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on soil and land characteristics. Hitherto, there has not 
been any formal scientific study to characterize the soil 
resources of the area and map the soils using standard 
pedological classification systems. As a consequence, 
the potentials and limitations of the soils in the region are 
not adequately known. This has made the development 
of meaningful management scenarios all but impossible. 
As a result, the sustainable use of the soil resources for 
agriculture is facing future uncertainty. 

Soil information gathered by systematic identification, 
grouping and delineation into different soil types is required 
if sound interpretations towards land use potential are to 
be made (Msanyaet al., 2003). A good inventory on soil 
properties and associated site characteristics is essential 
for advice on both current and potential land users on how 
to best use the resource. Soil fertility specialists need 
good soil information to identify the dominant soil types 
on which to conduct meaningful fertilizer trials and be 
confident that the findings are applicable to that soil type 
throughout region. 

Although Ethiopia has long history of collecting basic 
information on soil characterization in the form of soil 
surveys (Eylachew, 1987, 1999;Mitiku, 1987; Mohammed, 
2003;Abayneh, 2005), it is limited to a few selected high 
potential areas. Thus, much of the country information 
remains rather scanty relative to the large size of the 
country and the wide diversity of soils and landscapes. 
Furthermore, the few existing soil resource inventories 
that are available are characterized by their small scale 
nature with high level of generalization, generally based 
on few observations scattered over large areas. Moreover, 
these surveys have often used different methodologies 
and criteria. As a consequence, most existing studies can-
not easily be correlated and all have limited utility, 
because of the coarse scale of the mapping. There is 
need for more efforts to be invested in a coordinated and 
systematic development of an inventory of the country’s 
soil resources and other land information to facilitate 
sustainable land use planning activities. There is also a 
strong feeling that fertilizer trials should be done on well 
characterized soils to enhance transferability of information 
from one place to another. 
Soil classification can also provide a basis for soil-related 
agro-technology transfer (Buol and Denton, 1984; 
Braimoh, 2002). Lawalet al. (2013) and Sharuet al. 
(2013) revealed that systematic soil classification links 
research results and their beneficial extension to field 
applications. Thus, soil classification is used to apply 
proper management practices, transfer technology and 
provide a ready-made map legend for soil surveyors. An 
example of the limited information on soil characterization   
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and their classification can be found along the topose-
quence at the Wadla Delanta Massif in the North Central 
Highlands of Ethiopia. The present study was initiated to 
address the limited soils information in this region of the 
country. In the Wadla  Delanta Massif of North Central 
Highlands of Ethiopia, the soils and land resources were 
systematically characterized, analyzed and mapped as 
part of a national effort to develop soil inventories for 
future planning and development. 
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
This study was conducted at the Wadla Delanta Massif in Delanta 
District, north central highlands of Ethiopia (Figure 1). The study 
area lies between 11° 29' 29.82"and11° 41' 25.528" north latitudes 
and 39° 02' 19.186" to 39° 14' 05.038" east longitudes with 
elevation ranging from 2848 to 3486 meters above sea level (masl) 
and covering an area of 24,025 ha. It is located at about 499 km 
north of Addis Ababa and 98 km northwest of Dessie town. 

The climate of the area is characterized by cold-dry and hot-dry 
seasons (from October to February and from March to June), res-
pectively and wet season that extends from mid-June to September. 
The rainfall pattern is bimodal with peak periods from mid-July to 
early September. Fifteen years (1999-2013) mean annual rainfall is 
about 812 mm of which 60-70% is received in summer (Kiremt) and 
30-40% in the spring (Belg) season (Figure 2).The mean annual 
minimum and maximum temperatures are 6.8 and 19.6°C, 
respectively (Figure 2).  

Geology of the study area is characterized by the trap series of 
tertiary periods, similar to much of the central Ethiopian highlands 
(Mohr, 1971). Dereje et al. (2002) reported the area covered by 
Oligocene rhyolite and very thick ignimbrite units encompassing 
predominantly of alkaline basalt with numerous inter-bedded flow of 
trachyte. Granite, gneisses and basalt rock types exist in the area 
forming part of the basement complex and most of the soils are of 
basaltic parent material. Soils of the study area are greatly influenced 
by topography with high surface runoff during the main rainy 
season. There was no scientific studies in the area before this study 
except for FAO (1984) general soil survey (1:1 000 000 scale) 
made at the national level. The local people classified the soils into 
Walka or Mererie Afer (Vertisoils) in the plain area and Nechatie or 
Gracha Afer (Cambisoils) in steep slope or mountainous area. 

The natural woodland and vegetation of the study area has 
disappeared due to overgrazing, increasing demand for fuelwood 
and charcoal, and conversion into cultivated lands. There are small 
patches of remnant natural forests on farm boundaries and around 
churches. Planted tree species like Eucalyptus camaldulensis, 
Cupressuslustanica, Acacia salignaand Acacia decurrens are com-
monly found around homesteads and conserved lands. The 
Eucalyptus camaldulensis plantations are replacing the cultivated 
lands and expanding around backyards, stream banks and gully 
sides. Farming system is mixed livestock and crop production. The 
common rainfed crops grown in the area are bread wheat 
(Triticumaestivum L.), food barley (Hordenumvulgare L.), faba bean 
(Vicia faba L.), lentil (Lens culinaris L.), grass pea (Lathyrussativus L.),
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Table 1. Site characteristics and land uses of the study area. 
 

Pedon* Latitude Longitude Altitude (masl) Land use 

MG01 11° 35' 11.940" N 39° 10' 46.980" E 2997 Grazing land 
MC02 11° 33' 08.893" N 39° 06' 55.615" E 2931 Lentil crop already harvested 
UC03 11° 39' 37.614" N 39° 12' 08.927" E 3143 Barley crop already harvested 
UC04 11° 41' 25.528" N 39° 14' 05.038" E 3286 Barley crop already harvested 
LG05 11° 31' 07.380" N 39° 04' 27.540" E 2880 Grazing land 
LC06 11° 29' 29.820" N 39° 04' 59.940" E 2852 Wheat crop already harvested 
LC07 11° 30' 19.226" N 39° 02' 19.186" E 2848 Wheat crop already harvested 
MG08 11° 34' 18.597" N 39° 05' 28.309" E 2962 Grazing land 
UC09 11° 37' 39.792" N 39° 12' 06.728" E 3050 Barley crop already harvested 
UC10 11° 40' 25.158" N 39° 17' 31.078" E 3326 Barley crop already harvested 
MC11 11° 36' 50.223" N 39° 09' 23.672" E 2910 Barley crop already harvested 
UG12 11° 46' 5.395" N 39° 19' 53.728" E 3486 Grazing land 

 

*The first number indicates the topography (1= upper, 2 = middle and 3 = lower), the 2nd and 3rd numbers indicate 
pedon (pit) number (01 = pedon 1, 02 = pedon 2, 03 = pedon 3…, 12 = pedon 12); C = cultivated, G = grass, L = 
lower, M = middle, U = upper topography and masl = meters above sea level. 

