
Potentials for wetland rice of the coastal valleys of South Eastern 
Tanzania: incorporating farmers’ knowledge in land evaluation* 

E.M. Kafiriti1, S. Dondeyne1,2, J. Deckers2 and D. Raes2 
1Naliendele Agricultural Research Institute 

P.O. Box 509, Mtwara, Tanzania 

2Laboratory for Soil and Water Management 

Catholic University of Louvain 

Vital Decosterstraat 102, Leuven, Belgium 

SUMMARY 

Despite the importance of rice as a food and cash crop, the coastal valleys of South Eastern 

Tanzania seem under-utilised.  The potentials and constraints of these valleys were studied by 

combining Participatory Rural Appraisals (PRAs) with conventional land evaluation methods.  

Surveys were done in eight villages spread over two valleys with a perennial stream and two 

valleys with a seasonal stream.  Wetland rice is grown in the poorest drained parts of the valleys 

without bunds and without irrigation.  The PRAs provided insights into farmers’ soil classification, 

which is based on soil texture, colour and which is intricately linked to crop soil suitability.  

Vertisols occur more in valleys with a seasonal stream, while Fluvisols and Gleysols are common 

in valleys with a perennial stream.  However, in terms of soil suitability there were no statistically 

significantly differences between the valleys.  Shortage of capital and labour are the major 

constraints given by farmers for expanding rice cultivation.  Labour shortage will be more 

pronounced in the valleys with heavy clay soils (Vertisols).  It is further argued that if farmers 

would make bunds and apply supplementary irrigation, yields could increase substantially.  

Whereas the PRAs were invaluable for getting insights into the variability within valleys, the 

parametric approach for land evaluation enabled to compare the soil suitability for rice across 

valleys.  By incorporating farmers’ knowledge at the earliest stage of the land evaluation exercise, 

socio-economic constraints are implicitly accounted for. 

 

1. INTRODUCTION 

It is estimated that between 1997 and 2001 rice (Oryza sativa L.) was grown on 400 to 655 

thousand ha in Tanzania, with an annual production ranging from 514 to 849 thousand tonnes.  

                                                      
* published in The Land (2003) - 7(1): 41-56 
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Annual imports of rice over the same period varied between 86 thousand and 192 thousand tonnes 

and amounted in 2001 to 27% of the national production (FAO, 2003).  In South Eastern Tanzania, 

rice is an important food crop where it ranks third in importance for food security after maize (Zea 

mays L.) and cassava (Manihot esculenta Crantz) (Ministry of Agriculture, 1992).  It is mostly 

grown by small holders and under rainfed conditions. 

 

Over the past decade, agricultural research efforts in South Eastern Tanzania were focused on 

cashew (Anacardium occidentale L.), the main cash crop.  Areas best suited for cashew have deep, 

highly weathered soils, typically found on the plateaux or inland plains (Dondeyne et al., 2003; 

Ngatunga et al., 2001).  Consequently research and development efforts of the valley systems have 

been neglected.  Rice, besides off-season maize and vegetables such as tomatoes (Lycopersicon 

esculentum L.), okra (Abelmoschus esculentus (L.) Moench) or eggplants (Solanum melongena L.) 

are alternative sources of cash from land not suitable for cashew or sesame (Sesamum indicum L.), 

the second most important cash crop in the area.  Nevertheless the valleys give the impression to be 

under-utilised: out of the 150 thousand ha of floodplains occurring in South Eastern Tanzania (Fig. 

1), not more than 25 thousand ha is used, the remaining parts being largely under natural vegetation 

(unpublished data, Zonal Irrigation Office, Mtwara). 

 

Previous attempts to promote wetland rice cultivation in South Eastern Tanzania date back 

to the late 1970s.  A rice development programme was initiated with pilot areas in Mtwara 

and Lindi regions under the support of the Government of Tanzania and the British 

Overseas Development Administration (HTS, 1982; Binnie and Partners, 1980).  The main 

focus of the programme was on improved varieties and fertiliser management both under 

irrigated and rainfed conditions. 

