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ABSTRACT

Agriculture being the most primitive occupation tbé most civilized mans and it should be suppoligdscholars.
Agriculture in Ethiopia is characterized by low phactivity due to low external inputs, lack of goadming practice
deforestation which results soil erosion and desieg productivity. Land suitability analysis is assessment of an area
to determine how proper or appropriate it is forparticular use of the land (such as growing a cnegriety) in a
particular location. Land suitability tools have dre extensively applied to identify better managenpeactices in
agricultural areas. Wheat is one of the most comfiomd crops cultivated in Ethiopia. However, thereat production
supply couldn't satisfy demands for this crop. Agsult, effective method of assessing environrhenttbility analysis
to increase the production of this crop is need&dnulti factor spatial analysis can effectively ess the environmental
suitability of an area for wheat cultivation. Hovegythere are no any comprehensive agriculturaldauitability spatial
analysis for the study yet. In an attempt to undene its significance, this study conducted GlSebdaksnd suitability
analysis. It involves identifying suitability facso hierarchical organization, standardization, &g and ranking, and
weighing the factors selected and finally implermenthe suitability map. The evaluation criteriaedsare elevation,
slope, soil, rainfall, temperature variations. Thesere collected from different government agencide weights of
factors were estimated by computing map algebraeslDifferent suitability maps were prepared facke variable by
combining different ArcGIS 10.3 extension toolsengsed, in this regard as it has the capacity tegrate these modules.
The results of the analyses show that most of Férédore Tabor, Dera, Ebinet area have apotentiatdidtivating wheat

crop. On the other hand, Simada, Tach gaynt, Lajngd.imokemkem, Merab Este and MisrakEste).
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INTRODUCTION
Background of the Review

Over the 10,000 year since agriculture began tdeweloped, people everywhere have discovered ik falue of wiled
plant and animals, and domesticated and bread thieenmost important crops are cereals such as wheatbarley, corn
and rye. The population of the world is increadingmatically in order to meet the high demand &ardf production there

will be a suitable land (Teak & Haft 2012). In orde achieve this, the first and foremost requiretig carrying out land
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suitability analysis (Kihoroet al, 2013).

Africa is the world’s second-largest and second-stapmpulist continent. Although it has abundantureit
resources. however Africa remains the world’s psbaamd most underdeveloped continent, the resatwaifriety of causes
that may include corrupt governments that have citi@dhserious human right violation’s, high levefdlliteracy, lack of
access to foreign capital, poor farming system,feeglent tribal and military conflict (Sayre & Appulley, 1999). In the
United Nations’ human development report in 200® bottom 24 ranked nations (151st to 175th) wéren &frica.
Africa’s economy is inherently dependent on agtim@. More than 32% of the continent’s gross domgsbduct comes
from the sector. However the productivity still r@ms far from developed world standards the reaityagricultural

development is far from ideal and Ethiopia is ohthem.

According to (Alemayehu, 2003). Agricultural sectorEthiopia plays a central role in the economid aocial
life of the nation and is a cornerstone of the ecayy, about 80-85 percent of the people are emplayedriculture, and
especially farming the sector contributes aboupdfent of total GDP; livestock and their produtsount for about 20
percent of agricultural GDP. Smallholders, the tbaxle of the sector, cultivate 95 per cent of thepped area and
produce 90-95 percent of cereals, pulses and dise®ubsistence agriculture is almost entirelyfesirand yields are
generally low Land has been a common property tbna and nationalities and shall not be subjetbeshle or to other
means of transfer, Land resources in Ethiopia faessures from continuing land degradation anceasging the number
of people. The population in growing very rapidlye degradation of the land resource due to ovéo@gapon and misuse
and consequent economic, Social and environmemtphdét has intensified the pressure on the landuress of the
country(EFAP, 1994)Therefore, the efficient managetof natural resources in Ethiopia is essentialehsuring food
supplies and sustainability in agricultural devehgmt. In order to manage land resources propealyd Isuitability
assessment is often conducted to determine whipk ©f land use is most appropriate for a particutaration
(Bodaghabadit al,, 2015).