 
 
 
dried soil sample, expressed in equivalent depth of water (mm/m) 
obtained by multiplying the gravimetric water content by the ratio of 
dry bulk density to density of water (taken as 1 g cm-3) and 1000 
(conversion factor)  

Soil pH was determined in H2O (pH-H2O) and 1M KCl (pH-KCl) 
using a glass electrode pH meter at the ratio of 1:2.5 soil to solution 
(Van Reeuwijk, 1993). Electrical conductivity (EC) was determined 
using a conductivity meter in a soil-water extract. Organic carbon 
(OC) was determined using the wet combustion method (Walkley 
and Black, 1934) and soil OM calculated by multiplying soil OC by 
1.724. Total nitrogen was determined by the micro-Kjeldahl digestion, 
distillation and titration method (Bremner and Mulvaney, 1982). 
Available phosphorus (P) was analyzed using the sodium bicar-
bonate extraction solution (pH 8.5) method (Olsen et al., 1954) and 
amount measured by spectrophotometer.  

Cation exchange capacity and exchangeable basic cations were 
extracted by 1M ammonium acetate (pH 7) method (Van Reeuwijk, 
1993). From the leachate, exchangeable Ca and Mg were deter-
mined by atomic absorption spectrophotometer (AAS), while 
exchangeable K and Na were read by flame photometer. Percent 
base saturation was calculated as the ratio of the sum of 
exchangeable bases (Ca, Mg, Na and K) to the CEC of the soil 
multiplying by 100. Extractable micronutrients (Fe, Mn, Cu and Zn) 
were extracted by diethylenetriaminepenta-acetic acid (DTPA) 
method and the reading was quantified using AAS (Lindsay and 
Norvell, 1978). Calcium carbonate content was determined 
following acid neutralization method (Jackson, 1970). The analyses 
were undertaken at the Haramaya University Soil Chemistry 
Laboratory, Water Works Design and Supervision Enterprise 
Laboratory, and Sirinka Agricultural Laboratory Center. 
 
 
RESULTS AND DISCUSSION 
 

Soil morphological characteristics 
 
The depth of the investigated soils ranged from slightly 
shallow to very deep with irregular A, B and C horizons 
(Table 2). Among the topographic positions, the upper 

pedons were relatively shallow in depth, moderate in stoni-
ness and moderate to well drained soils. The lower topo-
graphic pedons were deeper, high in clay accumulation 
and gently sloping (2-4%). Generally, the thickness of the 
soils increased down topographic positions indicating the 
dominance of erosion over accumulation on the upper 
positions and otherwise in the lower topographic posi-
tions. The surface soils had higher concentration of plant 
roots and coarser texture, while the subsurface soils are 
finer in texture, denser and harder. At the surface hori-
zons, the soil color matrix varied from dark gray (7.5YR 
4/1, dry) to dark gray (2.5Y 4/1, dry) in the upper land 
pedons, very dark gray (7.5YR 3/1, dry) to brown (10YR 
4/3, dry) in the middle land pedons, and dark gray (7.5YR 
4/1, dry) to very dark gray (10YR 3/1, dry) in the lower 
land pedons. At the subsurface layers, it ranged from 
light reddish brown (2.5Y 6/4, dry) to light gray (2.5Y 7/1, 
dry) in upper topographic pedons, weak red (2.5YR 4/2, 
dry) to yellowish brown (10YR 5/6, dry) in middle 
topographic pedons and reddish gray (5YR 5/2, dry) to 
grayish brown (10YR 5/2, dry) in the lower topographic 
pedons. 

The variations in soil color observed within and among 
the pedons might be reflections of differences in chemical 
and mineralogical composition, topographic positions, soil 
OM content, texture, parent materials and moisture regime. 
The dark color, in surface horizons, might be attributed to 
the effect of higher OM contents, while the reddish color, 
in the subsurface horizons, might be due to the presence 
of iron compounds in various states of oxidation and low 
OM content.  Similar finding were reported by Dengizet 
al. (2012) who stated that variation in soil color could be 
related to OM, waterlogging, CaCO3 accumulations and 
redox reaction in the soil. 
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Table 2. Selected morphological characteristics of soils at WadlaDelanta Massif, North Central Ethiopia. 
 

Pedon Horizon 
Depth 
(cm) 

Matrix color Structure*1 Consistence*2 Boun 
dary*3 Moist Dry Grade Size Shape Dry Moist Wet 

MG201 

A 0-38 7.5YR 2.5/2 7.5YR 3/1 5 fn cu h fr ssk-pls A-S 
Ass1 38-110 7.5YR 2.5/1 7.5YR 3/2 6 mid prs vh fr sk-pls C-W 
Bss1 110-122 5YR 3/1 5YR 4/1 3 mid prs h vfr vsk-vpls G-W 
Bss2 122-225+ 5YR 3/2 5RY 3/3 1 mid grn Sh vfr sk-pls A-S 

MC202 

Ap 0-20 10YR 2.5/1 10YR 3/1 5 mid grn vh vfr sk-pls A-S 
Ass1 20-102 10YR 2.5/1 10YR 4/2 6 mid abk vh fr vsk-vpls C-W 
Ass2 102-123 2.5Y 3/2 2.5YR 4/2 5 mid prs h fr sk-pls A-S 
Bss 123-215+ 5YR 3/2 5YR 3/3 3 mid sbk sh fr sk-pls A-S 

UC103 
 

Ap 0-22 10YR 3/1 10YR 4/1 5 mid grn vh vfr vsk-vpls A-S 
Bss1 22-33 10YR 2.5/1 10YR 4/2 6 mid abk vh vfr vsk-vpls C-W 
Bss2 33-58 7.5YR 3/2 7.5Y 3/3 5 mid prs h fr sk-pls A-S 
C 58-89+ 5YR 3/2 5RY 3/3 3 mid sbk sh fr sk-pls A-S 

UC104 
Ap 0-23 10YR 3/1 10YR 4/1 5 coarse grn vh fr sk-pls A-S 
Ass1 23-58 10YR 5/2 10YR 6/2 6 coarse prs vh fm vsk-vpls C-S 
C 58-95+ 2.5Y 8/2 10Y8/2 1 mid prs sh fr nsk-npls A-S 

LG305 

A 0-35 10YR 2/1 10YR 2/2 5 mid cu sh fr sk-pls A-S 
Ass1 35-76 10YR 2.5/1 10YR 4/2 6 mid prs vh fm sk-pls A-W 
Bss1 76-114 2.5Y 3/2 10YR 4/ 5 mid prs vh fm vsk-vpls C-W 
Bss2 114-205+ 2.5Y 4/3 2.5Y 3/3 1 mid prs sh vfr ssk-spls C-W 

LC306 

Ap 0-32 2.5Y 4/1 10YR 3/1 5 fn grn h fr sk-pls A-S 
Ass1 32-76 10YR 2/2 10YR 3/2 6 mid prs h fm vsk-vpls C-W 
Bss1 76-115 2.5Y 3/3 2.5Y 5/4 5 mid prs h fm vsk-vpls C-W 
Bss2 115-216+ 5YR 3/3 5YR 5/2 3 mid prs sh fr ssk-spls A-W 

