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ABSTRACT

This paper deals with the biophysical factors affecting soil productivity in Murang’a District, Kenya. The objective was to determine the extent to which soil erosion affects soil nutrient status and soil productivity in a tropical environment through detail on-farm studies. Research methods used include: classification of soil erosion and land management; analyses of aerial photographs and soil sample; and interviews with farmers. Main findings show declining soil nutrient status and outputs with increasing erosion while increased efforts in land management give higher yields and amounts of nutrients. Further, substantial land-use changes between 1960 and 1996 with introduction of new crops, increasing land fragmentation and changes in land management have occurred. Increasing pressure to generate cash income from the farms has made livelihood harder today compare to the 1960s. The findings indicate that it is necessary to increase the efforts towards the agricultural sector in Kenya. But it is important to remember that for farmers to adopt policies that promote sustainable agricultural development they ought to be biophysically possible, socio-politically acceptable, as well as economically and technically feasible.

INTRODUCTION

In East Africa, the majority of the people live in rural areas and are dependent on agriculture. One of the most crucial problems farmers are dealing with today is depleted soils resulting in declining yields. Soil erosion is one reason for this and is a result of both cultural and natural environments. Together with loss of nutrients it creates serious problems especially during intensive farming in humid regions. In the present study mainly biophysical factors affecting soil productivity were examined (Figure 1). Other factors, such as economic and socio-political, also affect soil productivity and are to some extent investigated in this study.
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Figure 1. Conceptual flow chart of factors affecting soil productivity in Kenya.

Biophysical, economic and socio-political factors are, in this study, identified according to Figure 1. Biophysical factors affect economic and socio-political factors in an area dependent on agriculture since these factors are bases for agriculture. There are also strong interactions between economic and socio-political factors, and it is difficult to identify if, for example, demography is a socio-political or an economic factor. All factors in Figure 1 directly or indirectly influence soil erosion and land use and therefore have consequences for soil productivity and agriculture. This study mainly examines the following: vegetation, soil nutrients, land use and management and soil erosion, and how those affect soil productivity. Soil productivity affects livelihood and environment. This in turn affects sustainable development.

The present study is carried out on farmers’ fields and the results are compared with studies from field test plots (e.g. Gachene 1995). Studies on soil erosion and productivity are often carried out on field test plots and are therefore a modification of reality and less reliable for policy making.

KEY CONCEPTS

Erosion-induced loss in soil productivity is a major threat to global food security (Brown & Kane 1994; Pimentel 1995). Soil erosion is, by definition, a two-phase process consisting of both detachment of individual particles from soil and of their transport by erosive agents, such as running water and wind (Morgan 1995). Soil productivity is defined as the productive potential of a soil system that allows accumulation of energy in form of vegetation (Hurni 1996; Stocking 1984) and comprises many factors including individual soil parameters, climate, management and land slope. Crop yield and soil nutrient status can be used as indicators of soil productivity. In this study, soil nutrient status is defined, after Wild (1988), as the rate of cations, organic matter, available phosphorus and total nitrogen in the soil.

Soil productivity affects environment and livelihoods. This in turn affects a country’s development. Livelihood is defined, after Carswell (1997) and WCED (1987), as the capabilities, assets and activities required to meet basic needs. 

OBJECTIVES

The objective of this study is to determine the extent to which soil erosion affects soil nutrient status and soil productivity in high-potential agricultural areas of a tropical environment through detailed on-farm studies of two rural areas in Murang’a District, Kenya (Figure 2). The study also deals with the impact land slope has on soil productivity.

Specific foci are placed on:

· The interaction between soil erosion, soil productivity and land use.

· Relationships between different soil nutrients, land slope and soil erosion.

To facilitate across-site comparisons, this study focuses mainly on one cropping system – maize. Maize is the main subsistence crop and does not reap the same profits as coffee, which is the main cash crop. The focus on maize fields also makes it possible to compare collected data with work from other places where test plots are used, since maize is a well-investigated crop on test plots (e.g. Gachene 1995).

