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ABSTRACT 
Mango remains an important tropical and sub-tropical crop, ranking as the sixth most cultivated and 
popular across the globe. Despite thriving in many tropical and sub-tropical areas, regions previously 
dedicated to mango cultivation are undergoing a shift to different agricultural pursuits due to a lack of 
sustainable mango output. Due to the spatial variability of factors affecting production, not all areas 
are suitable for mango production in Kenya. This study aims to develop a Geographic Information 
System(GIS)and Analytical Hierarchy Process (AHP) technique-based approaches for land suitability 
assessment for mango growing in Kitui County,Kenya.Thematic maps of all variables (Rainfall, 
temperature, soils, slope, rivers, land use/land cover, and roads) affecting mango growing were 
developed using GIS. The maps were evaluated in accordance with the published ideal parameter 
value ranges for mango production and these evaluations served as a basis for allocating weights to 
the thematic layers with respect to mango production. Thereafter, the weighted overlay maps of the 
thematic layers (ArcGIS) were used to develop the land suitability map. The map was categorized 
into four classes based on mango production suitability namely: highly suitable, moderately suitable, 
marginally suitable, and not suitable. Results show that 79.8 % of the study area is highly suitable for 
mango production, 1.1 % moderately suitable, 13.9 % marginally suitable, and 5.2 % is not suitable 
for mango production. This suggests that a significant portion of the study region is favorable for 
mango cultivation, with limited sections in the study area that are only moderately or completely 
unsuited for mango cultivation. The socio-economic factors highly ranked by farmers to be useful for 
mango production are roads. These results provide useful insights to policy makers, enabling them 
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make informed decisions on how to decrease land degradation and to assess sustainable land use, 
especially for mango production. 
 
Key Words: Land, suitability, assessment, mango, GIS, Analytical Hierarchy Process (AHP), Kenya 
 
1.0 Introduction 
Agriculture is the mainstay of Kenya’s economy, contributing 51 percent of Kenya’s GDP (26 percent 
directly and 25 percent indirectly) while accounting for 60 and 65 percent of employment and 
exports, respectively (World Bank, 2018). Generally producing on farms averaging between 0.2 and 
3 hectares, Kenya’s agricultural sector is dominated by smallholder farmers, who account for 78 
percent of total agricultural production and 70 percent of commercial production (World Bank & 
CIAT, 2015).In Kenya’s 80% of land is classified as arid/semi-arid, This is attributed by the poor soils 
which again results to low yield (Yageta et al., 2022). Thus, selecting the appropriate agricultural 
areas for farming is a prerequisite for good ergonomics and economic viability. 
 
Land is a very important natural resource that brings health and provides a good base for life by giving 
forth food, shelter, and fuel (Food and Agriculture Organization of the United Nations, 2017). The 
economic growth of every country relies mainly on land (Feizizadeh & Blaschke, 2013). Depletion of 
the land’s resources caused by, among other things, soil erosion, water logging, and heavy runoff, 
greatly affects food security; something experienced around the world (Gupta, 2019). This brings 
about land degradation and a significant decline in soil productivity (AbdelRahman, 2023). When land 
allocation is required, the evaluation of land quality with respect to its potential and constraints is of 
great value (Mugiyo et al., 2021). Crop land suitability analysis is important for achieving optimum 
utilization of available land resources for agricultural production in a sustainable manner (Halder & 
Abu Hasan, 2020). This is due not just to the fact that the demand for land resources is increasing 
globally, as the population grows and prospers, but also because soil health and agricultural 
production continue to decline (Montanarella et al., 2016). 
 
Land suitability assessment is defined as the appropriateness of specific kinds of land use based on 
social, economic, and environmental attributes (AbdelRahman et al., 2022). Identifying and assessing 
suitable areas should be conducted in such a way that local needs and conditions are reflected in the 
final decision (Everest et al., 2021). Activities like infrastructure development, land reclamation, and 
sand mining may damage areas suitable for agriculture, hence the need for assessment (Rizal Ichsan 
Syah & Hartuti, 2018). Land users will be able to know if the land has potential and constraints 
through suitability assessment (Everest et al., 2021). Land resources are not equally distributed across 
communities, people are struggling to gain access to the most suitable areas (Alden Wily, 2018). 
Therefore, having knowledge about land and the pattern of existing resources is important since it 
will help policymakers, land users, and planners to project and plan for future development. 
Information on land should also be collected to help identify areas suitable for agricultural production 
(Ordu & Demir, 2009). 
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Mango remains an important tropical and sub-tropical crop, ranking as the sixth most cultivated and 
popular fruit across the globe (Tharanathan et al., 2006). Despite the crop thriving in many tropical and 
sub-tropical areas, regions previously dedicated to mango cultivation are undergoing a shift to 
different agricultural pursuists due to a lack of sustainable mango output (Mugo et al., 2021). Due to 
the spatial variability of factors affecting production, in Kenya, not all areas are suitable for mango 
production (Salunkhe et al., 2023). This study assesses the suitability of land for mango production 
in Kenya using Kitui County as a case study. The focus on mango is because it is widely produced 
globally due to its nutritive value and economic value (Normand et al., 2015). Mango farming 
contributes about 5% of the agricultural GDP and 2% of the national GDP, employing a sizable portion 
of the seasonal labor force (Kihoro et al., 2013);Kitui County remains one of Kenya's top regions for 
producing mangoes, where it is the main livelihood for the majority of the households (Uckert et al., 
2023). Cultivation of mango needs a well-planned suitable land (Salunkhe et al., 2023). In order to 
increase production and reduce food insecurity, mangoes should be grown in the most suitable 
areas; hence it is important to identify those land attributes that significantly influence mango 
production (Kihoro  et al., 2013). 
 
Although various studies on land suitability analysis have been carried out by different researchers, 
mainly targeting crop production (Kalogirou, 2002); (Bandyopadhyay et al., 2009); Mustafa et al, 
2011); Mendas    & Delali, 2012; Feizizadeh & Blaschke, 2013; Mugo et al., 2021 and Salunkhe et al., 
2023 among others), there remains a dearth of information relating to suitable areas for mango 
production. In the Sapa district of northern Vietnam, Dang et al. (2019) use a hybrid neural-fuzzy 
model to map different land suitability classes and forecast rice yields. Harms et al. (2015) assessed 
the land suitability for irrigated crops, using digital mapping techniques and machine learning 
algorithms, across 155,000 km² of northern Australia. Except for Salunkhe et al., (2023), who assess 
the land suitability in the Ratnagiri district, India, for mango crop using a combination of multi-criteria 
decision making (MCDM) with GIS-based analytic hierarchy process (AHP), and sensitivity analysis, 
few studies capture mango as the crop of interest. 
 
Further, majority of the existing studies on land suitability concentrated more on environmental and 
GIS approaches while giving less attention to the economic and social status that may have a 
significant influence on production and, in particular, on mango production. The studies also ignore 
other methods, including AHP techniques. This study fills these gaps by assessing suitable land for 
mango production in Kitui County using GIS and AHP techniques, incorporating both economic and 
social economic aspects. The study provides useful insights to mango producers and other 
stakeholders that will help boost mango production in the study areas. 
 
2.0 Materials and methods 
2.1. Study area 
2.2.1. Location 
The study was carried out in Kitui County, Kenya (Figure.1). It is a semi-arid region located in eastern 
part of Kenya. It is bounded by latitudes 00 10’S and 3010’S and longitude 37040’E and 39010’E. The 
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county has 8 sub-counties (Kitui East, Kitui Rural, Kitui North, Kitui West, Kitui Central, Mwingi East, 
Mwingi Central, and Mwingi North) that cover an area of approximately 30,497 km2, of which 690km 
km2 is in Tsavo national park. Kitui County has a population of 1,136,187 (KNBS, 2019). The county 
shares its borders with seven counties: Tharaka Nithi and Meru to the north, Embu to the northwest, 
Machakos and Makueni to the west, Tana River to the east/southeast and Taita Taveta to the south. 
It is located 160 km east of the capital Nairobi. 
 
Kitui County is rated as the most drought-vulnerable area in Kenya during the period between 
January- February, and June – September each year. The rainfall pattern is bimodal with an 
average annual precipitation of 750 mm and 40% reliability. The annual mean minimum 
temperature ranges from 22 to 28oC while the annual mean maximum temperature ranges between 
28o and 32oC (Musyimi et al., 2023). The predominant soil types in the County are acrisols, luvisols, 
and ferralsols. The soils are well-drained, moderately deep to deep, and dark reddish brown to dark 
yellowish brown in color (Mugo et al., 2016). Since the 17th century, the economic activities of this 
area include livestock and farming activities. Some work as casual labor, moving from town to town 
for a living. The main crops are maize, green grams, cowpea, and pigeon pea. 
 

