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Abstract 
In designing more appropriate strategies for integrated management of soil and plant nutrients, in a way that benefit the poor, one needs to understand farmers’ knowledge and perception in the assessment of soil fertility. To address this issue for the Same and Maswa districts, Tanzania, participatory mapping, focused group discussions, field visits and soil analysis for soil fertility evaluation were conducted for both districts. In both districts three villages were involved. Composite soil samples for each farmers soil fertility unit were collected and analyzed to verify information collected through participatory approaches. Farmers soil units boundaries were geo-referenced in order to allow transferring of the data to geographic information system (GIS). The results revealed that farmers do hold a diversified knowledge base for evaluating and monitoring soil fertility. Farmers’ criteria for soil fertility status evaluation were based on soil characteristics, crop performances, biological activities and water availability. Farmers’ perceptions on soil fertility were more ’ holistic’ than those of researchers, as they included factors that influenced the soil and crop growth in their fields. A combination of participatory approaches, technical soil fertility assessment and GIS would allow for production of soil fertility status maps distinguishing between high, medium and low levels of soil fertility based on local perception. However, soil analysis revealed that nutrient status for all soils were on the lower side compared to levels indicated by farmers. The most limiting nutrient was nitrogen and in some areas, phosphorus. Farmers suggested different soil fertility management strategies for different soil fertility classes in different RWH systems. For optimal rice production, the above limitations have to be rectified by adoption of the appropriate soil fertility management strategies and options and application of the proper soil amendments using organic and inorganic sources. 
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INTRODUCTION

On the basis of agricultural potential, it is estimated that more than 50 % of the land in Tanzania is semi arid or arid (LRDC, 1987). The semi aridity is caused by low amounts of rainfall, high evapotranspiration rates (Nieuwolt, 1973) and erratic temporal and spatial rainfall distribution. The main problems, among others, of semi arid areas are inadequate soil moisture for plant growth and low soil fertility. It is estimated that close to 85% of tropical soils, Tanzania inclusive, have some degree of degradation (Oldeman and van Lynden, 1997).  There is increasing evidence that land degradation induced by agriculture has been promoting a gradual shift away from the high input agriculture paradigm, based on overcoming soil constraints with fertilizers, lime, biocides and tillage to fit plant requirements, towards a paradigm with greater reliance on soil biological processes (Sanchez, 1994).
Low soil fertility is recognized as an important constraint to increased food production and farm incomes in many parts of sub-Saharan Africa (Shepherd and Soule, 1998). In semi-arid areas, inadequate soil-moisture for plant growth aggravates the problem of soil fertility. The introduction and adoption of rainwater harvesting systems/technologies in semi-arid areas of Tanzania, has significantly reduced the constraint of soil moisture to crop production  (SWMRG, 2001b). However, there have not been parallel and equivalent efforts in the introduction and adoption of strategies to improve soil fertility. Further improvements in the productivity of both land and water in areas with successful RWH, is currently constrained by shortage of plant nutrients.  Continuous and high intensity cropping made possible by the increased availability of soil moisture is often leading to nutrient mining. On the other hand, annual flooding in macro-catchment systems adds fresh plant nutrients to the cultivated basins each year due to enrichment factor. This paper describes local indicators of soil fertility (LISF) and Soil fertility status based on local and scientific perceptions in Ndala River catchment in  Maswa district. Ways to improve soil fertility in order to improve and sustain rice production are suggested.

METHODOLOGY

The research was conducted in Ndala river catchment, representing semi-arid areas of Tanzania. The Ndala River catchment is located in  Maswa District Shinyanga Region, South of Lake Victoria (Fig. 1). The Ndala river catchment consists of three villages namely Isulilo, Njiapanda and Bukangilija representing upper, middle and lower parts of the catchment respectively (Fig 2). The catchment is situated between 2o 45’ and 3o 15’South and longitudes of 33 o 0’ and 34o 7’ East and at about 1200 to 1300 meters above sea level.  The rainfall ranges between 600 to 900 mm per annually.

