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Abstract: A study on assessment of soil organic matter (SOM) contents under four land use systems in major
soils of Bale highlands. The objective was to study factors affecting SOM in the major soils of Sinana-Dinsho,
Agarfa and Gassera districts of Bale highland in 2005. During the process major soil parameters affecting SOM
storage as affected by land use systems in 0-5, 5-15, 15-30 and 30-60 cm soil depths were evaluated. Climate,
land use, soil depth and texture were some of the major factors considered. With respect to climate all the land
use in this study were topographically in the highlands and higher average annual rainfall went with higher SOC
storage. Sinana-Dinsho forest site contained the highest SOC contents although under protected virgin natural
forest park. Some microclimate effect might have affected the direct effect of increase of SOC with increasing
altitude, lower average annual rain fall of Agarfa as compared to that of Gassera district. Some of the sites in
Agarfa district lied in drier or desertified highland (extension of “Shanaka dry land plain to Agarfa Technical
College) and Gassera sites received more rainfall as a result of microclimate effect around hill side and rivers in
its surrounding Gorge. The result indicated that the distribution and abundance of SOC was varied
independently in all land use systems. There was consistent decrease in SOC storage with increasing soil depth
in all land use systems in all locations. The soil was clay in texture and was negatively correlated with SOC
stocks. The low level ofSOC as a result of intensive cultivation and improper land use management calls for
restoration of SOM, policy for proper land use systems and follow-up of similar study on factors affecting its
distribution in the lowland soils, which will provide sufficient information to fill the potential gap in crop
production and other natural resource conservation practices, for future work. 
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INTRODUCTION of the East African soils. This is because increasing

Many tropical soils are poor in nutrients and rely on production of organic matter without having much effect
the recycling of nutrients from soil organic matter (SOM) on its rate of decomposition.
to maintain crop productivity [1]. The amount of organic Owing to population growth and small farming unit in
matter in a soil is the product of a number of diverse the highlands, intensive cultivation of the landscape is
factors over a period of time on the relative rates of the becoming more serious cause of natural resource
return of organic residues to the soil and their subsequent degradation. As a result of high pressure caused by
breakdown in the soil [2]. As cited in [3], the major factors human interference on natural forest and grazing land, soil
affecting organic matter in soils are elevation, climate and organic matter (SOM) has declined to low level especially
biotic condition. Other factors like amount and kind of in cultivated soils of the highlands. Consequence of this
clay, depth and development of the profile have a decreased SOM content resulting in low productivity of
modifying influence. agricultural soil due to loss of nutrient through crop

As reported by [3] rainfall appears to be the major removal and run off water erosion. The type of land use
factor governing the organic matter and nitrogen contents system is an important factor controlling soil organic

rainfall favors increasing vegetative growth and therefore
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matter content since it  affects  the  amount  and  quality Obviously, the relations between soil organic matter
of litter input, the litter decomposition rates and the pool (SOCP) and climate, site variables and land use
processes of organic matter stabilization in soils [4-6]. systems are important to formulating C cycling process
Changes of land use and management practices influence [16] and to evaluating the influence of future land use and
the amount and rate of SOM losses [7, 8]. climate changes on SOCP [17]. Therefore, objective of this

Conversion of natural ecosystem to agriculture as study was to assess major important factors that affect
well as increasing intensity of tillage are known to organic matter contents of major soils in the Bale
decrease SOM levels due to reduced inputs of organic highlands.
matter, reduced physical protection of soil organic carbon
(SOC)  as  a  result  of tillage [9]. Guo and [10] reported METHODOLOGY AND TECHNICAL DISCUSSIONS
that soils lost 42 and 59% of their SOC stock upon
conversion from forest to crop and from grassland to Description of the Study Area of Bale Zone
crop, respectively. Transition from forest to agricultural Climate  (Long  Term Data in Figure/table (As Factor,
land use leads to a significant decrease of SOM in the Not  as  Site  Description):  Each site did not have
topsoil [11]. Similar decrease of SOC was reported when separate metrological data to relate individually with SOC
forestland was converted to cultivated lands by various contents of the sites under study. For this reason only a
authors [12, 13]. general trend about climate would be presented in this

