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Abstract 

Uganda Government embarked on promoting sedentary agriculture in Karamoja agro-pastoral semi-arid 
livelihood zone, which experience rapid environmental and high soil quality (SQ) decline. However, studies on 
sedentary agriculture’s impact on soil quality using farmer’s knowledge is limited. Consequently, a survey was 
carried out in Karamoja (Iriiri, Matany Sub-counties of Napak of districts and Rengen sub-county of Kotido) to 
determine the soil quality indicator parameters based on the farmers knowledge in order to build a local soil 
knowledge data base to better inform sustainable land use strategies. Using a semi-structured questionnaire, forty 
indigenous farmers per sub-county, were interviewed between August and September, 2015. The study took into 
account the social demographic characteristics of the people, farming enterprises, methods of crops production, 
crops yields trends, causes of the perceived yields trends and soil quality indicators. Prospects of developing 
Karamoja indigenous knowledge data base lies in visible feature that predict soil quality. Farmers used 36 
parameters to determine SQ. The parameters were clustered into five categories; soil, crop, biological, 
environmental and management each category contributing to 42, 19,14,8 and 17% of the total indicators, 
respectively. The relationship between age group and the perceived indicators of soil fertility was statistically 
significant (p-value = 0.045) with the majority stating that they use either soil colour, soil depth or soil texture to  
express the fertility of soil. The farmer’s soil quality indicators assessed in this study, is important in establishing 
indigenous-scientific hybrid knowledge data base to enhance soil fertility maintenance and better inform policy 
makers and other stakeholders on development of sustainable land use strategies. 
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1. Introduction 

In the year 2010, the Government of Uganda embarked in an exercise to promote and extend sedentary 
agriculture to Karamoja pastoralists (MAAIF, 2010). This has resulted in conversion of expansive areas of the 
natural land cover into agriculture (Nakalembe et al., 2017). In the agro-pastoral zone the common crops grown 
which contribute 50% of household food and income include: sorghum (Sorghum bicolar L. Moench), maize 
(Zea mays L.), field peas (Vigna unguiculata L.) beans (Phaselous vulgaris L.), bulrush millet (Pennisetum 
glaucum L.), finger millet (Eleucine caracana L.), pigeon peas (Cajanus cajana L.) and sunflower (Helianthus 
annuus) (Jordaan, 2015). Unfortunately, in eastern Uganda crop yields are reportedly sub-optimal due to 
declining soil quality (Tenywa et al., 1999).  

According to Ortega et al. (2016), sedentary agriculture are systems which started around year 12,000 BC, 
whereby groups of people and their animals started staying in one location permanently. Currently, such a system 
may include communal pastures where animals graze in proximity distances per day. The pastures are mainly 
natural rangelands and the cropping areas after harvesting or fallows. Sedentary agriculture is one of the coping 
strategies to enhance household food security. It can be somewhat brought about by changing economic 
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activities, alteration in technologies, education and government policies. However, sedentary agriculture has a 
great influence on soil quality.  

Soil quality, which is the ability of a soil to sustainably permit plant and animal productivity, conserve or 
augment water and air quality, and maintain people and their livelihood (Karlen et al.,1997), is generally on the 
decline throughout Sub-Saharan Africa. In respect of the declining soil quality due to land use alteration, farmers, 
scientists, policy makers and other stakeholders have become more concerned and have designed different 
mechanisms for detecting the changes (Muluneh & Arnalds, 2011). Different stakeholders use different 
indicators to detect soil quality status at any point in time during farming (Buthelezi et al., 2013; Brandt & 
Geeson, 2015).  

Among several soil quality indicators which various studies have identified as fundamental for soil quality 
determination in sedentary agriculture is indigenous knowledge (Brandt & Geeson, 2015). In line with it, farmers 
have designed copying strategies and/or mechanisms to ameliorate the deterioration. Although indigenous 
knowledge has no definite definition, it is important in solving local problems in poor communities. 
Investigating what the people know and have can enhance understanding of local conditions, thus providing 
productive context for strategies set to help the people (Werner, 2000).  

Soil quality maintenance in Karamoja, like in most parts of Sub-Saharan Africa (SSA), is characterised by 
minimum addition of external inputs (Bekunda et al., 2002; Bekunda et al., 2010). For example, soil fertility is 
maintained through dry season grazing of the crop straws (adding livestock dung and urine) and by shifting 
cultivation. Livestock harvest forages, which they deposit in different parts of the farm as dung containing soil 
nutrients (Wells & Dougherty, 1997).  

In Uganda, a lot of research has been carried out in several locations on soil conservation practices as a part of 
soil quality maintenance (Bekunda et al., 2010). However, little has been done in Karamoja. This implies that, 
farmers have managed to keep the soil productive through inherited indigenous knowledge. Nonetheless, the 
farmers’ knowledge of soil quality has been generally disregarded or undocumented by researchers (Mettrick, 
1993). There is limited focus on indigenous’ people and their complete wealth of knowledge on soil. Langill 
(1999) alerted researchers that the strength of indigenous knowledge lies in its ability to place local technologies 
in their socio-ecological settings. Elsewhere, it has been indicated clearly that the indigenous farmers have 
cocktails of knowledge to perceive differences in farming enterprise (Hart & Mouton, 2005).  