LC307 

Ap 0-28 7.5YR 3/3 7.5YR 4/1 5 fn grn vh fm vsk-vpls A-S 
Ass1 28-110 10YR 3/1 5YR 4/1 6 mid prs vh vfm vsk-vpls C-W 
Bss1 110-135 10YR 4/2 10YR 5/2 6 mid prs vh fr sk-pls G-W 
Bss2 135-208+ 10YR 3/4 10RY 4/4 1 mid prs sh fr sk-pls A-S 

MG208 

A 0-37 10YR 2.5/1 10YR 4/2 2 fn cu sh fm sk-pls A-S 
Ass1 37-140 10YR 2.5/2 10YR 4/1 6 mid prs vh fm vsk-vpls C-W 
Bss1 140-189 7.5YR 3/3 7.5YR4/3 6 mid abk vh vfm vsk-vpls C-W 
Bss2 189-198 10YR 4/4 10YR 5/6 6 mid prs h vfm sk-pls C-S 
BC 198-245+ 5YR 3/2 5YR 5/3 3 fn grn sh fr nSk-nspl C-S 

MC109 
A 0-25 7.5YR 3/1 7.5YR 3/2 6 mid grn vh fm vsk-vpls C-S 
B 25-48 7.5Y 2.5/2 7.5YR 3/2 6 coarse abk vh fm vsk-vpls C-S 
C 48-75+ 10YR 4/4 10YR 5/6 1 coarse grn sh fr nsk-npls C-S 

UC110 

Ap 0-25 7.5YR 3/1 7.5YR 4/1 6 mid grn h fr sk-pls A-S 
Ass1 25-62 10YR 2/2 10YR 3/3 6 coarse prs vh fm vsk-vpls A-I 
Bss 62-78 2.5Y 4/2 2.5Y 5/2 4 mid prs h vfr sk-pls A-S 
C 78-99+ 2.5Y 6/2 2.5Y 7/1 1 mid prs sh vfr ssk-spls A-S 

MC211 

Ap 0-25 10YR 3/3 10YR 4/3 5 coarse grn vh fm sk-pls A-S 
Ass1 25-65 10YR 3/1 10YR 4/1 6 coarse wdg vh fm vsk-vpls C-S 
Bss 65-95 5YR 4/4 5YR 3/4 5 mid prs vh fm vsk-vpls C-W 
C 95-115+ 5YR 3/4 5YR 5/6 1 mid prs sh fr nsk-npls A-S 

UG112 
A 0-33 2.5Y 4/1 2.5Y 4/2 2 fn cu h fm sk-pls S-C 
B 33-47 2.5YR 5/4 2.5YR 6/4 6 mid prs vh fm sk-pls S-W 
C 47-65+ 5YR 4/2 5YR 5/3 3 fn prs sh vfr nsk-npls C-W 

 

*1: 1 = Weak; 2 = Moderate; 3 = Slightly strong; 4 = Moderately strong; 5 = Strong; 6 = Very strong; vfn = Very fine; fn = Fine;  mid = Medium; c = 
Coarse; vc = Very coarse; cu = Crumb; grn = Granular; prs = Prismatic; abk = Angular blocky;  sbk = Subangular blocky. *2: sh = Slightly hard; 
mh = Moderately hard; h = Hard; vh = Very hard; fr = Friable; vfr = Very friable; fm = Firm; vfm = Very firm; pls = Plastic; vpls = Very plastic; sk = 
Sticky; vsk = Very sticky; spls = Slightly plastic; ssk = Slightly sticky; nsk = Non sticky; npls = Non plastic. *3: A = abrupt; C = clear; G = gradual; I 
= irregular; S = smooth; W = wavy. 
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There were considerable variation in the grade, size and 
shape of the soil structure among the pedons. Accordingly, 
the structure of the soils in the study area varied from 
weak to very strong, fine to coarse, granular to sub angu-
lar blocky structure. Most pedons had predominantly crumb 
and granular structure at the surface horizons to angular 
and sub angular blocky/prismatic structure in subsoil 
horizons. Similar results were reported by Buolet al. 
(2011) and Rai (2002) who found that the surface 
horizons had crumb (in grassland) and granular (in 
cultivated) soil structure, whereas the prismatic and 
angular soil structure were common in the subsurface 
horizons (Table 2). 

Considering topographic locations, consistence of the 
studied pedons, on upper and middle topographic 
positions varied from slightly hard to hard (dry), 
friable/loose to firm (moist) and slightly sticky and plastic 
to very sticky and very plastic (wet), whereas the lower 
topographic pedons exhibited hard to very hard (dry), 
friable to firm (moist) and sticky and plastic to very sticky 
and very plastic (wet) consistence. Variation in soil 
consistence within pedons could be related to the particle 
size distribution, but mainly clay content and mineralogy 
of the clay particles. Similar findings were reported by 
Singh and Agarwal (2003) and Thangasamyet al.(2005). 
They revealed that soil consistence variation was 
affected by clay contents and types. Moradi (2013) also 
revealed the effect of soil texture on soil consistence. 
 
 
Soil physical properties 
 
The particle size distributions of the studied soils are 
predominantly of a clay texture, except for Pedons UC04, 
MC09 and UG12 which are clay loams. Moreover, none 
of the fractions showed consistent pattern with topographic 
positions, although the clay content irregularly increased 
with decreasing topographic positions and increasing soil 
depths (Table 3). Clay content ranged from 60 to 85% in 
subsurface horizons and lower topographic position. Simi-
lar findings were reported by Buolet al. (2011), Lambin 
and Esu (2011) and Prasad and Govardhan (2011) who 
found accumulation of clay in subsurface horizons and 
attributed this to the in situ formation of secondary clays, 
the weathering of primary minerals in B-horizon or the 
residual concentration of clays from the selective 
dissolution of more soluble minerals. The clay texture of 
the lower topography was heavy and could be associated 
with large accumulation due to the lateral movement of 
finer fractions from higher elevation as a result of erosion 
or clay translocation within the pedons. The silt to clay 
ratio, which decreased with soil depth, was < 1 in all the 
pedons. It was also evident in the progressive decrease 
in the silt: clay ratio with depth of pedons. The low silt to 
clay ratio in the subsoil layers indicate that the soils are at 
an   advanced   stage  of  development  (Abayneh,  2005; 

 
 
 
 
Basavaet al., 2005), and confirm the existence of both 
clay migration and translocation in the pedons. 

The bulk density was comparatively lower at the 
surface horizons than the subsurface horizons ranging 
from 1.02-1.27 g cm-3 in surface horizons, and 1.16-1.35 
g cm-3 in subsurface horizons (Table 3). Therefore, the 
bulk density values of the studied soils were found to be 
within the acceptable range (1.0-1.5 g cm-3) for 
agricultural use (Whiteet al., 1997). This implies that any 
compaction is not restricting root development (Nugaet 
al., 2008; Mulugeta and Sheleme, 2010). There were 
inverse relationships between soil OM and pore space 
with bulk density.  

In all the topographic positions, particle density de-
creased consistently with increasing soil depths. The 
highest (2.82 g cm-3) and lowest (2.41g cm-3) values of 
particle density were recorded at the surface and subsur-
face horizons, respectively. Furthermore, it increased with 
increase in altitude (Table 3). Skopp (2002) revealed that 
typical particle density values for mineral soils ranged 
from 2.5-2.8 g cm-3, with 2.65 g cm-3 being representative 
of most soils. Based on this range, particle density values 
recorded in soils of the study area fall within the normal 
range. Nevertheless, the relatively high particle density 
values recorded at the surface layers are contrary to 
established facts and could not be explained. 