 

The aim of this study was to get a better understanding of the apparent under-utilisation of the 

valleys of South Eastern Tanzania by studying the cropping systems and the bio-physical 

characteristics of rice growing environments.  As neither the time nor the means were available for 

a comprehensive survey of the valley system, advantage was taken of farmers’ knowledge by 

conducting participatory rural appraisals and combining these with conventional land evaluation 

techniques.  This study led to a better understanding of the potential and constraints for the 

production of wetland rice of the coastal valleys of South Eastern Tanzania.  It also provided 

background information to participatory on-farm trials focussing on agronomic aspects of rice 

cultivation (Kafiriti et al., 2003a; Kafiriti et al., 2003b). 
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2. MATERIALS AND METHODS 

2.1 Study area 

Bennett et al. (1979) did a reconnaissance survey on the physical environment of Mtwara and Lindi 

regions in South Eastern Tanzania.  The coastal area of South Eastern Tanzania is dominated by a 

chain of plateaux and hills.  At its widest the plateaux reach 130 km land inwards; east of the 

plateaux and hills is a narrow coastal plain.  Rivers draining the inland plains west of the plateaux, 

cross the chain of plateaux where they give rise to vast floodplains (Fig. 1). 

 
Figure 1  Rivers and floodplains of South Eastern Tanzania and location of study sites (Source: adapted 

from Bennett et al. 1979) 

 

These valleys are flat to gently undulating floodplains with meandering riverbeds.  Altitude ranges 

from sea level to 200 m.  The floodplains consist of Quaternary alluvial deposits or, locally, of 

lacrustine and marine deposits.  Soils are poorly drained and, depending on the origin of the 
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deposits, are dark heavy cracking clays (Calcic Vertisols) or lighter textured and clearly stratified 

Gleyic, Humic and Mollic Fluvisols.  In backswamps very poorly drained soils (Mollic Gleysols) as 

well as organic soils (Fibric Histosols) are found. 

 

Rainfall pattern in South Eastern Tanzania is uni-modal but very erratic (Fig. 2).  As no 

long term climatic records of the coastal valleys exist, rainfall pattern is assumed to be 

intermediate between what is observed on the coastal plains and the plateaux.  Average 

annual rainfall on the coastal plain is 930 mm year-1 and is 1200 mm year-1 on the plateaux 

(Dondeyne et al., 2003).  As shown in Fig. 2 the growing season (Precipitation > ETo/2) is 

from December to April or May, but dry spells often occur resulting in a wide spread of 

the dependable rainfall (P20 and P80 in Fig. 2). 

 
 

 

 
Figure 2 Monthly rainfall and reference evapotranspiration (ETo) of four climatic stations of South 

Eastern Tanzania.  Dark bars represent wet months (P ≥ ETo/2); P20 monthly rainfall with a probability 

of exceedance of 20%; P80 of 80%; Average ETo is presented with margins of 20% (Source: adapted from 

Dondeyne et al., 2003) 
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2.2 Survey procedure 

The survey was conducted in two valley systems with a perennial stream (Ruvuma river and 

Lukuledi river), and two with a seasonal stream (Nangaru river and Mbwemkuru river) (Fig. 1).  In 

each valley two villages were chosen known to be important rice producers.  Information on 

farmers’ cropping systems was gathered in each village, through Participatory Rural Appraisals.  

These were conducted as group interviews with 20 to 30 farmers (male and female) during which 

wetland rice cultivation and its associated problems were discussed.  Following the group 

discussions a transect walk was made and fields visited.  The target was to sample at least three 

fields in each village covering the different settings where rice is grown; in Kitaya village, along 

the Ruvuma river, two more fields were sampled because of the presence of a floodplain near lake 

Chidya. 