THE STUDY AREAS

Up to 1963 Kenya was a British colony. At the time of Independence the Government of Kenya identified illiteracy, diseases, ignorance and poverty as the main problems to be addressed in the post independence era to set Kenya on the road to achieving sustainable national development (RoK 1999). Through the years the National Development Plan has focused on: rapid economic growth to alleviate poverty and reduce unemployment, labour intensive production technology and promotion of small-scale rural industries and crafts, high population growth, basic needs, major macro-economic imbalances. The current development plan (1997-2001) deviates from all previous ones by shifting emphasis to private sector investment in industrial production with the aim of transforming Kenya from a large agricultural economy to a newly industrialised country by year 2020 (RoK 1997). However, over 70% of Kenya’s population are dependent on agriculture.

The study area is located the Murang’a District in Kenya (Figure 2). Murang’a shares many demographic, socio-economic and biophysical features with other districts located in Central Highlands. Many of the constraints, critical processes and opportunities also occur in neighbouring districts. Hence, studying Murang’a are relevant and important from a larger policy perspective.

Figure 2. Location of: a. Kenya, b. Murang’a District.

Small-scale farms, with an average farm size 1.0 ha, occupied most of the district (OVPMPND 1997). The population in Murang’a was 1 045 000 in 1997 and the population pressure is high 486 people/ km². Annual population growth is approximately 2.5%. The two detailed study areas in Murang’a are both in the main coffee agro-ecological zone. Nitisols are the main soil type and the altitude of the areas lies between 1 380 and 1 660 m.a.s.l. Dairy activities and cultivation of cash crops, coffee, complement the farming of maize, beans, bananas and potatoes.

DATA AND METHODS

Classification of soil erosion and land management

Soil erosion and land management were identified through visual inspection based on PLUS (1994) classification scheme. In this classification scheme splash, sheet, rill and gully erosion were noted separately in the field. Each erosion form has four classes, class E0 corresponds to no erosion, E1 to slight, E2 to moderate and E3 to severe erosion. Land management rating included soil erosion, ground cover, crop husbandry, pasture, water, trees and soil and water conservation (SWC). This rating has five classes, Class 0 very poor, where none of the requirements for better land management are met, Class 1 poor with major cause for concern, Class 2 fair with some cause for concern, Class 3 good with acceptable quality practices and Class 4 excellent with exemplary practices.

Soil samples

During field work composite soil samples from the topsoil (0-15 cm) in the maize field were collected to determine the effect of soil erosion and land management. In addition, in order to investigate the effects of SWC structures, soil samples were taken from six slopes, three slopes with and three without SWC. In this investigation five samples were taken from three slope positions – slope crest, mid slope and slope base, i.e. 15 samples from each slope.

Air dried soil samples were analysed at the Department of Soil Science (DSS), University of Nairobi. The following properties were determined: available P, total N and organic C according to standard analytical methods used at the DSS given by Okalebo et al. (1993).

Aerial photographs

Black-and-white aerial photographs from 1960, scale 1:12 500, and 1996, scale 1:25 000, were studied in order to identify areas with different land use and changes in land use that have taken place over the years. Classification of vegetation and SWC on the cultivated fields was based on field work experience, discussions with farmers and a literature survey. The most recent photographs, 1996, were verified in the field, while discussion and interviews with farmers and extension staff were used to verify the photographs from 1960. Interpretation of aerial photographs was analysed using Geographical Information System (GIS), IDRISI (Eastman 1997).

Information from farmers

During field works information gained from farmers through discussions and interviews was recorded. Both the semi-structured technique and questionnaires were used. Information about crop yields and inputs employed in the cultivated fields was collected from survey among the households. Changes in crop yield and inputs over time were discussed with farmers. Discussions were also held with farmers and agricultural extension staff about SWC measures and land use changes.

RESULTS

Soil erosion, soil nutrient status and land management

The main types of erosion on agricultural fields are splash, sheet and rill erosion, while gully erosion is a result of excess surface runoff from roads, footpaths, schools and market areas (Ovuka 2000a and b). Soil samples analyses show significantly decreasing trends for total N and organic C with increasing erosion (Table 1) according to Kruskal-Wallis H test (Ebdon 1985). Available P shows decreasing trends with increasing erosion, but the trends are not significant (Table 1). On average up to 40% of the nutrients can be lost due to erosion. Further analysis of soil nutrients indicated better soil nutrient status with good land management (Table 1). The analysis also shows that: soil erosion is negatively correlated with yield, and better land management is positively correlated with yield (Table 1).