According to the findings of [14] dissolved organic study.
carbon was affected by land use (Similar results was
obtained on SOC stocks of this study (Table 4). SOC MATERIALS AND METHODS
content was most declined in cultivated land use and
there were decreasing pattern of SOC contents down all Climate:  The  climate  data  of  Agarfa,  Gassera  and
soil depths.only in the top soils and decreased with Sinana-Dinsho  districts   were   obtained   from   a  near
increasing soil depth. [15] observed an overall reduction by weather station of Robe National Meteorological
in organic carbon content with increasing cultivation Agency  and  Sinana Agricultural Research Center
period. As study made by [13] indicated after 12 years (SARC). The climate data obtained were not uniform
conversion of pasture land to cultivation, SOM pool of because  of  lack  of  regular follow up of data collection
cultivated lands for a depth of 0-20cm were significantly for Agarfa and Gassera Districts by Robe national
reduced, on average to 49% relative to SOM content of Meteorological Agency but full information on
the pasture lands in Turkey (southern Mediterranean temperature and rainfall is available for Sinana-Dinsho
highlands). district from SARC.

Fig. 1: Map indicating study area of Bale in the south-eastern part of Ethiopia
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Soil samples were systematically collected using RESULTS AND DISCUSSION
special auger that helps to take samples from four depths
(0-5, 5-15, 15-30 and 30-60 cm). The following were the Among factors affecting soil organic matter contents,
numbers of soil samples collected under each of the four climate, land use systems, soil depth and clay content
land use systems in the three districts of Bale highlands were presented in this study and contribution of soil type
during  off seasons (dry condition) in 2005: 3 cultivated, with SOM content will be included in the subsequent part
3 Fallow  and  1  forest  a  total  of  7  sites  from  Agarfa; C of similar work.
2 Fallow, 9 cultivated, 3 natural forest and 5 grassland a
total  of 19 sites from Sinana-Dinsho; and 5 Fallow, 16 Climate: To properly relate long-term climate data with
cultivated and 7 natural grass land a total of 28 sites from SOM contents we don’t have metrological stations at
Gassera districts were collected. The grass land cover or each sampling sites but it is possible to put the average
sod density is rated as sparse = 1, slightly sparse = 2, annual rainfall from near by stations for a districts
moderately sparse = 3, densely covered = 4, very densely sampling sites. This being limitation a table that indicates
covered = 5. Data were analysed by combining all sites surface 0-5 cm vs average annual rainfall was Tabulated
under each land use systems of each district separately as in Table 4. 
two factor using two way analysis of variance, using [18] As shown in Table 4, the SOC contents in all land
and statistical tool. uses  of  Agarfa  district is lower than Sinana-Dinsho and

Table1: Sampling site information of Agarfa District 
Site No Kebele Owner CP (yrs) Slope (%) Altitude (m) Land Use Soil type
1 Assanogenet Agarfa 0 2 2470 virg F. vertisol
1 TC Agarfa TC 8 1 2330 Fallow Cambisol
2 TC Agarfa TC 13 3 2370 Fallow Cambisol
3 TC Agarfa TC 20 5 2360 Fallow Cambisol
1 Asanogenet Ayele Dersu 1 2 2440 Cult Vertisol
4 Assanogenet Kessim Kedir 20 1 2300 Cult Vertisol
5 Assanogenet Yunnaa Gashu 55 2 2400 Cult Vertisol
CP = cultivation period, yrs = years, Cult= cultivated land, TC = Technical college,
DAP = Diammonium phosphate; virg F = virgin forest.