In order to maintain soil quality in its high productive state for a long time, it is imperative to integrate scientific 
knowledge of soil properties with other stakeholders’ knowledge, for example, indigenous people’s knowledge, 
that has sustainably allowed local communities to use and survive on the land (Shukla et al., 2006). The fact that 
farmers’ indigenous knowledge, skills and experience on management of soil quality are not well documented in 
Karamoja, formed the basis of the current study. Perhaps, indigenous knowledge about soil quality alterations 
due to land use changes can be used to build a local soil knowledge data base to better inform land users. Hence, 
tapping, documenting and utilizing indigenous knowledge of Karamoja people before it is lost is crucial for 
practical design of soil quality conservation interventions in the agro-pastoral Karamoja.  

2. Materials and Methods 

2.1 Site Description 

The study was carried out in Karamoja sub-region located about 340 km N E of Kampala the capital city of 
Uganda (Figure 1). The sub-region is made of Moroto, Nakapripirit, Amudat, Napak, Kotodo, Kabong and Abim 
districts. It lies between latitude 1o-4o North and longitudes 33o-35o East. Karamoja is mainly made up of three 
livelihood zones namely, agricultural, agro-pastoral and pastoral zones (Levine, 2010)]. Specifically, the study 
was carried out in agro-pastoral Kotido and Napak districts. The districts are located 03o31′N, 34o07′E and 
02o12′N, 34o18′E respectively. Kotido has a population of 236,900 with a population density of 65.5 km-2. 
(UBOS, 2016). Napak population stands at 197,700 with population density of 39.7 km-2 (UBOS, 2016). One 
sub-county (Rengen) in Kotido and two (Iriri and Matany) in Napak districts were selected for the study. The 
sub-counties were selected because they were easily accessible and are representative of the agro-pastoral 
Karamoja. The area receives mono-model rainfall ranging between 500-760 minimum and 800-1000 mm 
maximum per year (Mubiru, 2010; Kyagulanyi et al., 2016). The average monthly minimum and maximum 
temperature ranges between 15-18oC and 28-32.4oC, respectively (Mubiru, 2010). It has a very a potentially high 
evaporation rate, greater than the effective rainfall received (Kyagulanyi et al., 2016). The average wind speed is 
12 km per hour with an estimated 10 hours of sunshine a day [hours when the sun is not obscured by clouds 
(Weather 2, 2018)].  
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Data analysis was done, where descriptive statistics were generated for each sub-county. The data collected from 
informal discussion with elders was analysed and presented as general indigenous knowledge for the entire study 
area.  

3. Results 

3.1 Socio-demographic Characteristics of Respondents 

Most of the respondent were in their middle age throughout the study sub-counties followed by the old aged and 
a small number of youth (Table 1). As far as gender is concerned, more male in Iriiri and Rengen answered the 
questionnaire as opposed to the large number of female in Matany sub-county. Most of the interviewees were 
married in the study area. Divorced respondents and few singles were in Rengen and Iriiri with Matany 
registering neither. However, Matany had more widowed respondents followed by Rengen with Iriiri having 
none. Majority of the respondent were coming from families with 6-10 people. Respondent families varied from 
1 to > 16 and 1-10 people in Iriiri and Rengen sub-counties respectively. Majority of the respondents had 
received no formal education both in Iriiri and Rengen sub-county. All sub-counties had interviewees who had 
attended primary seven (P.7) formal education. Whereas no Rengen sub-county respondents had gone beyond P.7, 
Iriiri had all levels of education while Matany had more highly educated respondents than the rest of the study 
sub-counties. 

 

Table 1. Socio-demographic characteristics of the respondents 

Demographics 
Sub county% respondents 

Iriiri Rengen Matany 

Age group 

Youth (18-35) 3.0 11.4 14.7 

Middle age(36-55) 72.7 65.9 35.3 

Old (55+) 24.2 22.7 50.0 

N 33 44 34 

Gender 

Male 57.6 56.8 14.7 

Female 42.4 43.2 85.3 

N 33 44 34 

Marital status 

Married 93.9 77.3 75.0 

Single 3.0 11.4 0.0 

Divorced 3.0 2.3 0.0 

Widowed 0.0 9.1 25.0 

N 33 44 32 

Family size 

1-5 17.4 41.5 20.0 

6-10 39.1 43.9 80.0 

11-15 30.4 14.6 0.0 

16+ 13.0 0.0 0.0 

N 23 41 5 

Highest level of education 

None 69.7 0.0 94.1 

PLE (Primary Living examinations) P1-P7 12.1 47.2 5.9 

UCE(Secondary ordinary level) S1-S4 9.1 16.7 0.0 

UACE(Advanced level) S5-S6 3.0 2.8 0.0 

Tertiary education 3.0 33.3 0.0 

Below PLE (Primary) 3.0 0.0 0.0 

N 33 36 34 

Note. N (in all Tables) is the number of respondents who answered the questions posed. 

