
(FAO, 2004). When this figure was multiplied by 10 
million hectares of land annually ploughed by smallholder 
farmers traditionally using draught power in Ethiopia, the 
total amount of carbon saved in Ethiopia due to tillage 
type estimated to be to 1.6 million tons of carbon per 
year.  

One of the anticipated benefits for smallholder farming 
in carbon credit schemes was financial gain that could be 
achieved from carbon trading. Carbon credits create a 
market for reducing greenhouse emissions by giving a 
monetary value to the cost of polluting the air. Nordhaus 
(2008) has suggested that an optimal price of carbon is 
around $30/ton based on the social cost of carbon 
emissions and will need to increase with inflation. In 
general carbon saved due to shallow tillage contributed to 
carbon trade off of 140 million tons per year. At the 
current level of carbon saving and a tax of $30/t of 
carbon, shallow tillage could generate $4.2 billion 
revenue per year. 
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In addition to more carbon release into the atmosphere 
from   the   disturbed   soil,   mechanization   breaks    soil 
structure and contributes to wind and water erosion. 
Mechanization also releases carbon monoxide, carbon 
dioxide and other greenhouse gases from fuel 
combustion. Hence, shallow ploughing with draught 
power is a positive farm operation from an environmental 
point of view because it uses an energy source which is 
renewable and reasonably non-polluting. In addition, 
draught power (oxen, donkeys, horses, camels and 
mules) serves as a means of transport which is also 
relatively pollution free, unlike gasoline that releases too 
much carbon emissions. This indicated that livestock 
plays a key role in reducing carbon emissions to the 
atmosphere and global warming. However, it is not 
realistic to continue with traditional farming given the 
current increase in human population and the need for 
increased food production. 
 
 

Conclusion 
 

Loss of soil organic carbon can lead to a reduction in soil 
fertility, and an increase in land degradation and 
desertification when activities such as tillage type and 
land management practices were not properly applied. 
The natural soil texture characteristics in terms of carbon 
storage will would possibly changes as result of change 
in land use and crop management.  

Livestock had a significant role in the improvement of 
soil structure and increased fertility through the provision 
of manure and draught power in smallholder mixed 
agriculture. It was noted that nitrogen was the most 
limiting nutrient in vertisols, while the use of forage and 
grain legumes enhanced nitrogen fixation which led to 
increased carbon absorption. Hence, animal feed 
production could be integrated to land care for improved 
soil structure and fertility. Animal manure and other 
animal wastes increased soil organic carbon. Livestock 
reduced carbon emissions when draught power was used 
for ploughing and transportation. As there are several 
evidence on the negative contribution of livestock 
towards global warming, there are also ample information 
where livestock can contribute positively towards 
environmental management and climate change through 
carbon storage reduction of carbon emission. 
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