According to Amhara national regional state foodusity research assessment report may (2000) thelation
of the Amhara region is approximately 15 millioropke of whom 89 percent live in rural, agricultunaluseholds Cereals
account for more that 80 percent of cultivated land 85% of total crop production. The principatezé crops in the
Ambhara region are teff, barley, wheat, maize, songhrand finger millet. But it's characterized by Igwoductivity.
Amhara region suffers from recurrent droughts aedt pnvasions. Of the 105 wored as in the regiornyfeight are
drought-prone and chronically food-secure. There leen no single year since 1950 where there wakaght in the
eastern part of the region. Famines have beendedoas far back as biblical times. On the otherdhamuch of the
western half of the region has good soils and aatequainfall and typically produce agricultural gluses, but the
productivity level does not meet the growing demémdfood.So in order to increase the productititg land should
assess. Suitability of land is assessed considesitmnal cropping system, for optimizing the usea@iece of land for a
specific use (Syst al, 1991).

Land suitability assessment is the examination pieae of land for its capacity to support a speafricultural
use. (Little boyet al, 1996) Thus, land suitability assessment (LSAhsists of analysis of soil, topography and
temperature with the aim of comparing land chargsttes with crop requirements (Waegjal, 2006). The suitability is a
function of crop requirements and land characiegsind it is a measure of how well the qualitietand unit match the

requirements of a particular form of land use (FAQ76). Land assessment is a tool for predicting lperformances in
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terms of the expected proceeds, constraints andoamvental problems from the productive use of |éRdssiter, 1996).
This may be solved by integrating GIS and MCE méshcecently, geographical information systems (Gi&)ye been
found useful in accomplishing the task of land ahility assessment (Anagnostopodbsl, 2010). Multi Criteria
Decision Making an effective tool for multiple @ita decision-making issues (Malczewski, 2006 ednation of the GIS
and MCE can help land-use planners and managdampimve decision-making processes (Malczewski, 1989 this

study, integrated MCD with GIS was applied to ea#duthe suitability of the agricultural land of thieidy area for wheat
crops using the relevant variables of soil typénfedi, slope, altitude and temperature parametbrsugh the MCE

technique.

The historical evidence suggests that the growtthe@fproductive potential of global agriculture tsasfar been
more than sufficient to meet the growth of effegtdemand, but now a day due to rapid populationtjréhe sector have
high pressure on productivity. In Ethiopia the p@arformance of agriculture is reflected in theioral annual food
deficit. The sector has been beset by natural tdissasn particular periodic severe droughts. Latknodern inputs for the
subsistence sector, especially fertilizer; inadégaaailability of credit, poor credit recovery awitlespread disorder and
civil war are the main constraints. These situatibave drawn resources from productive use in ghniewdtural sector. In
south Gonder zone currently, of the total 777,08Butation of four wereda i.e., Simada, Ebnat, LapGand Tach Gaint,
147, 188 populations i.e. 19% of the Woreda pomnaare food insecure. Wheat crop is consideredbst important
crop in south Gondar zone, but in current situati@mre are many challenges faced in wheat produdatithe zone, as due
to this reason the area characterized by low quaiiti quantity wheat production and wheat crop m@swell studied in
the study area so far. Some studies in the area sl@llow due to the complexity of study, which lwdifficult to

generalize and acquire basic information.

-

Soil type Slope

Suitable land for

wheat crop

Elevation Temperature

Reclassify the criteria - Weighted overlay

Figure 1: Analytical Frame Work.
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METHODS AND MATERIAL
Description of the Study Area
Geographical Location

Geographically the south Gondar zone is locatedidsert 11°0' 0"-12°30" 0" N latitude and 37°3@8°30'0"E longitudes.
The zone is bordered on the south by east Gojjanthe® southwest by west Gojjam and Bahir Dar, enwtiest by Lake
Tana, on the north by north Gondar, on the northeasVag Hemra, on the east by north Wollo, andtensoutheast by
south Wollo; the Abbay River separates south Gofrdan the two Gojjam Zones.