 

3.2 Crops Commonly Grown in the Study Area 

Crops were grown throughout the study sub-counties. However, Rengen farmers were growing more crops than 
the rest, followed by Matany and lastly Iriiri. According to respondent perception, sorghum was the most widely 
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grown crop throughout the study area, followed by maize, beans, sunflower, simsim and finger millet. A litany of 
other crops were reportedly grown (Table 2).  

More beans, maize and sunflower were grown in Iriiri, than in Matany and Rengen sub-counties. Out of the three 
sub-counties Matany was by far the highest producer of cowpeas. Rengen sub-county exceeded the others in 
growing simsim, millet and groundnut (Table 2).  

 

Table 2. Crops grown in each sub-county 

Crop grown (%) 
Sub county 

Iriiri Rengen Matany 

Sorghum 24.20 24.60 26.30 
Beans 21.90 10.20 12.30 
Maize 22.70 10.80 13.20 
Cowpeas 2.30 3.60 13.20 
Simsim 2.30 15.00 7.90 
Millets 1.60 16.80 5.30 
Cucumber 0.00 1.80 1.80 
Green grams 3.10 0.00 2.60 
Pumpkins 0.00 0.00 0.90 
Sunflower 17.20 2.40 8.80 
Groundnut 3.90 11.40 7.00 
Watermelon 0.00 2.40 0.90 
Cabbages 0.00 0.60 0.00 
Tomatoes 0.00 0.60 0.00 
Pineapple 0.80 0.00 0.00 

N 128 167 114 

 

3.3 Farming Practices and Tools with Implications on Soil Quality 

The biggest number in the entire study area used hand hoes and /or slashers while farming, followed by those 
who used organic residues to amend their soil quality. Only a small number used chemicals. Interestingly, there 
were some famers who practiced irrigation (Table 3). All respondents in Matany agreed that they entirely use 
hand hoes/slasher for growing crops. Iriiri respondents mentioned that they used chemical fertilizers and 
irrigation for crop production. It was only in Rengen where it was mentioned that they used both farm and 
inorganic residues.  

 

Table 3. Practices and tools used in raising crops on farm 

Sub county 
Mode of raising crops (%) 

N 
Using hoes/slashers Chemicals (pesticides) Irrigating Organic residues House and inorganic fert

Iriiri 76.90 5.10 17.90 0.00 0.00 39 

Rengen 61.40 0.00 0.00 21.10 17.50 57 

Matany 100.00 0.00 0.00 0.00 0.00 25 

 

3.4 Crop Yield Trends 

According to farmers, the level of farm yield in the Karamoja region generally had been decreasing. Only 
18.10% of the respondents mentioned that the yields were increasing. A small number of respondents were not 
aware of the trend of crop yield and did not respond to the locally known causes of yields decline (7.50%). The 
decreasing crop yields trend could be attributed to soil exhaustion, changing weather and pests and disease.  

3.4.1 Causes of Crop Yield Decline 

The respondents who stated that farm yields were decreasing highlighted unfavourable climate, low quality of 
seeds, soil exhaustion, soil erosion, diseases and pests as major causes. Other reasons included lack of labour, 
inappropriate farming practices and illiteracy (Table 4). 
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Table 4. Respondents assessment of causes of decreasing crop yields 

Reasons for crop yield decrease (%) 
Sub county 

Iriiri Rengen Matany 

Unfavourable climate/ Unreliable rainfall 8.20 21.43 46.97 
Lack of quality seeds for planting 22.95 15.87 12.12 
Soil exhaustion 18.03 17.46 9.09 
Soil erosion 19.67 8.73 13.64 
Diseases (Crops infested with unknown diseases) and pests 9.84 17.46 6.06 
Lack of labour to weed 8.20 6.35 4.55 
Lack of fertilizer application both organic and inorganic 13.11 0.79 0.00 
Poor farming methods 0.00 3.17 3.03 
Poor tools 0.00 2.38 3.03 
Livestock grazing in crops 0.00 3.97 0.00 
Illiteracy 0.00 0.79 1.52 
Lack of pesticides 0.00 1.59 0.00 

N 61 126 66 

 

3.5 Farmers’ General Perception on Soil Quality Trends 

Majority of the respondents from the entire study area (80.2%) concurred that they understood the term soil 
quality through soil fertility. Nonetheless, a minority of interviewees (19.8%) were not aware of soil quality. On 
the other hand, 73.60% of the respondents confessed, that the soil quality was declining and 26.4% were not 
aware of the changes. 