 
Figure 1: Location of the study area  

 
 
2.2 Thematic Maps development 
GIS technology is used in this study to generate a land suitability map. GIS is currently gaining 
popularity in research since it tries to consolidate a large amount of heterogeneous data and 
weighting for analysis (Lupia, 2012).A summary of the methodology used to generate a land 
suitability map from different datasets (Table.1) is shown in Figure 2. Maps generated in Arc GIS 12.0 
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were developed from the different criteria influencing mango production (rainfall, temperature, soil 
pH, soil texture, soil cation exchange capacity (CEC), rivers, land use, land cover, slope, and roads). 
Reclassification was done to generate thematic maps showing the suitability of mango growth based 
on individual criteria (suitability levels and assigning scores was done). Weight was assigned through 
Analytical Hierarchy Process (AHP) and overlay using GIS was done to get land suitability map for 
mango production. 
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Figure 2. Summary of the data and methods used  
 

 
2.3 Datasets and their sources 
Datasets obtained from different sources were used for this study (Table 1). The datasets were 
grouped into climatic, soil, landscape attributes, and social-economic. Nine parameters (Table 1) 
were used, comprising two climatic parameters (rainfall and temperature), three soil parameter 
(Texture, Cation Exchange Capacity (CEC), pH,), three landscape parameters (Rivers, Digital 
elevation Model (DEM), and land use/land cover), and one social attribute (roads).Climatic data 
with high resolution was derived from (Climate Hazards Groups Infrared Precipitation with station 
data (CHIRPS) for three years (2020, 2021, and 2022) and Climate Hazards Group Infrared 
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Land suitability map 
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Temperature with station data(CHIRTS-daily). Soil data files (vector form) with associated 
attributes-soil texture, CEC and pH were sourced from Kenya Soils Survey. Data on land use /land 
cover was sourced from ESRI Site and Slope data (raster form), with a resolution of 30m was 
derived from United States Geological Survey (USGS). Data on existing mango farms was sourced 
from handheld GPS receivers and questionnaires from experts’ opinion. All thematic variables used 
in this study were converted to raster layers; before the analysis the thematic layers were geo 
referenced and resampled into the World Geodetic 1984 (WGS84) Geo-referencing system. All GIS 
layers transformations were done in Arc GIS 10.4.1. 
 

Table 1. Datasets for the study and their sources 

Dataset Source Description Remarks 

Soil: pH, CEC, and 
texture 

Kenya Soils Survey Kitui layers Vector format 

DEM: Slope United States  
Geological Survey 
(USGS) 

30 m Raster format 

Temperature CHIRTS Mean annual temperature Raster format 
Rainfall CHIRPS Mean annual rainfall Raster format 
Land use/ land cover ESRI site Sentinel 2 ,10m resolution 

9 (Yr 2021) 
 

Rivers Survey of Kenya 21m from river riparian Vector 
Roads Survey of Kenya 12m buffer Vector 
Satellite Images 30m resolution Landsat Images  
Existing mango farms Handheld GPS, 

Questionnaires 
 Date, August 

2020 
AHP ratings  MS word, Questionnaires Date, August 2022 
Administrative 
boundaries 

Survey of Kenya 10M 1:250,000 Shape 
file 

Source: Compiled by Authors from various sources 
  
2.4 Parameters required for mango growing  
 

Table 2. Parameters required for mango growing 
 
 
 
 
 
 
 
 

Parameter Units Ideal 

conditions 

Suitability classes and Degree of limitation 

   SI S2 S3 S4 

Rainfall Mm 650mm - 

1294mm 

634 -761 762-862 873-1002 1003-1294 

Temperature ° 14-34 29.3- 
31.95 

31.96- 
33.65 

33.66- 
35.1 

35.11- 
37.52 

Slope % 2%-6% < 6 0-7 8-18 19-35 

Soil pH Reaction 5.5-7.5 6.5-7.3 7.4 – 8.3 0.1-6.4 <0 

Soil texture Class Loamy or clay 

Sandy loamy 

loamy Sandy clayey Very 

clayey 
Soil CEC Meq/100g 15-25% 9.5 -19.0 19.1-51.6 0.1-1.8 1.9 - 9.4 

 

https://ojs.jkuat.ac.ke/index.php/JAGST


       Journal of Agriculture Science & Technology                                    JAGST 23 (2) 2024, 114-146  
                                                                                                   
 

                                                                                                                Optimal Mango Production Sites in Kitui County 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   126 

ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v24i2.7 
 

These are the suitability classes for growing mangoes. The Ideal conditions for mango growing, 
Rainfall, Temperature, Slope, Soil pH, Soil Texture, Soil CEC, their measurement in Units, Ideal 
conditions, Suitability classes and degree of limitation are shown in Table 2. 
 
The Food and Agriculture Organization (FAO) suitability classification ranks the suitability levels as 
Highly Suitable (SI), Moderately Suitable (S2), Marginally Suitable (S3), and Not Suitable (N) as 
shown in Table 3. The suitability levels for each of the criteria (rainfall, temperatures, soil pH, soil 
texture, soil CEC, slope, rivers, land use land cover, roads) were defined according to existing 
literature review and an agronomist expert’s opinion. 
 

Table 3: Classification framework of land suitability analysis for mangoes 

Code Class Description 

SI Highly suitable Land having no significant limitation for agricultural productivity 
S2 Moderately suitable The land has some limitation that are severe for sustained productivity 
S3 Marginally Suitable Land with major limitation for sustained agricultural productivity 
S4 Not suitable Land with extreme limitation for sustained agricultural productivity 

Source: FAO, 1976 
 
2.4.1 Assigning weight to the parameters 
In this study, several parameters are used to assess suitable land for growing mangoes as suggested 
by Bandyopadhyay et al. (2009): rainfall, temperature, slope, soil CEC, soil pH, soil texture, land use 
land cover, rivers and roads. There have been good attempts to undertake land suitability analysis 
using several parameters. For example, (Everest et al., 2021) analyze a large variety and amount of 
physio-graphic data (climatic characteristics; rainfall and temperature, internal soil characteristics; 
temperature, moisture, aeration, natural fertility, and depth) in northwestern Turkey. Determining 
the weight of the various parameters helps to assess land suitability (Elsheikh et al., 2013) 
 
In order to come up with concrete informed decisions on mango growing areas in Kitui county, 
Kuria et al (2011) show that various parameters, like physical, climatic, and soil characteristics (Table 
2), must be taken into consideration. Mango experts, literature reviews from various reviewed 
journal papers, and books helped to identify the parameters. In this study, structured 
questionnaires were administered to researchers, scientists, and GIS and remote sensing 
specialists via a Survey of Kenya and Jomo Kenyatta University of Agriculture and Technology. The 
analysis was then carried out using a pairwise comparison matrix to determine parameter weights. 
The comparison determines the importance of the parameters relative to each other (Saaty, 2008; 
Mugiyo et al. 2021). AHP technology helped in this assessment (Darko  et al., 2019) as a support tool 
to solve the complex decision problems. 
 
2.4.2 Analytical Hierarchy Process (AHP) 
The analytical hierarchy process is widely accepted method in multi-criteria decision analysis 
(MCDA) (Mugiyo et al., 2021). It reduces complex decisions to a series of pairwise comparisons and 
then integrates the results (Nguyen et al., 2015). In this study, the AHP assesses different factors 
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and alternative options for which the best decision was to be made. Table 4 shows the nine-point 
scale measurement used in this study to calculate the weights of the different parameters used 
(Lange et al., 2020). An assignment of the weights was then based on literature, local knowledge, 
and expert consultation (researcher, scientist and GIS and remote sensing specialists from Survey of 
Kenya and Jomo Kenyatta University of Agriculture and Technology). 
 