Soil nutrients, slope and soil and water conservation

Results from analysing soil nutrients on different parts of the slope show that soil nutrient status differs depending on slope position and land management (Ovuka 2000b). Available P, total N and organic C, show significant differences between slope position, where highest amounts were found on lower parts of the slope. Differences between slope base and other parts of the slope could be up to 80%. The up and down slope differences were less pronounced on slopes with SWC (Ovuka 2000b).

Table 1. Soil nutrients and maize yield in relation to erosion and land management (N=137).

	
	P (ppm)
	N (%)
	C (%)
	Maize yield (kg/ha)

	Splash

class E1

class E2

class E3
	   – 

  25.7

  17.9

  22.0
	   – 

  0.27

  0.25

  0.27
	    **

  1.87

  1.61

  1.54
	       *

    1 290

    1 090

       820

	Sheet

class E0

class E1

class E2

class E3
	   – 

  18.8

  24.4

  21.4

  16.6
	    **

  0.27

  0.27

  0.24

  0.16
	    *

  1.81

  1.68

  1.61

  1.66
	      *

    1 220

       890

       870

       870

	Rill

class E0

class E1

class E2
	   – 

  24.0

  21.4

  16.4
	   –  

  0.27

  0.25

  0.27
	   – 

  1.71

  1.64

  1.54
	      – 

    1 242

    1 082

    1 024

	Land management

class 0

class 1

class 2

class 3
	   * 

  15.1

  20.2

  20.9

  24.5
	   –  

  0.27

  0.26

  0.26

  0.26
	    *

  1.48

  1.68

  1.65

  1.70
	       *

       876

       950

    1 151

    1 321


Significant differences between classes are indicated with * for 0.1 and ** for 0.05 significant level, according to Kruskal-Wallis H test (Ebdon 1985). Only classes affecting more than 5% of the investigated fields, see Table 1, are presented.

Land use

Substantial land use changes have taken place in the study area from the 1950s (Ovuka 2000a). Introduction of cash crops, coffee, in the 1960s and 1970s had a considerable impact on land use. Today more than 80% of the small-scale farmers cultivate cash crops on approximately 15% of the investigated area. Other land use changes are: break-up of villages, clearing of bushes, planting of exotic tree species and less fallow land.

The studied areas are intensively cultivated today. Before the 1960s the steepest slopes were mainly used for grazing. Since the early 1900s up to 1960 shifting cultivation was commonly practised. Introduction of cash crops and increasing population started the permanent cultivation of land and cultivation of steep slopes. SWC, in the form of terraces, was introduced during the 1930s through the Soil Conservation Service as a part of the activities of the Department of Agriculture (Eriksson 1992; Kamar 1998). After Independence (1963) and during the remainder of the decade SWC received little attention. The effects of ignoring SWC soon began to appear. This led to the formation of the Kenya National Soil Conservation Project (KNSCP) in 1974, which focused on densely populated smallholder areas (Kamar 1998). Renewed efforts to conserve soil and water started in the late 1980s. Yet, according to aerial photographs, there is less terraced land in 1990s than in 1950s. In the 1950s almost 60% of the cultivated area was cultivated using terraces, while in 1990s only 26% was cultivated using terraces as a conservation method.

Farmers’ perception of the changes

Soil productivity was, according to farmers, not a problem in the 1950s. Shifting cultivation was practised so land with low productivity was left fallow to regain fertility. Fertilisers were never used. Today, the existence of small farms have made it almost impossible to leave land fallow. The majority of the interviewed farmers had experienced a decline in natural fertility, which means that they need to use fertiliser today to improve soil productivity. Farmers also argue that without adding fertiliser the harvest would be low or even fail (Ovuka 2000a).

Farmers indicated that the main changes in the land use since 1950s was the introduction of cash crops (Ovuka 2000a). Other mentioned changes were establishment, and later break-down, of villages, reduced number of indigenous trees, increased number of exotic trees, decreased fallow area and increased population. Farmers also indicated changes in planted subsistence crops. In the 1950s the main planted crops were maize, beans, bananas, sorghum and millet, while sweet potatoes, yams, cassava, different types of peas, Irish potatoes, arrowroots and sugarcane were minor crops. In the 1990s main crops were maize, beans, coffee, bananas and Irish potatoes. Minor crops were sweet potatoes, cassava and yams, while traditional crops like millet, sorghum, peas, arrowroots and sugarcane are now rarely cultivated. According to most farmers, livestock grazed in the 1950s, but in the 1990s stall-fed livestock dominates. This is due to the lack of grazing or fallow land available in the area. Number of trees had increased from the 1950s due to plantation of exotic trees, according to most farmers.