3.5.1 Farmer’s Soil Quality Indicators 

Respondent farmers were able to tell of the decline in soil quality in Iriiri, Rengen and Matany using a 
combination of indicators (Table 5). The interviewee farmers indicated that they mainly use visual soil appraisal 
approach to identify their farm soil quality and determine its productivity. High and quality crop yields was 
perceived by the interviewees to be indicators of high quality soils for crop production and low crop yields for 
poor soils in all study sub-counties (Table 5).  

Most farmers related loam soil to high quality as opposed to sand and clay. Soil black and brown colours were 
considered by respondents throughout the study area as more productive. Deep soil was perceived as soil more 
suitable for crop production.  

A high quality soil was related to producing crops with strong stems (vigorous growing crops) whilst weak stems 
was related to low quality soils. Farmers further attributed low quality soils to the growth of certain weeds and 
other pests. Well drained soils were only mentioned in Rengen sub-county as indicator of high quality soils.  

Soil with high humus content with the presence of earthworm was considered as high quality soil. Further, 
Matany respondent attributed high soil quality to moisture retention for a long time (without ponding) than the 
one which loses it. These responses from the interviewees could mean that they have experience that enables 
them to know the soil quality status.  
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Table 5. Farmers’ knowledge of good soil quality indicators 

Farmers’ indicators of high soil quality (%) 
Sub county 

Iriiri Rengen Matany 

High and quality crop yields  41.03 14.48 20.00 
Soil texture and morphology (sandy, loam and clay) 15.38 11.76 12.00 
Soil Colour (black, brown) 7.69 12.67 12.00 
Soil depth (deep and shallow) 7.69 8.60 14.00 
Crop firmness (strong and weak stems) 8.97 6.33 22.00 
Presence of certain weeds and other pests 5.13 8.60 10.00 
Natural vegetation (like tall grass) 6.41 10.41 0.00 
Soil pH 0.00 7.69 0.00 
Well drainage soil 0.00 6.78 0.00 
Soil friability (easy to cultivate) 6.41 0.45 10.00 
Soil structure 0.00 2.71 0.00 
Soil degradation (visible erosion futures) 0.00 3.61 0.00 
Humus content and macro-fauna presence 1.28 4.06 0.00 
Good soil moisture retention 0.00 1.81 0.00 

N 78 221 50 

 

3.5.2 Farmers’ Indicators of Declining Soil Quality 

Soil quality decline was assessed by respondent farmers using a cocktail of indicators (Table 6). In all study 
sub-counties, the major indicators of declining soil quality were low crop yields with deformed seeds, low 
harvest from the farm compared with previous harvests and crops growing poorly and maturing unevenly. 
Respondents in Iriiri and Rengen majorly assessed soil quality decline by the existence of certain weed species 
like witch weed (Striga species). Change of crop colour for instance from green to yellow was considered as an 
indicator of soil quality deterioration in Rengen and Matany. When soil which has been supporting high yielding 
crop previously, demonstrates poor seed germination and eventual stunted crop growth, farmers attributed this to 
reducing soil quality.  

 

Table 6. Assessed declining soil quality indicators  

Soil quality decline indicators as perceived by the farmers  
Sub county 

Iriiri Rengen Matany 

Low quality yields (deformed and small seeds) 41.94 17.57 61.76 

Low harvests from the farm compared with the previous 16.13 22.97 0.00 

Crops growing poorly and maturing unevenly 9.68 16.22 11.76 

Existence of certain spp. of weeds (Lojokosimat, Kojosimat, Lokothima Bu, Akodet and striga) 12.90 14.86 0.00 

Highly eroded Soil  6.45 8.11 8.82 

Change in the colour of the crops (yellow) 0.00 1.35 8.82 

Previously Good demonstrate poor or no seed germination 3.23 4.05 0.00 

Stunted crops growth 3.23 2.70 0.00 

Crops wilt quickly soon after a rain season 3.23 1.35 2.94 

Crops with weak stems 3.23 1.35 0.00 

Development of hard pans (soil becomes difficult to work) 0.00 2.70 0.00 

Bare soil (becoming whitish with erosion features) 0.00 2.70 0.00 

Cracking soil 0.00 1.35 2.94 

Poor water infiltration through the soil (water ponding) 0.00 1.35 2.94 

Quick water drainage 0.00 1.35 0.00 

N 31 74 34 

 

3.5.3 Farmers’ Use of Soil Texture as an Indicator of Soil Quality 

Soil texture as perceived by farmers (using feel method) Iriiri and Matany were mostly soft and fine, while that 
in Rengen were rough and less sticky. The different soil textures were perceived as soft and fine, rough, sandy or 
gritty, sticky and stony (Table 7). 
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Soft and fine soils were perceived as good soil for crop cultivation, while rough textured soil was termed low to 
fairly good quality soils for farming. Sandy soils were perceived as poor for crop growth. Sticky soils were 
related to stagnant water and was of low value to crop cultivation. The shallow and stony soils were assessed as 
low quality soils for farming. 