Table 4. Nine-point scale measurement 
Intensity of Importance Definition Description 

1 Equal Importance Two activities contributing equally to the 
objective 

3 Moderate importance of one 
over another one 

Experience and judgment slightly favor 
one activity over another 

5 The strong or essential 
Importance 

Experience and judgment
 strongly favor one activity over 
another 

7 Very Strong Importance Activity is strongly favored, and its 
dominance shows in practice. 

9 Extreme Importance The evidence favoring one activity over 
another is of the highest possible order of 
affirmation 

2,4,6 and 8 Even numbers represent 
intermediate values between the two 
adjacent judgments 

When compromise is needed 

Source: Lange et al. (2020) 
 
Pairwise comparison in the AHP (Table 5) was determined as per (Saaty, 2008), with values from 9 
to 1/9. A rating of 9 shows that concerning the column factor, the row factor is more important. On 
the other hand, a rating of 1/9 indicates that relative of the column factor, the row factor is less 
important. In cases where the column and the row factor are equally important, they have a value 
of 1. In this study, Table 5shows that temperature is 7 times important in mango production than 
soils and vice versa i.e., the soils are 1/7 times important than the temperature. Temperature is 
also three times more important than the land use land cover in mango production and vice versa. 
The diagonals compare the parameter/factor by itself and, hence, a value of 1 implies that factor is 
equally important. 
 
In the pairwise comparison matrix, the AHP calculates the weighting for each criterion by taking 
the eigenvector corresponding to the largest eigenvalue of the matrix and then normalizing the 
sum of the components to unity (Chandio et al., 2013). The ratio scale was derived from the 
principal eigenvectors and the consistency index was derived from the principal eigenvalue. An 
eigenvalue is a number that explains how much variance is spread out (Shrestha, 2021). Sangiorgio 
et al., 2018 showed that AHP has limitations in determining the weights; hence, to improve 
consistency, the study first derived the pairwise matrix based on scientific objective in non-scale 
situation.   
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Consistency ratio (CR) assesses the consistency of the decisions and is able to identify potential 
errors. It also measures the amount of variation allowed in acceptable outcomes, which is usually 
10% or less, to be able to go on with the AHP. In contrast, if the CR value was 10% or more, then it 
is advisable that the pairwise comparison is modified to improve decisions. Values of unity (when 
comparison factors are compared with themselves), are assigned to the diagonal elements of pair 
wise comparison method (PWCM). It is only the lower triangular half that needs to actually be 
filled in, since the matrix is symmetrical. 
 

Table 5: Pairwise comparison matrix for Assigned weight 

 Soils Temp Rivers Slope Rainfall Roads LULC Weight 
Eigenvector 

Soils 1 0.14 0.2 0.2 1 0.33 0.11 3 
Temperature 7 1 3 3 7 5 3 35 
Rivers 5 0.33 1 1 5 3 0.33 14 
Slope 7 0.33 1 1 3 1 0.33 12 
Rainfall 1 0.14 0.2 0.33 1 0.33 0.11 3 
Road 3 0.2 0.33 1 3 1 0.33 8 
LULC 9 0.33 3 3 9 3 1 25 
Sum 33 2.47 8.73 9.47 29 13.66 5.21  

 
 
2.4 Development of land suitability map 
Weighted overlay from the weighted sum tool and spatial Analyst tools (Arc GIS) were used in 
developing the suitability map. This was done by combining the reclassified thematic map of all 
parameters (soil, temperature, rainfall, slope, LULC, rivers, roads) with the weights that were 
obtained from AHP (Luan et al., 2021). 
 
3.0 Results 
This section provides the findings on land suitability assessment for mango production in Kitui 
County. The findings outline the climatic, physical and soil characteristics that are important for 
mango production. 
Basing on suitability classes for growing mangoes in Table 2, these results were derived at; 
 
3.1 Climatic factors 
The climatic factors (Table 1) that were evaluated in relation to mango production were mainly 
rainfall and temperature (Table 6). 
 
3.1.1 Rainfall 
Examining the rainfall factor, mango normally requires enough rainfall for its growth (Ochieng et al., 
2016), hence mapping the available rainfall became crucial. Rainfall reclassified map (Figure 3) 
shows that the area that received 1003 mm – 1294mm (14.1%) was highly suitable, moderately 
suitable was 873 mm – 1002 mm (18.4%), marginally suitable 762mm- 872mm (24.6%), and not 
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suitable was (42.9%) 634mm- 761mm (Table 6). In this study area, rainfall ranges from 634mm to 
1294mm. Considering that mango grows well in areas with annual rainfall of 650 mm, with the 
ideal rainfall amount being 634mm- 1294mm, the results indicate that the whole of Kitui County 
is suitable for mango production. Mango also grows best at low rainfall levels, especially during 
flowering and the fruit setting stage (Rangare et al., 2022). Thus, if all areas would receive quality 
and well distributed rainfall ,and ensure other parameters are Ideal mango would grow well across 
Kitui county (Carella et al., 2021), although unpredictable rains cause poor fruit formation during 
flowering and may affect the quality and appearance of ripe mango fruits (Normand et al., 2015). 
High and prolonged rainfall, on the other hand, leads to diseases that hinder fruit setting, fruit 
development, yields, and can also lead to flower dropping (Carella et al., 2021). Some areas in Kitui 
east (Endau, Zombe and Mwitika), Kitui south (Ikutha, Mutomo) Kitui west (Kabati, Katutu), and 
Mwingi North (Saikuru, Kyuso) receive as little as 634mm (annually) of rainfall, which is still 
adequate for mango production since mango is a drought-tolerant crop. With adequate rain water 
conservation and distribution, especially in the presence of erratic rainfall, all of Kitui County is 
suitable for mango production in respect to rainfall. The conservation dams used during rainy 
season would be useful for storing water for use especially during the dry seasons. 
 

 
Figure 3. Mango production suitability map based on rainfall. 

 
3.1.2 Temperature 
In this study, the mean annual temperature ranges between 29.3°C and 37.52°C. Temperature 
reclassified map (Figure 4) shows that temperatures of 29.3 - 31.95°C (14.7%) are highly suitable 
(S1), moderately suitable (S2) is 31.96 - 33.65°C (22.3%), marginally suitable (S3) 36.66 – 35°C 
(30.9%), and not suitable (S4) is 35.11-37.52°C (32.1%) (Table 6). Based on the mean temperature 
required for mango production, 68% (SI, S2, and S3) of Kitui County has favorable temperatures for 
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mango production. The eastern  (Zombe, Endau), western (Kitui west), southern (Kitui south and Kitui 
rural), and northern (Mwingi north)   parts of Kitui have very high temperatures (35.11-37.53°c), about 
41.9% of Kitui; in comparison of the central part of Kitui – Mwingi west, Mwingi central and part of 
Kitui East (59%) – has ideal temperatures for mango production. 
 
Temperatures remain crucial for the development of mango, especially during the germination, 
development of fruit and flower production stages (Liu et al., 2023). The ideal temperature of mango 
production is 14 °C to 34 °C. High temperatures during mango production affect photosynthesis, 
vegetation growth, and fruit quality (Boudon et al., 2020). Further, (Halder & Abu Hasan, 2020) 
explains how high temperatures lead to drought and evaporation demand, resulting in low 
production. Low temperatures, on the other hand, kill the young active mango tree and causes fruit 
abortion (Liu et al., 2023). Ideal temperature influences the growth cycle, frequency of flowering, 
fruit growth, taste, and appearance of the mango fruit in all areas where production takes place 
(Halder & Abu Hasan, 2020).  

 
Figure 4. Mango production suitability map based on Temperature 
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Table 6: Spatial variation of Rainfall and Temperature 

Suitability class Rainfall   Temperature   

 Rainfall (mm) Area (Ha) Area (%) Temperature ( °C) Area (Ha) Area (%) 

S1 1003-1294 443554 14.1 29.3 - 31.95 444666 14.7 

S2 873-1002 746297 24.6 31.96 - 33.65 676646 22.3 

S3 762-872 571113 18.4 33.66 – 35.00 939625 30.9 

S4 634-761 1271077 42.9 35.11-37.52 71105 32.1 

 
3.2 Soils 
Soil characteristics (Table 1) guided in coming up with the soils’ mapping results. i.e. soil CEC, texture, 
pH, and slope (Table 7).  
 
