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Land evaluation, using a scientific procedure, is essential to identify the potential and constraints of a 
given land for defined use in terms of its fitness and ensure its sustainable use. In view of this, a study 
was conducted to evaluate physical land suitability for major agricultural crops under rainfed 
conditions at the Wadla Delanta Massif in the north central highlands of Ethiopia. Four common field 
crops Triticum aestivum L., Hordeum vulgare L., Vicia faba L. and Lens culinaris L. and four land 
mapping units (LMU1Ac and 2Ac, LMU2Bc, LMU3Ccl, and LMU4Dcl), identified based on soil types, 
were considered for this study. Climate, soil and landscape data were also collected. The maximum 
limitation method was used to decide the degree of suitability of the land. The results showed that 
among the total area (24025 ha) of the land evaluated, about 65.13, 23.62, and 11.25% of the land is 
moderately, marginally and not suitable, respectively for all the selected crops. The overall land 
suitability evaluation showed that LMU1Ac and 2Ac are moderately suitable (S2c,f,w) for all tested field 
crops, and LMU2Bc is moderately suitable (S2c,f) for barley and marginally suitable (S3c,f,w) for wheat, 
faba bean and lentil. Land mapping 3Ccl is moderately suitable (S2c,r,s) for barley and marginally 
suitable (S3c,f,r,t) for wheat and faba bean, not suitable for lentil and LMU4Dcl is marginally suitable 
(S3c,r,s.t) for barley and not suitable for others. As a whole, LMU 1 and 2 are suitable for all considered 
crops with integrated land and soil fertility management, and LMU 3 and 4 are not suitable for crop 
production and, hence, it is better to shift to other land use types. 
 
Key words: Field crops, land mapping unit, physical land suitability, soil fertility management. 

 
 
INTRODUCTION 
 
Land is a complex and dynamic combination of factors 
vis-à-vis geology, topography, hydrology, soil, 
microclimates and communities of  plants  and  animals 

that are continually interacting under the influence of 
climate and people’s activities (Hudson, 2005). The 
variation in land must be  identified,  characterized  and  
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information communicated via the most inclusive and  
cost effective means if people understand the different 
forms of land use, the hazards due to accelerated 
changes and degradations that accompany those uses. 
Information on the constraints and opportunities for the 
use of land will provide basic tools for better crop 
management practices and guides decisions on optimal 
utilization of land resources in a sustainable way (Nayak 
et al., 2010).  

Van Ranst et al. (1996) pointed out that physical land 
suitability is a prime requisite for land use planning 
development, since it guides decisions on land utilization 
type for optimal use of land resources which contributes 
towards better land management, mitigation of land 
degradation and designing land use pattern that prevents 
environmental constraints through isolation of rival land 
uses. Making effective decisions regarding agricultural 
land suitability problems are vital to achieve optimum 
land productivity and ensure environmental sustainability 
(Oluwatosin, 2005; Kurtener et al., 2008; Teshome et al., 
2013). In contrast, the incongruous use of land has 
resulted in environmental degradation of natural 
resources that leads to decline in land productivity and 
deterioration of soil quality for its future use (Menale et 
al., 2008).  

Due to the ever increasing population pressures and 
heavy reliance of their own land resources, the 
unreceptive use of land and environmental sustainability 
of agricultural production systems have become an issue 
of concern (Gong et al., 2012; Singh, 2012). Land should 
be used based on its capacity and fitness to meet human 
needs and to ensure sustainable agricultural service. The 
sustainability of agriculture, which involves producing 
quality crops in an environmentally friendly, socially 
acceptable and economically feasible way, would be 
achieved if lands could be categorized and utilized based 
upon their capacity (Amiri and Shariff, 2011).  

To obtain optimum benefit out of the land, proper 
utilization of its resources is inevitable. Various studies 
(Rossiter, 1996; Ziadat and Al-Bakri, 2006; FAO, 2007; 
Ritung et al., 2007; Braimoh and Vlek, 2008) addressed 
that land evaluation is initiated from the need for an 
ample assessment of land performance when used for 
specified purposes using a scientific process which 
involves the execution and clarification of surveys and 
studies of landforms, soils, climate, vegetation and other 
aspects of land. Land evaluation employs estimating the 
land resources and grouping for a defined use in terms of 
their appropriateness that have vital roles for potential 
agricultural efficiency and sustainable land use planning. 
It facilitates the full utilization of the land resources at a 
regional level with specified land qualities or land 
characteristics as a land unit, which can be mapped and 
serially numbered (like land unit 1, land unit 2, land unit 3, 
and so on). 

There are several approaches to land suitability 
evaluation for which Van Lanen (1991) identified three 
general types.   The   first  one  is   qualitative   evaluation  

 
 
 
 
based mainly on expert judgment, where physical 
suitability is obtained by qualitative procedure. This 
approach gives a useful result that generalizes the 
constraint of an area for specific kind of land use type. 
The FAO (1976) framework for land suitability evaluation 
is a typical example. The approach is presented 

in discretely ranked classes (e.g. S1, S2, S3, N1 and 
N2). This concept of FAO is mostly applied, and, 
although it is qualitative, it can be complemented and 
enhanced by more quantitative methods (Teshome and 
Verheye, 1995). The second type includes a qualitative 
evaluation based on parametric methods that assess the 
suitability of land on a continuous scale. The essentials of 
these methods can be expressed by a mathematical 
model. The Storied index (Storie, 1933) is an example. 
The third method is that based on process-oriented 
simulation models where land performance is related to 
individual land characteristics with their net effect 
assessed using a model of land function. These 
quantified methods usually require high data input, which 
make them more expensive. 

Of all the different approaches to land evaluation, each 
has different data needs and different qualities of 
prediction. There are no rules that indicate when any 
given approach is adequate, or when there is the need to 
proceed to a more complex level of analysis (Burrough, 
1996). Therefore, in developing countries where 
inadequate land resources data exist and funds are 
limited to do detailed data analysis, qualitative physical 
land suitability evaluation methodology may be used, 
which may later be complemented with a more complex 
quantitative methods. 

In Ethiopia, limited numbers of investigations were 
made to assess the land suitability based on their 
agricultural potentials or their physical land resources. 
These studies conducted on land evaluation of the 
country seem to be inadequate in providing Wadla 
Delanta basic information that can guide land use 
decisions on proper utilization of resources. For instance, 
very few studies (Teshome and Verhey, 1994; 
Mohammed, 2004; Kassa and Mulu, 2012; Abraham and 
Azalu, 2013; Teshome et al., 2013; Gizachew, 2014) 
were conducted to evaluate suitability of land for a given 
use across different parts of the country. In the study 
area, population pressure is increasing from time to time, 
while the productivity of land is declining. Agricultural 
production in the area has, thus, become unsustainable; 
marginal lands are being converted into cultivated lands. 
It is imperative to evaluate the potential of such marginal 
lands to decide their potential, limitations and their 
suitability. This will ensure sustainable use with better 
return from the land. Nevertheless, although production of 
crops has been practiced for many years, the potential and 

constrains of the land has not been identified scientifically. 
As a result, productivity has remained extremely low in 
the study area. 

Thus, to fill this gap, the present study was conducted 
to identify the potentials and  constraints  of  the  land  for 
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Figure 1. Location map of the study area. 

 
 
 
production of major crops in Wadla Delanta Massif of 
north central highlands of Ethiopia with the intention of 
providing scientific information that can be used for future 
sustainable land use planning and development. 
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
The study was conducted at the Wadla Delanta Massif in Delanta 
district, northcentral highlands of Ethiopia (Figure 1). The study 
area lies between 11° 29' 29.82" to 11° 41' 25.53" latitude and 39° 
02' 19.19" to 39° 19' 53.74" longitude with elevation ranges from 
2600 to 3500 m above sea level 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, South Wello Zone 
According to the information obtained from the WAOR (2013), the 
total area of the District is 105678 ha stretching from lowland to 
highland, much of it being in the mid-altitude ranges dominantly 
plateau plains. Average land holding size is one hectare per 
household (0.75 ha for crop production and 0.25 ha for grazing) and 
their major sources of traction for ploughing are oxen. Among the 
total area of the District, 24025 ha was covered by this study along 
toposequence which was mainly situated in plain areas with altitude 
ranges from 2600 to 3500 masl in the north, northwest and west 
from the center of the District town (Wegel Tena). 
 