 

Table 7. Farmers’ soil texture perception 

Sub county 
Farmers Soil texture perception (%) 

N 
Soft and fine Rough Sand soil Sticky Shallow Stony 

Iriiri 22.2 27.8 1.9 40.7 0 7.4 54 
Rengen 43.6 30.9 7.3 14.5 3.6 0 55 
Matany 36.2 11.3 26.8 16.9 2.8 7 71 

 

3.5.4 Farmers’ Soil Suitability for Crop Production 

Using indigenous knowledge, Karamoja farmers classify soil quality for its suitability for agricultural use. The 
classification of soil and its suitability for use depended on the available plant species (Table 8). Farmers listed a 
number of plant species used as soil fertility indicators. They indicated the level of soil fertility and the main 
purpose for which the land under such indicators can be put to use (Table 8).  

 

Table 8. Some common plant species used by Karamoja farmers as soil fertility indicators 

Soil status for crop production 
Indicator plant/weeds in  
Ng’Karamojong language  

Economic importance of the weeds 
mentioned by the farmers 

Fertile soil  

Ekwang (Abutilon hirtum) 

Weeds pasture grass/legumes 
Emuria (Cynodon..dactylon) 

Eliaro (I kituiencis) 

Alilat 

Poor soil (infertile soils) low productivity 

Lokile (Euphobia prostrate) Good for grazing 

Lomerekin (Biden pilosa) Not good for grazing 

Namareta/lochiktae Retards crops growth 

Emekui (Crossandra subacautis) Retards crop growth, bad for  
grazing and injures farmers 

Emoto (Striga hermonthica) 

Fairly good soils (intermediate  
between fertile and infertile soils) 

 Grasses 

Coach grass (Digitalia abbyssinica) 
Good grazing land 

Star grass (Cynodon dictyolon) 

Ereleng (Hyperrhania rufa) 

Nyemomya (Sorghum arundinacerum) 

 Legumes 

Lomanang 

Edupanal (Hibiscus micrantha) 

Ekamongo   

Note. *Only or those mentioned/known to farmers. 

 

3.5.5 Farmers’ Perception of Soil Taxonomy and Texture Related to Sorghum Yield 

Farmers had names for different soil texture and related it to sorghum yields (Table 9). Good quality soil was 
called Nyaro (Sandy loam by laboratory test) with the greatest expected sorghum yield. The Asinyon, the sand 
soils, were perceived as fairly good for crop cultivation. The Akapuyonait was perceived as good while Ekitera 
fairly good and Nyebur, low quality soil. This implied that texture and crop yields were highly important in 
determining soil name and quality among farmers.  
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Table 9. Comparing farmers soil taxonomy and texture as related to perceived sorghum yields and measurable 
properties 

Soil names  
by farmers  
(Taxonomy) 

Farmers’ assessed  
soil texture 

Perceived  
Expected sorghum 
crop yield% 

Frequency Percentages 
Laboratory soil  
physical property
(Textural class) 

Asinyon  Sandy (FGQ) 50 22 19.3 Sandy soil 
Nyaro. Mixed (not well defined) (GQ) 87 66 57.9 Sandy loam 
Akapuyonait  Clay/loam GQ 70 1 0.9 Clay 
Elet. (Fine clay) LQ 50 5 4.4 clay 
Nyebur  Rough texture LQ 60 1 0.9 Stony  
Ekitera  Slightly Sticky soil FQ 45 15 13.2 Sandy loam  

N  110 

Note. GQ = good quality; FGQ = fairly good quality soil and LQ = low quality. 

 

3.5.6 Chi-square Differences in Demographic Characteristics Against Perceived Indicators of Soil 

The relationship between age group, family size and the perceived indicators of soil quality was statistically 
significant (p-value = 0.045); (p-value = 0.036), with the majority stating that they use either soil colour, soil 
depth or soil texture to tell the fertility of soil.  

Specific factors were found to indicate the quality of soil, and it differed from age group to age group, While the 
youth (18-34 years) used soil colour and soil depth as indicators of soil quality, the middle aged (35-55 years) 
used soil colour and crop yield, and the old farmers used a wider variety of factors including: soil colour, soil 
texture, soil depth,. Crop firmness and crop yield. 