3.2.1 Soil Cation Exchange Capacity (CEC) 
The Soil CEC suitability map gives the cation exchange capacity (Figure 5). The CEC measurement for 
this study ranges from 0 to 51.6%. Table 7 provides a comprehensive overview of the CEC distribution 
and classification of the areas. The first category, with a CEC ranging 19.1 to 51.6, is classified as 
highly suitable, covering 79.6% (2422940 Ha) of the study area. The second category, with a CEC of 
9.5 to 19.0 covering an area of 214370 Ha (7%), is classified as moderately suitable. The third category, 
with a CEC of 1.9-9.4%, is classified as marginally   suitable and covers 13.1% (396110Ha) of the study 
area. Covering 0.3% (9768Ha) of the study area is the last   category with a CEC ranging between 0.0 
and 1.8, and is classified as not suitable. The highly suitable soil CEC is distributed along the central 
region, parts of Kitui East and Kitui West. The soil CEC is often influenced by fine soil texture, which 
may cause useful soil nutrients to disappear (Meimaroglou & Mouzakis, 2019).  In addition, physical, 
chemical, and biological properties of soils also affect the soil CEC (Meimaroglou & Mouzakis, 2019). 
CEC contributes to the growth and development of the mango tree (Yunan et al., 2018). The ideal soil 
CEC ranges from 15-25%. 
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Figure 5. Mango production suitability map based on CEC  

 
 
3.2.2 Soil Texture 
The distribution of different soil texture classes is in the reclassified soil texture map (Table 7) and in 
Figure 6. Loamy soil is found to be the most suitable soil, covering an area of 13% (396110Ha), followed 
by sandy soil with 0.3 % (9768Ha), then clayey soil that covers an area of 2422940 Ha (79.6%), and 
finally very clayey soil, which covered an area of 214370 Ha (7.1%). The loamy soil (highly suitable) is 
found along the boundary lines of Kitui County and its neighboring counties, including parts of Kitui 
West and Kitui Central. 
 
Soil texture is important for supporting crop growth, since different crops tend to do best with 
different soil textures. Sometime crops may experience stunted growth due to lack of good texture. 
Soil texture not only manages nutrients and water retention but  also influences crop productivity 
(Roncucci et al., 2015).  
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Figure 6. Mango production suitability map based on Soil Texture  

 
 
3.2.3 Soil pH 
The distribution of the different pH values are as shown in the reclassified pH map (Figure 7; Table 
7). The areas with a pH range of 6.5 - 7.3, which is found in some parts of the northern side, eastern 
side and a bit of southern side of Kitui County, are classified as highly suitable; these covered an area 
of 22.6% (685952 Ha). Moderately suitable, covered an area of 23.8% (721917 Ha), with a range of 
pH 0.1 to 6.4, and cover (721917 Ha). The marginally suitable areas have a pH range of 7.4 to 8.3 and 
cover an area of 4.8% (146147 Ha). The not suitable areas have a pH value of <0.0 and covered 48.8% 
(1482321Ha) of the area. The soil pH represents the alkalinity and acidity of soil. This can cause stress 
to the mango tree. The pH range of 5.5-7.5 is the optimal range for mango growth since it makes 
nutrients available to the plants (Msimbira & Smith, 2020). The pH also have a role in soil 
biogeochemical processes (Neina, 2019), which affects plant growth and biomass yield. Soil pH, 
therefore, helps in fruit growth, quality, and yield. Low pH leads to poor nutrients absorption and 
imbalance of the nutrients, this leads to poor yields (Maai, 2020). High acidity in soils also provides a 
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thriving environment for nematodes, which affects mango roots, thus affecting growth and 
productivity. 
 

 
Figure 7. Mango production suitability map based on Soil pH  

 
 

3.2.4 Slope 
In this study the reclassified production suitability map (Figure 8) and Table 7 shows the distribution of 
slopes across the different areas. Primary data used (Table 1) gave the basis of the data used  during 
reclassification .The areas that have a slope ranging between 0 and 7 are classified as highly suitable, 
these cover 1732068Ha (56.9%). The areas that have a slope of 8-18 are classified as moderately 
suitable; these cover 1061121Ha (34.9%). The areas that have a slope of 19-35 are classified as 
marginally suitable; these represent 204304Ha (6.7%). The areas with a slope of 36-301 are classified as 
not suitable, approximately 1.5% (46025Ha) of the area. The steepest areas in Kitui Central (Miambani 
area), Mwingi West and Mwingi North are challenging for growing mangoes since very steep areas are 
hard to manage. Again, very low areas with less than 6% slope often experience adverse effects of soil 
erosion, especially in Kitui East, which causes massive damage to the mango production. Slope largely 
contributes to mango growing and it is a determinant of soil erosion (Boardman et al., 2022). Slope is 
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also seen to have an effect on soil formation in that when there is no climate change and slope is 
different, soils are formed on the parent material (Brosens et al., 2020). 
 

 
Figure 8. Mango production suitability map based on Slope  

 

Table 7. Spatial variation of CEC, Texture, PH, and Slope 
Suitability  

class 

Soil CEC   Soil Texture  Soil PH   Slope   

 
CEC (0c) Area 

(Ha) 

Area 

(%) 

Texture 

(0c) 

Area 

(Ha) 

Area 

(%) 

pH 

(Reaction) 

Area 

(Ha) 

Area 

(%) 

Slope 

(0c) 

Area 

(Ha) 

Area 

(%) 

S1 19.1.-51.61 2422940 
79.6 

Loamy 396110 
 

6.5-7.3 685952 
 

0-7 1732068 
 

   
 

  
13.0 

  
22.6 

  
56.9 

S2 9.5-19.0 214370 7 Sandy 9768 0.3 0.1-6.4 721917 23.8 8-18 1061121 34.9 

S3 1.9-9.4 396110 13 Clayey 2422940 79.6 7.4-8.3 146147 4.8 19-35 204304 6.7 

S4 0.0 -1.8 9768 0.3 Very 

clayey 

214370 7.1 <00 1482321 48.8 36-301 46025 1.5 
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3.3 Land use and land cover 
3.3.1 Area under different land cover 
Land use and land cover remains an important aspect for mango production. This parameter impacts 
a wide variety of ecological processes (Salunkhe et al., 2023). Land cover in Kitui county can be 
classified under six major classes (Figure 9 and Table 8) as follows: water, trees, crops, built- up, bare-
land, and shrubs. The results in Table 9 show that 55.3% of the land area is under shrubs, 41.1% under 
trees, 3% under cropland, 0.4% under built-up, 0.1% under water, and 0.1% under bare-land. 
 

Table 8: The area under different land cover 

Land cover Area (Ha) Area (%) 

Water 4017.550049 0.1 

Trees 1259181.375 41.1 

Crop-land 91055.11719 3 

Built-up 11797.2002 0.4 

Bare-land 3088.840088 0.1 

Shrubs 1676668.125 55.3 
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Figure 9. Mango production suitability map based on land use/ land cover  

 
3.3.2 Rivers 
On the other hand, drainage contributes highly to mango production since water is required for 
irrigation. In Kitui County, especially in Kitui East, mango growing is predominant along the river beds, 
which provide a reliable source of water for growth and development of the plant (Wei et al., 2017). 
In this study, the rivers were mapped out, as shown on the reclassified map (Figure 10).The area 
covered by rivers present in the County (Table 9); where only 1.8% 550023 of the entire Kitui County 
is covered by rivers, while 98.2% lacks rivers. 
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Table 9: Spatial variation of Rivers 

Rivers Area (Ha) Area (%) 

 
With Rivers 

 
550023 

 
1.8 

With No Rivers 2988924 98.2. 

 
 

 
Figure 10. Mango production suitability map based on drainage  
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3.4 Roads 
In this study the road network was mapped out, (Figure 11), elaborating mango production suitability 
based on roads. The area covered by roads is presented in Table 10; with only 0.9% (27575 Ha) of Kitui 
County covered by roads. Road is a social economic parameter that directly affects the mango 
production. Where roads are improved, accessibility and transportation of mango fruits is facilitated. 
Where the road networks and quality is rough and not passable, there is a lot of post-harvest losses 
(Costa et al., 2021). 
 

Table 10: Spatial variation of Roads 

Roads Area (Ha) Area (%) 

With Roads 27575 0.9 

With No Roads 3016371 99.1 

 
  

 
Figure 11. Mango production suitability map based on roads  
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3.5 Overall Land suitability map for mango production in Kitui 
This section provides the results of the thematic maps (weighted overlay) of the parameters that 
affect mango production in Kitui County. The results showed that 79.8% of the area is highly suitable, 
1.1% is moderately suitable, 13.9% marginally suitable, and 5.2% is not suitable for mango production. 
.Kitui County have different suitability classes (Figure 12). Kitui central, Mwingi west, Kitui East, and 
Mwingi central are classified as highly or moderately suitable areas, while northern parts of Kitui 
(Mwingi North, Ngomeni, Tseikuru, Nuu, Nguni), some parts of Kitui East (Endau, Mutito, Kyamatu), 
Kitui Central (Kyangwithia west), and Kitui South (Kisasi, Kyatune, Kanziko) are classified as marginally 
suitable. There are also other areas (Kitui west (Mutongoni) that are classified as not suitable for 
mango growing. 
 