 
Geomorphology and topography of the study area 
 
The major landforms of the study area comprise extensive plateaus, 
chains of hills with mountainous ridge, oval in shape with dendritic 
drainage pattern, numerous  convex  hills  at  the  plain  area,  river-

valleys and very deep gorges at the boundary. About two-third of 
the area, embracing altitude ranges from 2100 to 3500 m, was 
highly populated. The remaining one third of the District is located 
mainly along the river valleys on the east, southeast, north and 
northwest location which range from 1500 to 2100 m. Topography 
of the highland plateaus, especially those elevated above 3000 m 
are dominated by chains of hills. According to WAOR (2013) 
reports, the general classification of the area is about 30% 
mountainous, 30% plains, 36.5% gorges and 3.5% other land 
features. 
 
 
Climate and land use systems of the study area 
 
The traditional agro-ecological classification of the study area falls 
in all the categories that are basically correlated with elevation. 
These are Kolla, Woina-dega, Dega and Wurch (Table 1). The 
climate of the area is characterized by dry seasons (October to 
February Cold-Dry and March to June Hot-Dry) and wet season 
(mid-June to September). 

The rainfall pattern is bimodal with peak periods from mid July to 
early September. For fifteen years (1999 to 2013), mean annual 
rainfall of the study area was about 812 mm of which 60 to 70% is 
received in summer (Kiremt) and 40 to 30% in the spring (Belg) 
seasons. The mean annual minimum and maximum temperatures 
are 6.8 and 19.6°C, respectively (Figure 2). People are living in 
the upper topographic position and their farming activities primarily 
depend on Belg rains, whereas the middle and lower topographic 
positions rely on both the Kirem and Belg rains. As a result, there is 
small, erratic and unreliable rainfall and the area is prone to 
sporadic droughts. 

The land use systems in the area are both private (farming) and 
communal (grazing) land holdings which can be identified through 
land use patterns. Cultivated and grazing lands are the major land 
use types in the area which account 22 and  8%,  respectively.  The  
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Table 1. Traditional agro-ecological zones (ACZ) of the northern Ethiopian highlands. 
 

Traditional ACZ Kolla Woina-dega Dega Wurch 

Elevation (m) 1500-1800 1800-2400 2400-3500 > 3500 

Temperature (°C) 18-20 15-18 10-15 < 10 

Rainfall (mm) 300-900 500-1500 700-1700 > 900 

Dominant crop Sorghum, maize Teff, maize, wheat Barley, wheat Barley 
 

Source: Adapted from Getahun (1984). 

 
 
 

 
 

Figure 2. Mean monthly rainfall, maximum and minimum temperatures of the study area. 
 
 
 
largest proportion (45%) of the land in the study area is currently 
unutilized and the remaining (25%) is covered by shrub/bush, and 
natural and plantation forests. Agriculture is the predominant 
economic sector which is over 95% of the population engaged in 
this sector (WAOR, 2013). The farming system is mixed which 
include livestock and crop production activities and is characterized 
by subsistence methods. The overall farming system is strongly 
oriented on the way of crop production to sustain farmers’ 
livelihoods. It is practiced using oxen and horses for land ploughing 
and threshing. Crop residues and intensive grazing are major 
livestock feed resources in the area. 

The common rainfed crops grown in the area are bread wheat 
(Triticum aestivum L.), food barley (Hordeum vulgare L.), faba bean 
(Vicia faba L.), lentil (Lens culinaris L.), grass pea (Lathyrus sativus 
L.), chickpea (Cicer arietinum L.) teff (Eragrostis tef L.) and 
sorghum (Sorghum bicolor (L.) Moench. All these crops are 
managed using traditional agricultural techniques and equipment. 
Moreover, few types of vegetables, fruits, root crops and spices are 
also produced. Most of the arable land is under rainfed farming 
while very small area is irrigated at the valley bottom or around 
riverbanks to produce vegetables and fruits (WAOR, 2013). 

The natural woodland and vegetation of the study area has 
disappeared due to overgrazing, increasing demand for fuel-wood 
and conversion into cultivated lands. There are small patches of 
remnant natural forests found on farm boundaries and around 
churches. Planted tree species like Eucalyptus camaldulensis, 
Cupressus lustanica, Acacia saligna and Acacia decurrens are 
common around homesteads and conserved areas. The Eucalyptus 
camaldulensis plantations are replacing the arable/cultivated lands 
and   expanding   on  backyards,  stream  banks  and   gully   sides. 

Geology and soils of the study area 
 
Geology of the study area is characterized by the trap series of 
tertiary periods, similar to much of the central Ethiopian highlands 
(Mohr, 1971). As per Dereje et al. (2002), the area is covered by 
Oligocene rhyolite and very thick ignimbrite units encompassing 
predominantly of alkaline basalt with numerous inter-bedded flow of 
trachyte. The granite, gneisses and basalt rock types exist in the 
area forming part of the basement complex and most of the soils 
are 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 except 
FAO/UNDP (1984) small scale soil survey (1:1 000 000 scales) at 
the national level. The local people have traditionally classified the 
soils, namely Walka or Mererie Afer (Vertisols) in the plain area and 
Nechatie or Gracha Afer (Cambisols and leptosols) in steep slope 
or mountainous area. 
 
 
Description and characterization of land mapping units 
 
Land mapping units (LMUs) were selected on the basis of slope, 
soil depth and textural classes, as well as morphological, physical 
and chemical characteristics which were considered in terms of soil 
fertility. As a whole, the study area was classified into five land 
units, three topographic positions, three soil depths and two textural 
classes. Twelve representative pedons were opened along the 
topographic position and classified according to WRB (2006) as 
Calcic Vertisols, Pellic Vertisols, Haplic Cambisols and Mollic 
Leptosols (Table 2). 



Nahusenay and Kibebew        1599 
 
 
 
Table 2. Identified mapping units and their area coverage of the study area. 
 

Mapping unit Slope (%) Altitude (m) Depth (cm) Texture 
Area 

Soil classification 
ha % 

LMU1Ac < 2 2800-2900 >150 Clay 4939.54 20.56 Pellic Vertisols 

LMU2Ac 2-4 2900-3000 >150 Clay 10707.94 44.57 Pellic Vertisols 

LMU2Bc 4-8 3000-3100 50-100 Clay 2061.35 8.58 Calcic Vertisols 

LMU3Ccl 8-16 3100-3300 50-100 Clay loam 3613.36 15.04 Haplic Cambisols 

LMU4Dcl > 16 3300-3450 < 50 Clay loam 2702.81 11.25 Mollic Leptosols 

Total     24,025 100.00  
 

The number and letters indicate the slope (1Ac = < 2%, 2Ac = 2-4%, 2Bc = 4-8%, 3Ccl = 8-16% and 4Dcl = > 16%); the capital letters indicate soil 
depth (A = > 150, B = 50–100, C = 50–100 and D = < 50 cm), and the last small letters indicate soil texture (c = clay and cl = clay loam). 
 
 
 

 
 

Figure 3. Land mapping units of the study area. 
 
 
 

For the qualitative land suitability evaluation, simple limitation 
method was applied. Based on this method, land suitability classes 
were determined for T. aestivum L., H. vulgare L., V. faba L. and L. 
culinaris L. crops. For the purpose of land suitability evaluation, the 
twelve pedons were further categorized into five land mapping units 
(Figure 3). 
 
 
Land suitability evaluation procedures for rainfed crop 
production 
 
Land utilization type and their requirement 
 
In this study, different physical land resources such as soil, climate, 
hydrology and  topography  were  evaluated  based  on  the  simple 

limitation (matching system) approach between land quality and 
land characteristics with crop requirements. To obtain information 
on potential and limitations of the land in the study area for rainfed 
crop production, four principal crop varieties (Guna-HAR-2029 for T. 
aestivum L, Shedho-3381-01 for Hordeum vulgare L., Degaga for 
V. faba L. and Chalew for L. culinaris L.) were selected as priority 
land utilization types (Table 3) and the land use requirements of 
each crop were established using FAO (1976, 1983), FAO/UNDP 
(1984b), Sys et al. (1991, 1993) and Teshome and Verhey (1994) 
procedures. 