3.5.7 Summary of Farmer’s Indicators of Soil Quality 

The indigenous farmers’ knowledge about soil quality indicators is summarised in Table 10. The knowledge was 
categorised into five based on the source of the indicators listed by the farmers. Most of the indicators were soil 
based (42%), followed by those related to crop management (17%), and biologically based (14%).  
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Table 10. Summary of farmer’s’ indicators of soil quality 

Categories of farmers’ indicators of soil quality  

Soil based (42%) 
Crop performance based 
(19%) 

Biologically based (14%) 
Environment based  
(8%) 

Management (17%)

Soil colour High crop yield Natural vegetation vigour  
(vegetation which is removed
before cultivation) 

Presence of moisture  
(rain fall) 

Inappropriate  
farming methods 

Soil depth  Crops colour (very green) Absence of pests and diseases Location of the land  
for instance valley,  
hill side or top  
(hill sides better soils) 

Deforestation 

Soil texture  Crop growth vigorously Vigorous growth of  
weeds before cultivation 

Wilting of vegetation  
and crops soon after  
rain season 

Labour shortage 

Good Drainage Low crop yields  
(deformed and small seeds)

Presence or absence  
of marco-fauna like  
earth worms. 

 Occasional grazing  
livestock on crops 

Friability/good work ability Crops maturing unevenly   Mono cropping 

Soil structure Presence of  
soil OM (particular plant roots) 

Poor crops germination Existence of certain weed  
species like witch weed  
(Striga hermonthica) 

 Lack of modern  
farming knowledge 

Soil not exhausted Change in colour of crops, 
e.g., yellowing 

   

Soil erosion     

Bare soil becoming whitish  
or brown 

    

Cracking soils     

Quick water drainage     

Soil exhaustion     

Soil texture     

Local name of soil and some areas     

 

4. Discussion 

4.1 Socio-demographic Characteristics of Respondents 

The socio-economic and demographic characteristics in Iriiri Rengen and Matany sub-counties indicated that 
middle aged were more involved in sedentary farming than the old aged people and the young. This can be 
attributed to age difference, middle aged people tend to work a lot using both mental and physical capability to 
meet their increasing home demands. Old people tend to spend a lot of time on hobbies and leisure like drinking 
than the middle aged. Young people tend to spend a lot of time having fun with friends. In a study which was 
conducted by Verbrugge et al. (1996) in the Longitudinal Studies Branch, Gerontology Research Centre, 
National Institute on Aging, Baltimor, it was found out that different age groups allocate time for activities 
differently.  

Mainly married people were involved in farming. This is expected in a population where children as young as 10 
years of age get married. According to UBOS, 2017, 73.25% of the people above 18 years in the study area are 
married and 50.5% are married at only 10 years of age. 

It further illustrated that, farming is more dominated by men as opposed to the other gender. The male 
dominance in farming in the study area is because they are the household head in majority of the farm families 
[69 and 76% in Napak and Kotido district respectively (UBOS, 2017)].  

The study showed a low level of education in the community. Majority of the farmers were middle and old age 
with very low level of education 81.9% as opposed to the reported 80% for Napaka district or Bokora County. 
This is the basic level of education in Karamoja. Most of farmers in Karamojang (93%) are involved in keeping 
cattle. Therefore, cattle is considered as a symbol of wealth and the noblest work (UBOS, 2017). As such, they 
preferred herding to attending schools. The mean farmers’ household size for the study area (5-10) was in 
agreement with the reported 5.1 for Matany 5.4 for Iriiri and 7.0 for Rengen sub-counties (UBOS, 2017).  
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4.2 Crops Grown in the Study Area 

The reason for farmers’ choice of growing sorghum and maize, than other crops could primarily be due to the 
fact that they are drought tolerant, versatile and meets farmers’ need for both food and cash. This is in line with a 
study carried out by Kudadjie et al. (2004) and Murungweni (2016) which revealed sorghum and maize as climate 
smart crops. The second reason could be that the sorghum crop can store well under local conditions and the 
stems can be eaten like sugarcane by Karamoja local people. Therefore, it is preferred by most farmers. Thirdly, 
sorghum fetches high market price USD $11-12 and $16-23 compared to its supplementary maize crop, for 
which price ranges between $9-11 and $14-22 for a 100 kg bag during bumper harvest and bad seasons 
respectively (Ezaga, 2010). The growing of a variety of other crops in the study area was not a surprise. It is a 
common practice by most local farmers in various parts of Uganda, which helps to circumvent possible crop 
failure. This is in agreement with a study which was conducted in Zimbabwe by Makate et al. (2016), where 
crop diversification was used by farmers as a smart agricultural practice to enhance crop productivity and 
increase resilience in rural smallholders systems. Crop diversification can lead to reduced incidences of pests, 
diseases, and weed infestation (Larkin et al., 2010). 

4.3 Farming and Tools With Implications on Soil Quality 

The use of hand tools in the study area was expected in a community of poor farmers, who cannot afford the use 
of powered implements and can only buy rudimentary farm tools. The tools delay farm land preparation and 
other activities leading to late planting and plant growth which expose soil to erosion agent. This was in 
agreement with Levine (2010) whose report established and documented a cocktail of problems of farming in 
Karamoja. These included, but was not limited to, environmental degradation, deforestation, poor soils and use 
of rudimentary farm tools in cultivation. The use of chemical inputs (pesticides) and irrigation in Iriiri could be 
attributed to the fact that the sub-county shares its boundary with the relatively more advanced Teso Farming 
System where various pesticides and some irrigation are used in farming. Therefore, Iriiri farmers could have 
learnt modern farming practices by observation. In addition, Iriiri sub-county has a boarder trading centre market 
where some of these inputs could be sold.  