 

In each field, the soil profile was studied with a soil auger to a depth of 150 cm and samples were 

taken at 0-20, 20-40 and 40-60 cm.  Soil texture, colour and stickiness were assessed in the field, 

following the guidelines for soil description (FAO, 1990).  In the laboratory soil pH was measured 

potentiometrically using a Glass Calomel electrode in a 1:2.5 suspension of water.  Organic carbon 

content was determined by Walkley and Black method (Nelson and Sommers, 1982).  Kjeldahl 

method (Bremner and Mulvaney, 1982) was used to determine total nitrogen.  Phosphorus was 

extracted by Bray and Kurtz-1 method (Bray and Kurtz, 1945) and determined 

spectrophotometrically (Murphy and Riley, 1962; Watanabe and Olsen, 1965).  Exchangeable 

bases were extracted by saturating soil with neutral 1M NH4OAc (Thomas, 1982) and the absorbed 

NH4
+ displaced by K+ using 1M KCl and then determined by Kjeldahl distillation method for the 

determining the Cation Exchange Capacity (CEC).  The bases Ca2+, Mg2+, Na+, and K+, displaced 

by NH4
+ were measured by atomic absorption spectrophometer.  The concentrations of the 

exchange bases were used to calculate the exchangeable sodium percentage (ESP) and the sodium 

adsorption ratio (SAR). 

 

2.3 Soil suitability for wetland rice 

The soil suitability for wetland rice was assessed for each of the sampled fields according to the 

parametric method (Driessen and Konijn, 1992).  With the parametric method an overall rating of 

the soil suitability for a particular land utilisation type is determined by multiplying scores 

attributed to each of the soil characteristics. 

 

The scores per soil characteristic used for assessing the suitability for wetland rice are presented in 

Table 1.  The scores were determined based on soil requirements for wetland rice reported in 

literature (EUROCONSULT, 1989).  As an overall rating per field, the median value was taken of 
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the ratings determined for each sampling depth.  These ratings were summarised in classes with the 

first 25% ranked fields as “more suitable”, the next 50% ranked fields as “suitable”, and the last 

25% ranked fields as “less suitable”. 

 

Table 1  Soil characteristics and scores used for assessing the 
suitability of wetland rice with the parametric method 
Texture* Score  pH Score 
HC, C, SC 1 5.0-6.5 0.8 
CL, SCL 0.8 6.5-7.5 1 
SL, LS, S 0.6 7.5-8.5 0.8 
     
Depth of gley (cm)   
< 40 1   
40-60 0.8   
> 60 0.6   
     
Org. C (%)   P (mg kg-1)   
>1.4 1 >20 1 
1.0-1.4 0.8 10-20 0.8 
0.7-1.0 0.6 5-10 0.6 
<0.7 0.4 <5 0.4 
     
EC (dS m-1)     ESP (%)   
<1 1 <6 1 
1-4 0.8 6-15 0.8 
>4 0.6 >15 0.6 
* HC: Heavy Clay, C: Clay, SC, Sandy Clay 
CL: Clay Loam, SCL: Sandy Clay Loam  
SL: Sandy Loam, LS: Loamy Sand, S: Sand 

 

 

2.4 Statistical analysis 

The levels of significance of association between:  

• valleys with seasonal or perennial streams and soil groups;  

• valleys and soil suitability classes; and  

• soil suitability classes and soil groups  

were checked with the chi-square test. 
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3. RESULTS 

3.1 Land use 

The land use pattern of the coastal valleys is shown in Fig. 3.  The village settlements are typically 

on relatively elevated and sandy areas where tree crops such as cashew, coconut and orange (Citrus 

sinensis (L.) Osbeck) are also grown.  These areas are also suitable for arable crops such as maize, 

sesame, cassava and pigeon pea (Cajanus cajan (L.) Millsp.). 

 

Farmers’ soil classification is based on colour and texture and is intricately linked to crop 

suitability (Fig 3a and 3b).  Rice is grown on the wettest sites of the valley. Farmers do not make 

bunds nor do they irrigate the crop.  In dry years, maize and sorghum (Sorghum bicolor (L.) 

Moench) are grown on sites where rice is normally grown.  In the Lukuledi and Nangaru valleys, it 

was observed that maize and vegetables are grown on residual moisture in the dry season. 