The average lengths of the crop varieties’ cycles for bread wheat 
(T. aestivum L.), food barley (H. vulgare L.), faba bean (V. faba L.) 
and lentil (L. culinaris L.) were taken as 129, 103, 125 and 119 
days, respectively (EARO, 2004; ARAB, 2011). The selection of 
varieties were made based on their dominance (area coverage) and  
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Table 3. Improved varieties and some agronomic characteristics of crops in the study area. 
 

Crop type Varieties name Year of released Altitude (m) Rainfall (mm) Maturity days 

**Food Barley Shedho (3381-01) 2002 2400-33000 550-1100 123-135 
*
Bread Wheat Guna (HAR-2029) 2001 2200-2700 > 600 110-125 

**Faba Bean Degaga 2002 1800-3000 700-900 116-135 

***Lentil Chalew 1985 1850-2450 500-1200 111-128 
 

Source: Adapted from Ethiopian Agricultural Research Organization (2004) and Amhara Region Agricultural Bureau (2011). Sources of 
variety 

*
Adet Agricultural Research Center; **Holetta Agricultural Research Center and ***Debre Zeit Agricultural Research Center. 

 
 
 
importance in the area, but low productivity as per the information 
obtained from discussion held with the agricultural experts of the 
local district and information obtained from farmers. 
 
 
Agro-climatic analysis for determination of growing period 
 
The length of growing period of the study area was defined by 
comparing decadal rainfall with reference evapotranspiration (ETo). 
The beginning of growing period, end of rains, start and end of the 
humid period were determined using graphic method as described 
by Sys et al. (1991b). The growing period starts as the rainfall 
amount is greater than or equal to half of the reference 
evapotranspiration (RF ≥ 0.5ETo) during the beginning of the rainy 
season and the end of the rainy seasons was set when the rainfall 
amount during the end of season is again less than half of the 
corresponding reference evapotranspiration (RF < 0.5ETo). The 
same applies to the start and end of humid period but in reference 
to ETo. 

The agro-climatic requirements (temperature, length of growing 
period, total growing period of rainfall and occurrence of frost 
hazard) were considered for the land utilization types. These agro-
climatic characteristics were used as input parameters for the 
computation of length of the growing period (LGP), sowing date and 
selection of crop varieties. The mean values of the climatic data 
were used for the computation of the LGP and average values for 
the LGP of selected parameters were calculated and used for 
suitability evaluation 

The climate data (temperature and rainfall) were obtained from 
Wegeltena Meteorological Station. Fifteen years (1999 to 2013) 
data records were used. The data for relative humidity, wind speed 
and sunshine hours were not available at this station. Henceforth, 
the reference evapotranspiration (ETo) was estimated by 
Hargreaves-Samani (1985) model and the results of the analysis 
are provided in the following equation: 
 

 78.170135.0  TCTDRaKTETo        (1) 

 
where, ETo, = reference evapotranspiration (mm d-1), TD = Square 
root differences of the maximum and minimum daily temperature for 
weekly or monthly periods; Ra = Extraterrestrial radiation (mm d-1) 
by degree latitude from Hargreaves-Samani table; KT = empirical 
coefficient (0.162 for "interior" regions and 0.19 for coastal regions) 
and TC = mean daily temperature. The extraterrestrial radiation 
(Ra) can be computed in the following equation: 
 

22

22









                                                       (2) 

 
where, X and Z = The upper and lower location of degree latitude 
(˚) from the table; Y = site location found between X and Z degree 
latitude (˚); X2 and Z2 = the standard tabulated value of the 

corresponding degree latitude (mm d-1) for each month; and Y2 = 
the calculated  value  (mm d-1)  for  each  month,  that is,  Ra  value. 
Thermal zoning was based on a range of mean daily temperatures 
during the growing season and closely related altitude ranges using 
a 500 m contour (Teshome and Verheye, 1994). LUPRD (1984) 
revealed that the relationship between temperature and altitude for 
the whole country of Ethiopia (except southeastern parts and the 
Ogaden) was given by the equation. 

 
T(gp) = 30.2-[0.00059 × Altitude]        r2 = 0.90                              (3) 

 
Where, T(pg) is the mean temperature during the growing period 
(°C), altitude in meters above sea level (masl). 

 
Finally, the length of growing period (LGP) was defined by counting 
the number of days between the start of the growing period and end 
of rains plus the period required to evapotranspiration the assumed 
100 mm moisture stored in the soil reserve (time of soil moisture 
utilization) during the rainy season. The length of period (in days) 
required for evapotranspiration of the assumed 100 mm water 
stored in the soil at full rates of evapotranspiration was computed 
using the simple water balance (SWB) method, which is the 
difference between rainfall (RF) and reference evapotranspiration 
(SWB = RF-ETo). The computation of the water storage began with 
the first month of humid season (RF > ETo) as indicated in FAO 
(1983) and Sys et al. (1991a). 

 
 
Characterization of soil and landscape 

 
For soil and landscape evaluation topography (t), wetness (w), 
physical characteristics (s), fertility characteristics (f) and salinity 
and alkalinity (n) were considered (Table 4). The main focus of the 
study was on cultivated lands. Since the land suitability evaluation 
in the study area was for annual crops of T. aestivum L, H. vulgare 
L., V. faba L.and L. culinaris L., and the reference depth of 100 cm 
was used. The soil horizons had different textural classes that were 
calculated for the depth of the rooting zone for the representative 
pedons using equal sections and weighting factors. Weighted 
average of the upper 25 cm was used for the evaluation of soil pH, 
soil OM, total nitrogen, available phosphorus and sum of basic 
cations, and apparent CEC in the B horizon at a depth of 50 cm 
was calculated (Sys et al., 1991b, 1993). 

The soils were characterized by opening pedons at 
representative sites on the identified mapping units and soil 
samples were collected from generic horizons and analyzed 
following the WRB (2006) guideline. The description of landscape 
characteristics were recorded during the pedon site characterization 
and the relevant soil properties were determined in the laboratory 
following standard procedures and analytical methods for each 
parameter. These soil data were used for evaluating the soil and 
landscape suitability for the specified crops (Table 4). 
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Table 4. Land qualities/characteristics of mapping units at the Wadla Delanta Massif. 
 

Land quality/characteristics LMU1Ac LMU2Ac LMU2Bc LMU3Ccl LMU4Dcl 

Topography (t)      

Slope gradient (%) 0-2 4-8 4-8 8-16 > 16 

Topographic position (Altitude) (m) < 2900 2900-3000 3000-3100 3100-3200 >3200 
      

Wetness (w)      

Drainage Poor Poor MWl MW Well 

Flooding Fo Fo Fo Fo Fo 
     

Physical characteristics (s)     

Textural class of the soil Clayey Clayey Clayey Clay Clay loam 

Soil depth (cm) > 150 >150 50-100 50-100 < 50 

Coarse fragments/stoniness 0-3 3-15 3-15 15-35 15-35 
     

Fertility characteristics (f)     

pH -H2O 6.91-7.57 6.6-7.03 6.95-7.46 6.54-7.09 6.89-7.01 

Soil organic matter (%) 1.66-1.97 1.99-2.83 1.58-2.11 1.57-2.40 1.74-2.42 

Total Nitrogen (%) 0.08-0.10 0.10-0.16 0.09-0.14 0.08-0.12 0.09-0.14 

Available phosphorus (mg kg
-1

) 10.26-13.25 7.24-14.43 9.26-10.49 6.80-10.38 7.77-11.13 

Sum of basic cations (cmol(+) kg
-1

)) 27.85-41.28 29.77-41.02 29.77-41.02 27.43-40.67 26.29-40.88 

Cation exchange capacity (cmol(+) kg
-1

) 37.49-45.89 35.17-44.79 38.51-53.2 44.14-56.5 45.84-47.20 

Base saturation (%) 82.15-89.86 86.10-90.76 74.10-86.73 70.14-89.92 65.53-79.97 
     

Salinity and alkalinity (n)     

Electric conductivity (dS m-
1
) 0.01-0.05 0.02-0.04 0.02-0.04 0.02-0.03 0.01-0.03 

Calcium carbonate (CaCO3) 3.93-5.17 3.14-3.72 3.34-4.46 3.49-13.22 0.85-1.38 
 

Fo = none flooding; Dec. = December; Nov. = November; Oct. = October; MW moderately well drained. 