4.4 Crops Yields Trends 

The farmer’s response to crop performance was not a surprise, because, most of the interviewed (farmers) had 
experienced many crop failures due to unreliable rainfall and prolonged dry spells. Further, the dry spell has both 
direct and the indirect effects. The direct is when crops dry due to insufficient moisture. The indirect can affect 
the quality of the yield. For instance when crops received less than enough rainfall, they may produce seeds 
which are not completely filled, leading to wrinkle and diseased seeds. In the subsequent season, farmers may 
plant these seeds and the resulting yield is likely to be lower than expected. In the study area, soil nutrient 
mining by crops (exhaustion) and erosion were perceived as the main causes of soil quality decline. These 
conclusions are similar to the ones recorded by Pimentel and Burgess (2013) and Hatfield et al. (2017), who 
cited high global soil loss through erosion ending up in declining crops yields worldwide. In addition, the reason 
for the crop yield decline could be that the soil fertility of Karamoja was low, so the first crops planted were 
likely to yield higher than the subsequent due to declining soil nutrient status without addition of external inputs. 
This is in line with a study by Tenywa et al. (1999) which was conducted on finger millet in eastern Uganda 
which revealed declining millet yields due to continuous cropping without additional external input.  

4.5 Causes of Crops Yields Decline 

The litany of other causes of decreasing crops yields perceived by indigenous people were expected and can be 
explained in part by farmers’ having a good understanding of the causes of the crops yield decline. Firstly, this 
was in line with the GOU (2016), which warned that there was an increase in threat from the pests and diseases 
invasion. In particular, the Fall Army Worm (FAW) led to a 15% loss of crop yield countrywide (GOU, 2016). 
Secondly, the crop yield decline is mainly attributed to unreliable rain season, dry spells and invasion by pests in 
particular the FAW (GOU, 2016). Thirdly, climatic change is reportedly influencing crop yields by increasing not 
only pest and diseases prevalence, but enhancing crop losses due to unpredictable weather patterns (Larkin et al., 
2010; Makate et al., 2016). These directly reduce the planted crop population and yield per unit area. In a survey 
which was carried out by Nakalembe et al. (2017) in Moroto district, the farmers highlighted several causes of 
declining crop yield similar to the one mentioned by farmers in this study.  
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4.6 Farmers’ General Perception on Soil Quality Trends 

Majority of the farmers understanding of the term soil quality and their awareness of its decline in quality was 
not a surprise, since most farmers’ consider the soil fertility in relationship to the crop they wish to grow. The 
decision is mainly taken from the start when they clear the natural vegetation for farming. Farmers first judge 
whether the soil will produce a good crop or not. This is always done using observable features (Corbeels et al., 
2000; Michel et al., 2015). The middle age and old age groups are usually the most knowledgeable age group in 
farming. They move a lot, compare their soil capability with others in their vicinity. They also discuss with 
fellow farmers, which makes it easy for them to know the soil quality or productivity status. They always use the 
experience they have gained over years of growing crops, to compare and contrast the soil productivity during 
the farm establishment and the existing status.  

4.7 Farmer’ Perception of Soil Quality Indicators 

Perception of crops yields quality as indicator of soil quality by the farmers, revealed that they related output to 
the crops growing conditions. Normally, whatever reduces the quality of crops harvests decreases its palatability, 
saleability and profitability. This knowledge can be attributed to the high repeated agricultural activities done in 
the entire Rengen sub-county as oppose to other study sub-counties. Through repeated cultivation farmers might 
have acquired experience. It probable that, farmers using swift cultivation, have used different soil stypes for 
growing crops and through experience they have gained, can clearly tell the suitable soil physical conditions for 
crops growth. The indigenous knowledge recorded from the farmers, pointed out that their management systems 
are motivated by the yields prediction. Therefore, it is important to carry out small scale crops yields 
experiments with them to enhance their management skills. Highly eroded soil was only perceived as of low 
quality for crop cultivation in Matany. This is not a suprise as most highly eroded soils loose the quality for 
farming through erosion (Pimentel & Burgess, 2013).  

4.8 Farmer’s Indicators of Declining Soil Quality 

The indigenous knowledge of the Karamoja farmers was in agreement with the research finding recorded from 
Nicaragua dry forests. In the study, soil macro-fauna were the keys indicators of soil quality used by indigenous 
people (Pauli et al., 2016).  