The catchment falls within the extensive central semi-arid agro ecological zone, which is characterized by gently undulating plains with long slopes and wide valley bottoms. Availability of adequate soil-moisture for plant growth is a major constraint, mainly due to the occurrence of long dry-spells during the growing season. The land use pattern is linked to the recurrent topo-sequence of soils known as Sukumaland catena (Milne 1936; Payton et al., 2002)
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	Figure 1: Map of Tanzania showing the study area
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Figure 2. Three villages consisting of Ndala River catchment 

Rainwater harvesting systems (RWH) in Ndala River Catchment

The RWH in Ndala river catchment is described with respect to run off generation and control, run off management and use and technical performance of different RWH in the catchment (Mahoo et al., 1999)

There are two sources of run off in the catchment, these include, macro catchment and flush floods from the seasonal stream. The macro catchments are large in sizes with predominantly gentle slopes and long run off lengths. It was observed that the catchment lengths can be divided into three major parts.

· Steep slopes (up to 20 o) on the rock ground at the top of the catena forming the numerous hills found in the study area.

· Medium slopes of between 4 –10o, they have light textured soils (Sandy) and are normally covered by scattered bushes.

· Gentle slopes (up to 4 o) on sandy to sandy loam soils of shallow depth and bottom valley

These catchments characteristics coupled with the intense storms received in the study area lead into high run off yields. The flush floods from Ndala River are another source of run off. The river is seasonal and water flows only during the rainy season.

The main differences in run off management in the study catchment are related to the techniques used in the control of run off, of which three are observed in Ndala River catchment, that is stream flow diversion (SFD), sheet rill flow (SRF) and sub surface sand river bed 

Stream flow diversion

This technique is practiced in the lower part of Ndala River catchment, namely, (Bukangilija village). The technique involves means for diverting water from its natural ephemeral stream and conveys it to arable cropping areas where it is distributed as spate irrigation. In this technique, cultivated fields close to an ephemeral stream are first divided into excavated bunded basin (EBB). Then by means of small weir, water is diverted from the stream into the top most basins. The water fills this basin and the surplus spills to the next basin through purposely-designed openings a until the whole farm or valley is fully wetted.

The system is limited by the amount of water conveyed into the cropped land is small. In additional, the channels are subjected to the frequent damage and siltation. The EBB are filled with water sequentially leading to the tail-end syndrome (whereby the fields at the tail-end get little or no water at all). Due to slope being very low, the canal flow does not command substantial irrigatable area due to short distance of the canal. The fields located near the stream have higher risks of being damaged by floods. As a result of the above limitations the technique has received attention and Maswa District Council is implementing a SFD project at Bukangilija village.

Sheet rill flow (SRF) run off

This technique is practiced at upper, middle and lower parts of the catchment. The technique involves harnessing the natural occurring run off. The flat catchment characteristics do not allow concentration of run off to form gullies. Therefore, the run off moves in the form of sheet flow and is harnessed by constructing bunds across the directional of the flow and water is directed into the cropped fields using short channels.

The technique is still crude and a lot of water (about 75%) is not captured and end into streams. The main problem involved the location of interceptor bunds and channels. Sometimes these are not located along the contour, leading to their collapse and loss of the harnessed water. The study revealed that there is under utilization of the generated run off due to shortage of good land, poor interception of run off and lack of intervention to further develop this technique.

Sub surface sand riverbed

Similarly, this technique is practiced at upper, middle and lower parts of the catchment. The technique depend on the water which accumulates under the sand in the riverbeds with little intervention. This is used opportunistically as a major source of water throughout the year for livestock and domestic use during the period. 

The field work 

Local indicators of Soil Fertility (LISF)

Identification of local indicators of soil fertility in the study catchment was conducted using PRA tools namely direct observations, informal discussions, focus group interviews, key informants and diagrams. Some limited field work were undertaken to verify some of the information and data gathered and generated during the discussions and interviews.  On the identification of the local indicators of soil fertility, the soils were broadly categorized into two groups; fertile (good) soils and infertile (bad) soils with respect to crop yields.

Participatory mapping

The process of participatory mapping involved participatory methods with conventional GIS including analysis of remote sensed images. Focus group discussions, key informant interviews and field visit captured information on soil fertility and management strategies in RWH. In order to represent the captured information in a spatial format, perceptual maps of the local conditions were used. The local communities drew the maps, to ensure that the mapping process reflects adequately the needs and interest of the communities in term of soil fertility status.. The use of spatially referenced base data using Arc View 3.2 GIS software, such as topographic maps and GPS allowed perception maps to be integrated into GIS. This integration made the use of conventional GIS techniques to analyse local knowledge on soil fertility possible. 