Total porosity (f) of the soils varied from 51.9 to 60.7% 
at surface horizons of the upper and lower elevations, 
while the subsurface horizons had relatively lower values 
that ranged from 46.2 to 57.1% (Table 3). Brady and Weil 
(2008)stated that optimum total pore space value for crop 
production is > 50%. Similarly, Michael (2008) revealed 
that total pore spaces in the clayey textured soils may 
vary between 40 and 60%. Therefore, the total porosity of 
the studied soils, considering these ranges, was in the 
acceptable range for crop production. Furthermore, the 
total porosity values observed in soils of the study area 
are generally high and this could be attributed to the high 
clay content and lower bulk density values of the soils. 

The soil water content retained at field capacity (-1/3 
bars) and permanent welting point (15 bars) varied from 
355.8 to 581.0 and 240.3 to 480.8 mm/m, respectively. 
Although, the moisture retention varied inconsistently with 
soil depth, relatively higher values were recorded under 
the subsurface horizons, while the lowest values were 
observed in the surface horizons and at the extreme 
depth of the C-horizons (Table 3). It can clearly be seen 
that the water retention capacity of the soils at both suc-
tions is relatively high indicating that the soils are slowly 
draining and waterlogging could be one major problem 
that requires attention in these soils. This high water reten-
tion capacity of the soils could be the result of the high 
clay content recorded in the study area.  

Available water holding capacity (AWHC) showed an 
increasing trend with soil depth and decreased with topo-
graphic  positions  in  most  of  the pedons. It ranged from
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Table 3. Selected physical properties of soils at the WadlaDelanta Massif, North Central Ethiopia. 
 

Pedon Horizon 
Depth 
(cm) 

Particle size distribution (%) Textural 
class 

ρb 
(g cm-3) 

ρs 
(g cm-3) 

TP 
(%) 

FC 
(%v/v) 

PWP 
(%v/v) 

AWHC 
(mm/m) Sand Silt Clay 

MG201 

A 0-38 22 26 52 C 1.10 2.63 58.27 49.11 37.88 112.3 
Ass1 38-110 18 24 58 C 1.20 2.52 52.41 54.98 43.69 112.9 
Bss1 110-122 17 23 60 C 1.22 2.52 51.62 58.10 46.08 120.2 
Bss2 122-225+ 18 20 62 C 1.23 2.43 49.41 47.72 39.49 82.4 

MC202 

Ap 0-20 22 26 52 C 1.08 2.58 58.05 48.24 36.53 117.1 
Ass1 20-102 19 22 59 C 1.16 2.59 55.31 55.25 41.32 139.4 
Ass2 102-123 18 20 62 C 1.18 2.44 51.89 54.88 42.04 128.4 
Bss 123-215+ 17 17 62 C 1.19 2.44 51.17 52.81 41.53 112.8 

UC103 

Ap 0-22 21 26 53 C 1.08 2.62 58.67 48.07 28.70 193.7 
Bss1 22-33 18 22 60 C 1.19 2.47 51.87 53.29 29.44 238.5 
Bss2 33-58 12 16 72 HC 1.20 2.42 50.45 53.96 28.97 249.9 
C 58-89+ 9 13 78 HC 1.23 2.41 49.05 55.25 28.13 271.3 

UC104 
Ap 0-23 29 36 35 CL 1.04 2.52 58.55 54.88 42.04 128.4 
Ass1 23-58 31 32 38 CL 1.27 2.51 49.38 55.25 43.32 119.4 
C 58-95+ 37 28 35 CL 1.34 2.49 46.15 48.24 39.53 87.1 

LG305 

A 0-35 18 23 59 C 1.16 2.70 56.92 48.07 24.03 240.3 
Ass1 35-76 14 18 68 HC 1.18 2.65 55.53 53.29 25.65 276.5 
Bss1 76-114 13 15 72 HC 1.19 2.69 55.78 55.58 26.79 287.9 
Bss2 114-205+ 10 12 78 HC 1.28 2.57 50.10 55.27 26.63 286.3 

LC306 

Ap 0-32 25 17 58 C 1.13 2.54 55.41 46.37 33.38 129.9 
Ass1 32-76 21 15 64 HC 1.22 2.52 51.58 52.74 32.42 203.2 
Bss1 76-115 14 10 76 HC 1.27 2.49 49.11 53.90 32.59 213.1 
Bss2 115-216+ 12 8 80 HC 1.28 2.43 47.54 55.20 30.29 249.1 

LC307 

Ap 0-28 27 18 55 C 1.02 2.59 60.55 49.76 28.67 210.9 
Ass1 28-110 23 12 65 HC 1.21 2.46 50.74 53.85 32.26 215.9 
Bss1 110-135 13 14 73 HC 1.24 2.52 50.70 52.40 31.53 208.7 
Bss2 135-208+ 14 11 75 HC 1.26 2.50 49.63 55.29 31.46 238.4 

MG208 

A 0-37 18 27 55 C 1.18 2.82 58.02 52.09 30.06 220.3 
Ass1 37-140 12 24 64 HC 1.23 2.81 56.27 55.09 32.18 229.1 
Bss1 140-189 18 14 68 HC 1.22 2.73 55.19 55.01 31.86 231.6 
Bss2 189-198 18 10 72 HC 1.28 2.60 50.57 59.76 33.52 262.5 
BC 198-245+ 24 16 60 C 1.34 2.62 48.89 43.11 31.67 114.4 

 
MC109 

A 0-25 28 34 38 CL 1.22 2.72 54.94 53.42 38.31 151.1 
B 25-48 32 28 40 CL 1.29 2.73 52.75 55.05 39.33 157.2 
C 48-75+ 38 26 36 CL 1.29 2.72 52.67 47.29 37.51 97.8 

UC110 

Ap 0-25 22 26 52 C 1.20 2.82 57.61 39.05 27.16 118.9 
Ass1 25-62 18 24 58 C 1.20 2.80 57.06 46.69 34.33 123.6 
Bss 62-78 22 18 62 C 1.23 2.65 53.42 43.72 30.26 134.5 
C 78-99+ 38 22 40 CL 1.26 2.66 52.73 35.58 24.20 113.7 

MC211 

Ap 0-25 22 30 48 C 1.20 2.66 54.74 43.13 32.36 107.7 
Ass1 25-65 15 28 57 C 1.20 2.56 53.11 54.53 37.64 168.9 
Bss 65-95 25 20 55 C 1.22 2.61 53.31 48.16 37.51 106.6 
C 95-115+ 34 28 38 CL 1.26 2.56 50.77 47.88 39.66 82.1 

 
UG112 

A 0-33 32 35 33 CL 1.27 2.63 51.79 49.48 36.86 126.2 
B 33-47 33 29 38 CL 1.35 2.64 48.96 50.35 35.03 153.2 
C 47-65+ 36 29 35 CL 1.34 2.62 48.91 39.95 29.04 109.1 

 

FC = Field capacity; PWP = permanent wilting points; AWHC = available water holding capacity; TP = total porosity; C = clay; HC= heavy clay; 
Ass/Bss = A/B-horizon and ss = slickenside. 
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82.1 to 287.9 mm/m (at subsurface). The values of AWHC 
were influenced by OM and clay contents within the hori-
zons. According to McIntyre (1974) rating of AWHC, the 
AWHC of the soils varies from very low (<100 mm/m) to 
high (>200 mm/m). 