 
 
 
Land suitability evaluation (matching) and production of 
suitability maps 
 
To delineate the watershed and land mapping units with different 
GIS input data (thematic layers), topographic map, topo map sheet, 
shuttle radar topography mission (SRTM) image, satellite image 
and digital elevation model (DEM) were used. The DEM were 
derived from the SRTM image which generates slope, flow  
accumulation and drainage network by using ArcGIS 10.2. The land 
unit map was used as a guide in the field survey and soil sampling. 
In turn, more detailed soil maps were developed following the 
reinterpretation of field observation and soil analysis. The global 
positioning system (GPS) data were used for geo-referencing of the 
soil pedons. Finally, the land suitability classification was done 
according to the FAO (1976, 1983) methods and the land suitability 
maps were produced for the production of the suitability mapping 
units for the selected land utilization types. 

 
 
RESULTS AND DISCUSSION 

 
Description and characterization of land mapping 
units 

 
Land mapping unit 1Ac 

 
This LMU contains Pedons LG05, LC06 and LC07.  They 

have been characterized by very gently sloping with 
slope of (1 to 2%), altitude ranges from 2800 to 2900 
masl, basaltic parent materials, very deep soil depth (> 
150 cm), area coverage 20.6%, poorly drained, color 
ranges from dark grayish brown (10YR 4/2) to very dark 
grayish brown (10YR 3/2) when dry and from very dark 
brown (10YR 2/2) to black (10YR 2.5/1) when moist; 
heavy clayey soils with high shrink and swell potential 
that would have wide and deep cracks when dry, high 
gilgai micro relief, common distinct slicken sides, very 
strong medium prismatic structure, hard to very hard 
(dry), firm (moist); very sticky and very plastic (wet) 
consistency; no excessive compaction and restriction of 
root development, abrupt and wavy boundary. 

The LMU has slightly acidic to slightly alkaline in pH-
H2O (6.9-7.6) and non saline soils (EC < 0.5 dS m

-1
), low 

in organic matter (1.66 to 1.97%) and total nitrogen (0.08 
to 0.10%) contents, medium in available phosphours 
(10.26 to 13.25 mg kg

-1
), high to very high in 

exchangeable Ca (21.09 to 26.25 cmol (+) kg
-1

) and Mg 
(7.45 to 8.20 cmol (+) kg

-1
) and moderate in monovalent 

cations (Na and K), high to very high in CEC (37.49 to 
45.89 cmol (+) kg

-1
) and PBS (82.15 to 89.86%). The 

extractable micronutrients (Fe, Mn, Cu and Zn) were also 
having high values of nutrient contents. 
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Land mapping unit 2Ac 

 
This unit refers to soil Pedons MG01, MC02 and MG08 
which have gently undulating with slope (2-4%), very 
deep soil depth (> 150 cm), altitude ranges from 2900-
3000 masl, basaltic parent materials, color ranges from 
dark gray (10YR 4/1) to dark grayish brown (10YR 4/2) in  
dry and from very dark grayish brown (10YR 2.5/2) to 
bluish black (10YR 2.5/1) in moist, clay to heavy clayey 
soils with high shrink and swell potential that would have 
wide and deep cracks when dry, common distinct 
slickensides, high gilgai microrelief, area coverage 
44.6%, poor drained, few boulders sub rounded slightly  
weathered quartz nature of rocks, strong medium 
prismatic structure, hard to very hard (dry), firm (moist), 
sticky to very sticky and plastic to very plastic (wet) 
consistency, abrupt and smooth boundary. 

The mapping unit has slightly acidic to neutral in pH-
H2O (6.6-7.03), non saline soil (EC < 0.5 dS m

-1
), medium 

in OM (1.99-2.83%) content, very low to medium in total 
N (0.01-0.16%), low to medium in available phosphorous 
(7.24-14.43 mg kg

-1
), high to very high exchangeable Ca 

(23.22-26.90 cmol (+) kg
-1

) and Mg (6.58-7.86 cmol (+) 
kg

-1
) and moderate in monovalent cations (Na and K), 

high to very high in CEC (35.17-44.79 cmol (+) kg
-1

) and 
PBS (86.10-90.76%). In the exchange sites, the divalent 
(Ca and Mg) cations were dominant than the monovalent 
(Na and K) cations in the study area. All the extractable 
micronutrients (Fe, Mn, Cu and Zn) have high values 
above the critical levels. 

 
 
Land mapping unit 2Bc 

 
This LMU contains with Pedons UC03 and UC09 which is 
slopping with slope of 5 to 8%, altitude ranges from 3000 
to 3100 masl, moderately well drained, area coverage 
8.6%, moderately deep (50 to 100 cm), color ranges from 
brown (10YR 4/3) to dark gray (10YR 4/1) in dry and dark 
brown (10YR 3/3) to very dark gray (10YR 3/1) in moist, 
clay in texture with shrink and swell that would have 
moderately wide and deep cracks when dry, some gilgai 
microrelief, strong coarse granular structure, slightly hard 
to hard (dry), firm (moist), sticky and plastic, abrupt and 
smooth boundary. 

The LMU 2Bc was slightly acidic to alkaline in pH-H2O 
(6.9 to 7.5) and non saline soils (EC < 0.5 dS m

-1
), low to 

high contents of CaCO3 (3.34 to 13.22%), low in soil OM 
(1.58 to 2.11%) and low to medium in total N (0.09 to 
0.14%) contents, medium consents of available 
phosphorous (9.26 to 10.49 mg kg

-1
), high to very high 

continents of exchangeable Ca (19.98 to 27.58 cmol (+) 
kg

-1
) and Mg (6.90 to 7.91 cmol (+) kg

-1
) and moderate in 

monovalent cations (Na and K), high to very high in CEC 
(38.51 to 53.20 cmol (+) kg

-1
) and PBS (74.10 to 

86.73%). The extractable micronutrients (Fe, Mn, Cu and 
Zn) were high that would have above the critical ranges. 

 
 
 
 
Land mapping unit 3Ccl 
 

This LMU refers to soil Pedons UC04 and UC10 which is 
steeply dissected topography with slope of 8 to 16%, 
altitude ranges from 3100 to 3300 masl, 15.04% of area 
coverage, shallow to moderate soil depth (50 to 100 cm), 
well-drained soil, soil color ranged from dark brown 
(7.5YR 3/2) to dark gray (10YR 4/1) in dry and from very 
dark brown (10YR 2/2) to very dark gray (10YR 3/1) in 
moist, clay loam texture, no excessive compaction and 
restriction of root development, moderate to strong 
medium granular structure, hard (dry), friable to firm 
(moist), slightly sticky to sticky and slightly plastic to 
plastic (wet) consistency, many very coarse high plane 
pores, abrupt and smooth boundary. 

The LMU 3Ccl was slightly acidic to neutral in pH-H2O 
(6.5 to 7.1), non saline soil (EC < 0.5 dS m

-1
), low in OM 

(1.57 to 2.40%) and total N (0.08 to 0.12%) contents, low 
to medium available phosphorous (6.8 to 10.38 mg kg

-1
), 

high to very high in exchangeable Ca (21.54 to 28.97 
cmol (+) kg

-1
) and Mg (7.69 to 8.86 cmol (+) kg

-1
), and 

moderate in monovalent cations (Na and K), very high in 
CEC (44.14 to 56.5 cmol (+) kg

-1
), high to very high in 

PBS (60.22 to 89.92%) and high status of micronutrients 
(Fe, Mn, Cu and Zn). 
 