The areas classified as marginally suitable have good climatic conditions, though soil pH is not suitable 
and soil texture is marginally suitable. When proper intensification systems are applied to these 
marginally suitable areas, they may shift to moderately suitable or even highly suitable status. The 
majority of rivers that may supply water to mango farms during the dry season are seasonal (Figure 
10). The rivers occupy an area of 1.8%, with the eastern side having the fewest rivers; this contributes 
to its classification as ‘not suitable’ since farmers cannot farm when it is dry, due to lack of water, 
even for irrigation. Where the river network is sparse, the water table tends to be deeper, which also 
leads to minimal water availability for irrigation. Roads are social economic parameters that not just 
influence the movement of mango seedlings, agricultural incentives, farm equipments, agrochemical, 
and other inputs to the farms, but also the transport of mango fruits and their products from farms to 
market. In this study the mapped road network occupies 0.9% (Table 12) of Kitui. The lack of a good 
road network, especially during the rainy season, leads to poor linkages between farms and markets, 
thus affecting mango production. 
 
The AHP (Table 5) shows the weights of the different parameters, revealing that LULC has the most 
weight, followed by temperature and then rainfall. This shows the three (respectively) are more 
important than the others for mango production. Having considered LULC, temperature, and rainfall, 
this shows that the final suitability map (Figure 11) is largely influenced by these three parameters. 
Kitui County is dominated by clayey soil (Figure 6) texture class, which is reflected by the poor 
drainage in the area. Some areas (Figure 8) experience slopes of less than 2%, which leads to water 
logging during wet season; hence not good for mango production. 
 
The authors observe that many large-scale farmers are found in areas with good roads and near 
rivers.. An example is Kitui East, which has mangoes planted along the river bank, Mwingi west and 
north have slopy grounds, while Kitui Central has a very good road network and rivers that ensure 
water availability. The slope of Kitui Central is also favorable and highly suitable for mango 
production. 
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Table 11: Spatial variation for overall suitable land for mango production 
Suitability class Area (Ha) Area (%) 

S1 2293043 79.8 

S2 30945.8 1.1 

S3 
S4 

400174 
145501.2 

13.9 
5.2 

 
 

 
Figure 12: Map of the land suitability map for production;  
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4.0 Conclusion 
A large proportion of land in Kitui County is suitable for mango production. Rainfall, temperature, 
slope, LULC, soil CEC, soil pH, soil texture, rivers, and roads are climatic and socio-economic factors 
captured by the thematic maps. In AHP, land use is seen as having the most weight and, hence, is the 
most important factor for mango production. The resulting land suitability map indicates that 79.8% 
of Kitui County is highly suitable, 1.1% moderately suitable, 13.9% marginally suitable, and 5.2% not 
suitable for mango production. Assessment of suitability land is very crucial for mango production to 
enable the necessary stakeholders to know the amount of land-location and parameters associated 
with it in Kitui County. Thus, policy measures that would help improve climatic and soil characteristics 
of Kitui County are recommended, Such as advising the county government conserve the soils, 
Increase water for irrigation, develop the roads by tarmacking, Provision of irrigation equipment and 
Trainings on smart agricultural practices. 
 
5.0 Acknowledgement  
5.1 Funding 
The authors acknowledge funding from the Sustainable Transition to Entrepreneurial Production in 
Agriculture through Upgrading (Step-up) – LEAP Agri programme (LEAP-Agri 159), a co-fund from the 
EU and partner countries, including Kenya´s National Research Fund (NRF). However, the opinions 
expressed in this paper are those of the authors and do not reflect that of the funding agency. 
 

5.2 General acknowledgement 
None 
 
5.3 Ethical consideration  
None 

 

5.4 Conflict of interest 
None. 
 
6.0 References 
A.A Mustafa , Man Singh , R. N Sahoo , Nayan Ahmed , Manoj Khanna , A. Sarangi and A. K. 

Mishra.(2011). Land Suitability Analysis for Different Crops: A Multi Criteria Decision Making 
Approach using Remote Sensing and GIS https://www.researchgate.net/publication 

AbdelRahman, M. A. E. (2023). An overview of land degradation, desertification and sustainable land 
management using GIS and remote sensing applications. Rendiconti Lincei. Scienze Fisiche e 
Naturali. https://doi.org/10.1007/s12210-023-01155-3 

AbdelRahman, M. A. E., Saleh, A. M., & Arafat, S. M. (2022). Assessment of land suitability using a 
soil- indicator-based approach in a geomatics environment. Scientific Reports, 12(1), 18113. 
https://doi.org/10.1038/s41598-022-22727-7 

Alden Wily, L. (2018). The community land act in Kenya opportunities and challenges for 
communities. Land, 7(1), 12. https://doi.org/10.3390/land7010012 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://www.researchgate.net/publication
https://www.researchgate.net/publication
https://www.researchgate.net/publication
https://www.researchgate.net/publication
https://doi.org/10.1007/s12210-023-01155-3
https://doi.org/10.1007/s12210-023-01155-3
https://doi.org/10.1007/s12210-023-01155-3
https://doi.org/10.1007/s12210-023-01155-3
https://doi.org/10.1038/s41598-022-22727-7
https://doi.org/10.1038/s41598-022-22727-7
https://doi.org/10.1038/s41598-022-22727-7
https://doi.org/10.1038/s41598-022-22727-7
https://doi.org/10.3390/land7010012
https://doi.org/10.3390/land7010012


       Journal of Agriculture Science & Technology                                    JAGST 23 (2) 2024, 114-146  
                                                                                                   
 

                                                                                                                Optimal Mango Production Sites in Kitui County 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   143 

ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v24i2.7 
 

Bandyopadhyay, S., Jaiswal, R. K., Hegde, V. S., & Jayaraman, V. (2009a). Assessment of land suitability 
potentials for agriculture using a remote sensing and GIS based approach.International Journal 
of Remote Sensing, 30(4), 879–895. https://doi.org/10.1080/01431160802395235 

Boardman, J., Poesen, J., & Evans, M. (2022). Slopes: Soil erosion. Geological Society, London, 
Memoirs, 58(1), 241–255. https://doi.org/10.1144/M58-2021-4 

Boudon, F., Persello, S., Jestin, A., Briand, A.-S., Grechi, I., Fernique, P., Guédon, Y., Léchaudel, M., 
Lauri, P.-É., & Normand, F. (2020). V-Mango: A functional–structural model of mango tree 
growth, development and fruit production. Annals of Botany, 126(4), 745–763. 
https://doi.org/10.1093/aob/mcaa089 

Brosens, L., Campforts, B., Robinet, J., Vanacker, V., Opfergelt, S., Ameijeiras-Mariño, Y., Minella, J. P. 
G., & Govers, G. (2020). Slope gradient controls soil thickness and chemical weathering in 
Subtropical Brazil: Understanding Rates and Timescales of Regional Soilscape Evolution through 
a combination of field data and modeling. Journal of Geophysical Research: Earth Surface, 
125(6). https://doi.org/10.1029/2019JF005321 

Carella, A., Gianguzzi, G., Scalisi, A., Farina, V., Inglese, P., & Bianco, R. L. (2021). Fruit growth stage 
transitions in two mango cultivars grown in a mediterranean environment. Plants, 10(7), 1332. 
https://doi.org/10.3390/plants10071332 

Chandio, I. A., Matori, A. N. B., WanYusof, K. B., Talpur, M. A. H., Balogun, A.-L., & Lawal, D. U. (2013). 
GIS-based analytic hierarchy process as a multicriteria decision analysis instrument: A review. 
Arabian Journal of Geosciences, 6(8), 3059–3066. https://doi.org/10.1007/s12517-012- 0568-8 

Costa, J. D. D. S., Figueiredo Neto, A., Olivier, N. C., Irmão, M. A. D. S., Costa, M. D. S., & Gomes, J. P. 
(2021). Road transport vibration stress impact on ‘Palmer’ mangoes quality and shelflife. Revista 
Brasileira de Fruticultura, 43(2), e-641. https://doi.org/10.1590/0100-29452021641 