The soils with higher clay content generally had better 
available water than those with lower clay content. Clay 
offers a higher resistance to movement of water because 
of its high proportion of micro-pores that store water in 
film or hygroscopically (Edoga, 2010). In line with this, Rawls 
et al. (2003) found out that for soils with high clay content 
greater than 19%, the average water retention grows as 
the clay content increases. Udomet al. (2011) also cate-
gorized soils with 70% and above clay content as very 
poorly drained. Therefore, the presence of appreciable 
amount of finer fractions in subsurface soils could increase 
the water holding capacity of the soils and facilitate a 
longer period of soil water retention for crop utilization. 
On the other hand, this high water retention could result 
in waterlogging conditions, thus requiring drainage. 
 
 
Soil chemical properties 
 
Soil pH, electrical conductivity and calcium 
carbonate 
 
The results showed that the soil reaction was slightly 
acidic to moderately alkaline in all the topographic 
positions (Jones, 2003). The pH-H2O values varied from 
6.25 to 7.53 on the surface horizons and 6.80 to 8.29 in 
the subsurface soils. In general, the lower topographic 
positions had relatively higher pH values than the others. 
This may be due to more accumulation of bases removed 
from uplands/hill slopes and subsequent depositions at 
the lower slopes. The pH-H2O showed an increasing 
pattern with increasing soil depth, which could be 
attributed to the downward translocation of basic cations 
as well as leaching. 

The pH-KCl ranged from 5.03 to 6.52 on the surface 
and 5.16 to 6.80 in subsurface soils. In all the pedons 
pH (pH-H2O – pH-KCl) values were positive, ranging 
from 0.64 to 2.09. This indicates the presence of net 
negative charge on colloidal particles of the exchange 
site (Papierniket al., 2007). According to Landon (1991), 
the soils of the study area had a preferable pH for most 
crops since most of the essential nutrients become avai-
lable at pH above 5.5.  

All pedons, irrespective of topographic positions, showed 
very low electrical conductivity which varied from 0.011 to 
0.13 dS m-1. Similar to soil pH, it showed an increasing 
trend with depth and topographic positions.  

According to FAO (1988) ratings, the studied soils are 
categorized under non-saline soils. The lower values of 
EC in the study area might be due to the combined effect 
of pH and parent materials.  

 
 
 
 
On the other hand, calcium carbonate (CaCO3) content of 
the studied soils showed an increasing pattern with soil 
depth and it ranged from 0.11 to 24.07% (Table 4). The 
relatively high values (24.07 and 21.32%) recorded in the 
subsurface horizons of the upper topographic position 
might be due to the calcareous parent material. Similar 
findings were reported by Ozsoy and Aksoy(2007), in which 
case the CaCO3 contents increased with depth. Field 
determination of carbonates also confirmed that there 
were clear and visible fizzes when tested with diluted (10%)  
HCl.  
 
 
Organic matter, total nitrogen, C:N ratio and available 
phosphorus  
 
Soil organic matter (OM) content varied from 0.21 to 3.19% 
in the upper altitude, 0.12 to 4.82%  in the upper, middle, 

and lower topographic position pedons, respectively. The 
soil OM content was generally higher in the surface (1.51 
to 4.82%) horizons than the subsurface (0.12 to 2.13%) 
horizons, decreasing with depth in all the pedons. This 
could be ascribed to biomass effects on surface horizons 
and fallowing practiced especially at the (upper) and 
(middle) topographic positions. According to Tekalign 
(1991) ratings, soil OM content of soils of the study area 
was in the range of very low to low in all the pedons, 
except for the pedons opened on grassland (UG12 and 
MG01) which was in the range of medium (Table 5).  

Total nitrogen (N) varied from 0.02 to 0.18, 0.03 to 0.23 
and 0.03 to 0.11% in the upper, middle, and lower 
topographic positions, respectively. Its variation with soil 
depth followed that of soil organic matter. According to 
Tekalign (1991) ratings, the total N content of the studied 
soils was categorized under very low to medium ranges. 
This indicates low N release from the OM sources since 
soil N is positively correlated with soil OM content. Similar 
results were reported by Allotey et al. (2008) in that over 
90% of N found in soils is in organic form. Hartz (2007) 
revealed that soils with < 0.07% total N have limited N 
mineralization potential, whereas those having > 0.15% 
total N would be expected to mineralize sufficient amount 
of N during the succeeding crop cycle showing that most 
of the soils have good potential of N mineralization. 

The carbon to nitrogen ratio (C:N) showed irregular 
distribution with soil depth and topographic positions.In 
some cases, the C:N ratio of the studied soils was 
relatively higher than the common range (8:1-15:1) for 
arable soils proposed by Brady and Weil (2008). Such 
high C:N ratio of the soils indicates that OM of the soils 
was not fully decomposed and N loss was apprehended.  
These differences among the pedons could be ascribed 
to the effect of variation in land uses along the topo-
sequence. Intensive and continuous cultivation aggravates 
OM oxidation resulting in reduction of total N as compared 
to  virgin,  grass  and  fallow lands. Variations in available 
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Table 4. Soil pH, electrical conductivity and calcium carbonate at the WadlaDelanta Massif, North Central 
Ethiopia. 
 

Pedon 
Hori 
zon 

Depth 
(cm) 

pH  (1:2.5) EC 
(dS m-1) 

CaCO3 
(%) H2O KCl pH 

MG201 

A 0-38 6.72 5.45 1.27 0.020 2.84 
Ass1 38-110 7.23 6.21 1.02 0.024 3.56 
Bss1 110-122 7.56 6.38 1.18 0.037 9.34 
Bss2 122-225+ 7.73 6.00 1.73 0.034 3.56 

MC202 

Ap 0-20 6.98 5.65 1.33 0.012 2.63 
Ass1 20-102 7.05 5.97 1.08 0.013 3.54 
Ass2 102-123 7.21 6.14 1.07 0.013 4.76 
Bss 123-215+ 7.92 6.50 1.42 0.130 4.81 

UC103 

Ap 0-22 6.99 5.69 1.30 0.020 3.93 
Bss1 22-33 7.66 5.75 1.91 0.022 5.17 
Bss2 33-58 7.99 6.45 1.54 0.029 9.54 
C 58-89+ 8.12 6.47 1.65 0.033 12.72 

UC104 
Ap 0-23 6.57 5.17 1.40 0.013 3.24 
Ass1 23-58 7.78 6.24 1.54 0.016 5.11 
C 58-95+ 8.02 6.63 1.39 0.017 24.07 

LG305 

A 0-35 7.16 6.52 0.64 0.046 5.37 
Ass1 35-76 7.78 6.59 1.19 0.047 8.52 
Bss1 76-114 7.88 6.63 1.25 0.048 17.36 
Bss2 114-205+ 8.07 6.65 1.42 0.052 6.94 