 
Land mapping unit 4Dcl  
 
The LMU 4Dcl refers to soil Pedon UC12 which is steeply 
dissected topography with the slope of > 16%, shallow 
soil depth (< 50 cm), high elevation with 3300 to 3450 
masl, area coverage 11.3%, well-drained soil, color 
ranged from dark grayish brown (2.5Y 4/2) to light 
reddish brown (2.5YR 6/4) in dry and from reddish brown 
(2.5YR 5/4) to dark reddish gray (5YR 4/2) in moist, clay 
loam texture, no excessive compaction and restriction of 
root development, many boulders sub rounded slightly 
weathered quartz nature of rocks, moderate fine crumb to 
strong medium prismatic structure, slightly hard to hard 
(dry), friable to firm (moist), sticky and plastic (wet) 
consistency, common medium plane pores and abrupt 
and smooth boundary. 

The LMU 4Dcl has slightly acidic to neutral in pH-H2O 
(6.8 to 7.01), non saline soil (EC< 0.5 dS m

-1
), low in OM 

(1.74 to 2.42%) and low to medium in total N (0.09 to 
0.14%) contents, low to medium in available 
phosphorous (7.77 to 11.13 mg kg

-1
), high to very high in 

exchangeable Ca (21.69 to 21.88 cmol (+) kg
-1

) and Mg 
(7.02 to 7.98 cmol (+) kg

-1
) and moderate in monovalent 

cations (Na and K), very high in CEC (45.84 to 47.20 
cmol (+) kg

-1
), high in PBS (65.53 to 79.97%) and high 

status of micronutrients (Fe, Mn, Cu and Zn). 
 
 
Agro-climatic analysis and suitability evaluation 
 
The Wadla Delanta Massif followed  the  normal  growing 
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Figure 4. Length of growing period of the study area. BGP = Beginning of growing period, BHP = Beginning 
of humid period, EHP = End of humid period, ER = End of rains and EGP = End of growing period. 

 
 
 

Table 5. Agro-climatic suitability using the simple limitation method. 
 

Climatic characteristics Factor value 
Land utilization type 

Barley 105
a
 Wheat 118

b
 Faba bean 125

c
 Lentil 120

d
 

Mean growing season temperature (°C) 13.2 S2 S2 S2 S2 

Total growing season rainfall (mm) 812.2 S2 S1 S2 S3 

Length of growing season (day) 133 S1 S1 S1 S1 

Occurrence of frost hazard (month) 3 S1 S3 S3 S3 

Overall climatic suitability  S2 S3 S3 S3 
 

   Varieties Name: a = Shedho (3381-01); b = Guna (HAR-2029); c = Degaga and d = Chalew; Suitability class: S1 =                     
highly suitable; S2 = moderately suitable; S3 = marginally suitable. 

 
 
 
periods that agree with FAO procedure which reveals that 
the humid period (precipitation exceeding the potential 
evapotranspiration) and the beginning of the growing 
period was derived from the start of the rainy season. 
The average reference evapotranspiration (ETo) of the 
areas was estimated to be 106.5 mm/month (3.5 
mm/day). The mean calculated value of the LGP, in the 
study area, is 133 days (Figure 4).  

The beginning of growing period (BGP) in the study 
area starts on June 11 (2

nd
 decade) and the humid period 

(BHP) on June 20 (2
rd

 decade), ends of humid period 
(EHP) on September 9 (1

st
 decade) and the rain season 

ends on September 20 (2
nd 

decade). The daily 
evapotranspiration in September is 3.35 mm/day and the 
daily evaporation rate for 30 days were required to utilize 
100 mm water and generate end of growing period on 
October 21 (3

nd
 decade). The growing period curve of the 

study area is presented in Figure 4. 
The period launched from the start of growing period to 

the end of rain which covers around 102 days using the 
indicated model (Hargreaves-Samani, 1985). Moreover, it 

required additional number of days intended for 
evapotranspiration - the assumed 100 mm of water 
expected to be stored within the soil at the end of rain. 
Therefore, the LGP is extend up to October 21

st
 (3

rd
 

decade), which is a total of 133 days required. This 
showed that all the selected principal crops with the 
maximum crop cycle of 133 days can fit into the growing 
period or can be grown using rainfed agriculture of the 
study area. 

The results of the overall climatic suitability evaluation 
showed that the agro-climatic situation of the study area 
is marginally suitable (S3) for selected varieties of T. 
aestivum L. and V. faba L. and L. culinaris L. whereas it 
is moderately suitable (S2) for H. vulgare L., variety 
(Table 5 and Appendix Table 1). All the considered 
varieties are practiced under rainfed conditions. The main 
limiting factor is the occurrence of frost hazard that 
appears in three months from October to December. 
Therefore, the famers might practice early or late sowing 
dates and choose relative varieties of frost resistance 
crops. 
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Table 6. Soil and landscape suitability ratings for physicochemical characteristic requirements for rainfed agricultural crops. 
 

Land quality/characteristics 
LMU1 LMU2A LMU2B LMU3 LMU4 

bar wht fab len bar wht fab len bar wht fab len bar wht fab len bar wht fab len 

Topography (t)                     

Slope gradient S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S2 S2 S2 S2 S3 S3 S3 S3 

Topography/altitude S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S2 S3 S2 N S2 N S3 N 

                     

Wetness (w)                     

Drainage S1 S2 S2 S1 S1 S2 S2 S1 S1 S2 S2 S1 S1 S1 S1 S1 S1 S1 S1 S1 

Flooding S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

                     

Physical characteristics (s)                     

Textural class of the soil S1 S2 S2 S1 S1 S2 S2 S1 S1 S2 S2 S1 S1 S1 S1 S1 S1 S1 S1 S1 

Soil depth S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S2 S2 S2 S2 S3 S3 N S3 

Coarse fragments/ stoniness S1 S1 S1 S1 S1 S1 S1 S1 S S1 S1 S1 S2 S2 S3 S3 S2 S2 S3 S3 

Calcium carbonate (CaCO3) S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

                     

Fertility characteristics (f)                     

pH -H2O S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

Soil organic matter S1 S2 S2 S2 S1 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 

Total Nitrogen S1 S2 S2 S2 S1 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 

Available Phosphorus S1 S2 S2 S2 S1 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 

Sum of basic cations S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

Cation exchange capacity S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

Percent base saturation (PBS) S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

Electric conductivity (EC) S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 

                     

Overall  S1 S2 S2 S2 S1 S2 S2 S2 S2 S2 S2 S2 S2 S3 S3 N S3 N N N 
 

Bar = Barley; fab = Faba bean; LMU = Land mapping unit; len = Lentil and wht = Wheat. 

 
 
 
Soil and landscape suitability evaluation for 
agricultural field crops 
 
The results of the ultimate soil and landscape 
suitability evaluation showed that LMU 1 and 2 
are  moderately  suitable  (S2)  for  all  considered 

crops and having limitations of erosion (e) and 
wetness (w), whereas LMU 3 is moderately 
suitable (S2) for barley, marginally suitable (S3) 
for wheat and faba bean and not suitable (N) for 
lentil. The main limiting factors are altitude, 
erosion and surface stoniness. Land mapping unit 

four was marginally suitable (S3) for H. vulgare L. 
and not suitable (N) for all other selected. The 
main limiting factors are soil depth, high altitude, 
erosion, surface stoniness and nutrient 
deficiencies (Tables 4, 6 and Appendix Tables 2 
and 3). 
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Table 7. Overall land suitability evaluation for LMUs using simple limitation method. 
 

