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Abstract 

Small-scale vegeTable growing is an important economic and the climate change adaptive activity 
during the dry season in Tanzania. Open shallow underground water wells are used by farmers for 
vegeTable growing. Sustainable use of open shallow water wells is threatened by various factors such 
water depletion in response to prolonged droughts.  However, the human caused factor of polluting 
scarce water resources has not adequately studied. This study was conducted in 2009-2012 to assess 
pathways of underground water resources pollution in vegeTable growing. The objective of this study 
was to identify causes of underground water pollution and the role of human activities in causing water 
pollution. The methodology used was onsite inspection of underground water wells, identification of 
invasive plants growing in water wells. Laboratory analysis was carried out Kitete hospital in Tabora 
for testing Escheria coli a gram positive bacterium in water samples. Results show that, decomposition of 
aquatic plants, frogs and organic manure in water as well as the concentration of livestock urine 
significantly contribute to water pollution. Poor handling of pesticides allow pesticide residues to flow 
into water. Water management in semi-arid environment in Tanzania is needed for protecting the 
scarce water resources. 
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Introduction 

Rain water on the surface of the earth percolates through the soil, and occupies subterranean permeable 
layers, is called ground water (Driscoll, 1986; Fetter, 2001; Hamil and Bell, 1986). Relatively little is 
known about agricultural ground water use and the agricultural ground water economy of sub-Saharan 
Africa. However, the use of groundwater in agricultural production has transformed rural economies in 
large parts of developing world leading to “Groundwater Revolution”. Groundwater plays an 
important role in the livestock sector in sub-Saharan Africa (Giordano, 2006). Ground water use is 
increasing in agricultural production and support of the growing global population as a result it is 
termed as a “Silent Revolution” that cannot be ignored (Llmas and Martinez-Santos, 2004). 
Groundwater use is cheaper to use than conventional irrigation systems (Llmas and Martinez-Santos, 
2004). Small-scale groundwater irrigation offers significant potential to mitigate the effects of drought 
and erratic rainfall on agricultural production in semi-arid, sub-Saharan Africa. Ground water supplies 
are less prone to drought than surface water since its level is less correlated with rainfall (Calow et al., 
1997; Giordano and Villholth, 2007). The use of underground water for smallholder economic 
improvement in Africa has a big potential (Amuzu, 1978; Ayibotele, 1985; Kortasi, 1994). VegeTable 
production is an important agricultural activity engaging local farmers for food security in Tabora 
region (Mongi et al., 2010). In semi-arid environments in Tanzania underground water supplies support 
human and livestock populations but few studies have been carried out to assess water  pollution 
threats. 
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Materials and methods 

Study area 

The study was conducted in Tabora municipality, Tabora region in the western plateau in Tanzania. 
The study involved a 35 km stretch from Tumbi to Inala village. Dry season vegeTable sites along the 
stretch was visited and assessment of crop management was carried out. Mapping of study area 
location was done by using Geographical Information System (GIS) Technology with Global 
Positioning System (GPS) Model: Gamin etrex – Legend c. The spatial data (maps and coordinates) of 
Tabora region existing in the GIS database at ARDI Ukiriguru, Mwanza, and Lake Zone were also used 
to prepare the location map of the study area. 

Water pollution studies 

The study employed a combination of methods, such as ground water well inspection, discussion with 
farmers and laboratory analysis of water samples for E. coli. Identification of aquatic plants found in 
water was undertaken with the support of literature review. 

VegeTable crops grown 

A number of crops are produced in the dry season. VegeTable crops are produced for home 
consumption and local marketing. 

Table 1: Dry season vegeTable crops produced in Tabora  

Common name Dry season land use Frequency Crop 
frequency (%)  

Sweetpotato (Ipomoea batatas L.) Vine multiplication 23 26.1 

Cucurbita maxima  Multiplication of leaves for vegeTable 11 12.5 

Cowpea (Vigna unguiculata L. Walp) Leaves for vegeTable use 4 4.5 

Okra (Abelmoschus esculentus L.) Fruits 5 5.6 

Beans (Phaseorus vulgaris L.) Beans and leaves for vegeTable 3 3.4 

Cucumber (Cucumis sativus L.) Fruits for vegeTable use 3 3.4 

Tomato (Solanum lycopersicum L.) Fruit for vegeTable use 8 9.0 

Water mellon (Citrullus vulgaris L.) Fruits and vegeTable 1 1.1 

Brinjal (Solanum melongena L.) VegeTables 2 2.2 

Chinese spinach (Amaranthus tricolor L.) Green leafy vegeTables 6 6.8 

Cabbage Leafy vegeTables 6 6.8 

Green maize (Zea mays L.) Fresh cobs 13 14.7 

Sweetpotato Leafy vegeTables 3 3.4 

Source: Dry season vegeTable growing study Tumbi,2010 

 