Table 2: Sampling sites information of virgin forest, natural grassland, fallow and cultivated land of Sinana-Dinsho district
Site No Kebele Owner name CP (yrs) Slope (%) Altitude (m) Land Use Soil type
1 Park BMNP 0 7 3120 Vf Cambisol
2 Park BMNP 0 6 3110 Vf Cambisol
3 Park BMNP 1 2960 Vf Cambisol
1 Park BMNP 0 2% 3020 Vg Cambisol
2 Park BMNP 0 1% 2960 Vg Cambisol
3 Park BMNP 0 1% 2950 Vg Cambisol
4 Homa communal grazing 0 1 2420 Vg Vertisol
5 Waltai Barissa communal grazing 0 1 2370 Vg Vertisol
6 Waltai Barissa kadir Mame 0 1 2400 Vg Vertisol
7 Robe area communal grazing 0 4 2440 Vg Cambisol
8 Shallo communal grazing 0 2 2410 Vg Camcisol
1 Waltai Barissa communal grazing 20 2 2370 Fal Cambisol
2 Waltai Barissa communal grazing 30 2 2370 Fal Cambisol
1 Abaker Zalo Qasso Mohamed 75 7 2810 Cult Cambisol
2 Abaker Zalo Ahimed Xayim 4 3 2720 Cult Cambisol
3 Abaker Zalo Adem Fako 20 8 2630 Cult Cambisol
4 Homa Alo Adam 10 8 2490 Cult Vertisol
5 Waltai Barissa Jelan Abdulahi 30 2 2370 Cult Cambisol
6 Kabira sxe Abda Sayo 25 3 2320 Cult Vertisol
7 Waltai Barissa Umer Abdulqadir 40 2 2370 Cult Vertisol
8 Waltai Barissa Mohamed Tolaa 25 2 2370 Cult Vertisol
9 Shallo state farm 30 2 2420 Cult Cambisol
Cult = cultivated land, fl = fallow land, Vf = virgin forest, Vg = virgin grassland, 
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Table 3: Sampling site information of natural grassland, fallow and cultivated land at Gassera 
Site Kebele Owner name CP (yrs) Slope (%) Altitude (m) Land Use Soil type
1 Yebsana Qaqulla Awelu Husi 0 3 2360 vg Vertisol
2 Yebsana Qaqulla Birru Tolla 0 12 2350 vg Vertisol
3 Belo Adershu Tefera Dadi 0 2 2345 vg Vertisol
4 Guranda Tadesse Azmit 0 5 2340 vg Cambisol
5 Cifaro Bora Aman 0 3 2385 vg Cambisol
6 Nake Negao Alemu Defersha 0 7 2310 vg Cambisol
7 Awusencho Abda Kedir 0 3 2335 vg Cambisol
1 Qaqula Shewede Selemon Egi 15 7 2360 fal Vertisol
2 Cifaro Lemma Tolla 8 8 2410 fal Vertisol
3 Guranda school owned 30 4 2360 fal Cambisol
4 Balo Dheeressa Jimmaa 15 3 2380 fal Cambisol
5 Waxe Cimo Tesfaye Bekele 14 2 2310 fal Vertisol
6 Waxe Cimo Hassen Adina 30 2 2320 fal Vertisol
7 Nake Negao Mohamed Xaha 50 4 2355 fal Cambisol
8 Dambel Missera Kemalo Ibrahim 4 7 2305 fal Cambisol
1 Yabsana Qaqula Selemon Egi 13 2 2350 Cult Vertisol
2 Yabsana Qaqula Birru Tolla 35 12 2350 Cult Vertisol
3 Ciifaro Ingida Tadesse 25 2 2345 Cult Vertisol
4 Guranda Asaye Abebayehu 15 13 2400 Cult Cambisol
5 Guranda Tadesse Azmit 26 8 2340 Cult Cambisol
6 Guranda Taye Zemedkun 25 13 2350 Cult Cambisol
7 Guranda Nigusse Bekele 20 4 2350 Cult Cambisol
8 Balo Dheeressa Jimmaa 8 5 2380 Cult Cambisol
9 Baneba Hussen Kebir Garado 26 4 2385 Cult Cambisol
10 Baneba Baneba primery 4 4 2385 Cult Cambisol
11 Cifaro Gerasu Aredo 25 2 2385 Cult Vertisol
12 Cifaro Nigusse Alemu 16 3 2385 Cult Vertisol
13 Waxe Cimo Mulunesh Mulugta 20 12 2343 Cult Vertisol
14 Nake Negao Alemu Defersha 15 8 2320 Cult Vertisol
15 Nake Negao Guta Bune 4 4 2355 Cult vertisol
16 Awusencho Kedir Abdulqadir 11 3 2350 Cult vertisol
vg = vergin grass, Fal = fallow grass land; Cult = cultivated land