Scientific soil fertility evaluation

The scientific soil fertility evaluation involved soil sampling and analysis. Soil sampling was based on identified soil fertility classes in the participatory mapping. In each soil class a composite soil sample constituted of 14 sub samples were taken at 0-30 cm depth. From the composite soil samples, soil parameters analyzed included pH, organic carbon, total nitrogen, available phosphorus, CEC, particle size distributions and micro nutrient (Zn and Cu).  The pH of the composite soil samples were measured electrometrically in 1:2.5 soil:water suspensions (McLean, 1982).  Organic carbon contents were determined by the wet digestion method of Walkley and Black  (Nelson and Sommers, 1982) and total nitrogen by the semi-micro Kjeldahl method (Okalebo el al., 1993).  The available phosphorus contents were determined by the Olsen’s method (Shio-Kuo, 1996).  Cation exchange capacities of the soils were determined by the neutral ammonium acetate (CH3COONH4) saturation method (Rhoades, 1982).  The particle size distributions were determined by the hydrometer method (Gee and Bauder, 1986).  Copper and Zinc contents in the soils were extracted by DTPA and measured by atomic absorption spectrophotometer (Lindsay and Novel, 1978).  The exchangeable bases in the ammonium acetate filtrates collected above were measured by atomic absorption spectrophotometer (Rhoades, 1982). The analytical data generated were compared by farmers’ perception on rice cropland in the Ndala river catchment.

RESULTS AND DISCUSSIONS

Local indicators of soil fertility

[image: image1.wmf]From the discussions with farmers in the catchment revealed different local indicators of soil fertility were identified as shown in Box 1.

The black or dark colours of soils as indicators of good soils (fertile soils) are reflections of the high amounts of organic matter contents in the soils. Black or dark colours of the soils are associated with high soil organic matter (humus) contents hence high availability of plant nutrients, high capacities to retain nutrients in exchangeable forms, high moisture retention and storage and source of energy and carbon to soil micro-organisms (Sanchez et al., 1989; Brady and Weil, 1996; Lavelle, 1988; Stevenson, 1982; Oades, 1984; Lal, 1986; Hue et al., 1986). 

The ability of soils to support vigorous plant or crop growth and high crop yields without the use of fertilizer and manures is an indication of the capacity of soils to supply adequate quantities of the essential plant nutrients, water and aeration and other growth factors to the plants for growth and development. The ability and capacity of soils to furnish the above growth requirements to plants are attributed to the capacities of the soils to retain large quantities of the nutrient ions in solution and exchangeable forms and the capacities of soils to maintain and sustain a balanced equilibrium between the ions in the soils. Such soils have high contents of the 2:1 clay minerals and high organic matter contents (Brady and Weil, 1996; Tisdale, et al., 1993). These good soils occur at the bottom of the toposequence or catchments, which are the zones of deposition in the process of soil erosion by water and gravity. These soils are suitable for most crops if not all crops.

The presence and vigorous growth of specific plants like mashibili and somangome (Hydrophylla spp), as local indicators of soil fertility is a manifestation of the soils ability to supply sufficient nutrients and water for the above plants with very high demands for plant nutrients and water (heavy feeders). Also the growth of the above plants is related to the significant thickness of the soil layers.. Such soils are dominant on the bottom (plains) of the toposequences. However, such soils may occur at the top summit and middle of the catchments on locations or positions where the slopes are not prohibitive  and in depressions.

Development of visible cracks on the soils during the dry season is an indication of the high content of the 2:1 expanding lattice clay minerals like montimorillonite and vermiculite. These clays expand when wet and contract when dry (Brady and Weil, 1996). The cracking is due to the differential contraction (shrinking) in response to water loss through evaporation. These soils are most suitable for rice (paddy) cultivation.

The friable soils are equivalent to the loam soils, which have the desired proportions of the clay, sand and silt fractions (Brady and Weil, 1996). The friable soils under natural conditions have the ideal or optimal characteristics and requirements for good plant growth and performance. Such characteristics include good water holding capacities, adequate nutrient contents available to plants, sufficient aeration and the capacities of the soils to positively respond to soil fertility management practices under intensive crop production (Brady and Weil, 1996; Tisdale et al., 1993).
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Ability of the soils to support plant growth during the dry seasons is a reflection of the ability of the soils to supply adequate amounts of water and nutrients to the plants. The adequate or sufficient amounts of water for plant growth during the dry season is attributed to the high capacities of the soil to retain and store water in plant-available forms and the pronounced thickness of the soil layers (deep soils) (Tisdale et al., 1993). The capacities of the soils to retain water are attributed to the high contents of the 2:1 clay minerals in the soils, sufficient or high levels of organic matter, dominance of micro pores in the soils and the extensive thickness of the soil layers. The plant roots scavenge the deep soils for water and nutrients during the dry seasons, hence the ability of such plants to grow during the dry seasons.  