Tests of Escherichia coli in water samples used in vegeTable production 

Good quality water is odourless, colourless, tasteless and free from faecal pollution and chemicals in 
harmful amounts. The organisms most commonly used as indicators of faecal pollution are the coliform 
group as a whole and particularly Escherichia coli. Gram negative, oxidase-negative, non-sporing rods 
capable of growing aerobically on an agar medium containing bile salts and are able to ferment lactose 
within 48 hrs at 35-370 C with the production of both acid and gas. (WHO,1982).The bioassay for water 
collection and coliform tests in water followed the procedures described for Medical laboratories 
(Cheesbrough,1984).Presumptive E. coli colonies appearing yellow on MacConkey broth were recorded 
for each water sample analysed. 
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Table 2: Pesticides used in vegeTable and frequencies of application for three months at Tumbi 
village in Tabora 

Pesticide Type Active ingredient No. of applications 

LINKONIL 500SC Protective and curative 
fungicide 

50%Chlorothanol 12 

SELERON 720EC Insecticide Profenofos 720 gm/litre 14-21 

KUNG FU 5EC  Lambda-cyhalotrin 50 g/litre 12 

FUNGO ZEB 80WP 
800g/Kg 

A broad spectrum 
protecting fungicide 

Mancozeb 805 WP 12 

AmeCron 720EC Non-systemic fungicide 
and acaricide 

Profenofos 720 gm/litre 7-12 

ATTAKAN C244 SE Insecticide Cypermethrin, 144 gm/litre+ 
Imidacloprid 200 gm/litre 

12 

BOOSTER Foliar Fertilizer 12%N, 8%P205, Mn, B, Zn, Cu, 
Mo 

7-12 

SUBA CHLO 55 EC Insecticide Chloropyrifos 
50%+Cypermetrin 5% 

12 

BLUE COPPER 
40gm/20litres 

Protective fungicide Copper oxychloride 84% 12 

LINKMIL 72 WP Protective and curative 
broad spectrum fungicide 

Metalaxyl 80 g/kg + Mancozeb 
640 g/kg 

7 

SUPALAXYL 72 WP Broad spectrum systemic 
and contact fungicide 

Mancozeb 460 
gm/kg+Metalaxyl 80 gm/kg 

7 

SUPAKINGA Protective and curative 
broad spectrum fungicide 

200gm/kg Fosetyl-al + 300 gm 
kg Mancozeb 

7 

Source: Survey data 2009-2011 

 

Indicator plants of  polluted water 

Pistia stratiodes (L.)(Araceae) reproduce and grow well in polluted water. Studies show that, P. stratiotes 
was an indicator of polluted environment (Sharma and Sridhar, 1981). A study in Uruguay by 
Sommaruga et al., (2007) show that P. statiotes leaves contains nitrogen about 14% which enhance their 
faster decomposition and cause water quality decline after decaying.  

Typha domingensis Pers(Typhaceae) is another aquatic plant found in (4.6%) of shallow open wells.It has 
been documented that T. domingensis grow in polluted water rich in phosphorus under low redox 
potential Eh (Shuweni et al.,2010). 

Pycreus lanceolatus (Poir) (Cyperaceae) was in (2.3%) of the wells. This plant grows aggressively that it 
replaces the dominant P.stratiotes whenever they are in association. Ipomoea aquatica Forsk 
(Convolvulaceae) is the second important invasive plant after watter lettuce (Pistia stratiotes) in wells. 
The plant was occupying (22.8%) of all wells studied. Leaves of Ipomoea aquatica Fors are rich in the 
diversity of nutrients, it is a good source of K, Mn and Fe for all categories of people, while Mg is 
adequate enough for adult female and children (Umar et al., 2007).Farmers in the study area use I. 
aquatica leaves as a dry season vegeTable as water availability limits production of the common 
vegeTable species.  
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Table 3: Escherichia coli assessment in water and the irrigated vegeTables 

Irrigated crop Sub-culture on MacConkey broth 
action 

Chemical 
reaction 

Water quality 

Tomato No Escherichia coli colonies No gas 
production 

SuiTable for human 
consumption 

Cabbage No Escherichia coli colonies " " 

Tomato Escherichia coli colonies(2) Gas and 
yellow media 

UnsuiTable for 
human consumption 

Tomato " " " 

Tomato " " " 

Okra " " " 

Tomato Escherichia coli colonies(4) " " 