Table 4: Variations of SOC (0-5 cm) across the three districts with average annual rainfall and altitude
SOC (%) 
---------------------------------------------------------------------------------------------------------------

Location Altitude (m) ARF (mm) virgin forest virgin grass Fallow Cultivated
Sinana-Dinsho 2320-3120 752 12.95 7.03 5.71 2.75
Agarfa 2300-2470 731 12.46 nr 3.29 2.05
Gassera 2305-2400 1169 nr 7.58 4.10 2.56

Table 5: Soil organic carbon content (SOC%) as affected by soil depths in natural forest, grassland, fallow and cultivated lands at Agarfa, Gassera and Sinana-
Dinsho Districts

Agarfa Gassera Sinana-Dinsho
----------------------------------------------- ------------------------------------------------------- ------------------------------------------------------------------------
V.Forest Fallow Cultivated Virgin Fallow Cultivated Virgin Virgin Fallow Cultivated

Depth (cm) land land land grassland land land Forest grassland land land
0-5 12.46A 3.29A 2.05A 7.58A 4.10A 2.56A 12.95A 7.03A 5.71A 2.75A
5-15 7.13B 2.32B 2.13A 4.81B 2.88B 2.45A 7.76B 4.65B 3.33B 2.45B
15-30 3.05C 1.63C 1.42B 2.83C 2.17C 2.17B 4.54C 2.31C 2.64C 2.18C
30-60 1.87C 1.34D 0.96C 1.86D 1.52D 1.75C 2.86D 2.39C 1.72D 1.97D
CV(%) 25.91 12.67 10.47 22.88 13.89 21.13 20.85 27.68 19.51 13.19
LSD(0.05) 2.45 0.20 0.14 0.52 0.18 0.16 1.21 0.72 0.68 0.14
Mean 6.13 2.14 1.64 4.27 2.67 2.24 7.03 4.10 3.35 2.34
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Gassera. This might be attributed to the lower amount of DISCUSSION
average rainfall received in the area. Citation in [3]
indicated that increasing rainfall favors increasing
vegetative growth and therefore production of organic
matter without having much effect on its rate of
decomposition. Relatively, Agarfa sites behave to lie in
the lower altitude and warmer drier area with lower
accumulation of organic matter than Gassera and Sinana-
Dinsho. SOM contents were lower in districts with
relatively lower rainfall than relatively higher rainfall
(Table 4). 

a.Factors Affecting SOM Contents: Land use:
Considering of similar depths, higher organic carbon
contents was recorded in natural forest followed by
natural grasslands. The lowest SOC was recorded in
cultivated fields irrespective of the depths considered.
The highest SOC in natural forest as compared to other
land use might be due to addition of SOM foliage. The
lowest SOC in cultivated land, on the other hand, could be
due to reduced in puts of organic matter, reduced physical
protection of SOC as a result of tillage and increased
oxidation of SOM. Findings of [19] also indicated higher
SOC contents in virgin lands as compared to cultivated
lands.