37°30'0'E 38°0'0"E 38°30'0"E
N
+ + A -12°30'0"N
12°0'0"N 1 F12°0'0"N
. ':.
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Legend ) _
Legend Projected coordinate system:
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Ambhara Region Va"",,eH,gh. 4113
[ 0 1530 60KM
Low : 1188 | | |
37°300'E 38°0'0'E 38°300'E

Figure 2: Map of the Study Area.
Topography

South Gonder zone was located on its elevation7iB6inetres (8,878ft) A.S.L, with coverage of araatd,095.19 square

km.
Climate

The climate of the zone is more influenced by it and latitude than others. Based on the siragliigro climatic
classification of Ethiopia, it lies within four agrclimatic zones. Wurch (Alpine), Kola (tropicalyoinaDega (Sub
tropical) and Dega (temperate). The zone has bimad#all pattern, summer is the main rainy seawdth its peak in
July (June to August) and the short rainy seasom fFebruary to April. Rainfall varies from 900 moil599mm. The

average annual rainfall in the zone is 1300mm. lerage temperature in the zone is 17°C (Board2)201
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Demographic and Socio-Economic Condition
Population

The study area is the home to 55,596 people of wBE,372 are males and 35,728 are females and papuation
density of 145.56; 195,619 or 9.53% are urban iithats. A total of 468,238 households were couimtgtlis Zone, which
results in an average of 4.38 persons to a househotl 453,658 housing units. The main ethnic greyorted in south
Gondar was the Amhara (99.7%); all other ethnicagsomade up 0.3% of the population. Amharic wakepas a first
language by 99.7%; the remaining 0.3% spoke aérgphimary languages reported. 96.14% practice@pidn Orthodox
Christianity, and 3.68% of the population said tkre Muslim(Board, 2012)

Economic Activities

In the study area, various economic activitiesuargertaken, Farming is the major economic engageanep production
such as a teff, barley, wheat, maize, sorghum,tpotdticale, fava bean, field pea. The farmingtsyn in the zone is
characterized by mixed farming. Hence, more tha¥ &8 the farm households engage in mixed farmirgesys and

more than 93% of the farm households plough tlaeid lusing traditional farming technology (Boare@ll 2)
Research Methodology
Research Design

In order to address the stated objectives, theareBer was used quantitative research design. .vaheus factors
affecting land suitability were then processedndsadized, weighted and overlaid to produce indigldsuitability maps
and a final suitability map. Furthermore some samgthtistical methods, such as percentage, regneasalysis and other

also was employed for the analysis and interpaatati
Selection of Criteria

Soil, temperature, altitude and slop are paramdtaravheat crop suitability analysis. Four critergere selected for
evaluating agricultural land suitability for wheatop in the study area these criteria were selebtes®d on extensive

literature review of potential factors affecting.
Standardization of Criteria

After data preparation and processing, the diffefactors were arranged in an order matching tingdortance or weight.
As indicated earlier, the order was climate, dojhography. This process is also referred to asgafs there were two
classes, considering the optimum conditions foratloeltivation the classes were numbered 0 to b b being listed in
class that fulfilled the optimum requirements, tiuglicating the class that moderately met the regonénts and one
numbered the class that least met those optimunireggents. Following this individual suitability s were obtained.
Using these ratings, the sub factor maps wereassifled and this was performed in ArcGIS 10.3. ibésults of this
process are the individual suitability maps for §attors which would be weighted and overlaid toduce the individual

suitability maps for the four identified main facdo
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Weighting and Overlaying

The sub factors under each of the four main facteese determined to bear same weight as to pramtuaif factor
suitability maps. The combination of sub factorssvearried out through the weighted sum tool in A&QGO0.3 under
overlay. Following these the four factors and trsiitability in the same two classes were produkbedjet the final
suitability map, overlaying had to be carried otlte individual maps had two classes and the exgdutal map was to
have two classes of suitability

DATA ANALYSIS AND INTERPRITATION
ANALYSIS
Wheat Suitability Analysis Based on Altitude

According to (Hosseiret al, 2015), Wheat is grown in an elevation less tB800m above sea level. The need for
elevation criteria because of it has effect on atenand vegetation are considered as importardrfatiand suitability.
Less than 1600maslis not suitable for wheat cropytion.
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Figure 3: Suitability Map of Wheat Based on Elevatn.
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The results in Fig. 3, The red color show that itable of the land for wheat crop based on elevatand the
green color indicate that suitable of the area,glfad that about most of area are suitable for ij@wheat crop, whereas

area like some parts of Farta, Lay gaynt and Migistie are not suitable for wheat crops due to gtavaariation.