LUT LMU Climate suitability 
Soil suitability Level of suitability Area coverage 

Physical Chemical Actual Potential ha % 

Barley 

LMU1A S2(c) S2(w) S2(f) S2(c,f,w) S2(c,w) 4939.54 20.56 

LMU2A S2(c) S2(w) S2(f) S2(c,f,w) S2(c,w) 10707.94 44.57 

LMU2B S2(c) S2(w) S2(f) S2(c,f,w) S2(c,w) 2061.35 8.58 

LMU3C S2(c) S3(r,s) S2(f) S3(c,f,r,s) S3(c,r,s) 3613.36 15.04 

LMU4D S2(c) S3(r,s,t) S2(f) S3(c,f,r,s,t) S3(c,r,s,t) 2702.81 11.25 

         

Wheat 

LMU1A S2 (c) S2(w) S2(f) S2(c,f,w) S2(c,w) 4939.54 20.56 

LMU2A S2 (c) S2(w) S2(f) S2(c,f,w) S2(c,w) 10707.94 44.57 

LMU2B S2 (c) S2(w) S2(f) S2(c,f,w) S2(c,w) 2061.35 8.58 

LMU3C S2 (c) S3(r,s,t) S2(f) S3(c,f,r,s,t) S3(c,r,s,t) 3613.36 15.04 

LMU4D S2 (c) N(r,s,t) S2(f) N(c,f,r,s,t) N(c,r,s,t) 2702.81 11.25 

         

Faba 
bean 

LMU1A S2 (c) S2(w) S2(f) S2(c,f,w) S2(c,w) 4939.54 20.56 

LMU2A S2 (c) S2(w) S2(f) S2 (c,f,w) S2(c.w) 10707.94 44.57 

LMU2B S2 (c) S2(w) S2(f) S2 (c,f,w) S2(c.w) 2061.35 8.58 

LMU3C S2 (c) S3(r,s) S2(f) S3(c,f,r,s) S3(c,r,s) 3613.36 15.04 

LMU4D S2 (c) N(r,s,t) S2(f) N(c,f,r,s,t) N(c,r,s,t) 2702.81 11.25 

         

Lentil 

LMU1A S2 (c) S2(w) S2(f) S2 (c,f,w) S2(c,w) 4939.54 20.56 

LMU2A S2 (c) S2(w) S2(f) S2 (c,f,w) S2(c,w) 10707.94 44.57 

LMU2B S2 (c) S2(w) S2(f) S2 (c,f,w) S2(c,w) 2061.35 8.58 

LMU3C S2 (c) N(r,s,t) S2(f) N(c,f,r,s,t) N(c,r,s,t) 3613.36 15.04 

LMU4D S2 (c) N(r,s,t) S2(f) N(c,f,r,s,t) N(c,r,s,t) 2702.81 11.25 
 

LMU = Land mapping unit; Limitation factors: c = Climate (occurrence of frost); w = Oxygen availability (drainage); f = Fertility (OM, total N and 
available P); r = Rooting conditions (depth); s = Physical (stoniness); t = Topography (altitude/elevation). 
 
 
 

Overall suitability evaluation 
 
Most of the land characteristics considered in the 
evaluation, lands currently under rainfed cultivation, 
range from suitable to moderately suitable for agricultural 
purposes. As compared to the middle and lower 
topography, the upper topography soils were found to be 
well drained, low depths and rocky. On the other hand, 
some of the middle and all of the lower topographic soils 
showed that high depth, poorly drained and high water 
logging condition. Occurrence of frost is the common 
problem in all topographic positions. The textural classes 
ranged from clay loam to heavy clayey. The evaluation 
class for the crops’ suitability ranges from moderately 
suitable (S2) to permanently not suitable (N). This is due 
to the different condition that the crops require for their 
developments in the local area in question (Table 7 and 
Appendix Tables 1 to 3). 

The majority of the cultivated land, about 65.13%, is 
classified as moderately suitable for all considered field 
crops. As concerning for T. aestivum L. and V. faba L. 
crops, about 15.04 is marginally suitable and 8.5% not 
suitable. For H. vulgare L. 80.2% is moderately suitable 
and 8.5% as  marginally  suitable, and  for  L. culinaris  L. 
crop, about 23.5% of the land is not suitable. The main 

limiting factors are altitude, soil depth, erosion and 
surface stoniness. The results of the analysis provided in 
Table 7 and Figures 5, 6, 7 and 8). 
 
 

Conclusion 
 

The overall land suitability assessment of the study 
showed significant differences among the identified land 
units for the principal crops. The growing season 
temperature, elevation and occurrences of frost are the 
most limiting factors in the area. Some of the limitations 
are also the results of anthropogenic activities related to 
inappropriate land uses. Results of the study showed that 
the lower and middle topographic positions are 
moderately suitable (S2) for all considered crops with 
proper land management, whereas the upper topographic 
position is not suitable for crop production. Therefore, it is 
better to reserve this part of the land for grazing or other 
land uses like highland fruits.  
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Figure 5. Land suitability evaluation map for barley. 
 
 
 

 
 

Figure 6. Land suitability evaluation map for wheat. 
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Figure 7. Land suitability evaluation map for faba bean. 
 
 
 

 
 

Figure 8. Land suitability evaluation map for lentil. 



1608        Afr. J. Agric. Res. 
 
 
 
ACKNOWLEDGMENTS 
 
The authors are indebted to the Delanta District 
Administration and peoples for their financial, logistics 
and labor works support and Ministry of Education for its 
financial support. 
 
 
REFERENCES 
 
Abraham M, Azalu A (2013). Land suitability evaluation for irrigated 

sugarcane (Saccharum officnarum) and onion (Allium cepa) 
production: A case from Yetnora Watershed, Eastern Gojam Zone, 
Ethiopia. Int. J. Plant, An. Environ. Sci. 3(4):102 104. 

Amiri FM, Shariff ARB (2011). Application of geographic information 
systems in land use suitability evaluation for beekeeping: A case 
study of Vahregan watershed (Iran) Institute of Advance Technology, 
Universiti Putra Malaysia, Malaysia. Afr. J. Agric. Res. 7(1):89-97. 

ARAB (Amhara Region Agricultural Bureau) (2011). Revised guideline 
for the implementation of Vertisols and Acidic soils development. 
Agriculture Bureau of the Amhara National Region State. Bahir Dar, 
Ethiopia. 

Braimoh AK, Vlek PLG  (2008). Impact of land use on soil resources. In: 
Braimoh, A.K. and Vlek P.L.G. (eds.), Land use on soil resources. 
Springer science and business media B.V. 

Burrough PA (1996). In J. Bouma: Discussion of paper by D.G. 
Rossiter. Geoderma, 72:191-202. 

Dereje A, Barbey P, Marty B, Reisberg L, Gezahegn Y, Pik R (2002). 
Source, genesis and timing of giant ignimbrite deposits associated 
with Ethiopian continental flood basalts. Elsevier Science Ltd, 
Geochimicaet Cosmchimica. Acta 66(8):1429-1448. 

EARO (Ethiopian Agricultural Research Organization) (2004). Directory 
of released crop varieties and their recommended cultural practices. 
Addis Ababa, Ethiopia. 

FAO (Food and Agriculture Organization) (1976). A framework for land 
evaluation. Soil Bulletin 32. Food and Agriculture Organization, 
Rome, Italy. 

FAO (Food and Agriculture Organization) (1983). Guidelines: Land 
evaluation for rainfed agriculture. Soils Bulletin 52. Food and 
Agriculture Organization, Rome, Italy. 

 FAO (Food and Agriculture Organization) (2007). Land evaluation: 
Towards a revised framework. Land and Water Discussion Paper 6. 
Rome, Italy. 

FAO/UNDP (Food and Agriculture Organization of the United Nations 
Development Program) (1984b). Land evaluation: Technical report 5, 
Part III. Crop environmental requirements; Report prepared for the 
Government of Ethiopia by FAO acting as executing agency for the 
UNDP, Rome, Italy. 

Gizachew A (2014). Geographical Information System (GIS) based land 
suitability evaluation for cash and perennial crops in East Amhara 
Region, Ethiopia. J. Environ. Earth Sci. 4(19):18-22. 

Gong J, Liu Y, Chen W (2012). Land suitability evaluation for 
development using a matter-element model: A case study in 
Zengcheng, Guangzhou, China. Land Use Policy, 29:464-472. 

Hargreaves GH, Samani ZA (1985). Reference crop evapotranspiration 
from temperature. Transaction of ASAE 1(2):96-99. 

Hudson HR (2005). Sustainable drainage management field guide. New 
Zealand Water Environment Research Foundation, Wellington. 

Kassa T, Mulu H (2012). Land suitability characterization for crop and 
fruit production in Midlands of Tigray, Ethiopia. MEJS, 4(1):64-76. 