LC306 

Ap 0-32 6.73 5.42 1.31 0.013 3.44 
Ass1 32-76 7.55 5.46 2.09 0.018 3.90 
Bss1 76-115 8.01 6.26 1.75 0.027 9.65 
Bss2 115-216+ 8.11 6.18 1.93 0.028 9.59 

LC307 

Ap 0-28 6.83 5.12 1.71 0.012 2.97 
Ass1 28-110 7.39 5.67 1.72 0.011 3.09 
Bss1 110-135 8.09 6.46 1.63 0.023 12.02 
Bss2 135-208+ 8.17 6.43 1.74 0.028 11.21 

MG208 

A 0-37 6.25 5.36 0.89 0.012 3.95 
Ass1 37-140 6.80 5.71 1.09 0.017 4.06 
Bss1 140-189 6.95 5.91 1.04 0.022 4.17 
Bss2 189-198 7.15 6.15 1.00 0.025 4.66 
BC 198-245+ 7.60 6.40 1.20 0.027 2.09 

MC109 
Ap 0-25 7.00 5.21 1.79 0.015 0.11 
B 25-48 7.18 5.58 1.60 0.018 0.22 
C 48-75+ 7.59 5.87 1.72 0.024 0.45 

UC110 

Ap 0-25 6.51 5.31 1.20 0.013 3.74 
Ass1 25-62 7.09 5.38 1.71 0.012 21.32 
Bss 62-78 8.11 6.60 1.51 0.024 15.21 
C 78-99+ 8.19 6.80 1.39 0.025 15.12 

MC211 

Ap 0-25 6.90 5.33 1.57 0.023 2.75 
Ass1 25-65 7.26 6.01 1.25 0.024 3.74 
Bss 65-95 8.07 6.33 1.74 0.039 4.02 
C 95-115+ 7.96 6.26 1.70 0.034 2.93 

UG112 
A 0-33 6.78 5.03 1.75 0.012 1.58 
B 33-47 6.84 5.16 1.68 0.013 2.54 
C 47-65+ 7.60 6.60 1.00 0.021 1.24 

 

∆pH = pH (H2O –KCl); EC = Electrical conductivity; CaCO3 = Calcium carbonate. 
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Table 5.Soil organic matter, total nitrogen, C:N ratio and available phosphorous at the Wadla 
Delanta Massif, North Central Ethiopia. 
 

Pedon Horizon 
Depth 
(cm) 

Soil OM 
(%) 

Total N 
(%) 

C:N 
ratio 

Av. P 
(mg kg-1) 

MG201 

A 0-38 4.82 0.23 12 18.39 
Ass1 38-110 2.14 0.12 10 10.88 
Bss1 110-122 1.09 0.04 16 3.48 
Bss2 122-225+ 0.52 0.03 10 2.83 

MC202 

Ap 0-20 1.71 0.12 8 10.36 
Ass1 20-102 1.91 0.08 14 8.73 
Ass2 102-123 1.26 0.05 15 3.63 
Bss 123-215+ 0.86 0.04 13 1.52 

UC103 

Ap 0-22 1.88 0.10 11 12.53 
Bss1 22-33 1.60 0.07 14 10.33 
Bss2 33-58 1.05 0.05 13 6.30 
C 58-89+ 0.69 0.03 13 5.45 

UC104 
Ap 0-23 2.03 0.11 11 10.92 
Ass1 23-58 1.29 0.06 12 11.68 
C 58-95+ 0.74 0.02 17 2.56 

LG305 

A 0-35 2.05 0.12 10 18.44 
Ass1 35-76 1.29 0.07 11 8.86 
Bss1 76-114 1.17 0.05 15 8.33 
Bss2 114-205+ 0.67 0.03 13 2.61 

LC306 

Ap 0-32 2.14 0.11 12 14.01 
Ass1 32-76 2.03 0.11 11 14.73 
Bss1 76-115 1.41 0.06 14 4.75 
Bss2 115-216+ 0.69 0.03 13 4.75 

LC307 

Ap 0-28 1.71 0.07 13 7.30 
Ass1 28-110 1.67 0.06 17 7.19 
Bss1 110-135 0.69 0.03 13 5.64 
Bss2 135-208+ 0.55 0.03 10 5.83 

MG208 

A 0-37 1.97 0.14 8 14.53 
Ass1 37-140 1.91 0.11 10 2.10 
Bss1 140-189 1.62 0.08 12 2.04 
Bss2 189-198 1.55 0.05 20 1.98 
BC 198-245+ 1.02 0.03 19 1.05 

MC109 
Ap 0-25 1.64 0.09 10 11.80 
B 25-48 1.57 0.11 8 4.53 
C 48-75+ 0.12 0.03 2 3.36 

UC110 

Ap 0-25 2.76 0.12 13 9.84 
Ass1 25-62 1.84 0.09 12 1.92 
Bss 62-78 1.34 0.05 16 2.00 
C 78-99+ 1.02 0.03 18 2.07 

MC211 

Ap 0-25 2.33 0.18 5 8.44 
Ass1 25-65 1.55 0.11 8 8.19 
Bss 65-95 0.67 0.03 13 2.33 
C 95-115+ 0.53 0.03 11 3.11 

UG112 
A 0-33 3.19 0.18 10 10.46 
B 33-47 1.91 0.07 15 11.00 
C 47-65+ 0.21 0.03 4 6.15 

 

OM = Organic matter; N = Nitrogen; C:N = Carob to nitrogen ration; Av .P. = Available phosphorus. 



 

 

 
 
 
 
phosphorus with soil depth and along the toposequence 
were also observed. Accordingly, it ranged from 1.92 to 
11.68, 1.05 to 18.39 and 2.61 to 18.44 mg kg-1, 
respectively, in pedons of the upper, middle and lower 
topographic positions. In general, available P showed an 
increasing trend down the topographic position and a 
decreasing trend with depth, which might be attributed to 
an increase in clay content and a decrease in soil OM 
content. The surface soils had relatively higher available 
P (7.30 to 18.44 mg kg-1) than the subsurface soils (1.05 
to 14.73 mg kg-1). This might be due to better levels of 
soil OM content at the surface layers and application of P 
fertilizers. As per available P ratings suggested by 
Cottenie (1980), the available P content of soils of the 
study area falls under very low to low category in most of 
the pedons indicating that available P could be one of the 
most limiting nutrients for crop production in the study 
area. 
 
 
Exchangeable bases, cation exchange capacity and 
percent base saturation 
 
The extent of exchangeable bases followed unsystematic 
pattern of distribution along the toposequence. However, 
the trends showed an increase with soil depth for all the 
exchangeable bases except for exchangeable K resulting 
in high base accumulation in the subsurface horizons. 
This might be due to the existence of Ca and Mg bearing 
parent materials, the leaching process and the presence 
of K rich primary minerals. Therefore, exchangeable K is 
adequate for the production of most crops and K deficiency 
would not be expected in soils of the study area. Similar 
findings were reported by Ashenafiet al. (2010) who 
stated that the increment of exchangeable bases with 
depth was due to leaching process.The abundance of 
exchangeable bases on the exchange complex followed 
the order Ca> Mg > K > Na throughout the pedons. 
According to FAO (2006b) ratings, the exchangeable bases 
were high to very high for Caand Mg, medium to very 
high for K, and medium to high for Na for all the pedons. 