Presence or occurrence of deep soils are mostly found at the bottom positions of the landscapes or catchment as a consequence of the depositional phase of soil erosion by water and gravity. Deep soils vary considerably in texture, structure, mineralogy and organic matter contents and available plant nutrients. The characteristics of the soils are determined by the soil erosion episodes.  However, based on their extensive or pronounced thickness (depth), the overall total moisture and nutrient contents that could be accessible to plants are significantly high hence their local characterization or qualification as good soils. These soils are suitable for most crops.

Bad soils or soils with low fertility status are mostly confined to the summit or top and middle positions on the landscapes. The technical interpretations or equivalents of the local indicators of bad soils on the Ndala river catchments are portrayed in Box 2. 

Poor crop growth, scanty and stunted natural vegetation is an indication or reflection of the inadequate supply of plant nutrients and water by the soil to the plants. The nutrients might be in the soils in forms not available to plants either due to low moisture contents in the soils or the nutrients are strongly fixed or retained by the soil components hence not exchangeable or the nutrients have been converted into insoluble compounds through various transformations in the soils. Further such soils may fail to support plant growth because the soils are naturally poor or deficient in the essential nutrients elements due to the low contents of the elements in the parent materials of the soils coupled with low soil organic matter contents. The low contents of the plant nutrients in such soils could also be due to extensive weathering coupled with significant losses of plant nutrients through the processes of leaching, volatilization and soil erosion. 

It could be argued that the poor and stunted growth of plants is a manifestation of the poor and improper balance of the physical, chemical and biological attributes of soil fertility, soil moisture and  the low plant nutrient contents being the most important.

Presence or occurrence of light and red coloured soils is related to the very low organic matter contents in the soils and significant amounts of Fe and Al oxides and hydroxides. The high contents of the oxides of Fe in the soils are due to the high contents of Fe and Al in the parent materials of the soils and extensive weathering of the soils. These red and light coloured soils have low soil: moisture/water retention and nutrient retention capacities, acidic soil reactions, low percent base saturation, hence their local categorization as bad soils. The light colors of the soils could also be associated with low organic matter (humus) contents in the soils due to poor crop production and consequently low recycling of the crop residues.

Because of the low nutrient and water retention capacities of such soil coupled with strong acid soil reactions, the soils can only support plants with low nutrient and water demands and can tolerate acid soil conditions.  These soils may occur at any location or position on the landscape but are mostly found on the top and middle positions on the landscape. Areas with the red and light coloured soils are mostly reserved for grazing or forestation in areas where availability of the land for various agricultural or farming enterprises is not limiting.

The growth and proliferation of specific and peculiar plants like ndase, magunguli, kiduha (weeds), plants which have the abilities and capacities to withstand various growth hardships is a reflection of the low fertility and productivity status of such soils. The above plants, mostly weeds, have the abilities to extract nutrients and water from soils deficient in plant nutrients and moisture. Their nutrient and water requirements are not that high as compared to the other crops or plants. The above weeds have very elaborate and extensive roots systems and the root grow or extend deep into the soil layers in search for water and nutrients. The inability of these soils to support crop growth other than the weeds mentioned above prompted the farmers to categorize such soils as bad or of low fertility status. The low nutrient and water retention capacities of the above soils could be attributed to the low contents of the essential plant nutrient elements in the soil parent materials, extensive weathering coupled with extensive leaching and losses of plant nutrients through various processes and the dominance of the 1:1 clay minerals and oxides of Al and Fe in the soil as well as low organic matter contents.

Presence or occurrence of sandy soils and soils which dry fast is the reflection and manifestation of the inability of sandy soils to retain water and plant nutrients for plant growth and development.  The sandy fractions of soils are dominated by quartz, which is an inert soil component with no surface charges thus very limited capacity to retain water and plant nutrients. These soils are less used for crop production and may be found on all positions on the landscape/catchment as would be determined by the extent and magnitude of removal, transportation and deposition of the soil materials during the erosion process or episodes.