Soil moisture retention is important for plant growth. Soils which drain quickly leads to wilting of crops. On the 
other hand soils with ponding water are not suitable for crop production. Water ponding prevents soil aeration, a 
soil physical property which is important as a measurable soil quality indicator. The results were in agreement 
with the findings by Barrios et al. (1994), Fujisaka et al. (2000), Desbiez et al. (2003), and Fleskens and 
Jorritsma (2010), where farmers’ indicators of soil quality were based on plant and/or crop growth, colour, water 
holding capacity and texture. However, Karamoja farmers added the term crop yield quality. It is well 
documented that nutrient deficiency in crops include necrosis, plants tissues death, loss of crops vigour, wilting. 
Reducing soil nutrient deficiencies reduces crop yields and plant yield quality. Similar responses were reported 
in a study which was conducted by Dawoe et al. (2012) in Ashanti region, Ghana. Scientifically, soil quality 
indicators are not only limited to its chemical, physical, biological properties but observations, socio-economic 
indicators together with the procedures used to measure these quantitative indices in agriculture in a broad sense 
(Mueller et al., 2010). In another, study was done by Fleskens and Jorritsma (2010) in Maroon soil fertility 
management in Suriname farmer’s indicator of soil quality were crop growth, dark colour, water holding 
capacity and texture.  

4.9 Farmers Use of Texture as Indicator of Soil Quality 

Soil textural classes did not compare well with the analytical results from the National Agricultural Research 
Laboratories (NARL) Kawanda, which revealed that soil textural classes were; clay for Iriiri and Matany while 
Rengen soils were mainly sandy loam. In this regard, the soil texture determination by the farmers is not clear. 
The discrepancies between the scientific and the perceived soil texture can be attributed to the fact that farmer 
used very small areas to determine the texture, or that the samples they used were not representative enough. 
Therefore need further investigation. 

4.10 Farmer’s Perception of Soil Suitability for Crops Production Using Natural Vegetation 

Naturally, plants prefer growing in places depending on the soil condition like pH and nutrients available 
concentration plus combinations. A soil which lack specific suitable soil nutrient and environment may not 
support some plant species growth. Therefore, plant propagation materials may be dispersed to a location but due 
to unfavourable conditions they fail to grow or are suppressed to allow only those which can survive. This in part, 
results into plants acting as observable indicators of soil quality. The recorded knowledge dates back in 1927, 
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when Meinzer explained the existence plant species (xerophates) in deserts that either they use available water 
sparingly or deep root to trap water from lower water table for their survival.  

4.11 Chi-square Differences in Demographic Characteristics 

Information generated in the chi-squares test provide a realistic trend of indigenous knowledge in the study area. 
Different age groups use different indicators to determine soil quality. Old people have vast experience and 
wisdom to extend to the new generation both the inherited knowledge and those that they logically learnt from 
environmental situation. However, Herzog and Rodger (1988) have reported a result contrary to this that old 
people have poor knowledge.  

4.12 Summary of Farmer’s Indicators of Soil Quality 

The indigenous knowledge categories predicts the importance of each source of information. The clusters are 
related to those which were mentioned by Desdiez et al. (2003). This indicated that Karamoja farmer’s 
knowledge to a large extent is related to the measurable parameter. However, the main difference was that, 
farmers use mostly qualitative judgement to determine soil quality, whilst the scientific data which makes use of 
empirical data easy to quantify and compare. Farmer’s use of the five summary categories parameters for 
determining soil quality are  indicative of their importance and efforts must be given to see how they can be 
integrated as a measurable indicator of soil quality.  

Generally, the study revealed that farmers in Karamoja use qualitative indices for soil quality as opposed to the 
quantitative indicators. The studies carried out by Desbiez et al. (2004), and Dawoe (2012) in Mid-hills of Nepal 
and Ashanti, Ghana respectively, found out that indicators similar to the one in this study were being used by 
farmers. Similarly, Habarurema and Steiner (1997) found out a corresponding relationship between farmers’ of 
southern Rwanda soil classification to scientific soil suitability.  

5. Conclusion 

Karamoja agro-pastoral sedentary farmers’ indigenous knowledge uses a cocktail of soil quality indicators. They 
have a vast knowledge of crops yields in relation to soil quality (SQ) terminologies which agree with scientific 
parameters.The major farmers’ indicators of soil quality included; soil colour, soil morphology, soil depth, crop 
yields, plants growth vigour and colour, presence of certain weeds like Striga hermonthica (witch weed), 
presence or absence of macro-fauna like earthworms, rainfall, crops wilting during the offset of rain, 
inappropriate farming methods, labour shortage among others. These visible soil quality parameters could be 
summarized and assessed by farmers through five categories namely; soil, crops, biologically, environmentally 
and management based indicators.  

According to farmers, soil quality is declining in the agro-pastoral semi-arid livelihood zone of Karamoja. 
Further, the study findings revealed that there is a need for the people of Karamoja to acquire formal education 
and on farm or field training. Therefore, it is imperative to carry out participatory small scale crops yields 
experiments with the farmers to enhance not only their management skills, but conserve soil quality and ensure 
sustainable land use. 
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