Dang, K. B., Burkhard, B., Windhorst, W., & Müller, F. (2019). Application of a hybrid neural-fuzzy 
inference system for mapping crop suitability areas and predicting rice yields. Environmental 
Modelling & Software, 114, 166-180. https://doi.org/10.1016/j.envsoft.2019.01.015 

Darko, A., Chan, A. P. C., Ameyaw, E. E., Owusu, E. K., Pärn, E., & Edwards, D. J. (2019). Review of 
application of analytic hierarchy process (AHP) in construction. International Journal of 
Construction Management, 19(5), 436–452. https://doi.org/10.1080/15623599.2018.1452098 

Elsheikh, R., Mohamed Shariff, A. R. B., Amiri, F., Ahmad, N. B., Balasundram, S. K., & Soom, M. A. M. 
(2013). Agriculture land suitability evaluator (ALSE): A decision and planning support tool for 
tropical and subtropical crops. Computers and Electronics in Agriculture, 93, 98–110. 
https://doi.org/10.1016/j.compag.2013.02.003 

Everest, T., Sungur, A., & Özcan, H. (2021). Determination of agricultural land suitability with a 
multiple- criteria decision-making method in Northwestern Turkey. International Journal of 
Environmental Science and Technology, 18(5), 1073–1088. https://doi.org/10.1007/s13762-
020-02869-9 

Feizizadeh, B., & Blaschke, T. (2013). GIS-multicriteria decision analysis for landslide susceptibility 
mapping: Comparing three methods for the Urmia lake basin, Iran. Natural Hazards, 65(3), 
2105– 2128. https://doi.org/10.1007/s11069-012-0463-3 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.1080/01431160802395235
https://doi.org/10.1080/01431160802395235
https://doi.org/10.1080/01431160802395235
https://doi.org/10.1080/01431160802395235
https://doi.org/10.1144/M58-2021-4
https://doi.org/10.1144/M58-2021-4
https://doi.org/10.1093/aob/mcaa089
https://doi.org/10.1093/aob/mcaa089
https://doi.org/10.1093/aob/mcaa089
https://doi.org/10.1093/aob/mcaa089
https://doi.org/10.1029/2019JF005321
https://doi.org/10.1029/2019JF005321
https://doi.org/10.1029/2019JF005321
https://doi.org/10.1029/2019JF005321
https://doi.org/10.1029/2019JF005321
https://doi.org/10.1029/2019JF005321
https://doi.org/10.3390/plants10071332
https://doi.org/10.3390/plants10071332
https://doi.org/10.3390/plants10071332
https://doi.org/10.3390/plants10071332
https://doi.org/10.1007/s12517-012-%200568-8
https://doi.org/10.1007/s12517-012-%200568-8
https://doi.org/10.1007/s12517-012-%200568-8
https://doi.org/10.1007/s12517-012-%200568-8
https://doi.org/10.1590/0100-29452021641
https://doi.org/10.1590/0100-29452021641
https://doi.org/10.1590/0100-29452021641
https://doi.org/10.1590/0100-29452021641
https://doi.org/10.1016/j.envsoft.2019.01.015
https://doi.org/10.1016/j.envsoft.2019.01.015
https://doi.org/10.1016/j.envsoft.2019.01.015
https://doi.org/10.1016/j.envsoft.2019.01.015
https://doi.org/10.1080/15623599.2018.1452098
https://doi.org/10.1080/15623599.2018.1452098
https://doi.org/10.1080/15623599.2018.1452098
https://doi.org/10.1080/15623599.2018.1452098
https://doi.org/10.1016/j.compag.2013.02.003
https://doi.org/10.1016/j.compag.2013.02.003
https://doi.org/10.1016/j.compag.2013.02.003
https://doi.org/10.1016/j.compag.2013.02.003
https://doi.org/10.1007/s13762-020-02869-9
https://doi.org/10.1007/s13762-020-02869-9
https://doi.org/10.1007/s13762-020-02869-9
https://doi.org/10.1007/s13762-020-02869-9
https://doi.org/10.1007/s11069-012-0463-3
https://doi.org/10.1007/s11069-012-0463-3
https://doi.org/10.1007/s11069-012-0463-3


       Journal of Agriculture Science & Technology                                    JAGST 23 (2) 2024, 114-146  
                                                                                                   
 

                                                                                                                Optimal Mango Production Sites in Kitui County 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   144 

ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v24i2.7 
 

Gupta, G. S. (2019). Land degradation and challenges of food Security. Review of European Studies, 
11(1), 63. https://doi.org/10.5539/res.v11n1p63 

Halder, S., & Abu Hasan, Md. (2020a). Climate change and mango production. Chemical Science 
Review and Letters, 9(33), cs122050121. https://doi.org/10.37273/chesci.cs122050121 

Harms, B., Brough, D., Philip, S., Bartley, R., Clifford, D., Thomas, M., ... & Gregory, L. (2015). A 
comparative assessment of land suitability evaluation methods for agricultural land use planning 
at village level. Glob. Food Sec, 5, 25-36. 

Kalogirou, S. (2002). Expert systems and GIS: An application of land suitability evaluation. Computers, 
Environment and Urban Systems, 26(2–3), 89–112. https://doi.org/10.1016/S0198- 
9715(01)00031-X 

Kihoro, J., Bosco, N. J., & Murage, H. (2013). Suitability analysis for rice growing sites using a 
multicriteria evaluation and GIS approach in great Mwea region, Kenya. SpringerPlus, 2(1), 265. 
https://doi.org/10.1186/2193-1801-2-265 

Lange, T., Kopkow, C., Lützner, J., Günther, K.-P., Gravius, S., Scharf, H.-P., Stöve, J., Wagner, R., & 
Schmitt, J. (2020). Comparison of different rating scales for the use in Delphi studies: Different 
scales lead to different consensus and show different test-retest reliability. BMC Medical 
Research Methodology, 20(1), 28. https://doi.org/10.1186/s12874-020-0912-8 

Liu, X., Xiao, Y., Zi, J., Yan, J., Li, C., Du, C., Wan, J., Wu, H., Zheng, B., Wang, S., & Liang, Q. (2023). 
Differential effects of low and high temperature stress on pollen germination and tube length of 
mango (Mangifera indica L.) genotypes. Scientific Reports, 13(1), 611. 
https://doi.org/10.1038/s41598-023-27917-5 

Luan, C., Liu, R., & Peng, S. (2021). Land-use suitability assessment for urban development using a 
GIS- based soft computing approach: A case study of Ili Valley, China. Ecological Indicators, 123, 
107333. https://doi.org/10.1016/j.ecolind.2020.107333 

Lupia, F.(2012).crop/land suitability analysis by arcgis tools. https://doi.org/10.13140/2.1.2379.2329 
Maai, E. (2020). Factors inducing the chloroplast movement in C₄ plants underhigh light-stress 

conditions and effects of the response on photosynthesis. 
https://doi.org/10.14989/doctor.r13360 

Meimaroglou, N., & Mouzakis, C. (2019). Cation Exchange Capacity (CEC), texture, consistency and 
organic matter in soil assessment for earth construction: The case of earth mortars. Construction 
and Building Materials, 221, 27–39. https://doi.org/10.1016/j.conbuildmat.2019.06.036 

Mendas, A., & Delali, A. (2012). Integration of Multi Criteria Decision Analysis(MCDA) in GIS to 
develop land suitability for agriculture: Application to durum wheat cultivation in the region of 
Mleta in Algeria. Computers and Electronics in Agriculture, 83, 117–126. 
https://doi.org/10.1016/j.compag.2012.02.003 