The sandy soils are mostly highly weathered and their physical, chemical and biological attributes to soil fertility are extremely limited. The soils dry fast because physical adsorption processes retain the limited amount of water, hence easily desorbed from the surfaces through the application of external forces. Further, most of the water in sandy soils is under the influence of the gravitation force (gravitational potential), hence drains freely and fast through the many macro-pores present in the soils.

Presence of rocks and stones is an indication of the shallowness of the A and B horizons of the soils. Presence of rocks and stones could be attributed to extensive weathering of the soils with extensive and intensive erosion or, the soils are still young hence most of the rocks and stones are yet to be weathered. 

The low moisture retention capacities of soils is the manifestation of high proportions of sand sized particles in soils (sandy soils), high proportions of the 1:1 clay minerals which have low capacities to retain water and low organic matter (humus) contents in the soils.  Such soils may either be highly weathered or extremely young. However, in Ndala river catchment the soils are highly weathered. Additions of water to such soils either through natural precipitation or irrigation would percolate out of the soils very fast and the soil’s moisture deficit regime restored in a very short time.

Soils with low moisture retention capacities are dominant on the top and middle of the landscapes.  Soils with low soil water or moisture retention capacities are suitable for the cultivation of crops with low water demands and drought resistant crops and to some extent deep rooted plants that can exploit the soil moisture deep down the soil profiles.

The compaction of soils could be caused by the presence of heavy clays with significant amounts of Al and Fe oxides and other strong cementing compounds or materials in soils. Inappropriate tillage practices, like the use of heavy machinery during various farm activities, continuous cultivation coupled with preparation of very fine seedbeds and very shallow cultivation might give rise to soil compaction (Brady and Weil, 1996).

Compacted soils or presence of compacted soil layers (hard pans) within the A and B horizons, hinder or limit root growth and extension, drastically limiting water movement within the soil, water percolation down the soil profiles and reduce the aeration status of the soils. All the above conditions have negative effects on nutrient mobility and uptake by plants. Compacted soils are prone to erosion by surface water flow due to reduced water infiltration and percolation. Compacted soils may be found on all the positions on the landscape, depending on the origin and causes of the formation and development of the compacted soils.

Presence of salts or white patches or spots on the surface of soils is an indication of the presence of sodic, sodic-saline or saline soils. The white particles may be deposits of Ca, Mg, Na-chlorides, sulphates, carbonates or bicarbonates. Such soils are dominant in semi-arid and arid areas (Brady and Weil, 1996). Because of the high salt content, hence the osmotic potential of the soil solution, such soils can only support the growth of salt tolerant crops (Tisdale et al., 1993). These soils are mostly found at the bottom of the landscape coupled with poor drainage. 

Cropland suitability based on local perceptions

The cropland can broadly be categorised into two main classes (Fig 4a, 4b, and 4c), land for rice production and land for other upland crops (maize and cotton being the main crops in the category). Rice production is considered to be the main economic activity.

In the catchment, cropland for cotton/maize constitutes the highest proportion of the available cropland. It constitutes 56%, 88%, and 77% of the available cropland in Bukangilija, Njiapanda and Isulilo respectively.  High suitable class (Class I) forms the highest proportion of the available cropland for rice production. In Bukangilija there are 891 ha of class I compared to 772 ha for medium suitable class (Class II) and 291 ha for less suitable class (Class III). In Njiapanda there are 442 ha of class I compared to 6 Ha for class II and 58 ha for  (Class III). While in Isulilo 1615 ha of (Class I) are available compared to 107 ha for (Class II).

There are no class III for cotton/maize cropland in Bukangilija and no class III for rice cropland in Isulilo village. The reason could be the fact that villagers from this area have farms scattered all over the area. Thus during participatory mapping, farmers considered the entire cropland and not restricted by the administrative boundaries.
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3.3 
Soil fertility evaluation based on soil tests

The results of soil analysis are presented in Table 1. The textural classes of the soils ranged from loamy sand to sandy clay loam (Table 1).  It has been reported that soils with high clay contents are suitable for rice production because of their high capacities to retain plant nutrients and soil water (moisture) (De Datta, 1981).  The high clay contents in such soils further restrict the percolation of water through the soils, hence encouraging ponding of the bunded fields.  This extends and improves the water use efficiency of the harvested rainwater by the rice plants.  It has also been reported that rice performs well in fine to medium textured soils (Landon, 1991).  Based an the textural classes of the soils on the Ndala River catchment, most of the soils are suitable for rice production, if the other constraints to rice plant growth are eliminated.  However, the Bukangilija M2 and Njiapanda M2 soils are marginally suitable for rice production due to the low clay contents, hence poor soil moisture retention. 