Table 1: Suitability Table Based on Elevation

>3000m and .
<1600 Unsuitable Red 4,087 29%
1600-3000m Suitable Green 10,007 71%
Total Total 14,094 100%

The result from the table. 1 that the suitabilitymieat crop based on elevation, shows that, 718eotudy area

are suitable based on elevation, the remaining @884itable, which indicate , the area have a piatlefidr growing wheat
crop

Wheat Suitability Analysis Based on Slope

According to hossegt al, (2015) and farmanullah et al (2007), slope isngportant element of land form, which plays an

important role for mechanization and irrigation. &dh crop grown on slope less than 12% in slope twiscabove
12%wheat crop can't grow.
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Figure 4: Suitability Map of Wheat Based on Slope.
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The results in Fig. 4 show that the green coloiicaig that suitable of the area and red color atdichat
unsuitable of the land for wheat crop based on,stmme parts of like Lay gayint, tachegayint, simathisrakeste,

mirabeste and limokemkemare unsuitable.

Table 2: Suitability of Wheat Based on Slope

Range Class Color | Area (km?) | Percentage

>12% | Unsuitabld Red 9,443 67%

0-12% | Suitable Green 4,651 33%
Total 14,094 100%

The result from the table. 2 show that the suiigbdf wheat crop based on elevation, shows tha% 2f the
study area are suitable based on elevation, theinémg 67% unsuitable, this indicate, most of theasare unsuitable for

wheat crop production in terms of slope.
Wheat Suitability Analysis Based on Temperature
Relationship between Altitude Temperatures

Elevation and temperature have indirect relatignsithe higher the elevation is the cooler the teatpee will be. The
two relation was analyzed by using regression amliool. The regression analysis tool is an adedrtool that can
identify how different variables in a process agtated. The regression tool will tell you if oneraultiple variables are

correlated with a process output
Maximum Temperature and Elevation

According to Rasul. G (2009) wheat crop can grownakimum temperature less than 35°. If an area har@ximum

temperature more than 35°it’s unsuitable for wioeap.
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Figure 5: Suitability Map of Wheat Crop Based on M&imum Temperature.
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The results in Fig. 5 show that the black colorigate that suitable of the area and white coloicitg that

unsuitable of the land for wheat crop based on,some parts of like simada, misrakeste and mitebere unsuitable for

wheat crop in terms of maximum temperature

Table 3: Suitability of Wheat Based on Maximum Temjgrature

Range Class Value | Color | Area (km? | Percentage
35< | Unsuitable 0 White 1,127.6 8%
25-35 | Suitable 1 Black 12,967.3 92%

Total 14,094.9 100%

The result in table3show that the suitability ofeah crop based on maximum temperature, The resfitied
reclassified map and table show that 8% of thdysarea unsuitable for wheat crop production &edémaining 92% of

the area are suitable for wheat crop based onrmamitemperature.
Minimum Temperature and Elevation

According to Rasul. .G (2009) the minimum tempea®tequired for wheat crop is 3°-5. If the temperatess than 3° it's

unsuitable for wheat production
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Figure 6: Suitability Map of Wheat Crop Based on Mhimum Temperature.

The results in Fig.6 show that the black color ¢ate that suitable of the area and white colorceugi that
unsuitable of the land for wheat crop based onmmi temperature, some part of area like southedmarther tip of the

area are suitable for wheat crop based on mininempérature

wWww.iaset.us

Table 4: Suitability of Wheat Based on Minimum Temgrature
Range Class Value | Color | Area (km?) | Percentage
<3.5 | Unsuitable 0 White 9,443.65 67%
3.5-5 | Suitable 1 Black 4,651.45 33%

Total 14,095.1 100%
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The result in table 4 show that the suitabilityndfeat crop based on minimum temperature, showsfrfét of the
study area unsuitable for wheat crop production thedremaining 33% of the area are suitable forawlceop based on

minimum temperature.
Wheat Suitability Analysis Based on Soil

According to (KidanuS et al,2004), (FAO 1993) and (Rhykerd & Ossome, 2007)8 affected plant growth, some
productivity and yield parameters of crop. Wheaipcgrown in major soil clay and loamy soil textimat it also can grow
in a soil Nitosols, luvisols and cambisols respeyi. This types of soil consider as suitable férveat crop. The study area
reach in different types of soil (Vertisols, Roakface, Lithosols, Regosols, Lake, Nitosols, luldsand cambisols) but

only three of them are suitable for wheat crop potidn
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Figure 7: Suitability Map of Wheat Crop Based on Sd.