Montanarella, L., Pennock, D. J., McKenzie, N., Badraoui, M., Chude, V., Baptista, I., Mamo, T., 
Yemefack, M., Singh Aulakh, M., Yagi, K., Young Hong, S., Vijarnsorn, P., Zhang, G.-L., Arrouays, 
D., Black, H., Krasilnikov, P., Sobocká, J., Alegre, J., Henriquez, C. R., … Vargas, R. (2016). World’s 
soils are under threat. Soil, 2(1), 79–82. https://doi.org/10.5194/soil-2-79-2016 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.5539/res.v11n1p63
https://doi.org/10.5539/res.v11n1p63
https://doi.org/10.37273/chesci.cs122050121
https://doi.org/10.37273/chesci.cs122050121
file:///C:/Users/ADMIN/Downloads/Kalogirou,%20S.%20(2002).%20Expert%20systems%20and%20GIS:%20An%20application%20of%20land%20suitability%20evaluation.%20Computers,%20Environment%20and%20Urban%20Systems,%2026(2–3),%2089–112.%20https:/doi.org/10.1016/S0198-%209715(01)00031-
file:///C:/Users/ADMIN/Downloads/Kalogirou,%20S.%20(2002).%20Expert%20systems%20and%20GIS:%20An%20application%20of%20land%20suitability%20evaluation.%20Computers,%20Environment%20and%20Urban%20Systems,%2026(2–3),%2089–112.%20https:/doi.org/10.1016/S0198-%209715(01)00031-
file:///C:/Users/ADMIN/Downloads/Kalogirou,%20S.%20(2002).%20Expert%20systems%20and%20GIS:%20An%20application%20of%20land%20suitability%20evaluation.%20Computers,%20Environment%20and%20Urban%20Systems,%2026(2–3),%2089–112.%20https:/doi.org/10.1016/S0198-%209715(01)00031-
https://doi.org/10.1186/2193-1801-2-265
https://doi.org/10.1186/2193-1801-2-265
https://doi.org/10.1186/2193-1801-2-265
https://doi.org/10.1186/2193-1801-2-265
https://doi.org/10.1186/s12874-020-0912-8
https://doi.org/10.1186/s12874-020-0912-8
https://doi.org/10.1186/s12874-020-0912-8
https://doi.org/10.1186/s12874-020-0912-8
https://doi.org/10.1038/s41598-023-27917-5
https://doi.org/10.1038/s41598-023-27917-5
https://doi.org/10.1038/s41598-023-27917-5
https://doi.org/10.1038/s41598-023-27917-5
https://doi.org/10.1016/j.ecolind.2020.107333
https://doi.org/10.1016/j.ecolind.2020.107333
https://doi.org/10.1016/j.ecolind.2020.107333
https://doi.org/10.1016/j.ecolind.2020.107333
https://doi.org/10.13140/2.1.2379.2329
https://doi.org/10.13140/2.1.2379.2329
https://doi.org/10.14989/doctor.r13360
https://doi.org/10.14989/doctor.r13360
https://doi.org/10.14989/doctor.r13360
https://doi.org/10.1016/j.conbuildmat.2019.06.036
https://doi.org/10.1016/j.conbuildmat.2019.06.036
https://doi.org/10.1016/j.conbuildmat.2019.06.036
https://doi.org/10.1016/j.conbuildmat.2019.06.036
https://doi.org/10.1016/j.compag.2012.02.003
https://doi.org/10.1016/j.compag.2012.02.003
https://doi.org/10.1016/j.compag.2012.02.003
https://doi.org/10.1016/j.compag.2012.02.003
https://doi.org/10.5194/soil-2-79-2016
https://doi.org/10.5194/soil-2-79-2016
https://doi.org/10.5194/soil-2-79-2016
https://doi.org/10.5194/soil-2-79-2016


       Journal of Agriculture Science & Technology                                    JAGST 23 (2) 2024, 114-146  
                                                                                                   
 

                                                                                                                Optimal Mango Production Sites in Kitui County 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   145 

ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v24i2.7 
 

Msimbira, L. A., & Smith, D. L. (2020). The roles of plant growth promoting microbes in enhancing 
plant tolerance to acidity and alkalinity stresses. Frontiers in Sustainable Food Systems, 4, 106. 
https://doi.org/10.3389/fsufs.2020.00106 

Mugiyo, H., Chimonyo, V. G. P., Sibanda, M., Kunz, R., Masemola, C. R., Modi, A. T., & Mabhaudhi, T. 
(2021). Evaluation of land suitability methods with reference to neglected and underutilised 
crop species: A Scoping Review. Land, 10(2), 125. https://doi.org/10.3390/land10020125 

Mugo, J. W., Kariuki, P. C., & Musembi, D. K. (2016). Identification of suitable land for green gram 
production using GIS Based Analytical Hierarchy Process in Kitui County, Kenya. Journal of 
Remote Sensing & GIS, 5(3). https://doi.org/10.4172/2469-4134.1000170 

Mugo, J. W., Musembi, D. K., & Kariuki, P. C. (2021). Determination of the best planting season for 
green grams in Kitui county, Kenya, Using the Analytic Hierarchy Process(AHP). OALib, 08(12), 1–
16. https://doi.org/10.4236/oalib.1108156 

Musyimi, P. K., Sahbeni, G., Timár, G., Weidinger, T., & Székely, B. (2023). Analysis of short-term rrought 
episodes using sentinel-3 SLSTR Data under a Semi-Arid Climate in Lower Eastern Kenya. Remote 
Sensing, 15(12), 3041. https://doi.org/10.3390/rs15123041 

N. R. Rangare, Manish Bhan, & S. K. Pandey. (2022). Assessment of weather effect on flower 
morphogenesis and fruit set in mango varieties in central India. Journal of Agrometeorology, 
24(1). https://doi.org/10.54386/jam.v24i1.773 

Neina, D. (2019). The role of soil pH in plant nutrition and soil remediation. Applied and Environmental 
Soil Science, 2019, 1–9. https://doi.org/10.1155/2019/5794869 

Nguyen, T. T., Kawamura, A., Tong, T. N., Nakagawa, N., Amaguchi, H., & Gilbuena, R. (2015). Clustering 
spatio–seasonal hydrogeochemical data using self-organizing maps for groundwater quality 
assessment in the red river delta, Vietnam. Journal of Hydrology, 522, 661–673. 
https://doi.org/10.1016/j.jhydrol.2015.01.023 

Normand, F., Lauri, P.-E., & Legave, J.-M. (2015). Climate change and its probable effects on mango 
production and cultivation. Acta Horticulturae, 1075, 21–31. 
https://doi.org/10.17660/ActaHortic.2015.1075.1 

Ochieng, J., Kirimi, L., & Mathenge, M. (2016). Effects of climate variability and change on agricultural 
production: The case of small scale farmers in Kenya. NJAS: Wageningen Journal of Life Sciences, 
77(1), 71–78. https://doi.org/10.1016/j.njas.2016.03.005 

Ordu, S., & Demir, A. (2009). Determination of land data of ergene basin (Turkey) by planning 
Geographic Information Systems(GIS). Journal of Environmental Science and Technology, 2(2), 
80–87. https://doi.org/10.3923/jest.2009.80.87 

Palta, M. M., Ehrenfeld, J. G., Giménez, D., Groffman, P. M., & Subroy, V. (2016a). Soil texture and 
water retention as spatial predictors of denitrification in urban wetlands. Soil Biology and 
Biochemistry, 101, 237–250. https://doi.org/10.1016/j.soilbio.2016.06.011 

Rizal Ichsan Syah, P., & Hartuti, P. (2018). Land use and river degradation impact of sand and gravel 
mining. E3S Web of Conferences, 31, 09034. https://doi.org/10.1051/e3sconf/20183109034 