The values of CEC at the surface and subsurface 
horizons were high for all pedons, which might be related 
to the soil OM and high clay contents, respectively. On 
the surface soils, it ranged from 31.98 to 48.06 cmolc kg-

1, while it varied from 32.16 to 65.48 cmolc kg-1 in the 
subsurface soils. In accordance with Landon (1991) 
ratings, it has high to very high ranges (Table 6). This 
relatively high CEC indicates good nutrient retention and 
buffering capacity of soils of the study area. 

Following the high to very high exchangeable bases 
recorded in soils of the study area, the base saturation 
(BS) was also high. Landon (1991) rated soils having 
base saturation that is greater than 60% as fertile soils. In 
accordance with this rating, soils of the study area with 
their high BS can be categorized as fertile soils. Furthermore 
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more, as per Hazelton and Murphy (2007) ratings, the BS 
of the studied soils varies between high to very high range. 
 
 
Extractable micronutrients 
 
The results obtained show that the extractable micro-
nutrients in all the pedons decreased with increasing soil 
depth and values were in the order of Fe >Mn> Zn > Cu 
in all topographic positions. However, there were some 
cases where Mn> Fe, and Cu > Zn (Table 7). The extrac-
table micronutrients of the surface soils were higher than 
the subsurface soils due probably to the relatively higher 
soil OM content in the surface soils. According to Jones 
(2003) ratings, the extractable micronutrients of the 
studied soils are categorized under low to high in Fe and 
Cu, medium in Mn, and medium to high in Zn (Table 7). 
In general, the extractable micronutrients content of most 
of the studied soils was above the critical levels of the 
respective micronutrients, implying that there is no urgent 
need for available micronutrients application for the time 
being. 
 
 
Soil classification based on FAO-WRB system  
 
Based on morphological, physical and chemical properties, 
the soils were classified according to FAO-WRB (2006) 
system (Table 8 and Figure 4). As the result shows most 
of the pedons have well developed structure (granular or 
fine sub angular blocky), dark colored sur-face horizons 
having a chroma of ≤ 3 and a value of ≤ 3 when moist, 
and ≤ 5 when dry. The surface layers of the pedons had 
more than 0.6% organic carbon; base satu-ration (by 1M 
NH4OAc) of 50% or more throughout the horizon; pH-H2O 
value of 6 or more; minimum thickness of 20 cm or more. 
All these satisfy the diagnostic criteria for Mollic horizon. 

PedonMC09 and UG12 have limited soil depth, with 
continuous rock within 25 cm of the soil surface. Less 
than 20% (by volume) of fine textured materials was 
found in the upper  75 cm of the soil surface or extremely 
gravelly whichever is shallower; and no calcic, gypsic or 
spodic horizon. The pedon are located at high altitude 
(above 3000 m) and with strongly dissected topography. 
As a result, Pedons MC109 and UG12 qualify for reference 
soil group (RSG) Leptosols. The pedon were having a 
base saturation (by 1M NH4OAc) of 50% or more 
throughout their profile and therefore qualifies for Mollic 
Leptosols (Eutric). Pedons UC03 and UC04, on the other 
hand have petro-calcic horizon to a contrasting layer 
between 50 and 100 cm, 30% or more clay,crack perio-
dically, with intersecting slickensides and a thickness of 
25 cm or more which qualify for reference soil group 
(RSG)Vertisols.They developed foam upon addition of 1 
M HCl, indicating a calcium carbonate equivalent near or 
more  than  15%  which  qualifies   for  calcic   subsurface 
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Table 6. Exchangeable bases, cation exchange capacity and percent base saturation at the WadlaDelanta 
Massif, North Central Ethiopia. 
 

Pedon Horizon 
Depth 
(cm) 

Exchangeable cations and CEC (cmolc kg-1) PBS 
(%) Ca Mg K Na CEC 

MG201 

A 0-38 23.72 6.58 0.65 0.26 31.98 97.59 
Ass1 38-110 27.40 10.76 0.60 0.59 44.94 87.57 
Bss1 110-122 26.65 8.84 0.56 1.04 60.76 61.04 
Bss2 122-225+ 25.28 7.12 0.54 1.11 41.76 81.52 

MC202 

Ap 0-20 22.12 7.62 0.63 0.37 33.34 92.20 
Ass1 20-102 27.72 10.08 0.62 0.58 43.74 89.16 
Ass2 102-123 27.85 8.48 0.38 0.74 39.74 94.24 
Bss 123-215+ 21.61 7.88 0.28 0.96 37.40 82.17 

UC103 

Ap 0-22 19.37 7.24 0.82 0.58 41.33 67.77 
Bss1 22-33 29.56 7.45 0.85 0.82 47.67 81.14 
Bss2 33-58 29.83 8.25 0.78 1.00 44.33 89.92 
C 58-89+ 24.41 8.42 0.72 1.03 39.67 87.17 

UC104 
Ap 0-23 22.36 8.86 0.69 0.29 40.22 80.06 
Ass1 23-58 26.32 13.94 0.62 0.52 51.74 80.02 
C 58-95+ 29.43 6.55 0.42 0.54 44.06 83.85 

LG305 

A 0-35 20.78 7.70 2.01 0.59 32.18 96.59 
Ass1 35-76 30.22 7.35 1.51 0.63 62.17 64.04 
Bss1 76-114 31.88 8.58 1.39 0.73 47.03 90.52 
Bss2 114-205+ 23.15 8.14 0.45 0.96 34.94 93.60 

LC306 

Ap 0-32 24.28 6.58 0.91 0.29 36.16 88.67 
Ass1 32-76 24.71 7.64 0.85 0.82 37.34 91.10 
Bss1 76-115 28.28 7.40 0.82 1.03 46.28 81.08 
Bss2 115-216+ 25.44 7.32 0.83 1.22 40.34 86.28 

LC307 

Ap 0-28 18.22 8.08 0.98 0.33 44.14 62.55 
Ass1 28-110 23.81 9.60 0.85 0.59 38.16 91.32 
Bss1 110-135 33.48 5.80 0.80 1.03 58.34 70.47 
Bss2 135-208+ 32.23 6.36 0.76 1.14 45.14 89.71 

MG208 

A 0-37 23.85 7.86 0.93 0.53 40.20 82.50 
Ass1 37-140 25.58 9.86 1.03 0.80 45.68 81.58 
Bss1 140-189 32.50 7.53 0.99 0.96 65.48 64.10 
Bss2 189-198 31.03 7.64 0.82 1.02 40.94 98.97 
BC 198-245+ 25.65 5.83 0.33 1.14 49.89 66.04 

MC109 
Ap 0-25 26.02 6.22 1.05 0.33 47.62 70.59 
B 25-48 25.04 8.02 0.66 0.56 52.14 65.75 
C 48-75+ 21.80 7.76 0.36 0.76 32.16 95.39 

UC110 

Ap 0-25 20.72 6.52 1.29 0.41 48.06 60.22 
Ass1 25-62 31.61 6.82 0.84 0.65 61.26 65.16 
Bss 62-78 32.06 7.82 0.79 0.94 60.74 68.51 
C 78-99+ 31.49 5.68 0.44 1.14 56.58 68.49 

MC211 

Ap 0-25 20.58 6.56 0.98 0.57 35.68 80.42 
Ass1 25-65 25.47 8.36 0.88 0.77 58.72 60.41 
Bss 65-95 27.61 8.02 0.75 1.20 52.14 72.08 
C 95-115+ 31.92 6.15 0.24 1.15 45.74 86.28 

UG112 
A 0-33 17.74 7.82 0.73 0.52 44.06 60.85 
B 33-47 18.34 7.94 0.66 0.66 42.26 65.31 
C 47-65+ 26.56 8.50 0.22 0.85 55.96 64.55 

 

CEC = Cataion exchangeable capacity; PBS = percent base saturation. 