Kurtener D, Torbert H, Krueger E (2008). Evaluation of agricultural land 
suitability: application of fuzzy indicators. In: Computational Science 
and Its Applications-ICCSA (Eds O. Gervasi, M.L. Andgavrilova, M. 
Murgante, A. Laganà, T. Taniar, Y. Mun). Springer Press, Berlin- 
Heidelberg, Germany. 

 
 
 
 

 
 
 
 

LUPRD (Land Using Planning and Regulatory Department) (1984). 
Agro-climatic resources inventory for land using planning, volume 1, 
Main Text and Appendix 1, based on the work of W. Geobel and 
V.A.O. Odenyo. Assistance to land using planning, Ethiopia, 
AG:DP/ETH/78/003, tecnichal report 2, Addis Abala, Ethiopia. 

Menale K, Pender J, Yesuf M, Köhlin G, Bluffstone R, Mulugeta E 
(2008). Estimating Returns to Soil Conservation Adoption in the 
Northern Ethiopian Highlands. Agric. Econ. J. 38:213-232. 

Mohammed A (2004). Land suitability evaluation in the Jelo Catchment, 
Chercher Highlands of Ethiopia. Doctoral Dissertation, University of 
Free State, Blomfontein, South Africa. 

Nayak BR, Manjappa K, Patil VC (2010). Influence of rainfall and topo 
situations on physic-chemical properties of rice soils in hill region of 
Uttara Kannada district. Karnataka J. Agric. Sci. 23(4):575-579. 

Oluwatosin GA (2005). Land suitability assessment in continental grift of 
northwestern Nigeria for rainfed crop production. West Afr J. Appl. 
Ecol. 7:53-67. 

Ritung S, Wahyunto Agus F,  Hidayat, H (2007). Land Suitability 
Evaluation with a case map of Aceh Barat District. Indonesian Soil 
Research Institute and World Agroforestry Centre, Bogor, Indonesia. 

 Rossiter DG (1996). A theoretical framework for land evaluation (with 
Discussion). Geoderma 72:165-202. 

Singh S (2012). Land suitability evaluation and land use planning using 
remote sensing data and geographic information system techniques. 
Int. J. Geology, Earth. Environ. Sci. 2(1):1-6. 

Storie RE (1933). An index of rating the agricultural value of soils (used 
1937). University of California Agric. Exper. Stat. Bull Berkley, 
California. P. 556. 

Sys C, Van Ranst, E, Debaveye J (1991a). Land evaluation, part I: 
Principles in land evaluation and crop production calculation. 
Agricultural Publications General Administration for Development 
Cooperation, Brussels, Belgium. P.  7. 

Sys C, Van Ranst E, Debaveye J (1991b). Land evaluation, part II: 
Methods in land evaluation. Agricultural Publications No 7. General 
Administration for Development Cooperation, Brussels, Belgium. 

Sys C, Van Ranst E, Debaveye J, Beernaert F (1993). Land evaluation, 
Part III: Crop requirements. Agricultural Publications General 
Administration for Development Cooperation, Belgium. P. 7. 

Teshome Y, Verheye W (1994). An approach towards a macroscale 
land evaluation as a basis to identify resource management options 
in central Ethiopia. Doctoral Dissertation, University of Ghent, faculty 
of sciences. International training center for post graduate soil 
scientist and Ghent University, Ghent. 

Teshome Y, Verheye W (1995). Application of computer captured 
knowledge in land evaluation using ALES in Central Ethiopia. 
Geoderma 66:297-311. 

Teshome Y, Kibebew K, Heluf G, Sheleme B (2013). Physical land 
suitability evaluation for rainfed production of cotton, maize, upland 
rice and sorghum in Abobo Area, western Ethiopia. Am. J. Res. 
Commun. 1(10):296-318. 

Van Lanen HAJ (1991). Qualitative and quantitative physical land 
evaluation: an operational approach. PhD Thesis, Agricultural 
University, Wageningen. 

Van Ranst E, Tang H, Groenemans R, Sinthurahat S (1996). 
Application for fuzzy logic to land suitability for rubber production in 
peninsular Thailand. Geoderma 70:1-19. 

WRB (World Reference Base) (2006). A framework for international 
classification, correlation and communication, 2nd Edition. World Soil 
Resources Reports, P. 103. Rome, Italy. 

Ziadat FM, Al-Bakri JT (2006). Comparing existing and potential land 
use for sustainable land utilization. Jordan. J Agric. Sci. 2(4):372-386. 

 
 
 
 



Nahusenay and Kibebew        1609 
 
 
 
APPENDIX  
 

Table 1. Land suitability ratings for agro-climate characteristic requirements for rainfed (barley, wheat, faba bean and lentil) crops 
 

 LUT Rating Rainfall  (mm) Temperature (°C) LGP (day)*
1
 Frost hazard (month) 

 Barley 

S1 0 100 400-650 16-18 120-135 None  

 1 95 500-750 14-18 110-155 None Oct. to Nov. slight in Dec. 

S2 2 85 300-400 or 750-850 12-14 or 18-20 90-110 or 155-180 None October, slight in Nov. to Dec. 

S3 3 60 200-300 or 850-1000 10 -12 or 20-22.5 75-90 or 180-230 Slight in Oct. to Dec. 

N1 4 40 150-200 or 1000-1250 8-10 or 22.5-28 < 75 or > 230 Any frost in Oct., severe Nov., Dec 

N2  25 < 150 or > 1250 < 8 or > 28 - - 

        

 Wheat 

S1 0 100 700 -1000 18-20 130-140 None  

 1 95 350 -1250 15-20 120-155 None Oct. to Nov. slight in Dec. 

S2 2 85 250-350 or 1250-1500 12-15 or 20-25 100-120 or 155-180 None October, slight in Nov. to Dec. 

S3 3 60 250-200 or 1500-1750 10-12 or 25-27 80-100 or 180-230 Slight in Oct. to Dec. 

N1 4 40 - 8-10 or 27-30 < 80 or > 230 Any frost in Oct., severe Nov. to Dec 

N2  25 < 200 or > 1750 < 8 or > 30 - - 

        

Faba bean 

S1 0 100 400-500 17.5-20 135-155 None  

 1 95 500-600 15-20 130-180 None Oct. to Nov. 

S2 2 85 300-400 or 600-1000 12.5-15 or 20-24 100-130 or 180-265 None Oct. to Nov., slight Dec 

S3 3 60 250-300 or 1000-1200 10-12.5 or 24-27 75-100 or 265-305 None Oct. to Nov., slight Nov. to Dec 

N1 4 40 - 8-10 or 27-30 < 75 or  > 305 Slight Oct., sever Nov. to Dec. 

N2  25 < 250 or > 1200 < 8 or > 30 - Any frost in Oct., severe Nov. to Dec. 

        

Lentil 

S1 0 100 450-500 15-18 120-160 None   

 1 95 500-700 15-20 150-170 None Oct. to Nov., slight Dec 

S2 2 85 400-450 or 700-800 12-15 or 20-24 100-120 or 160-180 None Oct. to Nov., slight Nov. to Dec 

S3 3 60 350-400 or 800-900 10-12 or 24-27 90-100 or 180-210 Slight Oct., sever Nov. to Dec. 

N1 4 40 300-350 or 900-1000 8-10 or 27-30 75-90 or 210-240 Any frost in Oct., severe Nov. to Dec. 

N2  25 < 300 or > 1000 < 8 or > 30 < 75 or > 240  
 

Source: Adapted from FAO (1976; 1983), FAO/UNDP (1984), Sys et al. (1991; 1993); Teshome and Verehye (1994). *
1 
LGP = Length of growing period. 

 
 
 
 
 
 
 
 



1610        Afr. J. Agric. Res. 
 
 
 
Table 2. Land suitability ratings for physical characteristic requirements for rainfed (barley, wheat, faba bean and lentil) crops. 
 