 

The rice varieties grown are all local landraces.  The number of varieties differs from three in 

Mkombamosi village (Nangaru valley) to ten in Mahurunga village (Ruvuma plain).  The varieties 

are all tall and late maturing (up to 6 months) with average yields of 1.5 t ha-1.  The names of the 

varieties have a particular meaning or connotation, often referring to the place where the variety 

originates (for example Tunduru, Dakawa, Supa Ifakara) or referring to a particular characteristic 

(for example “Rangi mbili” meaning two colours, “Serena” for early maturity). 

 

Mineral fertilisers are rarely used.  The major reasons reported were the unavailability of 

the fertilisers and farmers’ limited financial resources.  Some farmers felt that their land is 

adequately fertile thus mineral fertilisers are not required. 

 

Land preparation usually begins in late September or early October depending on the size 

of the farm and labour force.  As the varieties are late maturing, the harvest begins at the 

end of May and continues to the end of June, thus coinciding with the commencement of 

the dry season.  Hoes are practically the only tools used for land preparation as farmers 

cannot afford other equipment, as ploughs with draft animals, cultivators or tractors.  

Locally, however, missions do occasionally hire out services of ploughing with a tractor.  

Farmers argue that the lack of implements restrict them to expand the area for wetland rice 

production. 
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Figure 3a Transects showing variations in land use in relation to topography and soil 

properties in valleys with a perennial stream 
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Figure 3b Transects showing variations in land use in relation to topography and soil properties 

in valleys with a seasonal stream 

 

3.2 Soil characteristics 

Drainage of the studied fields is in general poor to very poor, which was reflected by the presence 

of mottles in the soil.  Following the World Reference Base for Soil Resources (FAO-ISRIC-ISSS, 

1998) the soils are classified as Fluvisols, Gleysols  and Vertisols (Fig. 3; Table 2).  Soil texture is 

mostly clayey, though especially in the Ruvuma and Lukuledi valley some sandy soils were found.  

As shown in Fig. 4 more fields were observed with Fluvisols and Gleysols in the valleys with a 

perennial stream while Vertisols were more common in the valleys with a seasonal stream (P = 

0.06; χ2 = 5.5; d.f. = 2). 
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Table 2  Summary statistics (range or mean and standard deviation for n > 1) per Reference Soil Group of physico-chemical soil properties 
of 22 rice fields in coastal valleys of South Eastern Tanzania 
Valley / Depth Textureb Stickinessc pH-H2O Org. C total N P EC ESP SAR CEC BS 
Soil Groupa (cm) (range) (range)  (%) (%) (g kg-1) (dS m-1) (%) (%) (cmolc kg-1) (%) 

Perennial stream 
Ruvuma valley             

Fluvisol (n = 4) 0-20 SCL to C SS to S 6.2 ± 0.7 1.0 ± 0.4 0.08 ± 0.01 19 ± 7 0.5 ± 0.8 5 ± 6 0.4 ± 0.5 23 ± 10 93 ± 12
 40-60 S to HC NS to VS 6.3 ± 0.4 0.7 ± 0.1 0.05 ± 0.01 13 ± 14 0.8 ± 1.2 7 ± 12 0.6 ± 1.0 22 ± 12 91 ± 12
Gleysol (n = 3) 0-20 SCL to C SS to VS 5.6 ± 0.7 1.7 ± 0.5 0.13 ± 0.03 15 ± 8 0.9 ± 1.2 19 ± 21 1.1 ± 1.4 23 ± 8 98 ± 3
 40-60 SCL to C SS to VS 6.5 ± 0.8 0.9 ± 0.3 0.07 ± 0.01 7 ± 5 1.3 ± 1.6 26 ± 20 1.7 ± 1.4 24 ± 2 100 ± <1
Vertisol (n = 1) 0-20 HC VS 5.4 2.3 0.14 19 0.7 14 0.5 16.0 100