 

 

 
 
 
 
Table 7.Extractable micronutrient contents at the WadlaDelanta 
Massif, North Central Ethiopia. 
 

Pedon Horizon 
Depth 
(cm) 

Micronutrients (mg kg-1) 

Mn Fe Cu Zn 

MG201 

A 0-38 4.80 4.81 3.80 2.40 
Ass1 38-110 4.60 1.22 1.21 2.03 
Bss1 110-122 4.01 1.23 1.21 1.21 
Bss2 122-225+ 2.01 0.82 0.82 0.82 

MC202 

Ap 0-20 5.60 6.01 2.01 3.61 
Ass1 20-102 6.02 6.03 1.20 3.80 
Ass2 102-123 5.81 3.01 0.82 3.60 
Bss 123-215+ 2.22 1.21 0.82 0.82 

UC103 

Ap 0-22 5.87 6.02 3.22 3.00 

Bss1 22-33 7.07 7.27 3.67 3.87 
Bss2 33-58 5.13 5.15 2.27 2.80 
C 58-89+ 4.07 3.88 2.40 1.20 

UC104 
Ap 0-23 7.60 8.80 4.81 3.61 

Ass1 23-58 6.05 6.01 0.83 3.60 
C 58-95+ 5.61 4.01 0.80 2.80 

LG305 

A 0-35 4.62 6.22 2.07 3.05 
Ass1 35-76 7.62 9.20 2.80 5.80 
Bss1 76-114 4.73 5.60 2.21 2.40 
Bss2 114-205+ 2.03 3.81 1.21 1.08 

LC306 

Ap 0-32 5.20 5.22 4.40 2.50 
Ass1 32-76 5.60 5.80 4.01 3.94 
Bss1 76-115 4.03 4.04 2.02 1.23 
Bss2 115-216+ 4.80 4.22 3.60 1.60 

LC307 

Ap 0-28 6.81 6.82 3.22 2.85 

Ass1 28-110 8.02 8.18 5.82 3.80 
Bss1 110-135 5.61 7.41 4.01 3.60 
Bss2 135-208+ 5.21 6.81 2.81 1.20 

MG208 

A 0-37 9.20 10.40 6.03 4.26 

Ass1 37-140 6.81 6.82 4.01 5.20 
Bss1 140-189 6.50 5.88 3.81 2.85 
Bss2 189-198 6.02 5.69 3.75 1.20 
BC 198-245+ 4.02 4.60 1.20 0.80 

MC109 
Ap 0-25 6.01 6.02 2.41 3.61 
B 25-48 5.60 6.00 2.41 2.80 
C 48-75+ 5.60 5.81 1.21 1.20 

UC110 

Ap 0-25 8.40 10.00 6.00 4.41 
Ass1 25-62 7.02 7.60 5.22 5.01 
Bss 62-78 6.88 7.22 5.20 3.60 
C 78-99+ 5.22 3.20 0.82 3.20 

MC211 

Ap 0-25 9.22 9.22 3.20 4.01 
Ass1 25-65 6.61 7.81 2.81 4.00 
Bss 65-95 6.40 6.54 1.20 2.80 
C 95-115+ 3.20 4.81 0.82 1.30 

UG112 
A 0-33 7.20 7.80 3.20 3.60 
B 33-47 7.21 6.81 1.21 2.80 
C 47-65+ 6.02 5.41 1.21 1.20 
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diagnostic horizon and having hard to very hard structure, 
finer than very coarse granular in the upper 20 cm of the 
soils that fulfill the criteria of Mazic prefix qualifier. 
Therefore, the Pedons are classified as Mazi-Calcic 
Vertisols (Eutric). 

Among the upper pedons, Pedon UC10 showed color 
alteration and had higher chroma and value (moist), red-
der hue, higher clay content in its subsurface horizon 
than the overlying and underlying layers, less carbonate 
than an underlying horizon and loamy very fine sand. The 
layer was an altered horizon more than 15 cm in thick-
ness with a clay loam texture and moderately developed 
structure, genetically young subsurface horizon. The 
pedon had been identified as having cambic subsurface 
horizon. This pedon qualifies for RSG Cambisols. The 
pedon were also having a base saturation (by 1M 
NH4OAc) of 50% or more throughout the profile fulfilling 
the requirements for eutric suffix, but not visible prefix 
qualifier. Thus, the pedons were classified as Haplic 
Cambisols (Eutric).  

The subsurface horizons of the middle and lower 
topographic pedons (Pedens 01, 02, 08 and 05, 06, 07, 
respectively) qualify for a vertic horizon starting within 
100 cm of the soil surface; the upper 20 cm have been 
mixed; containing 30% or more clay throughout the profile; 
formation of slickensides and wedge-shaped structural 
aggregates in the subsurface soil; alternate swelling and 
shrinking of clays resulting in deep wide cracks that open 
and close periodically and gilgai micro-relief. These 
criteria meet the requirements for vertic subsurface 
diagnostic horizon. The soils therefore qualify for RSG 
Vertisols. The pedons were having hard to very hard 
structure, finer than very coarse granular structure in the 
upper 20 cm of the soils that fulfill the criteria of Mazic 
prefix qualifier and therefore are classified as Mazi 
Vertisols (Eutric) which had base saturation (by 1M 
NH4OAc) of 50% or more throughout the horizon, having 
in the upper 30 cm of the soil, a Munsell value of 3.5 or 
less and a chroma of 1.5 or less when moist. They fulfill 
the criteria of Pellic prefix and hypereutric suffix qualifiers, 
thus classified as Mazi-Pellic Vertisols (Hypereutric) (Table 
8).  
 
 
Conclusions 
 
The studied soils are formed from Oligocene rhyolite and 
very thick ignimbrite units mainly from alkaline basalt 
parent materials and highly influenced by topography. 
The measured morphological, physical, and chemical 
properties exhibited spatial variations of different degrees 
with soil depth in a pedon and along the toposequence. 
This indicates the existence of different degrees of 
limitations, potentials and management requirements, the 
consideration of which is fundamental for sustainable use 
of soil resources in the study area. Based on morpholo-
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gica,  physical,  and  chemical  properties,  and   following 
the FAO-WRB classification and correlation system, the 
soils are classified as Mollic Leptososl, Haplic Cambisols, 
Mazi-Calcic Vertisols, and Mazi-Pellic Vertisols.  
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