The soil organic carbon content in the different land
use systems were in decreasing order from natural forest
to grass land, fallow land and lastly to cultivated land in
this study (Table 5.). 

Soil Depth: Soil organic carbon content declined
consistently  with  increasing   soil   depth   in   all  land
use  system.  This  could  be  due  to  higher accumulation
of roots in the upper surface than the lower one.
According  to  [20]  in  humic  cambisols  (primary forest)
in  the  0-23  cm  soil   profile    SOC   content   was  6.7%.
In  the  0-20  cm  soil depth 4.5% of SOC was recorded in
the cabbage cultivated soil profile, in the northern
Thailand. In this study SOC stock results are given in
Table 5.

Soil Clay Content: Generally, organic carbon was
correlated  negatively  with  clay  content  (r  =-0.490,   at

= 0.001 significance level). Report of [2] indicated that
SOM content was non-significantly and negatively
related with clay content when a soil contains clay
contents higher than 35%. In similar way in this work in
most of the samples clay contents higher than 35% were
recorded.

As was shown (Tables 5) under all land use systems
the distribution of SOC in the four soil depths were in
decreasing order with more accumulation on the top
surface soils. Under all the three districts the amount of
organic carbon content in the four depths of natural
grassland are lower than that of forest soil. In all Districts,
the lowest SOC was observed in cultivated land and the
highest versus lowest s in forestlands implying the
degradation soil organic matter as a result of cultivation.

In all Districts, the lowest SOC was observed in
cultivated land and the highest versus lowest s in
forestlands implying the degradation of SOM as a result
of cultivation. Soil organic carbon content in the fallow
land in both Gassera and Sinana-Dinsho fall into low to
medium rating range. At Agarfa, fallow land organic
carbon was in a deficient category. Better SOC content in
Sinana-Dinsho and Gassera Districts because of better
rainfall, more humid climate than Gassera (Agarfa).
Moreover,  long  period  under fallow for the pasture
might have resulted in more SOC content at Gassera soil.
Soil organic carbon in the cultivated land use is very low
(< 4 %) in all the three Districts. 

In this study cultivation reduced the organic matter
content of the soil to a larger extent. Other authors
reported similar results by [11]. The clearing of forests for
annual crop production invariably resulted in a loss of soil
organic matter because of the removal of large quantities
of biomass during land clearing, a reduction in the
quantity and quality of organic inputs added to the soil
and increasing soil organic matter decomposition rates.
These higher decomposing rates are due to enhanced
biological activity caused by soil mixing from tillage and
higher temperatures from increased soil exposure [21].

Separately write effect of factors on SOC content and
discussion should be according to the result. The
decrease of organic carbon is gradual in cultivated and
fallow lands as compared to natural forestland. This may
be because of mixing up of soil in the surface by plough
implements. The addition of organic matter in forest soil
is mostly as leaves and dead wood that falls onto the
surface. This means that the contribution of roots of
forests for organic carbon is minimal as compared to their
leaves due to their perennial nature. 

CONCLUSIONS

Climate, land use change, soil depth and clay content
could be some of the major factors that control SOM
contents  in  the  highlands  of Bale. Assessment of SOC
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content of the study areas Agarfa, Gassera and Sinana- 6. Six, J., R.T. Conant, E.A. Paul and K. Paustian, 2002a.
Dinsho under different land use system clearly showed
that higher amount was found in the natural forest and
grassland soils. Lower amounts in fallow land as
compared to natural grassland and very low amount in
cultivated land use system. Higher soil organic carbon
content was on the surface 0-5 cm for undisturbed natural
forest and grassland soils and this pattern decrease with
decreasing rainfall and some times with microclimate
effects. Sinana-Dinsho SOC contents were higher than
that  at  Gassera  and Agarfa land use system as a result
of higher altitude, cooler temperature than the other
districts. The texture of the soils considered were heavy
clay (>35%) and was negatively correlated with soil
organic carbon. 
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