The soils’ pH values ranged from 7.03 (neutral soil reaction) to 8.92 (strongly alkaline) with a mean pH of 8.07 (moderately alkaline).  The optimum soil pH for rice production is 5.5 to 6.5 under dry conditions  (non irrigated rice production system) and 5.5 to 7.2 under flooded conditions (Landon, 1991; De Datta, 1981;) Further, it has been reported that cultivation of rice is even possible in soils with pH up to 9.0.  Based on soil pH, the soils along the Ndala River catchment are suitable for rice cultivation.  The high pH values of the soils in the study area could negatively influence the availability of most of the micronutrients as well as phosphorus.  

The percentage total nitrogen in the soils ranged from 0.03 to 0.06.  These values are rated as very low (Landon, 1991). The soils are therefore deficient in nitrogen. For high rice production, nitrogen in the form of fertilizers, manure and crop residues have to be applied to the soil to supplement the deficient levels of N in the soils.

The organic carbon contents in the soils ranged from 0.38% to 0.82%.  These values are rated as very low (Landon, 1991).  The low % organic carbon contents translate to low organic matter contents in the soils.  Organic matter in soils influence both the physical, chemical and biological properties of soils, such as soil structure, water retention, nutrient contents and retention and microbiological activities in soils.  

The plant available phosphorus (Olsen’s P) contents in the soils ranged from 14.24 to 17.16 mg P kg-1 soil.  These plant available phosphorus values are rated as medium (Landon, 1991).  Rice being a low P-demanding crop, the observed plant available phosphorus values  would satisfy the phosphate demand by the rice crop, hence no dramatic response to phosphate application to these soils as inorganic or organic fertilizers, would be expected.  However, with continuous rice production under rainwater harvesting systems, the phosphorus that would be lost from the soils through crop uptake must be replenished.  In addition, the availability phosphorus in ponded rice fields is a function of soil pH (Ponnamperuma et al., 1966; Wilson et. al., 1999) hence the availability of the soil P, may be negatively affected by the high pH values of the soils.

The CEC values ranged from 7.0 to 24.0 cmol (+) kg-1 soil and these values range from low to medium (Landon, 1991).  The low to medium CEC of the soils could be attributed to the low organic matter contents in the soils as well as the low to medium levels of clay contents.

The exchangeable K in the soils range from 0.11 to 0.36 cmol(+) kg-1  soil (Fig 5c) and these values are rated as low to medium (0.03 – 0.4 cmol K kg-1 soil) according to Landon (1991).  However, exchangeable K levels in soils are of limited value in predicting crop response to K as there is no direct relationship between K values and availability.  It has been observed that soil samples with large amounts of available K lose some of the K through fixation and those with low amounts have their exchangeable K increased through transformation of the non-available K to available/exchangeable forms under field conditions.  It has been reported that the minimum absolute levels of exchangeable K in soils ranges between 0.07 and 0.2 cmol K kg-1 soil (Pillai et al., 1999).

The Zn and Cu in the soils ranged from 0.18 to 0.28 and 0.45 to 1.11 mg kg-1 soil, respectively.  The DTPA extractable Zn values in the soils are rated as low (0.5 to 1.0 mg Zn kg-1 soil) according to Landon (1991) hence in adequate for plant growth.  The DTPA extractable Cu in the soils are rated as adequate (0.75 mg Cu kg-1 soil), according to Landon (1991), hence the soils along the Ndala River catchment have adequate amounts of available Cu for rice production.

The nutrient content of different farmers’ soil fertility classes are at the lower side when compared with the nutrient required for rice production in that particular class (Fig 5a, 5b and 5c).. This was due to the fact that the main difference in rice performance was mainly due to water availability. In most cases rice-growing areas with high access to water was regarded as high suitable area (Class 1). However in term of nutrient content these classes are about the same. 