Green maize Escherichia coli colonies(3) " " 

Green beans Escherichia coli colonies(2) " " 

Livestock water point Escherichia coli colonies(3) " " 

Sweetpotato vines Escherichia coli colonies(2) " " 

Cucurbita spp. Escherichia coli colonies(3) " " 

Cowpeas " " " 

Tomato " " " 

Cucumber " " " 

Tomato Escherichia coli colonies(2) " Gas and yellow 
media 

 

Table 4: Plant species in water wells and their frequencies in surveyed area at Tumbi 

Common name Cover (%) Frequency Guard plants around the well 

Waterlettuce (Pistia stratiotes) 50-100 20(28.5%) Hyparhenia rufa, Phragmite mauritianus 

Ipomoea aquatica Forsk 30-100 16(22.8%) Paspalum spp 

Commelina benghalensis L <5 1(1.4%) Paspalum spp., Ageratum conyzoides 

Paspalum spp 25-80 5(7.1%) Pasparum spp 

Ludwigia decurrens Walt <5 2(3.0%) Pasparum spp. 

Pycreus lanceolatus (Poir) 40-80 2(2.8%) Digitaria spp 

Nymphaea maculate Schum <5 1(1.4%) Paspalum spp 

Algae <5 4(5.7%) Paspalum spp. 

Source Survey Data (July 2010) 
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The livestock factor 

Livestock dung and urine change water chemistry when concentrated in water. This is particularly 
important because under water scarcity one singe water source serves different uses including 
irrigation, domestic use and watering of animals. 

Table 5: Chemical differences of open shallow wells with different uses in Tabora 

Sample pH EC dS/m at standard 
temp. of 25oC 

Sodium 
(m.e/l) 

Calcium 
(m.e/l) 

Magnesium 
(m.e/l 

Phosphorus 
Mg/kg soil 

Donald well, 
(disturbed water) 

5.3 0.06 0.16 1.54 0.26 0.4 (Bray 
method) 

Donald well (clean 
water) 

6.0 0.09 0.17 2.10 0.38 0.7 (Bray 
method) 

Pond/dam for 
livestock - Donald 

7.8 0.27 0.63 2.52 0.44 3.0 (Olsen 
method) 

 

Discussions 

VegeTable growing during the dry season is an important economic and the climate change adaptive 
strategy in semi-arid Tabora in Tanzania. Diverse vegeTables are produced for consumption and local 
marketing (Table 1). The use of underground water for dry season agriculture is considered to be an 
important economic activity in different parts of Africa (Amuzu, 1978; Calow et al., 1997; Llmas and 
Martinez-Santos, 2004). The use of groundwater in open shallow water wells is threatened by water 
pollution causing factors. The areas used in this production are hardly a quarter of a hectare. Therefore, 
concentration of pesticides (Table 2) and the use of pesticides very close to water sources indicate a big 
threat to water pollution. High concentration of pesticide use in vegeTable production and the close 
proximity of vegeTable plots to water sources pose a potential epidemiological and human health 
danger (Ohayo-Mitoko, 1997). This study has shown that aquatic plants growing in water contribute 
significantly to water pollution after decomposition. There is flow of human dung into open shallow 
water wells. The high frequency of E. coli presence into water used for irrigating vegeTable crops is an 
indicator of water pollution (Table 3).Livestock play an important role in water pollution particularly 
when they concentrate dung and urine in a small pond. Livestock dung and urine raise the pH of water 
and its available phosphorus content (Table 5). Kortasi (1994) documented the importance of 
groundwater use in Ghana but pointed out that this resource was at risk. 

The results of this study call for close monitoring and management of underground water used for dry 
season vegeTable production. It is not known for example  what would be the nature of microbes found 
in water following the decomposition of frogs(Figure1) Ground water availability was playing a vital 
role in livestock production. These observations had been documented (Giordano, 2006). However, 
livestock can pray a significant role in polluting small water bodies (Table, 5).  

Conclusions 

Dry season vegeTable growing is an important social and economic activity for farmers in Tabora 
municipality. Farmers indicated that cereal crop failures due to poor decadal rainfall distribution are 
common. But, total rainfall mighty be enough to affect well discharge for vegeTable growing. The high 
density of wells is associated with little water discharge inadequate for vegeTable cultivation. There is a 
serious water competition among water users which leads to deliberate water pollution to reduce 
competition. Water contamination with E. coli indicating fecal contamination is a serious threat to 
human health via vegeTable food chain. Lack of research and extension support to develop appropriate 
technologies for water use, management and water quality control is considered to be a factor for 
persistence of subsistence vegeTable production in the study area. 
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