 40-60 HC VS 5.7 0.5 0.06 4 1.9 29 1.2 16.0 100
Lukuledi valley      

Fluvisol (n = 3) 0-20 SL to SC SS to VS 6.8 ± 0.3 1.1 ± 0.3 0.1 ± 0.02 11 ± 7 0.3 ± 0.3 6 ± 7 0.4 ± 0.5 23 ± 7 94 ± 11
 40-60 SL to HC NS to VS 6.9 ± 0.2 0.7 ± 0.6 0.06 ± 0.02 8 ± 5 0.3 ± 0.4 8 ± 11 0.3 ± 0.3 21 ± 21 100 ± <1
Gleysol (n = 2) 0-20 SCL SS to VS 6.2 ± 0.2 1.6 ± 0.1 0.15 ± 0.08 11 ± 2 1.0 ± 0.7 7 ± 2 0.4 ± 0.1 19 ± 5 100 ± <1
 40-60 SC VS 7.1 ± 0.2 1.3 ± 0.8 0.14 ± 0.08 5 ± 1 0.4 ± 0.4 5 ± 3 0.3 ± 0 31 ± 29 100 ± <1
Vertisol (n = 1) 0-20 C VS 7.6 1.3 0.08 10 0.2 2 0.2 47 100

 40-60 HC VS 7.6 1.1 0.15 5 0.1 3 0.2 35 100

Seasonal stream   
Mbwemkuru valley     

Fluvisol (n =1) 0-20 LS NS 7.7 0.2 0.03 11 0.1 4 0.1 5 100
 40-60 C S 7.8 1.1 0.08 20 0.2 3 0.1 16 100
Gleysol  (n =1) 0-20 SC VS 7.5 1.5 0.15 23 0.6 3 0.2 30 100
 40-60 SC VS 5.8 0.7 0.06 4 < 0.1 6 0.3 23 100
Vertisol  (n =4) 0-20 SCL to HC VS 6.7 ± 0.3 1.8 ± 0.4 0.13 ± 0.04 21 ± 20 0.2 ± 0.2 2 ± 1 0.2 ± 0.1 37 ± 8 96 ± 8

 40-60 SC to HC VS 7.2 ± 0.4 1.0 ± 0.2 0.08 ± 0.02 21 ± 17 2.3 ± 4.3 5 ± 4 0.4 ± 0.3 38 ± 10 100 ± <1
Nangaru valley      

Fluvisol (n = 2) 0-20 SCL to HC SS to VS 7.9 ± 0.1 1.2 ± 1.1 0.12 ± 0.09 24 ± 23 0.6 ± 0.8 5 ± 6 0.3 ± 0.1 41 ± 33 77 ± 32
 40-60 SC S to VS 7.9 ± 0.2 0.5 ± 0.1 0.07 ± 0.01 8 ± 1 0.8 ± 0.1 9 ± 5 0.4 ± 0.2 17 ± 7 100 ± <1
Gleysol  (n = 1) 0-20 SC VS 7.5 1.4 0.11 32 2.0 13 0.5 19 100
 40-60 HC VS 7.5 0.6 0.06 20 0.2 9 0.6 30 100
Vertisol  (n = 3) 0-20 SC to HC VS 8.0 ± 0.1 1.8 ± 0.4 0.13 ± 0.02 10 ± 15 0.3 ± 0.2 4 ± 2 0.2 ± 0.1 32 ± 4 100 ± <1

  40-60 HC VS 8.1 ± 0.2 1.8 ± 1.7 0.14 ± 0.08 5 ± 4 0.4 ± 0.1 3 ± 4 0.2 ± 0.1 32 ± 17 98 ± 4
a Classification following World Reference Base for Soil Resources (FAO-ISRIC-ISSS, 1998) 
b S = sand; LS = loamy sand; SL= sandy loam; SCL = sandy clay loam; SC = sandy clay; C = clay; HC = heavy clay 
c NS = not sticky; SS = slightly sticky; S = sticky; VS = very sticky 
  

 

Soil pH of fields in the valleys with a perennial stream (Ruvuma and Lukuledi) is in 

general slightly acidic, while soil pH of the fields in the valleys with a seasonal stream 

(Mbwemkuru and Nangaru) tends to be slightly alkaline (Table 2).  The levels of Electrical 

Conductivity, Exchangeable Sodium Percent (ESP) and Sodium Absorption Ratio (SAR) 

are rather low and none of the soils are truly saline.  However, in three sites along the 

Ruvuma river, the ESP is rather high; two of these were in the floodplain of lake Chidya.  