LUT Rating Slope (%) Elevation (m) Drainage Flooding*
2
 Texture*

1
 

Stoniness 

(vol. %) 

Depth 

(cm) 

Barley 

S1 0 100 0-4 2000-3000 Good - C < 60s, Co, SiCs, SiCL,Si, SiL, CL 0-3  

 1 95 4-8 - Moderate F0 C < 60v, SC, C > 60s, L 3-15 > 90 

S2 2 85 8-16 1500-2000 or 3000-3300 Imperfect/ Good F0 C > 60v, SCL 15-35 50-90 

S3 3 60 16-24 3300-3800 Poor and aeric F1 SL, LfS 35-55 25-50 

N 1 4 40 24-30 < 1500 or > 3800 Poor but drainable F2 - - 10-25 

N2  25 > 30 - Poor not drainable F3+ Cm, Si Cm, LcS, fS, cS, S > 55 < 10 

           

Wheat 

S1 0 100 < 2  Good F0 C < 60s, SiC, Si, SiL, CL 0-3  

 1 95 2.-8 2000-2600 Moderate  C < 60v, SC, C > 60s, L 3-15 > 90 

S2 2 85 8.-16 1500-2000 or 2600-3000 Imperfect F1 C > 60v, SCL 15-35 50-90 

S3 3 60 16-30 3000-3300 Poor and F2 SL, LfS 35-55 20-50 

N1 4 40  < 1500 / > 3300 Poor but  - - 10-20 

N2  25 > 30  Poor not F3+ Cm, SiCm, LcS, fS, cS > 55 < 10 

           

Faba bean 

S1 0 100 0-4 2100-2400 Good F0 C < 60s, SiCs, SiCL, CL, Si, SiL 0-3  

 1 95 4 to 8 2000-3000 Moderate - C > 60s, SC, C < 60v,  L, SCL 3 to 15 > 100 

S2 2 85 8 to 16 1800-2000 or 3000-3200 Imperfect - C > 60v, SL, LfS, LS 15-35 75-100 

S3 3 60 16-30 1500-1800 or 3200-3400 Poor and F1 LcS, fS, S 35-55 50-75 

N 1 4 40 24-30 < 1500 or  > 3400 Poor but - - - 20-50 

N2  25 > 30  Poor not F2+ Cm, SiCm, cS > 55 < 20 

           

Lentil 

S1 0 100 0-4 2100-2400 Good F0 C < 60s, Co, SiCs, SiCL, CL, Si, 0-3 > 100 

 1 95 4 to 8 2000-3000 Well - C > 60s, SC,C < 60v,  L, SCL 3 to 15 75-100 

S2 2 85 8 to 16 1800-2000 or 3000-3200 Well - C > 60v, SL, LfS, LS, L 15-35 50-75 

S3 3 60 16-30 1500-1800 or 3200-3400 Moderately well F1 LcS, fS, S, SiL 35-55 25-50 

N 1 4 40 - < 1500 or > 3400 Imperfect - CL SiCL - 10-25 

N2  25 > 30 - Poor, Very poor F2+ Cm, SiCm, cS, SC > 55 < 10 
 

Source: Adapted from FAO (1976, 1983), FAO/UNDP (1984), Sys et al. (1991, 1993); Teshome and Verehye (1994). (*) Textural range: Cm = massive clay; SiCm = massive silty clay; C+60,v = fine 
clay, vertical structure; C+60,s = fine clay, blocky structure; C-60,v = clay, vertical structure;  C-60,s = clay, blocky structure; SiCs = silty clay, blocky structure; SiCL = silty clay loam; CL = clay loam; Si = 
silt; SiL = silt loam; SL = sandy loam; L = loam; SCL = sandy clay loam; SL = sandy loam; Lfs = loamy fine sand; LS = loamy sand; LcS = loamy coarse sand; fS = fine sand; S = sand; cS = coarse sand; 
Co = clay, oxisol structure. 
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Table 3. Land suitability ratings for soil chemical characteristic requirements for rainfed (barley, wheat, faba bean and lentil) crops. 
 

LUT Rating pH- H2O Soil OC (%) Total N (%) 
Avail. P*

1
 

(mg kg
-1

) 

EC 

(dS m
-1

) 
CaCO3 (%) 

Gypsum 

(%) 

Cations*
2
 CEC PBS 

(%) 

EPS 

(%) (cmol (+) kg
-1

 

Barley 

S1 0 100 7-7.5 > 2.0 - - 0-8 3 - 20 0-3 > 8 > 24 > 80 0-15 

 1 95 6.2-8.0 1.2-2.0 > 0.2 > 10 8 to 12 20-30 or 3-0 3 to 5 5 to 8 24-16 80-50 15-25 

S2 2 85 6.2-5.8 or  8-8.2 0.8-1.2 0.15-0.2 5 to 10 12 to 16 30-40 5 to 10 3.5-5.0 < 16 (-) 50-35 25-35 

S3 3 60 5.8-5.5 or 8.2-8.5 0.4- 0.8 0.1-0.15 3 to 5 16-20 40-60 10 to 20 2.0-3.5 < 16(+) < 35 35-45 

N 4 40 < 5.5 or v < 0.4 < 0.1 < 3 20-25 - - < 2. - - - 

N2  25 - - - - > 25 > 60 > 20 - - - > 45 

               

Wheat 

S1 0 100 6.5-7.5 > 2.5 - - 0-1 3-20. 0-3 > 8 > 24 > 80 0-15 

 1 95 6.0-8.2 1.5-2.5 > 0.2 > 10 1 to3 20-30 or 0-3 3.-5 5.-8 24-16 80-50 15-25 

S2 2 85 6-5.6 or 8.2-8.3 1.0-1.5 0.15-0.20 5.-10 3 to 5 30-40 5.-10 3.5-5.0 < 16 (-) 50-35 25-35 

S3 3 60 5.6-5.2 or 8.3-8.5 0.5-1.0 0.10-0.15 3.-5 5 to 6 40-60 10.-20 2.0-3.5 < 16(+) < 35 35-45 

N 4 40 < 5.2 or > 8.5 < 0.5 0.8- 0.10 < 3 6 to 10 - - < 2. - - - 

N2  25 - - < 0.8 - > 10 > 60 > 20 - - - > 45 

               

Faba bean 

S1 0 100 6.0-7.0 > 2 - - 0 0-6 0-0.1 > 5 > 24 > 50 0-2 

 1 95 5.6-7.6 2-1.2 > 0.2 > 10 0-1 1-6. 0.1-0.5 5-3.5 24-16 50-35 2-5. 

S2 2 85 5.6-5.4 or 7.6-8.0 1.2-0.8 0.15-0.2 5.-10 1-1.5 12.-20 0.5-1.0 3.5-2 < 16 (-) 35-20 5-8. 

S3 3 60 5.4-5.2 or 8.0-8.2 < 0.8 0.1-0.15 3.-5 1.5-2 20-25 1 to 3 < 2 < 16(+) < 20 8-12. 

N 4 40 < 5.2 - < 0.1 < 3 - - - - - - - 

N2  25 > 8.2 - - - > 2 > 25 > 3 - - - > 12 

               

Lentil 

S1 0 100 6.0-7.0 > 2 - - 0 0-6 0-0.1 > 5 > 24 > 50 0-2 

 1 95 5.5-7.3 2-1.5 > 0.2 > 10 0-1 6-12. 0.1-0.5 5-3.5 24-16 50-35 2 - 5 

S2 2 85 5.3-5.5 or 7.3-7.7 1.5-1.0 0.15-0.2 5 to 10 1-1.5 12-20. 0.5-1.0 3.5-2 < 16 (-) 35-20 5 - 8 

S3 3 60 5.2-5.3 or 7.7-8 1.0-0.8 0.1-0.15 3 to 5 1.5-2 20-25 1 to 3 < 2 < 16(+) < 20 8 - 12 

N 4 40 5.0-5.2 or 8-8.5 < 0.8 < 0.1 < 3 over 4 - - - - - > 15 

N2  25 < 5 or > 8.5 - - - > 2 > 25 > 3 - - - > 12 
 

Source: Adapted from FAO (1976, 1983), FAO/UNDP (1984), Sys et al. (1991, 1993); Teshome and Verehye (1994). *1 = Olsen method analysis; *2 = sum of cations; PBS = % base saturation; EPS = 
exchangeable sodium percentage. 

 
 