The results in Fig.7 show that the black color ¢atle that suitable of the area and white colorcii that
unsuitable of the land for wheat crop based ontgp#, most parts of western and southern arearseitable while the

rest are categorized under.

Table 5: suitability of Wheat Based on Soil

Type Of Saill Class Value Color Area (km?) Percentage
Vertisols, Rock surface, : . 0
Lithosols.Regosols and Lake Unsuitable 0 White 4,791.96 34%
Nitosols, Luvisols and Suitable 1 | Black 9,302.2 66%
Cambisols

Total 14,094..16 100%

The result in table. 5 show that the suitabilityvdieat crop based on soil, show that 34% of thdysarea

unsuitable for wheat crop production and the reingi66% of the area are suitable for wheat crogthas soil.
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Interpritation

This study has revealed the potential agricultlanadl for wheat crop in south Gonder zone. For ctodse matched with
the physical conditions variables (soil, slop,tatte and average temperature,) the combinationtofactors was carried
out through the weighted sum tool in ArcGIS 10.2Tbllowing overlay of sub factors the final map®w two different
classes of suitability and the each class has besptayed consistently in 2 color. This will asdistquick identification

and comparison of suitability level.
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Figure 8: Suitability Map of Wheat Crop Overlay.

Based on the result in fig.8 The Northwestern modhern and central parts (Debre tabor, Deraf&iténat and
Farta) of the zone are the most suitable locationsultivating wheat, whereas some of wester,easand southern parts

(Simada, Tach gaynt, Lay gaynt, Limokemkem, Merste and Misrakeste) are found to be unsuitable.

Table 6: Suitability Map of Wheat Crop

Class Value | Color | Area (km?) | Percentage
Unsuitable 0 white| 7,329.86§ 52%
Suitable 1 black| 6,766.032 48%
Total 14,095.9 100%

Suitability analysis table.6 indicated that totedaaof study is 14095.19 square kilometers. Fraentdble above,
the area identified as suitable for wheat cultimatiegardless of the level of suitability is 67@fuare kilometers of the

area are suitable and the remaining 7329squammétkers are unsuitable.
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CONCLUSIONS AND RECOMMENDATION
Conclusions

This study investigated in agricultural land suitigpanalysis for wheat crop by using multi crie@and GIS technology in
case of south Gonder zone, Ethiopia. GIS providegrest advantage to analyze multi-layer of datatiapa and
guantitatively. Depending on the available spadiaia, the accuracy and reliability of the resuihgsGIS Application
could be high, with GIS in our experiment provess i powerful combination to apply for land-uséatility analysis. In
the above research finding Most of land units ie Htudy area fall under the unsuitable (52%) cfasswvheat crop

production, and the rest (48%) are suitable.
Recommendation

The recent times, insufficient agricultural prodont food insecurity as a result of reduction imiagjtural investments,
increasing costs of production, shortages of aljtical labor, degradation of agricultural resourcgater scarcity, climate

change and globalization have caused increaseupeess land utilization.

Based on the research finding the researchersdedlie following recommendation to the all-stakdkolinthe study area

to take some activities to improve agriculture sect
* The study involved one crop and the same procesbeapplied to other crops.

e The study narrowed the major factors in considenatd four. The exercise can be carried out conisigeall

possible factors affecting the crop.

e The study was carried out in south Gonder distried it is possible to apply the exercise to the levlomhara

region and possibly the whole country too.

» The government should work on areas which categonimder unsuitable class, (Simada, Tach gayntgasmt,
Limokemkem, Merab este and Misrakeste), in ordenitcimize the above problem and also the governraedt

local administrator should
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