Roncucci, N., Nassi O Di Nasso, N., Bonari, E., & Ragaglini, G. (2015). Influence of soil texture and crop 
management on the productivity of miscanthus ( Miscanthus × giganteus Greef et Deu.) in the 
Mediterranean. GCB Bioenergy, 7(5), 998–1008. https://doi.org/10.1111/gcbb.12202 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.3389/fsufs.2020.00106
https://doi.org/10.3389/fsufs.2020.00106
https://doi.org/10.3389/fsufs.2020.00106
https://doi.org/10.3389/fsufs.2020.00106
https://doi.org/10.3390/land10020125
https://doi.org/10.3390/land10020125
https://doi.org/10.3390/land10020125
https://doi.org/10.3390/land10020125
https://doi.org/10.4172/2469-4134.1000170
https://doi.org/10.4172/2469-4134.1000170
https://doi.org/10.4172/2469-4134.1000170
https://doi.org/10.4172/2469-4134.1000170
https://doi.org/10.4236/oalib.1108156
https://doi.org/10.4236/oalib.1108156
https://doi.org/10.4236/oalib.1108156
https://doi.org/10.4236/oalib.1108156
https://doi.org/10.3390/rs15123041
https://doi.org/10.3390/rs15123041
https://doi.org/10.3390/rs15123041
https://doi.org/10.3390/rs15123041
https://doi.org/10.54386/jam.v24i1.773
https://doi.org/10.54386/jam.v24i1.773
https://doi.org/10.54386/jam.v24i1.773
https://doi.org/10.54386/jam.v24i1.773
https://doi.org/10.1155/2019/5794869
https://doi.org/10.1155/2019/5794869
https://doi.org/10.1016/j.jhydrol.2015.01.023
https://doi.org/10.1016/j.jhydrol.2015.01.023
https://doi.org/10.1016/j.jhydrol.2015.01.023
https://doi.org/10.1016/j.jhydrol.2015.01.023
https://doi.org/10.17660/ActaHortic.2015.1075.1
https://doi.org/10.17660/ActaHortic.2015.1075.1
https://doi.org/10.17660/ActaHortic.2015.1075.1
https://doi.org/10.17660/ActaHortic.2015.1075.1
https://doi.org/10.1016/j.njas.2016.03.005
https://doi.org/10.1016/j.njas.2016.03.005
https://doi.org/10.1016/j.njas.2016.03.005
https://doi.org/10.1016/j.njas.2016.03.005
https://doi.org/10.3923/jest.2009.80.87
https://doi.org/10.3923/jest.2009.80.87
https://doi.org/10.3923/jest.2009.80.87
https://doi.org/10.3923/jest.2009.80.87
https://doi.org/10.1016/j.soilbio.2016.06.011
https://doi.org/10.1016/j.soilbio.2016.06.011
https://doi.org/10.1016/j.soilbio.2016.06.011
https://doi.org/10.1016/j.soilbio.2016.06.011
https://doi.org/10.1051/e3sconf/20183109034
https://doi.org/10.1051/e3sconf/20183109034
https://doi.org/10.1111/gcbb.12202
https://doi.org/10.1111/gcbb.12202
https://doi.org/10.1111/gcbb.12202


       Journal of Agriculture Science & Technology                                    JAGST 23 (2) 2024, 114-146  
                                                                                                   
 

                                                                                                                Optimal Mango Production Sites in Kitui County 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   146 

ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v24i2.7 
 

Saaty, T. L. (2008). Decision making with the analytic hierarchy process. International Journal of 
Services Sciences, 1(1), 83. https://doi.org/10.1504/IJSSCI.2008.017590 

Salunkhe, S., Nandgude, S., Tiwari, M., Bhange, H., & Chavan, S. B. (2023). Land suitability planning 
for sustainable mango production in vulnerable region using geospatial multi-criteria decision 
Model. Sustainability, 15(3), 2619. https://doi.org/10.3390/su15032619 

Sangiorgio, V., Uva, G., & Fatiguso, F. (2018). Optimized AHP to overcome limits in weight calculation: 
building performance application. Journal of Construction Engineering and Management, 
144(2), 04017101. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001418 

Shrestha, N. (2021). Factor analysis as a tool for survey analysis. American Journal of Applied 
Mathematics and Statistics, 9(1), 4–11. https://doi.org/10.12691/ajams-9-1-2 

Tharanathan, R. N., Yashoda, H. M., & Prabha, T. N. (2006). Mango (Mangifera indica L.) , “The king 
of fruits”—an overview. Food Reviews International, 22(2), 95–123. 
https://doi.org/10.1080/87559120600574493 

Uckert, G., Cavicchi, A., Soika, J., Matavel, C., Mule, M., Lerantilei, S., Turoop, L., Mutia, T., Ronner, 
E., Mithöfer, D., & Sieber, S. (2023). Consumer preferences and willingness to pay for dried 
traditional mangos from Kitui – A marketing analysis for Kenya and Germany. Frontiers in 
Sustainable Food Systems, 7, 1113930. https://doi.org/10.3389/fsufs.2023.1113930

Wei, J., Liu, G., Liu, D., & Chen, Y. (2017). Influence of irrigation during the growth stage on yield 
and quality in mango (Mangifera indica L). PLOS ONE, 12(4), e0174498. 
https://doi.org/10.1371/journal.pone.0174498 

World Bank Group. 2018. Kenya Economic Update, April 2018, No. 17: Policy Options to Advance 
the Big 4. World Bank, Nairobi. http://hdl.handle.net/10986/29676 License: CC BY 3.0 IGO. 

World Bank & CIAT (2015). Climate-smart agriculture in Kenya. CSA country profile.Washington 
D.C.:The World Bank Group. Retrieved from: https://cgspace.cgiar.org/handle/10568/6954 

Yageta, Y., Osbahr, H., Morimoto, Y., & Clark, J. (2022). Farmers’ mental models of soil fertility in 
asemi- arid area of Kenya. Soil Security, 7, 100065. 
https://doi.org/10.1016/j.soisec.2022.100065 

Yunan, D., Xianliang, Q., & Xiaochen, W. (2018). Study on cation exchange capacity of agricultural 
soils. IOP Conference Series: Materials Science and Engineering, 392, 042039. 
https://doi.org/10.1088/1757-899X/392/4/04203 

 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.1504/IJSSCI.2008.017590
https://doi.org/10.1504/IJSSCI.2008.017590
file:///C:/Users/ADMIN/Downloads/Salunkhe,%20S.,%20Nandgude,%20S.,%20Tiwari,%20M.,%20Bhange,%20H.,%20&%20Chavan,%20S.%20B.%20(2023).%20Land%20suitability%20planning%20for%20sustainable%20mango%20production%20in%20vulnerable%20region%20using%20geospatial%20multi-criteria%20decision%20Model.%20Sustainability,%2015(3),%202619.%20https:/doi.org/10.3390/su15032619
file:///C:/Users/ADMIN/Downloads/Salunkhe,%20S.,%20Nandgude,%20S.,%20Tiwari,%20M.,%20Bhange,%20H.,%20&%20Chavan,%20S.%20B.%20(2023).%20Land%20suitability%20planning%20for%20sustainable%20mango%20production%20in%20vulnerable%20region%20using%20geospatial%20multi-criteria%20decision%20Model.%20Sustainability,%2015(3),%202619.%20https:/doi.org/10.3390/su15032619
file:///C:/Users/ADMIN/Downloads/Salunkhe,%20S.,%20Nandgude,%20S.,%20Tiwari,%20M.,%20Bhange,%20H.,%20&%20Chavan,%20S.%20B.%20(2023).%20Land%20suitability%20planning%20for%20sustainable%20mango%20production%20in%20vulnerable%20region%20using%20geospatial%20multi-criteria%20decision%20Model.%20Sustainability,%2015(3),%202619.%20https:/doi.org/10.3390/su15032619
file:///C:/Users/ADMIN/Downloads/Salunkhe,%20S.,%20Nandgude,%20S.,%20Tiwari,%20M.,%20Bhange,%20H.,%20&%20Chavan,%20S.%20B.%20(2023).%20Land%20suitability%20planning%20for%20sustainable%20mango%20production%20in%20vulnerable%20region%20using%20geospatial%20multi-criteria%20decision%20Model.%20Sustainability,%2015(3),%202619.%20https:/doi.org/10.3390/su15032619
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001418
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001418
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001418
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001418
https://doi.org/10.12691/ajams-9-1-2
https://doi.org/10.12691/ajams-9-1-2
https://doi.org/10.1080/87559120600574493
https://doi.org/10.1080/87559120600574493
https://doi.org/10.1080/87559120600574493
https://doi.org/10.1080/87559120600574493
https://doi.org/10.3389/fsufs.2023.1113930
https://doi.org/10.3389/fsufs.2023.1113930
https://doi.org/10.3389/fsufs.2023.1113930
https://doi.org/10.3389/fsufs.2023.1113930
https://doi.org/10.1371/journal.pone.0174498
https://doi.org/10.1371/journal.pone.0174498
https://doi.org/10.1371/journal.pone.0174498
https://doi.org/10.1371/journal.pone.0174498
http://hdl.handle.net/10986/29676
http://hdl.handle.net/10986/29676
http://creativecommons.org/licenses/by/3.0/igo
https://cgspace.cgiar.org/handle/10568/6954
https://cgspace.cgiar.org/handle/10568/6954
https://doi.org/10.1016/j.soisec.2022.100065
https://doi.org/10.1016/j.soisec.2022.100065
https://doi.org/10.1016/j.soisec.2022.100065
https://doi.org/10.1016/j.soisec.2022.100065
https://doi.org/10.1088/1757-899X/392/4/04203
https://doi.org/10.1088/1757-899X/392/4/04203
https://doi.org/10.1088/1757-899X/392/4/04203
https://doi.org/10.1088/1757-899X/392/4/04203