Soil fertility levels are moderately low, with levels of organic C and total N from low to 

medium.  Levels of P are relatively high and are on average higher in the valleys with a 

seasonal stream.  Cation exchange capacity and base saturation are also rather high. 
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Figure 4 Distribution of Reference Soil Groups per stream type in four coastal valleys of 

South Eastern Tanzania; the number of observations per valley is given in between 

brackets (total n = 26) 

 
3.3 Soil suitability for rice 

The distribution of the soil suitability classes for wetland rice per valley and per Reference Soil 

Groups is presented in Fig. 5.  Soils less suitable for rice were more common in the Ruvuma valley 

and in the Nangaru valley, although overall the association between valley and soil suitability 

classes is not significant (P = 0.44; χ2 = 5.82; d.f. = 6).  Soils which rank as less suitable for 

wetland rice are Fluvisols and Vertisols (P = 0.09; χ2 = 7.98; d.f. = 4); though Vertisols also have 

some of the more suitable soils.  The less suitable Fluvisols are sandy and relatively well drained or 

have higher ESP; of the less suitable Vertisols one is well drained another one has high ESP.  

Overall, Gleysols contain  the highest proportion of suitable soils. 
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Figure 5 Distribution of soil suitability classes for wetland rice in four coastal 

valleys of South Eastern Tanzania (A) per valley (B) per Reference Soil 

Groups; the number of observations per valley is given in between brackets 

(total n = 26) 

 

4. DISCUSSION AND CONCLUSIONS 

The Participatory Rural Appraisals brought to light the complexity and heterogeneity of the 

cropping systems in the coastal valleys (Fig. 3).  Similarly as found for example in Rwanda by 

Habarurema and Steiner (1997) and in The Philippines by Dondeyne et al. (1995), farmers’ soil 

classification is essentially based on soil texture and colour whilst reflecting the soil suitability for 

crops.  Farmers clearly have a detailed knowledge of their environment and taking advantage of 

their knowledge made it possible to gain quickly insights into the cropping systems and hence to 

limit the sampling sites to some crucial points.  Whereas Cools et al. (2003) shows how farmers’ 
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knowledge can further be integrated into land evaluation, in this study the insights gained through 

the PRA are used complementary to the formal land evaluation. 

 

The FAO framework for land evaluation (FAO, 1976) proposes two alternative approaches.  The 

first consists of a first stage focussing on the physical land resources, followed by a second stage of 

economic and social analysis.  In the parallel approach the economic and social analysis proceeds 

simultaneously with the survey and assessment of the physical factor.  This study illustrates that by 

involving farmers in the survey phase, indeed enables to get insights into important socio-economic 

aspects such as labour constraints and limited financial resources. 

 

Although the fertility of the valleys soils is not so high, it is higher than the fertility of soils in other 

landscape units of South Eastern Tanzania as reported by Bennett et al. (1979) and Dondeyne et al. 

(2003).  Vertisols were found to be more common in valleys with a seasonal stream (Fig. 4).  This 

can be due to some geological coincidence, but as Vertisols undergo periodic shrinking and 

swelling (Driessen et al., 2001; Van Wambeke, 1992) valleys with seasonal streams surely present 

more favourable conditions to their formation.  Obviously, as Vertisols are more difficult to work 

than other soils, labour constraints can be expected to be a bigger issue in the valleys with seasonal 

streams. 

 

Production could surely also be increased if farmers would make bunds and if they would irrigate 

the crop to prevent losses due to dry spells in the rainy season (Fig. 2).  In villages where this is 

done  as in Kitere in the Mambi valley and Kinyope in the Rutamba valley, Fig. 1  average 

yields of 3 t ha-1 are obtained (Kafiriti et al., 2003a) 

 

The sampled fields are all sites which farmers considered suitable for growing rice.  The parametric 

approach enables us to rank and compare their suitability across sites.  Despite the relationship 

between valleys and the occurrence of certain soil groups (Fig. 4) no clear relationship is found 

between valleys and soil suitability (Fig. 5a).  This highlights the value of taking farmers’ 

knowledge into account during such a land evaluation study. 
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