Environmental changes in Murang’a have affected people’s livelihoods. These changes have made farmers dependent on cash income. Farmers’ perceptions of environmental changes differ, therefore, depending on access to off-farm income. Most farmers (55%) thought that life was better in the 1950s because agricultural production was higher and the demand of both agricultural inputs and cash were low. The remaining 45% of the farmers thought livelihoods are better today, but all of these had either access to off-farm income or did not participate in agricultural work.

DISCUSSION AND CONCLUSION

The long time period of SWC together with high population pressure, the national intention to combat poverty and to secure the food supply, make it interesting and indeed highly relevant to study and further explore the effects of soil erosion on nutrient status and soil productivity in Kenya. There are programmes focusing on maintenance and improvement of soil fertility in densely populated eastern and southern African Highlands, e.g. The African Highlands Initiative (Braun et al. 1997). The present study provides new information about soil productivity with its on-farm research and specific focus on the Highlands in Kenya. In a larger perspective the present study can, together with other studies and through generalisation and extrapolation of the findings, be the basis for practical work in the field and for policies leading towards sustainable agriculture.

Soil nutrient status and yield have, in the present study, been used as soil productivity indicators. Both nutrient status and yield decrease with increasing soil erosion, and increase with better land management. Variations in analysed soil data and recorded yield from on-farm studies are high since not only biophysical factors affect soil productivity (Figure 1). These factors are difficult to control on on-farm studies. On test plots social and economic factors affecting soil productivity are not included. Significant decreasing concentration of nutrients and yield due to erosion are found in studies from test plots (Gachene 1995; Kiahura et al. 1998; Tengberg & Stocking 1997). This confirms the findings from this on-farm study.

Soil nutrient status differs depending on slope position. Highest nutrient status was found on lower parts of the slope, which corresponds with other studies (e.g. Verity & Anderson 1990). Up and down slope differences in soil nutrient status were less pronounced on slopes with SWC measures. These results together with the fact that over 70 per cent of the cultivated area is in need of SWC structures and less than half is terraced show that resources directed towards agricultural activities are important and necessary to sustain and increase crop production.

Further findings from this study show that considerable land use changes have taken place since 1950s. These changes affect the environment, soil productivity and farmers’ livelihoods. Land consolidation and transaction, started in 1958, became the start of private ownership and land fragmentation (Leo 1984). Introduction of cash crops and increasing population made it difficult to leave land fallow to regain fertility. Perennial cash crops, coffee, have, together with land scarcity, intensified land use and made agricultural inputs necessary for good output. Agricultural inputs (e.g. chemical fertilisers, pesticides and high yielding seeds) together with other services (e.g. school and health care) nowadays imposed with fees, have increased the demand for cash. Coffee have been an attractive cash crops. Unfortunately it has produced poor profits since mid 1980s. Thus, farmers try to find new ways of generating incomes. In many cases this means neglecting coffee field with increasing soil erosion and depletion of soils as a result.

Increased population has also had a clear effect on land holding size in the study areas. Land fragmentation, mainly splitting between sons, results in smaller and smaller plots. Most of the interviewed farmers cultivate plots of one ha or less. Several farmers have problems in feeding their families and are therefore dependent on other sources of income, most commonly from seasonal employment as casual workers. A further implication of small farm sizes is that land is intensively used and that soils run the risk of becoming depleted.

In studies dealing with on-farm agricultural issues it is difficult to exclude any parts affecting the results. Socio-political and economic factors also affect soil productivity since culture, knowledge, demography, governmental policies, labour, capital, input and tenure security are important for land use and management (Figure 1). This study shows that there is a relationship between soil erosion, land management and soil productivity. But to increase soil productivity, factors affecting it need resources. Studies on soil productivity need to include socio-political and economic factors to be able to deal with the complex reality. For farmers to accept policies which promote agriculture-based sustainable development, they ought to be biophysically possible, socio-politically acceptable as well as technically and economically feasible.
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