Figure 5a Percentage Total nitrogen against farmers’ suitability classes


[image: image7.wmf]0

5

10

15

20

25

30

P level 

(mg/kg of soil)

Class 1

Class 2

Class 3

Farmers suitability

  classes

Phosphorus level (mg/kg) in Bukangilija village

Soil test

Required


Figure 5b Phosphorus level mg/kg of soil against farmers’ suitability classes
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Fig 5c. Potassium levels against farmers soil suitability classes

CONCLUSION AND WAY FORWARD

From the above information, it can be concluded that farmers’ local indicators for soil fertility are based on soil characteristics, crop performance and biological activities and water availability. The scientific soil fertility evaluation is based on physio-chemical parameters such as available P, percent total nitrogen. On the bases of rice performance, farmers classify soils into three namely high, medium and less suitable. These classifications seem to be based on water availability rather than nutrient content of the soils.  As a result of the above it is recommended to test nitrogen, phosphorus, manure and combination of the three so as to obtain optimum fertilizer recommendation for sustainable rice production. 
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Table 1:  Source of the properties of the soils along the Ndala River Catchments

	Village
	Particles Size Distribution
	
	Exchangeable Bases Cmol(+)/kg soil
	DTPA-extractable Zn and Cu mg/kg soil

	
	%

Sand
	%

Silt
	%

Clay
	Class
	pH

Water
	%

TN
	%

OC
	Olsen P

mg/kg soil
	CEC

Cmol/kg soil
	Ca
	Mg
	K
	Na
	Cu
	Zn

	Isulilo (Class 1)
	62
	7
	31
	SCL
	8.75
	0.04
	0.63
	14.46
	24.0
	13.97
	3.89
	0.78
	7.27
	0.70
	0.24

	Isulilo (Class 2)
	54
	14
	32
	SCL
	7.73
	0.05
	0.61
	14.46
	17.2
	10.47
	2.52
	0.26
	3.63
	0.64
	0.28

	Njapanda (Class 1) 
	71
	4
	24
	SCL
	6.68
	0.04
	0.63
	16.52
	16.6
	8.11
	1.73
	0.36
	7.79
	1.03
	0.28

	Njiapanda (Class 2)
	74
	7
	19
	SL
	7.92
	0.03
	0.46
	15.14
	16.0
	6.09
	2.41
	0.14
	7.36
	0.67
	0.24

	Njiapanda (Class 3)
	62
	6
	32
	SCL
	8.03
	0.05
	0.63
	17.16
	20.6
	14.19
	2.41
	0.23
	4.57
	1.11
	0.25

	Bakangilija (Class 1)
	59
	7
	34
	SCL
	7.55
	0.06
	0.82
	15.69
	18.0
	12.65
	2.94
	0.30
	3.41
	0.56
	0.18

	Bakangilija (Class 2)
	86
	5
	9
	LS
	7.03
	0.03
	0.38
	14.24
	7.0
	2.26
	0.64
	0.11
	2.09
	0.45
	0.21

	Bakangilija (class 3
	66
	4
	30
	SCL
	8.92
	0.04
	0.52
	16.60
	16.
	12.0
	1.68
	0.18
	6.78
	0.83
	0.22


Key: SCL Sand clay loam; SL Sand loam; LS Loam sand

Box 1: Local Indicators of Soils Fertility in Ndala River Catchment





High moisture content and retention 


Occurrence of black soils


High clay content in the soils 


Presence of friable soils


High crop yields without the use of fertilizers and manures


Dense plant population with a variety of plant species


Vigorous growth of the vegetation


Presence of specific plants like “mashibili” and “samangombe”, “malaba” on ant hills


Continuous cultivation without decline in crop yields


Occurrence of deep soils


Presence of cracks in the soils








Box 2: Local Indicators of  Bad Soils Fertility in Ndala River Catchment





Presence and occurrence of sandy soils


Presence of soils which dry fast


Light colour and red soils


Occurrence of soils with low soil moisture retention capacity.


Presence or growth of drought resistant trees


Low and sparse plant population


Presence of specific and peculiar plants like “ndase” and “magunguli”, “hodi”, “ndago”, (cyperus) “kiduha”, “makonda”


Low crop yields


Presence of rocks and stones


Presence of shallow soils
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Fig. 4a Cropland suitability for Njiapanda





Fig. 4b Cropland suitability for Bukangilija





Fig. 4c. Cropland suitability for Isulilo
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